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ABSTRACT: A retrospective study was developed to find the Virtual Surgical
Planning (VSP) predictability in maxillary movements after orthognathic surgery.
Linear and angular measurements were done in malocclusion class Il and lll
patients through face and skull Computed Tomography (CT) with dental scan
(called Compound Skull), using surgical planning, comparing with postoperative
CT with at least 6 months. Eight patients participated of the study. The results to
the simulated and real movements of maxillary points were compared, calculating
their linear and angular differences. The cephalometric analysis were done using
the Proplan software (Materialise Proplan CMF, S&o Paulo, Brazil). Eight
measurements were done and evaluated through of the t test, Bland-Altman,
Wilcoxon and the Dahlberg error, in addition to being evaluated by clinically
acceptable bias (+/- 2mm). In the total, 3 differences were statistically significant
(anterior facial height, HFP/ULM, HFP/UI). The VSP seems to be a precise and
reproducible method as a way of elaborating treatments, reliably transferred to
the patient through surgical guides. Although the three differences were
statistically significant, when clinical measurements compared with them, none
gave clinically significant.

KEY WORDS: Orthognathic surgery, malocclusion, facial asymmetry.

The planning to the orthognathic surgery begun with Downs,
in 1951, through the tele radiography analysis in lateral view.
The image acquisition technology advances allowed add
protocols to use the 3D image in Oral and Maxillofacial
Surgery. Firstly, Virtual Surgical Planning (VSP) was
implemented and made a safer surgery predictability.

The orthognathic surgery success depends of the
surgical technique and the surgical planning. The VSP,
combine with surgery made with computer, have been

research object. It englobe various forms of planning and
surgical execution, that improve advances systems of image
generations, software analysis, virtual planning, prototyping
technology, robotics and image orientation systems (Stokbro
et al., 2014).

The surgical planning is created from a anatomic
reconstruction, that may be study to development and try
different types of treatment. The VSP appears to be an
accurate and reproducible method for planning the surgical
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treatment of maxilla and mandible repositioning (Stokbro et
al., 2014). It is performed through a composite skull model
from Computerized Tomography (CT) of face and 3D scan
of teeth, obtained a 3D virtual model more close from reality
(Mazzoni et al., 2010; Schendel & Jacobson, 2009; Swennen
etal., 2009). Thus, the VSP aims to choose the most favorable
treatment plan for facial proportions associated with an
occlusal correction to obtain an adequate functional and
aesthetic result (Bell, 2011).

Bone interferences, need of bone grafts or facial
recontour to gain symmetry can be visualize in VSP. The
VSP allows cost reduction due the surgical time decrease
and complications (Baker et al., 2012).

The analogical strategy use the articulator, plaster
models and cephalometric analysis in radiography. Being that
plaster models and radiographies suffer distortions and
limitations, the measurements precision were limited,
particularly in cases with facial asymmetries (Stokbro et al.,
2014).

Unfortunately, in a conventional planning mistakes can
add in the occlusal plane and can lead to treatment planning
errors. Besides that, others mistakes can occur, as articulator
mounting, facial arch register, wax bite register and changes
in Natural Head Position (NHP) (Gateno et al., 2003).

The VSP offer advantages as different movements
reproduction of maxilla and mandible; can be used to
diagnosis in 3D model, makes available the dental arch
relationship and bone structures, help in the correct centric
relation from temporomandibular joints, enables idea of soft
tissues changed in post operative and transfer every planning
to the operate room through the surgical guides (Hsu et al.,
2013; Centenero & Hernandez-Alfaro, 2012; Xia et al., 2007).
The success of the orthognathic surgery is related to the
precision of surgical planning. The differences into VSP and
surgical results when they were lower than 2 mm, were not
clinically significant (Stokbro et al., 2014; Haas et al., 2015).
The aim of this research is to evaluate the VSP precision
and predictability in cases of class Il and 11l malocclusion.

MATERIAL AND METHOD

The VSP have been used to orthognathic surgery routinely
in HFC Healthy Hospital, in Piracicaba, Sao Paulo Brazil,
since 2017. A retrospective study was performed in a group
of 8 patients (4 male and 4 female). Six patients presented
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Angle class Il and 2 Angle class Ill. They were treated with
orthognathic surgery planned with the same 3D protocol from
2017 January to 2019 November. This research was
approved by College S&o Leopoldo Mandic Ethics Committee
and follow the STROBE declaration regarding the design of
observational studies.

To be include in the research, the patients were
submitted to bimaxillary orthognathic surgery with orthodontic
treatment previously. Every surgeries were planned in the
same software and based in the images from 3D Proplan
(Materialise Proplan CMF, Sao Paulo, Brazil).

Were excluded patients with monomaxillary
orthognathic surgery, surgery first model, and with previous
trauma on facial bones, tumors, cleft lip or another strategy
of orthognathic surgery.

The same surgical team planned the orthognathic
surgeries. The facial skeleton was digitally recreated using
Digital Imaging and Communications in Medicine (DICOM)
from preoperative CT. The cuts were 0.6 mm of thickness in
axial, coronal and sagittal axis. Teeth scan were performed
after the installation of hooks and saved in STL format. The
orthognathic surgery was planned through 3D cephalometric
measurements and facial analysis. By the software, were
obtained the composite skull and they were under NHP using
a sequency of facial pictures. Then, the scan images were
superimposed with the CT.

The Le Fort | and mandibular sagittal osteotomies
were drawn. When necessary, the segmentation osteotomies
were designed as well. The maxilla and mandible were moved
to finals positions, with aim to create facial harmony in the 3
dimensions (Xia et al., 2015). The results were transferred
to patients during the surgery by the surgical guides, printed
through Computer Aided Design/Computer Aided
Manufacturing (CAD/CAM) system, by Moonray printer, using
photopolymerizable resin.

The same team performed the surgical procedures.
The frontal and lateral cephalometries virtual views were
obtained from 3D planning and compared to define the
movements in maxilla using the cranial bones as landmark.
The surgical movements were measured to compare the pre
and post-operative cephalometries using superimposition.

A new CT was obtained at least 6 months after the
surgery to perform the analysis. The results by simulation
and by surgical procedure were compare and the differences
calculated in linear and angular measurements.
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Were realized a descriptive and exploratory analyzes
of measurement in linear and angular data (Tables I, Il and
IIl) on VSP and post-operative CT (Fig. 1 to 8). Analyzed
the systematic and aleatory errors by t-paired test, Dalberg
error and Bland and Altman Methodology.

In the analysis, difference between surgical plan and
the post operative result less than in 2 mm in linear

Table I. Linear Measurements.

measurements, and less than 4 degrees in angular
measurements are considerate clinically with no significance
(Stokbro et al., 2014; Tng et al., 1994; Donatsky et al., 1997;
Padwa et al., 1997; Kaipatur & Flores-Mir, 2009; Xia et al.,
2009; Shehab et al., 2013; Zhang et al., 2016; Swennen,
2017).

LINEARMEASURE ABREVIATION DEFINITION
Anterior Facial Height AFH Distance between the cephalometric points Nasion (N - most anterior
Horizontal Frankfurt HFP/ Ul Distance between the Frankfurt horizontal plane (which passes
Horizontal Frankfurt HFP/URM Distance between the Frankfurt horizontal plane and the mesiobuccal
Horizontal Frankfurt PHF/ULM Distance between the Frankfurt horizontal plane and the mesiobuccal
Coronal Plane / Ponit A Coronal/A Distance from the Coronal Plane (vertical plane passing through point
Coronal Plane / Upper Coronal/Ul Distancia do Plano Coronal e a parte incisal do elemento 11

Linear measures, in lateral norm, analyzed. Acronym for abbreviation and definition of each measure. * Measurements taken on the left

side.

Table Il. Linear measures in frontal view.

LINEARMEASURE

ABREVIATION

DEFINITION

Midline / Upper Incisor

M/Ul

Maxillary midline deviation

Linear measures, in frontal norm, analyzed. Acronym for abbreviation and definition of

each measure.

Table Ill. Angular measurements in right lateral norm.

ANGULAR MEASURE ABREVIATION DEFINITION

Maxilla Occlusal Plane / Angle formed between the occlusal plane of the maxilla passing
Horizontal F rankfurt MOP /HFP through the incisal part ofe lement 11 and the occlusal part of
Plane element 46 and the Frankfurt horizontal plane

Angular measures analyzed. Acronym for abbreviation and definition of each measure.

Fig. 1. Measurements of anterior facial height preoperatively (110.6 mm) and postoperatively (111,8 mm).
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Fig. 2. Measurements from the
Frankfurt Horizontal Plane to the
Upper Incisor preoperatively (45.3
mm) and postoperatively (45.4
mm).

Fig. 3. measurements in the Ho-
rizontal Plane from Frankfurt to
the Upper Right Molar
preoperatively (42.6 mm) and
postoperatively (42.4 mm).

Fig. 4. Measurements in the
Frankfurt Horizontal Plane of the
Upper Left Molar preoperatively
(41.5 mm) and postoperatively
(42.7 mm).
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Fig. 5. Measurements from the
Coronal Plane to point A
preoperatively (85.1 mm) and
postoperatively(84.8 mm).

Fig. 6. Measurements from the
Coronal Plane to the Upper
Incisor preoperatively (90.2 mm)
and postoperatively (88.4 mm).

Fig. 7. Measurements from the
Midline to the Upper Incisor
preoperatively (0.0 mm) and
postoperatively (0.0 mm).

31



CAVALIERI-PEREIRA L, MACEDO OCJ, CORAL AJ, OLIVEIRA GP. Retrospective study of predictability in virtual surgical planning in linear and angular maxillary movements after
orthognathic surgery in malocclusion Class Il and Il patients. A retrospective study — Part |. Craniofac Res. 2023; 2(1):27-36.

RESULTS

8 patients were included being 4 male and 4 female, with an
average of 24 years + 7.69 (varying from 17 to 37 years).
Every patients were satisfied with results, including facial
profile and occlusion.

Table IV and Fig 9 to 16 shows the results of
cephalometric measurements performed on planning and
post operative CT . The Dahlberg error represent the aleatory
error between the measurements. It can be seen that the
relative Dahlberg error was large in the standard frontal

measurements and in the angular measurements. In angular

Fig. 8. Measurements of
preoperative (6.0°) and
postoperative (7.7°) occlusal
plane angular measurements.

measurements the Dahlberg error varied from 3.14° (OP/
HFP), being large in relation to the averages of the
measurements. For the other variables, the relative error
ranged from 1.9% (PHF/MSD). The systematic errors of each
measure were also analyzed (Bland-Altman method, t test
and Wilcoxon). The average bias in angular measurements
varied 1.79° (PO/PHF).

Although three linear measures (anterior facial height,
HFP/UI, HFP/ULM) had a statistically significant difference
between planning and postoperative period, the spatial distribution
of biases in the Bland-Altman graphs indicated that there is no
relationship between biases and the averages of the measures.

Table IV. Analysis of the accuracy of cephalometric measurements performed in surgical planning in relation to the postoperative

result.
Measurement

Variable Surgical Planning Post Operative Dahberg Dahberg Bias(IC 95%) pvale

Average Average Error relative

(Standard Median (Min; max) (Standard Median (Min; max) error

deviation) deviation)
Lateral Norm
(mm)
ﬁ:itg,:'t‘“ fackl 1708 (747)  118.40 (105.10-126.60) 120.10 (8.28) 120.20 (109.20-130.80)  2.40 2.0% 2.83 (-111; 6.76) 10,0053
HFP/UI 4933 (3.41) 4930 (44.60-54.10) 5058 (3.66) 5135 (44.10-54.70) 1.14 23% 1.25 (-087; 3.37) 10.0137
HFP/URM 4573 (3.07) 4630 (41.30-49.90) 4621 (341) 4595 (41.70-51.10) 0.86 1.9% 0.49 (-184; 2.82) 10.2845
HFP/ULM 4461 (2.89) 4430 (41.40-48.80) 4601(3.81) 4430 (42.10-51.80) 1.47 32% 1.40 (-183; 4.63) 10.0470
Lateral Norm -
anteroposterior
(mm)
Coronal Plane/A 9323 (5.78) 91.10 (86.00-102.10) 9188 (4.06) 9090 (87.70-98.20) 1.81 2.0% 1.35 (-5.91; 3.21) 10.1444
Coronal Plane/Ul 9748 (6.15) 9480 (92.30-109.30) 9628 (4.48) 9530 (92.20-105.30) 1.91 2.0% -1.20 (-6.29; 3.89) '0.2321
Frontal Norm
(mm)
Midine/Ul 0.00 (0.00) 0.00 (0.00-0.00) 0.48 (1.08)  -0.30 (-1.70-1.50) 0.79 3329%  -0.48 (-2.60; 1.65) 20,2249
Angular
Measurement
(degree)
POPHF 8.65 (2.64) 8.70 (5.30-1280) 1086 (3.24) 1060 (5.50-15.40) 3.14 325 % 179 (-693; 1051)  '0.3589
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Fig. 9. Scatter plot for the difference and mean of the varia-
ble Anterior facial height between surgical planning and
postoperative period. ULA: upper limit of agreement; LLA:
lower limit of agreement. Bland-Altman method.
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Fig. 10. Scatter plot for the difference and mean of the HFP/
Ul variable between surgical planning and postoperative
period. ULA: upper limit of agreement; LLA: lower limit of
agreement. Bland-Altman method.
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Fig. 11. Scatter plot for the difference and mean of the HFP/
URM variable between surgical planning and postoperative
period. ULA: upper limit of agreement; LLA: lower limit of
agreement. Bland-Altman method.

2 T -
€ o
@
£
2 =
2 o
=
%’E ™ = o
=2
W B e e e e e e e e e e o S e e S
f =
zI -4 @
28
]
= Lot
z
1 a
5 s o
B
4 T T T T T
42 44 46 48 50
Average between the measurements 3"):: 1]':50‘
of HFF/ULM LA 4,63

Fig. 12. Scatter plot for the difference and mean of the HFP/
ULM variable between surgical planning and postoperative
period. ULA: upper limit of agreement; LLA: lower limit of
agreement. Bland-Altman method.
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Fig. 14. Scatter plot for the difference and mean of the Coronal
Plane/Ul variable between surgical planning and
postoperative period. ULA: upper limit of agreement; LLA:
lower limit of agreement. Bland-Altman method.
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Fig. 15. Scatter plot for the difference and mean of the Midline/
Ul variable between surgical planning and postoperative
period. ULA: upper limit of agreement; LLA: lower limit of
agreement. Bland-Altman method.

Table V presents the frequencies and percentages of
patients with clinically acceptable bias in cephalometric
measurements. It is observed that for the lateral
measurements, the percentage of patients with clinically
acceptable bias ranged from 75.0% (AFH and HFP/UI) to
100.0% (HFP/URM). In
measurements, this percentage ranged from 50.0% (Coronal
Plane/Ul) to 75% (Coronal Plane/A, Coronal Plane B), and

for angular measurements, 62.5% (OP/HFP).

lateral, anteroposterior

DISCUSSION

Lin et al., in 2015, reviewed the reports published in last 10
years about procedures assisted by computer in orthognathic
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Fig. 16. Scatter plot for the difference and mean of the OP/
HFP variable between surgical planning and postoperative
period. ULA: upper limit of agreement; LLA: lower limit of
agreement. Bland-Altman method.

surgery, including surgical planning, simulation, trans-
operative transmission of virtual planning and post operative
evaluation. They concluded that the use of assisted technique
by computer produce ideals functionals and aesthetic results,
patients satisfaction, precisely information of treatment plan
and easy trans-operative manipulation.

This study provides an objective qualification to
surgical precision to VSP. The approach more useful was
the linear and angular measurements (Centero & Hernandez-
Alfaro, 2012; Zinzer et al. 2012). These measurements were
based in the identification of cephalometric points that are
propense a human errors varying of 0.3 to 2.8 mm according
with Makram and Kamel, in 2014. Besides this method, there
are two another register methods. Point, surface or voxel

Table V. Frequency (%) of patients with clinically acceptable bias in the cephalometric
measurements taken in the surgical planning in relation to the postoperative result (<2
mm in linear measurements and <4° in angular measurements).

Variable Post operative average Frequency (%)
Lateral Norm (mm)

AFH 120.10 6 (75.0%)
HFP/UI 50.58 6 (75.0%)
HFP/URM 46.21 8 (100.0%)
HFP/ULM 46.01 7 (87.5%)
Lateral norm - anteroposterior (mm)

Coronal Plane/A 91.88 6 (75.0%)
Coronal Plane/B 88.37 6 (75.0%)
Coronal Plane/Ul 96.28 4 (50.0%)
Frontal Norm (mm)

Midline/Ul -0.48 8 (100.0%)
Angular measurements (degree)

OP/HFP 10.89 5 (62.5%)
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register. Tucker et al. (2010) and Baan et al. (2016) used the
voxel register in cranial part, with positive effect in results.
Hsu et al. (2013), Hernandez-Alfaro & Guijarro-Martinez
(2013) presented a valid method by overlap.

A systematic review of Stokbro et al. (2014) reported
only seven clinical studies validating the VSP protocol in
orthognathic surgery and only one of them considered
bimaxillary procedures with maxilla segmentation (Stokbro
etal, 2016). In these seven studies, the authors qualified the
virtual planning precision compare the final mandible position.
The two techniques to distance measurements from planning
result to final result were surface or teeth point of reference
(Hsu et al., 2013; Centenero & Hernandez-Alfaro 2012; Xia
et al., 2007; Zinser et al., 2012).

In our study, the orthognathic surgery accuracy
assisted by computer was significatively in the most of the
parameters included. In our results there were significant
changes between the anterior facial height, both planned and
reached, in agree with results of De Riu ef al. (2018).

In this study were found statistic differences in the
upper incisor and upper left molar in relation to Frankfurt
Horizontal Plane, showing differences with Heufelder et al.
(2017). This relation probably occur due the post operative
orthodontic treatment (intrusion or extrusion process),
considered that the post operative CT were done at least 6
months after the surgery. Although the statistic difference,
only in 1 patient the measure varied more than 2 mm in upper
left molar (3.8 mm) e only in 1 patient varied more than 2
mm in upper incisor (3.6 mm).

CONCLUSION

We can conclude that the VSP show precision and
reproductivity to planning surgical procedures. The maxillary
surgical movements show confidence in the virtual planning.
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CAVALIERI-PEREIRA L, MACEDO OCJ, CORAL AJ,
OLIVEIRA GP. Estudio retrospectivo de la predictabilidad
de la planificacion quirdrgica virtual en movimientos maxi-
lares lineares y angulares después de cirugia ortognatica
em pacientes Clase |l y Clase lll. Parte I. Craniofac Res.
2023; 2(1):27-36.

RESUMEN: Se desarroll6 un estudio retrospectivo para
encontrar la predictibilidad de la Planificacidon Quirurgica
Virtual en los movimientos maxilares después de la ciru-
gia ortognatica. Se realizaron mediciones lineales y an-
gulares en pacientes con maloclusion clase Il y Il me-
diante Tomografia Computarizada (TC) de rostro y cra-
neo con escaner dental (denominado Craneo Compues-
to), utilizando planificaciéon quirdrgica, comparando con
TC postoperatoria con al menos 6 meses. Ocho pacien-
tes participaron del estudio. Se compararon los resulta-
dos de los movimientos simulados y reales de los pun-
tos maxilares, calculando sus diferencias lineales y an-
gulares. Los analisis cefalométricos se realizaron utili-
zando el software Proplan (Materialise Proplan CMF, Séo
Paulo, Brasil). Se realizaron ocho mediciones y se eva-
luaron mediante la prueba t, Bland-Altman, Wilcoxon y
el error de Dahlberg, ademas de ser evaluadas por ses-
go clinicamente aceptable (+/- 2mm). En total, 3 diferen-
cias fueron estadisticamente significativas (altura facial
anterior, HFP/ULM, HFP/UI). El VSP parece ser un mé-
todo preciso y reproducible como forma de elaboracion
de tratamientos, trasladado de forma fiable al paciente a
través de guias quirurgicas. Aunque las tres diferencias
fueron estadisticamente significativas, cuando se com-
pararon las mediciones clinicas con ellas, ninguna dio
resultados clinicamente significativos.

PALABRAS CLAVE: Cirugia ortognatica, maloclusion,
asimetria facial.
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