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Limb-salvage surgery using personalized
3D-printed porous tantalum prosthesis for
distal radial osteosarcoma

A case report
Ge Chen, MD?, Yiran Yin, MD?, Chang Chen, MD®"

Abstract

Rationale: Three-dimensional (3D) printing has been widely utilized for treating the tumors of bone and soft tissue. We herewith
report a unique case of distal radial osteosarcoma who was treated with a 3D printed porous tantalum prosthesis.

Patient concerns: A 58-year-old Chinese male patient presented to our clinic complaining about a 6-month history of a progressive
pain at his right hand, associated with a growing lump 2 months later.
Diagnosis: Osteosarcoma of distal radius confirmed by percutaneous biopsy and tumor biopsy.

Interventions: A limb-salvage surgery was performed with a 3D printed porous tantalum prosthesis, combined with the

postoperative chemotherapy for 4 cycles.

Outcomes: At 2-year follow-up, complete pain relief and satisfactory functional recovery of his right wrist were observed.
Lessons: Personalized 3D printed prosthesis is an effective and feasible method for treating the osteosarcoma and reconstruction

of complex bone defects.

Abbreviations: 3D = three-dimensional, CT = computed tomography, CTA = computed tomography angiography, DICOM =
digital imaging and communications in medicine, POD = postoperative day, ROM = range of motion.

Keywords: bone defect, case report, customized implants, osteosarcoma, tantalum, three-dimensional printing, wrist

reconstruction

1. Introduction

Although osteosarcoma is the most frequent primary malignant
bone tumor characterized by high metastasis and recurrence rates
and low survival rates,!'! <1% of osteosarcoma occurs in the
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distal radius.””! Once an osteosarcoma was diagnosed, surgery
and postoperative chemotherapy were recommended for long-
term survival.®! For wrist osteosarcoma, amputation should be
avoided because it might result in severe physical disability and
psychosocial trauma.' Limb-salvage surgery is the golden
standard for restoring function unless there were massive
neurovascular invasion.®! As completed resection is essential
for preventing the tumor recurrence,'®! an effective reconstruction
of limb and joint is imperative and difficult. Because the hand and
the wrist are complex and have a more refined function than any
other part of the body, large tumor resection-induced bone
defects might result in the abnormal appearance, shortening of
limb, and poor postoperative function.!””®! How to restore the
wrist function as satisfactory as possible through the surgical
techniques is worthy of researching. Personalized 3-dimensional
(3D) printed prosthesis could be an ideal option for restoring the
functions after the limb-salvage surgery of osteosarcoma.!

Here we reported a case of distal radial osteosarcoma who was
treated with a 3D printed porous tantalum prosthesis.

2. Case presentation

A 58-year-old Chinese male patient presented to our clinic
complaining about a 6-month history of a progressive pain at his
right hand, associated with a growing lump 2 months later.
Limited range of motion (ROM) of the right wrist was reported as
well. Physical examination indicated the lump was an approxi-
mately 5 cm x 3 cm hard mass on the radial side of the right wrist,
with obvious tenderness and unclear boundary. The skin was
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Figure 1. Preoperative examination. (A-C) The x-ray fim and computed tomography scan. multiple osteolytic bone destruction occurred at the distal end of the
right radius and the surface of wrist joint, with several discontinuous bone cortex. The distal bone was slightly enlarged, with slight periosteal reaction. d.e
pathological biopsy. (D) Preoperative biology and (E) second biology at the surgery: osteogenic malignant tumor.

slightly red and swollen without ulceration. The right wrist was
unable to flexion or extension due to the severe pain, with flexing
limitation of his fingers.

The x-ray film and computed tomography (CT) scan showed
multiple osteolytic bone destruction occurred at the distal end of
the right radius and the surface of wrist joint, with several
discontinuous bone cortex. The distal bone was slightly enlarged,
with slight periosteal reaction. After admitted to the ward, a
percutaneous bone biopsy was performed, revealing osteogenic
malignant tumor (Fig. 1). A diagnosis of osteosarcoma was
suggested.

Considering the rapid progress of tumor, after the patient and
his family members gave informed consent (Informed consent
was obtained from the patient for publication of this case report
details), we decided to perform a limb-salvage procedure to
remove the tumor and reconstruct the wrist joint. In order to
reconstruct the large structural defect after removal of the tumor
without compromising the length and normal appearance of the
radius, using a personalized 3D printed prosthesis was considered
to be an ideal option.

The CT scan of hand, wrist and forearm were obtained by a
scanner (Siemens) with 1.0 mm each layer. The data were stored
and analyzed by Mimics 17.0 software in digital imaging and

communications in medicine (DICOM) format. After the right
radius and the wrist were remodeled by the Mimics 17.0 software
(Mimics, Materialise, Leuven, Belguim), it was imported into
SIEMENS NX software (Siemens PLM Software Inc., Germany)
to design the guiding plate. The design of guiding plate was
restored in stereolithography (STL) format and then printed by
UP BOX+ 3D printer (Beijing Tiertime Technology Co., Ltd,
China) using polylactic acid (PLA). 3D printing remodel based on
the healthy contralateral left limb was conducted to simulate the
prosthesis of right wrist. In preoperative plan, the customized
guide plate should accurately locate the osteotomy boundary 5
mm beyond the tumor boundary to ensure a safe resection limit
and reduce the operation time. The stem of prosthesis was set to
40 mm so that enough stability in the medullary cavity of radius
can be ensured. Meanwhile, a longer stem can effectively prevent
the rotation of prosthesis. The suture holes on the surface of wrist
joint were designed to provide attachments for soft tissue and
muscles, increasing the stability of prosthesis and attaining a
better function (Fig. 2).

The surgical procedure was carried out under general
anesthesia, with the patient positioned in a supine position.
After an adequate exposure of the whole tumor, the invaded
flexor carpi radialis tendon and the radial artery were cut and
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Figure 2. 3D remodeling and prosthesis designing. (A) The osteotomy boundary was accurately located 5mm proximal to the tumor boundary. (B) The length of
the prosthetic intramedullary rod was set to 40 mm to ensure sufficient stability. (C) Suture holes on wrist joint surface provided effective attachment points for soft

tissues and muscles.

removed. After protecting the peripheral blood vessels and
nerves, the ulna was dissociated with the repeated cauterization
of the surface using the electric knife. After removed the invaded
joint capsule and exposing the wrist joint, the distal radius was
successfully isolated. Guided by at the 3D printed osteotomy
plate, the tumor on the radius was removed and sent for
pathological biopsy (Fig. 4). After reconfirming that the resected
margins was free of tumor cells (Fig. 4: the proximal radius stump
was normal bone tissue), the proximal medullary cavity was
scraped off with a curette and cauterized with an electric knife.
After washed repeated by sterile water, the proximal medullary
cavity was carefully reamed. Finally, the prosthesis (Fig. 3) was
implanted, and further stability was ensured by wire binding on
the radius. The wrist joint capsule and tendons were sutured to

Figure 3. The prosthesis used in the current case. (A and B) Final design. (C)
Customized prosthesis.

the distal end of the prosthesis. The operation was finished within
S4 minutes.

The patient achieved a fast recovery after the surgical
procedure. The forearm and wrist were fixed with plaster cast
for 4 weeks. The wound drainage tube was removed on the third
day after operation. Antibiotics were taken orally for 2 weeks
postoperatively. The staples were removed on POD 14, and the
wound healed well. Postoperative pathological biospy suggested
an osteoplastic tumor. The immunohistochemical results showed
that SATB2 (+), Ki67 (+, 40%), S100 (—), P63 (—), P53 (),
supporting the diagnosis of angiodilated osteosarcoma. Sixteen
days after operation, the patient received postoperative adjuvant
chemotherapy for 4 cycles, with the typical AP scheme:
doxorubicin (25 mg/m?) 40mg; d1-3+ cisplatin (25 mg/m?) 40
mg; adriamycin cumulative dose 75mg. Until the end of
chemotherapy, the patient’s blood examinations were not
significantly abnormal. Four weeks after the operation, the
rehabilitation was started after the plaster cast was removed. In
one-year follow-up, the patient had satisfactory extension and
limited flexion of right hand. The range of motion of the
radiocarpal joint and forearm is as follows: straight: 25 °, lexion:
20 °, pronation: 25 °, Supination: 15 °. Slight pain would occur in
the right wrist occasionally. X-ray and magnetic resonance
imaging showed no local recurrence and slight bone resorption
between prosthesis and radius 24 months after operation (Fig. 3).
Chest CT showed no lung metastasis at the latest follow-up.

3. Discussion and conclusion

Osteosarcoma of distal radius was rarely found in clinical
practice, accounting for less than 1% of the overall osteosarco-
ma.""% For wrist osteosarcoma, amputation can not only leads to
physical disability, but also may have profound social and
psychological effects.'>!2! Current studies suggested that
osteosarcomas of the hand and wrist were less likely to be
high-grade, ensuring a good long-term prognosis after limb-
salvage surgery.!'3 In our case, the tumor was large and grew
rapidly, which would cause a huge bone defect after resection. A
personalized reconstruction of the wrist and radius was essential
for obtaining long-term satisfactory function postoperatively. 3D
printing technology has been widely utilized in medical field due
to its rapid remodeling and precise customization.'*! The
indications of reconstruction using 3D printing technology in
tumor related bone defects remained controversial. Previously,


http://www.md-journal.com

Chen et al. Medicine (2021) 100:46

Figure 4. The surgical procedure. (A) Tumor resection and (B) 3D printing
prosthesis implantation.

autografts were most commonly used for various bone substitu-
tion, characterized with obvious limitations including poor
availability, donor-site morbidity, and prolonged operation
time.""*! When critical-sized and irregular-shaped bone defects
resulted from bone tumor resection or high-energy injuries, either
autografts or regular prosthesis can achieve a satisfactory
anatomic reconstruction.'® Meanwhile, malignant bone tumors
had high incidence rate in adolescences and younger adults,
requiring a better long-term function restoration. Those
situations could be ideal indications for personalized prosthesis
fabricated by 3D printing technology. Besides customizing highly

Figure 5. X-ray fims 2 year after operation: There was no failure or loosening of
implant.
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matched prosthesis, 3D printing can also fabricate bio-scaffolds
as a universal therapeutic platform for synergistic therapy of
osteosarcoma.!"* It had several advantages in our case, including
determining the resection boundary of tumor, simulating the
operation process, and customizing the personalized 3D printing
prosthesis, which can effectively avoid the prosthesis mismatch
and obtain more beautiful postoperative appearance. Mean-
while, the design of suture holes on the surface of the prosthesis
provides a solid reconstruction for the muscles and soft tissue,
ensuring an early functional exercise and a better long-term wrist
and hand function. The intramedullary rod was designed for the
fixation between the prosthesis and the proximal radius.
Compared with the cement fixation, porous tantalum coating
can ensure better early bone growth, reducing the risk of bone
dissolution and prosthesis loosening.”!

The 3D printed guiding plate can accurately ensure the tumor
boundary and osteotomy range in the operation,®! preserving a
sufficient length of the proximal radius. In our case, satisfactory
symmetry and limb length was obtained through the customized
prosthesis according to the contralateral limb. Our patient
reported a significant pain relief associated with a functional
improvement at 2-year follow-up. A case report by Higuchi
et al™ demonstrated a limb-salvage surgery with en bloc tumor
excision and reconstruction using frozen autografts, which
showed satisfactory results nearly 4 years postoperatively in
terms of the function of the affected limb. They suggested that
recycled bone, including frozen autografts, can perfectly
reconstruct the original site and can reproduce the proper
anatomical alignment. However, compared with their case, our
patient showed a broken joint surface and enlarged distal radius,
making autografts not suitable for our reconstruction. Hatano
et al™ reported a 9-year-old girl with osteosarcoma of the radius
treated with segmental forearm resection and replantation
followed by forearm lengthening of 11cm. At 9-year follow-
up, the patient had recovered sensory function, and her pinch and
grasp were sufficient for performing daily activities.

In this case, we chose the porous tantalum as the material of
tumor prosthesis due to its unique biomechanical properties.
Because of its preeminent corrosion resistance, toughness, and
bioactivity, tantalum has been widely used as implant material in
various medical fields. The study of Fan et al showed that
compared with titanium, tantalum has lower range of Young’s
modulus, which could effectively reduce the effect of stress
shielding."*°! Meanwhile, the porous tantalum are strong enough
to be used as implants, for reconstructing the large bone defect.
The compression strength and bearing strength of porous
tantalum can be further increased when osseous integration
completed 4 to 6 weeks after surgery, with a higher long-term
osteoid formation compared with titanium. The study of Lu
et al® used bone marrow mesenchymal stem cells from
ovariectomized rats found that porous tantalum had a better
cell adhesion, proliferation, and osteogenic differentiation than
titanium plates. Meanwhile, the use of 3D printing technologies
made it convenient for us to control the shape and pore
parameters of our scaffold, ensuring a better biocompatibility
and match of this patient. However, in our experience, even
though there were many excellent biomechanical properties of
the porous tantalum, it was still not suitable for every bone defect
reconstruction. If bone defects existed in facial bone,??!
clavicle®?! or chest wall,?* the materials with lower density
and smoother surface like polyether ketone could be more
suitable for the reconstruction than tantalum.
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As a new trend for customizing personalized prosthesis,! the
application of 3D printing technology in China was rudimentary
and needs more research. We shared our cases and experience so
as to provide references to treat bone tumor with this technology.
First, remodeling and designing are the most important steps
for the prosthesis, requiring professional teams and specific
equipment to ensure that the size of the prosthesis could precisely
match the site of bone defect. Based on previous bone tumor cases
treated with 3D printing in our institution,$*>2¢! the process of
designing and printing was effectively shortened. However, most
medical institutions did not have the condition and experience,
which might limit the application and development of the 3D
printing technology for treating bone tumor. Meanwhile, as raw
material having better bone ingrowth and biomechanical
properties, tantalum has high density and high cost. How to
design appropriate porosity and prosthesis shape under the
condition of reducing weight and saving cost still needs research.
Meanwhile, the traditional materials like titanium and tantalum
metal prostheses might have high density and are easy to produce
stress shielding,?”! which may lead to long-term complications
including prosthesis loosening, periprosthetic osteoporosis and
osteolysis.l*®! As there were so many biomaterials which can be
chosen for bone defect reconstruction, how to choose the most
suitable prosthesis material according to various types of bone
defects is an important subject that needs further research. Still, as
the advantages of 3D printing far outweigh its disadvantages, we
do believe that 3D-printed implants will be widely used in the
future and will benefit millions of patients.

4. Conclusions

This study suggested that personalized 3D printed prosthesis is an
effective and feasible method for treating the osteosarcoma and
reconstruction of complex bone defects. We also suggested that
the advantages and complications of osteosarcomatous recon-
struction should be carefully discussed due to limited evidence of
this pretty new technology. Meanwhile, in our case, the clinical
outcomes of surgical reconstruction for treating distal radial
osteosarcoma were satisfactory in functional aspect. However, it
remains an isolated case and further reports are awaited to help
surgeons and patients in their decision process.
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