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Computed tomography-guided cementoplasty combined
with radiation therapy for an aneurysmal bone cyst
in a dog: a case report
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ABSTRACT: Aneurysmal bone cysts are expansile osteolytic bone lesions that can manifest clinically as lameness,
pain and swelling. In humans, aneurysmal bone cysts are considered benign tumours that have been classified as
primary or secondary to a previous coexisting lesion. Local recurrence after treatment or malignant transformation has been reported in both humans and in a dog. Different treatment options have been proposed. This report
describes the treatment of an 11-month-old Irish wolfhound with an aneurysmal bone cyst with a combination
of computed tomography-guided cementoplasty and radiation therapy, 30 Gy delivered in 10 fractions. The dog
recovered completely, with no lameness observed 30 months after treatment.
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List of abbreviations
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Aneurysmal bone cysts (ABCs) are expansile osteolytic bone lesions comprised of large vascular
sinusoids divided into blood-filled cavities by connective tissue septa that can manifest clinically as
non-weight-bearing lameness, pain and swelling
(Dowdle et al. 2003; Sarierler et al. 2004; Van De
Luijtgaarden et al. 2009).
In humans, the cysts have been classified as primary or secondary ABCs, occurring with or without a previous coexisting bone lesion, respectively
(Feigenberg et al. 2001; Van De Luijtgaarden et al.
2009).
The aetiology and pathogenesis of primary ABCs
are not completely understood. Since first being
described in 1942 (Mendenhall et al. 2006), ABCs
were defined as benign, non-neoplastic lesions in
the bone, probably as a result of a primary injury
such as trauma; a bone tumour or fibrous dystrophy
of the bone, which in turn could cause a haemodynamic disturbance that increased the venous pressure; and primary or secondary to arteriovenous

malformation and bony reaction (Szendroi et al.
1998; Barnhart 2002; Sarierler et al. 2004; Mei et
al. 2009). A hereditary predisposition in Doberman
pinchers has also been reported (Sarierler et al.
2004; Dernell et al. 2007).
Recent studies in humans that reported recurrent
chromosomal abnormalities in ABCs have provided a better understanding of the pathogenesis and
indicate that primary ABCs are true benign neoplasms (Oliveira et al. 2004; Oliveira et al. 2006; Van
De Luijtgaarden et al. 2009; Ye et al. 2010). Another
study identified the overexpression of insulin-like
growth factor-I (IGF-I) as a hallmark of ABCs, indicating a possible role of the IGF-I-system in ABC
pathogenesis (Leithner et al. 2001).
ABCs are relatively rare in humans, where they
account for only 1% to 2% of primary bone tumours
(Feigenberg et al. 2001; Van De Luijtgaarden et al.
2009).
In animals, a few cases, mostly in horses, cattle,
dogs and cats, have been reported (Barnhart 2002).
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Most commonly, ABCs appear in the metaphysis
of long bones, but they have also been reported
in the vertebra, pelvis, rib and scapula (Barnhart
2002). Although the ABC is benign, the risk of local
recurrence after treatment has been described in
the literature (Feigenberg et al. 2001; Sarierler et
al. 2004; Mendenhall et al. 2006). Also, malignant
transformation has been reported in humans and in
a Labrador retriever previously treated with different surgical procedures (Barnhart 2002; Mei et al.
2009). ABCs do not usually metastasise (Sarierler
et al. 2004) but one case of lung, liver and kidney
metastasis in a human patient has been described
(Van De Luijtgaarden et al. 2009). In humans, treatment options include radiotherapy, en bloc resection for expendable bones, curettage, bone graft or
bone graft substitute like polymethylmethacrylate
(PMMA) filling of the defect, also known as bone
cementation. Cryosurgery, phenolisation, cauterisation, arterial embolisation, steroid injection and
calcitonin have been used as adjuvants to the classic
treatments (Feigenberg et al. 2001; Barnhart 2002;
Sarierler et al. 2004). In dogs, treatment options
that have been reported include curettage, cancellous bone graft, autograft, filling the lesion with
PMMA, and amputation (Barnhart 2002; Dowdle
et al. 2003; Sarierler et al. 2004).
The goal of this study was to describe the efficiency of computed tomography (CT)-guided bone
cementoplasty combined with adjuvant megavoltage radiation therapy for an ABC in a dog.

Case description
An 11-month-old male Irish wolfhound that
weighed 59 kg was referred for severe lameness
of the right distal ulna. The physical examination
showed grade III lameness on the right forelimb,
and palpation revealed a painful hard swelling of
the distal ulnar metaphyseal region.
Mediolateral and craniocaudal radiographs were
taken of the elbows and antebrachium, as well as
dorsoventral and right lateral projections of the thorax. The radiographic findings showed the presence
of a broad lytic and expansile lesion at the distal half
of the diaphysis and distal metaphysis of the right
ulna, with cortical thinning and thin septa inside
the radiolucent cavity. No periosteal reaction and
soft-tissue swelling were observed surrounding the
ulnar lesion (Figure 1A, B). No radiographic changes
110

Figure 1. Mediolateral (A) and craniocaudal (B) radiographs of the right antebrachium at presentation. There
is an expansile bone lesion at the distal half of the diaphysis and distal metaphysis of the ulna, with a cortical thinning and thin septa inside the radiolucent cavity.
No periosteal reaction and soft-tissue swelling were
observed surrounding the ulnar lesion

were noted in the thorax. The radiographic differential diagnoses for the ulnar lesion included ABC,
giant-cell tumour and telangiectatic osteosarcoma.
A biopsy of the ulnar lesion was performed with
an 8G Jamshidi needle. The sample showed the
presence of bony content and brownish liquid and
was submitted for histopathological examination,
with a result consistent with ABC. The bone sample
showed: periosteal tissue in continuity with bone
trabeculated tissue; areas of patchy trabecular bone
with notched margins, covered by osteoblasts and
osteoclasts (osteolysis); a bone marrow cavity with
fibroblasts and connective tissue; and areas with
trabecular margins covered by an osteoblast line,
with bone matrix deposition and a haemorrhagic
cavity delineated by fibroblasts and rare osteoclasts. Numerous erythrocytes and macrophages
with abundant vacuolised cytoplasm and haemosiderin granules, rare fibroblasts and osteoclasts
were contained in the cysts.
The patient underwent minimally invasive CTguided filling of the lesion with bone cement using
a 16 multislice CT unit; the dog was anaesthetised
with intramuscular administration of 0.2 mg/kg
methadone and 0.2 mg/kg midazolam, followed by
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Figure 2. The CT shows an expansile lytic bone lesion of
the ulna (A). Different phases of the CT-guided cementoplasty: bone needle is visible within the bone (B) and
two CT slices at different levels of the cyst (C, D). Good
filling of the cavity is visible. The filling of an area of lytic
cortex is also visible (arrow)

4 mg/kg of propofol intravenously. After endotracheal intubation, anaesthesia was maintained with
isoflurane delivered in oxygen. A dose of cefazolin sodium, 22 mg/kg intramuscularly, and carprofen, subcutaneously, were administered before
the procedure. The needle was inserted into the
ABC according to a previously described technique
(Vignoli et al. 2004). The patient was positioned
to allow easy access to the lesion, trimmed in the
target area, and prepared for surgery on the CT
table. Plain and contrast studies were taken after
800 mg/kg of a non-ionic contrast medium, ioversol, were administered. The CT parameters were
1.25 mm slice thickness, 100 kV, 165 mA, and 0.8 s
tube rotation. After the study, the CT table was
moved out of the gantry while the lesion was appraised and the target chosen. The CT table was
then moved to the target plane, which was indicated
by the laser lights. A skin incision of 4 mm was
made at the distal metaphysis with a number 11
lancet, and the bone biopsy needle was partially inserted using the same physical path created during
the biopsy. The CT table was moved to the target
plane again and additional slices were acquired to
measure the distance to the end of the bone lesion
to evaluate the placement of the needle tip and its
position before filling the lesion. In the meantime,
the PMMA was prepared in a sterile environment
and injected by hand pressure with a 20-ml syringe
into the bone lesion. Once the cyst was filled, the
needle and syringe were retracted as one and the
incision was sutured. A final CT scan and two ra-

diographs were taken to evaluate the distribution
of the cement in the cavity and to compare with the
CT and radiographic images made prior to surgery.
The images showed that the cavity was well-filled
with cement, with only minimal leakage (Figure 2).
The patient was monitored for complications immediately after his recovery from anaesthesia and
for several days following the surgery. The dog did
not show any lameness a few hours after the procedure; he did suffer a mild lameness (grade I out
of 4) 24 h after treatment, which completely disappeared the following day. The dog was given no
anti-inflammatory or other analgesic drugs after
the procedure, but 22 mg/kg cefazolin sodium BID
per os was continued for six days.
Eight days after the procedure, the dog started
radiation therapy with a total dose of 30 Gy, divided
into 10 fractions of 3 Gy (five days a week), using
12 MeV electrons. The dog was anaesthetised with
propofol until tracheal intubation was possible and
then maintained with isoflurane delivered in oxygen.
The patient was seen in the clinic at one and three
weeks, and at two, seven, and 10 months following treatment. Radiographic studies were taken of
the ulna at two and seven months after treatment
and showed normal ulnar growth and thickening of
the ulnar cortices (Figure 3A, B) and an increased

Figure 3. Mediolateral (A) and craniocaudal (B) radiographs of the right antebrachium two months after treatment. Normal ulnar growth and thickening of the ulnar
cortices are present. Minimal cement leakage is visible in
the area of the cement injection
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Figure 4. Mediolateral (A) and craniocaudal (B) radiographs of the right antebrachium seven months after
treatment. The radiographs show normal ulnar growth.
Increased radiopacity of the proximal part of the lesion
can be observed

radiopacity in the proximal part of the lesion, probably due to new bone formation within the cavity
(Figure 4A, B). Thirty months after treatment, the
dog remained clinically asymptomatic, with no
lameness, and no sign of pain or any recurrence.

DISCUSSION AND CONCLUSIONS
ABCs are rare in humans (Feigenberg et al. 2001;
Van De Luijtgaarden et al. 2009), and only a few
cases have been reported in animals (Barnhart
2002). Complications associated with ABCs in dogs
include pathological bone fractures, recurrence,
and malignant transformation (Barnhart 2002;
Sarierler et al. 2004). The same complications have
been reported in humans, as well as surrounding
bone-tissue invasion and metastasis (Kyriakos and
Hardy 1991; Feigenberg et al. 2001; Mendenhall et
al. 2006).
To the authors’ knowledge, the treatment of
an ABC with either CT-guided cementoplasty
and its combination with Megavoltage radiation
therapy has not been previously reported in veterinary medicine. The combination of these two
techniques was performed in order to increase the
bone strength (PMMA), give pain relief, and to stop
disease progression (radiation therapy).
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In humans, treating ABCs with surgical resection achieves very good control rates and the local
control rate after en bloc resection for expendable bones approaches 100%, according to reports
(Feigenberg et al. 2001; Mendenhall et al. 2006).
When an en bloc resection cannot be performed
because of the lesion’s location, alternative treatments include curettage, with or without physical adjuvant, bone graft or cement filling of the
lesion, with local control rates ranging between
65% and 90% (Feigenberg et al. 2001). However,
cementoplasty has been reported as more effective
than curettage and bone grafting alone. Curettage
followed by cementation and curettage with bone
grafting were associated with recurrence rates of
17% and 37%, respectively (Sarierler et al. 2004).
Radiotherapy has been reported as effective for patients with incompletely resectable and/or recurrent ABCs, with local control rates ranging from
75% to 100% (Feigenberg et al. 2001; Mendenhall et
al. 2006). En bloc resection, amputation and curettage followed by bone grafting or cementation have
been reported as successful treatments in animals,
but only a few reports have described ABC treatment in detail (Barnhart 2002; Sarierler et al. 2004).
Amputation is not always feasible due to concurrent orthopaedic or neurological problems, and
the owner’s refusal. If amputation or limb-sparing
surgery is not an option, multimodal treatments
are an alternative to euthanasia.
Coarse fractionated radiotherapy is effective
both to relieve lameness and to prolong survival
(Yavuz et al. 2004). Radiotherapy has been used
conservatively for ABC treatment in humans due
to the possible risk of radiation-induced secondary
malignancies (Kyriakos and Hardy 1991; Feigenberg
et al. 2001; Yavuz et al. 2004). However, most patients who developed radiation-induced bone malignancies were treated with orthovoltage or other
low-energy photons. A comparison of reports in
the literature showed that orthovoltage irradiation
is more likely to be carcinogenic than megavoltage therapy, possibly due to the fact that a higher
dose is deposited to the bone (Halperin et al. 2008).
This has also been described in dogs treated with
orthovoltage radiation for acanthomatous epulis
which developed secondary neoplasia within the
field of radiation in 18% of cases (Thrall 1984).
Nevertheless, indications for treating benign conditions with radiation therapy include conditions
with invasive and aggressive growth. Furthermore,
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the treatment in this case was justified because
more side effects were reported following amputation of the limb (Seegenschmiedt 2008). Malignant
transformation and metastasis of ABC have also
been reported after curettage alone, without radiotherapy (Kyriakos and Hardy 1991; Feigenberg et
al. 2001; Barnhart 2002; Sarierler et al. 2004; Mei
et al. 2009; Van De Luijtgaarden et al. 2009). Other
studies over the past decades have described the occurrence of malignant tumours in association with
surgical implants, increasing the concern about the
carcinogenicity of foreign bodies in orthopaedics
(Mei et al. 2009). However, we found no reports of
malignant transformation due to the use of PMMA.
Some authors suggested that ABCs may occur per
se as a secondary component of a prior lesion, either benign or malignant, that cannot be identified after the ABC has destroyed its architecture
(Kyriakos and Hardy 1991). This additional fact
could partly explain the malignant transformation
of ABCs (Feigenberg et al. 2001). In the literature,
the recommended dose of radiation is 26–30 Gy
divided into standard fractions (Feigenberg et al.
2001; Mendenhall et al. 2006). In this case, a total
dose of 30 Gy, divided into 10 fractions of 3 Gy
(five days a week), using a 12 MeV electron field
was prescribed. Radiotherapy is effective both at
alleviating the pain associated with the lesion and
local control of the tumour (Feigenberg et al. 2001;
Boettcher et al. 2009). One study showed that after
the cystic cavity ossifies, its size does not change
considerably and it never appears normal again
(Feigenberg et al. 2001).
The use of PMMA has recently increased because
it has many advantages compared with other treatments. The bone cement usually leads to instant,
long-lasting, strong pain relief (Boettcher et al.
2009). Cementation will also release some of the
mechanical stress and prevent pathological fractures in a bone already predisposed by the osteolytic lesion (Sarierler et al. 2004; Hosoya et al. 2008).
Some reports have described progressive thickening of the cortical bone involving the cement,
suggesting that the mechanical strength of the
bone cement can be increased by bone formation
(Sarierler et al. 2004). Pain relief may be achieved
by stabilising the bone and destroying the nerve
terminals with polymethylmethacrylate because of
the thermal heat and cytotoxic effects (Boettcher
et al. 2009). The polymethylmethacrylate-related
thermal effect is a main factor in the local control

of the lesions (Sarierler et al. 2004; Seegenschmiedt
2008) because cementoplasty, combined with
megavoltage radiotherapy, achieves local control
of the ABC, pain relief and thickening of the cortical bone, which can lead to strengthening of the
bone. A similar multimodal protocol can be used
to treat other bone tumours, such as alleviation of
the pain of osteosarcoma (Boettcher et al. 2009;
Vignoli et al. 2011). The use of a multimodal treatment protocol for osteosarcoma using palliative
radiotherapy, chemotherapy, pamidronate and cementoplasty under fluoroscopic guidance led to
a number of complications during the treatment,
including cement leakage, wound infection and suspected thromboembolism (Boettcher et al. 2009).
Only minimal cement leakage was seen in our case.
CT-guided cementoplasty, combined with radiation therapy, for the treatment of ABCs appears to
be safe and minimally invasive. The dog’s lesion
is stable and his lameness has been resolved. A
follow-up after a longer period of time could reveal
the delayed effects of such a treatment.
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