
ORIGINAL ARTICLE

Multidisciplinary Assessment of Planning and Resection of Complex
Bone Tumor Using Patient-Specific 3D Model

Anil Murat Ozturk1 & Suzan Sirinturk2 & Levent Kucuk1 & Fulya Yaprak2 & Figen Govsa2 & Mehmet Asim Ozer2 &

Ufuk Cagirici3 & Dundar Sabah1

Received: 19 October 2018 /Accepted: 29 November 2018 /Published online: 5 December 2018
# Indian Association of Surgical Oncology 2018

Abstract
Oncological interventions in thoracic cavity have some important problems such as choice of correct operative approaches
depending on the tumor, size, extension, and location. In sarcoma surgery, wide resection should be aimed for the curative
surgery. Purpose of this study was to evaluate pre-operative planning of patient-specific thoracic cavity model made by
multidisciplinary surgeon team for complex tumor mass for oncological procedures. Patient’s scans showed a large mass
encroaching on the mediastinum and heart, with erosion of the adjacent ribs and vertebral column. Individual model of this
case with thoracic tumor was reconstructed from the DICOM file of the CT data. Surgical team including six interdisci-
plinary surgeons explained their surgical experience of the use of 3D life-size individual model for guiding surgical
treatment. Before patients consented to surgery, each surgeon explained the surgical procedure and perioperative risks to
her. A questionnaire was applied to 10 surgical residents to evaluate the 3D model’s perception. 3D model scans were useful
in determining the site of the lesion, the exact size, extension, attachment to the surrounding structures such as lung, aorta,
vertebral column, or vascular involvement, the number of involved ribs, whether the diaphragm was involved also in which
order surgeons in the team enter the surgery. 3D model’s perception was detected statistical significance as < 0.05. Viewing
thoracic cavity with tumor model was more efficient than CT imaging. This case was surgically difficult as it included vital
structures such as the mediastinal vessels, aorta, ribs, sternum, and vertebral bodies. A difficult pathology for which 3D
model has already been explored to assist anatomic visualization was mediastinal osteosarcoma of the chest wall, dia-
phragm, and the vertebral column. The study helped to establish safe surgical line wherever the healthy tissue was retained
and enabled osteotomy of the affected spinal corpus vertically with posterior-anterior direction by preserving the spinal cord
and the spinal nerves above and distal the tumor. 3D tumor model helps to transfer complex anatomical information to
surgeons, provide guidance in the pre-operative planning stage, for intra-operative navigation and for surgical collaboration
purposes. Total radical excision of the bone tumor and reconstructions of remaining structures using life-size model was the
key for successful treatment and better outcomes. The recent explosion in popularity of 3D printing is a testament to the
promise of this technology and its profound utility in orthopedic oncological surgery.
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Introduction

Primary tumors of the bony in mediastinal localization with
extension to chest wall, abdomen, and vertebral column are
uncommon, although a wide variety of both benign and
malignant tumors arises within the chest wall [1–3].
Preoperative evaluation of patients is aimed at diagnosis
and assessment of the extent of the tumor [4, 5]. The keys
to successful treatment are early recognition and excision
with adequate margins and immediate reconstruction
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because bone tumors are relatively resistant to radiotherapy
and conventional cytotoxic chemotherapy [1–4, 6].
Complete excision with widely negative microscopic mar-
gins at the initial operation is of the utmost importance;
local recurrence portends systemic metastasis and eventual
tumor-related mortality [5, 7].

Oncological surgery for this case, wide resection of tumor,
and reconstructions and fixation are highly demanding surgi-
cal procedures, consisting of thorax vessels, pulmo, heart, and
spinal cord. Due to the tumor location, the presence of
neurovascular structures and vital organs are high risk of
bleeding, infection, and paralysis. Partial osteotomy of the
affected spinal corpus should be performed vertically with
posterior-anterior direction that is associated with possibility
of compromising important motor and sensorial function of
spinal cord. Unfortunately, it is correlated with loss of impor-
tant functions mentioned above depending on the resection
level of the spine and related spinal cord injury. Because it is
unpredictable remained corpus after osteotomy of the spine, it
is not known exactly the level and type of fixation and fusion
of the spine.

Consequently, resection of huge tumor localized in thoracic
cavity required patient-specific anatomical and pathological
features. Imaging plays a major role in the diagnosis and char-
acterization of thoracic lesions, with imaging appearance and
radiological reporting outcomes being utilized to direct
patient-specific treatment planning [8, 9]. Nevertheless, there
is not enough data about this anatomical site to provide insight
for clinical practice currently. 3D computed tomography (CT)
has much improved imaging; complete understanding of the
tumors behavior’s and affects is still difficult [10, 11]. Another
problem is that, when manipulating vital organs, they are also
being moved on the side that is often not visible during surgi-
cal procedure.

The development of imaging modalities and computer
technology provides new approaches for surgical planning.
The 3D print ing technique has been adopted in
oncosurgeons recently. It allows rapid construction of accu-
rate, full-scale individual tumor model so that surgeons can
observe, take measurements, and even practice surgery on
the models [12, 13]. In recent years, with the development
of digital medicine and imaging modalities, a 3D tumor
model can be generated to plan the resection and instrumen-
tation position of screws to adapt complex thoracic tumors
[14, 15].

The newest developments in intraoperative stereotactic
navigation have added to the accuracy and preciseness for
addressing tumor surgery.

We hypothesize that using 3D models as a surgical cutting
guide would significantly improve the surgical outcomes in
planning for huge mediastinal tumor. They have been used to
aid in localization of tumor borders, visualize operative mar-
gins, plan osteotomies, and restore postoperative structures in

order to optimize surgical intervention. A fundamental aspect
of surgical planning in large resections and osteotomies is the
identification of mediastinal structures and spinal cord—roots
to preserve healthy muscle, bone, spinal cord—roots and tis-
sue while fully resecting the tumor. This creates significant
cognitive load, especially for collaborators, who participates
rarely in these difficult operations as it relies on image inter-
pretation, anatomical and surgical knowledge, experience, and
spatial sense.

The purpose of this study was to evaluate if creation of
preoperative 3D patient-specific life-size osteosarcoma model
will assist interprofessional level surgeons in making opera-
tive plans including its presentation, diagnostic tools, surgical
guide, and surgical outcome.

Materials and Methods

A 17-year-old girl presented with a large swelling in her left
thorax was transferred to our center. The patient underwent
radiological investigations in the form of chest radiography
and CT (Fig. 1). A large-sized mass lesion was observed in
the hemorrhagic high-density areas extending to the
paravertebral space of the left hemithorax, T12 and the left
side of the posterior elements of affected vertebrae, filling the
entire left lower lung lobe. The characteristic appearance was
a well-defined, lobulated soft tissue mass with mediastinal,
paravertebral, or thoracic cavity involvement. The preopera-
tive diagnosis was a large sarcoma of the left chest wall pos-
sibly osteosarcoma.

The study was approved by the suitably constituted Ethical
Committee at Researches Department of Ege University (17-
6/19), within which the work was undertaken, and the study
conforms to the Declaration of Helsinki. The patient provided
written informed consent.

The case that would require significantly different pre-
operative plans was based on key features identifiable in
the preoperative CT imaging. After the consultation of
multidisciplinary surgical team for malignancy, including
the experts of oncologic thoracic, oncologic orthopedic,
spine, flap general, and cardiovascular surgeons, it was
decided to remove the huge tumor in one operation. A
questionnaire was applied to 10 surgical residents to eval-
uate the 3D model’s perception. An Objective Structured
Assessment of Technical Skills (OSATS) scale was used in
the questionnaire to provide information about the compe-
tence and sensitivity of the anatomical model as a specialty
training tool.

Pearson correlation coefficients and kappa statistics were
used to assess the rating for OSATS questions. SPSS (18.0)
program was used for statistical analysis and the threshold
value for statistical significance was calculated as 0.05.

116 Indian J Surg Oncol (March 2019) 10(1):115–124



Results

Patient-Specific 3D Modeling

CT images (GE Discovery CT750 HD) were processed in
DICOM (Digital Imaging and Communications in
Medicine) format. The data images were processed and con-
verted to a standard tessellation language (STL) file for print-
ing (Fig. 1a–f). The mean time required for successful 3D
reconstruction was 120 min. 3D model scans were useful in
determining the site of the lesion, exact size, extension, attach-
ment to the surrounding structures such as the lung, aorta,
vertebral column, or vascular involvement, the number of in-
volved ribs, and whether the diaphragm was involved. (Fig.
1b–f).

Printing of Individual Thorax with Osteosarcoma

Proposed tumor model and the thoracic cavity in relation to
the topographic neighbors were printed with Mass Portal. The
model took approximately 10 h to print. There was a high
degree of correlation between STL file dimensions and mea-
surements made on the 3D tumor model. We used the manip-
ulated 3D image to print a patient-specific thoracic cavity
model that has the same size (1:1 model) and the same geo-
metric features as the patient’s thorax (Fig. 2a, b). The life-size
3D model of the tumors was essential to the success of the
operation (Figs. 3, 4, 5, 6, 7, 8, and 9). With the help of the
model, surgical cutting line of the osteotomy, the number of

vertebra to conduct laminectomy, reconstructive regions to be
cleared with was planned (Fig. 3). The preoperative planning
and postoperative controlling of posterior instrumentation in-
cluding screw positions, orientation, and number level of
screws and intervals of screws were determined with 3D
life-size models (Figs. 2, 3, and 8c, d).

Patient Positioning

Case was placed to in right lateral position on an operat-
ing table. Anatomical landmarks were selected on the skin
surface and orientation of the entire procedure was pro-
vided. First, the thorax surgery team enters the surgery
and the patients underwent a thoracotomy on the affected

Fig. 2 a, b Showing the site, size, and extension of the tumor as vertebral
column, diaphragm, and ribs

Fig. 1 Computed tomography
images of an irregular mass of
high-density in the left mediasti-
num in a. Model tumor with
standard tessellation language
files in b, c, d, e and f, as tracking
tumor at all angles
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side with excision of the ribs of ex biopsy tracks (Figs. 3
and 4a–d). After printing the 3D model, surgical ap-
proaches were evaluated by rehearsal, and the lateral tho-
racotomy was finally selected rather than median
sternotomy. In the intercostal space, a 20 cm incision
was made on the posterior axillary incision line extending
from the line to the back (Fig. 4a). Open thoracotomy
under controlled thorax under thorax.

Oncologic Surgery

During surgery, the tumor mass in the chest was found to be
large and it involved most of the anterolateral chest wall (Fig.
4 b, c). It was separated with a sharp and blunt dissection from
the lung, the lateral portion of the chest wall, site of mediasti-
nal adhesion diaphragm, and 8–12 ribs (Fig. 4d). By the car-
diovascular surgeon team, the left segmental intercostal arter-
ies (T8-L1) of the aorta in the close proximity of the tumor
tissue were ligated and cut and removed from the mass
(Fig. 5a–d). After the orthopedic spine and oncology surgeon
team, since the tumor was on the left side of the thoracic
cavity, osteotomy and laminectomy were performed on the
right side of the T8-L1 (Fig. 5b, c). After laminectomy, the
spinal cord was revealed and nerve roots were ligated on left
side (T8-T12) and 1/3 corpus of the spine was ostetomized
vertically with posterior-anterior direction on affected left side
(Figs. 5b and 6a). Using combined sharp and blunt dissection,
the mass was resected completely (Fig. 5b–d). Wide resection
of the tumor included the ribs immediately above and below,
the adjacent muscles (with at least a 4-cm safety margin) and
the underlying pleura, diaphragm and vertebral column to
prevent the local recurrence.

The border of the tumor was checked regularly to prevent
and minimize the neurovascular damage (Figs. 5b and 6a).
Nerve roots were also checked during the intervention in case

Fig. 4 a–d Operative
photographs show the tumor
(white arrow) and its relationship
with the surrounding structures

Fig. 3 Multiplanar resection planning of the tumor through fused
preoperative 3D reconstructive images and intra-operative paired-point
matching. The blue areas indicate the planned resection planes and white
arrows for paired-point matching and surface-point matching
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of neuromotor nerve damage. The left roots emerging from
the spinal cord between T8 and T12 were ligated. Tumor mass

was removed safely without damaging the neighboring nerves
(Fig. 4b, c).

The serratus anterior muscle was partially taken. The his-
topathology report showed the axillary lymph nodes to be
tumor-free. Once the thoracic cavity, abdomen, and spinal
canal were exposed, depending on the type of resection
(intraregional, wide resection, and partial osteotomies), the
margins of the desired resection were marked for tumor re-
moval (Figs. 4, 5, and 6). Case of malignant neoplasms of
bone and articular cartilage has taken the diagnosis of osteo-
sarcoma (05.16.2018).

Reconstructive Surgery

When resection of the tumor was completed, the patient’s
retroperitoneum, abdomen, thorax, and spinal cavities should
be opened. First, diaphragmatic defect was closed with a 10 ×
15 PTFE. The thorax defect was closed with a 15 × 20 PTFE
graft. The thorax wall graft was attached to the spinal muscles
at the back. The spinal muscles and thorax muscles were
approached to a great extent. The skin flap between the verte-
bral sulcus and the thoracotomy line was appropriately closed.

Posterior Instrumentation and Flap Surgery

The position of the patient changed to prone after closure of
the thorax and abdomen. The second step was performed with
posterior instrumentation and closure of the big operative de-
fect (the implants, spinal cord, fusion area) with the flap
(Figs. 6b and 7a–c). By the orthopedic spine surgeon team,
posterior instrumentation was performed on right side be-
tween T8 and L2 since after the osteotomy, the left side ped-
icles are removed together with the mass. At the T6, T7, L3,

Fig. 5 Application of partial
osteotomy in a and b and tumor
resection in c and d. ˃ribs,
►spinal cord,→ tumor

Fig. 6 Intraoperative vascular control of the spinal cord (►) in a.
Posterior instrumentation and undamaged spinal cord after laminectomy
in b
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L4 level, pedicle screwswere put bilaterally so that the rigidity
of the posterior instrumentation is provided. The bone grafts
were put on the right side for fusion. All pedicular screwswere
put both with the 3D model and scopy guidances.

Depending on the residual defect after resection, latissimus
dorsi fleb were used for closure of the spine and the instru-
mentations. With a pedicled latissimus dorsi flap because the
case was wide enough to provide adequate coverage, in the
same operating region (opened spinal cord, instrumentation,
and fusion area). There was no additional donor site morbid-
ity, no need for microsurgical anastomosis, and no longer need
for prolonged surgery. There was no infection or void leakage.
The left chest wall mass was an intramedullary osteosarcoma,
most probably of rib origin.

Post-operative Period

No operative complications were reported in the case. Patient
stays one night in intensive care. Chest exercise started imme-
diately after the operation. Chest tube taken 3 days after the
operation. On the third day after the operation, the surgical
wound was examined and pressure dressing was re-applied.
Any wound complications were identified and recorded.
Neurological signs were re-evaluated. Plain radiograph and
CT after the operation was carried out to determine the
osteotomy site (Fig. 8a–d). All stitches were removed at the
end of the second week after the operation. Physical exami-
nation including neurological examination of the lower limbs,
plain radiograph of chest, and instrumented vertebrae were
carried out at each follow-up. During the first years after the

Fig. 8 Postoperative controlling of posterior fixation including positions,
locations, and numbers of screws and intervals of screws in radiograms in
a, b and reconstructions demonstrate a complete thoracolumbal construct
in c, d

Fig. 7 a–cThe residual defect
after excision and latissimus dorsi
flap (arrow) repair of the defect

Fig. 9 a, b Postoperative CT image demonstrating as screw position in
pedicule (arrow) and new lobe ventilation (star)
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operation, the patient was followed up every 3 months. At last
control (postoperative 6 months), there was no problem at
surgical site and neurologic status. Postoperative chest com-
puted tomography, radiography, and bone scintigraphy
showed no evidence of a metastatic disease (Figs. 8a, b and
9a, b).

Surgical intervention was found in all stages of the respon-
sibility of the most experienced surgeon in sarcoma (DS).
Surgical team head evaluated surgical assets of personalized
3D models, postoperatively.

The 3D model of the surgery during the planning of the
whole team can easily bring the tumor in 3D.With 2D images,
it has not been easy for anyone. Team members’ expectations
from each other were much easier to understand. Thoracic,
cardiovascular, general surgeon, spine, oncologic, and flap
surgeons were involved in this study.

Benefits of Modeling

3D model’s perception was detected statistical significance as
< 0.05.

*Primer osteosarcoma spreads to the posterior wall of chest
wall, involves the chest wall by direct invasion from intratho-
racic cavity, diaphragm, and vertebral column. The patient had
expanding masses in different dimensions in the vertebral col-
umn, thoracic cavity, and abdomen.

*The records of the case were reviewed with regard to
symptoms, location, and diameter of the tumor, tumor grade,
and extent of invasion, evidence of distant metastases, surgery,
and methods of reconstruction, time and site of recurrence,
mortality, and subsequent follow-up. All details concerning
the extent of surgical resection were carefully documented.

*3D model has been used to aid complex oncological sur-
gery planning and operating individual cases with complicat-
ed situations, which has achieved satisfying results by making
operation safer and easier, showing a great potential in the era
of precision medicine.

*Study team has planned the course of the surgery collab-
oratively together with the surgeon team. They considered 3D
models to be useful in assisting interprofessional collabora-
tion. One participant commented on the model’s ability to
allow for a better appreciation of the tumor’s anatomical ori-
entation in space within the thoracic cavity.

*Team surgeons believed that the 3D personalized model
allowed for a better perception of information related to struc-
tural depth and spatial relationships of the tumor when com-
pared to the corresponding 3D reconstructed image provided.

*Both surgeons believed that 3D life-size model would be
useful in the process of identifying a safe surgical pathway, in
addition to intraoperative navigation and orientation in this
complex case. It was also suggested that the actual-size model
might be a useful supplementary tool for surgical team when
learning how to interpret multi-planar medical images.

*The 3D model allows easy visualization of the location
and size of the tumor as well as identifying the relationship of
the tumor to key anatomical structures such as the aorta, dia-
phragm, heart, lung, vertebral column, and thoracic roots.
Specifically, pre-operative 3D thoracic mass models could
potentially promote total resection, laminectomy-osteotomy
sparing surgery, and preservation of healthy tissue, as sur-
geons gain a better understanding of the size and location of
a tumor in relation to normal tissue and oncological mass
(Figs. 3, 4, and 5).

*In the field of mediastinal oncological surgery, the limit of
resectable length has always been the biggest obstacle. The
team of surgeons focuses more on the reconstruction rather
than destruction.

*That is, the surgical team successfully worked in compli-
cated onco-surgical even as three body cavities are opened at
the same time, the tumor was removed before disintegration,
and the closure procedure was successfully performed. The
assets of personalized 3D models were evaluated
postoperatively.

*It is also enabled to designate safe excisions and
osteotomy corridor while preserving the neurovascular struc-
tures and the spinal cord. Personalized models also revealed
the course of the coroner and sagittal plane angles that can
extend within dissection and bone osteotomy border. This
provided right and safe guidance and anatomical landmarks
for the intervention.

*Without the use of 3D modeling, there would not be a
guiding method, so the operation would last longer and there
would be more blood loss and severe complications.

Since the surgical team will not be so selective, it would be
a surgical procedure to experience the trouble like walking in
the cloudy water.

*Spinal cord would not have been protected and the patient
would have suffered from paraplegia. With the help of 3D
modeling, preserving the vertebral column and thoracic cavity
in this intervention avoided restraints and provided a lifetime
comfort to the patient in work and social life.

*Models with life size tactile and visual characteristics of-
fer multisensory inputs that can enrich and aid in spatial cog-
nition and learning. This is especially true in the context of a
complex tumor involved with highly variable anatomy. It is an
innovative navigational tool allowing a convenient surgery to
the surgeon while preserving the life quality of the patient.
This study presents our first clinical experience within a huge
tumor of a patient whom we have applied 3D model
navigation-assisted cancer surgery.

*The surgical algorithm was to print the tumor with tho-
racic cavity model first, then perform onco-surgical proce-
dures in planning, and finally conduct onco-surgical proce-
dures; this was time-consuming, and radiation-free.

*Creating a 3Dmodel requires close collaboration between
the anatomist and onco-surgeons. Discussing the 3D thoracic
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model with the whole team improved our understanding of the
structure damage. It provided a moment of reflection and the
possibility to discuss suitable approaches and apply options.

Discussion

The surgical key to successful treatment of primary chest wall
tumors remains with early diagnosis and complete surgical
resection [9, 14]. Better survival has been documented in pa-
tients with complete resection of their tumor at the time of
initial surgery [16, 17]. Wide resection of all thoracic tumors
with appropriate margins, reconstruction of the bony chest
wall to ensure preservation of respiratory mechanics, and soft
tissue coverage of the reconstructive screws with healthy
vascularized tissue are the treatment of choice [6, 18].
Resection of all sarcomas should include all of the involved
soft tissue or bone and a normal tissue on all sides [7, 8, 19].
For neoplasms of the rib cage, this includes the removal of the
involved ribs as 8–11 (Figs. 1c–f, 2a, b, 4d, and 5a, d) and
several partial ribs above and below the neoplasm (Fig. 4c, d).

Complex resection is a procedure with the potential to in-
fluence quality of life drastically [15]. It is difficult to predict
the association between thoracic nerve roots and the residual
function due to several factors. These factors include pre-
surgical neurological status (disease may have damaged the
roots prior to the surgery), the presence of variable anastomo-
ses above the roots, onset of post-operative complications,
collateral damage, personal motivation during rehabilitation,
and time spent for the follow-up (Figs. 1, 2, 3, 4, 5, 6, 7, 8, and
9).

In this study, we tested 3D model assisted with surgical
procedure assessment for preoperative planning of complex
osteosarcoma excision in thorax. Options for excision and
reconstruction of the thoracic cavity include extensive surgical
approaches with the possibility of morbidities such as infec-
tion, blood loss, and wound complications and spinal
problems.

The great consistence of the cutting line guides, screw po-
sitions, and orientations applied in the actual surgery with the
pre-operation designs and the efficient restoration of the re-
maining tissue provide convincing evidence that 3D printing
techniques in preoperative planning allows for oncological
surgery management providing shorter, less invasive, more
precise, and more reliable surgeries [9, 19–21].

The 3D tumor model allows rapid and accurate construc-
tion of a full-scale individual model, which can facilitate the
visualization of the patient pattern and complex thorax anato-
my prior to the surgery. Surgeons with 3D modeling team can
determine appropriate surgical incision line and approach.
This life-size model has been successfully used in oncological
surgery as they improve the surgeon’s efficiency, shorten sur-
gical duration, and reduce iatrogenic complications. In this

study, we have experienced pre-operative design of multidis-
ciplinary approach of a complex case with the positions and
orientations of the thoracic tumors.

In the case of huge osteosarcoma in the setting of prior
posterior and inferior of chest wall with extension to dia-
phragm and vertebral column, the personalized thorax model
enabled the selection of a targeted approachwith the extension
of the prior lateral thoracotomy to assess and excise the three
cavities foci of tumor (Fig. 4a, b) with adequate margins,
while reducing perioperative morbidity (Figs. 1, 2, 3, 4, 5, 6,
7, 8, and 9).

This study suggests that in tumor case, physical models of
the anatomy produced by 3D printing may assist surgeons in
visualizing the anatomy, and thus providing a net benefit for
surgical planning. However, only a single study to date has
systematically evaluated the utility of 3D printed thoracic cav-
ity models in assisting surgical planning for complex onco-
logic cases.

The most powerful aspect of this study is that each surgical
discipline can plan and perform its own work in the best way
with a successful multidisciplinary surgical approach. By
means of the 3D model, we have been informed in advance
which fields need to be entered.

By offering a greater understanding of spatial relationships
prior to the initiation of a surgical procedure, this technology
may assist the surgeon to select the best surgical approach,
identify high-risk areas, anticipate complications, and the need
for consultation of other surgical specialties. The mainstay of
our research findings is the nuances in treating this mediastinal
tumor with patient-specific model guided navigation to
achieve optimal oncological resection, to reduce neurological
complications, and to minimize recurrence. [9, 14, 15].
Although point-to-point measurements were not different,
3D personalizedmodels increased the understanding of shape,
scale, and anatomy [15–21]. It enabled understanding signif-
icantly faster than other media. In difficult surgical cases such
as the present case with complex anatomy and a need for
efficient multidisciplinary coordination, 3D life-size models
should be considered for surgical planning [22–26].

Surgical Outcome

In this sarcoma case surgery, removal of tumor mass without
extensive excision is essential. This case was difficult because
of the close proximity of the tumor mass to the main
neurovascular structure, contact with the heart, lung, aorta
and vertebrae, its large size, having high postoperative mor-
bidity, mortality, and complications. On completion of tumor
removal, the patient had to undergo progressive surgery on-
cologic thoracic, oncologic orthopedic, cardiovascular, gener-
al, orthopedic spine, and flap surgery, respectively. It is useful
for crowded surgical branch physicians to decide and act
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together, in which sequence of operations, to start, continue,
and terminate the interference algorithm.In addition, each
branch was useful in terms of evaluating the complications
and solutions that might occur in planning their own surgeries.
It was also helpful to know how to resolve the closure of
remaining defects after the mass removal of the team.

The 3D technology was superior to the current standard of
care in assisting surgeons with visualizing the anatomy for
surgical planning. Six interdisciplinary collaboration surgical
team in identifying complex cases that could benefit from this
technology may enhance the expert care provided to patients.

Conclusion

3D model-assisted surgery represents a safe and helpful tool
for resection of mediastinal osteosarcoma and may influence
surgical treatment plans in selected cases to enable resections
that are more limited.

This technique can significantly improve the outcome of
cancer surgery via providing a better pre-operation plan, and a
collaborating platform for surgical teams to understand the
surgical procedures completely.
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