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A compar ative study of the accuracy between two computer-aided surgical

simulation methodsin virtual surgical planning

Abstract

Objective: The aim of this retrospective and observationadltwas to compare the
accuracy of two different virtual surgical planni(dgSP) protocols, namely, the CASS
method and the modified CASS method.

Materials and methods: The patients underwent bimaxillary orthognathicgeuy,
planned using either the CASS method or the maliftASS method. Linear and
angular discrepancies between the VSP outcome asibperative outcome for both
groups were compared for maxilla, mandible, andch ckégments. Aside from the
comparison between both groups, additional criteviere used to determine the
accuracy of the protocol based on a linear and langlifference between planned and
actual outcomes of less than 2 mm and 4°, resgdgtifhe intergroup comparisons
were performed by one-way ANOVA, with the levelsignificance set at 5%.

Results: A total of 21 patients, of both genders, were grs=il into group I( = 11),
planned with the CASS method, and grouml£(10), planned with the modified CASS
method. Both the CASS and modified CASS methodseoted similar accuracy with
regard to linear differences for the maxilla, mételi and chin segments, except Aot
for the mandibular segment, where the modified CASShod showed slightly better
accuracy. However, there was a statistically sigaiit difference with regard to angular
differences in the chin segment, with the CASS we@tshown to be the more accurate.
Aside from Apitch for the chin segment, no linear or angular diffiees exceeded
2 mm or 4°.

Conclusion: Although statistically significant differences wefound with regard to
angular measurements in the chin segment, theamcof the modified CASS method
for virtual planning can be considered as clinicaquivalent, with a performance
comparable to that of the CASS method.

Keywords. computer-aided surgery; orthognathic surgery; wairtsurgical planning;

computed tomography; osteotomy



Introduction

Combined orthodontic—orthognathic treatment is #&alde choice for the
correction of Angle Class Il and Il dentofaciafdenities, which not only rehabilitates
the jaw’s function, but also improves facial aettse(Dantas et al., 2015). Although
dentofacial surgical approaches are case-spedffack(and Baik, 2001), Le Fort |
osteotomy is considered to be the most frequertegohare (Shin et al., 2015), and is
often associated with bilateral sagittal split otpeny (lwai et al., 2017). Surgical
techniques play an important role with regard técome; however, their success also
depends on detailed surgical planning (Xia et2fl15; Zhang et al., 2016; De Riu et al.,
2017; Ritto et al., 2018).

For many years, surgical planning has been perfdrime traditional way by
means of cephalometric predictive tracings and alemodels mounted on a semi-
adjustable articulator. Eventually, the surgicahrplis transferred to the patient via
acrylic surgical splints and two-dimensional (2Djaiges (Xia et al., 2005; Swennen et
al., 2007; Gateno et al.,, 2017). In order to overeothe 2D limitations, three-
dimensional (3D) virtual surgical planning (VSP) enged as a useful tool, leading to
more accurate and predictable hard- and soft-tishanges (Stokbro et al., 2014;
Stokbro et al., 2016; Ritto et al., 2018), and mpder laboratory stage (Ritto et al.,
2018).

On this basis, the computer-aided surgical simubaiCASS) method was
developed (Xia et al., 2009), which allows oralgaans to perform virtual surgical
movements, resulting in predictable 3D changes €Xial., 2011). Some modifications
to the CASS method have been proposed by Tonih @020), in order to simplify the
demand for equipment without losing accuracy. Doethte constant evolution of
computed tomography scanning equipment, surgicahnihg software, and surgical
navigation systems, there is a need to investitteeaccuracy and reliability of new
methods for VSP in relation to postoperative outeom

Therefore, our study proposed a modified CASS ntethat is more practical
and simple than current techniques, whilst maiimtgiraccuracy. Thus, the aim of the
investigation was to assess the accuracy of CASSttes modified CASS method, by
comparing the angular and linear differences betwélee planned and actual
postoperative outcomes of each method.

M aterials and methods



Sample

This retrospective and observational study was agaor by two Permanent
Ethics Committees on Experiments in Humans (CAAE1@85.917.0.0000.5374 —
Faculdade Sao Leopoldo Mandic, Campinas), and aordance with the STROBE
initiative statements Srengthening the Reporting of Observational Studies in
Epidemiology) (Von Elm et al., 2008).

For the sample size estimation, a preliminary mlody was conducted with 10
patients. Data obtained from this study showed thast of the linear and angular
differences between the planned and actual outcgmesented standard deviation
values that corresponded to 80% of the mean valliess, the sample size was
calculated to have an effect size of 1 mm YQnvlith a standard deviation of 0.8 mm or
0.8, by assuming 80% of power and 5% of level of digance. Based upon these
assumptions, a sample of 11 individuals was sugdefstr each group. The literature
suggests a linear difference of less than 2 mm @irg., 1994; Donatsky et al., 1997;
Padwa et al., 1997) and an angular differencessftlean 4 (Tng et al., 1994; Donatsky
et al., 1997; Padwa et al., 1997) between planmedaztual outcomes as criteria to

determine accuracy of the method.

The inclusion criteria were as follows: 1) patiem®o were scheduled to
undergo double-jaw orthognathic surgery; 2) pasieviio were scheduled to undergo a
computed tomography scan as a part of their traatn® patients who agreed to use
the CASS protocol for their treatment planning;ofly cases planned by the same
surgeon for either CASS or modified CASS methodatieAts with craniofacial
anomalies, such as cleft lip and syndromes, ansetho had already undergone any

craniofacial surgery were excluded.

CASS method

In group |, the CASS surgical planning protocol waed (Gateno et al., 2003a;
Gateno et al., 2003b; Gateno et al., 2007; Xid.eRA07; Xia et al., 2011). First, CT
data for the skull model were obtained by placinggid bite jig (LuxaBite, DMG
America, Englewood, NJ) between the maxillary andndibular teeth in a centric
relationship (CR). The bite jig was attached usan@acebow with fiducial markers
assembly (Medical Modeling Inc., Golden, CO). Tladter, CT data for dental models



were obtained by scanning the set of plaster dentalels and facebow with fiducial
markers assembly. Eventually, a composite skullehads created. For this, the teeth
of the CT skull model were removed, leaving thaididl markers in place. The upper
and lower digital dental models, with their corresg@ing fiducial markers, were then
imported into the CT skull model. After the fiduicrmarkers were aligned, the digital
dental models were merged into the 3D skull modeghgs 3D modeling software
(Figure 1).

Once the composite skull model had been alignesl fittucial markers were
hidden, and the model was oriented into a natuealdhposition (NHP) based upon
clinical data provided by the gyroscope, which aledi the roll, yaw, and pitch (3DM;
MicroStrain Inc, Williston, VA). Roll was definedsathe rotation around thgaxis
(anteroposterior direction), yaw as rotation arothml z-axis (inferosuperior direction),
and pitch as rotation around tk@xis (mediolateral direction) (Hsu et al., 2013nin
et al., 2020) (Figure 2).

Modified CASS method

In group II, a modified CASS surgical planning moal was used, which
proceeded as follows: standardization of NHP, stedided photographic record
protocol, occlusion registering in CR, pre- andtpperative CT scanning, and pre- and

postoperative intraoral teeth scanning.

The patients were instructed to be in a relaxeddstg position, with their feet a
comfortable distance apart and slightly divergimey were then asked to tilt their
heads forward and backward with decreasing amgitwehtii they came to a
comfortable and relaxed position. Where necesslaeyoral surgeon may have adjusted
the head position slightly in order to make thadbdeformity more evident. Once they
were comfortable, the patients were asked to looéctly into their own eyes in a
mirror, which was mounted in front of them at atamce of 2 meters, and finalize their

head position (Ferraz et al., 2019).

Extraoral photographs were recorded by means aditadcamera (Canon 60D)
with an ultrasonic 100 mm macro lens. A built-inrggcope was adjusted to an

orthogonal position, parallel to the floor, to makee that the full set of equipment was



in a true vertical position (Cassi et al., 201®)eTdigital data obtained by photography
were transferred into 3D images in order to repcedthe NHP in the virtual model
(Figure 3). A CR wax bite was created using wax bem/ (NewWax, Technew®)
(Bobek et al., 2015). The patient was instructedbite the wax until primary contact
between any teeth was attained. In order to avisimrtion, the wax bite was kept in a

refrigerated environment and the CT was perforntethe same day.

By the same team, maxillary and mandibular dentehes were scanned in
occlusion separately, using a high-resolution ormh scanner (3Shape Trios 3®;
3Shape, Copenhagen, Denmark). These images wateasseguide to obtain the final
occlusion during VSP in the 3D virtual environmehhe digital dental models were
saved and exported as standard triangulation laygg(#TL) files and incorporated into
the 3D CT to substitute the teeth, using the so#waD Studio Max (Autodesk Inc.,
California, USA) (Figure 4). This resulted in a qoosite skull model that displayed an
accurate rendition of bones, soft tissues, andht8atble 1 summarizes the differences

between both methods.

Virtual planning and orthognathic surgery

VSP was performed with Dolphin Imaging® 3D versidi.95 (Dolphin
Imaging and Management Solutions®, Chatsworth, G8A) for both groups | and II.
Using the composite skull model, simple or segnehie Fort | osteotomy, bilateral
sagittal split ramus osteotomy, and mentoplasty ewsmmulated by the same
experienced and trained surgeon. Eventually, tsemalations were actually executed

in a hospital environment.

Postoperative CT

For surgical outcome evaluation, CT data were abthi30 days after surgery
for all patients of both groups | and Il (Hsu et, &013). For this, the patients were
asked to bite an acrylic device, so that the sartegmaxillary space created by the wax
bite during preoperative CT scanning could be répced (Bobek et al., 2015;
Yamashita et al., 2017; Souza-Pinto et al., 20b@ii et al., 2020).

Outcome evaluation



Outcome evaluation was achieved through the smpesition of VSP and
postoperative CT for both CASS and modified CASShods. The outcome evaluation
was performed by a single maxillofacial surgeorthvgignificant expertise. In order to
minimize the confounding factors, all postoperat®& models were oriented based
upon superimposition with preoperative CT. The ni®deere superimposed by the
voxel-based method in Dolphin 3D software (Haasealuat al., 2019; Tonin et al.,
2020). Anatomical structures not affected by thegsty, such as cranial base, sella
turcica, frontal nasal, and frontal zygomatic sesymwere selected as areas of reference
for superimposition (Tonin et al., 2020). A tool Dolphin 3D software version 11.95
allowed refined adjustments in order to check thatial reconstruction (axial, coronal,
and sagittal). Using this technique, the voxelthadefined area were matched, and the
images were automatically superimposed (Ghoneirah,62017).

The postoperative CT was segmented into two partshe cranium at the
midface and the mandible — and the images weresfeenred into 3D Studio Max
software in STL format (Figure 5). Next, four diéat time points (T) along a timeline
were chosen. TO was the moment at which an oveugérimposition was performed
between VSP and actual surgical outcomes. T1 wasnwsuperimposition of the
maxilla was achieved, based on three landmarkghéainidline between the maxillary
central incisors; (b) the tip of the mesiobuccaof the maxillary right first molar; (c)
the tip of the mesiobuccal cusp of the maxillarfg fest molar. T2 was the moment
when superimposition of the mandible was achiebaded on three analog landmarks
located in the mandible (a, b, and c). Finally,W&s the moment when superimposition
of the chin was achieved, based on three landmaries:in the central region and two
points on the sides. To avoid cofounding factorallaihree superimposition time points
(T1, T2, and T3), landmarks were identified andorded both in the VSP and
postoperative models.

To measure the differences between the plannedpastbperative positions,
measurements were made in relation to TO. Thus|ahémarks were on the same
surface to allow linear and angular measuremeritgdaes different moments in relation
to TO — that is, TO-T1 for the maxilla, TO—T2 ftwetmandible, and TO-T3 for the chin.

A triangle mesh was created to measure the lidéf@rences between the VSP
and postoperative surgical outcomes. The centrdidhe triangle for each object

(maxilla, mandible, and chin) was calculated. Teatwid coordinatesX¢, Yc, Zc)



were computed using the following equatiokg:= (X1 + X2 + X3)/3; Yc = (Y1 +Y2 +
Y3)/3; andZc = (Z1 +Z2 + Z3)/3.

With these equations, C1 was used to represertethieoid of the VSP model,
while C2 represented the centroid of the postoperaturgical model. Differences in
linear distances for the centroid of the maxilleanaible, and chin were calculated
using the following equationsAX = Xc1 — Xc2 (mediolateral),AY = Y1 — Yeo
(anteroposterior), aniZ = Z¢1 — Zc, (superoinferior).

For angular differences, angular coordinates beatvike triangles of both VSP
and postoperative surgical models were calculépécific algorithms were calculated
using Matlab software version 2015a (MarthWorks, ,IUSA), which resulted in the

final angular differences in roll, yaw, and pitdfiqure 6).

Satistical analysis
Linear and angular differences)(between the VSP and postoperative models

for both CASS and modified CASS groups were congpated submitted to statistical
analysis by SPSS software, version 24.0 (IBM Cdkpmonk, NY), with a significance
level of 5% p < 0.05). All data underwent the Shapiro—Wilks nality test and test for
homogeneity. Since the data presented both noristaibdition and homogeneity, one-
way ANOVA was applied. Whenever the difference kesw the methods was not
statistically significant, the 95% confidence in@r for the difference between the
means was evaluated for equivalency. The threshalddor linear and angular

measurements were 2.0 mm aridréspectively.

Results

A total of 21 patients of both genders, aged froBntd 65 years old, were
included and divided into two groups. Groumnl< 11) was planned using the CASS
method and Group Ih(= 10) was planned using the modified CASS method.

Linear and angular differences between the plarametl postoperative surgical
outcomes for maxilla, mandible, and chin segmemés @esented, respectively, in
Tables 2, 3, and 4.

No statistically significant differences were foufat all linear measurements,
exceptAX for the mandible segment. The mean values of tiéfrences were found
to be less than 2 mm for both CASS and modified SAfsoups. For the mandible



segment, the mean difference, for the modified CASS group showed less variation
in comparison with the CASS methotl{ = 0.37 + 0.24p < 0.05).

No statistically significant differences were shofenangular measurements for
both the maxilla and mandible segmemqts>(0.05). However, the CASS group showed
less significant variation for the chin segmentomparison with the modified CASS
group (Table 4).

For data without statistically significant diffexges, the differences between the
means and 95% confidence intervals, for both theali and angular measurements,
showed that the means were equivalent within thestioldd. The differences between
the linear measurement means were less #ia@ or 1.0, and the 95% confidence
intervals were within the prespecified threshol®df mm. The differences between the

angular measurement means were less tt#aff or 2.0, and the 95% confidence

intervals were within the prespecified thresholdidf (Tables 2, 3, and 4).

Discussion

Virtual surgical planning (VSP) is a valuable tool orthosurgical cases.
Nevetheless, the accuracy of this technique needw tverified as new methods are
proposed and developed. Several VSP methods allaldgan the literature; however,
the CASS method proposed by Gateno (2003a; 2003®7;22015) and Xia (2000;
2005; 2007; 2009; 2011; 2015) represents one afntbe&t accurate for this purpose. The
proposed modification to the CASS technique useduinstudy aims to eliminate the
need for an external digital orientation sensadiéd to the facebow (Hsu, et al., 2013),
since the weight of the digital sensor may inflietite head position in such a way that
the requirement of a relaxed head posture mighbaaichieved. In the modified CASS
method, extraoral photographs taken in the NHP wiéhhelp of the camera’s built-in
gyroscope were supposed to attain the same accacaeved using the CASS method.
For our study, it was assumed that the averagésedinear and angular discrepancies
between the virtually planned outcome and the &postoperative outcome should not
exceed 2.0 mm or°4 respectively, which are values that have beersidered as
clinically acceptable by previous studies (Xia ket 2007; Hsu et al., 2013; Ritto et al.,
2018).

During surgery, the CR can be influenced by the fpg (Hsu et al., 2013). For

our modified method, the rigid acrylic bite jig wasbstituted with a wax bite (Souza-



Pinto et al., 2019; Tonin et al., 2020), as propasethe Charlotte protocol. With this
approach, only discrete bite opening during CT waeded to allow the CR to be
reproduced (Bobek et al., 2015). Moreover, neittifacts nor soft-tissue distortion
that could affect the VSP were observed in CT irsagken the wax bite was used, in
contrast with the CASS method (Xia et al., 2009).

In place of the physical plaster models adoptedtraditional workflow
approaches (Nadjmi et al., 2010; Zhang et al., Bjliitraoral scanning was utilized in
our study to obtain the virtual dental model. Ading to Zhang et al. (2016), intraoral
scanning is a valid choice in terms of accuracyreauoeer, it is better accepted by
patients in comparison with the experience of ugdielg alginate impressions.
Furthermore, intraoral scanning is less time consgnmin comparison with the
traditional impressions and plaster method, arjdssas accurate. The fusion of digital
scanning of the dental surfaces with CT imagesorssiclered to be a valid and safe
method (Baan et al., 2020).

With regard to the superimpaosition, three methaas lze found in the literature

— landmark based, surface based, and voxel basedn@ina et al., 2017). For our
study, a voxel-based method that involved matclgray values was chosen for its
accuracy, reproducibility, and practicability (Baaiet al., 2018; Tonin et al., 2020; Bin
et al., 2020). Although algorithmic values formée tasis of this method, the skill of
the surgeon was still required. Since a correct VSEritical for the success of the
surgery, precise manipulation of the images bystivgeon was imperative. It should be
emphasized that quantitative analysis of the acgursas not possible using the
Dolphin software; therefore, the superimposed imagere transferred in STL format
into the 3D Studio Max software for linear and dagumeasurements. This allowed the
discrepancies between 3D VSP and surgical outctones quantified (Hsu et al., 2013;
Stokbro et al., 2016; Tonin et al., 2020).

The accuracy of VSP in relation to surgical outcenias previously been
reported for the maxilla (Xia et al., 2009; Tucletral., 2010; Hsu et al., 2013; Stokbro
et al., 2016; Heufelder et al., 2017; Ritto et dD18; Tonin et al., 2020), mandible
(Tucker et al., 2010; Hsu et al., 2013; Stokbralet 2016), and chin (Tucker et al.,
2010; Hsu et al., 2013; Stokbro et al., 2016). Bimmethods were adopted in our study,
in which the assessment of accuracy was baseddifferences in linear measurements
(De Riu et al., 2017; Tonin et al., 2020) and ig@ar measurements (Xia et al., 2007;



Hsu et al., 2013; Heufelder et al., 2017; Rittoaé{ 2018). Regarding the linear
measurement discrepancies, only for the mandible showed statistically significant
differences, with a lower mean difference preserigdhe modified CASS method.
However, these slight differences can be considasedlinically acceptable. It should
be noted that negative or positive values for deldation A) during VSP do not
influence in the result Since most data for the ifteaand mandible failed to reject the
null hypothesis with regard to difference, furtreralysis based upon the difference
between the means and 95% confidence intervals wermrmed. In general, the
modified CASS method showed clinical accuracy egjent to that of the CASS
method.

Intragroup differences were not compared in oudtitherefore, accuracy
differences in all three dimensions — if they exist could be evaluated in future
studies. With regard to angular measurement diaa@ps when using the modified
CASS method, both the maxilla and mandible measamnésnshowed similar accuracy
to the CASS method. Only the angular measuremeaotapancies for the chin showed
significant differences in comparison with the CASSethod. These apparent
discrepancies probably can be attributed to thetlfeat, for the mentoplasty, no surgical
splint was used in either the CASS method or thdifieal CASS method, allowing the
surgeon to have autonomy in terms of chin positignbased on their own expertise.
The relevance of these apparent differences cauladdressed in future studies. In the
present study, it was evident that all mean diffees, except foAPitch for the chin,
were less than 2 mm and #r linear and angular measurements, respectivdigse
results are not only in agreement with the litenat{ing et al., 1994; Donatsky et al.,
1997; Padwa et al.,, 1997), but are also able terofinical assurance to those

considering the modified CASS as an accurate mdthrodrtual planning.

Based upon the results and the limitations of shusly, the accuracy of both the
CASS and modified CASS methods for virtual planntag be considered as clinically
equivalent, giving comparable performancéle proposed modified method is shown

to be accurate and reliable for virtual planning] eepresents an alternative option.
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Figurelegends

Figure 1. A. 3D reconstruction of the composite skull using CASS method, showing
the fiducial markers (yellow) and dental surfaceshwfiducial markers (red). B.
Superimposition of the fiducial markers for dergatface replacement. C. Orientation

of the composite skull by the digital sensor (réal)Final composite skull.

Figure 2. Representations of angular orientations (rollv,yand pitch). Pitch was
defined as rotation around tReaxis (mediolateral direction), roll as rotatioroand the
y-axis (anteroposterior direction), and yaw as rotaairound thez-axis (inferosuperior

direction).

Figure 3. Photographic records: A. lateral view; B. 3D restoucted lateral view,
showing the transfer of values generated by théqggjnaph in the lateral view; C. lower
view photograph of the patient; D. 3D reconstrudtddrior view, showing the transfer

of values generated by the photograph in the ioifetew.

Figure 4. A. Intraorally scanned dental surfaces. B. Contpaskull with replacement

of the dental surfaces.

Figure 5. Superimposition between VSP (green) and surgia&tome (blue). These

images were acquired using the computer graphievacé 3D Studio Ma% (Autodesk



Inc., USA). Linear measurements (green) in the foenspectives of view: A. left side;

B. superior view; C. right side; D. frontal view.

Figure 6. A and B. Schematic illustration of the trianglesh (pink) and the centroid
(yellow). Angular measurements: C. roll (green a)oD. yaw (blue arrow); and E.

pitch (red arrow).



L egends

Figure 1. 3D reconstruction for the creation of the comfmskull by CASS method.
A. 3D reconstruction of the composite skull withethducial marker (yellow) and
dental surfaces with the fiducial markers (red); ®iperimposition of the fiducial
markers for dental surface replacement; C. Oriemtadf the composite skull by the

digital sensor (in red); D. Final composite skull.

Figure 2. Representations of angular orientations (rolly,yand pitch). The pitch was
defined as the rotation around the x axis (mecdkoddtdirection), roll as the rotation
around the y axis (anteroposterior direction), ga@ as the rotation around the z axis
(inferosuperior direction).

Figure 3. Photographic records. A. Lateral view; B. 3D restomcted lateral view,
showing the transfer of values generated by théqggnaph in the lateral view; C. lower
view photography of the patient; D. 3D reconstrdatderior view showing the transfer

of values generated by the photograph in the ioifetew.

Figure 4. A. Intraorally scanned dental surfaces; B. comtposkull with the
replacement of the dental surfaces.

Figure 5. Superimposition between VSP (green) and surgiagédames (blue), these
images were acquired on computer graphic softwBré&idio MaxX (Autodesk Inc.,
USA). Linear measurements (green) in the four pmtsyges of view: A. left side; B.

superior view; C. right side; D. frontal view.

Figure 6. A, B. Schematic illustration of the triangle megink) and the centroid
(yellow). Angular measurements: C. roll (green aj)oD. yaw (blue arrow); and E.

pitch (red arrow).



Table 1. Summary of the main differences between the CASS and modified CASS methods

CASS Modified CASS

Natural head position Standardized photographic
Gyroscope
(NHP) record protocol
Occlusion registering with S _
) _ i Rigid bitejig Wax bite (wax number 7)
centric relationship
Teeth replacement CT data of dental models Intraoral scanner

] ] Guided by scanned models Digitally obtained through
Final occlusion o _
in fina occlusion color-coded map




Table 2. Means and standard deviations of linear and angular differences for the maxilla
between VSP and surgical outcomes, using both CASS and modified CASS

methods
95%
CASS Modified Differencein confidence
method CASS method means interval for
(n=11) (n=10) differencein  p-value
means
Mean SD Mean SD Mean SD L-ower Upper
limit limit

Linear measurements (mm)
AX 056 061 066 075 009 030 -053 072 0.757
AY 133 060 160 115 027 039 -055 110 0.500
AZ 106 084 131 106 025 042 -062 112 0555

Angular measur ements (°)
ARoll 098 078 062 060 021 038 -060 101 0.103
AYaw 080 074 100 101 039 064 -095 172 0.253
APitch 124 103 224 161 -114 104 -331 103 0.598




Table 3. Means and standard deviations of linear and angular differences for the
mandible between VSP and surgical outcomes, using both CASS and
modified CASS methods

95%
CASS M odified Differencein confidence
method CASS method means interval for
(n=11) (n=10) differencein  p-value
means
Mean SD Mean SD Mean sSp -ower Upper
[imit  limit

Linear measurements (mm)
AX 119 120 037 024 -081 039 -162 000 0.049*
AY 117 116 146 100 029 047 -070 1.29 0.543
AZ 107 080 128 133 021 048 -079 121 0.664

Angular measur ements (°)
ARoll 266 307 152 119 039 064 -095 1.72 0.552
AYaw 132 077 176 097 -114 104 -331 103 0.285
APitch 144 139 183 153 044 038 -036 123 0.265
*Statistically significant difference at 5%




Table 4. Means and standard deviations of linear and angular differences for the chin
between VSP and surgical outcomes, using both CASS and modified CASS

methods
95%
Modified . . confidence
CA(SnS:mlelt; od CASS method lel‘rﬁre(;nnzeln interval for
(n=10) differencein  p-value
means
M ean SD Mean SD Mea SD L_ovv_er U_pp_er
n limit  limit

Linear measurements
AX 057 069 069 110 012 039 -070 095 0.760
AY 078 08 091 106 013 041 -073 100 0.751
AZ 066 09 100 120 034 047 -065 133 0482
Angular measur ements (°)
ARoOIl 070 089 307 153 315 089 128 502 0.002**
AYaw 053 069 240 188 237 056 120 355 0.001**

APitch 0.88 1.39 4.03 246 18 0.61 0.57 3.16 0.007**
** Statistically significant difference at 1%
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