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ABSTRACT

The purpose of this study is to define the minimum requirements for total scapular replacement with metallic
endoprosthesis and compare it to suspension arthroplasty. A retrospective analysis was performed of three
musculoskeletal tumor registries for patients with scapulectomy for musculoskeletal tumors. Patients were
divided into two groups: Group | included eleven patients who had endoprosthetic scapula replacement
(Endotec, Bloomfield, NJ, Howmedica, Rutherford, NJ). Group Il included nine patients with suspension
arthroplasty. Overall MSTS scores were higher in group | than in Group Il (23.5+2.5 versus 17+2.6;
p=0.0001). Scores in Group | was significantly higher in all categories but dexterity. The lowest score in
both groups was in the function category (3.6+0.8 versus 1.7+1.0; p<0.001). The data shows that patients
with endoprosthetic replacements have higher MSTS scores in emotional acceptance and function,
compared to those with suspension arthroplasty. The greater motion found in group | (endo) was most
evident in forward flexion, abduction and external rotation. This was thought to be a results of lateral
positioning, scapulothoracic reconstruction and pseudoarthrosis.

© 2018 Jennifer E. Thomson. Hosting by Science Repository.

Introduction

only two studies comparing endoprosthetic reconstruction to suspension
arthroplasty have been reported [11].

Historically, complete resection of the scapula without reconstruction
has been associated with significant loss in function and injuries to the
neurovascular bundle [1-6]. In patients requiring total resection of the
glenoid and rotator cuff, reconstructive methods, as well as MSTS
(Musculoskeletal Tumor Society) functional scores, have been limited.
Several methods of reconstruction have been proposed, including
suspension arthroplasty [1, 4, 6-8], allograft replacement, and
endoprosthetic reconstruction [2, 9-12]. The results have varied, and

The purpose of this study is to define the minimum requirements for total
scapular replacement with metallic endoprosthesis and compare it to
suspension arthroplasty. The hypothesis is that when total scapular
excision must be performed, and the axillary nerve and deltoid muscle
neuromuscular unit are able to be preserved, endoprosthetic scapula
replacement is superior to suspension arthroplasty in overall active
motion and MSTS upper extremity functional scores.
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Materials & Methods

From 1986 through 2016, a retrospective analysis was performed of
three musculoskeletal tumor registries for patients with scapulectomy for
musculoskeletal tumors following IRB approval. Patients were included
in our analysis if they met the following criteria: (1) Total scapulectomy
for musculoskeletal tumor of the Sy, S;0r S; S, S3 types according to
the staging system of the MSTS (Figure 1), (2) Patients had to have had
a limb-salvage surgery with preservation of the neurovascular bundle
(brachial plexus and subclavian — axillary vessels). (3) Preservation of
the deltoid-axillary nerve complex and (4) reconstruction with a total
scapular endoprosthesis or resection arthroplasty suspension from
clavicle of humeral head. Twenty-two patients had a total scapulectomy
and twenty met the above criteria. One patient was excluded because
the axillary nerve was resected, and one patient had an allograft scapula
replacement.

Seventeen patients had an MSTS S12A (Malawar 111A) resection and
three patients had an S123A (Malawar/IVA) procedure (Figure 1).
Patients were divided into two groups: Group | included eleven patients
who had endoprosthetic scapula replacement (Endotec, Bloomfield, NJ,
Howmedica, Rutherford, NJ). Group Il included nine patients with
suspension arthroplasty.

Figure 1: S12A (Malawar I11A) and S123A (Malawar IVA).

Surgical Technique

Patients had a posterior approach to their scapular tumors with removal
of the biopsy tract, rotator cuff musculature and bony scapula en bloc,
with the deltoid muscle and axillary nerve preserved in all cases (Figure
2). The chest wall was uninvolved in these cases and a cuff of muscle
including trapezius, rhomboids, levator scapulae, and scalenus anterior
were preserved. The latissimus dorsi muscles were preserved in all
cases.
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Figure 2: 2a (posterior approach), 2b (scapula, biopsy tract, and rotator
cuff muscles), 2c (axillary nerve preservation).
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Suspension Arthroplasty

Patients who underwent suspension arthroplasty had the humeral head
suspended from the clavicle with gortex and mersilene tapes medializing
the humeral head (Figure 3). The deltoid was anchored to the chest wall
posteriorly.

Figure 3: Suspension arthroplasty.
Endoprosthetic Total Scapula Replacement

Patients who underwent endoprosthetic scapula replacement had a
custom scapula (Endotec, Bloomfield, NJ, Howmedica, Rutherford, NJ)
placed in the resection bed. The humerus was resurfaced in six patients
(Endotec, Bloomfield, NJ,) and hemiarthroplasty was performed in five
(Howmedica, Rutherford, NJ). Following humeral implantation, a
pseudocapsule was created using Dacron and gortex material (Figure 4).
Soft-tissue reconstructions were performed using the levator scapulae,
rhomboids, serratus anterior, and distal teres major as deep envelope and
trapezius, deltoid and latissimus pedicle flap as the superficial soft-tissue
coverage of the metallic implant (Figure 4).

Figure 4: 4a (Pseudocapsule reconstruction), 4b (attachment of deep
muscular envelope).

All patients had suction drains placed and those with endoprosthesis
were placed in an airplane abduction brace for six weeks. Patients had
progressive mobilization with muscle strengthening therapy for an
additional six to twelve weeks. Patients were evaluated using the system
of the Musculoskeletal Tumor Society when rehabilitation was
complete. In additions to the functional scoring system, range of motion
was recorded in all planes of motion, including forward flexion,
abduction, extension, internal, and external rotation both actively and
passively. Radiographs were taken at the initial postoperative visit and
following brace removal and completion of physical therapy. In addition,
patients had plain radiographs taken every six months. In patients with
osteosaroma, Ewing’s sarcoma and MFH, postoperative chemotherapy
was resumed four weeks following surgery. No patients received
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radiation therapy postoperatively. Patients had postoperative metastatic
surveillance at regular intervals both for sarcoma and secondary lesions.

Results

Patients were evaluated for disease status at the last follow up. Nine
patients have been continuously disease free, five have no evidence of
disease, two are alive with disease, four patients died of disease. Patients
in Group | had a mean follow-up of 85 months (range, 24-163 months).
Patients in Group Il had a mean follow-up of 59 months (range, 5-154
months). Functional results, including range of motion in all planes, are
shown in (Figure 2). The patients were graded according to the
functional evaluation system of the MSTS. Overall MSTS scores were
higher in group I than in Group Il (23.5+2.5 versus 17+2.6; p=0.0001).
Scores in Group | was significantly higher in all categories but dexterity.
The lowest score in both groups was in the function category (3.6+0.8
versus 1.7+1.0; p<0.001).

Table 1. Post-operative active-shoulder range of motion

Group | Group Il P value
Forward Flexion 74 18 <0.0001
Abduction 70 28 <0.0001
Extension 33 13 0.0014
Internal Rotation 50 59 0.44
External Rotation 34 4 0.001
Total 268 113 <0.0001

Group I: Endoprosthesis, Group I1: Suspension Arthroplasty

The results of active shoulder motion were significantly higher in Group
I in all planes and motion. These results were particularly increased in
scores of forward flexion, with an average of 74 degrees compared to an
average of 18 degrees in patients with a suspension procedure
(P<0.0001). The total motion for patients in Group | averaged 260
degrees compared to 113 degrees of patient in group Il (P <0.0001).

Complications that have occurred included a teenage patient with
chondrosarcoma of the scapula who had a functional reconstruction yet
requested an amputation for recurrent disease. O and radiation were
utilized in group 1 (endo) patients without any appreciable difference in
ROM or MST scores. Two group Il patients had postoperative radiation
of (palliative dose) without any appreciable effects. The range of motion
in these two patients did not differ from those in group Il who did not
receive radiotherapy.

Discussion

Partial scapulectomy was described in 1820 by Liston and later James
Syme reported total scapulectomy for chondrosarcoma in 1864 [13, 14].
Around the turn of the century, two surgeons, Tikkor and later Lindberg
described an internal amputation of the shoulder preserving the arm,
forearm and hand that bears their name [15]. At the same time, De
Nancrede reported on a series of scapulectomies and concluded that it
was inadequate in preventing local recurrence for tumors when
compared to forequarter amputation [16].
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After the advent of chemotherapy, George Pack at memorial hospital in
New York City (1955) re-established the Tikkor—Linberg resection as a
technique for preservation of hand function. He maintained that adequate
margins must be obtained to prevent recurrence. In an isolated report,
Papaionnow[6] described the functional results of non-implant partial
and total scapulectomies in 1965. In 1987, Eckhart reported on eight
patients with S12 resections and endoprosthetic reconstruction [17].
Average forward flexion and abduction was 30° and 25° respectively.
The average MSTS score was 76%. There were no specific guidelines
or reports of structures removed in each case or any detail of the
indications.

To the author’s knowledge, this is only the third report comparing
endoprosthetic replacement and suspension arthroplasty. In 2007,
Pritsch et al reported improved functional results in patients with
scapular replacement compared to suspension arthroplasty (23.5 versus
17.5) [11]. In that same study, nearly half of patients with scapular
replacement had greater than 40 degrees of abduction and forward
flexion. In 2017, Hayashi et al mirrored those results in a multicenter
study preformed at Eastern Asian Musculoskeletal Oncology Group
[18]. Based on Ennekin functional scores, prothesis resulted in improved
functional outcomes compared to suspension (23.6 versus 21.4).
Additionally, prosthetic ROM allowed for an average flexion of 57° and
abduction of 40°, compared to suspensions 30° and 22.3° respectively.
Our results showed similar benefit to endoprosthetic replacement as the
prior studies, with mean MSTS scores of 23.5 compared to 17.
Additionally, all patients with scapular replacement had greater than 40
degrees of abduction and forward flexion, while no patients with
suspension arthroplasty did. In our study, cosmesis was not specifically
scored, but patients with scapular replacement lacked the degree of
concavity and neckline abnormalities present in patients with suspension
arthroplasty. Though our study is similar in nature, our results support
findings in the prior reports comparing these two treatments groups and
add to the current literature. It is however, the only paper to report ROM
including forward flexion as well as the importance of preservation of
the deltoid-axillary nerve complex.

Potential shortcomings of this study include its retrospective nature and
three multi-institutional databases. However, the authors used the same
surgical technique for endoprosthetic and suspension procedures. Also,
while minimum follow-up was 2 years, the burden of metastatic disease
resulted in the loss of 2 patients prior to 2 years follow-up, and loss of 5
patients prior to 3 years follow-up. Although these patients were lost to
disease progression, they had completed physical therapy and functional
scores were able to be obtained.

A 2~ B X
Figure 5: 5a (Resection-arthroplasty suspension, medial displacement
shown), Figure 5b (Total scapula replacement, lateral position

maintained).
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In this report, the hypothesis entertained was that medial displacement
of the humeral head with decreased soft-tissue tension and working
length of muscle in resection arthroplasty suspension patients would
result in inferior outcomes compared to patients with total scapular
replacement, where there would be a maintenance of the lateral position
of the humeral head with adequate soft-tissue tension and working length
of muscle (Figure 5). The data shows that patients with endoprosthetic
replacements have higher MSTS scores in emotional acceptance and
function, compared to those with suspension arthroplasty. The
acceptance criteria were thought to be higher due to the cosmetic
improvement and body contour associated with endoprosthetic
replacements the function category was thought to be higher overall due
to the greater motion of those in group | (endo) compared to suspension
arthroplasty (group I1). The greater motion found in group | (endo) was
most evident in forward flexion, abduction, and external rotation was
thought to be a result of lateral positioning and scapulothoracic
reconstruction and pseudoarthrosis.
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