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Abstract

Purpose of Review Surgical management of locally advanced oral cavity squamous cell carcinomas (OCSCC) has long been
recognized as a primary treatment modality. Technological advances have led to significant improvements in our surgical
approach, from improvement in the visualization of tumors to more efficient and precise reconstruction. Here, we review the
latest technological advances in surgical extirpation and reconstruction of locally advanced OCSCCs.

Recent Findings The focus of technological innovation in surgical extirpation has been on improving visualization, with the use
of intraoperative ultrasound for margin delineation, intraoperative navigation, narrow-band imaging, and the use of fluorescence.
Though early, these are promising steps to ensuring complete resection of the cancer. Advances in reconstruction have been
centered on the incorporation of computer assisted design, manufacturing, and virtual surgical planning, allowing for more
complex three-dimensional defects to be expeditiously reconstructed.

Summary As these technologies are still under development, their impact on oncologic outcomes are not yet robustly defined;
however, as technology continues to advance and become more widely available, new technologies will undoubtedly become
integrated into enhancing surgical precision and planning.

Keywords Advanced oral cavity carcinoma - Oral cavity reconstruction - Technology - Tumor margins - Image-guided surgery -
Virtual surgical planning

Introduction

Oral cavity cancer remains one of the most common malig-
nancies of the head and neck, and the 15th most frequent form
of cancer in the world, with an estimated 200, 000 new world-
wide each year (http://globocan.iarc.fr/Pages/fact_sheets
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population.aspx). Tobacco and alcohol remain the major
culprits with a well-documented synergistic effect, although
areca and betel nut chewing, poor dental hygiene, chronic
trauma, as well as genetic susceptibility may also play etio-
logic roles. Overall, 90% of oral cavity cancers are squamous
cell carcinomas (OCSCCs).

OCSCC:s arise from the epithelial mucosa of the oral cavity.
The oral cavity is bounded by the skin-vermillion lip junction
anteriorly, extending to the hard-soft palate junction superiorly
and the circumvallate papillae of the tongue posteriorly. There
are eight distinct subsites including the oral anterior 2/3 of the
tongue, mucosal lip, floor of mouth, gingiva covering the
upper and lower alveolar ridge, retromolar trigone, hard palate
and buccal mucosa. OCSCCs from all subsites not only have a
tendency to invade locally, but also spread to the cervical
lymphatics as well. Up to 45% of patients harbor metastases
to cervical lymph nodes at presentation [1].

The American Joint Committee on Cancer (AJCC) and the
Union for International Cancer Control (UICC) classify
OCSCCs based on the tumor, node, metastases (TNM) system
(Table 1). By definition, locally advanced oral cavity cancers
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Table 1 American Joint

Committee on Cancer (AJCC) Criteria

and the Union for International

Cancer Control (UICC) 8th T Stage
Edition Clinical TNM staging Tx Primary tumor cannot be assessed
criteria fo‘r Oral Cavity Squamous Tis Carcinoma in situ
Cell Carcinomas
T1 Tumor <2 cm AND DOI<5 mm
T2 Tumor larger than 2 cm but <4 cm AND DOI< 10 mm, or
Tumor <2 ¢cm with DOI>5 mm but <10 mm
T3 Tumor larger than 4 cm, or
DOI> 10 mm
T4a Mucosal Lip: involvement of cortical bone, inferior alveolar nerve, floor of mouth, skin of face
Oral Cavity: cortical bone of maxilla/mandible, maxillary sinus or skin of face
T4b Involves masticator space, pterygoids, skull base or encases carotids
N Stage
Nx Regional nodes cannot be assessed
NO No regional lymph node metastasis identified
N1 Single ipsilateral node measuring 3 cm or smaller, without ENE
N2a Single ipsilateral node larger than 3 cm but less than 6 cm, without ENE
N2b Multiple ipsilateral nodes, all less than 6 cm, without ENE
N2c Contralateral or bilateral node(s), all less than 6 cm, without ENE
N3a Any node larger than 6 cm, without ENE
N3b Any node(s) with clinically overt ENE (ENE)
M Stage
MO No distant metastasis
Ml Distant metastasis

DOI — Depth of Invasion, ENE — Extranodal Extension

are: (i) greater than 4 cm in greatest dimension, (ii) have a
depth of invasion greater than 1.0 cm, or (iii) invade nearby
structures. For mucosal lip cancers, this includes invasion of
cortical bone, inferior alveolar nerve, skin of face or floor of
mouth. For other oral cavity subsites, this includes invasion
through the cortical bone of the mandible, maxilla, maxillary
sinus, or skin of face. Invasion of the masticator space, ptery-
goids, skull base or encasement of the carotid artery is gener-
ally considered unresectable in terms of achieving complete
surgical clearance of disease, although resectability has been
challenged in tumors with extension up to the mandibular
notch [2, 3].

Over the last forty years, developments and improvements in
diagnostic imaging, surgical techniques, radiation therapy, and a
more nuanced understanding of systemic agents and rehabilita-
tion therapies have led to a steady improvement in the overall
survival of oral cavity cancers [4]. Overall survival has im-
proved for early-stage disease from a three-year survival of
78.0% (SE =1.3) in 1973-1980 to 92.2% (SE=1.1) in 2011—
14. While in late-stage disease, the three-year survival has im-
proved from a three-year survival of 51.9% (SE = 1.5) in 1973—
80 to 70.3% (SE = 1.9) in 2011-14. Over this period of time, the
treatment paradigm has largely remained unchanged, with sur-
gery playing a primary role in prognostication and definitive
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treatment. Discussion of the surgical management of the neck
is beyond the scope of this review, however, the cervical nodal
basins may also require management, particularly for locally
advanced tumors, or clinically evident nodal disease. Finally,
another critical consideration in surgical planning is the likeli-
hood for patients to require adjuvant therapy in the forms of
radiation or chemoradiation. In these cases, it is prudent to op-
timize surgical technique and wound healing to minimize delays
in receiving adjuvant therapy [5].

With surgery, technological advancements have progressed
over the last decade with significant strides made in the use of
computer-assisted surgical planning and reconstruction [6].
Technological advances in tumor resection are equally impor-
tant and have been focused on improving visualization of the
tumor, minimizing positive surgical margins, and enhance-
ment of surgical precision. Here, we will review the techno-
logical advances in planning both surgical extirpation and
reconstruction.

Principles of Surgical Extirpation

Surgical excision remains the primary modality for treatment
of locally advanced OCSCCs. A critical goal of surgery is to
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achieve clear oncologic margins, since residual disease is
fraught with worse overall survival and necessitates adjuvant
therapy in the form of radiation, chemotherapy, or both. The
oncologic clearance of disease becomes further highlighted in
locally advanced tumors, whereby patients often have to un-
dergo lengthy, potentially functionally debilitating and
disfiguring surgery.

In the surgical planning process, knowing the three-
dimensional location of the tumor relative to anatomical struc-
tures, and the propensity for which tumors can invade is par-
amount. Each subsite of the oral cavity has unique properties
and knowing the extent of the tumor invasion can at times be
difficult.

Oral tongue cancers typically arise from the lateral bor-
der, and occasionally the ventral surface. As they prog-
ress, they typically invade the extrinsic muscles of the
tongue, but can also extend into the sublingual space
and cross the midline. When the floor of mouth is in-
volved, the mandible is at risk of erosion and invasion.
Tongue cancers can also spread posteriorly towards the
base of tongue, vallecula, and pre-epiglottic space, where
the retromolar trigone and lateral oropharyngeal wall be-
come at risk. Gingival, buccal and lip cancers all have the
ability to erode the mandible, maxilla, and externally to-
wards the facial skin. Advanced gingivo-buccal cancers
can become particular hard to treat when they spread pos-
teriorly towards the retromolar trigone and masticator
space. Once a tumor reaches the retromolar trigone, it
has the ability to spread in multiple directions, including
superiorly along the pterygomandibular raphe towards the
hard palate, masticator space, pterygopalatine fossa; pos-
teriorly towards the vertical ramus of the mandible, or
tonsil; anteriorly along the buccal mucosa, inferiorly
along the floor of mouth and base of tongue. Cancers of
the hard palate may progress towards the nasal vault,
maxillary sinus, and through the greater palatine foramen
and canal into the pterygopalatine fossa.

Currently, the extent of surgical excision is determined
by a combination of (1) conventional cross-sectional im-
aging modalities such as CT and MR imaging, (2) pal-
pation and subtle visual observations to delineate where
abnormal tissue ends and normal tissue begins, and (3)
the use of frozen section pathology analysis for the pres-
ence of subclinical disease at the margin. With these
technologies, a recent study based on the National
Cancer Data Base (NCDB) from 1998 to 2012 found a
pooled positive tumor margin rate for oral cavity cancers
of 12.75% [4], consistent with single institution study
rates of 1-22% [7-12]. Positive surgical margins have
significant prognostic implications with increased rates
of locoregional recurrence and decreased overall surviv-
al, highlighting the importance of complete oncologic
extirpation [13].

Contemporary Techniques in Ablative
Surgery

There are many nuances in translating cross-sectional imaging
modalities to the surgical field and ensuring surgical precision.
Importantly, the timing of preoperative imaging has relevance
to progression of disease. Regardless, critical features to eval-
uate during surgical planning include mandibular or bony cor-
tical erosion, extent of soft tissue invasion, invasion towards
the masticator space, perineural spread, tumor thickness, and
nodal evaluation.

The decision to perform a segmental mandibulectomy re-
lies on accurate preoperative imaging. Significant cortical ero-
sion and frank invasion of the inferior alveolar nerve are clear
indications; however, in cases of edentulous, irradiated man-
dibles or a large, bulky tumor, a segmental mandibulectomy
should be considered as well [14]. The presence of mandibular
invasion cannot reliably be identified by clinical examination
alone. SPECT bone imaging provides the greatest sensitivity
for mandibular invasion (100%), but suffers from poor spec-
ificity (29%) [15]. Mukherji et al., demonstrated that a con-
ventional CT scan with 3 mm sections in bone and soft-tissue
algorithms had a high sensitivity (96%) and specificity (87%)
for mandibular invasion [16], although a recent meta-analysis
found a pooled sensitivity of (72%) and specificity of (90%)
[17]. The same investigators also published a meta-analysis on
using magnetic resonance imaging (MRI) in determining
mandibular invasion and found a pooled sensitivity of 78%
and specificity of 83% [18]. Although generally considered
satisfactory, the main challenge for the diminished sensitivity
and specificity of these imaging modalities is failure to assess
the alveolar crest in the presence of coexisting odontogenic
infection or artifact. Most recently, a new generation of mul-
tidetector CT (MDCT) scanners with the ability to provide
sections as thin as 0.625 or 0.75 mm have raised sensitivity
and specificity levels to 94% and 90% respectively [19].

OCSCCs may present with perineural invasion at initial
work-up in 5-10% of patients. This is depicted in CT imaging
as loss of normal fat density, excessive enhancement of the
nerve, bony foraminal widening or erosion; and can similarly
be identified by MRI, whereby superior visualization and
leakage of contrast agent in the blood-nerve barrier can be
visualized as nerve enhancement before nerve enlargement.
Although the sensitivity of MRI for perineural spread has been
found to be as high as 95% [20-22], Imaizumi et al. cautioned
that there can be an overestimation of perineural invasion by
MRI scans due to surrounding inflammation [23]. Visualizing
tumor thickness may be limited by the inability of static MRI
or CT imaging to distinguish between exophytic and deeply
invasive, endophytic tumors in a closed mouth. In thicker
tumors, there is better correlation between the MRI measured
thickness and the histological thickness oral tongue cancer
[24].
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Overall, a recent review suggested a contrast-enhanced 16
section MDCT is preferred when evaluation of bony erosion is
critical such as in gingival, buccal, or lip subsites of OCSCCs.
Alternatively, where soft-tissue resolution is more important
in surgical planning, such as in oral tongue and floor of mouth
cancers, contrast-enhanced MRI may be preferred [25].

When planning surgery, careful visualizing and mapping of
not only the primary tumor lesion, but also the surgical margin
is critical. In particular, with different oral cavity cancer sub-
sites, there is at least a 20-30% anticipated shrinkage of tissue
upon extirpation [26, 27]. For oral tongue cancers, a 1-2 cm
surgical margin around from the edge of the tumor in all di-
rections is recommended where feasible and should achieve a
resection margin of 5 mm [28-30]. For floor of mouth can-
cers, a planned 1 cm margin is often needed, and the deep
margin may require resection and excision of sublingual
glands, mandibular periosteum, a marginal or even a segmen-
tal mandibulectomy in order to achieve an adequate margin
[31]. In buccal mucosa cancers, achieving a deep margin is
complicated by native anatomy, whereby the thickness be-
tween the buccal mucosa to external skin approaches a thick-
ness of 1.5 cm. As such, if the invasion and edge of the tumor
is less than 1.3 cm from the external skin, it may be possible to
preserve the external skin while capturing the intervening mu-
cosa, fatty layer, and muscular layer [32]. However, potential
sacrifice of one or more branches of the facial nerve may be
necessary. Another method of determining the thickness of the
deep margin may involve the use of ultrasound in determining
which structures have been invaded [33]. For planning bony
margins, this has traditionally been determined based on im-
aging analyses given the challenge of high mineral content
and need for decalcification to assess bony pathology speci-
mens. Available strategies to confirm a clear surgical bony
margin include frozen section pathologic analysis of
curettaged cancellous bone, bone marrow scrapings, and cryo-
stat sections with excellent correlation with final pathologic
diagnosis [34-37]. The NCCN guidelines describe an “ade-
quate” margin with a clear margin defined as >5 mm, a close
margin being <5 mm from the invasive tumor and a positive
margin as either having invasive carcinoma or carcinoma-in-
situ at the margin [38]. This distinction may vary depending
on anatomic subsites.

Finally, although highly sensitive, intraoperative frozen
section can be time consuming, and offer false assurance as
only a small portion of the wound bed or margin is sampled
[39]. The adequacy of the portion sampled does vary by tech-
nique (from specimen vs. tumor bed) and orientation (perpen-
dicular, or parallel en-face), but regardless of the selected
method must be communicated well between the pathologist
and surgeon. To address all these challenges, there have been
several promising developments including intraoperative on-
cologic imaging, wide-field optical imaging techniques, and
the addition of fluorescent contrast imaging.
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Emerging Techniques in Ablative Surgery
Intraoperative Ultrasound

With complex soft tissue resection of the oral cavity, ultra-
sound has emerged as an additional tool that can be used to
better predict the depth of invasion. Ultrasound can be used to
map a 1.0 cm gross deep clearance, and interrogate the final
resected specimen for adequacy of surgical margins [40e, 41,
42]. Utilizing a braided suture or needle to map out the
ultrasound-determined deep margin has also been described
to provide better assurance of the adequacy of the deep mar-
gin. The use of intraoperative ultrasound, though effective,
has not yet been correlated with histologic findings, may be
associated with prolonged operative time, and does depend on
the skill and experience of the user.

Intraoperative Navigation

The use of image guidance and navigation systems has been
seamlessly incorporated into neurosurgical and skull base sur-
geries, greatly enhancing the precision and quality of surgery.
When fused with a planning software, image guidance sys-
tems can be combined with software to virtually plan the re-
section, including contouring the tumor and defining the mar-
gin of resection with the positioning of “landmarks” within the
software. Cantazaro et al. found that implementing virtual
planned surgery resulted in wider margins and improved ori-
entation with their pathologists [43]. Another study demon-
strated shorter operative times and fewer complications with
computer-assisted surgeries [44]. The challenge remains in
using intraoperative navigation to map soft tissue structures,
however, some studies have started to evaluate how surgical
positioning may affect the soft tissue position [45].
Furthermore, to circumvent the delay between preoperative
imaging and the operating room, some hospitals equipped
with intraoperative Cone Beam CT scanners have also incor-
porated the imaging study into their workflow [46].

Narrow Band Imaging

Narrow Band Imaging (NBI) is a newer video endoscopic
system with narrow band filters that allow for the passage of
only two specific wavelengths of visible light, corresponding
to the absorption peaks of hemoglobin. This filtering allows
for enhanced visualization of microvascular changes that can
occur within the mucosal surface during carcinogenesis, spe-
cifically at the level of the intraepithelial papillary capillary
loop (IPCL), located just below the epithelial basement mem-
brane. During carcinogenesis, the IPCL may exhibit changes
including: dilatation, meandering, caliber change, and non-
uniformity. The patterns seen on NBI have been classified
into a system (Table 2), whereby a type III finding (IPCL
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Table 2  Classification of Oral Squamous Epithelium by NBI Findings
NBI Findings Criteria

Type 1 Normal mucosa, regular brown dots

Type 1 IPCL pattern dilation and crossing

Type 111 IPCL pattern elongation and meandering
Type IV IPCL pattern destruction and angiogenesis

IPCL = intraepithelial papillary capillary loop

pattern elongation and meandering) had a 84.62% sensitiv-
ity and a 94.56% specificity at detecting carcinoma in oral
leukoplakia [47].

Given the enhanced visualization of abnormal mucosa,
there has been significant interest in applying this technology
in the operation room. Tirelli et al. found a decrease in their
positive superficial margin rates, and improved detection of
dysplasia and cancer around the primary specimen when using
narrow band imaging technology compared with white light
[48]. By improving our visualization of subtle mucosal chang-
es, NBI is a promising development that may aid in surgical
planning and improving margin assessment.

Optical Advances in Surgical Visualization

Highlighting the lesion of interest with fluorescence offers
another strategy to improve visualization. The tumor’s own
fluorescence signature has been assessed as a possible method
in distinguishing tumor cells from normal cells. However, the
sensitivity and specificity of autofluorescence was found to be
insufficient for accurate delineation of cancers. As such, there
has been significant strides in developing exogenous agents
that could potentially target the tumor and allow for better
intraoperative visualization. The epidermal growth factor re-
ceptor (EGFR), a tumor-membrane bound biomarker has been
leveraged and when targeted with a peptide bound to a fluo-
rescent agent, can increase the specificity of these fluorescent
agents to sub-millimeter resolution. These agents allow for
robust fluorescent tumor-to-normal-tissue signal in real-time.
The majority of patients tolerated the fluorescent agents well,
although some may also experience adverse reactions (e.g.,
rash) similar to unlabeled cetuximab [49, 50¢¢]. Furthermore,
to account for tumor heterogeneity, a cocktail of receptor
targeting agents could be used to increase the tumor to back-
ground ratio. Beyond use of a fluorescent marker, researchers
have found that using near-infrared wavelengths with special
photodetector cameras allow for deeper tissue penetration,
reduced light scattering, and superior sensitivity compared
with preoperative imaging [51-53]. Currently, there are more
peptides and targeting agents undergoing evaluation, includ-
ing those that aim to target critical structures such as nerves
[54, 55]. Other novel imaging modalities, such as the Raman
spectroscopy, which captures the photon scattering pattern to

distinguish cancer from healthy tissue are undergoing active
investigation. However, their investigation has been mostly in
non-head and neck cancers [56, 57].

Deep Learning

Convolutional neural network (CNN) is a type of machine
learning that can be used to enhance pattern-recognition
whereby unannotated raw images can be uploaded and clas-
sified based on a large dataset of pre-classified images. As
these algorithms become more efficient and sophisticated, this
technology may eventually be capable of guiding surgeons
intraoperatively in real-time and assist with recognizing dif-
ferent structures. Most recently, CNN has been applied to a
clinic setting, whereby it was found to identify high risk re-
gions in video sequences of OCSCCs, with immediate biopsy
and histologic evaluation revealing an accuracy of 88.3%
[58ee].

Contemporary Head and Neck Reconstruction

Reconstruction of complex head and neck defects following
cancer extirpation presents unique challenges to the recon-
structive surgeon who is charged with reconstructing a 3-
dimensional defect in order to restore both form and function.
Shaping and contouring a bone flap that needs to be secured to
the remaining craniofacial skeleton with titanium plates, while
simultaneously manipulating a soft tissue flap can be extreme-
ly difficult. When taking into consideration the need to opti-
mize post-operative speaking and swallowing function, re-
store dental occlusion or prepare for dental rehabilitation,
and achieving the best overall esthetic result, the reconstruc-
tion can be quite cumbersome, time consuming, and often
resulted in suboptimal outcomes, particularly when patients
presented with significant deformities and extensive disease.

Increasingly, the integration of virtual surgical planning
(VSP), rapid prototyping with three-dimensional printing
technologies, computer-assisted design and manufacturing
(CAD-CAM) are being integrated into reconstructing com-
plex head and neck defects (Fig. 1 This technology can opti-
mize segmental mandibulectomy and maxillectomy defects
with vascularized osseous and osteocutaneous free tissue
transfers by precisely calculating the precise angles, and
lengths of osteotomies that would restore the patient’s preop-
erative anatomy and architecture. However, the technology is
not only valuable in planning the reconstruction, but is also
closely coupled to the resection where guides are engineered
for the tumor extirpation as well. Presently, preoperative im-
aging can be integrated with computer software to allow for
VSPs and the manufacturing of patient-specific cutting guides
and reconstruction plates. Virtual planning involves the abla-
tive surgeon, reconstructive surgeon and a biomedical
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Fig. 1 Example of a virtual plan with the mandibular and maxillary
defect and reconstruction with a left fibula graft using computer-
assisted design, manufactured precise cutting guides, and patient
specific plate

engineer discussing the specific location of the recipient and
donor osteotomies, the vascular pedicle position and the sid-
edness of the donor site. This includes discussion of the spe-
cific details of the patient-specific reconstruction plate, plate
thickness, length of plate, screw positions, distance between
screws and angulation of screws. Although not necessary, in-
corporating patient-specific donor site imaging and computer
tomographic angiography also allows for the precise place-
ment of donor cutting guides around perforators, minimizing
any intraoperative modification of the virtual plan [59]. One of
the main challenges with the use of virtual planning are intra-
operative modifications. Changes to the surgical plan may
place the entire reconstruction into misalignment, and al-
though this can occasionally be accommodated with some
intraoperative adjustments, reduction in bone-to-bone contact
surface area may compromise the ability for bony fusion.

During the resection, preplanned cutting guides are at-
tached to the native mandible or maxilla with screws, with
the guide allowing for exact osteotomies. These cutting guides
typically have preplanned drills holes that correspond with the
reconstruction plate and bony free flap. Furthermore, rapid
prototyping vendors provide models of the mandible, maxilla,
in addition to milling patient-specific reconstruction plates.
Although plates can also be bent based on a stereolithographic
model with equivalent accuracy to patient-specific plates, any
manipulation of a plate has the potential of introducing weak-
ened areas [60¢]. Whether this leads to premature hardware
failure remains to be determined.

@ Springer

Overall, the advantages of virtual planning, and incorporat-
ing CAD-CAM technology include reduced operative time,
reduced flap harvest and ischemia time, and the ability to
perform more complex reconstructions involving multiple
bony segments and osteotomies [61-63]. In fact, Chang
et al. found a decrease in operative time from (666 min to
545 min; p < 0.005) in a total of 92 patients undergoing man-
dibular reconstruction with the incorporation of VSP, and a
decrease in bony nonunion as well [64¢¢]. This is particularly
important as many of these patients will require subsequent
adjuvant radiation, which may impact bony healing.

A critical consideration with use of VSP, is the timing of the
preoperative scan. Vendors typically recommend scans no
older than 3 months; however, in the setting of rapidly grow-
ing tumors, or with the use of neoadjuvant therapy, more re-
cent imaging, within 6 weeks of the surgery date may allow
for more accurate planning. To overcome tumor progression
from the preoperative imaging and minimize intraoperative
improvisation, several strategies have been devised, including
the use of “triple-cut” cutting guides for both the recipient and
donor sites, to allow for progressive wider margins [65], and
automated software algorithms that automate the design of
bony reconstructions [66].

One additional feature that is often considered the gold-
standard in rehabilitative reconstruction is the implementation
of dental implants [67]. Although there is controversy regard-
ing the timing of implant placement relative to radiotherapy
and the exact technique to minimize free flap complications, a
relatively low percentage of reconstructed patients eventually
go on to complete prosthestic dental rehabilitation [68, 69].
The low rates of dental rehabilitation may in part be due to the
cost of dental implants, dentures, and prosthodontics, along
with the risk of developing osteoradionecrosis of either the
donor or native bone following implant placement into radi-
ated bone (7.7%) [70]. However, it has been found that 80% of
patients that do go on to seek dental rehabilitation achieve full
dental restoration. Techniques to increase the likelihood of
successful osseointegrated implants in fibular free flaps are
also being developed, including the use of morselized bone
from adjacent native bone to increase bone density and de-
crease free flap complication rates [71, 72]. Furthermore,
computer-assisted surgical plans have allowed for a single
stage operation to incorporate dental implantation at the time
of reconstruction with excellent efficacy [73].

Conclusion

Surgery remains a critical modality in the management of
advanced oral cavity squamous cell cancers. Significant
strides in technology are rapidly being developed to enhance
surgical precision. Advances in imaging technology, intraop-
erative localization, and fluorescent technology can aid in



Curr Oncol Rep (2019) 21:99

Page70f9 99

better visualization of the tumor and subsequent extirpation
with adequate margins. Virtual surgical planning and ad-
vances in computer software offer the potential for significant
improvements in the efficiency, accuracy, and precision of
surgical reconstruction.
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