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Personalized Surgical Planning for Soft Tissue
Sarcoma of the Popliteal Fossa with a Novel 3D
Imaging Technique
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Objective: Soft tissue sarcomas (STSs) arising from the popliteal fossa pose surgical challenges due to their proxim-
ity to critical neurovascular structures. This study aimed to investigate whether a novel 3D imaging technique highlight-
ing these key anatomical structures could facilitate preoperative planning and improve surgical outcomes in STS.

Methods: This was a prospective, observational, pilot study. Between November 2019 and December 2020,
27 patients with STS of the popliteal fossa undergoing limb-sparing procedures were enrolled and assigned to either a
control or intervention group. Control patients underwent traditional preoperative planning with separate computed
tomography angiography, magnetic resonance imaging, and magnetic resonance hydrography. In the intervention
group, 3D images were generated from these images, the tumor and skeletomuscular and neurovascular structures
were revealed in three dimensions, and this was visualized on the surgeon’s smartphone or computer. Primary end-
points were surgical margins and complications. Secondary endpoints included operative time, blood loss, serum
C-reactive protein and interleukin-6, length of in-hospital stay, and limb function. Comparisons between groups were
made using independent-sample t-tests for continuous data and the Mann-Whitney U and Fisher’s exact tests for
categorical data.

Results: There was a lower but not significantly different inadvertent positive margin rate (1/15 vs. 3/12,
P = 0.294), significantly shorter hospital stay (P = 0.049), and less numbers >75th percentile of operative time
(P = 0.037) and blood loss (P = 0.024) in the intervention group. Differences in surgical complications, operative
time, blood loss, C-reactive protein and interleukin-6 levels on the second postoperative day, and limb functional
scores were statistically insignificant.

Conclusions: The novel 3D imaging technique facilitates complex preoperative planning and limb-salvage surgical pro-
cedures for patients with STS of the popliteal fossa, and this may affect how surgical planning is performed in the

future.
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Introduction were made in the US. in 2021, along with 5350 related
S oft tissue sarcomas (STSs) account for approximately 1% | deaths.” The common histotypes include liposarcoma,

of all malignancies in adults and have more than a hun- | leiomyosarcoma, and undifferentiated pleomorphic sarcoma,

dred subtypes."* An estimated 13,460 new STS diagnoses | with the most typical primary sites being the extremities
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(40%-50%), trunk (13%), and retroperitoneal space (7%).557
Despite considerable progress in transdisciplinary manage-
ment, surgery remains the mainstay of curative treatment,
with en bloc resection and wide surgical margins being the
standard approach.®’

Accounting for less than 5% of all extremity and trunk
STSs, the popliteal fossa is a relatively rare anatomic site of
involvement that poses special management challenges due to
the proximity of crucial neurovascular bundles.'””'* Wide
surgical margins become almost impossible in such condi-
tions, and functional morbidity increases.'® Further radiation
treatment, either prior to or following surgical resection, can
be employed for local control; however, potential complica-
tions include neuritis, joint stiffness, edema, fibrosis, pain,
and wound issues."*"> Surgical margin contamination may be
minimized with appropriate surgical planning by experienced
surgeons, thereby requiring fewer total radiation doses,
resulting in better limb function and greater local control.
Additionally, this process may also limit accidental
intraoperative injury to major neurovascular structures. Nev-
ertheless, only a few studies have reported clinical improve-
ment based on the use of preoperative images, which form
the basis of surgical planning.'®™'® MRI and magnetic reso-
nance hydrography are the principal tools for surgical plan-
ning, particularly for assessing tumor spatial location and its
relationship to adjacent nerves, generally in two dimensions
(2D). CT identifies vascular structures and calcifications in
3D. The traditional preoperative planning process requires
the surgeon to construct the tumor and surrounding critical
anatomical structures by screening and synthesizing necessary
information from individual 2D and 3D images, a highly cog-
nitively demanding process that requires expertise but, most
importantly, could be subjective or even inaccurate.

Therefore, a novel 3D image tumor model is generated by
registering and segmenting multimodal images synergistically to
give more comprehensive guidance for diagnosis and treatment.
Although surgeons are trained to recognize and mentally inte-
grate various key anatomical structures from multiple images,
the digital fusion display of multimodal images could provide
additional information and be more diagnostically accurate than
conventional mental representations.'” While the novel 3D
imaging technique has been successfully applied in neurosur-
gery, radiation therapy, and bone oncology surgery,”* > no rele-
vant studies have been published on its use in STS of the
popliteal fossa. The purpose of this study was to: (i) compare
the early surgical outcome based on the novel 3D image vs tra-
ditional images for patients with STS of the popliteal fossa; and
(i) state advantages of the use of the novel 3D imaging tech-
nique for the personalized surgical treatment of STS.

Materials and Methods

Study Design

This was a prospective, observational, pilot study comparing
surgical planning and outcomes based on the novel 3D
image vs traditional images in the context of STS of the
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popliteal fossa (ChiCTR.org, ChiCTR2000041043). The ethi-
cal committee of our hospital approved the study protocol
(No. 2019-1062). The Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) reporting guide-
lines were followed (Fig. 1).

Subjects and Management

The eligibility requirements were STS of the popliteal fossa
(diameter >5 cm), which was biopsy-proven, resectable, and
treatment-naive; age >14 years; and aiming for curative
limb-salvage surgery. Patients with severe systemic disease
and intolerance to surgery were excluded. Written informed
consent was obtained from patients or guardians.

The patients were allocated to either the intervention
(with novel 3D image) or the control (with traditional
images) group, based on their preference. Each case was
reviewed by a transdisciplinary team composed of patholo-
gists, radiologists, orthopedic surgeons, radiation specialists,
and medical oncologists. Preoperative chemotherapy was
indicated as per the pathological diagnosis from biopsy,
whereas preoperative radiation treatment was performed

29 Assessed for
eligibility

Allocated at the
patients’ preference

16 Allocated to
intervention

13 Allocated to control

1 Did not proceed with
surgery

1 Subsequently
discovered to not meet
inclusion criteria:
amputation

12 Received allocated
control surgery

1 Lost to follow-up at
6th month

12 Analyzed (including
the lost one)

1 Did not proceed with
surgery

1 Subsequently
discovered to not meet
inclusion criteria:
amputation

15 Received allocated
intervention surgery

0 Lost to follow-up

15 Analyzed

Fig. 1 Flow chart of participant inclusion in this study
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when obtaining an oncologically appropriate surgical margin
was difficult.”*

Preoperative local imaging included contrast-enhanced
CT angiography, contrast-enhanced MRI, and magnetic res-
onance hydrography for both groups. A surgeon (H.D. or
C.T.) with >15 years of experience in STS conducted the sur-
gical planning and the curative surgery. The surgical plan for
the intervention group was based on the novel 3D image,
while for the control group, it was carried out using tradi-
tional classic images.

Similar intraoperative and postoperative treatments
were followed for both groups. The dissection was performed
through grossly normal planes of tissue without tumor
involvement. Where the tumor had adhered to bone, the
periosteum was excised. In cases of cortical or medullary
involvement, the segment was removed and reconstructed.
Tumors adjacent to major vessels were not removed when
the underlying structures were in grossly intact condition fol-
lowing adventitia resection. Otherwise, the vessels were
resected, followed by bypass graft surgery. The major nerves
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were always preserved, with the perineurium removed when
immediately adjacent to the tumor.

Postoperative radiation treatment was considered for
cases with positive margins, and those with stage II, IIIA,
and IIIB disease, as per the American Joint Committee on
Cancer (AJCC) Staging system for soft tissue sarcoma of the
trunk and extremities (8th ed., 2017)."*** Chemotherapy
was also recommended for specific subtypes. Patients were
followed up at 2 weeks, 1 month, 3 months, and 6 months
after surgery, and every 3-6 months thereafter at outpatient
clinics, where chest CT and localized MRI scans were taken
(except at 2 weeks).

3D Image Preparation

The intervention group utilized Digital Imaging and Com-
munications in Medicine (DICOM) data from CT, MRI, and
magnetic resonance hydrography were used to construct the
tumor model in 3D, based on the report by Fang et al.>' The
voxel size for CT angiography image and magnetic resonance
hydrography image was 0.8 mm x 0.8 mm X 0.8 mm and

Fig. 2 Classic images and three-dimensional reconstruction in a patient with popliteal fossa synovial sarcoma. CT angiography image (A),
T1-weighted MRI (B), MR hydrography image (C), 3D reconstruction image (D) in similar axial views. Posterior and lateral view of the 3D
reconstruction image (E, F). Abbreviations: PA, popliteal artery; CFN, common fibular nerve; TN, tibial nerve; Tu, tumor
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04mm x04mm x 1.0 mm (axial spacing X sagittal
spacing x coronal spacing), respectively, whereas the voxel
size for other images varied with a slice thickness between
3 and 5 mm. The MR images were mapped to CT images
with affine and diffeomorphic registration algorithms using
advanced normalization tools (https://github.com/ANTsX/
ANTSs). To segment the tumor and its surrounding vital ana-
tomical structures, several semi-automatic segmentation
algorithms were employed, such as level-set, region-grow,
and threshold control, in the interactive software 3D Slicer
4.11 (3D Slicer, www.slicer.org).”® Quality assurance and
artificial correction processes were conducted to ensure a
registration accuracy of >95% and a maximum segmentation
error of <2 mm, referring to the original raw DICOM data.
The time spent for 3D reconstruction was recorded.

The 3D image model included the bone, sarcoma,
major neurovascular bundles (in proximity to the sarcoma),
muscles, enlarged lymph nodes (if any), and bone edema
(if any) and were viewed by surgeons via mobile applications
or computers (Fig. 2). The application used was 3D PDF
Reader 3.4 (Tech Soft 3D, Bend, OR, USA). With standard
smartphone gestures and simple configurations, the patient-
specific 3D model, or any part of it, can be rotated, zoomed,
hidden, displayed, and rendered translucent.
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Outcome Measures

The enrollment period was from November 2019 to
December 2020, and the data were collected between
November 2019 and June 2021. Recorded baseline character-
istics included sex, age, tumor size, pathological diagnosis,
Fédération Nationale des Centres de Lutte Contre le Cancer
(FNCLCC) tumor grading, stage, and presence of neuro-
vascular involvement.”” Tumor size was determined from
preoperative cross-sectional images by measuring the maxi-
mum diameter of the tumor on MRI. Neurovascular involve-
ment was defined as >50% complete envelope in preoperative
images that presented difficulty in anatomical dissection.

The primary outcome measures were the surgical
margins and complications. The surgical margins were first
recorded intraoperatively and later confirmed by pathological
analysis using the Toronto Margin Context Classification
(TMCC).*® The margins were classified into four types: nega-
tive, the same as AJCC’s RO; inadvertent positive margins
(IPMs); planned close with an ultimately positive microscopic
margin along a major bone or neurovascular structure; and
whoops margin, positive after a second resection for patients
treated initially elsewhere with inadequate margins. Acciden-
tal injury to vessels and nerves and issues with wound healing
were key complications of interest. Vascular injury was

TABLE 1 Patient baseline characteristics

Participants, No. (%)

Characteristic Control (n = 12) 3DMMI (n = 15) Statistic Value P Value
Age, mean (SD), years 42.8 (13.5) 39.5 (16.5) t=0.5556 0.583¢
Sex ¥?> =0.0675 >0.999°
Male 7 (58) 8 (53)
Female 5 (42) 7(47)
Histological type ¥? = 1.9675 0.854°
Synovial sarcoma 4 (33) 3(20)
Undifferentiated pleomorphic sarcoma 1(8) 4.(27)
Liposarcoma 3(25) 3(20)
Well-differentiated liposarcoma 1(8) 0
Dedifferentiated liposarcoma 1(8) 2(13)
Myxoid liposarcoma 1(8) 1(7)
Rhabdomyosarcoma 2 (17) 2 (13)
Myxofibrosarcoma 1(8) 2 (13)
Angiosarcoma 1(8) 1(7)
FNCLCC grade U=2825 0.667"
1 1(8) 1(7)
2 4 (33) 4 (27)
3 7 (58) 10 (67)
Tumor Size®, mean (SD), cm 11.2 (3.0) 11.3 (3.5) t=0.9183 0.367¢
Neurovascular involvement
Vessel 5° (42) 5° (33) ¥? = 0.1985 >0.706°
Nerve 6° (58) 8°(67) ¥? = 0.0297 >0.999°
Tumor Stage U=795 0.567"
1B 1(8) 1(7)
1A 6 (50) 6 (40)
B 5(42) 8(53)

Notes; @ Tumor size was recorded in maximum diameter.; ° Four patients had both vessel and neural involvement.; °Four patients had both vessel and neural
involvement.; ¢ Student’s T-test.; © Fisher exact test for major types of histology, not considering the subtypes of liposarcomas.; fWilcoxon rank sum test. Control
group patients underwent preoperative planning with traditional classic images, and intervention group with the novel 3D image.
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TABLE 2 Surgical outcomes for curative surgery of the soft tissue sarcomas of the popliteal fossa

Outcome Control (n = 12) 3DMMI (n = 15) Statistic Value P Value
Surgical margin, No. (%) U=81.5 0.651°

Negative 5(42) 6 (40)

Planned close 4 (33) 8 (53)

IPM 3(25) 1(8) ¥? = 1.7755 0.294°
Surgical complications, No. (%) 3(25) 1(6) ¥2 =1.7755 0.294°

Intraoperative, vascular injury 1(8) 0 x> = 1.2981 0.444°

Intraoperative, nerves injury 2 (17) 1(6) x% = 0.6750 0.569°

Postoperative, wound complication 0 0
Operative time, mean (SD), min

Mean (SD) 106.7 (26.05) 87.33 (25.20) t=1.9510 0.062°

Median (IQR) 120 (37.5) 80 (30.0)

>75th Percentile, participants, No. (%)° 7 (58) 2(13) ¥* = 6.0750 0.037°
Blood loss (ml)

Mean (SD) 199.2 (113.4) 148.7 (59.51)

Median (IQR) 225 (215) 150 (30) Uu=715 0.375%

>75th Percentile, participants, No. (%)° 6 (50) 17) ¥* = 6.5186 0.024°
Serum index of systemic inflammation

CRP, preoperative, median (IQR), mg/L 4.09 (1.33) 3.81(0.74) U=86.0 0.867°

IL-6, preoperative, median (IQR), pg./mL 2.86 (1.36) 3.17 (1.22) U=86.5 0.876°

CRP, at 2nd day, mean (SD), mg/L 37.61 (10.10) 34.92 (5.80) t = 0.8690 0.393°

IL-6, at 2nd day, mean (SD), pg./mL 32.13 (7.65) 28.93 (5.89) t=1.2310 0.230°
Length of in-hospital stay, median (IQR) 8(1.75) 7(2.00) U =50.5 0.049°
Limb Function

MSTS, preoperative, median (IQR) 93 (6.3 93 (6.0 U=86.5 0.874°

MSTS, at 6th month, median (IQR) 93 (8.3 93 (7.0 U=81.0 0.666°
Notes: Control group patients underwent preoperative planning with traditional classic images, and intervention group with the novel 3D image.; Abbreviations:
CRP, C-reactive protein; IL-6, interleukin-6; IPM, inadvertent positive margins.; ®Wilcoxon rank sum test.; P Fisher exact test.; ° Student’s T-test.; ¢ 75th percentiles
are defined as 120 min for operative time and 250 mL for blood loss.

defined as inadvertent injury where suture repair was needed.
Nerve injury was defined as an injury associated with limb
malfunction after surgery.

The secondary outcome measures were operative time,
estimated intraoperative blood loss, serum index of systemic
inflammation C-reactive protein (CRP) and interleukin-6
(IL-6), length of in-hospital stay, and Musculoskeletal Tumor
Society (MSTS) limb function score.”* The operative time
and estimated intraoperative blood loss amount were also
classified as <75th and >75th percentiles, which were chosen
as an indicator of surgical quality. CRP and IL-6 were chosen
to reflect the magnitude of the systemic inflammatory
response associated with operative trauma and were assessed
preoperatively and at 2 days postoperatively.”™>' The MSTS
was evaluated preoperatively and at 6 months following sur-
gery. Other information on survival, including evidence of
local recurrence and metastasis, was also recorded.

Statistical Analysis

Sample size estimation was not undertaken due to the lack
of previously published data. The Shapiro-Wilk test was
used to examine if continuous variables were normally dis-
tributed. For normal distributions, the mean was calculated
(with standard deviation [SD]); otherwise, median values
were reported (with interquartile range [IQR], or range).
Categorical data are expressed as proportions (percentages).

Comparisons between groups were made using independent-
sample t-tests for continuous data and the Mann-Whitney U
and Fisher’s exact tests for categorical data. Analyses were
conducted using R 3.5.3 (R Foundation for Statistical Com-
puting, Vienna, Austria), and a two-sided P value of <0.05
was considered statistically significant.

Results

Baseline Characteristics

Between November 2019 and December 2020, 29 patients
with STS of the popliteal fossa were identified, of whom two
were excluded for requiring amputations following admis-
sion. A total of 27 patients were included, of whom 15 were
males, with a mean age of 40.9 [15.1] years. Twelve patients
were assigned to the control group and 15 to the interven-
tion group based on their personal preferences. No statistical
differences in patient baseline characteristics were found
between the two groups (Table 1).

Primary Outcomes

The overall surgical margins (P = 0.671), IPM (1/15 vs. 3/12,
P = 0.294), and intraoperative complications (P = 0.294)
were not statistically significant.
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Secondary Outcomes

The secondary outcome differences between the two groups
were not statistically significant in terms of the operative
time (P = 0.062), and estimated intraoperative blood loss
(P = 0.375), nor were the differences significant for the 2nd-
day serum CRP (P = 0.383) and IL-6 (P = 0.230) levels
postoperatively, and MSTS (P = 0.666) at the 6th month.
Significant differences were found in length of stay
(P = 0.049), numbers >75th percentile vs <75th percentile of
operative time (P = 0.037), and blood loss (P = 0.024)
(Table 2). One patient in each group required vascular
bypass graft surgery due to gross tumor involvement.

Miscellany

The time spent on 3D reconstruction was 3-4 h (median,
3.5h) per patient. The median follow-up duration was
12 months (range, 6-18 months). One patient from the con-
trol group was lost to follow-up 6 months postoperatively.
At the last follow-up at 18 months, one patient from the
intervention group had lung metastasis without local recur-
rence. All other patients had been disease free. The MSTS
(preoperatively vs 6 months after surgery) were not statisti-
cally significant for the control (P = 0.656) and intervention
(P = 0.125) groups.

Discussion

TSs of the popliteal fossa with proximity to vital neuro-

vascular bundles and occasional involvement were a
challenge for the surgeons.’” Tumor location, especially spa-
tial distance to major neurovascular structures, is essential
for surgical planning and outcome prognosis.'’ However, lit-
erature focusing specifically on ways to improve surgical out-
comes from the perspective of surgical planning based on 3D
imaging that reveal these critical anatomical structures is
very limited. Here, we showed that the novel 3D imaging
technique contributed to improved surgical planning for
patients with STS of the popliteal fossa, resulting in shorter
hospital stays, less numbers of high blood loss and long
operative time, and a potentially lower risk of IPM. Surgeons
are, therefore, recommended to use multimodal images for
3D reconstruction when treating complicated STSs, particu-
larly those with neurovascular involvement.

Personalized Surgical Planning

A comprehensive knowledge of anatomy is essential for a
successful surgery. While some experienced surgical oncolo-
gists can accomplish any limb-salvage STS surgery despite
any unexpected intraoperative findings of innate or tumor-
related anatomical variations, young surgeons are at a greater
risk of injuring major neurovascular structures or of
prolonging surgical duration, especially in patients with diffi-
cult anatomy. Hence, surgical planning based on images is
necessary. During the traditional classic procedure, surgeons
need to identify every key anatomical structure to form a
roughly patient-specific tumor model in their brain preoper-
atively. Although radiologists are usually more capable of
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reading medical images, their knowledge of patient-specific
anatomy cannot be fully utilized by surgeons. Nevertheless,
during the improved surgical planning, the novel 3D image
was processed by an experienced radiologist. This 3D model
was an excellent tool to connect the surgeons and radiolo-
gists, thereby facilitating better multidisciplinary teamwork.
By this intuitive and informative computer-generated 3D
representation, all detailed patient-specific knowledge can be
translated into real surgical benefits against all potential
intraoperative anatomical challenges. Based on the digital 3D
model revealing the tumor and all adjacent key anatomical
structures, a tailored individualized preoperative plan can be
easily devised that can hardly be accomplished with tradi-
tional separate images, or in a very rough fashion. This
included via which muscle or compartment the re-
section should be performed, whether to remove a major
vessel or its adventitia only, the suitable site and length of
resection, if necessary, and from which plane the dis-
section should be performed for a major neurovascular
structure in proximity to the tumor. This evaluation is possi-
ble even when these structures are pushed aside, far from the
original standard anatomical location, by the tumor. This sit-
uation can be difficult, even for some STS experts but partic-
ularly so for less experienced surgeons. In most cases, the
surgical plan is formulated after the tumor surroundings are
visualized intraoperatively. Hence, by using the novel 3D
image, the risk of accidental invasion of the tumor and major
neurovascular injury can be minimized and operating time
reduced, especially in complex cases for less experienced
surgeons.

Resection Margin

This study used the TMCC to evaluate the resection margin
rather than the AJCC residual tumor classification or the
Enneking systems because TMCC has unique applications in
the context of inadvertent residuals (IPMs).?® However, there
were nearly a quarter as many IPMs in the intervention
group as in the control group (1/15 vs 3/12), with no statisti-
cal difference, which was attributed to the relatively small
sample size. Nonetheless, this pilot study examined early
clinical outcomes and reported an institution’s preliminary
experience, suggesting rationality for future large-scale trials.

Surgical Metrics

To achieve a successful limb-salvage STS operation, surgical
metrics, including surgical complications, operative time,
blood loss, serum index of systemic inflammation, limb func-
tion, and length of in-hospital stay, are crucial. In this study,
total operative time, total blood loss, intraoperative compli-
cations, inflammation index, and limb function were similar
between the two groups. However, the number of cases with
>120 min (75th percentile) of operative time and >250 mL
(75th percentile) blood loss, were significantly reduced in the
intervention group. This suggested that the novel 3D image
may assist surgeons predominantly in complex cases by
facilitating preoperative decision-making and minimizing
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surgical challenges related to uncertain or inconspicuous
anatomical parameters. Furthermore, the length of in-
hospital stay was significantly shorter in the intervention
group. This may decrease the risk of in-hospital complica-
tions, saving costs and healthcare resources.”> Therefore, sur-
gical planning based on the novel 3D image is a promising
strategy for achieving successful limb-salvage STS procedure.

Benefits for Surgeons

Besides the previously mentioned merits for patients and
hospitals, surgical planning based on the novel 3D image
also helps surgeons alleviate the cognitive burden exerted on
surgeons by decreasing the magnitude of information that
needs to be processed.’* Conventional raw images, such as
CT and MRI, display all aspects of anatomical information
in grayscale, where structures unrelated to surgical decision-
making are also included. Such extraneous information may
impair surgeons’ cognition and affect their judgment when
interpreting imaging. However, irrelevant information was
excluded in the 3D image, and only key structures and their
spatial relationships were highlighted more understandably
in a multicolor format in 3D, allowing easier preoperative
planning.

Caution before Further Application

Despite advantages shown in surgical planning, the shift of
anatomical structures related to the patient position between
preoperative imaging and surgery should not be neglected,
which may lead to inaccurate representation of the 3D
image. The mean shift of the sciatic nerve (in the upper leg)
and tibial nerve (in the lower leg) for repeated supine posi-
tions is 3.06 mm and 0.9 mm, respectively, and 5.86 mm and
3.02 mm for supine vs. other patient positions, respectively.'®
Accordingly, patient position during imaging acquisition
should be consistent with that employed in the operation
room to minimize the variability, particularly for 3D recon-
struction for sarcomas in less rigid regions.

Strengths and Limitations

To our knowledge, this is the first prospective study that
explored the use of the novel 3D imaging technique for the
personalized surgical treatment of STS in the popliteal fossa.
Nevertheless, our study had several limitations. First, the
sample size was small, limiting statistical analyses. The lim-
ited availability of data from the literature also prevented us
from calculating the sample size. However, this was intended
as a pilot study to explore a novel preoperative planning tool
for rare tumors in challenging locations, which could serve
as the basis for future large-scale trials. Second, the follow-up
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period was short. However, this study aimed to describe
intraoperative conditions and early surgical outcomes associ-
ated with preoperative planning instead of long-term survival
or metastasis. Third, two patients were excluded from our
analysis, which may have affected the overall results. Fourth,
the fact that the operation in this research was performed by
experienced surgeons with over 15 years of experience may
understate the validity and strength for this novel 3D image
among less experienced surgeons.

Conclusions

In this real-world pilot study, we found that the preoperative
planning for cases with complex STS of the popliteal fossa
was improved through the novel 3D image, as it enhanced
surgical planning procedures with a positive impact on the
patients, surgeons, and hospital. Patients could experience
decreased intraoperative blood loss, shorter operating times,
and potentially reduced risks of inadvertent residuals. For
surgeons, using the novel 3D image may also provide an
intuitive and comprehensive approach to comprehensive
patient-specific knowledge of anatomy and tailored personal-
ized surgical planning, while hospitals would benefit from
reduced costs and resources associated with improved
patient outcomes. Overall, this study yielded promising
results with this novel 3D imaging technique that could
guide future studies and advance preoperative planning.
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