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Abstract
Background

The scapula is an uncommon site for bone and soft tissue tumors. Shoulder joint reconstruction is useful in shoulder stability after shoulder girdle resection
for malignant tumors, and the methods must be considered, according to the extent of resection. We report a series cases in which LARS (Ligament
Advanced Reinforcement System) artificial ligament, 3D printed scapula prostheses were used to ensure and preserve stable upper limb function.

Case presentation:

In this paper we describe five cases of chondrosarcoma occurring in the site of scapula which were excised and reconstructed with LARS artificial ligament,
3D printed scapula prostheses depending the scope of tumor with the principle of Enneking and Malawer classification system. We analyze the different
options of reconstruction described in the current literature. The anteroposterior radiograph showed that scapula lesion was completely removed for
case1,2,3,4. Scapula prosthesis is satisfactory and the shoulder joint is normal for case 4. Passive shoulder adducttion of 130°,160°,130°,70°, action shoulder
abducttion of 50°,70°,60°,50°, Passive shoulder external rotation of 40°,50°,45°,30°, Passive shoulder internal rotation of 50°,60°,55°,40° for the case 1,2,3,4
respectively.

Conclusion

Total or partial scapulectomy with scapula reconstruction is the main goal for scapula lesion according the risk factors. The application of 3D-printed
scapula prosthesis with total shoulder replacement and the joint capsule, tendon and the periscapular muscles reconstructed with LARS artificial ligament
can offer the possibility of accurate reconstruction, a multidisciplinary team is able to treat these rare entities and a group of skill oncology surgeons are able
to plan this complex surgery precisely.

Background

Chondrosarcoma (CS) can be classified into primary central, secondary central, and secondary peripheral. Primary Chondrosarcoma is the second most
common primary sarcoma of bone with a diverse behavior depending on histology subtype, which are rare neoplasm, accounting for less than 0.2% of all
cancer, without any benign precursor lesion. Secondary CS occurs in a pre-existing enchondroma, and the cartilaginous cap of osteochondroma. The
incidence rate of primary CS is approximately 85%. The incidence reaches its peak between the ages of 50 and 70, and males are slightly more prevalent.
There is approximately 30% of the tumors occur in the metaphysis or diaphysis of the long bones. The scapula is relatively rare involvement.

The histological types are conventional, clear cell, dedifferentiated and mesenchymal variants. Anyway, the histopathology criteria, ranges from locally
aggressive neoplasm to high grade malignancies with a potential for transfer, Surgical resection is the primary treatment for chondrosarcoma because of the
tumor resistant to chemotherapy and radiotherapy. According to a previous report, simple scapulectomy, either total or subtotal, can achieve relatively good
functional outcomes compared with that arising in other flat bones. The latest therapeutic concepts in scapula surgery including resection guide by digital
osteotomy templates and 3D-printed patient-specific prostheses can aid in accurate resection and reconstruction.

During the past 5 years, we have encountered multiple cases of scapula neoplasms and neighboring anatomy that were diagnosed by magnetic resonance
imaging (MRI) and open biopsy. This article provides a detailed analysis of that case series and a comprehensive literature review of chondrosarcoma
involving the scapula to evaluate diagnostic approaches, management modalities, and final outcomes.

Case presentation

Case 1

A 53-year-old male who underwent radical surgical resection of left shoulder with histology-proven extraosseous myxoid chondrosarcoma twenty-four years
ago, presented at hospital without significant swelling and pain in his left upper back. Clinical exam revealed an old surgical scar can be seen above the left
clavicle, approximately 16 cm in length; mild restrict range of movement of the shoulder joint; however, the muscle strength of the affected limb was good.
Radiography images showed high density of the humeral head. On MRI, masses exhibiting heterogeneous low signal on T1-weighted images (WI) and high
intensity on T2-WI were identified within supraspinatus. The patient was treated surgery with expanded acromioclavicular joint excision. Humeral suspension
was obtained with LARS artificial ligament attached to the joint capsule through two holes in the retained clavicle. The postoperative pathology showed
extraosseous chondrosarcoma recurrent, no tumor was found in the interior of the humerus. (Fig. 1)

(Fig. TA 53-year-old patient with right scapular extraosseous myxoid chondrosarcoma underwent partial scapulectomy + reconstruction muscles around the
scapula (case 1 in Table 1) Pre-operative images X-Ray(a). Computerized tomography (CT) soft tissue window image acromion and soft tissue masses is
observed (b). MRI (T2-WI): a lobulating contoured heterogeneous high signal intensity mass is observed in the region of supraspinatus with adjacent
acromion destruction (c). Surgical removal of the tumor and reconstruct the supraspinatus muscle (d e). Postoperative X-ray(f)).
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Table 1

Summary of scapula chondromatosis in our series cases

sex

age
site

Site of nodal metastasis
Histologic grade
Presentation

Prior surgery

Staging

Surgical model

Surgical margins

Follow up (months)
Current status

Skin involvement

Pathological fracture

Case1

Male

53

Acromion supraspinatus
No

myxoid chondrosarcoma
Recurrent

No

No other sites of metastasis
extended resection + LARS
Free

15

Free of disease

No

No

Case2

Female

51

S1

No

I

Primary

NO

No other sites of metastasis
Local resection LARS
Free

17

Free of disease

No

No

Case3

Female

36

S2

No

|

Primary

NO

No other sites of metastasis
Local resection
Free

4

Free of disease
No

No

Case4

Female

36

S1+S2

No

Il

Primary

NO

No other sites of metastasis
Scapula Prosthesis LARS
Free

33

Free of disease

No

No

Case 2

A 51-year-old female visited our hospital with a one-year history of significant swelling in her left upper back. The patient reported no history of trauma pain,
fever, weight loss, or night sweats. Physical examination revealed a 12 x 11 cm soft tissue mass in the left scapular region. The mass was firm and tender on
palpation. Further checks were performed after admission. Subsequent CT scan of the left shoulder revealed irregularities with cystic, low-density areas in
both the superficial and deep layers of the scapula, and bony outgrowth with calcification seen arising from anterior cortex of body of left scapula. The
masses exhibiting heterogenous low signal on T1-WI and high intensity on T2-WI. The lesion extended deeply abutting the left posterolateral chest wall; but
there was no evidence of direct invasion. The tumor was located in S1 region according the Enneking classification. The patient was scheduled for an
elective wide surgical resection of the tumor. The surgery was performed to excise the lateral two-thirds of the scapula along with the overlying muscles and
soft tissue. The joint capsule, tendon, and the periscapular muscles were reattached to their origins using LARS artificial ligament to preserve the stability
and biomechanics of the glenohumeral joint as much as possible while maintaining a certain functional level of the shoulder. Postoperative tissue pathology
confirmed the diagnosis of grade 1, low-grade chondrosarcoma. (Fig. 2)

(Fig. 2A 51-year-old patient with right scapular common chondrosarcoma underwent partial scapulectomy + reconstruction muscles around the scapula
(case 2 in Table 1). Pre - and post - operative radiographs of the left shoulder are shown in (a, b). An MRI T1-WI reveals a mass with heterogeneous
enhancement and a lobulating contour around the left scapula (c). CT scan indicating a bony mass arising from left scapula along with large soft tissue
component(d)).

Case 3

A 36-year-old female presented to our hospital with complaints of there was a lesion in the right scapula CT examination. No abnormalities or palpable
lymphadenopathy were identified in the right scapular region. CT revealed an osteolytic lesion along with speckled calcifications at the superior angle of the
scapula. MRl indicated a homogeneous lesion that showed isointensity on T1-WI and heterogeneous high intensity on T2-WI. Emission computed
tomography (ECT) scanning indicated a clear bone image, while anomalous concentration of radioactivity was observed in the right scapula. The tumor was
located in the S1 region according to the Enneking classification. An extended scope of lesion resection scapulectomy was performed. The periscapular
muscles were reconstruct with LARS artificial ligament, and histological examination of the right scapula confirmed the biopsy findings of a grade |
chondrosarcoma. (Fig. 3)

(Fig. 3A 36-year-old patient with right scapular common chondrosarcoma underwent partial scapulectomy+ reconstruction muscles around the scapula
(case 3 in Table 1). Preoperative axial MRI (T2-WI) view shows high signal at right scapula(a). X-ray of excised specimens(b). Excised specimens(c).
Postoperative cross-section CT (d, €)).

Case 4

A 36-year-old woman was referred to our hospital with a hard, nontender lump in the right scapular region over the last half year. The lump had grown
significantly and had restricted the activity of the right shoulder compared to the first hospital visit. Physical examination indicated there was a huge,
irregular lump in the region of the right scapula with the right shoulder joint 40° abduction, 0° adduction, 35° flexion, 45° extension and 15° external and
internal rotation. The X-ray (Fig. 4a) and CT scan (Fig. 4b) were as follows: a large high-density mass was seen in the right scapula and the surrounding tissue
with multifocal calcification. An MRI study of the right scapula revealed a substantial, lobulated soft - tissue mass within the right upper back muscles. This
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mass originated from the right scapular body and exhibited high T2 signal intensity along with central calcifications. According to the Enneking classification,
the S1 and S2 regions were invaded. A wide resection of the tumor and reconstruction with 3D printed scapula prostheses was performed. The inferior angle
of the scapula was preserved as the reference position of prosthetic. After the humerus implant was satisfactorily fixed, the major muscle ligaments of the
shoulder joint were sutured to the pre-drilled holes on the scapular prosthesis. The biceps were sutured to the clavicle. The deltoid was sutured to the
trapezius. The serratus anterior was sutured to the latissimus dorsi and rhomboid. The soft tissue surrounding the prosthesis could be sutured directly to the
anchoring holes at the edge of the prosthesis using non-absorbable sutures. The acromioclavicular ligament, periscapular muscles and the shoulder joint
capsule were sutured to the corresponding stumps of the prosthesis. (Fig. 4)

(Fig. 4A 36-year-old patient with right scapular common chondrosarcoma underwent total scapulectomy + prosthesis for common chondrosarcoma of the
right scapula (case 4 in Table 1). Preoperative plain radiograph(a). Cross-sectional CT imaging(b). Magnetic resonance imaging (T2-WI coronal and cross-
section). Excised specimens(e). Postoperative anteroposterior and lateral plain radiographs (f, g)).

Table 1

Literature review

The 13 articles reporting on 13 cases of chondrosarcoma of the scapula published between 2014 and 2025 are summarized in Table 2. Among the 17 cases
in total, including our cases. One case was parosteal osteochondromatous. Among the remaining 16 cases, 5 cases (31%) were reported to be grade 1,8
cases (50%) were grade Il, 1 case (6%) was grade Ill, and 1 case (6%) was grade IV. 1 case (6%) was myxoid chondrosarcoma. All of the 16 patients
underwent surgical therapy. Of the 16 patients, 2 underwent post-operative radiation therapy, recurrence and distant metastasis were not specified.
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Table 2
Summary of scapula chondromatosis in the literature

Author Diagnosis Age gender Malawer Malawer Surgical Site of Prior Presentation
S1S2 classification = modality nodal surgery
district metastasis
Samargandi  parosteal 29 male scapular Surgical Type ll No No primary
Rl osteochondromatousNora's spine excision
lesion
T Furutal'”! grade Il 56 male entire Malawer proximal No No primary
right technique humeral
scapula type IVB prosthesis
clavicle-
locking plate
Chang '8! grade Il chondrosarcoma 59 male entire Malawer IlI humeral No No primary
right limb suspension
scapulaS1
S2 district
Shuai grade lla 42 Femal S2 curetted Bone curetted No No primary
Qiang(™ grafting
Park JH[20! grade ll 41 femal S1 type lll 3-D printed No No primary
segmental
scapula
prosthesis
Tiwari R[21] grade Il 37 male S2 Type ll adjuvant No No primary

radiotherapy

Bhat Splél stage pT2pNx grade | 29 male S1s2 type lll humerus No no Secondary
suspend
Zidane Al22l  grade | 62 male S1s2 type lll osteosynthesis  No radiation-  radiation-
induced induced
sarcoma  sarcoma
Ramakant grade Il 37 male S1s2 Type ll Soft No no primary
T123] reconstruct
adjuvant
radiotherapy
Alfadil sl241  gradelll 34 male s2 Type ll Soft No No primary
reconstruct
Deng L2 grade | 53 male S1 type Ill 3-D printed No No primary
segmental
scapula
prosthesis
Kawaguchi grade Il synovial 60 male S1 Type IV No mentioned No No primary
Kl26] chondromatosis
Gutierrez- dedifferentiated 58 male S1s2 Type IV a hemi-tibia No No primary
Pereira J[131  chondrosarcoma IVB allograft
Table 2
Discussion

Chondrosarcomas are malignant tumors that produce hyaline cartilage matrix and chondroid cells. The involvement of the scapula is relatively rare. In a large
case series including 194 chondrosarcomas in Finland from 1971 to 1990, only 3% of all cases involved the scapula[”. Moreover, in a series of 418 cases
(including both bone and soft tissue tumors), bone chondrosarcoma accounted for only 10%, and there was 1 case of soft myxoid chondrosarcoma.
However, it was the most common primary malignant lesion (45%) in this seriesl?. The shoulder girdle—including the proximal humerus, clavicle, scapula,
and surrounding soft tissues—is a relatively common site for bone and soft-tissue tumors. In a large series of bone tumors research including 566 patients,
the scapula was affected in 1.6% of cases.®l In one of the largest case series to date, 223 scapular lesions were collected in his bone tumor registry and
institute of pathology over 43 years. Among these, there were 193 cases (86.5%) of bone tumors of the scapula, and nearly 50% of all included cases were of
cartilage origin. Osteochondroma and chondrosarcoma are the most common bone tumor types. Flat bones may be more prone to cartilage tumors
compared to other types. It is assumed that the scapula is formed through endochondral ossification, during which the cartilaginous tissue is gradually
replaced by bone tissue. There was a high incidence of malignancy as well with a percentage of 54-67% than that of malignant bone tumors in skeleton?.

Increased age may be a risk factor for the development of a malignancy of the scapula. Chondrosarcomas are common in the 3rd—7th decades of life (85%
of all chondrosarcomas). Chondrosarcomas were prevalent in the 3rd-6th decades of life in our study. The malignancy percentage of the scapula rose
from 23-32% in the first four decades of life (0—39 years) to 85-100% in the 6th—9th decade (50—89 years). An age of over 65 years predicted a poor

is [8]
prognosis.
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Tumor size greater than 106 mm, prior chemoradiotherapy, and poor surgical selection were independent risk factorsl®l. It was reported that a 29-year-old
male, who had a history of excised solitary osteochondroma at the left upper back 7 years ago, had a secondary CSU. Lucent or mixed imaging, along with
tumors that span multiple sites of the scapula were found to be predictors of malignancy.

A histological analysis of a series of 34 chondrosarcomas of the scapula showed 11 grade 1, 15 grade 2, and 6 grade 3 lesions, with the grade was not
documented for 2 cases. The incidence of high-grade chondrosarcoma (grade 3) is relatively Iow.lg][glPathoIogic grade is a risk factor of survival, for high-
grade chondrosarcoma of the scapula is poor. Despite a higher rate of positive margins in low-intermediate grade lesions of the scapula, there was no
significant difference in survival when these lesions were compared to low-intermediate grade lesions of the pelvis!8l. The patient with an excellent oncologic
prognosis for scapula lesion has a very low rate of local recurrence and metastati. The presence of a soft tissue component was regarded as the most
crucial factor in determining the metastatic potential of chondrosarcomas!'?. In axial locations, tumors are more prone to present with an extraosseous
component. Therefore, wide local excision with negative margins should be the goal for all patients, regardless of tumor grade[”].

The type of surgery acts as a critical prognostic factor for patients with scapula chondrosarcoma. The Enneking classification system for bone tumors
classifies the scapula into two zones according to the tumor's location and size. Segment 1(S1): scapular blade and spine; Segment 2 (S2): glenoid, coracoid
process and acromion. The treatment for conventional chondrosarcoma entails surgical excision with wide margins. Generally, tumors in region S1 can be
treated via partial scapulectomy without the requirement for reconstruction, while S2 tumors demand glenoid reconstruction. Tumors that affect the S1 and
S2 regions necessitate total scapulectomy. In 1991, Malawer and colleagues formulated a treatment strategy for scapula resections, which was based on the
anatomical location, the extent of tumor involvement, and the tumor grade. It was recommended that intra-articular resections (types I to Ill) be performed
for low-grade malignant lesions. Conversely, extra-articular resections (types IV to VI) for high-grade Chondrosarcomas are necessary (Table 3). The present
Case 1 involved extraosseous chondrosarcoma of the supraspinatus in the scapula. The pathology of Case 2 was a grade 2, low - grade chondrosarcoma in
the S2 region of the scapula. Case 4 was a grade 2 chondrosarcoma in the S2 region of the scapula. The specific forms include the endogenous type (Cases
3 and 4), the exogenous type (Case 2), and the affected type (Case 1).

Table 3

Surgical classification system of limb-sparing resections of the
shoulder girdle

Type Surgical classification

Type | Intra-articular proximal humeral resection
Type ll Partial scapulectomy

Type lll  Intra-articular total scapulectomy

Type IV Extra-articular scapular and humeral head resection

TypeV  Extra-articular humeral and glenoid resection

Type VI Extra-articular humeral and total scapular resection

Table 3

Shoulder girdle resections were reported for a case of an ossified aneurysmal tumor by Lister in 1819. Since then, this kind of operation has been performed
for low - and high - grade sarcomas in the scapular region. Humeral suspension (flail shoulder), total endoprosthesis (either non-constrained or constrained),
and bone allograft are the three treatments for gleno-humeral joint reconstruction following shoulder girdle resections.

Humeral suspension can be described as the proximal humerus being simply stabilized with heavy nonabsorbable sutures, wires, or artificial ligaments to the
second rib or the clavicle. Restriction of shoulder abduction was the primary functional limitation, yet they had normal hand and wrist functions. This
technique demands less operative time and a shorter learning curve for surgeons when compared to other complex techniques, and it offers basic stability
to the shoulder region. The limitation was that a lack of a dynamic connection between the humerus and scapula hindered effective movement, resulting in
unsatisfactory cosmetic outcomes with an asymmetrical or indented appearance in the shoulder region. Nowadays, humeral suspension represents a
salvage technique when no further reconstruction is possible.

In the present Case 1, the chondrosarcoma involved the supraspinatus. We maintained shoulder function by fixing the LARS artificial ligament to the proximal
humerus. The patient retained shoulder function, and his basic living requirements could be met.

In Cases 2 and 3 presented in this study, Type Il resection was performed, and the muscles around the shoulder joint were reconstructed. In Case 4, the
tumor in the scapular region involved important nerves, vessels, and attached muscles. The need to expose and resect the tumor increased the complexity of
the surgery. The diagnosis was a G1T2MO tumor at the IB phase according to the AJCC (American Joint Committee on Cancer) based on preoperative
radiography. The case was treated with 3-D prosthetic reconstruction after total scapulectomy (the prostheses are from Chunli Zhengda Medical Company of
Beijing, China). 3D printing technology demonstrates the advantages of high strength, a short preparation period, and a manufacturing process that does not
require mold - opening. It also meets the requirements of highly individualized design and customized clinical applications.

Artificial prostheses can reconstruct the structure and dynamics of the shoulder joint. They can instantly stabilize the joint, reduce the immobilization period,
and allow for earlier functional rehabilitation. They can also maintain the force - couple activation, thereby improving the shoulder's active range of motion,
enabling better arm elevation, rotation, and limited weight - bearing. Scapular and humeral prostheses can be designed based on a patient's unique anatomy,
which facilitates a more predictable restoration of the shoulder structure. The function of the prosthesis after implantation depends on a number of
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preserved muscles. One of the crucial factors in shoulder reconstruction surgery is the condition of the preserved soft tissue. The rotator cuff, deltoid, and
biceps brachii muscles are the key muscles for constructing shoulder function. They should be preserved as much as possible on the condition that the
tumor is completely resected!'?. It was reported that the scapular endoprosthesis was functionally superior to humeral suspension after total
scapulectomies. In contrast, scapular prostheses are associated with complications such as dislocation, infections, and fixation failures, as well as instability
due to the inability of the complex muscle and ligamentous support. In the present Case 4, the soft tissue and the skin were in good condition. We estimated
that the condition of the soft tissue would be enough to cover the implant after the enlarged resection. We took the factors into consideration, so that the
function of the shoulder be preserved postoperatively, the MSTS score was 16. The patient obtained satisfactory shoulder contour and pain control, and there
was no glenohumeral joint droop or flail shoulder.

The Ligament Advanced Reinforcement System (LARS) is a novel biomaterial that exhibits excellent histocompatibility, a low aseptic inflammatory response,
anti - infective properties, as well as favorable stiffness, tension, and elasticity. Its advantages in cruciate ligament reconstruction and tendon reconstruction
are widely recognized. In the current Cases 1, 2, and 3, LARS has also been utilized for ligament reconstruction, joint capsule repair, and soft tissue
reconstruction after tumor resection. Reconstruction assisted with the LARS can form a triangle and efficiently transfer the articular forces.

Aggressive surgical resection is essential for the management of malignant tumors involving the scapula. The reconstruction of these defects and the
preservation of function are the primary objectives, which present a substantial therapeutic challenge. Reconstruction using a simple suspension technique,
allografts, hip spacers, and prosthetic replacements can offer potential benefits!'3l. These reconstruction methods can ease a disabling procedure that has
consequences on the physical and mental health of the patients!™l. Functional outcomes are better for patients undergoing partial scapulectomy than total
scapulectomy. Recently, a study showed that a slightly smaller resection scope will not only not significantly reduce the survival rate but also improve the

quality of life of patients!'®. Even though total scapulectomy and reconstruction may be necessary to obtain a complete curative tumor resection and
shoulder stabilization, which is the main goal.

Conclusions

Total or partial scapulectomies with scapula reconstruction is the main goal for scapula lesion according the risk factors. The application of 3D-printed
scapula prosthesis with total shoulder replacement and the joint capsule, tendon and the periscapular muscles reconstructed with LARS artificial ligament
can offer the possibility of accurate reconstruction, a multidisciplinary team is able to treat these rare entities and a group of skill oncology surgeons are able
to plan this complex surgery precisely reducing the chances of recurrence and metastasis.
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Figures

Figure 1

A 53-year-old patient with right scapular extraosseous myxoid chondrosarcoma underwent partial scapulectomy + reconstruction muscles around the
scapula (case 1 in Table 1) Pre-operative images X-Ray(a). Computerized tomography (CT) soft tissue window image acromion and soft tissue masses is
observed (b). MRI (T2-WI): a lobulating contoured heterogeneous high signal intensity mass is observed in the region of supraspinatus with adjacent
acromion destruction (c). Surgical removal of the tumor and reconstruct the supraspinatus muscle (d e). Postoperative X-ray(f)).
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Figure 2

A 51-year-old patient with right scapular common chondrosarcoma underwent partial scapulectomy + reconstruction muscles around the scapula (case 2 in
Table 1). Pre - and post - operative radiographs of the left shoulder are shown in (a, b). An MRI T1-WI reveals a mass with heterogeneous enhancement and a
lobulating contour around the left scapula (c). CT scan indicating a bony mass arising from left scapula along with large soft tissue component(d)).

Figure 3

A 36-year-old patient with right scapular common chondrosarcoma underwent partial scapulectomy+ reconstruction muscles around the scapula (case 3 in
Table 1). Preoperative axial MRI (T2-WI) view shows high signal at right scapula(a). X-ray of excised specimens(b). Excised specimens(c). Postoperative
cross-section CT (d, e)).
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Figure 4

A 36-year-old patient with right scapular common chondrosarcoma underwent total scapulectomy + prosthesis for common chondrosarcoma of the right
scapula (case 4 in Table 1). Preoperative plain radiograph(a). Cross-sectional CT imaging(b). Magnetic resonance imaging (T2-WI coronal and cross-section).
Excised specimens(e). Postoperative anteroposterior and lateral plain radiographs (f, g)).
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