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Treatment of a unicameral bone cyst in a dog using a customized titanium device
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ABSTRACT. A 4-year-old Shih-Tzu, referred for an enlarged left carpus, was diagnosed with a unicameral bone cyst. A customized titanium
device was inserted into cystic lesion and fixed by titanium screws. Sufficient strength of the affected bone with the device inserted to
maintain limb function was established after resection of contents of cystic lesion. There was no deterioration of the lesion of bone cyst,
and acceptable function of the affected limb with no clinical signs of lameness was maintained during 36 months follow-up. The results of
this study demonstrated that bone cyst curettage and use of a customized titanium device could provide an effective alternative treatment of
huge lesion of unicameral bone cysts with the intent of preventing pathologic fractures.
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A bone cyst is an expansive lesion within the bone mar-
row cavity that gradually weakens the bone to the point of
causing it to fracture [33]. Bone cysts are classified as either
unicameral (simple) or aneurysmal. Unicameral bone cysts
(UBCs) are benign fluid-filled lesions found in the metaphy-
seal or diaphyseal regions of long bones and are lined by
a thin membrane [5]. In humans, they typically occur in
the first two decades of life [5]. Affected dogs are typically
less than 18 months of age [30]. Although the exact patho-
physiology of UBCs is not well known, it has been theorized
that they may be the result of trauma, hematoma formation,
osteoclast hyperplasia or venous obstruction, resulting in
fluid accumulation within the bone [10, 13, 26]. UBCs are
clinically problematic due to the fact that they may result in
repetitive pathologic fractures and skeletal deformities dur-
ing growth of the lesion, because of their proximity to the
physis [5]. Bone cysts, while frequently reported in humans,
are relatively rare in dogs and other domestic animals [23].
In human medicine, treatment methods vary, each having
its advantages and disadvantages in terms of frequency of
cyst elimination and degree of invasiveness — no consistent
position has been established as to their usefulness; this posi-
tion is similar in veterinary medicine [5, 17].

A newly developed customized titanium device can, on
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the basis of 3-dimensional imaging data for joints and bone
loss and by means of selective laser melting, be molded as a
device that conforms to the site of bone loss [8, 35]. By car-
rying out selective laser melting, a technique used to prepare
the surface and increase its bone affinity, a titanium device of
high mechanical and morphological compatibility has been
achieved [24]. This device has been shown to be effective
for functional reconstruction of lost bone of various shapes;
it has been shown to be particularly useful in human maxo-
facial reconstruction [8, 35]. However, as far as could be as-
certained, use of customized titanium devices to treat UBCs
has not yet been reported with either humans or domestic
animals. This procedure could be employed for prosthesis of
partially resected bone defect in cases of tumor treatment for
functional limb sparing and has not yet used for huge lesion
of UBC:s to offer an alternative treatment method for UBCs.
The present case report reviews the use of a customized ti-
tanium device to treat UBCs in order to prevent pathologic
fractures and to provide and maintain limited function of the
affected limb in a dog with the distal radial region.

A 4-year-old neutered male Shih Tzu (7.2 kg) was referred
to the Fabre Animal Medical Center for an enlarged left car-
pus. General physical examination showed a body condition
score of 5 out of 9 and was otherwise unremarkable [19].
No pain was detected upon palpation of the solid, indurated
mass in the distal region of the left antebrachium. Orthope-
dic evaluation revealed a decreased range of motion in the
left carpus. Neurological examination was unremarkable.

Hematologic and serum biochemical analyses variables
were within the normal reference range provided. Radio-
graphs of the left thoracic limb revealed enlargement of
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the carpus, thin cortical bone and radiolucent lesions in the
medial metaphyseal region of the distal radius (Fig. 1). No
periosteal reaction or soft tissue invasion was found. Thorac-
ic radiographs revealed no indication of metastatic lesions.
Fourteen days post admission, computed tomography and
punch biopsy were performed. Non-contrast computed to-
mography sections revealed an expansive, radiolucent lesion
in the medullary region of the carpus and the neck of the left
radius, resulting in cortical thinning. No metastatic lesions
were observed in the thoracic cavity. Punch biopsy, using a
4 mm biopsy trephine, was performed. The principal histo-
pathological finding was reactive bone hyperplasia. Most of
the bone trabeculae retained a regular arrangement and were
well differentiated; no obvious indication of malignancy was
observed (Fig. 2). Based on results of the additional diag-
nostic tests, inflammation, infection, trauma and malignancy
were ruled out, and a diagnosis of unicameral bone cyst was
made.

Computed tomographic data were used to build a stereo-
lithography model of both thoracic limbs, from the elbow
down to the digits. Using these models, a model of the
bone-loss region formed by cyst excision was prepared, and
the titanium device (100% titanium; designed and molded
by Sagawa Printing Co., Ltd., Kyoto, Japan; surface treated
by Chubu University) for filling the bone-loss region was
designed [8, 24, 35]. A titanium device of high mechanical
and morphological compatibility was created by means of
selective laser melting, a technique used to prepare the sur-
face and increase bone affinity, so that it conformed to the
site of bone loss [8, 24, 35].

A subcutaneous dose of 0.5 mg/kg morphine and 0.05 mg/
kg atropine sulfate was administered, and the dog was in-
duced with isoflurane. A lateral surgical approach to the
carpus was used. Curettage of the inner cortex of the cyst
was performed using a high-speed bur, and tissue samples
were submitted for histopathology. A screw-hole was drilled
to enable the titanium device to be fixed to the lateral side of
the distal radius, where there was remaining cortical bone;
and a side-hole was drilled to encourage vascular invasion
around the device. Reaming of the ilium was then carried
out, and the cancellous and cortical bone samples collected
were transplanted inside the titanium device. The device
was then fixed to the cortical bone on the medial side of the
radius with two 1.5-mm titanium cortical screws made at the
time of designing the device. In order to increase fixation
strength, a temporary trans-articular internal fixation was
performed using a 5-mm-wide bone plate (Advanced Lock-
ing Plate System; Kyon Biotech AG, Zurich, Switzerland).
The subcutaneous tissue was closed using 3-0 monofilament
synthetic absorbable thread (PDS®; Johnson and Johnson,
Inc., Tokyo, Japan) in a simple pattern, and the skin was
closed by cross suturing using a 3-0 monofilament nylon
thread (XX®; Alfresa Pharma Corp., Tokyo, Japan).

Histology of specimens collected during surgery from the
inner wall of the cyst revealed hyperplastic bone. In addi-
tion, the cyst contents were composed of connective tissue
containing abundant mucus. Neither sample revealed any
indication of malignancy. Correct positioning of the im-

plants was confirmed on postoperative radiographs (Fig. 2).
A dorsal part of the bone cyst, which was not observed in-
traoperatively, was found to remain on the dorsal surface of
the radius (Fig. 2).

The dog returned to full function by week 4, and no signs
of lameness were seen during 36 months after surgery. Range
of motion in carpal joint of the affected limb was slightly
limited due to carpal enlargement. Temporary trans-articular
plate was removed on Day 73. Follow-up radiographs over
a period of 36 months revealed no signs of progression of
bone lesion (Fig. 3). In addition, the cyst found on the dorsal
surface of the radius immediately after surgery was resorbed.

Computed tomographic images 36 months postopera-
tively indicate no loosening of the device. Ill-defined borders
between the device and cortical bone and suggesting growth
of bone into the device can be seen (Fig. 4). There was no
evidence of implant loosening or lysis around the screws.

Bone cysts are benign, tumor-like lesions of bone, resem-
bling primary tumors. Unlike humans, bone cysts that are
asymptomatic incidental findings on imaging studies were
rarely reported, and clinical signs could often be secondary
to progressive expansion of the cyst, at which time dogs
present with lameness or enlargement of bone shape of the
lesion, which may intensify to severe pain and swelling of
surrounding soft tissue if a pathologic fracture is present
[2, 4]. The differential diagnosis for this type of lesion in-
cludes inflammation, infection, trauma, neoplasia and bone
cyst (aneurysmal and unicameral) [1, 15]. Clinical signs and
diagnostic imaging methods are helpful in characterizing
this type of lesion. However, due to the rarity of bone cysts
in animals and the similarity to neoplastic lesions, histologic
examination remains mandatory for a definitive diagnosis
[1,12].

The current case was similar to those previously reported,
with the exception of age. Radiographic findings essential
for diagnosis, including a radiolucent defect with cortical
thinning and osseous expansion, were consistent with previ-
ous reports from canine veterinary practice [3, 33].

The goal of treatment is the prevention of pathological
fracture and skeletal deformities during growth [6]. On the
basis of previous reports, nonsurgical treatment of UBCs
is considered in asymptomatic cases and includes exercise
restriction, analgesic drug administration and coaptation, if
a weight-bearing portion of a limb is involved [21]. In hu-
man medicine, treatment options include serial percutaneous
injection of corticosteroid, autologous bone marrow trans-
plantation, decompression with cannulated screws, intra-
medullary nailing, open curettage followed by bone grafting
and the use of demineralized bone matrix as a graft material
[5,9,17,27,29, 32, 34, 37].

Percutaneous injection of corticosteroids has been report-
ed to have success rates ranging from 50 to 90% [4, 29, 32].
While it is a relatively simple procedure with low morbidity,
typically several attempts are necessary to achieve con-
solidation of the cyst, while a 24% healing rate was reported
with a single injection [36]. There has been only one report
of similar treatment used in veterinary practice, and in that
case, the cystic lesion was remodeled successfully 14 months
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Fig. 1. Preoperative radiograph.

Fig. 3.

Follow up radiographs at 36 months postoperatively.

following treatment [22].

Surgical treatment of unicameral bone cysts involves cu-
rettage of the cyst lining and filling the cavity with grafted
bone [2, 33]. Autologous bone grafts are routinely used,
although demineralized bone matrix, bone marrow mono-
nuclear cells and deprotonated bovine cancellous xenografts
have recently been used in conjunction with autologous
cancellous bone grafts in dogs [5, 11, 18, 36].

The primary consideration in evaluating treatment options
in this case was prevention of pathologic fractures. Time to
heal was a factor in the consideration of implementing re-
peated steroid injections due to the lengthy time to recovery
reported previously [22]. In addition, the bone cyst in the
present case occurred in the radius, which is a load-bearing
bone. Treatment solely using post-curettage autologous
cancellous bone-grafting was expected to have high prob-
ability of fractures due to marked bone loss following cyst
resection, resulting in loss of bone strength. The goal of
treatment in this case was to establish a spontaneous cure
by stimulating osteogenic activity via surgical removal of
the wall lining the inner aspect of the cyst. Due to the size
of the cyst, ordinary forms of treatment were believed to be
less sufficient to prevent possible pathological fractures. If

Fig. 2. Postoperative radiograph.

Fig. 4.

CT at 36 months postoperatively.

temporary trans-articular internal fixation is implemented,
consideration must still be given to the possibility of plate
breakage at the bone loss area. An osteoprosthesis method
using a titanium implant, as well as curettage of the inner
cortex of the cyst, was employed as treatment.

In this case, the customized titanium device that was pre-
pared to fit the bone-loss region formed by curettage of the
bone cyst readily fitted to this area. When the device was
inserted and fixed to the remaining radial bone using bone
forceps, the correct device positioning was achieved readily.
This is considered to be a characteristic advantage of the cus-
tomized titanium device that is adapted in accordance with
individual bone-loss regions using selective laser melting.
In this case, concomitant internal fixation also enabled early
weight bearing of the affected limb, as expected. The authors
believe the strength of the bone with the device inserted was
also maintained after bone cyst resection, and osteoplasty
was achieved as an additional outcome. Furthermore, no re-
currence of the bone cyst was observed, and favorable func-
tioning was maintained during the 28 months of follow up.

From these results, we believe that bone cyst curettage
and use of a customized titanium device show promise as an
effective treatment of unicameral bone cysts with the intent
of preventing pathologic fractures and, as such, warrant
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further investigation. This treatment could have maintained
sufficient limb function as well as halting progression of the
bone cyst in a dog with expansive UBCs.

There is also a potential for additional applications of this
technique. Asympomatic unicameral bone cysts also occur
in metaphyses close to articular surfaces, an area where
reconstruction may not be possible, and the only possible
treatment includes relief measures, such as amputation or
arthrodesis [7]. It is therefore suggested that, even when
the condition is asymptomatic, treatment with a customized
titanium device in order to prevent pathologic fractures may
increase the probability of conserving the affected limb and
maintaining its function. The other type of bone cysts, aneu-
rysmal bone cysts, is considered to have poorer prognoses
than UBCs, due to a more marked local invasion, more
pathologic fractures and a higher post-resection recurrence
rate [14, 16, 28]. Therefore, amputation or euthanasia is
more frequently selected for these cases [20, 25, 31]. Treat-
ment using a customized titanium device is considered to
be effective even with bone loss due to wide-area bone cyst
resection and may be applicable even to aneurysmal bone
cysts that require vigorous resection. Furthermore, custom-
ized titanium devices can be made to fit bone-loss regions
of any physical shape, suggesting the potential for their ap-
plication to bone loss in long bones, which may develop as a
result of high-energy injuries or bone tumors and with which
reconstruction is currently considered to be difficult.

As the number of veterinary cases increases, further in-
vestigation of treatment methods and long-term prognoses
for unicameral bone cysts will be needed. It is suggested that
this treatment option also be evaluated for the treatment of
aneurysmal bone cysts.
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