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Abstract: This case study focuses on scapula reconstruction using three-dimensional printing in a
patient with low-grade osteosarcoma. Malignant tumors originating from the scapula often lead to
destructive surgery, with poor functional status and quality of life for the patients. Using custom
prosthetic technology through three-dimensional printing could be a possible solution for reconstruc-
tion with greater long-term functional outcomes. This study aims to assess the functional outcomes
of the reconstruction. A 39-year-old patient with low-grade central osteosarcoma involving the lateral
two-thirds of the scapula underwent a custom prosthetic reconstruction. The patient subsequently
followed a rehabilitation protocol for 12 months. The results indicate that even though there was a
slight decrease in the range of movement, and an increase in the disabilities of the arm, shoulder, and
hand (DASH) score, no relevant increase in activities of daily living (ADL) disability was present at
follow-up. The patient returned to carry out his daily activities without pain and with a minimal
functional reduction in movement. In conclusion, three-dimensional prosthetic reconstruction is a
valid alternative for scapula reconstruction, allowing excellent functional and aesthetic results in
oncological cases.

Keywords: low-grade osteosarcoma; scapulectomy; 3D printing; custom prosthetic reconstruction

1. Introduction

Conventional osteosarcoma (COS) is one of the most frequent primary solid malignan-
cies of bone, characterized by malignant mesenchymal cells producing osteoid and imma-
ture bone [1–3]. Within the sphere of osteosarcomas, low-grade forms have higher survival
rates; between these low-grade subtypes, a rare condition that accounts for 1–2% is low-
grade central osteosarcoma (LGCOS). This neoplasm originates within the intramedullary
cavity and consists of fibroblastic cells with low-grade nuclear atypia [3]. It typically affects
the metaphysis of long bones but occasionally can develop in the axial skeleton [4,5]. The
preoperative period can be more extended than conventional osteosarcoma due to the
low symptoms (occasional pain, local swelling), exceeding 10 years in some cases with
an average of >2 years [5,6]. The long intercurrent period before diagnosis often leads to
an intramedullary expansive lytic growth with local areas of cortical destruction [7]. The
prognosis is good when the LGCOS is widely respected: the metastatic rate is <5%, and 5
and 10-year overall survival rates are 90% and >80%, respectively [5,6,8]. Due to the need
for surgery with wide resection margins, when the LGCOS affects the scapula, the problem
of functional outcome arises.
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Among the various possibilities of surgical treatment, the scapula prosthesis is con-
sidered an excellent compromise to maintain the function of the limb and an acceptable
cosmetic appearance for the patient [9]. However, in some cases, the oncological involve-
ment of the scapula is confined only to a circumscribed portion of the bone. In that case,
three-dimensional (3D) printing could absolve the limits of radical surgery, allowing more
accurate preoperative planning and more precise reconstruction of the anatomical part.

We are reporting the case of a 39 years-old patient affected by low-grade central
osteosarcoma of the left scapula that underwent a partial scapulectomy and a reconstruction
with an emi-endoprosthesis with the aid of 3D planning technology.

2. Detailed Case Description
2.1. Oncological Staging

A 39-year-old patient presented to our center with a history of progressive pain in the
left shoulder. Four years before the presentation of symptoms, the patient underwent a CT
scan and MRI of the shoulder for pain with the occasional finding of a lytic area around the
glenoid of the left scapula; the neoformation was not further examined before he arrived at
our center. At the clinical examination, no masses were detectable by the scapula palpation.
The patient had no functional limitations in extension, flexion, abduction/adduction, or
shoulder rotation. The surrounding skin had a normal temperature, good sensation, and
blood circulation of the left upper extremities, with no redness signs or ulceration. No
lymph nodes were appreciable in the axilla and upper extremity. The only symptom was
occasional pain around the joint.

An X-ray of the left scapula was performed; an irregularity of the bone involving the
glenoid area was detected and located in the S2 and partially the S1 region according to
Malawer’s and Musculoskeletal Tumor Society classification [10,11] (Figure 1).
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A CT scan of the shoulder indicated a lytic area extended from the glenoid cavity to
the medial third of the scapula’s body, infiltrating the acromion process partially with a
dimension of 70 × 45 mm (Figure 2).
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Comparing the CT scan with the previous one performed, the neoplastic process was
stable, without further bone extension. A CT-guided needle biopsy was executed, and the
histological results suggested low-grade central osteosarcoma (Figure 3).
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Figure 3. Histologically, the lesion was composed of a hypocellular spindle cell proliferation with mild
atypical nuclear features, in a collagenous matrix; parallel-aligned bone trabeculae were also present.
The whole histological and genetical features were consistent with low-grade central osteosarcoma
(Hematoxylin & Eosin, 20×).

The absence of metastases of the lungs, mediastinum, abdomen, or bones was con-
firmed by a thoracoabdominal CT scan. The final diagnosis turns out to be left scapula
low-grade central osteosarcoma, scapular sites S1 and S2, Enneking IA stage [12], grade 2.
This case has been discussed collegially with a board composed of oncologists, oncological
orthopedic surgeons, radiologists, and pathologists; in consideration of the low malignancy
of the neoplasm, the anatomical part with only an area of neoplastic invasion, the high
functional request for a young active patient, a total scapulectomy with humeral suspension
would have been too demolitive of a choice. However, wide margins were necessary to
reduce the risk of local recurrence of malignancy. A partial scapulectomy with a customized
reconstruction was agreed upon as a treatment for this patient.
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2.2. Prostheses Project

The tumor area and surrounding anatomical structures were studied with a CT scan
with 1 mm slices to achieve a representative 3D model. At the same time, MRI images
were needed for an adequate evaluation of tumor extent within the bone (both medullary
and cortically) and in surrounding soft tissues. Patient-specific instruments (PSIs) and
implants were designed according to the planned resection strategy. The fabrication
process for PSIs and custom implants is in charge of a company with specific expertise and
industrial workflow for additive manufacturing. Commercial software, as well as Mimics®

(Materialise, Leuven, Belgium) or Invesalius® (freeware), are mainly used for segmentation.
PSIs can be molded in nylon or printed in titanium alloy according to the companies’
clinical needs. PSIs had bone-specific contact surfaces to fit into a unique position on the
bony structure of the patient based on the shape of the bone acquired by the CT scan
(Figure 4). PSIs were equipped with flat surfaces and holes to be pinned temporarily on the
bone. The final PSI was printed in nylon or titanium and made sterile for operation.
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Figure 4. Reconstructed 3D scapular tumor model (A) low-grade osteosarcoma of the left glenoid;
(B) bone cutting using patient-specific cutting guide; (C) the virtual bone cut; (D) the virtual 3-D
model of scapular prosthesis.

Before the definitive model, a virtual custom prosthesis was created, modeling on it the
best fixation method of the implant on the existing bone, mirroring the opposite part. The
Ti-6Al-4V implants were fabricated by depositing a few micron layers of titanium powder
melted by electron beams technology (i.e., electron beam melting technique). Implant
porosity was widely variable to increase the performance of the prostheses: macro-porosity
was studied to lighten the implant, while micro-porosity could enhance the bone surface
contact. These surfaces have pores with an average size of 0.7 mm, allowing the host
bone to grow directly inside the implant spaces to achieve stable biological fixation. The
prosthesis was provided with tools to allow fixation to the host bone and plates or rods,
while the screws’ position and lengths were previously planned. Polished manufacture
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or a surface layer (polycaprolactone, PCL, poly-lactic acid, PLA) could be integrated into
porous titanium structures for articular reconstruction.

2.3. Surgery

Intraoperatively, the patient was in the lateral position; the incision was taken from
the coracoid process anteriorly to the inferior angle of the scapula posteriorly (Figure 5).
The periscapular soft tissues were dissected, and the scapula was exposed completely.
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After a complete bone dissection, the navigation template for osteotomy was attached
to the anatomical landmarks, and the affected part of the scapula was removed without
complications (Figure 6).
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Following the osteotomy, the hemi-prosthesis was combined with the remaining bone
portion and fixed with screws to the medial part of the scapula; a Kirschner wire, supported
by a surgical suture, was used to stabilize and make an arthrodesis of the acromion-
clavicular joint. An intraoperative X-ray showed the perfect contact of the prostheses to the
bone. Finally, we sutured the rotator cuff and periscapular muscles to the prostheses using
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the preformed holes. After various shoulder stability tests, the wound was sutured, and a
Desault bandage was applied to be maintained for 20 days to obtain good healing.

2.4. Follow-Up

After removing the bandage, the patient underwent rehabilitation at our center’s
Physical Medicine and Rehabilitation Unit. The wound was clean, without signs of infection,
with no redness and low skin temperature (Figure 7).
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Figure 7. Clinical follow-up at 12 months: shoulder ROM was satisfactory, with an anterior elevation
between 121 and 150◦, abduction between 91◦ and 120◦, external rotation, hand above the head, and
internal rotation of hand posteriorly to the level of T12.

During the post-operative and 3 years X-ray no signs of implant loosening or shoulder
instability were identified (Figure 8).
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Initially, the patient started with a passive mobilization of the shoulder followed by
active movements, muscular strengthening focused on dynamic stabilizers of the scapula
complex, neuromuscular electrical stimulation (NMES), muscular proprioceptive facilita-
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tion, postural control, and proprioceptive exercises. The patient subsequently continued
rehabilitation in his city of residence and resumed sporting activity in the pool.

The patient underwent a follow-up which included the execution of a clinical medical
evaluation, an X-ray of the operated shoulder, and a CT scan of the chest every 3 months
during the first two years, and every 4 months during the third and fourth follow-up
years. Finally, during the fifth year, the controls were performed every 6 months. No signs
of local relapse or distant metastases were reported. The follow-up is currently still in
progress. At 6 months of follow-up, the patient showed a mechanical complication of the
prostheses implant with the mobilization of the Kirschner wire; under the skin, near the
coracoid process was palpable the extroflection of the metal wire, with no ulceration but
with slight pain and esthetical discomfort for the patient. We decided to surgically remove
the K-wire. No further mechanical complications occurred during the rest of the follow-up.
The functional results of the operated shoulder were evaluated during the first 12 months
of follow-up. The scores used were the Constant–Murley score (CMS) and the disabilities
of the arm, shoulder, and hand (DASH) score; the first defines the level of pain and ability
to carry out ordinary daily activities, using a scale from 0 to 100, where the higher value
indicates a higher functional quality for the patient. The second score indicates the level of
disability of the upper limb, using a scale from 0 to 100, where the highest value indicates
a condition with less autonomy. Furthermore, to define the functionality of the operated
shoulder muscles more securely, an electromyographic examination (EMG) was performed
using the Cometa wireless EMG system [13].

At 12 postoperative months, the range of movement (ROM), measured by the Constant–
Murley score [14,15], changed from 65 to 51 points (Table 1). The functional aspects where a
change was highlighted are an overall reduction in mobility, the absence of pain, and lower
strength in the abduction movement (Table 1). However, shoulder ROM was satisfactory,
with an anterior elevation between 121 and 150◦, abduction between 91◦ and 120◦, external
rotation, hand above the head, and internal rotation of hand posteriorly to the level of T12.

Table 1. CMS and DASH score.

Pre-Operative 12 Months Post-Operative

CMS Total 65 51

Pain 10 15

ADL 4 4

Hand Position 10 10

ROM 32 22

Strength 9 5

DASH 35 (4.2%) 44 (11.7%)
Constant–Murley score (CMS); activities of daily living score (ADL); range of movement (ROM); disabilities of the
arm, shoulder, and hand (DASH).

The DASH score [16,17] changed from 4.2% in the preoperative phase, in which the
patient could perform almost all daily activities, except for slight pain and tingling when
lifting heavy objects, to 11.7% in the postoperative phase. The problems most encountered
resulted in the difficulty in unscrewing the cap of a jar, lifting an object over the head,
lifting heavy objects, performing gardening work, washing the back, getting dressed, and
engaging in some recreational activities [17]. Considering that the MCID for DASH was
10.2 points, no relevant increase in activities of daily living score (ADL) disability was
present at follow-up.

Regarding the electromyographic activity of the shoulder muscles, the activity of the
affected muscles did not show any activation anomalies preoperatively. After surgery,
there was some difference in the timing of the activation of muscles, except for a slight
activation delay of the anterior deltoid during the abduction. During the anterior flexion,
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the correct activation of the anterior deltoid at the first degrees of movement was observed.
No significant changes were reported in the anterior dentate muscle, trapezius, pectoralis,
and great dorsal muscles.

During the extra-rotation, there was an increase in the activation amplitude of the
lower trapezius and middle trapezius; no variation in activity at the level of the great dorsal.
At 12 months of follow-up, the patient returned to carry out his daily activities without
pain and with a minimal functional reduction in movement. At 3 years of follow-up the
patient is continuously disease free maintaining the same shoulder activity.

3. Discussion

Malignant tumors of the scapula require surgery that is often highly destructive to
obtain large surgical margins and reduce the risk of local recurrence. On some occasions,
we find ourselves forced to perform complete scapulectomy operations with humeral
suspension, with poor functional, motor, and aesthetic results for the patient [9]. Central
low-grade osteosarcoma is one of those malignant forms which, though rarely, can affect
the scapula [4,5]. However, it is a malignant tumor with slow growth that often results in
bone destruction [7]. The removal with wide margins allows for good overall survival and
local control of the disease [5,6,8]. This form of cancer mainly affects a young age group,
around the third decade of life [8]. Patients affected by this malignancy often require high
functional results for a return to daily activities, a return to sport, and a return to playful
activities. With new reconstructive technologies in the medical field, limb salvage, where
possible, has become of extreme importance. Moreover, previous studies have shown
that over 90% of limb salvage interventions showed no difference in terms of survival in
patients with malignant tumors [18].

Various surgical options have been tried over the years. Total scapulectomy associated
with humeral suspension is one of the most used surgical options; however, the functional
limits for the patient are known. Humeral suspension limits movement significantly,
making it difficult to lift the arm over the head, perform internal and external rotations,
and do weightlifting with the operated limb [9,19,20]. Moreover, as previously mentioned,
the limits of the aesthetic outcome of this procedure must be considered.

The choice of scapula transplantation using homologous grafts has led to good func-
tional results in the short and medium-term; however, bone resorptions occurred in long-
term follow-ups, resulting in loss of scapular muscle strength associated with graft frac-
tures [21]. Over the years, scapula endoprostheses have improved outcomes in patients
suffering from scapula tumors in aesthetic and functional terms. However, the presence
of prostheses that do not reflect the patient’s anatomical characteristics has determined
functional motor aspects, which are good, but still need to be optimal [9,22]. Faced with
the need to obtain increasingly complex reconstructive results, the introduction of custom
reconstruction techniques using 3D printing has led to significant changes in surgical
outcomes in oncological and reconstructive orthopedics. Furthermore, using customized
cutting masks on the patient’s bone profile has increased the possibility of obtaining large
surgical margins with increasingly complex osteotomies and subsequently allowing pros-
thetic reconstructions that adhere perfectly to the healthy portion of bone [23,24]. In our
case, the presence of central low-grade osteosarcoma involving the scapula at the level of
the glenoid cavity with the involvement of part of the body and with a partial extension at
the level of the acromial and coracoid process (Malawer S1 and S2), set the limit of a total
scapulectomy. However, the young age of the patient, and the presence of a low-grade
disease, without further visceral and lymph node localizations, placed us in front of the
need to find a more functional reconstructive alternative. A cutting guide enabled a com-
plex osteotomy that spared the entire medial portion of the scapula while maintaining
wide surgical margins. Subsequently, the 3D customization allowed the medial margin of
the patient’s scapula to join to a prosthetic system that reconstructed the glenoid cavity,
acromial, and coracoid processes and obtained excellent reconstructive results. The patient
was followed up with a regular postoperative follow-up. After 12 months, the functional
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results were good, with extensive anterior elevation, abduction, and intra/extra rotation.
The only complication was the mobilization of a Kirschner wire used for acromioclavicular
stabilization. This event required the surgical removal of the wire after 6 months; however,
following removal, no joint instabilities occurred. This complication allowed us to under-
stand how, in a similar clinical condition, in which a scapular prosthetic reconstruction is
required, different matching possibilities can be used at the level of the acromion–clavicular
joint, for example, designing an ultra-congruent prosthetic facet joint, stabilized with only
the use of trans-osseous sutures. Thanks to this complex reconstruction surgical technique,
the patient has returned to a good quality of life, with slight limitations and without pain,
and excellent local disease control results.

To conclude, however, restrictions remain in this study. First, the follow-up is currently
still short (30 months) to define the outcome of this custom-made prosthesis. Moreover, de-
signing a custom prosthesis through 3D printing takes a long time and has high production
costs. Finally, it is necessary to develop a more extensive surgical series to clearly define,
for the future, which are the ideal options for creating custom scapular prosthetic implants
with a lower rate of complications.

4. Conclusions

For years, malignant scapula tumors have presented the limit of reconstructive tech-
niques that maintain large surgical margins and good functional and aesthetic outcomes.
Technological innovation in the orthopedic field has led to ever greater possibilities of
limb-sparing. The introduction of customization technologies through 3D printing has further
refined the orthopedic reconstructive capacity, enabling more complex osteotomies and recon-
structions calibrated on the patient’s anatomical characteristics. Briefly, 3D printing prosthetics
could fill patients’ surgical needs who require highly individualized reconstructions.
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