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Introduction

Ameloblastomas are odontogenic tumors that account for
approximately 1% of tumors and cysts occurring in the
jawbone and 11% to 59% of all odontogenic tumors (1).
Various digital technologies have been recently applied in
reconstructive surgery for jawbone tumors (2,3); a notable
example is the use of patient-specific implants (PSI), in
which patient-specific medical images are used to create
a reconstruction plate and apply it to surgery. PSI can
facilitate surgery with high precision and contribute to
shortening of the surgery time (4).

The conventional method involves an intraoperative
free-hand approach to tumor resection, titanium plate
alignment, donor bone shaping, and reconstructive
orientation in which the surgeon estimates measurements
of free flap size and osteotomy angles to appropriately
fill a defect and contour the donor tissue (5). Another
method developed using computer-aided design/computer-
aided manufacturing (CAD/CAM) technology computed
tomography (CT) data and intraoral scans. By making
three-dimensional (3D) models of the donor and recipient
sites, it is no more a freehand approach. Virtual resections
and reconstructions may be performed for a better
understanding of the intraoperative condition. Based on the
virtual planning, surgical positioning, cutting guides, and/
or patient-specific implants are designed (4). This method
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is effective to reflect the virtual operation results in actual
surgery.

Mixed-reality (MR) is also being used in various fields
as an application of digital technology to surgery. MR
with Microsoft® HoloLens has been used to confirm the
penetrating branch of blood vessels for flap operation (6).
Although maxillary tumor resection has been reported in
oral and maxillofacial surgery (7), MR is rarely applied
to reconstructive surgery. Moreover, reports describing
the combined use of PSI and MR in surgery are scarce.
We report a case of the mandible reconstruction for
ameloblastomas by using PSI and MR for segmental
resection of the mandible and iliac bone graft.

Case presentation

All procedures performed in this study were in accordance
with the ethical standards of the institutional and/or
national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patient for publication of this case
report and accompanying images. A copy of the written
consent is available for review by the editorial office of this
journal.

A 49-year-old woman presented to the hospital in July
2020 with a complaint of bulging of the right ramus of
the mandible. This patient had a history of appendicitis
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Figure 1 Preoperative panoramic image (A) and computed tomography (B) and magnetic resonance (C) images. (A) The panoramic image

finding shows a radiolucent area with clear margins in the right mandibular region, from the ramus of the mandible to the molar region. (B)

Computed tomography finding shows low-density lesions on the ramus of the mandible and mandibular molars, and a buccolingual bulge of

the mandible and thinning of the cortical bone. (C) Magnetic resonance imaging shows a T2-weighted non-contiguous unilocular region.

but no comorbidities. The patient underwent right
mandibular segmental resection and left nonvascularized
iliac bone graft for ameloblastoma of the right mandible
in 2004, but right mandibular recurrence was noted and
segmental resection and right nonvascularized iliac bone
graft was re-performed in 2009. The panoramic radiograph
showed a transmission image with a clear boundary
and marginalization from the mandibular branch to the
posterior acetabular region (Figure 14).

CT imaging revealed low-density lesions in the anterior
margin of the ramus and the mandibular molars, and
thinning of the cortical bone due to the buccal bulge of
the mandible (Figure 1B). Magnetic resonance imaging
also showed discontinuous unilocular areas at the anterior
margin of the ramus and the mandibular molars (Figure 1C).
On the basis of the biopsy findings, right mandibular
segment resection and iliac block graft was planned under
the diagnosis of ameloblastoma. The excision range was
the line from the right mandibular premolar equivalent
to the posterior mandibular notch to the anterior horn
notch. However, since the patient had undergone two
segmental resections and graft of both side iliac blocks, a
detailed preoperative plan to take the iliac bone necessary
for graft was essential. Therefore, PSI was used in this
case (TRUMATCH CMF, DePuy Synthes). The excision
range and graft range were determined before surgery,
and osteotomy guides were prepared by a 3D printer and
a titanium plates for mandibular fixation were prepared by
milled. There is a method using surgical navigation to check
whether the jawbone was cut as planned during surgery and
whether the reconstruction position was accurate, but it is
expensive and not available at all facilities (8). Also, the iliac
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osteotomy guide shows the osteotomy line of the superficial
layer but cannot guide the angle and the deep part with the
osteotomy guide design. Therefore, in this case, we applied
MR as a new method to compensate it.

Preoperative preparation (virtual operation and Microsoft
HoloLens applications)

For using TRUMATCH CMEF, preoperative CT data
(SOMATOM Definition AS: Siemens, Forchheim,
Germany) of the head and neck and ilium were sent to
an engineer employed by Materialise, and the data was
prepared for surgical planning in ProPlan CMF (Materialise,
Leuven, Belgium).

An oral surgeon and an engineer conducted a web-
based meeting to determine the extent of tumor resection
and designed an osteotomy guide (Figure 2A4,2B). Next,
the reconstruction plate and screw positions after tumor
resection were designed (Figure 2C). Osteotomy guides for
the ilium were designed after determining the extent of
reconstructed iliac bone graft for the tumor resection range.
The extent of the transplant was then determined to avoid
iliac defects from previous surgery (Figure 2D). Standard
triangle language (STL) data were obtained for each
segment, and an application for Microsoft HoloLens was
created using Holoeyes XR (Holoeyes Inc, Tokyo, Japan),
which is a cloud service for creating applications.

Surgical procedure

In November 2020, right mandibular segment resection
and right iliac bone graft were performed under general
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Figure 2 Three-dimensional reconstruction. (A,B) Osteotomy guide design. (C) Design of the reconstruction plate and screw position. (D)

Design of an osteotomy guide for the iliac bone (reprinted with permission from Materialise and DepuySynthes).

anesthesia. After making an incision in the mandible
according to the usual method, an osteotomy guide was
inserted and fixed with a screw for temporary fixing
(Figure 3A), and an ultrasonic cutting instrument was used
to perform segmental resection (Figure 3B). After incision of
the iliac part as usual, the osteotomy guide was inserted and
temporarily fixed with a screw, and the bone was cut with an
ultrasonic cutting instrument (Figure 3C). For deeper iliac
bone cutting, the iliac part was overlaid in MR and the angle
during excision was checked (Figure 3D). The iliac bone was
fitted to the mandible with a custom-made metal plate and
screw (Figure 3E). The inferior alveolar nerve was preserved
because it was separated from the tumor. Reconstruction
at the planned position was confirmed using MR, and the
positions were confirmed three-dimensionally from various
directions (Figure 44-4C). The operation time was 5 hours
and 42 minutes, and the amount of bleeding was 388 mL.
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Accuracy of surgery

Surgical accuracy was verified using STL data of the
mandible that had undergone preoperative virtual operation
and STL data created from mandibular CT data 3 months
after surgery. The surface deviation value was calculated
using the iterative closest point (ICP) method with
GOM Inspect (GOM, Braunschweig, Germany) Data
superposition was performed automatically by selecting any
three screw heads, and regions of interest were set on the
temporomandibular joint, the reconstructed ilium, and the
left mandible. For the reconstructed iliac bone, the cortical
bone surface was targeted to account for postoperative
changes in bone resorption. The average error of the
temporomandibular joint was -1.13 mm (range, -4.97 to
4.80 mm), and the average error of the reconstructed iliac
bone was -0.76 mm (range, -5.82 to 4.52 mm). The ratio
of a superposition error of 2 mm or less was 84.5% in the
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Figure 3 Intraoperative view. (A) Osteotomy guide fixed. (B) After tumor resection. (C) Iliac bone with osteotomy guide. (D) Medial

osteotomy was performed by superimposing mixed reality images of the iliac bone and checking the angle. (E) Reconstructed with the iliac

bone and fixed a reconstructive plate.
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Figure 4 Intraoperative view of mandibular reconstruction using mixed reality technology. (A,B) In order to confirm whether the

reconstruction was possible at the planned position, mixed reality was overlayed and the positions were confirmed three-dimensionally from

various directions. (C) Projected hologram.

temporomandibular joint, 81.1% in the reconstructed
iliac bone, and 80.3% in total (Figure 5). In this case,
the postoperative course was uneventful, there was no
opening of the wound, and no recurrence was observed
on radiographs. Postoperative dental prosthesis has not
been applied to date, but the occlusal state is stable and
the opening amount is 30 mm or more, so feeding can be
performed without problems.
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Discussion

A meta-analysis by Powcharoen et 4/. reported that
computer-assisted surgery improved surgical time and
precision compared to freehand reconstruction (9).
Regarding the operation time, the average total operation
time was 270 to 526 minutes. In addition, the accuracy
of computer-assisted surgery is said to have an error of
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Figure 5 Surgical accuracy was verified using preoperative
virtual operation data and computed tomography data obtained
3 months after surgery. The surface deviation value was calculated
using the iterative closest point method with GOM Inspect. The
ratio of superposition error of 2 mm or less was 84.5% in the
temporomandibular joint, 81.1% in the reconstructed iliac bone,
and 80.3% in total.

1.36-8.9 mm. Microvascular bone flaps have proven to be
the gold standard for mandibular reconstruction, but recent
report indicates that graft surgery is a safe and effective
treatment option (10). In addition, graft surgery was selected
because the reconstruction range was about 50 mm, which
was less than 60 mm, which is the cutoff value for which a
flap is required. In Japan, coverage of PSI in reconstruction
was confirmed from December 2020. Therefore, the
operation time of 342 minutes is related to the fact that this
case was an early case at our institution. Activation and use
of MR navigation during surgery is smooth because the
surgeon starts the surgery wearing the head mounted display
(HMD). In the future, if the HMD itself can be sterilized,
it may be possible to perform surgery more smoothly.
Furthermore, reconstruction using a cutting guide reported
that the accuracy of superimposing the preoperative virtual
operation and postoperative CT was 58.73%=+8.96%, and
the measured distance error was 4.98+1.46 mm (2). These
results suggest that the accuracy of this method is high. In
contrast, placement of mandible in the planned position
could not be confirmed by the conventional method. In
the report by Tepper er /., MR was used for jawbone
reconstruction, but only information was confirmed during
surgery (11). Zhu et al. reported the accuracy of mandibular
angle osteotomy using augmented reality (AR)-navigation
surgery. They showed that osteotomy was performed more
accurately in the AR group than in the freehand group (12).
A study of mandibular reconstruction in a cadaver using
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a 3D-AR device reported an average accuracy deviation
of 2 mm but a diagonal deviation of about 7 mm, an
error of this size that is incompatible with many clinical
procedures (13). This study showed that the ability to view
complex surgical information during surgery is a major
advantage of using 3D-AR devices, but a drawback is that
visual misinterpretation can cause virtual objects to appear
on top of real objects, making it difficult to recognize the
objects. Our method improves this problem by adding a
function to the application that allows the transparency of
the object to be changed by gesture manipulation. Various
approaches have been explored to improve the accuracy of
3D-AR registration to date, including manual registrations,
computer vision-based registrations, and registrations that
incorporate external tracking systems to increase accuracy,
but evaluations of user accuracy when performing clinically
relevant tasks suggest that accuracies of around 2 mm are
feasible (14). Although the surgical accuracy of this method
is largely dependent on the PSI, it has been difficult to
achieve 100% accuracy even with PSI. Schulz ez 4/. reported
that high accuracy in reposition of temporomandibular
joint in reconstruction surgery using a surgical guide.
The median Euclidean distance was 2.07 mm for the left
condyle and 2.11 mm for the right condyle. However, there
were some cases where an error of 10 mm or more was
recognized, and there is room for improvement in accuracy.
In order to improve the accuracy of PSI, MR was applied
in this case (15). In our study, it was possible to confirm
with a hologram whether the 3D characteristics of the
reconstructed mandible were as planned by superimposing
the MR on the mandible reconstructed during the
operation. The position of the temporomandibular joint
at the time of reconstruction was originally invisible, and
it was necessary to operate while imagining the position.
But in this method, the position can be confirmed more
accurately with a hologram. Notably, fixation was possible
while confirming the temporomandibular joint, which
led to an improvement in the accuracy of the surgery. In
addition, since the ilium osteotomy guide does not guide
the deep part and angle of the ultrasonic cutting instrument,
the ilium could be treated more accurately by performing
osteotomy while checking the angle with MR, improving
the accuracy of the reconstructed ilium. AR-guided
navigation was used for the iliac graft harvest.

The future potential of AR-guided navigation seems
promising due to the method’s lower costs, reduced
logistical efforts, and intraoperative flexibility in comparison
with CAD/CAM and cutting-guide technologies (16).
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However, a limitation of this method is that aligning the
surgical field and the MR is performed manually, and the
accuracy is expected to improve further by alignment using
a registration marker. Koyachi er /. reported that the
accuracy of LeFort I osteotomy improved when a marker
was used for superimposing the surgical field and the
hologram (17). This superposition technique will be applied
to cases of tumor resection in the future.

To further improve the accuracy, it is necessary to
improve not only the marker accuracy but also the
hardware. Pose-Diez-de-la-Lastra er al. reported that
HoloLens 2 is more accurate than HoloLens 1 in surgery
in the orthopedic field (18). In addition, this method is
cheaper and lighter than the conventional navigation
system, and it is useful in that the hologram can be viewed
three-dimensionally rather than on a two-dimensional
monitor. Furthermore, it is hygienic because it can be
operated by gesture or voice. This method is considered to
be particularly effective for surgery involving hard tissue
such as bone, since the object may be deformed during
surgery. However, MR can be shared by HMD wearers, and
by using MR for preoperative discussions, the parts that
should be treated with caution when performing surgery
can be shared three-dimensionally with all surgeons.

The 3D hologram obtained through the HMD assisted
the surgeon in comprehending the spatial relationship
between crucial structures and the pathological lesion
during the operation (19). Therefore, we believe that MR
is highly effective even in operations that involve soft tissue
if it is used in such procedures. Recently, the hurdles for
the medical application of HMD have been reduced by
the creation of patient-specific VR and MR models using
the webservice. Pre- and intra-operative usages of HMD
indicated the potential of innovative adjunctive surgical
instrument (20).

In conclusion, on the basis of preoperative discussions
using MR technology and the combined use of CAD/CAM
and MR during the surgery, we were able to perform highly
accurate mandibular reconstruction.
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