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A B S T R A C T

Total scapulectomy and reconstruction has been performed for scapular tumor, however, most of the
reconstruction methods have resulted in poor functional outcomes and there is still room for improvement.
Most of the reports of reconstruction after scapulectomy are from a single institution. In the present study, we
investigated functional outcomes after total scapulectomy in a multicenter study in The Eastern Asian
Musculoskeletal Oncology Group (EAMOG). Thirty-three patients who underwent total scapulectomy were
registered at EAMOG affiliated hospitals. The patients were separated into no reconstruction group (n=8),
humeral suspension group (n=15) and prosthesis group (n=10). Functional outcome was assessed by the
Enneking score. One-way ANOVA was used to compare parameters between the patient groups. Complications
included five local recurrences, one superficial infection, one dislocation and one clavicle protrusion. The
average follow-up period was 43.5 months. The average active flexion range was 45.8° (0–120°), and 37.1° in
abduction (0–120°). The mean total functional score was 22.9 out of 30 (15–29), which is a satisfactory score
following resection of the shoulder girdle. There were significant differences in reconstruction methods for
active range of motion. Bony reconstruction provided better range of motion in this study. There was a variety of
reconstruction methods after scapulectomy in the eastern Asian countries. Although better functional score was
obtained using scapular prosthesis or recycled bone and prosthesis composite grafting, postoperative function is
still lower than preoperative function. Modified designed prosthesis with or without combination of recycle bone
or allograft would restore the lost shoulder function in the future.

1. Introduction

Total scapulectomy has been performed for scapular tumors and
has succeeded in preserving elbow and hand function. Major complica-
tions include restricted range of motion and instability of the shoulder
joint. Various reconstruction methods have been tried after scapulect-
omy, such as humeral suspension, prosthetic replacement, recycled
bone graft, or soft tissue reconstruction. However, most of the
reconstruction methods have resulted in poor functional outcomes
and there is still room for improvement [1,2].

Recent reports of scapular prostheses show an acceptable range of
motion and function [3–6], but there is no strong evidence of a long

term positive outcome using scapular prostheses. Furthermore, a
scapular prosthesis is not widely available, and the design is not well
established yet.

Several problems associated with reconstruction occur after total
scapulectomy. Both bone and large muscle resections are required.
Each case is unique in having a different extension of the tumor and
requiring a different amount of muscle sacrifice. The shoulder joint is a
challenging site at which to fully restore limb function even though it is
a common site for trauma involving simple fractures or rotator cuff
tears. One side of the scapula is similar to a sesamoid bone [7] which is
floating in soft tissue, and a prosthesis cannot be fixed in it in a manner
similar to the knee or hip joints. This results in postoperative instability
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or malposition of the prosthesis. Recycled bone is easily absorbed
postoperatively. There is also a cosmetic concern after scapulectomy
such as inadequate shoulder width after simple reconstructions.

In general, most of the reports of reconstruction after scapulectomy
are case series from a single institution; each hospital has its own
preferred surgical procedure and reconstruction. Thus it is difficult to
compare reconstruction methods from these reports. The Eastern
Asian Musculoskeletal Oncology Group is a research group in the field
of musculoskeletal oncology in eastern Asia. In the present study, we
investigated reconstruction methods and functional outcomes after
total scapulectomy in eastern Asian countries.

2. Patients and methods

2.1. Patients

This retrospective study comprised 33 patients who underwent
total scapulectomy, and who were followed at least one year after
surgery. Patients were registered at EAMOG affiliated hospitals.
Nineteen cases were treated in China, seven in Malaysia, five in
Japan, and two in Thailand. This study protocol was approved by the
Institutional Review Board of the Kanazawa University Hospital,
Kanazawa, Japan. This study complied with ethical standards outlined
in the Declaration of Helsinki. Questionnaires were sent to the
surgeons and answers obtained voluntarily from six hospitals after
institutional review-board approval. Surgeries were performed between
1993 and 2009.

2.2. Characteristics

The average age of the patients was 43.1 years 15–75 years)
(Table 1). Seventeen were male and sixteen were female. Sixteen

patients had chondrosarcomas, six had Ewing's sarcomas, three had
osteosarcomas, two had metastatic bone tumors, two had synovial
sarcomas, one had a fibrosarcoma, one had a liposarcoma, one had a
malignant fibrous histiocytoma, and one had an angiosarcoma. Using
Enneking's surgical stages of 31 sarcomas, three cases were classified
as IB, one as IIA, 24 as IIB, and one as IIIB. Preoperative or
postoperative chemotherapy was performed in 13 cases and no patients
underwent irradiation.

In eight patients, neither soft tissue nor bone reconstruction was
performed. In fifteen cases, soft tissue reconstruction was performed by
humeral suspension. Bone defects in nine cases were reconstructed
using a scapular megaprosthesis, and one was reconstructed using a
recycled autologous bone and prosthesis composite. The scapular
prosthesis used was a constrained reverse scapular prosthesis　
(ChunLi, Beijing, China). In humeral suspension group, the residual
humerus was suspended from the clavicle or a proximal rib. Biceps
tendon or rotator cuff was used for suspension as long as they were
preserved. Otherwise, artificial ligament was used. Recycled tumor-
bearing bone was treated by liquid nitrogen procedure which includes
frozen in liquid nitrogen for 20 min, thawed at room temperature for
15 min, and rinsed in distilled water for 15 min

2.3. Data and statistical analysis

Clinical outcome was assessed for all cases. Functional outcome was
assessed by the Enneking score, including pain, function, emotional
acceptance, hand positioning, manual dexterity and lifting ability, with
each having a maximum of five points representing normal or full
function (maximum overall score, 30 points) [8]. The patients were
separated into three groups on the basis of reconstruction methods. No
reconstruction group underwent tumor excision and suture of remain-
ing soft tissue. Humeral suspension group underwent suspension of the
residual humerus from the clavicle or a proximal rib with the use of
biologic or artificial tendon. Prosthesis group includes total scapular
prosthesis (n=9) and recycle bone and prosthesis composite (n=1).
One-way ANOVA was used to compare parameters between the patient
groups, with statistical significance defined as p < 0.05.

3. Results

3.1. Clinical outcomes

Complications included five local recurrences, one superficial
infection, one dislocation and one clavicle protrusion. The average
follow-up period was 43.5 months 12–144 months). The average active
flexion range was 45.8° (0–120°), and 37.1° in abduction (0–120°).
Shoulder range of motion was severely limited in most cases. Function
and hand position, which reflect shoulder ability, had low Enneking
functional scores, but pain and dexterity, which reflect usefulness of
hand joints, had satisfactory scores (Table 2). The mean total score was
22.9 out of 30 (15−29), which is a satisfactory score to patients
following resection of the shoulder girdle.

3.2. Statistical analysis

Statistical analysis was performed on reconstruction methods to
evaluate which had a significant influence on Enneking’s functional
score or active range of motion. There were significant differences in
reconstruction methods for active range of motion (Fig. 1). Prosthetic
reconstruction was better score compare to other methods. The best
functional score was obtained using recycled bone and prosthesis
composite grafting. The total score of Enneking's functional score
was not significantly different (Fig. 2). The reason may be that the
scoring system is established not for shoulder function only but for
gross upper limb function.

In this study, the eastern Asian survey had the following features: 1.

Table 1
Patient characteristics, surgical procedures, complications and postoperative oncological
outcomes.

N 33
Gender Male 17

Female 16
Age 43.1(15–75)
Diagnosis Chondrosarcoma 16

Ewing's sarcoma 6
Osteosarcoma 3
Metastasis 2
Synovial sarcoma 2
Fibrosarcoma 1
Liposarcoma 1
Malignant fibrous histiocytoma 1
Angiosarcoma 1

Surgical stage IB 3
(Enneking) IIA 1

IIB 24
IIIB 1

Chemotherapy Yes 13
No 20

Radiation No 33
Reconstruction No reconstruction 8

Soft tissue (humeral suspension) 15
Bone (prosthesis) 10

Complication Local recurrence 5
Superficial infection 1
Dislocation 1
Clavicle protrusion 1

Follow up (M) 43.4
Oncological outcome CDF 11

NED 15
AWD 4
DOD 3

CDF, continuous disease free; NED, no evidence of disease; AWD, alive with disease;
DOD, died of disease; M, male; F, female.
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A wide variety of reconstruction methods are utilized in each institute.
2. Prostheses were used only in a single country reflecting its unavail-
ability, 3. Bony reconstruction leads better active range of motion. 4.
Recycled bone graft is commonly utilized in place of allograft due to a
lack of bone back system and has potential for better functional
outcome instead of scapular prosthesis.

4. Discussion

Although a previous study indicated that humeral suspension had
only a limited advantage for postoperative function, bony reconstruc-
tion provided better range of motion in this study. Even though this
was true for bone defects reconstructed by either prosthesis or recycled
bone, postoperative function is still lower than preoperative function.
Pritsch T et al. showed that scapular prostheses, as compared with
humeral suspension, had better functional results, 78.5% and 58.5%
respectively, and superior cosmesis [3]. Puchner et al. reported 80% in
prosthesis and 58% in humeral suspension [9]. Our results were 78.6%
and 71.3% which is slightly better score in humeral suspension. The
ideal reconstruction would restore the excised bone and soft tissue to
their preoperative condition; however, this is difficult to achieve using
current medical technology, especially in the case of muscle recon-
struction. If possible, some of the important muscles such as supras-
pinatus should be reconstructed with a latissimus dorsi flap [10] or
other methods [11,12]. However, number of muscles that can be
reconstructed by flap surgery is severely limited and it is impossible
to reconstruct all the excised muscles surrounding scapula. Other
technology such as stem cell transplantation is still under investigation
in basic research [13]. Currently, our best option for reconstruction is
using a prosthesis or recycled bone. Recycled bone would be perfect for
bone reconstruction except for problems such as osteolytic lesions or
postoperative absorption [14]. The best functional score in our cases
was obtained using recycled bone and prosthesis composite grafting.
That is reasonable because muscles can be reattached on grafted bone,

but cannot be on the prosthesis only. Furthermore, bone reconstruc-
tion is limited to the original shape at best. Joint constraint [15] or
other stable reconstruction methods are required after total scapulect-
omy because of the defect of some soft tissue. In fact, a reverse
shoulder prosthesis is already widely used for rotator cuff tear
arthropathy [16,17]. It has been shown to have superior outcomes
and patient satisfaction scores compared to other reconstruction
methods because it relies on the deltoid rather than an intact rotator
cuff to elevate the shoulder. Even though non-tumor surgery still
requires that type of improved prosthesis, tumor surgery accompany-
ing large muscle defects requires a more sophisticated prosthesis.

One problem is that the scapula is floating in soft tissue and the
prosthesis cannot be fixed in bone, resulting in postoperative instability
or malposition of the prosthesis. It is not clear what shape of the
scapular prosthesis is better after resection of the scapula and
surrounding muscles. The scapular prosthesis could be designed to
fix the clavicle or rib to reduce instability. An artificial power unit might
be designed into the prosthesis to support active range of motion.

Table 2
Functional score and active range of motion of shoulder joint.

No reconstruction Humeral suspension Prosthesis All

Functional score Pain 4.8 4.6 5.0 4.8
(ISOLS) Function 2.5 3.3 3.6 3.4

Emotional acceptance 3.8 4.4 4.9 4.4
Hand positioning 2.5 1.3 1.9 2.2
Dexterity 4.8 4.9 5.0 4.9
Lifting ability 3.0 2.9 3.3 3.2
Total 21.3 21.4 23.6 22.9
% 70.8 71.3 78.6 76.4

Range of motion active flexion 17.5 30.0 57.0 45.8
active abduction 17.5 22.3 40.0 37.1

Functional outcome was assessed by the Enneking score, including pain, function, emotional acceptance, hand positioning, manual dexterity and lifting ability, with each having a
maximum of five points representing normal or full function (maximum overall score, 30 points).
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Fig. 1. Comparison between surgeries involving no reconstruction, humeral suspension (soft tissue reconstruction only) or prosthetic reconstruction (including composite grafting).
There were significant differences of postoperative active range of motion in each group.
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Fig. 2. The total score of Enneking's functional score was not significantly different
(Fig. 2). The reason may be that the scoring system is established not for shoulder
function only but for gross upper limb function.
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Other problems with scapular prostheses are that soft tissue cannot be
reattached to the prosthesis even though efforts have been made to
improve the metal surface. Composite graft using recycled autograft or
allograft combined with reverse shoulder arthroplasty would provide
both better stability and function.

Tsuchiya et al. reported a new recycled bone technique called frozen
autografting using liquid nitrogen that can provide better bone
remodeling compared to other heat treated autografting [18,19].
When the tumor lesion is not osteolytic, frozen recycled scapular
autograft could be an option for reconstruction. Even better function is
expected when the recycled bone is combined with a reverse shoulder
prosthesis.

5. Conclusion

There was a variety of reconstruction methods after scapulectomy
in the eastern Asian countries. Although better functional scores was
obtained using scapular prosthesis or recycled bone and prosthesis
composite grafting, postoperative function is still lower than preopera-
tive function. Modified designed prosthesis with or without combina-
tion of recycle bone or allograft would restore the lost shoulder
function in the future.
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