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Abstract

Background: The current standard of documenting and communicating fro-

zen section margin results is inefficient. We present a novel method of generat-

ing 3D digital models of gross tumor specimens to more clearly visualize

histopathological margin results.

Methods: Fifty-five head and neck specimens were scanned and virtually

“inked” using 3D software. These 3D specimen maps were displayed in the

operating room to provide the surgeon with a real-time specimen-to-defect

relationship by which further resections could be guided.

Results: Margin results were reported within an average of 34 min using the

proposed workflow. The scanner rendered accurate models of specimens that

exceeded 3.0 � 3.0 � 3.0 cm. Critical specimen features to consider were size,

color, textural complexity, and the presence of discernible anatomic

landmarks.

Conclusions: Optical 3D scanning technology can improve the quality of head

and neck margin documentation and the efficiency with which results are

communicated between the pathologist and surgeon.
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1 | INTRODUCTION

Surgical margin status is an invaluable tool when treating
head and neck cancer. It is critical to establish a sufficient
margin of healthy, uninvolved tissue (i.e., negative mar-
gins) surrounding the resected tumor. Surgical margins
can be analyzed through either a defect-driven or
specimen-driven approach. The former involves sampling
sites from the tumor bed for analysis, while the latter

investigates samples from select slices of the main speci-
men ex vivo. Though both techniques have their propo-
nents, en bloc sampling in the specimen-driven approach
is gaining favor.1–3 Regardless of which method is used,
the majority of head and neck surgeons rely heavily on
frozen section results to assess the real time status of
their excisional margins.

Unfortunately, the current method of communicating
the margin results is outdated and inefficient; the process
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has remained stagnant for the past several decades.4

Commonly, the surgeon and pathologist must convene
in-person to correctly orient the specimen relative to the
surgical defect and convey margin results. All positive or
close margins require that supplemental margins be
taken from the precise corresponding location within the
surgical defect. This task can be particularly difficult
when considering the anatomical and three-dimensional
(3D) complexity of commonly resected head and neck
specimens. As a visual aid, pathologists often create
crude, hand-drawn two-dimensional (2D) specimen maps
to demonstrate the location of the sampled slices and the
distance of the margins from the tumor. These drawings
are susceptible to human error and misinterpretation,
and they are rarely used for future reference and post-
operative care management.

Physicians have expressed a clear desire for improved
intraoperative image guidance to visualize resected tumors
and the surrounding margins. This requires a solution that
expedites the specimen-driven approach, is easily replicable,
and improves the quality of communication between the
surgeon and pathologist.5 Previous studies have attempted
to improve histopathological analysis using various 3D
modeling technologies. One method involves constructing a
3D model by serially layering 2D histological slides taken
from the specimen.6–10 Another method similarly produces
a model using 2D preoperative imaging.11–15 However, nei-
ther technique is clinically applicable to frozen
section analysis because they use sophisticated modeling
software that is time-intensive and requires highly trained
specialists to operate.16

Optical 3D scanning is an emerging imaging modality
that can be performed easily and much more rapidly. It
has already become a mainstay in industrial and engi-
neering fields, as well as certain medical specialties such
as prosthetic development. There is one reported case of
this technology being used for histopathological tumor
analysis, in which a 3D model of squamous cell carci-
noma of the tongue was generated to support permanent
margin assessment postoperatively.16 We propose a
method in which optical 3D scanning technology is used
intraoperatively to improve surgical oncology and frozen
section analysis. Prior to slicing the specimen, an interac-
tive digital model of the intact resection specimen is ren-
dered and virtually annotated to indicate the exact
location and status of all margins taken by the patholo-
gist. These models are then projected directly into the
operating room via real-time video teleconference.

In the traditional frozen section approach, it is not
uncommon that the surgeon is asked to return to the fro-
zen section lab to review close or positive margins, only
to find that the orientation of the specimen is virtually
impossible to achieve due to its mutilation by the

pathologic processing. One of the tremendous values of
our proposed technique is that it produces an enduring
image of the specimen that would otherwise be unrecog-
nizable following the performance of frozen sections.

In this paper, we present a qualitative review of
55 head and neck surgical specimens that were used to
generate 3D models and communicate margin results
intraoperatively. Our goals here are to demonstrate the
feasibility of an improved frozen section workflow that
incorporates a novel 3D imaging modality and to system-
atically assess the 3D image quality of common tumor
specimens resected during head and neck surgery. To our
knowledge, this study is the first of its kind to report the
use of 3D optical imaging to communicate surgical mar-
gin statuses intraoperatively.

2 | MATERIALS AND METHODS

All study experiments were carried out at the Mount Sinai
West Department of Pathology in the frozen
section laboratory. The specimens were taken from the fol-
lowing anatomical locations: facial skin, larynx, oral cavity,
oropharynx, mandible, palatomaxillary, and parotid regions.
The 3D surface topography of the specimens was imaged
using a structured light desktop 3D scanner (Einscan-SP,
Shining 3D, Hangzhou, China). Our team intentionally
selected the EinScan-SP from Shining 3D because of its
combined accuracy and affordability. With a resolution of
1.3 megapixel and a point accuracy of 0.05 mm, it is consid-
ered among the highest quality nonindustrial-level desktop
scanners. The EinScan-SP can be purchased for

FIGURE 1 Equipment setup. EinScan-SP desktop 3D scanner

(left) and turntable (middle). Associated 3D graphics software seen

on the laptop on right [Color figure can be viewed at

wileyonlinelibrary.com]
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approximately $2600 from a multitude of online retailers
and vendors. When compared to higher-resolution indus-
trial scanners, the price point and accessibility of the Ein-
Scan SP allows it to be more readily integrated into nearly
any pathology laboratory. The EinScan hardware is accom-
panied with an associated ExScan S software to render the
virtual model (Figure 1). The model was then downloaded
as a 3D object file and exported to a 3D modeling applica-
tion (Paint 3D, Microsoft, Redmond, WA). Paint 3D was
used to virtually “ink” the pathologist's sample locations on
the specimen and annotate margin results. Paint 3D is free,
easy to use, and compatible with the files exported from

ExScan S. Lastly, zoom was used as a video teleconferenc-
ing platform to facilitate the remote consultation between
the pathologist in the frozen section laboratory and the sur-
gical team in the operating room. This study was performed
with the approval of the Mount Sinai Quality Assurance
Committee.

2.1 | Workflow

The specimen is delivered to the frozen section laboratory,
where the pathologist examines and orients the specimen

FIGURE 2 Flowchart comparing the integration of our novel operational protocol (white) alongside the traditional frozen

section process (black). Gray indicates steps followed by both the novel and traditional approach. FS, frozen section; OR, operating room

SATURNO ET AL. 3
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and appreciates the regions of interest. Anatomically com-
plex specimens can be readily oriented with either clips or
sutures placed by the surgeon at the time of the resection.
The intact specimen is then scanned and an initial virtual
model is generated. A member of the research team—
someone other than the pathologist—was designated as the
“technician” in charge of completing this scan.

After scanning, the specimen is handed back to the
pathologist for inking, mapping, sampling, grossing,
and microscopic analysis. While the pathologist con-
ducts the remaining standard procedure of frozen
sectioning,4 the technician refines the initial 3D model
using the ExScan postprocessing features. Once the sta-
tuses of the surgical margins are finalized, the patholo-
gist draws directly onto the surface of 3D specimen
model using the Microsoft Paint 3D marking tool to
indicate the locations of the sampled sections. The
annotated specimen model is then projected onto over-
head monitors in the operating room, allowing the
pathologist and surgeon to visualize the results via
video teleconference and discuss the specific sites that

may require additional supplemental resections
(Figure 2).

2.2 | Scanning and annotation
techniques

Optical scans are achieved by taking two 360-degree
scans of the specimen, each from a different orientation.
These renderings are then aligned using landmarks that
are visible on both scans. When aligning, the technician
must consider two important factors: the section of the
specimen from which margins will be taken must be
clearly visible, and the regions of the specimen that are
not visible in the first orientation should be noted and
made visible in the second orientation (Figure 3A). The
technician manually aligns the two scans with the
ExScan software by selecting three pairs of identical
points shared between the two models (Figure 3B). The
scans are then virtually annotated by the pathologist in
Paint 3D. The locations at which the pathologist sampled

FIGURE 3 (A) Gross anterior

mandible specimen. (B) Prerendered

scans of the anterior and posterior sides.

The green, red, and yellow virtual

markers were selected by the operator to

indicate common points shared between

the two scans. The EinScan program

used these markers to align the scans

into a single model (C) that was then

virtually annotated by the pathologist

with a yellow digital marker to indicate

sampled sections [Color figure can be

viewed at wileyonlinelibrary.com]
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slices of the specimen are drawn and labeled directly
onto the 3D models (Figure 3C).

2.3 | Recording and logging scan
durations

A second member of the research team took note of the
following time points: when the specimen was first

received at the frozen section laboratory; when the scan
was initiated by the technician; when the scan was com-
pleted; when the alignment and post-processing edits
were completed; and the final time at which the intrao-
perative consultation was completed. Table 2 outlines the
duration spent on each step of this process, as well as the
average time required to fully generate, render, and
annotate a final virtual specimen model.

2.4 | Operational training

Prior to the study, the research team dedicated a consid-
erable amount of time learning to operate the 3D scan-
ning equipment. This involved thoroughly reading the
user's manual, watching instructional videos, consulting
industry experts for optimal scanning strategies, and con-
ducting a series of practice scans using butcher meats of
varying size and color to closely simulate ex vivo human
tissue. The knowledge gained from these experiences was
compiled into a succinct 3D scanning training video that
was successfully used to train additional technicians. This
video was accompanied with a written guide that is con-
tinually updated as specimen-specific challenges are
encountered and resolved. Using these training materials,

TABLE 1 Summary of specimen models generated

3D scans generated

Total 55

Mandible 20

Tongue (total or hemi) 8

Larynx 9

Maxilla 5

Palate 4

Oropharynx 5

Facial skin 2

Buccal 1

Parotid 1

FIGURE 4 (A) Gross specimen from a composite resection including a partial glossectomy and segmental mandibulectomy. This

specimen greatly exceeds the minimum size threshold for an ideal scan. (B) Crude, hand-drawn two-dimensional (2D) specimen map

created by the pathologist on site. This is representative of the traditional specimen mapping technique. (C) 3D annotated scan of the

mandibulectomy specimen with anatomical landmarks labeled and numbered margin slices. The comparison of the 3D images (C) and the

traditional hand drawn images (B) created by the pathologist clearly demonstrates the superiority of this novel approach [Color figure can be

viewed at wileyonlinelibrary.com]
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we can now train a procedurally naïve technician to be
proficient in 3D scanning within a week.

In addition to training the technicians, the pathologist
had to familiarize themselves with the Microsoft Paint
3D interface that was used to annotate the specimen
models. This was accomplished quickly, with all patholo-
gists confidently operating the editing software after a
brief tutorial.

3 | RESULTS

A total of 55 3D specimen models were produced. A
summary of the specimens received from various ana-
tomic subsites can be found in Table 1. The mini-
mum size threshold beyond which specimens could
not be accurately scanned was 3.0 � 3.0 � 3.0 cm.
Figures 4–11 demonstrate representative images of
the annotated specimen models from these sites. The

initial scan takes an average of 8 min to complete. A
video demonstrating a fully annotated and finalized
3D specimen model of a specimen gathered compos-
ite floor of mouth resection and total glossectomy
can be viewed here (Video S1, Supporting Informa-
tion; https://www.dropbox.com/s/hpwc4l0yudbzooj/
3D%20Specimen%20Model%20FINAL.mp4?dl=0). The
three-dimensionally complexity of this particular
specimen is appreciable, and would have been incred-
ibly difficult to draw two-dimensionally. The video
also demonstrates how the pathologist frequently
used colored shading to indicate anatomic landmarks.
In this case, white ends of the mandible were
highlighted for the surgeon with white virtual ink.
The total time needed to scan the specimen, render
and edit the model while the standard margin analy-
sis was performed, and annotate and communicate
final margin results was approximately 34 min on
average (Table 2).

FIGURE 5 Composite resection of

mandible and floor of mouth (right).

Note the bone of the mandible has been

highlighted using white shading

(indicated by the white arrows) in

Microsoft Paint 3D to serve as a visual

landmark. Histopathological margin

results (left) were later notated within

the modeling application for permanent

documentation [Color figure can be

viewed at wileyonlinelibrary.com]

FIGURE 6 (A) Gross radical tonsillectomy specimen. This specimen exemplifies smaller specimens that approach the minimum size

threshold. (B) 3D annotated scan of the tonsillectomy specimen with anatomic orientation labeled and numbered serial sampling sections.

Orange labels denote positive margins, green labels denote margins equivalent to or greater than 5 mm. Red shading was used to highlight

areas requiring additional supplemental margins [Color figure can be viewed at wileyonlinelibrary.com]
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4 | DISCUSSION

4.1 | Specimen size

Larger specimens were typically rendered with a higher
image quality. The largest specimens scanned were those
resected from glossectomy, laryngectomy, and mandibu-
lectomy procedures (Figure 4). These specimens normally
exceeded 8 cm along their largest dimension and pro-
vided surface areas of up to 40 cm2 or more along their
broadest side. The increased surface area enables the
scanner to generate a larger point cloud with which it
can construct the three-dimensional texture of the object
and clearly demarcate the gross borders of bone, fat, skin,
and mucosa.

The ability to rotate the specimen in space is
extremely helpful in orienting the surgeon during video-
conferencing. Anatomic landmarks such as bone or teeth
also contribute to visual orientation and serve as refer-
ence points. When desired, the pathologist can accentu-
ate the borders of bone and/or mucosal tissue using the
paintbrush tool within Microsoft Paint 3D (Figure 5). It is
obvious that annotating and rotating a 3D representation
allows transmission of information far superior to even
the best two-dimensional drawing. The minimum speci-
men size required to produce a viable scan is

3.0 � 3.0 � 3.0 cm. All of the tongue, laryngeal, and
mandibulectomy specimens scanned at our institution
exceeded this minimum size threshold. Smaller speci-
mens that approached the minimum size threshold
included buccal resections and radical tonsillectomies
(Figure 6). These resections provided more sparsely
detailed texture models when compared to larger speci-
mens. Still, their size did not impact the ability to orient
the specimen and identify margins.

4.2 | Specimen color contrast

Many specimens provide an inherent contrast in color
between different anatomic subsites. This contrast is a
critical feature that impacts the pathologist's ability to
delineate mucosal and submucosal boundaries, specifi-
cally. Identifying and visually demonstrating these
boundaries for the surgeon is particularly important
when analyzing deep surgical margins. In en bloc resec-
tion, peripheral mucosal margins may be palpated and
even observed grossly, but deeper margins are typically
much more difficult to assess intraoperatively. Therefore,
the surgeon relies on the pathologist to elucidate infor-
mation regarding deeper margins, especially when con-
sidering features such as lymphovascular invasion (LVI)

FIGURE 7 (A, B) Gross

palatomaxillectomy specimen. This

specimen serves as an ideal example of

color contrast between various tissue

components of the specimen. (C, D) 3D

annotated scan of the palatal specimen

with anatomical landmarks labeled and

numbered margin slices [Color figure

can be viewed at

wileyonlinelibrary.com]
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and perineural invasion (PNI) that are associated with
deeper tumor infiltration.17

The technology we used to generate three-
dimensional renderings of resected tumor specimens uti-
lizes structured-light scanning, a method that lends itself
well to reflecting any slight contrasts in color between
the superficial and deeper layers of human tissue. Certain
specimens contain inherent contrasting features that are
amenable to structured light optical scanning. For exam-
ple, the innate coloration of buccal specimens provides
the contrast needed to discern the boundaries of gingiva,
skin, and outer and inner lip. Furthermore, laryngeal
resections include the epiglottis and vestibule, which are
light in color compared to the thyroid gland overlying the
ventral surface. The scanner is also sensitive to the con-
trast in color between the mucosal surfaces of the endo-
larynx and trachea. Mandibular and maxillary specimens
have visible bone that appears distinct from the adjacent
mucosa and muscle that are additionally resected en bloc
(Figure 7). As a result of this sensitivity, the pathologist
can precisely communicate the extent of the tumor to the
surgeon in real-time.

Meanwhile, some mucosal surfaces in other speci-
mens, namely glossectomy specimens, are darker in
color. Dark regions pose an initial challenge to the struc-
tured light mechanics of the scanner. The deeper layers
of the tongue, beneath the epithelial layer, along the sur-
geon's resection margin, are often dark. This can dimin-
ish the quality of the sagittal view of the model. This
issue was more frequently encountered when scanning
partial glossectomies. Still, even in cases where visibility
was poorer, the clarity of margin analysis was not
impacted because the lesion of interest was located on

FIGURE 8 (A, B) Gross laryngeal specimen with

appreciable textural complexity. (C, D) 3D annotated scan of

the laryngeal specimen with anatomical landmarks labeled

and margin slices numbered. These images exemplify a

drawback of Microsoft Paint 3D in that the 3D text rotates

with the specimen and thus is not always front facing

depending on the orientation (D) [Color figure can be viewed

at wileyonlinelibrary.com]

FIGURE 9 (A, B) Radical right oropharyngectomy specimen resected via transoral robotic surgery (TORS). (C) 3D scan of the tonsil

specimen. The colored pins serve as external fiduciaries, identifying critical anatomic landmarks within the patient (green, superior; blue,

lateral; white, medial) [Color figure can be viewed at wileyonlinelibrary.com]
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the brighter surfaces of the lateral tongue. When needed,
adjusting the scanner's brightness level to its maximum
setting improved the visibility and contrast in darkly col-
ored regions. Thoroughly rinsing the specimen of any
extraneous blood and fluid before patting it dry can also
improve image quality.

4.3 | Topographical complexity

The geometric and surface-level complexity of head and
neck specimens varies significantly. We found that the
EinScan SP is capable of generating accurate virtual
three-dimensional models of nearly any specimen regard-
less of its shape and topography, given that it exceeds the
minimum size threshold and that the operator takes care
to expose the specimen's most pertinent aspects to the
camera.

Buccal and tonsil resections were consistently
among the simplest in terms of their shape and sur-
face. They were also consistently the smallest speci-
mens scanned. However, their flat, circular shape
still enabled the scanner to generate sophisticated

surface renderings. Additionally, the smooth ovular
shape of the tongue was easily rendered into a virtual
model with high detail. In composite resections with
segmental mandibulectomy, the continuous, rigid
contour of the mandible provided a broad surface
that enhanced the ability to accurately image the
attached soft tissue.

Other specimens required more preparation in order
to optimally display the regions of interest to the scanner.
The larynx is an excellent example in which the internal
mucosal surface is difficult to visualize from the exterior.
To gain visualization of this region, the dorsal larynx can
be divided at midline and splayed open during the scan
(Figure 8).

When scanning a specimen with complex structure
and surface-level texture, we found it challenging to pre-
cisely interpret its anatomic orientation relative to the
surgical defect. For example, resections taken from the
posterior palate and oropharynx were texturally complex,
yet often lacked any descriptive features that would help
clarify how the specimen related to the patient's sur-
rounding anatomy. As a solution, our team inserted col-
ored pins in the specimen to serve as an external

FIGURE 10 (A) Gross palatal

specimen with teeth serving as natural

fiducial landmarks for alignment and

orientation. (B) 3D annotated scan of the

palatal specimen with numbered margin

slices [Color figure can be viewed at

wileyonlinelibrary.com]

FIGURE 11 (A) Gross facial skin

specimen with exophytic tumor. (B) 3D

scan of the facial skin specimen.

Margins were not annotated, as an in-

person consultation was ultimately

required. The software generates a

bright blue texture (indicated by the

white arrow) to highlight regions of the

model that could not be rendered

accurately. This 3D scan demonstrates

the challenges associated with scanning

specimens that are exclusively soft tissue

and oddly shaped [Color figure can be

viewed at wileyonlinelibrary.com]
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fiduciary marking system (Figures 6 and 9). The scanner
was able to register these pins with variable success. It is
already common practice for surgeons to orient the speci-
men for the pathologist by placing clips or sutures and
including a key that indicates how these markings relate
to the defect. Placing fiduciary pins at these surgical
markings, when successful, helped further designate ana-
tomic direction and other key areas of interest on the
scan. They also ensured that the surgeon and pathologist
were aligned in their understanding of how the specimen
correlated to the patient's surrounding anatomy. Addi-
tionally, using colored fiducials significantly increased
the ease with which the virtual model was aligned and
annotated during the post-processing phase.

4.4 | Distinct anatomic landmarks

Depending on the location, some head and neck
specimens included local anatomical features such as
bone, teeth, and lips (Figure 10). These tumor speci-
mens are well-suited for 3D modeling because their
distinct anatomic features serve as reference points
by which the pathologist can realign the initial model
produced by the software and orient the specimen
relative to the patient. For this reason, mandibular
specimens routinely offered the most accurate virtual
specimen models. Recognizable landmarks such as
the angle of the mandible, condyle, and teeth facili-
tated a much faster alignment and editing process for
the pathologist. These bony components also pro-
vided the specimens with a rigid structure that
remained consistent throughout the entire scan, thus
resulting in high-quality 3D images. Conversely, spec-
imens from the tongue, cheek, and face were mallea-
ble and liable to deform when the operator changed
their orientation between the first and second scans.
However, when done carefully, our team noted mini-
mal image distortion that was easily edited using the
program's postprocessing features (Figure 11).

4.5 | Feasibility of workflow

Our proposed 3D scanning workflow is minimally disrup-
tive and easily integrated into the standard steps of frozen
sectioning (Figure 2). Although an initial 8 min on aver-
age are required to scan the gross specimen before hand-
ing it off to the pathologist, the technician can perform
the rest of the modeling and annotation while the pathol-
ogist completes the typical frozen section procedure.

A large single-institution study reported that the cur-
rent average turnaround time for delivering intraopera-
tive head and neck frozen section results is 19.7 min.18

However, a majority of the frozen section procedures
used to produce these findings were conducted on small
specimens that required minimal grossing. Additionally,
this data does not account for the time added when the
surgeon must break scrub to consult with the pathologist
directly in the frozen section laboratory, a process that
varies considerably among institutions. It is also our
experience that larger, more complex specimens can take
significantly longer to assess, often approaching 40 min
or more. Thus, the average 34 min needed for intraopera-
tive frozen section results when using 3D scanning is
likely comparable. Based on our experience and our per-
ception of the value added, we feel that the added time is
justified when considering that the virtual model signifi-
cantly improves the precision of communicated results
and obviates the need for an even more time consuming
in-person consultation.

The goal of this study was to assess the quality of optical
3D specimen imaging and the feasibility of incorporating
such technology into the standard frozen section workflow.
With the latter in mind, we intentionally selected hardware
and software that was relatively affordable and easy to oper-
ate, such that it could be readily replicated at the greatest
number of institutions. While there exist industrial-level
scanners that could perhaps expand the minimum size
threshold and generate models with greater resolution,
these products are exceedingly expensive, often reaching
prices 10 times higher than the cost of the EinScan-SP.
Additionally, one could argue that specimens less than
3.0 � 3.0 � 3.0 cm would not require 3D imaging, since
their structure is likely simple enough for margin results to
be adequately delivered over the phone. With regards to
alternative software, most utilized some form of high-grade
CAD technology and were inundated with excessive func-
tionalities. These options were removed from consideration,
as they required too steep of a learning curve. Microsoft
Paint 3D satisfied the basic annotating features required
and was quickly learned.

While the initial time required to train a technician to
operate the EinScan-SP is less than a week. Existing staff
such as pathology residents and physicians' assistants

TABLE 2 Time required to render and annotate virtual model

Process time

Avg. time needed to scan and render image
for pathologist

14 min

Scan time 8 min

Postproduction cleaning/editing 6 min

Avg. time needed to export, annotate, and
communicate final margin results via
teleconference

20 min

Total time required 34 min

10 SATURNO ET AL.
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could be trained to operate the equipment and conduct
the scanning portion of the workflow, thus eliminating
the need to hire additional support.

We acknowledge that some surgeons may prefer to
continue consulting with their pathology team in-person
when discussing close/positive margins, especially for
simpler specimens that may be more easily oriented rela-
tive to the patient's defect site. However, this practice has
proven to be problematic at our institution, as the speci-
men is dissected and therefore drastically physically
altered during frozen section sampling. Thus, when the
surgeon returns to discuss results, they find a specimen
that bears little resemblance to the originally intact tis-
sue. Inevitably, the surgeon remains reliant on the crude
2D image drawn by the pathologist. 3D digital modeling
offers a distinct advantage in that it provides an interac-
tive, durable image of the original specimen, upon which
the pathologist can precisely indicate the areas of con-
cern. While our institution is afforded the benefit of the
pathology laboratory being located on the same floor as
the operating suites, this is not universal. The capacity to
display the specimen model remotely is thus especially
useful at hospitals in which the laboratory and operating
rooms are on different floors or even in different
buildings.

Historically, previous research has investigated the
viability of other alternative modern technologies as a
means of supporting frozen section margin assessment.
As mentioned earlier, the two leading methods involve
creating a 3D model from sequential layers of histological
slides or producing a tumor model preoperatively from
2D sectional imaging.6–15 These solutions, however, are
most helpful in the preoperative and postoperative set-
ting, and bear little consequence on real-time surgical
decision-making. There are several other experimental
modalities that have been used to support intraoperative
tumor margin assessment with varying success. Kain and
colleagues recently provided a detailed discussion of
these supplemental tools in 2020.4 While a comprehen-
sive analysis of these technologies is beyond the scope of
this paper, the senior author is currently assembling a
review that thoroughly compares their efficacy to that of
optical 3D scanning.

5 | FUTURE DIRECTIONS

Currently, our team is primarily using annotated 3D
specimen maps intraoperatively. However, these models
have several applications in the postoperative setting.
They provide a permanent record of the margins resected
at the time of the initial surgery. Presenting these scans
at tumor boards or conferences can support a more

robust dialogue of a patient's case. If a patient's treatment
relies on a multidisciplinary network of physicians, the
care team can readily access these scans to better under-
stand the patient's holistic tumor histopathology and
extent of previous surgical treatment.

There is also room to improve the software used to
annotate the virtual models. We chose to use Microsoft
Paint 3D because it is affordable, easy to use, and com-
patible with the triangulated polygon renderings created
by EinScan. The ideal software should be intuitive and
possess virtual inking capabilities similar to that of
Microsoft Paint 3D. Adding a metrology feature that can
trace measurements along the surface of the specimen
would enable the pathologist to display distances related
to each slice sampled, including their nearness to ana-
tomical markers. This may further aid the surgeon in
localizing regions of interest.

While we believe this pilot study demonstrates that
3D scanning can be feasibly introduced to the current fro-
zen section process to improve intraoperative margin
assessment, further studies are needed to more rigorously
compare its efficiency and accuracy to the standard fro-
zen section process. A multi-institutional study that
examines our proposed workflow at various pathology
departments would provide valuable insight into how
this technology can be optimally used in labs that are
located both near to and far from the operating room.
Such a study could also more granularly compare the
time needed to report final margin results with and with-
out 3D scanning. It would also be beneficial to survey
both the surgeons and pathologists using validated ques-
tionnaires to record their satisfaction with the technology
and the images produced. Lastly, a long-term evaluation
of the costs associated with this method, such as potential
cumulative savings generated from more efficient operat-
ing times, would be worthwhile.

6 | CONCLUSION

Optical 3D scanning technology provides a means by
which the quality of head and neck surgical pathology
can be significantly improved. The process of generating
3D models of resected tumor specimens is simple, nonin-
vasive, and easily integrated into the current frozen
section workflow. The information gathered from these
scans enables seamless collaboration between the sur-
geon and pathologist when making intraoperative deci-
sions. Our findings offer valuable insight into the
characteristics of various head and neck specimens that
impact their amenability to scanning. This quality
improvement initiative can be readily adapted to suit
other surgical oncology specialties. Further study is
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needed to validate the cost, efficiency, and physician sat-
isfaction associated with intraoperative 3D specimen
scanning. Ultimately, our novel method could serve as
the fundamental framework for establishing a contempo-
rary “gold-standard” of conducting frozen section analy-
sis and communicating margin results.
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