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Abstract

Case summary A 12-year-old male neutered Bengal cat presented for a left thoracic limb lameness of several
weeks’ duration. Abnormal advanced imaging findings depicted the presence of an irregularly marginated
osteolytic lesion in the proximal-mid diaphysis of the left humerus. A histopathological evaluation of the humerus
confirmed a diagnosis of osteoblastic osteosarcoma. Limb-sparing surgery was planned with a custom-designed
three-dimensional printed endoprosthesis. Mild neuropraxia was noted immediately postoperatively and deemed
to have resolved by the 2-week follow-up. Stereotactic radiation was planned, though pulmonary metastasis was
noted on planning CT. The cat was euthanased 90 days postoperatively owing to the development of pulmonary
clinical signs.

Relevance and novel information This is the first reported case of a humeral limb salvage procedure in a cat using
a custom-designed three-dimensional printed endoprosthesis. Although the survival time in this case was short, the
patient maintained an adequate quality of life and limb function was preserved.
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Introduction

Feline osteosarcoma is rare, accounting for 0.5% of all
feline tumours.! Osteosarcoma in cats usually affects
older cats (aged 8-10 years), although it has been
observed in younger cats (aged 1-20 years).2 Feline oste-
osarcoma is usually less aggressive and carries a more
favourable prognosis than canine osteosarcoma.?

Limb amputation is considered the gold standard of
care for the treatment of bone and joint neoplasia in small
animals.* Although cats tolerate limb amputation well,
recent methods of limb salvage have allowed for preser-
vation of the affected limb without complete amputation.
One method that was recently reported in two cats is the
use of a custom-designed femoral endoprosthesis with
an integrated total knee replacement for the treatment of
osteosarcoma, which yielded good results.>

This case report describes the novel use of a three-
dimensional printed patient-specific humeral endopros-
thesis in a cat with osteosarcoma as a limb-sparing
technique.
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Figure 1 CT image showing osteolytic lesion of the mid-proximal humerus, multiplanar reconstruction: (a) frontal plane
depicting proximal humeral osteolytic lesion; (b) sagittal plane; and (c) transverse plane at the centre of the humeral lesion

demonstrating mixed bone lysis and periosteal proliferation

Case description

A 12-year-old male neutered Bengal cat presented to its
primary care veterinarian for a left thoracic limb lameness
of several weeks’ duration. Whole-body CT (SOMATOM
go.Up [64-slice]; Siemens Healthcare) depicted the pres-
ence of an irregularly marginated osteolytic lesion in the
proximal-mid diaphysis of the left humerus. Mild left
axillary lymphadenomegaly was also observed. The case
was referred to a specialist surgery service for bone biop-
sies and confirmation of advanced imaging findings
(Figure 1). A Jamshidi bone biopsy sample was obtained
from the osteolytic lesion in the proximal humerus, and
histopathology confirmed a diagnosis of osteoblastic oste-
osarcoma. The owners were informed of the nature of the
disease and options available. They opted for limb-sparing
ostectomy and endoprosthetic placement followed by
adjuvant stereotactic body radiation therapy.

Orthogonal radiographs (MOBILETT Elara Max;
Siemens Healthcare) were performed. A custom three-
dimensional printed cutting guide and prosthesis were
designed and printed based on these images in conjunc-
tion with the original CT images (3D Morphic). The cut-
ting guide was created to allow for a 10mm surgical
margin of tomographically normal bone proximal and
distal to the tumour as assessed by CT. The endopros-
thesis was an interbody device made with titanium
(Ti6Al4V alloy specifications according to ASTM F1472
and F2924) that was printed with contours of the
patient’s contralateral humerus, and both proximal and

distal plate flanges that would accept five 2mm locking
stainless-steel screws proximally and four 2mm locking
stainless-steel screws distally. This was designed by a
biochemical engineer (WP) at 3DMorphic using
3DMCAD (3DMorphic’s in-house software). The inter-
body portion of the device was designed to fit within
the humerus once the tumour and affected bone were
resected, with the amount of bone resection specified by
the lead surgeon (RB). The overall curvature of the
interbody portion of the device was designed from the
contralateral ‘normal” humerus. The interbody region of
the implant featured a graft window. Fusion occurs
when the biomechanical environment is suitable. This
means that the construct needs stability and to limit
motion, which is why the plate regions of the implant
featured locking screws (Figure 2). Bone models of the
humerus were created to enable contouring of an
orthogonal plate before surgery.

Premedication intraoperative antibiotics consisted of
three doses of cephazolin sodium (Cefazolin; Hospira;
22mg/kg IV) every 90 mins.

A standardised anaesthetic protocol was used,
including premedication, which involved dexmedeto-
midine hydrochloride (Dexdomitor; Zoetis Australia;
5ug/kg IM) and methadone (Methone; Ceva Animal
Health; 0.2mg/kg IM), induction with propofol
(Propofol-Lipuro; B Braun Melsungen; 2-4mg/kg 1V)
and maintenance with isoflurane in 100% oxygen deliv-
ered via an endotracheal tube. Anaesthetic monitoring
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included end-title carbon dioxide, indirect Doppler
blood pressure, pulse oximetry and electrocardiogra-
phy. Hartmanns’s solution was administered (5-10ml/
kg/h IV) to maintain haemodynamic status. Body tem-
perature was monitored and maintained with a warm
air blanket. For surgery, cefazolin (22mg/kg IV) was
administered at induction and every 120 mins
perioperatively.

The patient was positioned in lateral recumbency and a
lateral approach was first made to the wing of the ilium. A

Figure 2 Three-dimensional printed bone models used to
assist with surgical planning. Left: bone cutting guide affixed
to the humerus with tumour. Centre: endoprothesis. Right:
three-dimensional printed endoprothesis applied to the
humerus after ostectomy of the humeral osteosarcoma

corticocancellous graft was harvested using a size 18 ace-
tabular reamer (BFX; Biomedtrix). Next, a lateral approach
was made to the humerus.® The radial nerve was identified
and preserved by caudal retraction. The tumour was
excised with a 1cm margin of normal-looking bone. Soft
tissue was dissected away from the tumour capsule, which
remained intact and the osteotomised bone was removed.
The endoprosthesis was fitted into the bone defect, ensur-
ing the plate flanges fit on the predetermined surface of the
bone, and 2.0 mm locking screws were inserted both proxi-
mally and distally through the flanges. A pre-contoured
2.0mm locking compression plate was then applied to the
craniolateral surface of the bone and two locking screws
were inserted both proximally and distally. Both the autolo-
gous bone graft and ixobone paste (Ixobone; Exabone
GmbH) were packed into spaces of the endoprosthesis and
the bone-implant interface after having lavaged the site
with 2 1 of saline. Closure was routine, with the fascia and
subcutaneous layer over the implants closed using 3/0
Polydioxanone (DemeDIOX) and the skin in 4/0 Nylon
(DemeLON; DemeTech) (Figures 3 and 4).

Postoperatively, medication included amoxycillin and
clavulanic acid (Clavulox; Zoetis Australia; 20mg/kg
IV), meloxicam (Apex Meloxicam 0.5 mg/ml Oral
Suspension For Cats; Dechra Veterinary Products
(Australia); 0.05mg/kg PO) and gabapentin (Gabapentin;
BOVA AUS; 10mg/kg PO). Postoperative analgesia
included methadone (Methone; Ceva Animal Health;
0.2mg/kg IV). The cat recovered from the anaesthesia
uneventfully and was monitored overnight until its nor-
mal eating habits returned. Postoperatively, the patient
developed a grade 1 complication, which was moderate
radial neuropraxia that was noted to resolve by the
2-week follow-up.”

The patient re-presented 5 days postoperatively with
a separate grade 1 complication’” owing to an acute onset
of left pelvic lameness. Radiographs were performed

Figure 3 (a) Intraoperative image depicting removal of the humeral osteosarcoma after bone-guide assisted ostectomy;
(b, c) lateral view of the left humerus; intraoperative images after implantation of the three-dimensional printed endoprothesis

and 2.0 locking compression plate
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and a left iliac wing fracture was diagnosed owing to
corticomedullary bone harvest for autologous graft,
although no further treatment was required. The patient
recovered from this lameness within 2 weeks.
Histopathology testing confirmed that the lesion was
an osteoblastic osteosarcoma with clean margins proxi-
mally and distally and a mitotic count of 24. The patient
was referred to a radiation oncologist for stereotactic

Figure 4 Immediate postoperative radiographs in (a)
craniocaudal and (b) lateral views depicting appropriate
implant positioning and limb alignment

radiation therapy 5 weeks after surgery. The radiation
oncologist reported adequate limb function on the oper-
ated leg when compared with the contralateral limb and
grade 2/5 lameness. During pre-radiation planning, pul-
monary metastasis was observed on CT. The clients
elected to proceed with palliative therapy instead of radi-
ation. This patient deteriorated with respiratory signs
and was euthanased 90 days postoperatively. A post-
mortem CT was performed, which showed there was
evidence of new bone formation at the implant-bone
interface (Figure 5).

Discussion
This case report demonstrates the use of a humeral endo-
prosthesis in a cat. The cat had subjectively good use of
the affected forelimb; however, it later succumbed to
metastatic disease. Although osteosarcoma in cats has
previously been reported to have a better prognosis than
in dogs, recent evidence suggests that there is a high rate
of distant metastasis (40%).3

The recommended treatment for feline osteosarcoma
tends to be limb amputation alone, and there is open
debate on whether adjuvant therapy will prolong sur-
vival times.® In one study of cats after limb amputation,
most cats returned to a normal quality of life; however,
there were reduced levels of activity and speed in
approximately 50% of cats with amputated limbs.*

Figure 5 Multiplanar reconstruction of the CT images collected post mortem. There are hyperattenuating regions within the
interstices of the implant. CT images in (a) transverse; (b) dorsal; and (c) sagittal planes.
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Limb-sparing surgeries have previously been
reported in two cats using a femoral endoprosthesis with
an integrated total knee replacement with subjectively
good outcomes.> Although the use of a humeral endo-
prosthesis has been reported as a treatment strategy for
canine humeral osteosarcoma, it has not yet been
described in cats. In the previous canine study, a frozen
canine allograft was used; however, there was a high
rate of implant-associated complications that deemed
the outcome to be unacceptable.’

The benefit of patient-specific implants is that they
are designed to have a perfect fit with the recipient bone
that allows for optimised load transmission through the
limb. One of the disadvantages is the delay from diagno-
sis to implant design and production, which can result in
tumour progression. In this particular case, the delay
was 14 days, which was considered to be reasonable in a
previous study.’ Although extensive preoperative plan-
ning was required in this case, surgical time was opti-
mised with the use of a custom three-dimensional
printed cutting guide assisting in the maintenance of
anatomic alignment during ostectomy of the humerus
and bone models, allowing for a locking plate to be pre-
contoured before surgery.

The centre column of the implant was designed such
that an autologous bone graft could be harvested and
embedded within it, allowing for true osseointegration
within the humerus as it heals. The surface was rough-
ened to allow for the ingrowth of bone similar to that
seen in other osseointegration designs.!® On post-
mortem CT, there was evidence of new bone formation
within the cage of the prosthesis; however, further stud-
ies with histopathology of cement-embedded specimens
would be required to confirm this finding.

There are no guidelines regarding how much bone can
be safely resected to reduce the risk of implant failure;
however, there needs to be enough bone stock proximal
and distal to the osteotomy to ensure that the endopros-
thesis can be adequately fixed to the bone. With this in
mind, not every cat will be a candidate for a patient-
specific endoprosthesis once surgical margins are
accounted for. The authors would also have reservations
in recommending an endoprosthesis to manage osteosar-
coma of the feline humerus, given the poor outcome
despite the appropriate preoperative staging of this case;
however, it may be suitable for patients with other osteo-
lytic disease, such as osteodestructive bone cysts, fibro-
sarcoma, chondrosarcoma, trauma or necrosis.

Conclusions

This case report highlights the use of a custom three-
dimensional printed humeral endoprosthesis as a limb-
sparing technique for the treatment of osteosarcoma in a

cat. Although the survival time of the cat was short, the
quality of life, adequate limb function and improved
pain control were notable after the surgery. Further pro-
spective studies with larger case numbers and longer
follow-up are required to assess the feasibility and suc-
cess of patient-specific implants in cats as a limb salvage
procedure.
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