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Abstract

Objective: Accurate prediction of the surgical outcome is imb@ot in treatin
dentofacial deformities. Visualized treatment objexs usually involve mant
surgical simulation based on tracing of cephaloimeadiographs. Recent tech-
nical alvancements have led to the use of computer agsieying systems
treatment planning for orthognathic surgical ca$ée purpose of this study v

to examine and compare the ability and reliabitifydigitization using Dolphi
Imaging Software with traditional manual technigaesl to compare orthognath-
ic prediction with actual outcomes.

Materials and Methods. Forty patients consisting of 35 women and 5 mel
class Il and 8 class Il) with no previous surgesgre evaluated by manual trac-
ing and ndirect digitization using Dolphin Imaging Softwakeliability of eac
method was assessed then the two techniques wapaoed using paired t test.
Result: The nasal tip presented the least predicted emdrhagher reliability
The least accurate regions in vertical plane wabmasal and upper lip, and sub-
nasal and pogonion in horizontal plane. There werstatistically significant dif-
ferences between the predictions of groups withvatttbut genioplasty.
Conclusion: Computer-generated image prediction was suitarigétient edu-
cation and communication. However, efforts aré séeded to improve accure
-and reliability of the prediction program and telirde changes in soft tissue ten-
_sion and muscle strain.
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goal of orthognathic surgical intervention [1].

Surgical correction of dentofacial deformitiesTherefore, a successful orthognathic surgery
for facial aesthetic improvement is the ultimatecludes the precise surgical technique and oc
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patients may be given an idea of the surgical
outcome. Computer-aided diagnosis and
treatment planning has become more common
in the recent years and it has been shown that
predictive software works well in usual cases.
Hence, Dolphin Imaging has become increa-
singly popular among surgeons and orthodont-
ists. After programming of the hard tissue
movement into the Dolphin System, the out-
line of the soft tissue is changed based on ra-
tios which have been explained and included
into the Dolphin System before [8-11].

SN Vertical y After the cephalograms are scanned, version

(Y-axis) G-Py 10 of the Dolphin Imaging Software implies
Figl. A, Cephalometric landmarks used in this study: Sthe indirect digitization of dental, skeletal and
sella; N, nasion; Po, .porion; G, glabella; Prndimose; Sn, goft-tissue landmarks. In order to help land-
subnasale; A’_ soft tissue A point; UL, upper lif;, lower o . .
lip; B'_ soft tissue B point; Pg'_ soft tissue pogomi Pg, Mark position, the image may be improved and
pogonion; LIX, lower incisal apex; LI, lower incisép; Ul,  magnified [6]. Since the change in soft tissue
upper incisal fip; UIX, upper incisal apex. B, Lineaea- nrofile s directly related to the hard tissue
surementE-line: The line that is tangent to tip of nose and S .
soft tissue pogonion.H-line: The line that is tamge upper changes, It Is iImportant that the system accu-
lip and soft tissue pogonion. rately predicts hard tissue changes. Clinical
usefulness of the Dolphin System is deter-

clusal correction with the accomplishment ofmined by accurate prediction of the hard tis-
aesthetic goals that are gratification to botbue. There were two main objectives for this
patients and professionals [2-5]. study; first, to assess the precision of Dolphin
Cephalometric radiographs have become amaging Version 10 in comparison with the
essential tool in the orthognathic surgery prdraditional manual tracing; second to know
cedure. Traditionally, cephalometric imagesvhich of the following two is more appropri-
have been analyzed by tracing the radiograpite: 1) Achieving soft tissue esthetic goals by
manually, which is time-consuming and hashanging the underlining hard tissue. 2) Pre-
the disadvantage of random and systematiliction of soft tissue using E-line or H-line that
error when locating landmarks [6]. Computemay help to estimate hard tissue changes be-
technology has made digital tracing possibléore surgery. The patient’s profile arising from
either by direct or indirect digitization of thesoft tissue response to the underlying skeletal

radiograph [7]. changes and the soft tissue profile and cover-
Orthognathic prediction tracing is importantige is more important than the hard tissue.
for several reasons: That is why one needs to know which of the

The actual procedure and the required anterabove two is more convenient.
posterior and vertical movements may be de-

cided upon by the model surgery. MATERIALSAND METHODS
The change of soft tissue responding to hafthe sample consisted of 40 patients (35 wom-
tissue movement may be ascertained. en and five men, 32 were class Il and eight

To determine whether or not an adjunctivevere class Il) who met the following criteria:
surgical procedure like genioplasty is neced) Adults older than 19 years (mean age, 23.5;
sary. By superimposition of the photographsge range, 19 to 28 years).
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2) Underwent orthognathic surgery. We compared predicted cephalograms pro-
3) No congenital craniofacial deformities oduced by Dolphin and manual methods to
trauma and no head and neck surgical historyknow which procedure was closer to reality;
4) Patients must have lateral cephalometry bee., post-operative cephalograms. To allow
fore and at least 6 months after orthognathaptimal landmark identification both manually
surgery in the Natural Head Position (NHP&and automatically, all tracings and digitiza-
with teeth in centric relation and relaxed ligions were performed in a dark room by the
posture with a clear shadow of the soft tissusame operator.

All of the cases had undergone orthodontiklethod of prediction

treatment prior to orthognathicsurgery, th&he sagittal and vertical treatment changes
surgical correction should have been pewere evaluated by linear measurements within
formed by one of the two consultant maxilan X-Y coordinate system (Fig 1). The SN
lofacial surgeons. The surgical procedures f@lane was defined as the horizontal reference
correction of the malocclusions were variablplane (x-axis), and a line perpendicular to this
(Table 1). A treatment plan for each patierplane through sella was defined as the vertical
was developed based on clinical examinatioreference plane (y-axis). Landmarks of sella
preoperative study models and preoperati&), nasion (N), and porion (Po) in the presur-
cephalometric evaluation.The pre- and postical tracing were all transferred to the post-
surgery lateral cephalograms were digitized. Isurgical tracing in the same patient.

the manual procedure both pre- and posto guarantee accurate relocation of the X-Y
operative cephalograms were traced on thmanes, tracings of presurgical and postsurgical
acetate papers. All the pre-operative cephaloephalograms were placed on each other at the
grams were predicted upon an orthognatharanial base.

procedure and then we compared real poddigital tracing and prediction

operative cephalograms and manual predictddhe cephalograms were scanned using a
pictures.In the software procedure, both prdlatbed scanner (Microtec scan wizard 5,
and post-operative cephalograms were scann@g00x4800 DPI, running on Microsoft Win-
for Dolphin imaging software (version 10) andlows 2003). After finding two 100 mm-apart
were traced and predicted with that softwarsglected spots on the calibration ruler, the
and then we superimposed traced post operdandmarks were digitized by the Dolphin sys-
vecephalograms and predicted cephalogramstem directly on-screen with a cross-hair detec-
To determine operator reliability and reprodutor conducted by the mouse. In case of en-
cibility, and to establish reproducibility of bothcountering any problem, manipulation and en-
methods, all 80 radiographs were retraced fbancement were used to help point recogni-
both methods. tion.

Table 1. Suraical procedurt

Procedure Number
Mandibular advancement 6
Mandibular setback 4
Maxillary advancement 3
Maxillary impaction 1
Maxillary advancement and impaction 5
Bimaxillary osteotomy 20
 Maxillary advancement and mandibular setback 14
Maxillary impaction and mandibular advancement 2
Maxillary impaction and mandibular setback 4
Genioplasty 13
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First the tracing was digitized and input intdandmarks in prediction and postsurgical ce-
the computer system. Then the skeletal amithalograms to both reference planes (x- and y-
dental landmarks were pointed out by Dolphiaxis) was measured. The changes of soft tissue
software on the lateral cephalogram. in each case were obtained from the differenc-
The hard tissue image was moved accordingés between Dolphin and manual prediction
the treatment change in the software. The esampared to the actual postsurgical position.
timated outline of the soft tissue and th&lanual tracing and prediction

equivalent coordinates of the soft tissue pointhe reasons why we used Epker’s orthodontic-
were produced automatically. surgical cephalometric prediction tracing for
The ratio of soft tissue to hard tissue movenanual prediction [2, 12-18] are as follows:
ment is varied according to the specific parts- Epker prediction procedure was com-
of the hard tissue. posed of both surgical and orthodontic proce-
The differences in soft tissue outline betweedures.

predicted tracing and the actual profile wer@- We wanted to predict surgical procedures
compared to test the accuracy of this systeso using surgery references were preferable
The landmarks were the tip of the nose (Prmgnd among them the Epker prediction proce-
subnasal (Sn), soft tissue A point (A"), soft tisdure was the best.

sue B point (B'), upper lip (UL), lower lip (LL) Satistical Analysis

and soft tissue pogonion (Pg’). The data were analyzed using paired t test for
The distance from the upper lip to E-line, thetatistical analyses. First the mean of predic-
lower lip to E-line and the lower lip to H-linetion error was computed. Then the absolute
were also evaluated. error was compared with paired t test (Tables 2
The perpendicular distance of each of thesead 3).

Table 2. Soft tissue to hard tissue movement ratio

Treatment Soft tissue change
Mandibular Advancement & Setback 50% Chin: Soft tissue 1:1 with bone, lower lip to 70%
with incisor
Maxillary Advancement Nose: Nasal tip advances & elevates 2mm for

7mm advancement at point A

Subnasal: Thickness of upperditymm, subnasal
advances 50% of point A.

thickness of upper lip>17 mm, subnasal advances
33% of point A, Base of upper lip: 20% of point
A

Upper lip: 50% of incisor protraction, shortens 1
to 2 mm

Nose: for 10mm impaction the tip of nose ele-
vates 1mm andadvances 0.5mm

Upper lip: shortens 1 to 2mm

Lower lip: rotates 1:1 with mandible

Maxillary Impaction
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RESULTS The manual prediction was better than the
The distribution of the predicted errors in th®olphin Imaging Software predictionin this
horizontal and vertical planes is shown in Tasubject. In horizontal dimension, Sn (p=0.006)
ble 2. and Pg' (p=0.022) showed statistically signifi-
The data were divided into three categoriesant differences between the prediction and
(error <-1 mm, error between -1 and 1 mngctual measurements.

and error >1 mm). The most reliable regioRaired samples t test analysis showed the ma-
predicted by the software was the tip of thaual prediction was better than Dolphin pre-
nose. diction. Comparison of the predicted errors
That was also the case for manual predictidretween the patients with and without geniop-
with an error between -1 and 1 mm on the hdasty procedure revealed no statistically signif-
rizontal plane in 77.5% of the cases. The prézant differences (Table 3).

dictions on the vertical plane— consisting ofhis study also showed that the predicted ver-
Prn, A', B', LI and Pg'—did not have any statical plane was more reliable than the horizon-
tistically significant differences compared tdal plane.

those of the postsurgical measuremenihe predicted errors of other linear measure-
(p<0.05). ments are listed in Table 4.

But the predicted errors of Sn (v) (p=0.026The linear measurement showed that the soft-
and Ul (v) (0.036) showed statistically signifiware and manual methods predicted upper lips
cant differences between the predicted and a more retrusive position than the actual po-
measured landmarks. sition.

Table 3. Freauencyv of predicted err

Horizontal (%) Vertical (%)
<1 -1>>1 >1 <-1 -1>>1 >1
Pm,m 15 775 75 75 82.5 10
Pm,d 275 65 75 17.5 72,5 10
Sn,m 15 75 10 15 775 7.5
Snd 30 62.5 75 22.2 65 12.5
Am 475 475 5 0 90 10
Ad 47.5 50 12,5 5 85 10
ul,m 35 57.5 75 10 77.5 12.5
ul,d 45 375 17.5 225 60 17.5
Ll,m 30 40 30 12,5 375 50
Lid 47.5 35 17.5 175 475 35
B,m 225 375 15 12,5 72,5 15
B.d 475 30 225 20 52.5 27.5
Pg,m 275 52.5 20 5 62.5 32.5
Pg,d 475 325 20 17.5 60 22.5

NOTE: Predicted errors were divided into three categogeror <-1 mm, error between -1 and 1 mm, anar ert mm.
Abbreviation: Prn, tip of nose; Sn, subnasal; Apaint; B,B’ point; Ul, upper lip; LI, lower lip; Pgoft tissue pogonion; m,
manual: d. dolphii
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The manual prediction of the location of thédlSCUSSION

lower lips were in a more superior positionThe accuracy of the computer-predicted im-

than the actual ones (p<0.05). ages after orthognathic surgery has been ex-
For the H-line, 2.5% of the manual predictionamined in many studies [9, 19, 20-26].

and 25% of Dolphin predictions were concenfhe results of this study showed that the pre-
trated on the ideal distance (a distance betweéicted vertical plane was more accurate than
-6 and 2). For the E-line, the manual methotthe horizontal plane and the tip of nose was the
predicted that the lower lip was more concemmost reliable region the software could pre-

trated on the ideal distance (distance betweewliet. Our findings showed that subnasal (Sn)

2 and 0) and that the upper lip was 32.5% imad the least accurate prediction while Chien-
the ideal distance (distance between -4 and -Hsun et al. [1] showed that the lower lip had

These are shown in Tables 5. the least accurate prediction.

Tabled. Frequency predicted errors. Comparison betweerpgraith and without genioplasty

Horizontal (%) Vertical (%)
<-1 -1>>1 >1 <-1 -1>>1 >1

Pm,m 11.1 77.8 11.1 7.4 88.9 3.7
Pm.d 22.2 70.3 7.4 11.1 74.1 14.8
Sn,m 11.1 85.2 3.7 14.8 77.8 7.4
Snd 333 63 3.7 22.2 63 14.8
Am 445 48.1 7.4 33.3 55.6 111
Ad 33.9 55.6 11.1 3.7 85.2 111
Ul,m 26 66.6 7.4 7.4 77.8 111
ul,d 48.1 29.6 22.3 22.3 55.4 22.3
LI,m 33.3 40.7 26 11.1 37 51.8
LlI,mg 23 38.5 38,5 15.4 38.5 46.1
Lld 48.2 33.3 18.5 22.2 40.8 37

Ll,dg 48.1 38.5 15.4 7.7 61.5 30.8
B,m 26 33.3 40.5 14.8 66.7 18.5
B,m,g 15.4 46.1 38.5 7.7 84.6 7.7
B,d 37 37 26 22.2 51.8 26

B,d,g 69.2 15.4 15.4 15.4 53.8 30.8
Pg,m 29.6 40.8 29.6 7.4 63 29.6
Pg,m,g 23.1 53.8 23.1 0 61.5 38.5
Pg,d 37 33.3 29.6 11.1 59.3 29.6
Pg,d.g 69.2 30.8 0 15.4 61.5 23.1

NOTE: Predicted errors were divided into three categoga®r <-1 mm, error between -1 and 1 mm, andrerto
mm. Abbreviation: Prn, tip of nose; Sn, subnasalAApoint; B,B’ point; Ul, upper lip; LI, lower lipjPg, soft tis-
sue pogonion; m, manual; d, dolphin. ; g, genidplas
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The low accuracy of the lower lip could bdrom the lips to E-line was larger than actual.
explained in several ways. The lower lip is pliThese may be due to the fact that we predicted
able and subiject to the influence of incisor pdhe lower lip more accurately than other re-
sition and angulations, soft tissue thicknessearches.

and tonicity, perioral musculature and underlySingle-jaw osteotomy cases had better grad-
ing muscle attachments [27]. Since Dolphimgs in comparison to bimaxillary osteotomy
version 10 was used in our study as opposeddases.

Dolphin version 8, which was used in ChienSkeletal class Ill cases managed by bimaxil-
Hsun’s work [1] and because Epker’'s predidary osteotomy were least accurately predicted
tion procedure is more accurate than the othiey the computer program. These findings were
manual procedures, lower lip prediction resultsimilar to Chew et al.’s study [28].

were better in our research. On the other hand, our study, we also aimed to know if we
Sn was not clear in cephalometry and it wasould use E- or H-line as a reference line for
very hard to exactly locate it with Dolphin orpredicting soft tissue that might help to esti-
manual tracing and the possibility of surgeomate the amount of hard tissue movement, a
error in cutting the Sn could be potential caugroal which was not achieved.

es for the low prediction accuracy of Sn in ouFhere are many beautiful people in the world
research.The treatment simulation of the loweavith no perfect cephalometric references.

lip was shown to be in a more superior posBo, using only these standards is not reliable or
tion and the upper lip was shown to be in presentable for postsurgical orthognathic es-
more retrusive position than the actual posthetic evaluation.In other words, esthetics is
surgical results. not just based on the cephalometric scale ratios
However, Chew et al. [28] and several othean the soft tissue, a topic which demands more
clinical studies [1, 29, 30] have shown overeguture search. The autorotation of the mandi-
timations of horizontal positions of the lipsble is important in prediction, which is a fea-
Errors in linear measurement showed that oture that Dolphin Imaging Software version 10
predicted lips were in acceptable positions. does not offer; rather, Dolphin just makes
The results were not similar to those of Uptofreeway space that brings about error in the
[31] who stated that the predicted distancips and the chin position.

Table5. Frequency of E and H-Line predicted errors

Horizontal (%)

<-1 -1>>1 >1
Uper LiptoE Linem 325 47.5 20
Uper LiptoE Lined 15 52.5 32.5
Lower Lip to E Linem 40 35 25
Lower LiptoE Lined 17.5 45 375
Lower LiptoH Linegm 25 45 30
Lower LiptoH Lined 25 45 30

NOTE: Predicted errors were divided into three categoeeror <-1 mm, error between -1 and 1 mm, anorert mm. Ab-
breviation: m, manual; d, dolphin.
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