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Case report 
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A B S T R A C T   

Introduction and importance: Scapular prostheses are useful in shoulder stability after shoulder girdle resection for 
malignant bone tumors; however, they are difficult to obtain in Japan. Therefore, other methods must be 
considered, depending on the extent of resection. We report a case in which a clavicle-locking plate, Nesplon 
tape, and a proximal humeral prosthesis were used to ensure shoulder stability and preserve stable upper limb 
function. 
Case presentation: A 56-year-old man presented with a large mass and edema over the entire right scapula, which 
caused severe pain, limited the shoulder's range of motion, and impaired function of the entire upper extremity. 
Clinical imaging and pathological findings indicated a diagnosis of conventional chondrosarcoma. Using the 
Malawer technique type IVB, we resected the shoulder girdle and secured shoulder stability with a clavicle- 
locking plate, Nesplon tape, and a proximal humeral prosthesis. To evaluate the patient, we obtained his 
Musculoskeletal Tumor Society (MSTS) and Disabilities of Arm, Shoulder, and Hand (DASH) scores 3 months 
postoperatively. 
Clinical discussion: To preserve the function of the patient's elbow and hand, the stability of his shoulder was 
important. We could achieve this stability by using a prosthesis available in Japan. The patient's MSTT and DASH 
scores improved remarkably. 
Conclusion: A clavicle-locking plate, Nesplon tape, and a proximal humeral prosthesis can be used to ensure 
shoulder stability after scapular girdle resection and can preserve or improve upper limb function.   

1. Introduction 

Although malignant bone and soft-tissue tumors of the upper ex-
tremities are less common than those of the lower extremities, the 
scapula and proximal humerus are typical sites of primary sarcomas 
(osteosarcoma, Ewing's sarcoma, and chondrosarcoma) [1,2]. Osteo-
sarcoma and Ewing's sarcoma are commonly managed with adjuvant 
treatment, such as chemotherapy and radiation therapy, in combination 
with surgical treatment, whereas for chondrosarcoma, surgery is the 
first choice of treatment. 

Until the late 20th century, forequarter amputation was the standard 
treatment for malignant tumors of the shoulder girdle; since then, most 
malignant tumors of the shoulder girdle have been treated with limb- 
sparing resection. However, this procedure causes large bone and soft- 

tissue defects in the shoulder girdle. For soft-tissue defects, a latissi-
mus dorsi skin flap is often used for soft tissue defect because of its 
anatomical advantages [3–5]. Various reconstruction methods have 
been reported for bone defects, depending on the extent of the resection: 
results have been good when the glenohumeral joint is spared but only 
moderate when the scapula and proximal humerus cannot be spared [6]. 

Our patient had a conventional chondrosarcoma of the scapula that 
extended to the articular surface; therefore, we used the Malawer 
technique type IVB (removal of the entire scapula, proximal humerus, 
and part of the abductor muscles) for resection. Reconstruction of the 
bone defect was challenging; we tried to obtain a scapular prosthesis, as 
advocated in some reports, but it was impossible to order one in Japan 
[7–9]. Nonetheless, after shoulder girdle resection, it was necessary to 
devise a way to achieve shoulder stability and to prevent significant 
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functional impairment of the upper limbs. 
In previous case report, the clavicle and humerus were cemented 

with a pedicle screw system to ensure shoulder stability after shoulder 
girdle resection; however, the strength of the screw was questionable, 
and we judged that it would soon fracture if it could not withstand 
rotational movements [10]. Instead, we used a clavicle-locking plate 
(VariAx 2 Clavicle Plating System; Japan Striker Corp., Tokyo, Japan), 
Nesplon tape made of polyethylene (Alfresa Pharma Corp., Osaka, 
Japan), and a proximal humeral prosthesis available in Japan (Aequalis 
Fracture; Japan Striker Corp., Tokyo, Japan). Preoperative and post-
operative radiographic and functional evaluations were performed, and 
the Musculoskeletal Tumor Society (MSTS) score and the Disabilities of 
Arm, Shoulder, and Hand (DASH) score were obtained to verify whether 
this method ensured shoulder stability after shoulder girdle resection 
[11,12]. Treatment interventions were performed in compliance with 
SCARE 2020 [13]. 

2. Presentation of case 

A 56-year-old man, a manual laborer, developed a mass in the right 
shoulder girdle 2 months ago, accompanied by marked pain, swelling of 
the right upper extremity, and dysfunction of the right elbow and hand. 
He was diagnosed with scapular malignancy by Magnetic resonance 
imaging (MRI) by his previous physician and referred to the Department 
of Bone and Soft Tissue Oncology at our hospital. A physical examina-
tion revealed a huge, elastic, hard mass at the shoulder girdle. The entire 
right upper limb was edematous, and the range of motion of the right 
shoulder joint was markedly limited. Abduction was 45◦ right and 170◦

left, flexion was 20◦ right and 170◦ left, extension was 10◦ right and 30◦

left, external rotation was − 5◦ right and 50◦ left, and internal rotation 
was Th11 level on the right and Th6 level on the left (Fig. 1A). Marked 
edema and pain restricted the use of his right elbow and hand in daily 
life. The patient's MSTS score was 3 (10.0%) and the DASH score was 
87.06. Radiographs depicted osteolysis of the right scapula and mass 
shadow (Fig. 2A). MRI showed a large tumor with heterogeneous T1 
isointensity and high T2 intensity. The tumor had not invaded the 
acromioclavicular joint, but it had invaded the supraspinatus, 

infraspinatus, and subscapularis muscles, and parts of the deltoid mus-
cles (Fig. 3A, B). Three-dimensional computed tomographic angiog-
raphy showed that the tumor had a feeding artery and was adjacent to 
but had not invaded the subclavian and axillary arteries (Fig. 3C). 

Needle biopsy was performed, and chondrosarcoma was diagnosed. 
Surgery was the first choice of treatment. We planned to use the 
Malawer technique type IVB to resect the scapula, proximal humerus, 
rotator cuff, and parts of the deltoid muscles en bloc. All surgeries were 
performed by T. Furuta, Bone and Soft Tissue Oncology Surgery, and K. 
Oae, Trauma and Bone Reconstruction Specialist. First, the entire 
scapula was exposed, and the tumor invasion area of the deltoid muscle 
was attached to the tumor side. The axillary artery, axillary vein, and 
brachial plexus were identified and preserved. The myocutaneous nerve 
was identified and preserved, the proximal humerus was osteotomized, 
the acromioclavicular ligament was separated, and the scapular girdle 
was resected along with the malignant tumor (Fig. 4A, B). 

Next, Nesplon tape was fixed tightly to the clavicle and clavicle- 
locking plate so that the tape was sandwiched between them. When 
the proximal humeral prosthesis was placed as described in the product 
instruction manual and connected with Nesplon tape, the head of the 
prosthesis compressed the axillary artery and axillary vein and brachial 
plexus. We rotated the head of the prosthesis 180◦ and re-placed it; the 
prosthesis was thereby stabilized without compressing the neuro-
vascular bundle. The prosthesis was cemented in place, and it and the 
clavicle were connected with Nesplon tape (Fig. 4C, D). Radiographs 
confirmed the stability of the shoulder (Fig. 2B). 

In addition, the biceps, triceps, and coracobrachialis muscles were 
attached to the prosthesis. The portion of the deltoid muscle that could 
be preserved was sutured to the trapezius muscle. 

A pathological evaluation of the resected tumor revealed conven-
tional chondrosarcoma, and the resection margins were negative. 
Marked improvement in right shoulder joint internal rotation movement 
was observed: Abduction was 20◦ right and 170◦ left, flexion was 25◦

right and 170◦ left, extension was 5◦ right and 30◦ left, external rotation 
was 0◦ right and 50◦ left, and internal rotation was Th7 level on the right 
and Th6 level on the left (Fig. 1B). 

Three months after surgery, radiographs show that the bone head of 

Fig. 1. Range of motion of the repaired shoulder joint. (A) Preoperative range of motion. Right to left: abduction, flexion, extension, external rotation, and internal 
rotation. (B) Range of motion 3 months after surgery. Right to left: abduction, flexion, extension, external rotation, and internal rotation. 
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the implant has been slightly lowered and stabilized (Fig. 2C), and the 
patient's MSTT score was 22 (73.3%) and the DASH score was 60.03, 
indicating marked improvement in right upper limb function (Fig. 5). 
Patient has returned to work with some exercise restrictions and been 
very satisfied. The patient had a good understanding of the therapeutic 
intervention, was able to comply with our instructions, and had no 
problems after the intervention. 

3. Discussion 

Surgery for malignant bone and soft-tissue tumors of the shoulder 
girdle involves three stages: (1) surgical resection, based on oncological 
concepts; (2) reconstruction for bone defects, and (3) reconstruction for 
defects of soft tissue, such as skin and muscle. Our patient's conventional 
chondrosarcoma had invaded the entire scapula, the glenoid fossa, and 
part of the abductor muscle group but not the acromioclavicular joint; 
therefore, the clavicle could be preserved, and we used the Malawer 
technique type IVB for the surgery [10,14]. The tumor did not invade the 
skin, and the muscle involvement allowed preservation of part of the 

deltoid and trapezius muscles, so soft tissue reconstruction was not 
necessary. The major problem in this case was the reconstruction of bone 
defects. Endprosthetic replacement to stabilize the glenohumeral joint is 
common [7–9,14], but we could not obtain such a prosthesis in our 
country. To preserve the function of the elbow and hand [15], we 
considered using a free vascularized fibula graft to connect the humerus 
to the clavicle, but damage to the patient's leg would have hampered his 
work as a manual laborer. The patient's clavicle had not been invaded by 
the tumor and could be preserved, and thus, we planned to replace the 
proximal humerus with a prosthesis, connect the clavicle to the pros-
thesis with Nesplon tape, and fix both the clavicle and prosthesis with a 
clavicle-locking plate to keep the tape in place. The advantage of this 
method is that it is more tolerant of rotational movement than the 
pedicle screw system [10] because the two structures are connected with 
tape. In addition, the biceps, triceps, and coracobrachialis muscles were 
attached to the prosthesis, thereby preserving right upper limb function. 

If fixation is not part of reconstruction, appropriate decisions must be 
made intraoperatively. Reconstruction after shoulder girdle resection 
should be flexible, depending on the extent of resection, implants, and 

Fig. 2. Preoperative and postoperative radiographs of a 56-year-old man's right shoulder. (A) Preoperative frontal view with suspected osteolysis of the scapula. (B) 
Frontal view after shoulder girdle resection, with shoulder stability provided by the clavicle-locking plate, Nesplon tape, and a proximal humeral prosthesis. (C) 
Postoperative frontal view implant head slightly more drooped than immediately after surgery, but stable. 

Fig. 3. Preoperative images of the malignant scapular tumor in the right shoulder. On magnetic resonance imaging, the frontal view of the right shoulder (A) showed 
malignant tumor invasion of the entire scapula and glenoid fossa but not the acromioclavicular joint. The axial view of the right shoulder (B) showed malignant 
tumor invasion of the deltoid muscle (abductor muscle). Three-dimensional computed tomographic angiography (C) showed several feeding vessels extending from 
the axillary artery to the malignant tumor. 
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the patient's condition and wishes. To avoid damage to the patient's 
lower extremities and improve the function of his elbow and hand, we 
devised a new reconstruction method. 

Techniques of reconstruction after shoulder girdle resection vary, but 
good results have been reported mainly with prostheses or allograft 
reconstruction [2,7,14–19]. A free vascularized fibular graft after 
shoulder girdle resection has also been reported to yield good results as a 
functional spacer and sling procedure [20], but at the expense of the 
fibula. 

In glenohumeral joint defects in which clavicle preservation is 

possible, as in this case, a clavicle-locking plate, Nesplon tape, and a 
proximal humeral prosthesis can be used to achieve shoulder joint sta-
bility. In fact, the patient was extremely satisfied with the improvement 
in shoulder extension and internal rotation, as well as with the 
improvement in elbow and hand function (Fig. 5). One possible limita-
tion of this strategy concerns the durability should be noted due to the 
short follow-up period. 

Fig. 4. Intraoperative photographs. (A) The Malawer 
technique type IVB was used to remove the entire 
scapula, the proximal humerus, and part of the 
abductor muscles, but the clavicle was preserved. (B) 
The tumor was widely resected. (C) The head of the 
proximal humeral prosthesis was placed at an inver-
ted 180◦ angle to avoid pressure on the axillary artery 
and brachial plexus, in contrast to the instructions in 
the product manual. Nesplon tape was fixed tightly to 
the clavicle and clavicle-locking plate so that the tape 
was sandwiched between them. (D) A clavicle- 
locking plate, Nesplon tape, and a proximal humer-
al prosthesis were used to achieve shoulder stability.   

Fig. 5. Hand movement evaluation 3 months after surgery. The left side is the uninjured hand, and the right side is the repaired hand. (A) Extension of the hand. (B) 
Flexion of the hand. (C) Pinching motion of the thumbs and index fingers. (D) Opposing motion of the thumbs and little fingers. 
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4. Conclusion 

After scapular girdle resection that affects the glenohumeral joint, a 
clavicle-locking plate, Nesplon tape, and a proximal humeral prosthesis 
can be used to ensure shoulder stability and to preserve or improve 
upper limb function. 
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