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Abstract

Aneurysmal bone cysts are benign neoplastic lesions that are extensively vascularized and can occasionally exhibit destructive and
expanding activity. They typically affect young people, with a small predilection toward females, and most frequently arise during the
second decade of life. Aneurysmal bone cysts account for about 1% of all bone tumors and usually develop in long tubular bones, with
the spine being much less commonly affected.

We present here three cases of aneurysmal bone cysts in the spinal cord that were surgically treated at the Department of Neurosurgery
between 2009 and 2022. These patients were admitted to the clinic with symptoms of spinal cord or vascular compression. The volume
of operative intervention was total or subtotal resection of the formation. No postoperative neurological deficits were observed, and
no early complications were recorded after the interventions. All patients were discharged from the department with clinical improve-
ment. One underwent reoperation after 4 years because of a cyst recurrence. The diagnosis of aneurysmal bone cyst was confirmed by

histological examination in all cases.
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INTRODUCTION

Spinal aneurysmal bone cysts (ABC) are benign, expansive
lesions located under a thin subperiosteal bone layer that,
when infiltrating the body, arches, and articular processes
of the vertebrae, can cause compression of the nerve struc-
tures in the vertebral canal. The most common symptoms
are pain, deformity and neurological dysfunction. The goal
of surgical treatment is decompression of the neurovascu-
lar elements, excision of the tumor mass and correction of
a possible vertebral dislocation, with subsequent stabiliza-
tion if necessary.

Clinical case 1

A matter of interest is the case of an 11-year-old girl who un-
derwent emergency surgery at another clinic due to suspected
malignant destruction of Th5-Th6 vertebrae and was referred
for oncological treatment. A highly vascularized bone tumor

protruding into the vertebral canal was found intraoperatively,
and a three-level, wide decompressive laminectomy was per-
formed. Due to imaging data of a recurrent destructive neo-
process involving the fifth and sixth thoracic vertebrae (Fig. 1)
and symptoms of local soreness and weakness in the lower
limbs, the girl was admitted to the clinic for surgical treatment.

After resection of the tumor tissue that was infiltrating the
bony structures and compressing the myelon, stabilization
was performed in two stages. During the first stage, the pos-
terior segment was stabilized with sublaminar hooks, which
do not limit the growth of the spine, and at the second stage,
employing a transthoracic approach, a titanium mesh filled
with bone fragments was implanted in place of the missing
parts of the vertebral bodies (Fig. 2). The histological exam-
ination showed blood-filled cystic spaces with a cellular giant
cell-rich wall, and the diagnosis of aneurysmal bone cyst was
established (Fig. 3). Fourteen years later, the girl is in excel-
lent condition, without spinal deformities or neurological
deficits, and an active athlete.
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Figure 1. Preoperative imaging studies of a girl with an aneurys-
mal bone cyst at the Th5-Th6 level showing a cystic lesion that
affects the body, pedicle, and arch of the vertebrae.

Figure 2. Radiograph of a girl with an aneurysmal bone cyst at
the Th5-Thé level after surgical treatment.

Clinical case 2

An 11-year-old boy was brought to the neurosurgery clinic
because he was unable to bend over and was having trouble
walking due to excruciating lower back pain. The neurologi-
cal examination revealed discrete weakness and hypoesthe-
sia of the lower extremities. The MRI study showed evidence
of a lesion covering the arch and body of the L1 vertebra that
was compressing the myelon. During the surgical interven-
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Figure 3. Hematoxylin and eosin (H&E): blood-filled cystic
space with a cellular giant cell-rich wall.

tion, a highly vascularized paraspinal tumor, entering the
vertebral canal and compressing the nerve structures, was
encountered. A total resection of the lesion was performed
under optical magnification and tissue material was sent
for histological verification. Following surgery, the patient’s
overall and clinical somatic condition improved, and the
postoperative pain syndrome decreased. Histological exam-
ination showed a benign tumor composed of blood-filled,
giant cell-rich walled spaces and osteoclast-like giant mul-
tinucleated cells with regular round nuclei, without atyp-
ia (Figs 4, 5). The diagnosis of aneurysmal bone cysts was
established. During the follow-up, regular check-ups over a
period of 3 years were performed, and the boy manifested
no significant symptoms.

During the fourth postoperative year, the patient came
to our institution with newly emerging pain in the thoraco-
lumbar area and difficulty walking, accompanied by episodic
headaches. An MRI study of the spine was performed, show-
ing evidence of a recurrent cyst in the L1 vertebra (Fig. 6).

The boy underwent a reoperation, during which we per-
formed a partial hemilaminectomy of the L1 vertebra on the
left and curettage of a bone cyst, affecting the pedicle and
body of the same side. The patient was discharged from the
clinic on the third postoperative day with significant improve-
ment in symptoms and no evidence of a residual lesion. He
is being monitored regularly at follow-up examinations and
has no significant symptoms. Control MRI studies show no
data for recurrence of the lesion (Fig. 7).

Clinical case 3

A 76-year-old man was admitted to the clinic with a two-
month history of severe headaches, recently accompanied
by vertigo and swallowing disorders. A few years ago, he
experienced an episode of a similar severe headache and
difficulty swallowing. The imaging study showed data of
ischemic disorders in the left posterolateral segment of the
medulla oblongata, a cystic lesion of the left interarticular
segment of the C2 vertebra, and a fused fracture of the dens
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Figure 4. Trabecular bone in the cyst wall and giant osteoclast- ~ Figure 5. Blood-filled cystic spaces with a cellular giant cell-rich
like cells (H&E). wall (H&E).

Figure 6. MRI of a boy with an ABC showing a cystic lesion affecting the left pedicle and the vertebral arch of the L1 vertebra.

Figure 7. MRI of a boy with an ABC 3 years after the second operation, showing no recurrence of the lesion.
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axis with anterior translocation of Cl, causing compression
of the myelon and the left vertebral artery. Intraoperatively,
we found a severely compressed dura matter by the arch of
the CI vertebra due to its anterior translocation. The left in-
terarticular segment of the C2 vertebra was visibly swollen
and deformed. After performing a C2 laminotomy, a tumor
formation with a central hemorrhagic part and a peripher-
al solid capsule was visualized. We performed a laminec-
tomy of the CI vertebra and resection of the C2 vertebra
lesion, demonstrating apparently healthy margins. Good
decompression of the myelon and vascular structures was
achieved. The patient was discharged on the third postop-
erative day with solid improvement in neurological status
and general somatic condition. Histological examination
showed numerous giant cells in connective tissue that line
large sinusoidal blood-containing spaces and blood-filled
cystic spaces with cellular giant cell-rich walls (Figs 8, 9).
The diagnosis of aneurysmal bone cyst was established.

DISCUSSION

ABC stands for aneurysmal bone cyst, where “aneurysmal”
denotes the existence of an enlargement and “cyst” denotes

Figure 8. Numerous giant cells in connective tissue that line
large sinusoidal blood containing space (H&E).

Figure 9. Blood-filled cystic spaces with a cellular giant cell-rich
wall (H&E).

Spinal Aneurysmal Bone Cysts

the presence of cavities filled with fluid. But modern stud-
ies prove that it is not about “aneurysm” and “cyst’, but
about a tumor with an unclear etiology and pathogenesis.
(I The first description of an ABC was made by Van Ars-
dale (1893), and their name was given by Jaffe and Lichten-
stein (1942). The incidence of ABCs is about 1% of all bone
tumors, with 75% of patients being under 20 years of age.
(I The spine is involved in 3%-20% of all cases. ABCs are
predominantly found in children and young adults and are
most often diagnosed in the second decade of life, with a
male-to-female ratio of 1/1.16.!

Aneurysmal bone cysts present as benign, expansive le-
sions involving the subcortical-subperiosteal layers of the
bone, changing its shape but rarely extending beyond the
periosteal border. Removal of the bony cortex reveals hon-
eycomb-like structures filled with blood. Aneurysmal bone
cysts are made up of cavernous vascular spaces, covered in
most cases with endothelium, but other structures charac-
teristic of a vascular wall are not found. The vascular spaces
are surrounded by fibrous septa. In some cases, the stroma
fills more than half of the volume of the tumor mass, with
the cystic part occupying a more limited volume.

ABCs can develop in any skeletal bone, but their most
common localization is in the long tubular bones, followed
by the spinal vertebrae, and less often in the flat bones of
the skeleton. In the case of vertebral localization, the dorsal
elements - pedicles, arches, and processes, are predisposed
areas, but the body of the vertebra can also be affected,
with a high risk of pathological fracture and neurological
disorders of varying severity. The lumbar region is most
commonly affected, followed by the thoracic and cervical
segments.

Various pathophysiological theories for the occurrence
of ABCs have been discussed. One of them suggests that
an ABC is a response to vascular disorders, leading to in-
creased intraosseous pressure, which causes bone expan-
sion and destruction. According to other theories, an ABC’s
traumatic genesis is followed by an aberrant reparative pro-
cess.l DiCaprio et al. demonstrated familial inheritance.”!

The goal of current research on ABCs is to clarify the
chromosomal translocations of the USP6 gene, which is
thought to be in charge of the neoplastic process.[°) USP6
is a ubiquitin-specific protease whose gene is localized on
the short arm of chromosome 17 (17p13.2). USP6 plays an
important role in the regulation of protein degradation,
angiogenesis, and the inflammatory response. It is import-
ant to note that rearrangements in the USP6 gene are not
unique to ABCs. They are also described in other benign
entities, for example, nodular fasciitis, myositis ossificans,
and fibro-osseous pseudotumors of the fingers, called by
some authors USP6-related neoplasms.”] The USP6 assay
is not universally available and is not routinely used in the
diagnosis of ABC.

Spinal aneurysmal bone cysts are characterized by pain
of varying intensity and symptoms of involvement of neu-
ral structures, with the development of neurodeficiency
(e.g., paresthesias, hypesthesias, and, less often, movement
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disorders). The clinical symptoms of cysts with vertebral
localization develop with the characteristics of slowly
evolving spinal cord compression, and the clinical mani-
festations depend on the level and degree of bone destruc-
tion and compression of the myelon and nerve structures
(scoliosis, paresis, and radiculopathies). The disease’s onset
can be acute, resulting in severe neurological deficits and
a pathological fracture. The rapid development of clinical
manifestations in some patients usually leads to severe
deficits and irreversibility of neurological symptoms. These
patients only have a chance if they receive prompt and ade-
quate surgical treatment.®!

On radiographs, aneurysmal bone cysts present as lyt-
ic, expansive, and lobulated lesions with a distinct sclerotic
border. Computed tomography (CT) and magnetic reso-
nance imaging (MRI) are the leading diagnostic imaging
methods in spinal localization. These studies lead to visu-
alization of an osteolytic lesion with expansive growth and
the presence of multiple fibrous septa and fluid-fluid levels.
In addition, they are indispensable in the assessment of the
risk of a pathological fracture and support the preoperative
planning of surgical interventions.

The 2020 WHO classification of bone tumors defines
two nosological groups: aneurysmal bone cysts (ABCs) and
ABC-like changes, as an evolution of other bone neoplasms.
Bone tumors leading to ABC-like changes are mainly be-
nign, e.g., chondroblastoma, fibrous dysplasia, giant cell tu-
mors, and osteoblastoma, but they could also be malignant,
e.g., osteosarcoma.l! Of particular importance is the differ-
entiation of ABC from telangiectatic osteosarcoma, which is
malignant in nature and can mimic ABC in all aspects. Con-
firmation of the diagnosis by biopsy with subsequent histo-
logical verification is mandatory for adequate treatment.

Many therapeutic options have been applied over the
years in the treatment of ABCs, from aggressive interven-
tions to radiation therapy and simple observation, as well
as the minimally invasive techniques that have become
widely used in recent years. Sclerotherapy with different
sclerotic agents is a minimally invasive intervention that re-
quires repeated procedures and could lead to good results.
Some medical publications recommend sclerotherapy as
a treatment method for ABCs with spinal localization.!"!
Another minimally invasive method in the treatment of
ABCs is percutaneous thermoablation.['!] Cases of spon-
taneous healing have also been reported.!'?] A conservative
behavior may be preferred in some cases with small lesions
and with a location that carries a low risk of pathologic
fractures.['] Promising results are observed by using the
relatively new therapy with the monoclonal antibody de-
nozumab, inhibiting osteoclast activation and, respectively,
bone resorption and remodeling.!**!

Therapeutic approaches to spinal aneurysmal bone cysts
are complicated by the risk of spinal instability and neuro-
logical complications.'>) Compromising the stability and
protective functions of the spine puts the spinal cord and
cauda equina at risk of injury, with subsequent neurodefi-
ciency and impaired quality of life, even death. These cir-

cumstances make the treatment of vertebral ABCs complex
and require a multimodal approach. Treatment of ABCs
generally includes selective arterial embolization, surgical
resection of the lesion, and radiotherapy for residual tumor
mass.['%] It has been established that incomplete removal
of the tumor mass does not necessarily lead to recurrence,
therefore, radiotherapy is justified only in cases of recur-
rence. Feigenberg et al. believe that locally applied radio-
therapy (20-36 Gy) is sufficient to solve the problem of
local recurrence.!'”! With the leading role of radiotherapy
in the treatment, the unfavorable outcome is a severe de-
formity of the spine, which is why the main guarantee for a
good outcome remains surgery.[!)

The standard treatment is operative treatment - maxi-
mal resection of the tumor mass, total if possible, with de-
compression of the nerve structures, and possible one- or
two-stage spinal stabilization. Total excision, preferably en
bloc, provides the highest curing rate!!”), while subtotal is
associated with a high relapse rate. In total resection, the
entire cyst wall should be removed, along with any abnor-
mal spongy tissue and bony surfaces lined by fragile, hyper-
vascularized membranes.!?”! The main operative approach
is laminectomy, total or partial, which, with involvement
of the vertebral body, remains insufficient and may require
corpectomy and stabilization. Some authors recommend
the implantation of titanium mesh filled with allogeneic
bone marrow and vertebral body plaque?!), while others
recommend vertebral body fusion in young people to be
performed with a bone autograft.!®!

CONCLUSION

Spinal aneurysmal bone cysts are benign lesions that can
cause various neurological disorders, depending on their
size and location. There are various therapeutic options,
but the standard treatment is operative - decompression,
total resection and, if necessary, stabilization of the af-
fected segment. The need for circumferential stabilization
requires the intervention to be carried out in two stages.
Radiotherapy is applicable to patients with relapses. Selec-
tive arterial embolization is a valuable method that reduces
intraoperative bleeding.
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Pe3tome

AHeBpI/ISMaTIbeIe KOCTHBI€ KUCTBI — 3TO ,E[O6POK3.‘I€CTB€HHIJI€ HEOIUTAaCTUYECKIUE 06pa303aHI/m, KOTOpbIE 06UIbHO BaCKy/IApu3npo-
BaHbI I MHOI'JA MOI'YT IPOABIATb AECTPYKTVBHYIO M PaCIIMPAIOIIYIOCA aKTUBHOCTbD. OHu 06bI9HO TIOpa’karT MOJIOAbIX JIOJIeit, C
MEHbIlIe YaCTOTON IIPOABJIEHNA Y J)KEHILINH, ) Yalll€ BCETO BOSHNKAIT BO BTOPOM AECATUIECTUN JKU3HU. AHeBpI/ISMaTIbeIe KOCTHBIE
KUCTBI COCTABIIAIOT OKOJTO 1 % Bcex onyxoneil KOCTe 1 0OBIYHO Pa3BMBaOTCA B INIMHHBIX pr6anbe KOCTAX, IIPU 9TOM IIO3BOHOYHMK
IIOPAXKAETCA ropa3fio pexe.

MBI peacTaBisieM 34ech TPM CIIy4dasi AaHeBPY3MAa/IbHbIX KOCTHBIX KICT CIIMHHOTO MO3Ta, KOTOpPbIe ObIIV XUPYPIIUIecKy IIPOIedeHbl B
OTZleNIeHNM Helipoxupyprun B neprof, ¢ 2009 mo 2022 rop. STy NalMeHTHl TOCTYININ B KIVHUKY C CUMIITOMaMM KOMIIPeCCHM CIIMH-
HOTO MO3Tra Wi cocyfoB. O6BEM OIepaTMBHOIO BMELIATE/IBCTBA COCTABIUI MIOIHYIO VIV CYOTOTA/IbHYIO Pe3eKLNI0 06pasoBaHMsL
ITocreomnepanfOHHOTO HEBPOIOTMYECKOro feduiuTa He HAOMIOAAIOCh, I PAHHMX OC/IOKHEHMII II0C/Ie BMELIATe/IbCTB He 3auKCy-
poBaHo. Bce manmeHTbI ObIIM BBINMCAHBI U3 OTAENEHNA ¢ KIMHNYeCKUM yrydineHneM. OfuH IepeHéc IIOBTOPHYIO OIEpaliio yepes
4 roga u3-3a peUANBa KUCTHL. [JIarHO3 aHeBPU3MaTIIeCKOIT KOCTHOI KUCTBI BO BCEX CIYYAsX OBUI OATBEPIXK/AEH TVICTOMOTIIECKIM
UCCIeOBAHMEM.

KnwoueBble cnoBa

aHeBpU3MaTNIeCKasd KOCTHasA KICTa, OIIEpAaTBHOE JIEYE€HNE, PE3Y/IbTAaThl
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