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ABSTRACT

Osteochondromas comprise a significant portion of bony tumors and occur 
most frequently in the metaphyses of long bones, specifically the femur 
(30%), tibia (15-20%) and humerus (10-20%). While typically benign, they 

are of clinical importance as they can impinge surrounding structures such as 
nerves, ligaments, or blood vessels. We report here a novel case of a cranial 
osteochondroma found during cadaveric dissection in a graduate anatomy 
course in the Department of Physical Therapy, to our knowledge the first 
published example of an osteochondroma located on the external skull. 
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INTRODUCTION

Osteochondromas are benign cartilage-capped bony tumors projecting 
from the external surface of a bone containing a marrow cavity 

continuous with the underlying bone [1]. These tumorous growths progress 
slowly and rarely undergo malignant transformation; however they can 
impinge local structures such as nerves, blood vessels or tendons, and 
occasionally raise cosmetic concerns [2].

Osteochondromas constitute 10-15% of all bone tumors and 20-50% of 
benign bone tumors, thus representing the most common type of bone tumor 
[3,4]. Osteochondromas occur in 1-2% of individuals undergoing extensive 
radiographic evaluation [4], however true prevalence in the general population 
is potentially underestimated given the incidental discovery of many of these 
lesions. 85% of osteochondroma cases are isolated and nonhereditary, with 
the remaining 15% presenting as multiple lesions in the syndrome hereditary 
multiple exostoses (HME), which shows a strong autosomal dominant 
inheritance pattern [5,6]. HME is characterized by mutations in the genes 
exostosin-1 and exostosin-2 (EXT1, EXT2), located on chromosomes 8 and 
11, respectively [7,8]. Mutations in one of these two genes are linked to 70-
95% of individuals with HME [9]. These genes act as tumor suppressors 
and are associated with heparansulfate biosynthesis, alterations that lead to 
improper bone signaling and growth characterized in HME [8,10].

Osteochondromas are true neoplasms that result from endochondral 
ossification during skeletal development, typically at the metaphyseal regions 
of the long bones. Persistent growth of the lesion result in a subperiosteal 
osseous excrescence with a cartilage cap that projects from the bone 
surface. The osseous protuberance of an osteochondroma, be it sessile or 
pedunculated, is continuous with the underlying bone cortex and marrow 
cavity [4]. Malignant transformation, the most feared sequelae of the 
osteochondroma, occurs in approximately 1% of solitary lesions and 3%-5% 
in patients with HME [4]. 

The long bones of the lower extremity, especially the proximal and distal 
femur and the proximal tibia [1], are more frequently affected than those of 
the upper extremity by a ratio of 2 to 1 [4]. Their incidence in the carpals, 
tarsals, pelvis, scapula, or spine is low (Table 1). The skull has 17 named 
epiphyseal growth plates, termed sutures, allowing the facial and cranial 
bones to accommodate growth throughout normal child development. 
Despite multitude of growth plates within the skull, cranial osteochondromas 
are extremely rare in the published literature [11]. 

We report here a novel case of an external cranial osteochondroma found 
during cadaveric dissection in a graduate anatomy course in the Department 
of Physical Therapy. This is to our knowledge the first published example of 
an external cranial osteochondroma.

CASE REPORT

A female, Caucasian cadaver, with unknown cause of death, was obtained by 
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Samford University for cadaveric dissection. Upon postmortem examination 
she exhibited no significant surgical history and presented with average height 
and weight. During the dissection of the superficial back and neck anatomy, a 
palpable nodule was detected on the occipital bone. Dissection of this nodule 
was initiated during the removal of the scalp with the cadaver in the prone 
position. Midline and coronal cuts were made through the entire thickness of 
the scalp with a scalpel, reaching the bone of the calvaria. Forceps were used 
to grasp the corners of the cut scalp, while a chisel was inserted between the 
scalp and calvaria in order to loosen the scalp and then the scalp was pulled 
inferiorly to expose the occipital belly of the occipitofrontalis muscle. A chisel 
was used to detach the occipital belly of the occipitofrontalis muscle from 
the occipital bone.  This revealed a bony projection localized to the external 
surface of the occipital bone, appearing not to compromise intracranial or 
extracranial contents (Figure 1). A scalpel was then used to scrap the occipital 
bone of any remaining muscle fibers. The calculated measurement of this 
bony projection was approximately 2cm x 1cm x 1cm (Figure 1). 

The bony anomaly was excised and processed for histological analysis to 
confirm it’s presumed identity as an osteochondroma. After decalcification 
with EDTA the tissue was serially sectioned and stained with hematoxylin 
and eosin (H&E) to confirm the identity of the histological sample as an 
osteochondroma (Figure 2). 

DISCUSSION

While osteochondromas comprise the most common benign tumor of 
skeletal bones, they rarely occur in the skull [11], with the incidence of 
intracranial osteochondromas between 0.1-0.2% of all intracranial tumors 
[12]. The occipital bone originates from four distinct cartilaginous centers 
(basioccipital, two exoccipital, and supraoccipital areas), and it is believed 
that cranial osteochondromas are thought to develop at the skull base due to 
the presence of these multiple synchondroses [12], consistent with this case. 
To our knowledge, this is the first case of an extracranial osteochondroma 

 

Figure 1) (A) Dissection of the cranium. External cranial osteochondroma is 
indicated by the yellow arrowhead. 
(B) Size of external cranial osteochondroma.
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knowledge, the first reported instance of an osteochondroma of the external 
cranium in the literature.

ACKNOWLEDGEMENT

The authors would like to thank the Pathology Core Research Laboratory and 
the Department of Pathology at the University of Alabama at Birmingham 
for assistance with histological analysis.

REFERENCES

1. Gaumer G, Weinberg D, Collier C, et al. An Osteological Study on 
the Prevalence of Osteochondromas. Iowa Orthop J. 2017;37:147–150.

2. Soheili A, Momeni M, Tehranzadeh J. Tumors. In Basic Musculokeletal 
Imaging. McGraw Hill Education.(2014).

3. Hongo H, Oya S, Abe A, et al. Solitary Osteochondroma of the 
Skull Base: A Case Report and Literature Review. J Neurol Surg Rep. 
2015;76:13-17.

4. Murphey M, Choi J, Kransdorf M, et al. Imaging of osteochondroma: 
Variants and complications with radiologic-pathologic correlation. 
Radiographics. 2000;20:1407-1434.

5. Hennekam R. Hereditary multiple exostoses. J Med Genet. 1991;28:262-
266.

6. Schmale G, Conrad E, Raskind W, et al. The natural history of 
hereditary multiple exostoses. J Bone Joint Surg Am. 1994;76:986-992.

7. Vink G, White S, Gabelic S, et al. Mutation screening of EXT1 and 
EXT2 by direct sequence analysis and MLPA in patients with multiple 
osteochondromas: Splice site mutations and exonic deletions account 
for more than half of the mutations. Eur J Hum Genet. 2015;3:470-474. 

8. Wuyts W, Van Hul W. Molecular basis of multiple exostoses: Mutations 
in the EXT1 and EXT2 genes. Hum Mut. 2000;15:220-227.

9. Jennes I, Pedrini E, Zuntini M. Multiple osteochondromas: Mutation 
update and description of the multiple osteochondromas mutation 
database (MOdb). Hum Mut. 2009;30:1620-1627.

10. Pacifici, M. The pathogenic roles of heparan sulfate deficiency in 
Hereditary Multiple Exostoses. Matrix Biol. 2018:71-72. 

11. Ozyoruk S, Altinag S, Yuzbas M, et al. Case Report: Intracranial 
Osteochondroma. SciFed J Surg. 2018:2(1).

12. Zanotti M, Melamed I, Diomin V, et al. A multidisciplinary approach 
for the treatment of young patients with suprasellarosteochondroma. 
Childs Nerv Syst. 2018;34(3):559-563. 

13. Murphy E, McKenzie C. Multiple osteochondromas in the archaeological 
record: A global review. J Archaeol Sci. 2010;37(9):2255–2264.

14. Sekiguchi K, Tsutsumi S, Arai S, et al. Osteochondroma Presenting as 
a Calcified Mass in the Sellar Region and Review of the Literature. J 
NeurolSurg A Cent EurNeurosurg. 2017;78(4):380-385. 

15. Kumar S, Shah A, Patel A, et al. CT and MR images of the flat bone 
Osteochondromata from head to foot: A pictorial essay. Indian J Radiol 
Imaging. 2006;16(4):589.

16. Venkata V, Kakarala S, Garikaparthi S, et al. Giant intracranial 
osteochondroma: A case report and review of the literature. SurgNeurol 
Int. 2011;2:118.

17. Sato K, Kodera T, Kitai R, et al. Osteochondroma of the skull base: MRI 
and histological correlation. Neuroradiology. 1996;38(1):41-43. 

18. Lotfinia I, Vahedi P, Tubbs R, et al.  Basioccipital bone osteochondroma 
growing into the foramen magnum. SurgNeurol Int. 2012;3:21.

described in the literature. 

It is possible that the true prevalence of skull osteochondromas is 
underrepresented due to their frequently asymptomatic nature. 
Archaeological cases show similar patterns of osteochondroma distribution 
as those reported in our current modern population, with high incidences 
in the femur and no reports found in the cranium, supporting the low 
prevalence of osteochondromas in the skull [13].

Osteochrondromas are generally asymptomatic unless they interfere 
with surrounding structures. The most common complications include 
biomechanical effects, vascular compromise, and neurological sequelae 
[4]. The few intracranial osteochondroma cases reported in the literature 
have been discovered only secondary to development of neurologic 
symptoms, including headaches, diplopia, vision loss, seizures, dizziness, 
speech disorders, behavioral changes and muscle weakness. [3,11,12,14-18]. 
Without such neurologic symptoms, these osteochondromas may not have 
been discovered, thus, the true prevalence may be much higher. Although 
extremely rare, osteochondromas should be included in the differential 
diagnoses of cranial tumors as they have the capacity to compromise 
neurologic function [18]. 

Most osteochondromas typically present as nontender painless exophytic 
masses [4]. This gives rise to a cosmetic deformity, which is often the cause 
for surgical resection. Often, they are found incidentally through imaging for 
an unrelated reason [4], thus, the true incidence in the general population 
may be higher than that reported in the literature. Due to the location of the 
cranial osteochrondroma on the external surface of the occipital bone in this 
case, we suspect this osteochrondroma likely did not affect the muscular, 
nervous, or vascular systems, but may potentially have had esthetic concerns. 

CONCLUSION

Osteochondromas are the most common benign bone tumors but are 
extremely rare in the cranium. While osteochondromas rarely become 
malignant and are typically asymptomatic, they should be included in 
differential diagnoses of cranial tumors. The case reported here is, to our 

 

Figure 2) Histological examination. Shown in A and B are H&E stained 
sections showing hyaline cartilage (purple) and bone (pink). 

Anatomical Location % of Cases

Femur 30%

Tibia 15-20%

Humerus 10-20%

Hands and Feet 10%

Pelvis 5%

Scapula 4%

Skull Base, Spine, and Ribs 1-4%

TABLE 1 

Osteochondromas Cases Percentages Based on Anatomical Location


