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Abstract

Purpose This paper describes a novel circuit for intraoperative analysis with ICBCT in maxillofacial surgery. The aim is
to establish guidelines, define indications, and conduct an analysis of the implementation of the circuit for intraoperative
comparison of surgical outcomes in relation to 3D virtual planning in maxillofacial surgery.

Methods The study included 150 maxillofacial surgical procedures. Intraoperative actions involved fluoroscopy localization,
intraoperative CBCT acquisition, segmentation, and superimposition, among other steps. Surgical times due to intraoperative
superposition were measured, including time required for ICBCT positioning and acquisition, image segmentation, and
comparison of 3D surfaces from the surgical planning.

Results Successful intraoperative comparison was achieved in all 150 cases, enabling surgeons to detect and address modi-
fications before concluding the surgery. Out of the total, 26 patients (17.33%) required intraoperative revisions, with 11 cases
(7.33%) needing major surgical revisions. On average, the additional surgical time with this circuit implementation was 10.66
4 3.03 min (n = 22).

Conclusion The results of our research demonstrate the potential for performing intraoperative surgical revision, allowing
for immediate evaluation, enhancing surgical outcomes, and reducing the need for re-interventions.

Keywords 3D planning - Surgical accuracy - Intra-operative CBCT

Introduction

B4 Nuria Adell-Gémez
nuria.adell@sjd.es Virtual surgical planning is becoming increasingly common

in many surgical specialties. Among all specialties, maxillo-
facial surgery is the one that greatly benefits from 3D tech-
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In addition to virtual surgical planning and 3D printing, in
recent years, technology rapidly advanced, introducing new
innovative tools that can enhance the precision and efficacy of
results in maxillofacial surgeries. Among these innovations,
the use of mixed reality approaches [8], intra-operative imag-
ing or surgical navigation [9—13] stand as the most promising
ones to increase the precision and safety of surgical proce-
dures. Despite their capabilities, these tools are not without
limitations, such as in their ability to continuously monitor
and accommodate dynamic movements within the surgical
field [14].

Additionally, sometimes it can be challenging to precisely
transfer the results that have been previously planned virtu-
ally to the operating room, leading to outcomes that may
not be entirely reproducible. Consequently, it is necessary to
assess the quality and precision of surgical outcomes. The
practice of 3D superimposition after orthognathic surgery is
being widely used to assess the post-operative outcomes [15].

The novelty of this study lies in the use of superposition
intra-operatively, allowing for real-time assessment of surgi-
cal improvements before the end of the procedure, to achieve
more accurate surgical outcomes and provide the opportunity
to make necessary modifications during the same surgical
intervention.

Methods

A retrospective collection of all maxillofacial procedures
using intra-operative cone beam computed tomography
(ICBCT) in a pediatric maxillofacial surgery department
from 2020 to 2023 was performed, including a total of
150 patients. The study was approved by local Medical
Ethics Committee at Sant Joan de Déu Barcelona Children’s
Hospital and was conducted in accordance and adapted to
principles for medical research as outlined by the Declara-
tion of Helsinki and its later amendments.

All surgeries were performed in an operating room
equipped with a low-dose C-arm cone beam computed
tomography (CBCT) machine (Fig. 1). An Azurion 7C20
FlexMove (Philips Medical Systems, Best, The Netherlands)
was used to obtain alow-dose ICBCT scan during the surgery.
The images obtained were used to assess the accuracy of the
surgical plan. Surgeons, radiologists, biomedical engineers
and image technicians were involved in this process.

Preoperative steps

Prior to surgery, three different steps were needed. First,
all maxillofacial interventions included in the study were
virtually planned. Each patient underwent a CT scan, con-
ducted at least 15 days prior to surgery, enabling the
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Fig.1 Operating Room equipped with a low-dose C-arm ICBCT
machine

preoperative virtual planning process. For the image seg-
mentations, IntelliSpace Portal (Philips) was used. For the
surgical planning and 3D design, 3-Matic (Materialise, Leu-
ven, Belgium), Timeus (Ortosan Laboratory, Madrid, Spain)
and ProPlan CMF (Materialise, Leuven, Belgium) were used.

Following the surgical planning, the anatomical models
(comprising the maxilla, mandible or both, depending on
the surgical approach) were printed. These models served
multiple purposes: facilitating the adaptation of osteosyn-
thesis material, ensuring the secure placement of surgical
guides, and providing a visual reference for delineating pre-
cise osteotomy locations.

Finally, prior to the surgery a selection of study points was
conducted. These fix points, which will define the superposi-
tion between the pre-planning and the intra-operative result,
were always defined having as a reference the skull. These
study points typically encompass landmarks such as both
orbits, the zygomatic archs and nasal bones.

Intra-operative steps

The intra-operative circuit included different steps (Fig. 2):

Fluoroscopy localization This initial step involved cal-
ibrating the position of the ICBCT machine by an image
technician before the surgery started. Once calibrated, the
surgical procedure began.

Intra-operative CBCT acquisition Following the comple-
tion of the intervention, an ICBCT acquisition was conducted
to assess the achieved outcomes. The C-arm CBCT was
positioned taking into account the stretcher position, the
anesthesia monitors, lamps and other medical devices such
as suction, motor, electric scalpel and piezoelectric scalpel,
and then images were acquired.

Importation to PACS Once the ICBCT was acquired, the
images were imported into PACS. Simultaneously, a radio-
logical evaluation was conducted by radiologists to verify the
position of the screws when necessary.

Segmentation Images were segmented using IntelliSpace
Portal (Philips) to obtain the 3D models (in STL format) from
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Fluoroscopy localization Start of the surgery

Intra-operative CBCT
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evaluation Importation to PACS
Segmentation (IntelliSpace

Portal, Philips)

Import STL files to
3-Matic
(Materialise)
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data and the intra-operative CT

situation: coordinate axes in

common with the selection of

common points selected
previously

Comparison of the
planned situation vs intra-
operative CT situation

Intra-operative
results

Fig. 2 Intra-operative steps for the comparison of the surgical results
using superposition with the previous virtual planning. The steps shad-
owed in yellow indicate that they were done in complete orthognathic
cases (Le Fort I, bilateral BSSO and genioplasty) where there were

the initial 2D images. Regarding bone segmentation, this was
automatically performed.

Import files to 3-Matic The STL files obtained from the
segmentation were then imported to 3-Matic (Materialise,
Leuven, Belgium) to start the superposition of the models.

Alignment of the 3D virtual models Before the com-
parison, an alignment between the planned data and the
intra-operative results were performed to be superposed; that

Continuation of surgery

Final CBCT

Radiological

Importation to PACS evaluation

Segmentation

Import STL files to
3-Matic
(Materialise)

Alignment between the planned
data and the intermediate CT
situation: coordinate axes in
common with the selection of
common points selected
previously

Comparison of the
planned situation vs
intermediate CT situation

Final results

necessary two CBCT, one intermediate after the reposition of the first
maxilla and one at the end of the procedure after bimaxillary surgery
and genioplasty

means that the coordinate axes of both models had to be the
same. Alignment was done selecting 3 points in common
between the pre-operative 3D model and the intra-operative
one using N-points registration. Then, a Global Registration
having as a reference the skull was done to minimize the
distance between the reconstructions.

Comparison of the superpositions A comparison of the
planned situation with the intra-operative situation was

@ Springer
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Table 1 Key aspects to compare during the intra-operative superposi-
tion in the main interventions

Intervention Compared aspects

Orthognathic Surgery Midline, positioning of the
condyles, advancement and
impaction of the maxilla,
occlusion, occlusal plane
(canting), positioning of the chin

(leveling and advancement)

Maxillary distraction Osteotomies and positioning of

the distractors

Mandibular distraction Osteotomies and positioning of

the distractors

Le Fort IIT Osteotomies and positioning of
the RED frame distractor
TMI prosthesis Positioning of the prosthesis

Mandibular reconstruction Positioning of the mandible and

plates

Condylectomy Osteotomy and mandibular

midline and position

performed using Analysis tools within 3-Matic. Different
aspects were compared depending on the intervention. Table
1 shows the aspects compared for the main interventions
included in the study.

During the acquisition of ICBCT and intraoperative com-
parison, in 22 procedures, the total time added to the surgery
by this implemented circuit was also measured. Concretely,
the analyzed time was:

1. Time needed to prepare, perform and acquire the intra-
operative CBCT.

2. Time needed to segment the intra-operative images to
obtain the 3D model STL file.

3. Time needed to compare the 3D surfaces of the surgical
planning and the surgical result acquired with the intra-
operative CBCT.

4. Total time added to the surgery due to the intra-operative
superposition.

Evaluation of the results

For each patient, demographic data, surgical procedure type
and the need for intra-operative revision based on ICBCT
findings was recorded. Surgical revisions were classified into
minor and major:

e Minor surgical revision: screw reposition, minor midlines
correction (< 2 mm), minor bone remodeling, removing
foreign bodies. In these cases, the ICBCT was not repeated.

@ Springer

e Major surgical revision: Surgical correction was per-
formed, followed by a repeat of the ICBCT to verify the
outcome. Causes of surgical correction included condylar
repositioning, maxillary repositioning, and repositioning
of the distractor.

Statistical analysis was carried out using SPSS for Win-
dows (version 15.0.1, SPSS Inc, Chicago, IL). Descriptive
statistics were used; numerical data presented as mean SD
and categorical variables as frequency (%).

Results

A total of 150 patients were included in the analysis, with a
mean patient age of 15.57 years. Among them, there were 88
males and 62 females. In all cases, the entire circuit was fully
implemented, allowing surgeons to compare intraoperative
results with the desired outcomes planned in the preopera-
tive 3D virtual planning. The majority of patients underwent
orthognathic surgery (n = 88). Table 2 displays the revision
rates for each procedure.

A total of 26 patients required intra-operative revision
after the scans (17.33%). 11 of the patients (7.33%) required
a major surgical revision.

Intra-operative comparative analysis was performed in all
150 cases.

The causes of major surgical revision were: (1) orthog-
nathic surgery: maxillary reposition to midline (3 cases)
(Fig. 3), condylar malposition (4 cases); (2) costochondral
graft: graft malposition into glenoid fossa (1 case); (3) Le
Fort III distraction: bilateral ZMC fracture during osteotomy
(1 case), levelling of the distractor (1 case) (Fig. 4); (4) TMJ
prosthesis: Prosthesis reposition (1 case).

Regarding the minor revisions, the causes were: (1)
orthognathic surgery: minor correction of chin position to
midline after genioplasty (7 cases), locating a broken burr
or a bracket into the maxillary sinus (2 cases), chin reduc-
tion (1 case), reposition of bicortical screw (1 case); (2)
condylectomy: minor bone remodeling (2 cases); (3) maxil-
lary distraction: locating a broken burr into the maxillary
sinus (1 case); (4) mandibular distraction: change of the
vector (1 case). None of the patients required a secondary
corrective surgery.

Regarding the supplementary time required to exe-
cute the procedure, the results have been measured in 22
intra-operative CBCT acquisitions. Outcomes are shown in
Table 3.

On average, an additional 10.66 min were required to
perform the intra-operative comparison. In some cases, the
preparation and acquisition of the ICBCT took longer (up to
10 min) due to the ICBCT scanner colliding with the oper-
ating table, so it was necessary to take more time to set it
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Table 2 Results of the revision
rates for each procedure included
in the study

Procedure Cases (n)

Total revision rate (%)  Major surgical

revision (%)

Minor surgical
revision (%)

Orthognathic 88
Iliac crest bone graft 12

Oncological and 8
reconstructive

surgery
Mandibular 8
distraction

Maxillary distraction
Le Fort III distraction
TM]J Prosthesis
Costochondral Graft
Orbital fracture
Condylectomy

Bone remodeling

— W W A A~ W U W

Fronto-orbital
advancement

Cranioplasty
ZMC fracture
TMJ ankylosis

Premaxilla
osteotomy

—_ = =

19.32 7.95 12.50
0 0 0

0 0 0
12.50 0 12.50
20.00 0 20
20.00 20.00 0
20.00 20.00 0
25.00 25.00 0

0 0 0
66.66 0 66.66
0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

Fig. 3 Intra-operative comparative analysis of an orthognathic surgery
case. 3D virtual planned situation (blue) superimposed with the intra-
operative result (grey). a Intra-operative result of the maxilla after Le
Fort I, in which the midline was moved 2.65 mm to right (red line)

up. In general, the time needed to segment the images was
short because bone was always segmented automatically and
the process was fast. Finally, the average duration for per-
forming the intra-operative comparisons was 5.70 min. It is
important to note that the time needed to perform the intra-
operative comparison varied based on the type of procedure.
For instance, orthognathic surgeries involved more factors
for comparison compared to condylectomies.

in comparison with the planned position, b result after the revision,
in which the maxilla position was corrected to match the 3D virtually
planned midline

Additionally, in orthognathic surgery, it was necessary to
perform two ICBCT scans: one during the intermediate phase
(typically after bilateral BSSO if the mandible-first protocol
was followed) and another final ICBCT when aligning the
maxilla and chin. Consequently, in orthognathic surgery, the
overall time added to the procedure was doubled—approxi-
mately 10 min for verifying the mandible’s position and an
additional 10 min for confirming the final positioning of the
maxilla and chin.

@ Springer
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Fig. 4 Intra-operative comparative analysis of the positioning of the
RED frame in a case of Le Fort III distraction. 3D virtually planned
situation (blue) was superimposed with the intra-operative outcome
(grey). a Intra-operative result showing a deviation of 10.46° in the

Table 3 Results of the time added to the surgery analyzed in 22 cases

position of the distractor in comparison with the 3D virtually planned
position, b result after the revision, in which the position of the dis-
tractor had been corrected to be positioned more accurately to the 3D
virtual planned position

Time of preparation and

acquisition of ICBCT (min) images (min)

Time needed to segment

Total time added to the
surgery (min)

Time needed to perform the
intra-operative comparison

(min)
Mean 3.55 1.41 5.70 10.66
SD 2.14 0.39 1.90 3.03
Max 10.00 2.16 8.07 18.50
Min 1.63 0.83 2.15 6.80
Discussion revision rate of 50% in a retrospective study involving 22

No guidelines exist in the literature regarding the indications
for using intraoperative imaging in the maxillofacial region
[16]. However, the main indication for ICBCT reported in
the literature was facial trauma surgery [17]. The primary
indication for ICBCT in this study was orthognathic surgery,
which has not been previously described in the literature. The
explanation is that the study was conducted in a pediatric hos-
pital, where the incidence of facial trauma surgery was low.
In contrast, the vast majority of patients had underlying cleft
lip and palate and other craniofacial syndromes, and there-
fore underwent orthognathic, craniofacial and reconstructive
surgery.

In the present study, the total revision rate was 17.33%,
including minor adjustments and refinements. The major
revision rate was 7.33%, indicating patients which would
have needed secondary surgery. Compared to other studies,
this rate was relatively low, likely attributed to the com-
prehensive protocol employed here, which incorporates 3D
virtual surgical planning, 3D model printing, and CAD/CAM
customized implants. For instance, Alasraj et al. reported a
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patients with facial fractures [18]. Similarly, other authors
described a retrospective study of 71 patients with ZMC frac-
tures, reporting a revision rate of 23.9% [19].

Beyond facial trauma surgery, other indications for
ICBCT are described in the literature [17]. Although the use
of ICBCT in orthognathic surgery has been limited to date,
some publications have reported its usefulness. For instance,
Seeberger et al. evaluated the positioning of the proximal
condylar segment with high oblique sagittal split osteotomy
using ICBCT in 22 patients [11]. In another study, ICBCT
was utilized to ensure screw penetration and depth, thereby
avoiding injury to the inferior alveolar nerve during bilat-
eral sagittal split osteotomy [20]. However, the authors have
developed and implemented an extensive checklist protocol
for evaluating ICBCT in maxillomandibular surgery. This
protocol helps properly evaluate intraoperative results while
reducing the time required for ICBCT assessment.

In the oncological field, ICBCT is utilized for achieving
surgical margins accuracy [21] and for reconstruction with
custom-made implants. Additionally, it can be valuable in
detecting foreign bodies, as reported in patients with gunshot
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injuries [22]. Similarly, as in our sample, the use of ICBCT
in bone remodeling is described [23].

However, to the best of our knowledge, there are no studies
describing the use of ICBCT in facial bone distraction. The
authors have employed it in several facial osteogenic distrac-
tion surgeries to intraoperatively assess osteotomies, screw
positions, and distraction vectors. Likewise, there is a lack
of literature regarding other indications of ICBCT, such as
reconstruction of the temporomandibular joint with prosthe-
sis and iliac crest bone grafts, among others. Nevertheless,
the authors believe that ICBCT with superimposed preop-
erative data is valuable in the aforementioned surgeries for
verifying surgical accuracy.

On the one hand, ICBCT presents two main concerns:
radiation exposure and additional operative time. Firstly,
the radiation dosage for a maxillofacial beam CT scan is
approximately 2—5 mSv, while for a CBCT scan, it is around
0.35 mSv [24]. In this study, a low-dose protocol was used,
with doses of 0.56 mSv for each CBCT. Additionally, patients
who did not undergo an intraoperative CBCT underwent a
postoperative CBCT scan for control purposes, with a radia-
tion dose of 1.31 mSv.

Secondly, our results indicate that the ICBCT acquisition
time averaged 3.55 &£ 2.14 min, with the total added time
of implementing the circuit being 10.66 £ 3.03 min. This
represents a relatively insignificant amount of extra time.
However, it was not possible to measure the time required
for the superimposition comparison in all cases included in
the study. Other authors using intraoperative CBCT reported
scan times of 14.5 £+ 4.9 min [25] and 18.9 £+ 4.6 min [18].

In summary, based on this study and the reviewed lit-
erature, the main advantages of ICBCT include detecting
and addressing issues during surgery, thus reducing the need
for additional corrective surgeries. It may also potentially
reduce the need for extensive surgical approaches due to
intraoperative verification of surgical results. Additionally,
it provides high-quality bone imaging comparable to con-
ventional CT, with minimal metal artifacts. Moreover, it
offers low radiation exposure, and when preoperative data are
superimposed, minor adjustments can be made, achieving a
higher level of accuracy. On the other hand, the main dis-
advantages of ICBCT are limitations in soft tissue imaging.
Despite low radiation exposure, it is not entirely harmless
and may slightly increase operative time. Furthermore, its
elevated costs make it challenging to implement the device
in many hospitals.

The present study has some limitations that should be con-
sidered. Firstly, its single-center design and the varying levels
of surgeon experience are factors that may influence the out-
comes. The differences in experience among surgeons could
introduce bias and potentially affect the reported revision
rates in the study. Additionally, including a larger sample size

in the analysis of the total time added to the surgery could
provide a more accurate representation of the additional time.

Future work will focus on assessing the accuracy of sur-
gical results intraoperatively in orthognathic surgery using
patient-specific plates compared to standard plates. This will
enable the evaluation of the precision of the results and the
utility of the circuit.

Conclusion

The findings from our study highlight the potential for
intraoperative revision, enabling immediate assessment and
reducing the need for secondary corrective procedures. Our
integrated workflow, as demonstrated in this study, has
the capacity to improve surgical outcomes and minimize
unfavorable results. By addressing errors in real-time, our
approach offers a viable solution to reduce the necessity for
reinterventions in cases where the surgical outcome deviates
from pre-surgical virtual planning.
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