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ABSTRACT

Chondrosarcomas are malignant, cartilage-producing tumors most commonly arising in the pelvis, femur, and humerus; involve-
ment of the scapula is rare. Surgery is the primary treatment for nonmetastatic disease. Compared with pelvic chondrosarcoma,
scapular lesions generally have a better prognosis because the regional anatomy allows wide local resection with negative mar-
gins. We report a case of glenoid chondrosarcoma in a 47-year-old man treated with tumor resection and reconstruction using a
3D-printed implant combined with reverse total shoulder arthroplasty. The rationale for presenting this case is its low incidence.
The proposed surgical approach—including deltoid detachment—provided adequate exposure while protecting neurovascular
structures. Reconstruction of the osseous defect with a 3D-printed implant and reverse shoulder arthroplasty facilitated recovery
of shoulder motion and yielded good functional outcomes.
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Tratamiento del condrosarcoma de escapula con un implante impreso en 3D y una protesis total invertida.
Presentacion de un caso

RESUMEN

Los condrosarcomas son tumores malignos que producen cartilago, y son mas comunes en la pelvis, el fémur y el himero. Su
aparicion en la escapula es rara. La cirugia es la principal modalidad de tratamiento en los casos no metastasicos. El condrosar-
coma escapular tiene mejor prondstico que el condrosarcoma de la pelvis, ya que la anatomia regional es mas favorable para
una reseccion local amplia con margen negativo. Se describe un caso de condrosarcoma en la glena en un hombre de 47 afos
sometido a reseccion y reconstruccién con implante impreso en 3D y una prétesis invertida. El motivo de la presentacion de este
caso es su baja incidencia. El abordaje quirtrgico propuesto que incluye desinsercion del deltoides se considera efectivo para
lograr una buena exposicién durante la reseccion y proteger las estructuras vasculonerviosas. La reconstruccion del defecto éseo
con un implante 3D y una prétesis invertida es un método util para facilitar la recuperacion de la movilidad del hombro y consigue
buenos resultados funcionales.
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INTRODUCTION

Sarcomas are a rare group of mesenchymal tumors that account for less than 1% of all cancers and arise
in bone and soft tissue.! Chondrosarcomas are the second most frequent malignant bone neoplasm after
osteosarcoma and show diverse behavior depending on the histologic subtype. Most chondrosarcomas are
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conventional central (75%) or conventional peripheral (10%) and are histologically subdivided into grades I,
II, and III. Ten-year survival rates by histologic grade range from 79% to 100%, 53%—-90%, and 29%—-55%,
respectively.?

The mean age at presentation is 51 years, and more than 70% of patients are older than 40 at diagnosis.’

Approximately 30% of tumors arise in proximal locations such as the pelvis, proximal femur, and proximal
humerus. Scapular involvement is relatively uncommon. Surgical excision is the cornerstone of treatment, and
histologic grade is the key prognostic factor.

The extent of surgical resection determines prognosis; good tumor control can be achieved with complete tu-
mor resection. Chondrosarcomas are relatively radioresistant, and chemotherapy is not very effective, particularly
for the conventional subtype.*

We report a relatively rare presentation of a scapular chondrosarcoma involving the glenoid in a 47-year-old
adult who underwent a previously undescribed approach: tumor resection and reconstruction of the bony defect
using a 3D-printed trabecular titanium implant in combination with a reverse total shoulder arthroplasty (RTSA).

CLINICAL CASE

A 47-year-old man presented with right shoulder pain of one year’s duration. Physical examination revealed
pain and functional limitation with restriction of all ranges of shoulder motion. Shoulder radiographs, computed
tomography (CT), and magnetic resonance imaging (MRI) were obtained. Imaging showed a lobulated, expansile
lesion with cortical ballooning and internal calcifications (Figure 1). On sagittal CT slices, hypodense areas were
visible within the glenoid, and on T2-weighted MRI there was hyperintensity in the supraspinous fossa involving
the infraspinatus and subscapularis muscles (Figure 2).

Figure 1. Anteroposterior radiograph of the right shoulder. Lobulated, expansile lesion with cortical
ballooning and internal calcifications.
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Figure 2. Shoulder CT, axial view. Hypodense areas within the glenoid.

A whole-body bone scan demonstrated increased uptake in the right glenoid region (Figure 3). No distant
metastases were identified on the remaining studies.

A CT-guided core needle biopsy was performed to maximize diagnostic yield and obtain a representative
sample of the lesion® (Figure 4). Pathology reported a grade II chondrosarcoma.

Considering the patient’s age, soft-tissue involvement, and functional expectations, a multidisciplinary con-
sensus recommended resection of the tumor with adequate margins, followed by reconstruction of the bone
defect using a 3D-printed trabecular titanium implant together with an RTSA.

For prosthesis planning, right-shoulder CT images with 1-mm slices were imported into dedicated software to
generate a virtual 3-D model of the scapula, visualize the tumor, and define safe margins for resection. Patient-
specific cutting guides were designed and printed to facilitate accurate tumor removal and subsequent implant
placement (Figure 5).
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Figure 3. Whole-body bone scan. Increased uptake in the right glenoid region.

Figure 4. CT-guided core needle biopsy.
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Figure 5. Preoperative planning based on CT slices with 3-D reconstruction.

Surgical Technique

The patient was positioned in the beach-chair position. A shoulder approach—anterior and posterior, bayonet-
shaped and incorporating a lozenge over the prior biopsy tract—was performed; this provided excellent expo-
sure. The supraspinatus was transected and resected, as were portions of the subscapularis and infraspinatus; the
suprascapular bundle had been ligated beforehand.

Using the cutting guides, the tumor was resected, and the 3D-printed implant was placed with acromial sup-
port to enhance fixation and component stability, counteract axial loads, and improve the function of the associ-
ated reverse prosthesis. The mass was resected with macroscopically negative margins; the deltoid was repaired
with reinforced sutures, and implant stability was confirmed (Figure 6). Postoperative control radiographs were
obtained (Figure 7).

Figure 6. Intraoperative images of the resection and deltoid repair with reinforced sutures.
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Figure 7. Postoperative control radiographs.

Postoperative management included sling immobilization for approximately 4 weeks; pendulum exercises
began in week 2, followed by passive/active-assisted stretching and progressive strengthening. At the 30-day
follow-up, early range of motion was good; subsequent follow-ups were scheduled at 2, 4, 6, 12, and 48 months
(Figure 8).

Figure 8. Follow-up at 2 years after surgery.
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DISCUSSION

Chondrosarcoma accounts for 20%—-25% of sarcomas and is the second most common malignant bone neo-
plasm after osteosarcoma. It occurs mainly in the pelvis and long bones (e.g., femur and humerus) and, less
frequently, in the scapula.® The conventional subtype is the most common (80%—-90%). The typical age at pre-
sentation is the fourth to fifth decade. Clinical manifestations of scapular chondrosarcoma include pain in the
affected area, a palpable mass or swelling, and limitation of shoulder motion. As disease progresses, pain may
intensify and additional findings—such as weakness or neurological symptoms from mass effect—can appear.
Diagnosis relies primarily on radiographs and CT, which often show expansile osteolytic destruction, soft-tissue
mass, and calcifications; CT-guided core needle biopsy is essential for accurate diagnosis.’

Chondrosarcoma is typically resistant to radiation and chemotherapy; therefore, wide surgical excision re-
mains the most effective treatment.®

Reconstruction after tumor resection in the scapula is challenging, and glenoid involvement—as in the present
case—is particularly complex. Before the 1970s, malignant shoulder-girdle tumors were treated with amputa-
tion; later, the Tikhoff—Linberg limb-sparing procedure was introduced, with functional outcomes varying ac-
cording to the structures resected.’

With advances in technology, the development of 3D-printed segmental implants combined with reverse pros-
theses has enabled satisfactory outcomes, including functional recovery of the shoulder in middle-aged patients.
Endoprosthetic reconstruction is considered the reference procedure and has provided better functional outcomes
than other reconstructive options, such as partial resection with allograft or soft-tissue reconstruction alone.'

Despite these advances, the rarity of glenoid tumors limits high-quality comparative evidence, making it dif-
ficult to define a standardized surgical strategy. In our case, a custom 3D-printed implant with acromial support
combined with an RTSA provided a tailored reconstructive option that permitted rapid recovery of mobility. We
consider this approach promising for the reconstruction of complex bony defects after resection of malignant
tumors.

CONCLUSIONS

Scapular chondrosarcoma is uncommon, and few case reports describe this tumor in the glenoid or detail sur-
gical management. In a middle-aged patient with grade II chondrosarcoma, reconstruction using a 3D-printed
scapular implant combined with a reverse prosthesis yielded satisfactory outcomes with good functional mobil-
ity, supporting its consideration in treatment planning. Given the lack of standardized surgical solutions, we
believe that a 3D-printed, acromial-supported implant plus RTSA offers a specific, promising reconstructive
option for complex bone defects.
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