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Abstract Multilobular osteochondrosarcoma (MLO) reportedly has a good 
prognosis after complete resection. This study reports the successful treatment 
of MLO in two dogs using 3-dimensional (3D) printing technology. A nine-year-
old castrated male Maltese (Case 1) and a five-year-old castrated male poodle 
(Case 2) both presented with a mass in the skull. Diagnostic imaging revealed 
a cranial mass arising from the cranio-orbital and parieto-occipital bones. The 
masses were resected using 3D-printed osteotomy guides, and the resulting de-
fects were reconstructed using 3D-printed patient-specific implants. Histopatho-
logical results confirmed the resection of MLOs with clean margins. Patients 
routinely recover from surgery without complications. To date, the two patients 
remain alive without clinical signs of tumor recurrence at 20 and 12 months 
postoperatively, respectively. In the management of MLO in dogs, 3D printing 
technology can allow accurate tumor resection, reduced surgical time, and suc-
cessful reconstruction of large defects.

Key words multilobular osteochondrosarcoma, 3D printing, osteotomy guide, 
cranioplasty, canine.
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Introduction

Multilobular osteochondrosarcomas (MLOs) are a rare type 
of malignant bone tumor that most often occur in the flat 
bones of a canine skull. The majority of dogs with MLOs are 
middle-aged to older, medium- to large-breed dogs with a 
median age at presentation of eight years and median weight 
of 29 kg (8,16). These tumors are typically slow-growing, lo-
cally invasive, and malignant, with a metastasis rate of up to 
58% (8,29). The most common clinical presentation is a firm 
and fixed mass of the skull. However, neurological signs can 
appear depending on the size and location of the tumor (6).

Although chemotherapy and radiotherapy may have bene-
fits of local control of tumors or palliation of residual tumors 
(13,30,31), surgery remains the treatment of choice. Clean 
surgical margins are strongly associated with favorable prog-
nosis (5,7,8,16). 

In a retrospective study of 39 dogs with MLO in the skull, 
the median disease-free times following complete and in-
complete resection were 1332 days and 320 days, respective-
ly. The metastatic rates for complete and incomplete resec-
tion are 25% and 75%, respectively (8). In that study, more 
than half of the diseased dogs died of local recurrence or 

metastasis, with a median time from the onset of recurrence 
or metastasis to death of 239 days. Therefore, aggressive 
resection of the tumor with wide margins is recommend-
ed. Wide resection of the cranium can create large defects, 
resulting in serious cosmetic problems, and the underlying 
brain becomes vulnerable to trauma or infection. Therefore, 
a cranioplasty should be considered (27).

Three-dimensional (3D) printing is an additive manufactur-
ing method that converts computer-generated 3D images 
into physical models (22). This technology has been used 
extensively in surgical procedures, including surgeon-patient 
communication, preplanning, and custom implant fabrica-
tion (12,22,26). Recently, 3D-printed osteotomy guides have 
been used for malignant bone tumor surgeries, resulting in 
precise resection of the tumor and implantation, reduced 
blood loss, and reduced operation time (18,32,34). 3D-print-
ed implants have been used to reconstruct bone defects in 
complex structures such as the maxilla and cranium (17,28).

To date, rare cases of cranioplasty using 3D-printed im-
plants in dogs with MLO have been reported (5,11). This case 
report describes the application of 3D-printed osteotomy 
guides and patient-specific implants for cranioplasty in two 
dogs with MLOs and their favorable long-term outcomes.

Fig. 1. Preoperative and postoperative gross images and magnetic resonance imaging (MRI) of Case 1. A preoperative macroscopic image (A) and 
T2-weighted MRI images of transverse view (B) and sagittal view (C). A postoperative macroscopic image at two weeks postoperatively (D). Con-
trast-enhanced T1W MRI images of transverse view (E) and sagittal view (F) at 12 months postoperatively.
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Case Report

Case 1

A nine-year-old, 6.7 kg castrated male Maltese presented 
with a firm mass in the frontal calvarium. The mass progres-
sively enlarged over the last three months and adhered to 
the right fronto-orbital region on palpation. Ventrolateral de-
viation and hyperemia of the globe of the right eye were ob-
served (Fig. 1A). Physical and neurological examination results 
were unremarkable. Radiography revealed a lobulated mass 
arising from the right frontal bone and extending cranially to 
the right orbit. Computed tomography (CT, AlexionTM, Can-
on Medical Systems Corporation, Otawara, Japan) confirmed 
a 3.3 × 2.7 × 3.1 cm mass with heterogeneous soft tissue 
opacity invading the right frontal sinus. On magnetic reso-
nance imaging (MRI, 1.5 Tesla unit, Magnetom Essenza, Sie-
mens, Germany), the mass was hypointense on T2-weighted 
(T2W) and isointense on T1-weighted (T1W) images, and did 
not invade the brain (Fig. 1B, C). The CT images of the patient 
were exported in Digital Imaging and Communication in 
Medicine format and reconstructed using a computer soft-
ware (3DS Max, Autodesk, CA, USA). With the reconstructed 
images, the osteotomy guide was designed to provide a 
template for tumor resection with 5 mm lateral margins and 
a groove fitting to the temporal line of the right frontal bone. 
A titanium plate capable of reconstructing the defect was 
designed based on the opposite side of the skull. Anatomical 

bio-models of the skull and tumor were designed for preop-
erative planning and intraoperative inspection (Fig. 2A). The 
3D osteotomy guide and bio-models were printed using a 
3D printer (Finbot-Z420, TPC Mecatronics, Seoul, Korea) with 
a polylactic acid filament (PLA filament, Cubicon, Seongnam, 
Korea), and the titanium plate was printed using a 3D printer 
(SLM 125, SLM Solution, Germany) (Fig. 2B).

During surgery, the patient was pre-medicated with midaz-
olam (0.2 mg/kg, IV; Midazolam inj., Bukwang Pharm, Seoul, 
Korea). Anesthesia was induced with propofol (4 mg/kg, IV; 
Anepol inj., Hana Pharm, Seoul, Korea) and maintained with 
isoflurane (Ifran®, Hana Pharm, Seoul, Korea). A constant 
rate infusion (CRI) of remifentanil (5-40 μg/kg/h; Remiva inj., 
Hana Pharm, Seoul, Korea) was administered for analgesia. 
Cefazolin (22 mg/kg, IV; cefazolin inj., Chong Kun Dang, 
Seoul, Korea) was administered prior to skin incision and 
repeated every 90 min. Before tumor resection, osteotomy 
of the right zygomatic arch and transection of the orbital lig-
ament were performed to allow ventral reflection of the eye 
globe and access to the ventral orbit. An elliptical skin inci-
sion was made along the lateral margins of the tumor. When 
the tumor was exposed, a 3D-printed osteotomy guide was 
placed around the tumor, and a surgical marking pen was 
used to mark the resection margin. A 2 mm pneumatic burr 
was used to perform craniectomy along the resection mar-
gin, extending laterally from the dorsal midline of the frontal 
bone to the right zygomatic process. After retracting the 

Fig. 2. Preoperative planning, rehearsal 
surgery, and postoperative radiograph-
ic images of Case 1. Three-dimensional 
(3D)-reconstructed preoperative planning 
(A), 3D-printed biomodels with osteotomy 
guide and titanium plate (B), and radio-
graphic image (C) of Case 1 at two weeks 
postoperatively.
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excised tumor, the underlying dura mater was torn, while the 
brain tissue was not damaged. Durectomy was performed 
up to the lateral margin of the tumor. Additionally, mucosa 
removal in the exposed frontal sinus was performed using a 
2 mm pneumatic burr, and several pieces of gelatin sponges 
(Spongostan standard, Ethicon, USA) were inserted into the 
sinus for frontal sinus obliteration (19). After hemostasis of 
the minor bleeding, the excised dura mater was reconstruct-
ed using a synthetic dura mater substitute, ReDura (Medprin 
Biotech, La Mirada, CA, USA), and a 3D-printed titanium 
plate was placed over the defect and secured with six screws 
(1.5 mm self-drilling titanium).

The patient routinely recovered postoperatively. Radio-
graphs revealed skull defect coverage and alignment of 
the titanium plate (Fig. 2C). Postoperatively, the CRI of 
remifentanil (6 μg/kg/h) was administered for three days, 
and cefotaxime (20 mg/kg, IV; Cefotaxime inj., Chong Kun 
Dang, Seoul, Korea) was administered for two weeks. Histo-
pathological examination of the excised tumor confirmed the 
diagnosis of grade 1 of 3 MLO with clean lateral margins of  
>6 mm (Fig. 3A). A well-circumscribed, predominantly ex-
pansile, sparsely cellular mass within the subcutaneous con-
nective tissues that partially infiltrated the underlying bone 
of the sinus was observed. The patient was discharged two 
weeks postoperatively without any complications (Fig. 1D). 

At two months after discharge, the patient presented with 
epistaxis and purulent discharge from the right nasal orifice. 
An MRI scan revealed heterogeneous lesions with T2W hy-
perintensity and T1W isointensitiy within the nasal cavities 
and frontal sinuses. No tumor recurrence was detected (Fig. 
1E, F). A complete blood count revealed mild neutrophilia 
(14,110 cells/μL, reference range: 3,900-8,000). Elevated 
levels of alkaline phosphatase (488 U/L, reference range: 15-
127), alanine aminotransferase (175 U/L, reference range: 19-
70), and aspartate aminotransferase (49 U/L, reference range: 
15-43) were observed, which was considered due to recently 
administered prednisolone (0.5 mg/kg, PO, q12h) for derma-
titis pruritis for two weeks. Bacterial culture of nasal swabs 

confirmed the presence of Staphylococcus aureus. The pa-
tient was diagnosed with suppurative rhinosinusitis and was 
prescribed doxycycline (5 mg/kg, PO, q12h; doxycycline Tab., 
Youngpoong Pharm, Seoul, Korea) for two weeks.

At ten months postoperatively, generalized tonic-clonic 
seizure was observed. The owner declined further examina-
tion, and phenobarbital administration (2.5 mg/kg PO, q12h; 
Phenobarbital Tab., Hana Pharm, Seoul, Korea) was started. 
The patient was doing well without seizures at 20 months 
postoperatively.

Case 2

A five-year-old, 10.7 kg castrated male poodle was brought 
for evaluation of a mass located in the parieto-occipital bone. 
Preoperative examinations, including CT, were performed 
(Fig. 4A). The 3D-printed osteotomy guide, titanium plate, 
and bio-models were designed as described for Case 1 (Fig. 
4B).

The patient was anesthetized using the same protocol as in 
Case 1. The temporal muscle was dissected after an elliptical 
incision was made on the skin. The osteotomy guide was 
positioned following the complete dissection of the muscle 
tissues, and the resection margin was marked around the 
tumor. Parieto-occipital craniectomy was performed using a 
2 mm pneumatic burr, and the underlying dura mater was 
bluntly dissected with a spatula. The tumor was carefully lift-
ed off the dura mater without damaging the dorsal sagittal 
sinus within the dura mater (Fig. 4C). After several lavages 
with sterile saline, the defect in the skull was covered with 
synthetic dura mater anchored to the adjacent edge of the 
temporal muscle. The 3D-printed titanium plate was secured 
over the defect with four 1.5 mm self-drilling titanium screws 
(Fig. 4D).

Histopathological evaluation of the excised tumor con-
firmed an MLO with complete lateral margins. The prolifer-
ated tumor cells had one or more distinct nucleophiles and 
malignant findings, such as anisokaryosis of the nucleus, and 
mitotic counts were rarely observed. Several osteoclasts were 

Fig. 3. Histopathologic microscopic exam-
ination of Cases 1 and 2. There are spindle 
to stellate cells forming anastomosing 
streams and bundles in a fibrous stroma 
with regularly interspersed foci of chondrus 
and osseous metaplasia (A, hematoxylin 
and eosin [H&E]; scale bars: 500 μm). 
Osteochondrosarcoma proliferates while 
maintaining the form of lobes (B, H&E; 
×12.5).
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also observed (Fig. 3B). The patient was discharged at seven 
days postoperatively. No tumor complications or recurrences 
until the final follow-up at 12 months postoperatively were 
noted.

Discussion

This report describes the application of 3D printing tech-
nology for cranioplasty in two dogs with MLOs. The patients 
had good long-term postoperative clinical results without 
serious complications.

For MLO, the overall recurrence rate after surgery is 47%-
58% and is dependent on the completeness of surgical 
resection. The median disease-free interval for completely 
resected MLO is significantly better than that reported for in-
completely resected tumors (8,16,29). However, owing to the 
complexity of the canine skull, obtaining an adequate surgi-
cal margin is often difficult, and early recurrence may occur 
(6,9,27). Recently, 3D-printed osteotomy guides for bone sar-
coma resection have been reported to improve the accuracy 
of resection with adequate margin (1,3,18). This technique 
facilitates the recognition of real tumor margins and allows 
surgeons to overcome technical errors in treating complex 

bone structures. It has also been demonstrated to eliminate 
the need for implant trimming for cranioplasty, allowing the 
operator to determine the exact edge of skull tumors (24,36). 
Hence, the skull can be reconstructed with a 3D-printed 
titanium plate immediately, and the operation time can be 
reduced (15).

Various materials for cranioplasty have been described in 
dogs, including cortical allografts, polymethyl methacrylate 
(PMMA), and titanium mesh (7,20,23,27). Cortical allograft 
bone provides mechanical support; however, it requires 
aseptic harvesting and preserving techniques (23). Moreover, 
serious postoperative complications have been reported, in-
cluding immunogenic reactivity, infection, and resorption of 
the implant (20). PMMA is an inexpensive and readily avail-
able material. However, it requires an intraoperative mold, 
which is associated with thermal tissue necrosis, infection, 
and prolonged surgical time (4,21). Titanium mesh has some 
benefits, including rigidity, availability, and resistance to infec-
tion, although intraoperative contouring is required (15,27). 
Custom-made titanium plates for cranioplasty have been 
described in human reports (28,33). A retrospective study 
comparing two different titanium cranioplasty methods has 
revealed that custom-made titanium plates had better aes-

Fig. 4. Preoperative (A, B) and intraop-
erative (C, D) views of Case 2. Three-di-
mensional (3D) reconstructed image of 
preoperative computed tomography scan 
(A). A 3D-printed bio-model and skull of 
the patient (B). A defect after craniectomy 
(C). A 3D-printed titanium plate fixed over 
defect (D).
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thetic results, complete coverage of defects, shorter surgical 
times, and easier operation for the surgeon than titanium 
mesh (25). In our patients, the 3D-printed titanium plates 
were successfully secured without massive hemorrhage or 
prolonged procedures, resulting in good clinical outcomes.

The dorsal sagittal and transverse sinuses are the most sig-
nificant vessels that may be encountered during craniectomy 
and lie within the dura mater (16). Damage to these struc-
tures can lead to life-threatening hemorrhage or fatal brain 
swelling (9). In case 1, the location of the tumor was far from 
the sinus; therefore, only slight bleeding occurred despite 
dural rupture. By contrast, the preoperative MRI scan of case 
2 confirmed that the tumor was located above the dorsal 
sagittal sinus. This allowed the surgeon to carefully dissect 
the tumor from the dura mater, which may lead to favorable 
outcomes. Resection of the involved dura mater is considered 
an important component for achieving maximal resection in 
primary osteosarcoma of the frontal bone in humans. When 
dural involvement is suspected based on the intraoperative 
gross appearance or preoperative MRI scans, dural resection 
is recommended if it can be achieved with a low risk of sig-
nificant morbidity (10,35). Hayes et al. have reported MLO 
recurrence in a dog at seven months postoperatively. They 
suggested that the dura mater should be considered a deep 
margin in cases of MLO in dogs (11). In Case 1, an intraopera-
tive dural tear was suspected due to adhesions, which could 
be evidence of dural invasion of the tumor. Therefore, dural 
resection was performed.

Single-stage cranioplasty with osteotomy guidance is gen-
erally performed only for benign tumors because of the risk 
of incomplete margins. The average 3-week delay in implant 
manufacturing is another concern in the management of 
malignant tumors (14,24). However, Berli et al. described sin-
gle-stage cranioplasty for malignant tumors with little mor-
bidity (2). In veterinary medicine, single-step cranioplasty is 
often necessary because of the high cost of a second surgery 
or the owner’s preference (15). Therefore, this technique can 
be a reasonable option for treating malignant skull tumors, 
as long as the delay in implant manufacturing is minimized (2).

Conclusions

In our patient, craniectomy and cranioplasty for MLO were 
successfully performed using 3D printing technology. Based 
on the clinical outcomes, this technique may be feasible with 
limited long-term postoperative complications. Further inves-
tigation is required to confirm our preliminary findings.
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