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Application of personalized spacers
made with 3D-printed mold in the two-stage
procedure for periarticular infection
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Abstract. - BACKGROUND: Cement spac-
ers treat periarticular infection after bone tumor
resection in patients with bone defects. Compli-
cations such as poor joint function, poor soft tis-
sue reconstruction, and poor postoperative dai-
ly living ability are present. We present a case of
periarticular infection treated successfully after
distal femoral osteosarcoma surgery with a per-
sonalized spacer made with a 3D-printed mold.

CASE REPORT: A two-stage procedure was
performed on an 18-year-old patient with high-
grade conventional osteosarcoma of the left
distal femur. After two biopsies, the boy devel-
oped a periarticular infection of the affected
limb during neoadjuvant chemotherapy. We had
a microbiologically confirmed methicillin-resis-
tant Staphylococcus aureus (MRSA) infection.
Because of the infection risk associated with
primary joint replacement, a two-stage proce-
dure was planned. In the first stage of sur-
gery, we prepared a personalized spacer using
a 3D-printed mold, antibiotic-loaded polymeth-
ylmethacrylate (PMMA), and an intramedullary
needle. This spacer restored the function of the
knee joint and the daily activities of the affected
limb, and the infection was effectively eradicat-
ed. This spacer was firmly fixed two years after
the surgery, and there were no surgical or spac-
er-related complications. The patient underwent
a second stage of surgery to replace a perma-
nent metal mega-prosthesis, and the knee joint
functions returned to near normal.

CONCLUSIONS: This case report describes
limb-salvage surgery following distal femoral re-
section for periarticular infection. The personal-
ized spacers prepared by a 3D-printed mold can
be used in periarticular infection after long bone
resection, mega-prosthetic infection, or limb-sal-
vage surgery for temporary joints in small chil-
dren.
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Introduction

Osteosarcoma is the most common bone cancer
in adolescents, and most commonly occurs in the
distal femur'. Both European (ESMO)? and North
American National Comprehensive Cancer Network
(NCCN) guidelines® recommend neoadjuvant che-
motherapy, followed by surgery, and continue adju-
vant chemotherapy after surgery for adolescents with
osteosarcoma. The rate of tumor necrosis after neo-
adjuvant chemotherapy is related to the prognosis®.

After chemotherapy, most osteosarcoma patients
usually have low immunity. Periarticular biopsy
wound infection may occur during chemotherapy.
If a prosthesis is placed in the first stage, there is a
risk of periprosthetic infection, and the patient may
incur high costs and functional impairment®. A ce-
ment spacer has become the standard procedure for
the two-stage treatment of periprosthetic joint infec-
tion®. Patients can benefit from temporary joint sta-
bility provided by a cement spacer; antibiotics can
be added to cement to improve anti-infection ability.
Cement is simple to shape, can be used in various
joints, and is inexpensive’. The operator often man-
ually shaped the cement spacer, but the articular sur-
face of the cement spacer is rough, poorly shaped,
and poorly matched with the surrounding tissue*.
Therefore, it cannot effectively reconstruct the pa-
tient’s soft tissue structure.
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3D (3-dimensional) printed molds are used in
clinical practice as 3D printing auxiliary technol-
ogy advances®. An 18-year-old patient with dis-
tal femur osteosarcoma developed a periarticular
infection of the affected limb during neoadju-
vant chemotherapy. We present the patient’s case
who was treated with a temporary personalized
cement spacer developed with 3D-printing tech-
nology, followed by mega-prosthesis reconstruc-
tion, focusing on our unique surgical suggestions
for a personalized cement spacer developed with
3D-printing technology.

Case Presentation

An 18-year-old boy presented to our clinic
with worsening pain in the left distal thigh. Os-
teosarcoma was suspected radiographically. A
coarse needle biopsy was nondiagnostic in this
case. Finally, open biopsy revealed high-grade
conventional osteosarcoma. The tumor was ini-
tially staged as IIB T2NOMO, AJCC (American
Joint Committee on Cancer)’, and the patient was
subjected to MAP (high-dose methotrexate, doxo-
rubicin, cisplatin) neoadjuvant chemotherapy?.
After two cycles of neoadjuvant chemotherapy,
the pain was alleviated. Imaging assessment con-
firmed tumor shrinkage after neoadjuvant chemo-
therapy completion (Figure 1), and limb-salvage
surgery was planned. After two biopsies, the boy

7508

developed a periarticular infection of the affected
limb during neoadjuvant chemotherapy. We had
a microbiologically confirmed infection of meth-
icillin-resistant Staphylococcus aureus (MRSA).
Inflammatory indicators returned to normal af-
ter one week of intravenous sensitive antibiotics,
which continued for one more week, and oral an-
tibiotics for two weeks. Because the tumor had
already infiltrated the epiphyseal plate of the left
distal femur at the time of diagnosis, osteoartic-
ular resection was deemed necessary to obtain a
negative surgical margin. Primary joint replace-
ment was not recommended after a multidisci-
plinary team meeting (MDT) because of the risk
of infection. We performed a two-stage procedure
on the patient.

First Surgery

We designed a 3D-printed mold to make a per-
sonalized cement spacer because the hand-made
spacer was rough and had poor shape matching.
We used 3D reconstruction technology to recon-
struct the normal shape image of the patient’s
affected distal femur based on the patient’s com-
puted tomography (CT) and magnetic resonance
imaging (MRI) data and the shape of the con-
tralateral distal femur as a reference. We made
a 3D-printed mold based on the reconstructed
image that accommodated the morphology of the
distal femur of the affected limb (Figure 2A).

Figure 1. The patient local tu-
mor image. A, CT images before
neoadjuvant chemotherapy. B, CT
images after neoadjuvant chemo-
therapy. C, MRI images before
neoadjuvant chemotherapy. D,
MRI images after neoadjuvant
chemotherapy, the lateral condyle
was considered as an infection
channel.
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Figure 2. The cement spac-
er production and installation
process in intraoperative. A,
3D-printed mold. B, Production
of the personalized cement spac-
er. C, Appearance of the cement
spacer. The hole was used to se-
cure the cruciate ligament. D,
Comparison of bone tumor, mold,
and cement spacer. E, Installation
of the cement spacer.

The patient was positioned in the supine po-
sition under general anesthesia. The anterolateral
approach was used to incise the skin and resect
the original biopsy channel. We designed the os-
teotomy length to be 2 cm away from the tumor
edema area based on the MRI of the patient before
neoadjuvant chemotherapy. According to the pre-
operative measurement, the osteotomy was per-
formed 13 cm from the lateral femoral condyle.
During the surgery, the anterior and posterior
cruciate ligaments were cut 0.5 cm from the fem-
oral attachment point. The tumor was completely
resected (RO). The residual proximal femur was
reamed slightly, and a suitable intramedullary
nail was selected. The selected intramedullary
nail was shorter than the standard and only en-
tered the intramedullary by about 10 cm. The
spacer was prepared using a 3D-printed mold and
antibiotic-loaded PMMA with an intramedullary
nail in the center (Figure 2B). The portion of the
residual bone segment not covered by the mold
was reconstructed with hand-made PMMA, and
the spacer length was restored to 13 cm. Three an-
ti-rotation screws were used to secure the proxi-
mal intramedullary nail to the femur. The anterior
and posterior cruciate ligaments were fixed to the
above-prepared cement spacer, and no osteotomy
was performed on the proximal tibia. The range
of motion (ROM) of the left knee was 0-120° after
the wound was sutured during the operation.

After the surgery, the patient received intra-
venous injections of sensitive antibiotics for one
week. The knee joint was immobilized straight
for one week after the surgery. The patient then
stretched exercise by passive bending knee and
ambulated early. Three weeks after the operation,
active knee flexion was performed. Adjuvant che-
motherapy was continued for four cycles initiat-
ing two weeks after surgery. The infection was
completely controlled after surgery, and there was
no sign of infection recurrence. An imaging eval-
uation was performed every three months, and
the position of the spacer was excellent and stable.
After two years of follow-up, the patient could
perform normal activities with a single crutch.
The musculoskeletal tumor society (MSTS) score
was 22 out of 30 points’. The muscle strength of
the quadriceps recovered to manual muscle test
(MMT) level 5. The ROM of the left knee was
0-90° (Figure 3).

Second Surgery

Two years later, secondary surgery was per-
formed to replace the permanent metal prosthe-
sis. The residual femoral bone quality was found
to be good during the operation, the metal pros-
thesis was routinely replaced, and the scar tissue
around the knee joint was loosened simultane-
ously. The patient could walk without assistance
three weeks after the second surgery. The MSTS
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Figure 3. Postoperative review after the first surgery. A,
X-ray images one week after surgery. B, X-ray images two
years after surgery. C, Knee joint range of motion 2 years
after surgery.

score was 28 out of 30 points three months af-
ter the procedure. The ROM of the left knee was
0-135° (Figure 4).

Discussion

Surgical therapy and (neo-)adjuvant chemo-
therapy represent the two main pillars of osteo-
sarcoma treatment. With modern treatment strat-
egies, limb salvage surgery is the most common
surgical procedure'®. Following wide resection of
extremity osteosarcomas, the most common re-
construction method for non-pediatric patients is
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a mega-prosthetic replacement'!. However, neo-
adjuvant or adjuvant chemotherapy is initiated
immediately after the biopsy or mega-prosthetic
replacement procedure. Both chemotherapy and
malignant tumors will cause low immunity of
patients. At the same time, the implantation of
prostheses can result in bacterial infections to the
prosthesis itself'?. These elements may result in a
periarticular incision or prosthetic infection'. Pa-
tients with periarticular infection face a dilemma
in the choice of surgical protocol. Primary metal
replacement is commonly associated with a high
risk of infection. Therefore, cement spacers can
be selected after tumor resection. The metal pros-
thesis will be implanted after chemotherapy and
without infection. A two-stage procedure with a
cement spacer is a common treatment protocol for
periarticular and prosthetic infections®.

The majority of cement spacers are hand-
made. However, hand-made cement spacers
molded in the operating theatre do not have repro-
ducible mechanical properties, and there is a risk
of component fracture'. Industrially prefabricat-
ed knee spacers can achieve high, prolonged, and
standardized antibiotic release while maintaining
the excellent mechanical performance guaran-
teed by the industrial manufacturing process'>®.
Several industrial preformed PMMA spacers are
available, such as the Spacer-K® (Teres S.P.A, Ve-
rona, Italy) or the Inter Space Knee® (Exactech
Inc, Gainesville, FL, USA). These commercially
manufactured antibiotic-containing spacers are
designed as surface knee prostheses. A hand-
made spacer made from prefabricated molds
is another option for the cement spacer. For in-
stance, making a cement spacer using commer-
cial molds is easy, such as Stage One® (Biomet,
Warsaw, IN, USA)". Although performed spacers
or molds can reduce the operating time, they have
some limitations, such as limited size variations
and the inability to fit all patients’ knees'®. There
are no prefabricated spacers or mold for bone de-
fects after tumor resection.

The length of osteotomy varies by limb tu-
mor patients, and current commercial spacers and
molds cannot accurately match the bone defect.
Hoshino et al™ indicated that antibiotic-loaded ce-
ment spacers produced with a hand-made silicone
mold performed well in knee function and infec-
tion control. However, only cement spacers may
cause spacer fragmentation in our patient with a
large femoral defect. Simultaneously, the cement
spacer cannot be attached to the femur. Noia et
al" reported that a hand-made cement spacer
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Figure 4. Intraoperative and
post-operative process of the sec-
ond surgery. A, Intraoperative
cement spacer status. B, The re-
placement of metal mega-prosthe-
sis. C, Front view of the removed
cement spacer. D, Side view of the
removed cement spacer. E, X-ray
images six months after surgery.
F, Knee joint range of motion six
months after surgery.

was used to treat mega-prosthetic infection. The
cement spacer was attached to the bone with ce-
ment strips, but this method lost the function of
the knee joint. Imanishi et al*” demonstrated that
a custom-made ceramic spacer with an 8 mm
smooth straight stem reconstructed the distal fem-
oral resection of osteosarcoma. The ceramic spac-
er was distinguished by its anatomical fit to the
anatomical distal femur, and its smooth surface is
suitable for articulation. There were no anti-rota-
tion screws between the intramedullary nail and
the residual bone. They used PMMA to fix the
spacer and prevented rotation of the bone-spacer
junction. However, the stem and varus deformity
loosening was observed 18 months after surgery.
Based on the above studies'®?’, there are sig-
nificant flaws in the spacers for bone defects
after distal femoral resection. Custom prosthe-
ses are now widely produced using 3D-printing
technology®. We used 3D-printing technology to
design a custom mold to produce cement spac-
ers for patients during surgery. Simultaneously,
an intramedullary nail was used to reinforce the
mechanical strength of the cement spacer, and
three anti-rotation screws were used to secure

the cement spacer to the residual bone via the
intramedullary nail. This personalized cement
spacer precisely reconstructed the distal femoral
resection of osteosarcoma. It also conformed to
the anatomical shape of the distal femur and had
a smooth surface suitable for articulation. It also
overcame defects in rotation and spacer fragmen-
tation. This spacer was firmly attached two years
after surgery, and no complications such as infec-
tion, displacement, and fragmentation occurred.
After the hemiarthroplasty with cemented spacer,
the patient could walk with a single crutch to bear
weight on the affected leg without support.

The infection rate in long-bone tumor resec-
tion with prosthetic reconstruction is higher when
compared with rates of conventional replace-
ments. The infection rate for lower-extremity
limb salvage surgery with mega-prosthetic recon-
struction was approximately 10%*2. Two-stage
revision remains a viable treatment option for
patients with a prosthetic infection and resistant
organism?. A periarticular infection with MRSA
developed in our case, and a two-stage surgery
was performed to prevent catastrophic com-
plications from a periprosthetic infection. The

7511



G.-X. Qu, C-L. Zhang, X.-H. Du, W.-T. Yao

3D-printed spacer achieved good knee function
and activities of daily living in the first stage of
surgery, and the infection was effectively eradi-
cated. However, to avoid wearing and breaking
the spacer due to excessive weight-bearing activ-
ities, the patient used a single crutch for activi-
ties following the first stage of surgery, which
still caused some inconvenience. A second-stage
surgery was performed on the patient to replace
the metal mega-prosthesis. The soft tissue was
loosened during the operation, and the knee joint
function and daily life activities returned to near
normal afterward. The patient was able to walk
normally without any assistance.

Conclusions

This case report describes limb-salvage sur-
gery following distal femoral resection for peri-
articular infection. After the first stage of surgery,
the personalized cement spacer prepared by a
3D-printed mold can effectively reconstruct soft
tissue and bone defects and preserve joint func-
tion. This two-stage surgical procedure can be
used in periarticular infection after long bone
resection, mega-prosthetic infection, or limb-sal-
vage surgery for temporary joints in small chil-
dren.
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