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Abstract
Background: Wide resection of malignant bone and soft-tissue tumors of the extremities may impair the
functions of the affected limbs. Partial scaplectomy affects shoulder movements, resulting in disabilities that
interfere with activities of daily living.
Methods: Rehabilitation treatment of a man in his 70s with periscapular malignant soft-tissue tumors
subjected to extensive resection with partial scapular resection and split-thickness skin grafting was
conducted. Postoperative rehabilitation included early mobilization, range of motion exercises, strength
training of the residual muscles, and activities of daily living training. Rehabilitation assessments of physical
function, patient-based outcomes, and quality of life were performed preoperatively and at 1, 3, 6 months
and 1 year postoperatively.
Results: Preoperative function of the affected limb was determined to be 86.7% using the Musculoskeletal
Tumor Society Rating Scale score (MSTS), 97.4% using the Toronto Extremity Salvage Score (TESS), and
mildly limited in shoulder elevation. The patient was discharged from the hospital approximately 1 month
postoperatively. Postoperative shoulder elevation was less than half of the preoperative level, with MSTS
in the 30-40% range and TESS in the 60-70% range. Postoperatively, the patient could perform activities
of daily living independently, but only with the use of compensatory movements and devices distal to the
elbow.
Conclusions: After wide tumor resection with loss of skeletal and muscular structures around the shoulder
joint including the scapula, postoperative rehabilitation may require maintenance of shoulder immobilization
with the residual muscles and efficient use of modified movements distal to the elbow to achieve better
function in real-life situations.
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Introduction

Although surgical resection is the mainstay of treatment for
bone and soft-tissue tumors, wide resection may result in a
massive soft-tissue defect to secure sufficient excision margins
[1]. Functional impairment in a postoperative state occurs
according to the degree of resected tissue. Thus, appropriate
rehabilitation is required to achieve good activities of daily
living (ADL) and quality of life outcomes [2,3].
Bone and soft-tissue tumors in the shoulder girdle including

the scapula may require total or partial scapulectomy. Involvement of rehabilitation therapists before and after scapulectomy
is integral for preparing for surgery and subsequent treatment
[4]. The functional outcome of partial scapulectomy is significantly higher than that of total scapulectomy [5]. In case of
total scapulectomy, postoperative management may require
comprehensive rehabilitation to improve not only upper extremity functions but also gait deficits associated with changes
in the body composition [6]. In contrast, upper limb function
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after partial scapulectomy is generally excellent [7] and ADL
impairment is often less common [8]. Therefore, rehabilitation
after partial scapulectomy is generally less difficult.
Here, we report a case of malignant soft-tissue tumor affecting the left shoulder girdle treated with partial scapulectomy
and wide resection of the periscapular malignancy, as well as
split-thickness skin grafting, with poor postoperative upper
extremity function outcome.

Case presentation

Written informed consent was obtained from the patient for
publication of this case report.

Patient

The patient was a right-handed man in his 70s, with a height of
172.2 cm, weight of 71.8 kg, and body mass index of 24.2 kg/m2.

Figure 1. A periscapular malignant soft-tissue tumor in the
left shoulder.
Macroscopic preoperative (A) and postoperative (B) images.

Social background

The patient lives with his wife and runs his own online trade
company.

Disease

Left upper back soft-tissue sarcoma (histology: undifferentiated pleomorphic sarcoma).

Present illness

A patient noticed a nodule on his left side and visited a clinic.
Marginal resection was performed; however, the subcutaneous
tumor had been rapidly growing, and a soft-tissue sarcoma was
diagnosed. He then visited our hospital for more specialized
treatment. Wide resection was necessary and he consented
to undergoing his surgery.

Operative findings

His surgery was performed in the prone position under general
anesthesia. A 19 cm × 28 cm skin incision was made over the
tumor. The trapezius, teres major, and infraspinatus muscles
were partially resected, along with the lower part of the scapula
and part of the spinal process. A part of the scapula exposed
due to a lack of soft-tissue was covered with the subscapularis
muscle. A split-thickness skin graft was performed, followed
by vacuum-assisted closure (VAC) device to fix the grafted
skin. The total operation time was 7 h and 30 min (Figure 1).

Clinical course of rehabilitation treatment

Preoperative examination revealed a 10-cm elastic hard mass
on his back. The range of motion (ROM) of the left shoulder
was 160° in flexion and 150° in abduction (Figure 2). During
elevation and abduction of the shoulder joint, the scapulohumeral rhythm was intact.Mild muscle weakness (manual
muscle test score, 4) was observed in flexion and abduction
of the left shoulder.
During the first 2 weeks post-surgery, left shoulder immobilization was necessary to avoid skin graft failure. In the

Figure 2. Range of motion of the shoulder.
(A) Preoperative shoulder flexion; (B) shoulder flexion at 1
year after surgery; (C) preoperative shoulder abduction; and
(D) shoulder abduction at 1 year after surgery.

meantime, gait exercise and self-care training using his right
arm and exercise below the left elbow were conducted.
In the third week post-surgery, the VAC was removed and
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left shoulder exercise was permitted. At that point, the ROM
of the left shoulder was severely impaired (active flexion, 40°;
active abduction, 40°). Active and passive exercises were initiated on the left shoulder, and active usage of the left arm was
encouraged. Physical therapy for left shoulder function was
started with grip strength exercises, Codman exercises, and
wiping training and then stepped up to active assisted movements, active movements, and material handling exercises as
well as strength training of the residual muscles with isometric
training and isotonic training (Figure 3). With rehabilitation
treatment during hospitalization, both active flexion and
abduction of the shoulder improved to approximately 70°.
However, because of shoulder elevation difficulties, the use
of movements distal to the elbow mainly was necessary to
regain the ADL function. ROM and muscle strength below
the left elbow were intact in a postoperative state. Eventually, rehabilitation of his left arm distal to the elbow enabled
reaching movement to his mouth and overhead. In addition,
compensatory actions and operation methods were needed.
For example, face and hair washing required more forward
bending of the trunk than usual. The dressing and undressing
of the upper garment needed to be modified in the same way
as for hemiplegic patients. For example, the patient practiced
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how to put on a shirt with the sleeve from the paralyzed side
and take off the shirt from the healthy side. Changing the
upper garment had to be performed in a similar way to a
hemiplegic patient after stroke. The patient could operate a
computer but was required to do so while having his elbows
positioned on the desk to reduce fatigue (Figure 3). The patient
was discharged from the hospital 29 days after surgery. At
discharge, the patient’s all ADL was achieved independently
and early return to work after discharge was achieved.
Intensity-modulated radiation therapy (IMRT) (60 Gy in
30 fractions) was performed at 6 weeks post-surgery. Rehabilitation treatment continued in the outpatient clinic until
1 year post-surgery because IMRT may lead to a reduction in
the ROM due to fibrous changes that occur in irradiated soft
tissues. At the final 1-year follow-up, the patient’s shoulder
motion remained limited (active flexion, 70°; active abduction, 70°) and the shrug sign remained (Figure 2). Several of
his functional parameters and scores during the follow-up
period are shown in Table 1.

Discussion

The clinical course of this case’s rehabilitation provided two
important clinical considerations. First, postoperative shoulder

Figure 3. Rehabilitation treatment of the upper extremity.
(A) Grip strength exercise; (B) Codman exercise; (C) wiping training; (D) active assistive movement; (E) passive
movement; (F) active movement and material handling exercises; (G) upper-extremity ergometer; and (H)
rehabilitation of activities of daily living (ADL) and instrumental ADL including self-feeding and typing.
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elevation is poor after partial scapulectomy together with wide
resection of periscapular malignancy, as well as split-thickness
skin grafting. As mentioned above, functional outcome after
partial scapulectomy is generally excellent. Among the classifications of scapulectomy,resection of the lower part of the
scapula had the best postoperative function [9]. Therefore,
in this case, wide resection and concurrent split-thickness
skin grafting, together with partial scapulectomy, likely had
a negative impact on upper extremity functions. This wide
resection involved removal of the trapezius, lattismusdorsi,
teres major, teres minor, and subscaplaris muscles with the
tumor.
Resected muscles, such as the rotator cuff, are related to
shoulder joint dysfunctions [8]. Shoulder flexion can be divided
into three phases. The first phase is flexion 0°–60°, in which the
infraspinatus muscle pulls the humeral head to the glenoid,
and the deltoid and coracobrachialis muscles elevate the arm.
The second phase is flexion 60°–120°, in which the shoulder
girdle maintains the elevation [10]. The final phase is flexion
120°–180°, in which the deltoid, supraspinatus, trapezius, and
serratus muscles with the vertebral spine control arm elevation. Following this kinematics, this case may be impaired in
the second (flexion 60°–120°) and third (flexion 120°–180°)
phases. In addition, scapulohumeral rhythm requires movement at a ratio of 2:1 in the upper arm and shoulder girdle
[11,12]. In this case, the lower part of the scapula and part of

the muscle that abducts the scapula were excised, which may
have impaired scapular motion. Another concern is that splitthickness skin grafts may cause a loss of skin elasticity and
tissue contracture [13]. Moreover, IMRT also triggers a fibrous
change in the irradiated tissue, leading to limited ROM [14].
Scapulectomy has been frequently reported for bone tumors
of the primary scapula, with few reports on soft-tissue tumors.
Therefore, different functional outcomes should be considered
when peri-muscular resection, implantation, or radiotherapy
is performed along with scapulectomy, as in the present case.
Second, to regain ADL function, effective use of preserved
movements distal to the elbow is essential. The loss of ROM
in the shoulder interferes with ADL. A systematic review reported that at least approximately 130° shoulder flexion and
abduction was necessary for good ADL capacity [15]. In this
case, at 1 year postoperatively, the patient had approximately
70° of shoulder flexion and abduction and could not naturally
perform ADL. Therefore, establishment of compensatory actions and altered operation methods was helpful in improving
ADL skills. In some cases, occupational rehabilitation should
also be performed if a job change is necessary. In contrast,
motions distal to the elbow are often maintained even when
the shoulder joint is dysfunctional [16-18]. To ensure a good
outcome, it is essential to effectively elicit fine motions below
the elbow rather than shoulder motion. In this case, no functional impairment of the distal to the elbow was observed
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and rehabilitation of the arm distal to the elbow as well as the
shoulder actually enabled independent self-care including
reaching movement to his mouth and overhead.

Conclusion

Postoperative shoulder elevation is poor after partial scapulectomy together with wide resection of periscapular malignant, as well as split-thickness skin grafting. Therefore, the
effective use of movements distal to the elbow is important to
improve ADL functions. For rehabilitation therapists, attention
to poor shoulder functions postoperatively is necessary, and
importance of early rehabilitation for preserving movements
distal to the elbow should be considered.
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