
Original Research Article  1 

 2 

Evaluation of soft tissue profile change following bi-maxillary surgery in dento-skeletal 3 

class III by photogrammetric analysis. 4 

ABSTRACT 5 

3D analysis allows for simulation of orthognathic surgery and prediction of aesthetic and 6 

functional outcomes. Our study aims to find common and repeatable parameters on the 7 

behaviour of soft tissues following bone movement by pre- and post-treatment 8 

photogrammetric analysis. Three representative patients underwent bimaxillary surgery of 9 

advancement/retrusion of the jaws for correction of class III dento-skeletal malformation were 10 

presented. By overlapping pre-operative and post-operative 3D photos we obtained colour 11 

and millimetric maps that allowed the objective appreciation of facial soft tissues modification 12 

in all planes of the space after orthognathic surgery. The study disclosed interesting insight 13 

into the soft tissue behaviour following orthognathic surgery and highlighted the possibility to 14 

draw reliable dissipation curves of facial skin after orthognathic surgery. This study also 15 

provided the base for future development of 3D images analysis (3D VTO) to plan and predict 16 

aesthetic outcomes of patients  with dento-skeletal malformation. 17 
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INTRODUCTION 21 

Although assessment of craniofacial morphology would always require a 3D approach, today 22 

the planning of orthognathic surgery is mostly performed with 2D methods, making it difficult 23 

to correctly evaluate the changes of thickness and position of soft tissue, and obtain reliable 24 

previsions of outcomes1-5. 25 



In recent years, application of 3D imaging has gained priority because of its advantages over 26 

the 2D techniques: it allows for simulation of surgery and prediction of aesthetic and 27 

functional outcomes, bringing to effective improving both the treatment planning and best the 28 

aesthetic-functional results1. 29 

Recognition of aesthetic factors and prediction of the final facial profile plays an important role 30 

in orthognathic treatment planning, since the facial profile produced by orthognathic surgery is 31 

often of high importance for patients 2-4; however, the effect of skeletal surgery on soft tissue 32 

profiles is not easy to predict 5. 33 

Many studies strategies have been attempted to evaluate the relationship between hard 34 

tissue movement and its effect on the overlying soft tissue for predicting facial changes. 35 

However, most of these studies involve the use of complex techniques that variously combine 36 

photogrammetry, 3D laser, CT scan and / or CBTC, with considerable expenses and 37 

biological costs exposing the patients for exposure of patients to ionizing radiation 6-9. 38 

Photogrammetry is a non-invasive and free of biological costs technique, which involves the 39 

use of digital photographs. The possibility to have a "3D photographic image" of the face 40 

opens new perspectives of diagnostic and therapeutic planning: the 3D evaluation of soft 41 

tissue integrates the information from cephalometry, allowing improving the diagnosis, 42 

treatment plan, and evaluating the evaluation of results of treatment by comparing the pre- 43 

and post-treatment conditions. 44 

Photogrammetry is a valid alternative to laser scanning 3D, which is the technique used in the 45 

majority of three-dimensional analysis of the human body, but is although burdened by the 46 

high cost of the equipment, and the long times of image acquisition, which and also requires 47 

requiring a strict collaboration of the subject in exam9-13. Photogrammetry is an economical 48 

method, easy to use, with reduced acquisition time: factors that increase patient compliance, 49 



repeatability, and accuracy9. In our hospital photogrammetry is an integral part of the 50 

orthognathic assessment visit, and its is free of charge for the patients. 51 

Our study aims to find common and repeatable parameters on the behaviour of soft tissues 52 

following the bone movement in the sagittal plan by pre- and post-treatment photogrammetric 53 

analysis. Dissipation curves of facial soft tissues pre- and post-orthognathic surgery were 54 

drawn and analysed on 45 consecutive cases, using photogrammetric assay; three 55 

representative cases were presented in detail to explain step by step our methodological 56 

approach. The proposed method, once validated, might provide useful information to develop 57 

3D analysis for an accurate previewing of the face of patients who undergo orthognathic 58 

surgery. 59 

MATERIALS AND METHODS 60 

Fortyfive consecutive patients who underwent bimaxillary surgery at the Department of Oral 61 

and Maxillofacial Surgery of the Catholic University of Sacred Heart from January 2011 to 62 

December 2012 were selected. Inclusion criteria were age ≥ 18 years, and linear movement 63 

of the maxillary segments on the sagittal plane (i.e. advancement/retrusion of the jaws) for 64 

correction of class III (twenty four cases) and class II (twenty one cases) dento-skeletal 65 

malformation (Fig. 1); in this preliminary study for the evaluation of soft tissue behaviour 66 

following orthognathic surgery by photogrammetry analysis, we voluntarily excluded cases 67 

with severe vertical discrepancies (impaction of the maxilla ≥ 4 mm) and asymmetric patients 68 

asymmetries or canting of the occlusal plane in order to reduce confounding factors. The 69 

study received IRB approval from the ethic committee of the Catholic University, and informed 70 

consents to the procedure and for publication of relevant clinical information and photos has 71 

been obtain by each participant. 72 



 73 

Fig. 1: Pre-operative view of the three patients wi th class III dento- skeletral 74 

malformation.  75 

Imaging method: 3D photos were taken with the 3dMD Face Scan System; the 3dMD system 76 

is constituted by a pole stand with three supporting arms (one vertical and two lateral, left and 77 

right), containing three digital cameras (one colour and two black and white), and a projector 78 

that shows a reference grid on the face of the patient. The digital information obtained will 79 

subsequently be used for processing the images and realize the 3D model. The system also 80 

contains three flashes lights. The whole structure is connected to a computer that contains 81 

both the software for image acquisition (3dMD face) and the software for their processing 82 

(3dMD vultus). 83 

The values of diaphragm overture, white balance and exposure time are set by the 84 

manufacturer company, and them cannot be modified. 85 

The system requires, as all three-dimensional machinery, a calibration of the positioning 86 

sensors before use for achieve consistent results. 87 

The calibration phase must be performed before each acquisition, and it consists of a 88 



photograph in two different positions of a panel with a calibration grid, placed exactly in the 89 

centre of the system. After that, the system is ready for the acquisition of the patient's images. 90 

The subjects are seated on a stool with adjustable height. The correct position of the head is 91 

checked on a monitor by the operator through the use of a webcam. 92 

The presence of a reference grid that appears on the screen guides the proper position to be 93 

taken during the shooting procedure, with the head at the centre of the grid. After a 94 

simultaneous click three photographic images are immediately processed by the program 95 

3dMD-face for the realization of 3D model. The models obtained are then imported into the 96 

3dMD vultus software for the processing phase. 97 

The system automatically measures both the points and the mutual distances between the 98 

points, in order to obtain distances, angles and volumetric measurements; the images 99 

obtained provide a faithful representation of the face and are therefore particularly suited to 100 

the analysis of soft tissues. Once the three dimensional surface of face has been created, it 101 

can be exported in wrml format and used for analysis on Geomagic. 102 

Analysis method: Pre-op and post-op 3D photos acquired with the 3dMD system, were 103 

imported into Geomagic Qualify to perform the analysis of 3D deviations point by point 104 

between the two models; the pre- treatment model, based on the 3D image acquired at T0 105 

time, was indicated as “reference model”, while the post-surgery model, whose image was 106 

obtained at list 6 months post-op (T1 time), was named “test model” (the model in which the 107 

changes have occurred). 108 

Geomagic Studio is a software house that allows for conversion of 3D images into polygons 109 

and Non Uniform Rational Basis-Splines (NURBS), and permits analysis on measurable data. 110 

For our analysis we used the latest version of Geomagic (12). 111 

The analysis performed by Geomagic entailed 3 phases: 112 



1) Optimized alignment: for optimal match of both the reference and test model of the face; for 113 

the accuracy of this phase it was important to select areas of the face which did not change 114 

after surgery; the areas selected for this matching process were: the forehead, nasal bones, 115 

and the upper part of zygomatic bone and zygomatic arch. 116 

2)3D Comparison: creation of a colour map that showed the deviations between the test and 117 

the reference models. The setting included the choice of the colour range and the setting of 118 

the colour scale, with a critical minimum value, and maximum critical value (the latter used to 119 

set the range where at each value corresponded only one colour). Based on the data the 120 

program creates a colour map of the overlapping models as depicted in Fig. 2. 121 

 122 

Fig. 2: Colour map obtained by overlapping pre-op a nd post photogrammetry showing 123 

the deviations between the test and the reference m odels and the visual appreciation 124 

of the facial soft tissues modification after ortho gnathic surgery.  125 

3) Section of overlapping models and measurements: the created colour model was cut by 24 126 

planes parallel to the horizontal plane XZ, not equally spaced, but adapted to the patient's 127 

face. In particular, we selected 9 nasal sections (from n1 to n9), taking care to include nostrils 128 



in sections from n7 to n9; 4 sections for the upper lip (from ls10 to ls13) up to the apex of 129 

filter, 4 sections for the mouth (from b14 to b17) taking care to pass for labial commissure 130 

(b15), and 7 sections for the lower lip and the chin (up to skin menton) (Fig. 3).  131 

 132 

Fig. 3: Horizontal section of the colour map in 24 planes adapted to the patient's face.  133 

Each cut obtained, called "colorimetric moustache" (Fig. 4), represented the transversal 134 

section of the model, characterized by different length and colour depending on the 3D 135 

deviation on the space. 136 

 137 



 138 

 139 

Fig. 4: Transversal section of the model characteri zed by different length and colour 140 

depending on the 3D deviation on the space.  141 

In every cut 23 equidistant points were identified, 11 to the right and 11 to the left, in addition 142 

to the central lying on sagittal cut; each point was then analysed to identify the total 3D 143 

deviation in space (Fig. 5). 144 



 145 

Fig. 5: 23 equidistant point highlighted on the tra nsversal section of the model for the 146 

analysis of the total 3D deviation in the space.  147 

 148 

 149 

150 



The numeric data obtained for each patient were included in a table of our ideation (Fig.6 ): 151 

the rows were drawn according to the face sections previously described, while the columns 152 

were equidistant (topographically on the 3D model); the columns "C" identifying values of the 153 

sagittal plane, the columns "d" passing through the cutaneous portion immediately adjacent to 154 

the nostrils, the columns "e" passing through the labial commissures, the columns "g" through 155 

the cheekbone, the columns "h", "i", "j" through the zygomatic arch, and finally the columns 156 

"k" anterior to the tragus. 157 

 158 

Fig. 6: Empty table of our ideation; B millimetred table results by inclusion of numeric 159 

data for each patient. The empty spaces in the cent re without corresponded to the 160 

nostrils and lips areas.  161 

162 



After filling the cells with the corresponding values, we created millimetred tables for each 163 

patient (Figg. 7A,7B and 7C). 164 

A 165 

 166 

B 167 

 168 

C 169 



 170 

Figg. 7  A, B and C: Millimetered tables.  171 

 172 

The tables reported empty spaces in the centre, where data were not included; these spaces 173 

corresponded to the nostrils and lips areas, and their values were not included because 174 

subjected to movement artefacts by the action of voluntary muscles. 175 

Results  176 

From photogrammetric analysis we obtained two images at T0 and T1 time, which gave a 177 

faithful three- dimensional representation of the face of the patient. By overlapping the images 178 

we obtained colour maps that allowed the visual appreciation of the facial soft tissues 179 

modification after orthognathic surgery. (Figg. 8A, B and C) 180 

A 181 



 182 

B 183 

 184 

C 185 



 186 

Figg. 8 A, B and C: Three cases of skeletal Class I II, Colour map.  187 

 188 

The colour map was generated using a colour scale ranging from blue to red based on the 189 

displacement of the soft tissues in the area; the coloured areas indicate respectively: 190 

1. RED: T1 point is more external to T0 point, so there is a volume increase; 191 

2. GREEN: the two images coincide, so there isn't substantial change between T1 and T0 192 

images; 193 

1. BLUE: T1 area is internal to T0, indicating a volume decrease. 194 

We report three cases of skeletal Class III examined with the relative millimetered tables. 195 

Interesting data come from the observation of these tables, in particular: 196 

1) The skin displacements along the facial profile does not behave in a uniform manner, but 197 

follow different dissipation coefficients; then to a given∆x on the sagittal profile corresponds 198 

different ∆x’ (points to the right and left of the midface, lying on the same cut), different in the 199 

entity and in dissipation (i.e. the skin of the face does not behave as a tent sustained by the 200 

underlying bone frame). 201 

2) The skin behaviour seemed to be similar in all the analysed subjects showing peculiar 202 



characteristics; considering the rows we found: 203 

a) From n1 to n5, corresponding to the high paralateral nasal region, the skin projection 204 

showed a strong increase (up to 210% respect to those of the median sagittal profile), even 205 

for modest advancement of the underlying bone; 206 

b) From n6 to n9 the skin millimetric values around the nostrils (paralateral nasal) are up to 207 

200% of those of the sagittal profile; 208 

c) In the LS12 and LS13 and from b14 to b17 the sagittal changes are maintained and 209 

regularly dissipated. 210 

d) It is also interesting to note the skin behaviour of mandibular angles. In particular, we 211 

observed the "filling" of the mandibular angle up to 180% of the value of ∆x on the median 212 

sagittal profile. 213 

As regards the columns: 214 

e) The skin ∆x of dissipation at level of the nose is completed at zygomatic level (column g); 215 

f) The ∆x dissipation of skin profile on the lower third of the face is gradually completed far 216 

more posteriorly, at level of the mandibular angles (over the columns k). 217 

In addition to the expected effects of orthognathic surgery on the perioral and chin soft 218 

tissues, it is interesting to note a significant "filling" effect of the skin around the nostrils and 219 

up to the lower portion of cheekbones; a clear objectivity of this detection may be obtained 220 

only by photogrammetry analysis and not from 2D photos. 221 

DISCUSSION 222 

To accurately predict the aesthetic outcome after orthognathic surgery is of paramount 223 

importance to clearly understand the behaviour of soft tissues secondary to the bone-frame 224 

displacement. 225 

Many studies have attempted to evaluate the relationship between hard tissue movement and 226 



its effect on the overlying soft tissue for predicting facial changes. However, most of these 227 

studies used complex techniques with association of photogrammetry, 3D laser, TC CT and / 228 

or CTBC scan, with considerable expense and biological costs, exposing the patients to 229 

ionizing radiation 6-9. 230 

Westermark et al in their pre-surgery simulations found a good correlation between simulation 231 

and outcome in 15 patients. However, the soft tissue changes that accompanied the 232 

movements of the facial bones were not accurately predicted 10. 233 

Kaipatur et al performed a literature review of computerized prediction programs in relation to 234 

hard tissue points, and found that all the programs could not consistently predict skeletal 235 

changes after orthognathic surgery, but their results may be considered inside a clinically 236 

acceptable range. Last-minute changes by the surgeons could also explain the differences11. 237 

Kaipatur and Flores-Mir performed a systematic review to investigate the accuracy of 238 

computer programs in predicting soft tissue response subsequent to skeletal changes after 239 

orthognathic surgery; out of the 40 initially identified articles only 7 articles fulfilled the final 240 

selection criteria. They found that the area of most significant error in prediction was the lower 241 

lip area, because of the difficulty in controlling the action of voluntary muscles, which gave 242 

“movement artefacts” and spoiled the accuracy of the analysis; for the same reason we 243 

decided to not include data corresponding to the areas of nostrils and lips in our study. 244 

The 7 studies considered showed accurate prediction of outcomes (less than 2 mm) 245 

compared with the actual results in both directions, horizontal and vertical. Although the 246 

individual errors were almost always minimal, their sum could lead to discrepancies between 247 

the prediction and the actual outcome of the aesthetic outcome of clinical relevance. 12
 248 

Marchetti et al evaluated the use of SurgiCase-CMF software (Materialise, Leuven, Belgium) 249 

for soft tissue simulation and found a reliability of 91%, which they judged to be realistic 250 



enough to form an accurate forecast of the patient’s facial appearance after surgery, but their 251 

analysis involved the use of cephalometric analysis and CT scans pre and post-surgery, with 252 

considerable biologic costs for the patients in terms of radiation exposure .13
 253 

A. Schendel et Al fused the photogrammetric scan and cone-beam CT for each of the 23 254 

patients examined , creating a patient-specific images. The surgery was simulated in 3D form 255 

and the simulated face was compared with the actual facial scan obtained 6 months 256 

postoperatively by calculating the difference between the post-operative changes and those 257 

simulated. For 15 landmarks, the difference between actual and simulated measurements 258 

was smaller than 0.5 mm. Only 3 landmarks had a difference of 0.5 mm, and these were in 259 

the region of the labial landmarks; considering the whole face of the patient, this method 260 

produced an error of 1.8 mm14. 261 

The analysis of 3D images presented in this preliminary study, offers millimetric data of the 262 

facial soft tissue displacement after orthognathic surgery in all planes of the space. Moreover, 263 

the constant development of not invasive and low-cost devices for acquisition and 264 

development of 3D computer imaging makes possible to use this technique with reduced 265 

costs and without paying any biological price; those characteristics makes the procedure 266 

particularly suitable when the subjects investigated are children, or in cases of complex 267 

craniofacial syndromes that require serial and frequent investigations. In addition 3D images 268 

acquiring is a not invasive procedure, it does not cause discomfort to the patient and is 269 

quickly performed, allowing repetition at short intervals. 270 

The presented preliminary study, which is based on the simple analysis of 3D pictures, 271 

showed the possibility to find some objective and repeatable parameters on the behaviour of 272 

facial soft tissues after orthognathic surgery; with the 3D analysis of images we were able to 273 

notice and objectively quantify a significant "filling" effect of the skin around the nostrils and 274 



up to the lower portion of cheekbones, in addition to the expected effects of orthognathic 275 

surgery on the perioral and chin soft tissues; a result impossible to achieve rom a standard 276 

2D photos analysis. Moreover our analysis has the advantage of being simple and quick, with 277 

reduced economic and biological cost. Despite those advantages, however the 278 

photogrammetry evaluation proposed has several drawbacks: 1. it was performed only on 279 

simple dento-skeletal malformations, forcing to consider a small sample of patients; 2. the 280 

procedure did not overcome the problem of analysing areas subjected to strong muscular 281 

action (i.e. lips and nostrils), which were therefore excluded from the analysis; all aspects that 282 

will require further investigations on larger pool of patients. 283 

This study shows that data otherwise “hidden” in the routine 2D photos can be obtained by 3D 284 

measurements and their analysis. In addition all data comparable with 2D are more reliable in 285 

3D images, because of the missing "projection" artefacts of sizes and shapes that occur in 2D 286 

photos; we have highlighted the possibility to mathematically quantify the displacement of 287 

facial soft tissue and create reliable dissipation curves of the various facial districts after 288 

orthognathic surgery, on the basis of the simple analysis 3D images. 289 

This study disclosed interesting insight into the soft tissue behaviour following orthognathic 290 

surgery providing the base for future development of 3D images analysis (3D VTO) to plan 291 

and reliably predict aesthetic outcomes of patients affected by dento-skeletal malformation 292 

requiring orthognathic surgical treatment.  293 

CONCLUSION 294 

Photogrammetry is a promising and cost effective method to predict soft tissue profile 295 

changes following orthognathic surgery. With further validation by larger clinical trials it could 296 

became a precious tool to perform a comprehensive 3D-planning of orthognathic cases, while 297 

offering more reliable prevision of the aesthetic outcome.    298 



 299 

300 
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FIGURES LEGENDS  336 

FIG. 1: Pre-operative view of the three patients with class III dento- skeletral malformation. 337 

FIG. 2: Colour map obtained by overlapping pre-op and post photogrammetry showing the 338 

deviations between the test and the reference models and the visual appreciation of the facial 339 

soft tissues modification after orthognathic surgery. 340 

FIG. 3: Horizontal section of the colour map in 24 planes adapted to the patient's face. 341 

FIG. 4: Transversal section of the model characterized by different length and colour 342 

depending on the 3D deviation on the space. 343 

FIG. 5: 23 equidistant point highlighted on the transversal section of the model for the 344 

analysis of the total 3D deviation in the space. 345 

FIG. 6: A Empty table of our ideation; B millimetred table results by inclusion of numeric data 346 

for each patient. The empty spaces in the centre without corresponded to the nostrils and lips 347 

areas. 348 

FIG. 7: A,B, and C  Millimetered tables. 349 



FIG. 8. A,B, and C: Three cases of skeletal Class III, Colour map. 350 


