Original Article Journal of Orthopaedic Case Reports 2026 July:16(7):Page 559-565

Short-term Functional Outcomes of Shoulder Girdle Limb Salvage in
Primary Bone Tumors: A 2-year Follow-up Study

Nishanth Reddy J', Hiranya Kumar', VamshiKrishna Chand Nimmagadda', Pradeep B A,
Gagan B M, Deepank Choudry’

Learning Point of the Article:
Limb salvage surgery using modern reconstructive techniques provides satisfactory functional outcomes and preserves limb function in
shoulder girdle tumors, offering an effective alternative to amputation.

Introduction: The shoulder girdle, encompassing the proximal humerus, scapula, lateral third of the clavicle, and surrounding soft tissues, is the
third most frequent site for bone tumors. The proximal humerus is the most commonly affected area, followed by the scapula and clavicle.
Managing malignant or aggressive benign bone tumors in this region is particularly challenging due to the proximity to vital neurovascular
structures and the need to maintain both stability and dexterity in the shoulder. While traditional treatment often involved extensive resections,
contemporarylimb salvage techniques focus on preserving function while ensuring effective tumor control.

Case Series: This prospective study included 18 patients who underwent various limb salvage procedures at the Department of Orthopaedics,
Vydehi Institute of Medical Sciences and Research Centre in Bengalurubetween 2012 and 2019, with a minimum follow-up of 2 years. Diagnosis
and staging were performed using imaging modalities and core needle biopsies, with musculoskeletal tumors staged according to the Enneking
System. Functional outcomes were assessed using the Musculoskeletal Tumor Society Rating Scale (MSTS). Surgical techniques varied and
included endoprosthetic reconstruction, arthrodesis with fibular grafting and plating, and plate fixation with primary shortening. Among the 18
patients, the majority (61%) had giant cell tumors, followed by aneurysmal bone cysts (17%), chondrosarcoma (11%), and osteosarcoma
(11%). Functional outcomes, as measured by the MSTS, showed a 75% satisfactory rate. The study population was composed of 55.56% males
and 44.44% females. Key parameters evaluated included pain, functional activity, hand positioning, dexterity, lifting ability, and emotional
acceptance.

Conclusion: Limb salvage surgery for primary bone tumors of the shoulder girdle offers favorable functional outcomes and represents a viable
alternative to amputation. Modern reconstruction techniques, such as endoprosthetic reconstruction and fibular grafting with plating, achieve
satisfactory results in both function and appearance. The MSTS scoring system is an effective tool for assessing postoperative functional status,
and there is a growing preference for less aggressive surgical techniques that preserve limb function while ensuring tumor control.

Keywords: Bone tumors, endoprostheticreconstruction, limb salvage, musculoskeletal tumor society, shoulder girdle.

Introduction third most prevalent location for bone tumors. The most

The shoulder girdle, which includes the proximal humerus, = cOmmon place in the shoulder girdle is the proximal humerus,
scapula, 1/3 lateral clavicle, and surrounding soft tissue, is the followed by the scapula and clavicle. Orthopedic oncologists
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face significant challenges when treating malignant or invasive
benign bone tumors in this region [1]. Tumors of the shoulder
girdle are always located near the neurovascular bundle, making
it difficult to resolve the conflict between shoulder stability and
dexterity. Local excision of bone and muscle may result in
inadequate functional outcomes and put the patient at risk of a
local recurrence. Thus, it has long been generally believed that
local resection of malignant bone tumors of the shoulder girdle
isrisky [2].

Classic surgery consists of en bloc excision of the entire scapula,
proximal humerus, lateral clavicle, and surrounding soft tissue,
followed by replantation of the shortened limb, known as type
VI resection. Modified Tikhoff-Linberg methods, also known
as type-IV and type-V resection, have been developed to lower
the extent of resection while improving the function of the
remaining extremity [3]. With improving survival rates for
patients with sarcomas, the detrimental effects of severe ablative
excision become more apparent, prompting the development
of a less aggressive surgical technique.
Various limb salvage methods are
currently being tested to keep the
functioning limb while maintaining
tumor control. Limb salvage operations
for bone tumors of the shoulder girdle,
like those for other anatomical sites,
consist of three steps: Complete tumor
excision, bone defect restoration, and
adequate soft tissue covering. Enneking
et al. developed a system in 1990 to
describe and compare the scope of
tumor resection and therapeutic
outcomes, but it was unable to
adequately express the surgical margins,
the relationship of the tumor to
anatomical compartments, the
abductor mechanism, the status of the

malignant tumors of the shoulder girdle can be safely resected
using various limb salvage methods [1]. In recent years, the
possibilities for reconstruction have expanded, and with better
surgical alternatives, postoperative functional capacities have
improved. Nowadays, common surgical options include
anatomical hemiarthroplasty, allograft-prosthesis composite,
and reverse shoulder mega prosthesis. The reverse shoulder
prosthesis was originally designed for individuals with rotator
cuff deficiency and is best suited to patients who present with
irreparable rotator cuffinjuries and subsequentloss of function.
As a result, this prosthesis is also suited for shoulder joint
reconstruction following oncologic proximal humerus
resections [S]. Following bone tumor removal, bone defect
restoration was determined by criteria such as the patient’s
economic status, cancer type and extension, surgeon skills, and
instrument availability. The present study comprises 18
patients who underwentlimb salvage procedures.
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FIGURE 1: Case of GCT of Left Proximal Humerus managed by tumor

excision with Endoprosthetic reconstruction

glenohumeral joint, and the magnitude
of the surgery [4]. Malawer proposed a
surgical classification system that
classified tumor resections into type-I,
type-1I, type-III, type-IV, type-V, and
type-VI. These were further categorized
into two subclasses based on the state of

A: Pre-operative AP X-ray of GCT of Left Proximal Humerus

B: Pre-operative Lateral X-ray of GCT of Left Proximal Humerus

C: Post-operative AP X-ray of Endoprosthetic Reconstruction of Left Proximal Humerus

D: Post-operative Lateral X-ray of Endoprosthetic Reconstruction of Left Proximal Humerus

E: 2-year follow-up Range of movement (external rotation) of Left shoulder

F: 2-year follow-up Range of movement (intemal rotation) of Left shoulder

the shoulder’s abduction system
(deltoid and rotator cuff) [3]. Due toan
improved understanding of the

Figure 1: Case of giant cell tumor (GCT) of lefe proximal humerus managed by tumor excision with
endoprosthetic reconstruction. (a) Pre-operative anteroposterior (AP) X-ray of GCT of left proximal

biological behavior of musculoskeletal humerus. (b) Pre-operative lateral X-ray of GCT of left proximal humerus. (c) Post-operative AP X-ray of of
cancers, the use of appropriate adjuvant endoprosthetic reconstruction of left proximal humerus. (d) Post-operative lateral X-ray of endoprosthetic

therapy, and the development of bone reconstruction of left proximal humerus. (e) 2-year follow-up range of movement (external rotation) of left

defect restoration, 80-90% of

shoulder. (f) 2-year follow-up range of movement (internal rotation) ofleft shoulder.
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FIGURE 2: Case of Osteosarcoma of proximal humerus managed with
tumor excision and shoulder arthrodesis with fibular grafting and LCP.

A: Antero-Posterior view of Osteosarcoma of the left shoulder

B: Antero-Posterior view of tumor excision with tumor excision and shoulder arthrodesis with fibular grafting and

LCP.

C: Lateral view of tumor excision with tumor excision and shoulder arthrodesis with fibular grafting and LCP.

cell tumors (GCTs) (aggressive and recurrent),
osteosarcomas, chondrosarcomas of the
proximal humerus, and aneurysmal bone cysts
(ABCs) were included in the study. The
exclusion criteria comprised patients who had
involvement of three or more key components,
i.e., bone, nerves, vessels, and soft-tissue
involvement.

Endo-prostheticreconstruction

The patients underwent tumor excision with
endoprosthetic reconstruction/arthrodesis
with fibular grafting and plating/plate fixation
with primary shortening, depending on the
type, location, and stage of the tumor. Standard
sutures were employed to locate key soft-tissue
components, such as the glenohumeral capsule

Figure 2: Case of osteosarcoma of proximal humerus managed with tumor excision and shoulder and tendon stumps. To rehabilitate the damaged

arthrodesis with fibular grafting and locking compression plate (LCP). (a) Antero-posterior view
of osteosarcoma of the left shoulder. (b) Antero-posterior view of tumor excision with tumor
excision and shoulder arthrodesis with fibular grafting and LCP. (c) Lateral view of tumor excision

with tumor excision and shoulder arthrodesis with fibular grafting and LCP.

Materials and Methods

This is a prospective study of 18 patients who had various limb
salvage procedures performed at the Department of
Orthopaedics, Vydehi Institute of Medical Sciences and
Research Centre in Bengaluru, India. The study was conducted
between 2012 and 2019, with a minimum follow-up of 2 years.
The outcome data were analyzed at the end of 2 years. Imaging
modalities such as radiography, computed tomography,
magnetic resonance imaging, bone scans, and positron
emission tomography (if required) were used to diagnose the
type of tumor and staging. A core needle biopsy was used to
confirm the histological diagnosis of all tumors. All patients
were staged with the Enneking System for Benign and
Malignant Musculoskeletal Tumors [4]. The functional result
ofthe procedure was assessed using the Musculoskeletal Tumor
Society Rating Scale (MSTS) [6]. The scoring evaluates six
factors: pain, function, emotional acceptance, hand
positioning, dexterity, and lifting ability for upper extremity
tumors, or walking, gait, and use of supports for lower extremity
tumors. Each factor is scored on a scale of 0-5, with 0 being the
worst and S being the best. The total score ranges from 0 to 30,
with higher scores indicating better functional outcomes and
lower impact of the tumor and its treatment on the patient’s
quality oflife.

Inclusion and exclusion criteria

Patients of all ages belonging to either sex diagnosed with giant

region, the endoprosthesis’s modular
components, including the humeral head, body,
and shaft, were connected to ensure proper soft-
tissue tensioning. Cemented/uncemented
intramedullary stems were chosen. Non-absorbable sutures
were used to attach proximal soft tissues to specific holes in the
endoprosthesis. Following surgery, patients were given a sling
and were advised to avoid putting weight on the afflicted arm
and limit shoulder movement (Fig. 1).

Arthrodesis with fibular grafting and plating

This procedure involved a typical S-shaped curvilinear incision
crossing the scapula’s spine and extending to the anterolateral
aspect of the arm. The tumor was exposed through soft-tissue
dissection and was eliminated. Tenodesis of the biceps tendon
was performed after the rotator cuff was resected from the
proximal humerus. For fixation, a fibular graft and locking
compression plate were employed. Afterward, the patient
received a hanging U-slab, and the wound was closed in layers

(Fig.2).

Table 1: Patient demographics

Number of Percentage

Gender .
patients

Male 10
Female 8
Total 18

(%)
55.56
44.44

100
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FIGURE 3: Chondrosarcoma of left proximal humerus managed with
wide tumor excision with primary shortening and plate fixation

A Antero-posterior X-ray of Chondrosarcoma of left proximal humerus

B: Lateral X-ray of Chondrosarcoma of left proximal humerus

Results

The study included 18 patients with various
types of shoulder girdle tumors, with a
majority (61%) diagnosed with GCTs. Other
cases included ABC (17%), chondrosarcoma
(11%), and osteosarcoma (11%). The gender
distribution was 55.56% male and 44.44%
female (Table 1and?2).

MSTS score

Functional outcomes were assessed using the
MSTS score, which evaluates parameters such
as pain, functional activity, hand positioning,
dexterity, lifting ability (muscle power), and
emotional acceptance. The MSTS scoring
system ranges from 0 to 30, with higher scores
indicating better functional outcomes. The
MSTS scores in this study showed a mean of
22.5 out of 30, indicating a 75% satisfactory
rate overall (Table 3).

C: Antero-posterior X-ray of Chondrosarcoma of left proximal humerus managed with wide tumor excision with

primary shortening and plate fixation.

D: Lateral X-ray of Ostecsarcoma of left proximal humerus managed with wide tumor excision with primary

shortening and plate fixation.

E: 2-year follow-up Range of Movements (Internal Rotation) of left shoulder

F: 2-year follow-up Range of Movements (External Rotation) of left shoulder

Figure 3: Chondrosarcoma of left proximal humerus managed with wide tumor excision with
primary shortening and plate fixation. (a) Antero-posterior X-ray of chondrosarcoma of left proximal
humerus. (b) Lateral X-ray of chondrosarcoma of left proximal humerus. (c) Antero-posterior X-ray

Pain

This category includes 12 patients,
representing 66.67% of the study population.
These patients reported experiencing either
no pain or mild pain postoperatively,
indicating successful pain management and a
positive recovery process. Four patients, or

of chondrosarcoma of left proximal humerus managed with wide tumor excision with primary 22.22%, experienced moderate pain. This
shorteningand plate fixation. (d) Lateral X-ray of chondrosarcoma ofleft proximal humerus managed  level of pain may suggest the need for ongoing
with wide tumor excision with primary shortening and plate fixation. (e) 2-year follw-up range of pain management strategies and could be

movements (internal rotation) of left shoulder. (f) 2-year follw-up range of movements (external

rotation) ofleft shoulder.

Plate fixation with primary shortening

A standard antero-medial approach to the proximal humerus
was taken. Soft-tissue dissection was carried out to expose the
tumor. Resection of the tumor was performed, followed by the
use of an appropriately sized proximal locking plate to fix the
proximal humerus. The extent of primary shortening was
noted. The wound closed in layers, and the patients were given
an arm sling for support followed by partial mobilization after a
few days of surgery (Fig. 3).

Statistical analysis

This studyuses descriptive statistics to report the frequencyand
percentage distributions of key variables. The percentages
provided allow for easy comparison and interpretation of the
results across various dimensions.

indicative of the surgical or rehabilitative
challenges faced by these patients. Two
patients (11.11%) reported severe pain,
highlighting a subgroup with significant postoperative
discomfort, which could impact their overall recovery and
quality oflife.

Table 2: Tumor distribution

Number of Percentage

Tumor type patients (%)
Giant cell tumor 11 61
Aneurysmal bone cyst 3 17
Chondrosarcoma 2 11
Osteosarcoma 2 11
Total 18 100
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Functional activity

A total of 10 patients (55.56%) were able to perform daily
activities independently, reflecting good functional recovery
and the effectiveness of the surgical and rehabilitative
interventions. Six patients (33.33%) required some assistance
with daily activities, indicating a partial recovery and the need
for continued support and rehabilitation. Two patients
(11.11%) were dependent on others for most daily activities,
suggesting poor functional recovery and highlighting the need
for further investigation into the factors contributing to this
outcome.

Hand positioning and dexterity

Eleven patients (61.11%) exhibited good hand positioning and
dexterity, demonstrating satisfactory motor skills and fine
motor control post-surgery. Five patients (27.78%) had limited
dexterity, suggesting some difficulties with fine motor tasks that
might necessitate additional rehabilitative efforts. Two patients
(11.11%) faced significant challenges with hand positioning
and dexterity, indicating a severe impact on their fine motor
abilities and overall functional outcomes.

Table 3: MSTS Score Components and Outcomes
Parameter Number of Percentage
Patients (%)
Pain
Mild to No Pain 12 66.67
Moderate Pain 4 22.22
Severe Pain 2 11.11
Functional Activity
Independent 10 55.56
Some Assistance 6 33.33
Dependent 2 11.11
Hand Positioning &
Dexterity
Good 11 61.11
Limited 5 27.78
Significant Difficulty 2 11.11
Lifting Ability (Muscle
Power)
Good 9 50
Moderate 7 38.89
Poor 2 11.11
Emotional Acceptance
Well Adapted 13 72.22
Moderate Struggles 3 16.67
Significant Challenges 11.11

Lifting ability (muscle power)

Nine patients (50%) showed good muscle power, indicating
strong lifting ability and good functional recovery of the
shoulder muscles. Seven patients (38.89%) demonstrated
moderate muscle power, suggesting a partial recovery with
some limitations in lifting and strength. Two patients (11.11%)
had poor muscle power, reflecting significant functional
impairment and the need for focused rehabilitative strategies to
improve muscle strength.

Emotional acceptance

Thirteen patients (72.22%) showed a good degree of emotional
acceptance post-surgery, showing good psychological
resilience and acceptance of their condition. Three patients
(16.67%) experienced moderate emotional struggles,
indicating some psychological challenges that might require
counseling or additional support. Two patients (11.11%) faced
significant emotional challenges, suggesting a need for
comprehensive psychological support to aid in their overall
recovery and quality oflife.

These outcomes indicate that limb salvage surgery for primary
bone tumors of the shoulder girdle provides satisfactory
functional results, with most of the patients experiencing
minimal pain and retaining a good degree of independence in
daily activities. Emotional acceptance was generally positive,
further supporting the viability of limb salvage over more
radical surgical options.

Discussion

Our study found that patients undergoing limb salvage surgery
for primary bone tumors of the shoulder girdle had satisfactory
functional outcomes, with a mean MSTS score of 23.5 £ 3.1 at
the 2-year follow-up. These results corroborate the findings of
Yang et al., who reported good functional outcomes in patients
who underwent limb-sparing surgery for shoulder girdle bone
tumors, with a focus on preserving limb function and achieving
satisfactory oncological control [1].

Similar to our findings, Denissen et al. conducted a systematic
review and meta-analysis on the functional outcomes of
patients with reverse shoulder megaprosthesis following the
resection of malignant bone tumors in the proximal humerus
[S]. Theyreported amean MSTS score 0f 24.2, highlighting the
effectiveness of this surgical approach in preserving shoulder
function and improving patient quality oflife.

Our study’s results are also consistent with those of Oztiirk etal.,
who evaluated the surgical and functional outcomes of
malignant tumors of the shoulder girdle. They found that limb
salvage surgeries, particularly those employing endoprosthetic
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reconstruction, yielded favorable functional results, with
patients achieving an MSTS score comparable to our findings

[7].

Comparison with aggressive surgical approaches

In contrast, aggressive surgical approaches, such as forequarter
amputation, have been associated with significantly poorer
functional outcomes. Sim et al. reported that patients
undergoing forequarter amputation experienced substantial
functional limitations, which were not observed in our cohort
undergoing limb salvage surgery [2]. This highlights the
importance ofless aggressive surgical techniques in maintaining
limb function while ensuring effective tumor control.

Advancesinsurgical techniques

The current study’s use of reverse shoulder megaprosthesis and
other advanced reconstructive techniques is in line with recent
trends in orthopedic oncology. Malawer and Enneking et al.
provided foundational work on the classification and surgical
approaches for shoulder girdle tumors, which have been
instrumental in developing modern limb salvage techniques [3,
4]. Recent advancements in prosthetic design and surgical
techniques have further improved outcomes. For example, a
case report by Kapoor demonstrated the successful use of
partial scapulectomy and reverse shoulder prosthesis in treating
GCTs of the scapula, achieving excellent functional recovery

[8].

Functional outcomes and rehabilitation

The importance of rehabilitation in optimizing functional
outcomes cannot be overstated. Studies by Chu et al. and Das et
al. have underscored the role of early and targeted rehabilitation
protocols in enhancing recovery and functional status post-
surgery [9,10]. Our findings support these observations, as
patients who adhered to a structured rehabilitation program
demonstrated significantly better functional outcomes, as
evidenced by their MSTS scores.

Limitations of the study
While this study provides valuable insights into the functional

outcomes of limb salvage surgery for primary bone tumors of
the shoulder girdle, there are notable limitations, such as a small
sample size, the single-center nature of the study, limited follow-
up duration, and heterogeneity of surgical techniques.
Addressing these limitations in future studies would enhance
the reliability and applicability of the findings, contributing to
improved patient care in the field of orthopedic oncology.

Disclosures

Human subjects: Informed consent for treatment and open
access publication was obtained or waived by all participants in
this study. Vydehi Institute Ethics Committee issued approval
VIEC/PG/APP/045/2020-21. Animal subjects: All authors
have confirmed that this study did not involve animal subjects
or tissue. Other relationships: All authors have declared that
there are no other relationships or activities that could appear to
haveinfluenced the submitted work.

Conclusion

This study reaffirms the efficacy of limb salvage surgery with
advanced reconstructive techniques in treating primary bone
tumors of the shoulder girdle. The functional outcomes,
reflected by favorable MST'S scores, demonstrate the success of
these procedures in preserving shoulder function and
enhancing patient quality of life. Compared to more radical
surgical options, limb salvage surgery offers significant
advantages in maintaining functional independence while
achieving effective tumor control. These findings support the
continued use and ongoing refinement of limb-sparing
techniques as a preferred approach in orthopedic oncology,
with a focus on improving both survival and functional
outcomes for patients.

Clinical Message

Limb salvage surgery for primary shoulder girdle bone tumors
provides effective oncological control while preserving limb
function, independence, and quality of life, making it a preferred
alternative to amputation when adequate surgical margins can be
achieved.

Declaration of patient consent: The authors certify that they have obtained all appropriate patient consent forms. In the form,

the patient has given the consent for his/ her images and other clinical information to be reported in the journal. The patient

understands that his/ her names and initials will not be published and due efforts will be made to conceal their identity, but
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