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“Three-dimensional Stereophotogrammetric Evaluation of Facial Soft Tissue 

Asymmetries Before and After Orthognathic Surgery in Skeletal Class III 

patients” 

Name of the student: Georgios Logothetis 

Supervisor: Asst. Prof. Dr. Kadir Beycan 

Department: Department of Orthodontics, Faculty of Dentistry, Marmara University 

 

1. SUMMARY 

Aim: To investigate the asymmetry levels of the facial surface before and after the 

Class III orthognathic surgery procedure with the use of stereophotogrammetry. 

Materials and Methods: The sample of this retrospective study consists of three-

dimensinal (3D) facial images of 40 skeletal Class III orthognathic surgical patients 

(19 males, 21 females), mean age 20,44 years (ranging from 17 to 27 years old). The 

3D images acquisition took place at the T0 (before surgery) and T1 (6 months after 

surgery) time intervals. The 3D models were cropped, mirrored and the original and 

mirrored version were registered together. A mid-sagittal plane (MSP) was created and 

a Root Mean Square (RMS) value was automatically calculated by the system. The 

face was divided into parts (upper, mid, lower face subdivided to maxillary and 

mandibular region). Finally, volumetric and surface analyses were performed. 

Results: A non-significant decrease in RMS values was observed between the two 

time intervals (P>0,05). A statistically significant correlation was found between the 

initial asymmetry levels and the amount of asymmetry correction after surgery  

(r=0.653, P<0.01). The sample was separated into two subgroups, of 20 patients each, 

of Low and High RMS values. A statistically significant increase in the asymmetry 

levels was found for the Low RMS group (P<0.05) and a significant decrease in 

asymmetry was found for the High RMS group for the whole facial surface (P<0.01) 

and for the lower and specifically the mandibular facial parts (P<0.05). A significant 

correlation between the change in RMS values and the changes in angulation of the 

MSP plane was observed (r=-0.392, P<0.05).  

Conclusion: Patients showing increased initial symmetry levels end up more 

asymmetric after surgery and patients with higher values of initial asymmetry show 

bigger improvement in their symmetry levels. 

Keywords: Asymmetry, Orthognathic surgery, Class III, Stereophotogrammetry, 

Three-dimensional imaging 
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“İskeletsel Sınıf III Hastalarda Ortognatik Cerrahi Öncesi ve Sonrası Meydana 

Gelen Yumuşak Doku Asimetrilerinin Üç Boyutlu Steryofotogrametrik 

İncelenmesi” 

Öğrencinin ismi: Georgios Logothetis 

Danışman: Dr. Öğr. Üyesi Kadir Beycan 

Bolüm: Ortodonti Anabilim Dalı, Marmara Üniversitesi 

 

2. ÖZET 

Amaç: Bu çalışmanın amacı, Sınıf III ortognatik cerrahi öncesi ve sonrası, yüz 

bölgesindeki yumuşak doku asimetrilerinin steryofotogrametri ile incelenmesidir. 

Gereç ve Yöntem: Retrospektif çalışma örneklemini; ortalama yaşları 20.44 olan (17-

27 arasında değişen) 40 iskelet Sınıf III hastanın (19 erkek, 21 kadın), üç boyutlu (3B) 

yüz görüntüleri oluşturmaktadır. 3B yüz görüntüleri T0 (ameliyattan önce) ve T1 

(ameliyattan 6 ay sonra) zaman aralıklarında alınmış ve Etkileşimli En Yakın Nokta 

(ICP) algoritması kullanılarak ayna görüntüsü alınmış versiyonları ile çakıştırılmıştır. 

Sonrasında bir orta oksal düzlem (MSP) yaratılmış, yüz 5 parçaya (üst, orta, alt yüz, 

maksiller ve mandibuler) bölünmüş ve sistem tarafından otomatik olarak,  yüzün ve 

yüz parçaların asimetri seviyelerini gösteren Kök Ortalama Kare (RMS) değeri elde 

edilmiştir.  

Bulgular: Tüm yüz ve her parça için, iki zaman aralığı arasında RMS değerlerinde 

anlamlı olmayan bir düşüş gözlendi (P>0,05). İlk asimetri düzeyleri ile ameliyat 

sonrası asimetri düzeyleri arasında istatistiksel olarak anlamlı bir korelasyon bulundu 

(r=0.653, P<0.01). Bu bulguların daha fazla detaylandırılması amacıyla örneklem, her 

biri 20 hastadan oluşan Düşük ve Yüksek RMS değerlerine sahip iki alt gruba ayrıldı. 

Düşük RMS grubu için asimetri seviyelerinde istatistiksel olarak anlamlı bir artış 

bulundu (P<0.05).  

Sonuç: Başlangıç asimetri değeri yüksek olan hastalar ameliyat sonrası artmış simetri 

değeri göstermektedir. 

Anahtar Kelimeler: Asimetri, Ortognatik cerahi, Sınıf III, Steryofotogrametri, Üç 

boyutlu görüntülem
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3. INTRODUCTION AND AIMS 

A major concern in orthognathic surgeries is the aesthetic matters and the 

achievement of facial symmetry. Therefore, a proper surgery planning is mandatory, 

taking into consideration all the factors affecting the skeletal relationships and all the 

aesthetic parameters. To improve the prognostic value of the surgery planning and 

achieve results closer to the future outcomes of the surgery, a proper analysis of the 

response of the facial soft tissues to the movements of the bony tissues is mandatory 

(Aboul-Hosn Centenero and Hernández-Alfaro, 2012; Donatsky et al., 2009). 

Nowadays, most of the techniques we base our surgical treatment planning appear to 

have restrictions in imaging details and in-depth focus and usually involve radiologic 

diagnostics that expose the patients into radiation (Kim et al., 2013; Park et al., 2013; 

Yáñez-Vico et al., 2011).  

Facial symmetry is a theoretical concept, since it is almost impossible to find a 

perfectly symmetric face in the general population. According to this, even faces that 

are considered symmetric present limited discrepancies regarding the size and position 

of the two sides of the facial surface (Farkas, 1994). It was found that it is usually the 

lower facial third presenting more frequent and higher levels of asymmetry when 

compared with the middle and upper facial thirds (Severt and Profitt, 1997).  

The facial asymmetry can usually occur because of skeletal, dental, functional or soft 

tissue related reasons, but usually it is due to a combination of the mentioned reasons. 

For example, a maxillary displacement might result to an occlusal canting or to the 

shift of the dental midline, resulting in further asymmetric effects on the lips and 

occlusal plane (Cheong and Lo, 2011; Bergeron et al., 2008), or a mandibular midline 

deviation can result in asymmetries in the cheeks and the lower face contour areas 

(Ishizaki et al., 2010). Most importantly, a jaw asymmetry can be the reason of 

functional or even psychological problems, making its correction mandatory (Verze et 

al., 2012). According to these, the facial asymmetry, when corrected with a 

combination of orthodontic and surgical treatment, should aim on the correction of 

both the occlusal planes and the dental midlines, as well as to the alignment of the chin 

with the facial midline, to the leveling of the lips and the oral commissures and to a 

symmetric display of the dental and soft tissues during smiling (Ko et al., 2009). 
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Many methods have been introduced for the measurement and analysis of the soft 

tissue symmetry. Traditionally, facial symmetry was calculated from two-dimensional 

photographs or x-rays, which presented significant flaws, since a three-dimensional 

concept can’t be properly interpreted in two-dimensions (Moraes et al., 2011). To 

surpass these limitations, three-dimensional techniques were introduced, with either 

the use of radiation or not. Lately, techniques using stereophotogrammetry have been 

extensively used for the measurement of the facial asymmetry, providing a reliable and 

convenient solution with no radiation exposure on the facial surface (Wermker et al., 

2014). The major technique for calculating facial asymmetry so far, in two or three 

dimensions, has been the use of facial landmarks, to assess the same points in both 

sides of the facial surface, as well as for the assessment of the mid-sagittal plane of the 

face. In our study, a different approach is used, which offers a 3D and global evaluation 

of the whole facial surface and its levels of asymmetry, not focusing on user’s manual 

assessment of landmark points, without the use of single points and linear 

measurements. This can be achieved with the use of a sophisticated computer 

algorithm which takes into consideration 10.000-16.000 points on the facial surface to 

calculate a global asymmetry score (Meyer et al., 2009). 

Our study focuses on looking closely to the levels of symmetry on the facial soft 

tissues, before and following the orthognathic surgery procedure, individually, 

comparing the alterations in the values of asymmetry in those two time intervals.  

The purpose of this analysis is to have an insight on the effects of the bony tissue 

movements on the facial soft tissues, giving us valuable clues about the predictability 

of the soft tissue responses and the evaluation of the symmetry levels of the post-

surgical facial surface. Therefore, this thesis aims to answer the following questions: 

1) Is there a reliable, landmark-independent method for the calculation of facial 

asymmetry, taking into consideration the whole facial surface? 

2) Is the orthognathic surgery procedure adequate for the improvement of facial 

symmetry? 

3) Can the soft tissue response following the surgical procedure be calculated and 

correlated significantly with the movements of the skeletal tissues
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4. LITERATURE REVIEW 

 

4.1 Class III Malocclusion 

 

4.1.1 Prevalence of Class III malocclusion 

 

The predominance of Class III malocclusions shifts significantly among 

populaces and inside them, extending from 0% to 26% of the general population 

(Hardy et al., 2012). Not to exclude the pseudo-Class III malocclusions, observed 

mainly in patients with deciduous or mixed dentition. In adolescents between 8-12 

years of old, it was found that a percentage of anterior crossbites around 60% to 70% 

were delegated pseudo-Class III malocclusions  (Lin, 1985). Asians have the lead in 

the prevalence of Class III malocclusion, with percentages ranging from 9-19% 

(Chan 1974; Braun et al., 1999). Caucasians show a lower prevalence of 1-5% 

(Haynes 1970; Foster and Day 1974; Lee et al., 2011), Latin population had a rate of 

5% (Silva and Kang, 2001), Indian population around 1,2%. According to NHANES 

III, the third National Examination Survey, Class III malocclusion shows 0.8% 

prevalence in white population, 1.6% in Mexican-American and a 2% rate in black 

population (Proffit et al, 1998). 

Finally, according to Sayin and Turkkahraman (2004), Gelgor et al (2007), Uslu et 

al (2009), the rates of Class III malocclusion in Turkish population showed a variety 

of results (12%, 18.44% and 10.3%, respectively) (Tasios, 2015). 

 

 

4.1.2 Components of Class III malocclusion 

 

Class III Angle classification (Angle, 1899) first referred to a condition where 

the lower teeth were occluding more mesially than normal, for at least the length of 

one bicuspid. These days it is conceived as a skeletal discrepancy which can be the 

result of either mandibular prognathism, maxillary deficiency or both. Studies have 

shown that mandibular prognathism appears as etiology for 20% to 46% of the Class 
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III subjects, while maxillary retrusion as etiology ranges from 19,5% to 37%. 

Moreover, 7,5% to 60% of Class III cases are due to a combination of both 

mandibular excess and maxillary deficiency (Sanborn, 1955; Dietrich, 1970; 

Jacobson et al, 1974; Ellis and McNamara, 1984; Guyer et al, 1986; Williams and 

Andersen, 1986).  

In general, Class III subjects are found to have a smaller, but not more retrusive 

maxilla than Class I subjects. On the other hand, Class III subjects have larger and 

more protrusive mandibles (Wolfe et al., 2011). 

 

4.1.3 Etiology of Class III malocclusion 

 

Class III is a polygenic disorder, resulting from an interaction between 

susceptibility genes and environmental factors. Polygenic inheritance means that the 

phenotypic trait can be connected to at least two susceptibility genes and the 

environmental effect on them. Hereditary examination of families with Class III 

phenotype underpins the speculation of polygenic legacy. In a study (Litton et al., 

1970), the families of 51 probands with Class III malocclusion were examined and the 

finding showed that almost the 13% of their siblings displayed the trait. Furthermore, 

the families of patients treated with orthognathic surgery showed a high pervasiveness 

of Class III malocclusion. 

Subsequently, the genetic and environmental factors induce the regulation of the 

mandibular growth through the condylar cartilage. Condylar cartilage is a significant 

growth site in the mandible and it structures also some portion of the 

temporomandibular joint (Cοpray et al., 1988). It has been shown that experimentally 

generating a Class III malocclusion has been ascribed to an expanded pace of condylar 

development (Kiliaridis et al., 1999). Consequently, the hypothesis was formed, that 

the condylar cartilage can be affected by changes in the biophysical environment, 

making it possible that the Class III malocclusion may be hastened under these 

biomechanical conditions by the legacy of qualities that incline to Class III 

phenotypes. 

Nowadays, many researches are focused on exploring the genetic factors responsible 

for the Class III malocclusion. Many genome-wide scans have found that these 

susceptibility genes are likely to be located in chromosomal loci 1p36, 12q23 and 
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12q13 (Xue et al., 2010). Each gene associated with this specific biological pathway 

may be an applicant gene that is connected with Class III malocclusion. 

 

 

4.1.4 Treatment of Class III malocclusion 

 

For the treatment of Class III malocclusion, we can base our treatment 

modalities to three approaches. The choice is dependent on many factors, like the 

skeletal relationship between maxilla and mandible, the severity of the skeletal 

discrepancy and the growth stage of the patient. These three approaches include: 

1. Growth manipulation during early growth stages, by using orthopedic 

appliances like Face mask for maxillary advancement, modified maxillary 

protraction headgear (MMPH) 

2. Orthodontic camouflage by dentoalveolar correction of the disharmony of the 

jaws 

3. Orthodontic treatment combined with orthognathic surgery. 

The growth manipulation procedure has the requirement of the patient being in 

growing stage. We use this treatment modality in patients with maxillary deficiency 

with a mandible size and position around the normal values. This approach, though, 

can be risky for patients with excessive mandibular growth or overdeveloped 

mandible. Furthermore, the possibility of a relapse during later years has been 

mentioned in many articles (Hagg et al., 2003; Baccetti et al., 2004). 

In cases where the patient has passed the growth spurt, the treatment options are limited 

to a dental orthodontic camouflage or orthognathic surgery. By orthodontic 

camouflage, we refer to a treatment aiming to provide a stable, functional and aesthetic  

dental occlusion while correcting, as much as possible, the facial profile, without 

having the possibility to correct the skeletal discrepancy. Again in this treatment 

option, the skeletal and dental discrepancy shouldn’t be excessive and a favorable 

period for it is the late pubertal stage (usually 16-17 years of old) or maybe a little 

earlier on female patients (Baccetti et al., 2007). The camouflage treatment usually 

includes the use of Class III elastics, extraction of selective teeth or distalization of 

teeth in the lower dental arch with the use of skeletal anchorage. 
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In some cases, though, that the jaw discrepancy becomes excessive, making a 

camouflage treatment impossible or risky with severe side-effects. Then, the ideal 

treatment option is a combination of orthodontic treatment with orthognathic surgery. 

Same counts for cases with skeletal asymmetries or deformities. The choice of a 

surgical treatment has the advantages of a more overall approach, with the correction 

of skeletal and dental discrepancies. 

 

4.2 Orthognathic Surgery  

 

 

4.2.1 Definition of orthognathic surgery 

 

Orthognathic surgery is the surgical correction of dentofacial deformities with a 

combination of orthodontic and maxillofacial treatment. The word “orthognathic” 

derives from the Greek words “ortho” and “gnathos”, meaning “straighten” and “jaw” 

respectively. The orthognathic correction can be isolated to one jaw or concurrently 

on both jaws. This manipulation of the elements of the facial skeleton aims to restore 

the proper anatomic and functional relationships on the dentofacial area, changing the 

relations not only of the facial bony structures, but the soft tissues as well. 

 

4.2.2 Types of orthognathic surgery 

 

 

4.2.2.1 Orthognathic surgery in the maxillary area 

 

 The most common type of surgery in the maxillary area is the Le Fort I type of 

osteotomy. This surgical procedure gives the surgeon freedom to relocate the maxilla 

in any direction of the three dimensions. It is also very usual for the maxillary surgery 

to be performed together with mandibular setback surgery, leading to optimal and 

stabile results. 

The surgery follows certain steps and procedures when performed. Initially, there is 

the dismemberment of the soft tissues, where maxilla and nasal aperture are exposed. 

Around 35mm superior to the occlusal plane of the maxilla, an osteotomy of the 

posterior zygomatic maxillary buttress is performed. The osteotomy proceeds to the 
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thicker bony tissues of the buttress and to the narrow bone of lateral maxillary wall 

and continues by cutting the thicker bone of the piriform rim. Then, the cutting line 

continues to the junction of the maxilla and the pterygoid plate, followed by the 

separation of the cartilaginous septum of the nasal floor and the split of the bony 

septum and lateral nasal wall. This makes it possible for the maxilla to be freed from 

the pterygoid plates with the use of osteotome malleting. At this point, finger pressure 

applied at the anterior part of the maxilla is enough to perform a downfracture. After 

the maxilla is mobile, its final position is defined with the use of the surgical splint, 

designed by the orthodontist when the surgical treatment plan was made, and the two 

jaws are stabilized together with the use of wires or elastics. At this time, it is important 

that the bone and cartilage at the osteotomy’s cutting line are adjusted in order to have 

an ideal contact area between the two parts and good aesthetic results. Finally, the 

transosseous fixation is performed with the use of bone plates, followed in many cases 

by bone grafting in the areas that it is needed for stabilization and lastly the wound is 

closed with a variety of sutures like V-Y mucosal (single or double), alar base cinch 

etc. (Proffit et al., 2003). This was a brief and basic description of the maxillary surgery 

procedure. For more detailed information, the reader can be redirected to orthognathic 

surgery textbooks, which can provide all the existing techniques and methods for this 

topic. (Proffit et al., 2003; Reyneke, 2010; Posnick, 2013). 

 

4.2.2.2 Orthognathic surgery in the mandibular area 

 

The main debate on orthognathic surgery in the mandibular area is the type of 

osteotomy that will be used for the mandibular setback. Intraoral vertical ramus 

osteotomy (IVRO) is still an option used in some cases, but the dominant osteotomy 

type nowadays is the bilateral sagittal split osteotomy (BSSO) (Monson, 2013). The 

BSSO was modified in the past in many ways (Hunsuck, 1968; Epker, 1977), leading 

to its current form which provides the listed advantages below (Proffit et al., 2007): 

- Freedom of movements for the surgeon during repositioning. The surgeon can 

relocate the mandible forward or backwards or rotate the tooth-bearing 

segment down anteriorly according to the facial height’s needs. 

- It is highly compatible with the rigid internal fixation (RIF) techniques. 
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- An optimal and extensive bone-to-bone contact can be achieved after the 

fixation at the area of the osteotomy, which minimizes healing complications. 

- It doesn’t interfere in a big scale with the temporomandibular joint (TMJ) or 

the position of the masticatory muscles. 

When it comes to the mandibular setback procedures, like in Le Fort 1 osteotomy, 

certain steps are being followed. First, the soft tissue incision is performed, followed 

by the elevation of the periosteum. This procedure gives the surgeon adequate access 

to the area in order to perform the osteotomy. The usual osteotomy pattern consists of 

cuts through the cortical bone, starting from above the lingula, on the medial side of 

the ramus, continuing down to the anterior part of the ramus onto the superior part of 

the mandibular body and followed by a curving inferiorly through the lateral cortical 

plate, including the inferior border. The osteotomy extends horizontally one half or 

two thirds of the anteroposterior dimension of the ramus posteriorly and as far as the 

second molar region anteriorly. Following the split of the ramus, the reposition of the 

mandible to its optimal position takes place, according to the surgical treatment plan. 

At this position, the mandible is sustained and fixed, mostly, nowadays, with the use 

of RIF due to the high effectiveness of this method (Proffit et al. 2003; Revneke, 2010; 

Posnick, 2013). 

 

4.2.3. Facial soft tissues and interventions during orthognathic surgery 

  

 The procedure of orthognathic surgery is mostly focused on the bony tissues 

and the relocation of jaws, but the outcome of this procedure on the soft tissues 

shouldn’t be underestimated, affecting the facial aesthetics and the stability of the 

result. At the time of the BSSO, there is always a possibility of the masseter muscles 

and the lower fibers of the temporalis muscle being stripped. Moreover, the medial 

part of the pterygoid muscle, the pterygomasseteric sling and the stylomandibular 

ligament are being stripped for optimal stability of the segments. The nasal region is 

also a primary concern during maxillary surgery. The final aesthetic outcome can be 

affected by interferences on the nasal septum, like the removal of the anterior nasal 

spine and the contouring of the piriform rim. Moreover, during the wound closure, the 

cinch and the V-Y lip closure suture are recommended, if the surgeon considers so 



11 

 

(Reyneke, 2010). Finally, a plenty of adjunctive procedures for aesthetic alteration of 

the nose, the chin, the neck and the lower face, the malar region or even the ears are 

available, in order to influence the final result on the soft tissues (Posnick, 2013). 

  

4.2.4. The management of the nasal region 

 

One of the areas that are greatly affected by the maxillary orthognathic surgery 

is the nasolabial region. The soft tissues of this area can be the subject to significant 

changes like elevation of the nasal tip (in cases of maxillary impaction or 

advancement), increased width of the alar base (after maxillary impaction), reduced 

length of the upper lip (after maxillary impaction), increased fullness of upper lip (after 

maxillary advancement) and increased upper lip length (after maxillary down grafting) 

(Reyneke, 2010). From all these, it becomes clear that the final soft tissue profile of 

the patient is not only determined by the hard tissue relocations, but also from the 

techniques used during the surgery to avoid undesirable side-effects. Examples of 

these techniques are the recontouring of the ANS area technique and a variety of 

techniques for suturing (alar base cinch suture, muscle resuturing etc.) and closures 

(VY lip closures, single or double etc.) (Proffit et al., 2003; Reyneke, 2010; Posnick, 

2013). These techniques allow the surgeon, who will be the one to choose the most 

fitting one for each situation, to have a variety of options and modifications in order to 

guide him to an optimal final outcome. Therefore, the use of these techniques can’t be 

systemized, as it depends on the surgeon’s personal preference and experience. 

  

 

4.2.5. Side effects of orthognathic surgery 

 

 An important side effect following the orthognathic surgery procedure is the 

postoperative swelling. The swelling, although it is severe and can affect the patient’s 

perception about the surgery procedure (Neal and Kiyak 1991), is temporary and 

eventually withdraws. The swelling, as well as the muscle spasm (trismus), usually 

reach their peak from 48 to 72 hours after surgery (Al-Khateeb and Nusair, 2008) and 

have a great decrease during the first postoperative week (about 30%). After a 3 weeks 

to 1 month time interval, the remaining swelling is noted to range from 34% to 50% 
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and after a 3 month period this value drops to 5% - 20% (Yamamoto et al., 2016; van 

der Vlis et al., 2014; Kau et al., 2007). Some studies even note that a smaller amount 

of swelling can persist even 6-12 months after surgery (Day and Robert, 2006; van der 

Vlis et al., 2014).  

Other side effects of orthognathic surgery can be pain, inflammation and a limited 

ability of mouth opening because of trismus (Phillips et al., 2008). Post-surgery pain 

peaks usually during the early post-surgery period and medications, commonly 

corticosteroids, are prescribed to relief from the pain (Schaberg et al., 1984; Weber 

and Griffin, 1994). Other options for medications are non-steroidal, anti-inflammatory 

drugs (NSAID) (Benetello et al., 2007), corticosteroids and NSAID combined 

(Bamgbose et al., 2005) or enzyme preparations like serratiopetidase (Al-Khateeb and 

Nusair, 2008; Shetty and Mohan 2013). There were also non-pharmacological ways 

referred to relief from the side-effects of orthognathic surgery, such as manual lumph 

drainage (Szolnoky et al., 2007), soft laser (Braams et al., 1994; Røynesdal et al., 1993; 

Gasperini et al., 2014) and cryotherapy (Laureano Filho et al., 2005). The cryotherapy, 

or cold therapy, was used through the early ages and it is highly known for its 

beneficial influence on reducing post-surgical swelling, inflammation and pain, as well 

to the reduction of hematomas and bleeding. (McMaster and Liddle, 1980; Swanson 

et al., 1991; Rana et al., 2011; Moro et al., 2011; Abramson et al., 1996; Fruhstorfer, 

1990; Schaubel, 1946). Moreover, it was shown that the low temperatures have a 

reductive effect on the activity of inflammatory enzymes (Abramson et al., 1996). 

There is a big variety of cooling methods, like gel packs, cold compresses or ice packs. 

On the other hand, side effects of cold therapy are also reported, like tissue injuries, 

disturbances of lymph drainage and microcirculation or chilblains. 

 

4.2.6. Stability of the outcome of orthognathic surgery 

 

 One of the biggest concerns when it comes to orthognathic surgery, is the 

stability of its outcome, the presence or lack of relapse and the long-term preservation 

of the result of the surgery. Therefore, relapse can be observed in two types according 

to the time interval they occur, the immediate and the late relapse. Immediate relapse 

is usually encountered immediately after surgery and its cause is usually an error in 
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operation table, like a misplaning in surgical treatment plan, a wrong positioning of 

the temporomandibular joint or maybe inaccuracies in osteosynthesis. On the other 

side of the coin, a late relapse can appear after a noticeable time period has passed 

from the surgical procedure. A late relapse can be in the form of a partial or complete 

relapse towards the situation of the facial structures before the orthognathic surgery. 

Late relapse appears to have many reasons, like growth spurts, hard tissue remodeling 

due to the function of the masticatory system, an unstable occlusion after surgery or 

inability of the muscles of the face to adapt to the new relationships between jaws. 

Moreover, if a persistent habit exists at the function or at the orofacial muscle system, 

it can also be a cause of relapse (de Haan et al., 2013). It is reported that also sagittal 

corrections show more long-term stability than the vertical corrections of the jaws 

(Gallego-Romero et al., 2012). 

 

 

4.3 Facial Asymmetry 

 

4.3.1  Historical review of facial asymmetry 

 

Since the beginning of mankind’s recorded history, facial symmetry has been 

connected to concepts about facial attractiveness. Individual and collective concerns 

about facial attractiveness go back at least 4000 years ago, since the ancient Egyptian 

civilization. It is believed that Polycleitus, the ancient Greek sculptor, based on 

principles of the Egyptians, formed the first “neoclassical canons”, coming from the 

world “kanones”, meaning “rules” in Greek. These canons were defining the ideal 

proportions of the face, demanding the ideal face to follow the rules of symmetry with 

its division into two equal horizontal halves or three equal thirds, with the middle third 

being occupied by the nose. They also projected the ideal face to have equal distances 

between the same anatomical facial structures of each side. These canons are still in 

wide use in arts, like painting, sculpturing etc., but also still used as guidelines for 

plastic surgeons. Besides its ability to provide working guides for surgeons and artists, 

the neoclassical canons are not a reliable method of analyzing the human face in 

reality. 
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This brought us with two new approaches on analyzing the human face, the 

anthropometric and the cephalometric system. The anthropometric system was mostly 

based on hard tissue measurements, usually originating from skulls and there was a 

very few measurements that also included soft tissues. Most of the anthropometric 

researches were aiming to prove differences in the skulls of different human races, the 

ancestry of our skulls and the link between humans and apes, or even the superiority 

of the white humans against the black human population. From the other hand, the 

cephalometric system is mostly based on x-rays. It started from a simple dental 

analysis and proceeded to be a complex system for measuring the facial skeleton and 

even the facial soft tissues. The cephalometric system is widely used by orthodontists, 

surgeons and dentists nowadays, mostly for diagnostic and treatment planning 

purposes (Bashour, 2006). 

 

4.3.2. Does facial symmetry equal to facial attractiveness? 

 

There are 3 types of asymmetry in the human face, used to measure and 

describe the way the face is considered asymmetric. The term fluctuating asymmetry 

(FA) is referring to small and random traits in the general population, that make a face 

deviate in a small scale from the absolute symmetric face. The purely symmetrical 

face, for which the FA value is 0, is a very difficult characteristic to find in humans, 

so the FA value will almost never be an absolute 0. Another type of asymmetry is the 

directional asymmetry, which analyzes traits that show a significant size difference in 

either side of the face. The last type, the anti-symmetry, can be distinguished by 

bimodal distributions, due to adaptive functions at the face. Facial asymmetry can also 

be separated to static, where the face is analyzed in rest position, and dynamic, where 

the asymmetry can be apparent with facial expression. 

It is found that in cases of a high degree of asymmetry, for example in cases of 

asymmetries due to chromosomal abnormalities, this asymmetry is linked with a lower 

attractiveness rate (Thornhill and Moller, 1997). The question of attractiveness is 

mostly debated when smaller degrees of fluctuating asymmetries are being observed, 

which can be connected to the asymmetries found in the general population. Many 

studied explored the presence of this connection by defining 12 and 14 landmark facial 
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points to assess the facial symmetry, showing a positive relation between symmetry 

and attractiveness (Hume and Montgomerie, 2001; Jones et al., 2001). More recently, 

other studies, by defining even more than 14 landmarks, assessed asymmetry and 

found more limited relationship between symmetry and attractiveness (Farrera et al., 

2015), or even no significant correlation between them (Simmons et al., 2004). A study 

on 3D face scans found the attractiveness not to be influenced by the levels of 

symmetry (Kaipainen et al., 2015). Another study showed that faces presented 

fluctuating and directional types of asymmetry and concluded that the fluctuating type 

was related to attractiveness, while the directional type was not. A considerable 

problem with this type of studies is the 2D photos used to assess asymmetry. 2D photos 

can easily mislead the authors to believe in the presence of a higher degree of 

asymmetry, which can actually be caused by any head rotation, or head inclination to 

one side during the photo acquisition. For this reason, research with the use of 2D 

photographic images has not being an absolutely reliable method to assess facial 

symmetry and its link to attractiveness.  

Photo manipulation, on the other side, has been proved to be a useful tool in our goal 

to discover the relationship between symmetry and attractiveness. Initially, the articles 

using photo manipulation were simply creating a symmetric face from a hemiface and 

the mirror reverse of it, which leaded to slightly unusual faces that the observers 

couldn’t find attractive (Langlois et al., 1994). A solution to this came by Grammer 

and Thornhill (1994) by blending faces with each other in order to create more 

symmetric facial surfaces. These symmetrical faces were found to be more attractive 

than average. Other studies combined mirroring with blending of the faces and some 

of them found a connection between attractiveness and symmetry(Rhodes et al., 1998), 

although some came with opposite results (Swaddle and Cuthill, 1995). Lately, another 

method of photo manipulation appeared, by averaging the asymmetries of left and right 

side of the face while the initial texture map of the face stays the same. This way, the 

symmetrical images were created with big precision and leaded to a positive 

correlation between attractiveness and symmetry(Perrett et al., 1999; Little and Jones, 

2006). 

When it comes to the method of choice for evaluation of symmetry and attractiveness, 

two ways of questioning have been mainly used. The first way is to just present 
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symmetrical and asymmetrical faces to the observer and ask for their rating of 

attractiveness. This way supports the idea that when the attractiveness difference 

between symmetry and asymmetry is clear, there should be also fluency on 

distinguishing the more attractive face. The studies using these methods found a 

positive connection between symmetry and attractiveness (Grammer and Thornhill, 

1994; Langlois et al., 1994; Perrett et al., 1999, Rhodes et al., 1998). The second way, 

named “2afc task of symmetry”, was to present the symmetrical and non-symmetrical 

face next to each other to the observer and ask for his preference in attractiveness. An 

addon to this method was to also include score rating in order to find the difference in 

attractiveness with precision (Quist et al., 2012). These studies also showed a general 

preference for symmetrical faces. Finally, another study (Lewis, 2017) raised the 

question of how the ability of an individual to detect asymmetry in a face can influence 

the attractiveness rating, questioning the 2afc method for creating bias by drawing the 

observer’s attention towards a trait that in different situations would be ignored. They 

concluded that there is a significant ability of the observers to detect asymmetry. 

 

4.3.3. Etiology of facial asymmetry 

  

As well as the etiology of Class III malocclusion, facial asymmetry is also 

found to derive from a combination of genetic and environmental factors at the fetal, 

the infant and the adolescent time stages (Lundström, 1995; Pirttiniemi, 1994; 

Haraguchi et al, 2002). 

It was reported that, except from mandibular prognathism, around 50% of skeletal 

abnormalities at the facial region can be attributed to inheritance, while the rest 50% 

may be attributed to environmental factors (Proffit, 2000). This makes it possible that 

inheritance can be blamed entirely for a severe dentofacial deformity (Mulick, 1965).  

When it comes to etiological classifications, asymmetry of the face can be distributed 

to 3 categories: the congenital asymmetry which arises prenatally, the developmental 

asymmetry which occurs during growth deriving from unknown etiologies and the 

acquired asymmetry, which can be the result of an injury or a disease (Hegtvedt, 1993; 

Cohen, 1995; Reyneke et al, 1997).   

The congenital asymmetry is not common, but it can have severe effects on the form 
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and function of the face. For example, intrauterine pressure  at the head of the fetus or 

birth canal pressure during parturition might end up in the molding of the facial bones 

and the skull, creating an obvious skeletal asymmetry on the face. Fortunately, in these 

cases, if the birth growth continues without abnormalities, the deformation ends up 

stabilizing or even better improving (Darras et al, 2015). 

The developmental type of asymmetry is usually not connected to syndromes and its 

nature is idiopathic. It is not rare that a metabolically normal growing individual is 

affected by this type of asymmetry, which  although it is not present during birth and 

infancy, it gradually develops, usually becoming noticeable in teenage years (Shah and 

Yoshi, 1978; Cheong and Lo, 2011). An unilateral vertical growth increase on the 

mandible can also cause maxillary compensatory changes that can show up clinically 

in the form of an occlusal cant in the maxilla. The more the unilateral growth of the 

mandible, the more the maxillary changes will be, due to its compensatory nature 

(Obwegeser and Makek, 1986). 

The acquired type of asymmetry usually appears during childhood and can occur due 

to condyle fracture from a trauma. A history of trauma was observed in 14% of the 

individuals showing asymmetry (Severt and Proffit, 1997). These fractures can 

interrupt the normal growing pattern on one side of the mandible and cause an 

asymmetry due to the continuation of the normal development of the opposite side, 

which can cause the chin to deviate towards the facture’s side. The more early the 

incident of the fracture, the better the prognosis for the asymmetry will be (Proffit, 

2000). 

Another reason accused for causing facial asymmetry can be an abnormal muscular 

activity, as it can affect the formation of the bone at the areas where the muscles attach 

to the bony structures. Furthermore, muscles can affect the deposition of the bones and 

be responsible for their displacement (Gorlin et al, 1990; Proffit et al, 2000). This 

dysfunction of the muscles can be the result of some damage caused to their motor 

nerves. Therefore, the dysfunction or the atrophy of the muscles can cause 

underdevelopment on some relative facial parts, resulting in a deficiency in soft but 

also hard tissues (Washburn, 1946; Gardner et al, 1980; Byrd, 1984; Proffit et al, 

2000). 
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4.3.4. Asymmetry prevalence on Class III patients 

 

 Asymmetry is a common finding in Class III patients. It was found that 23% 

of the orthodontic patients presented asymmetry which is clinically noticeable 

(Willems et al, 2001) and the same observation was made for the 21-38.6% of the 

patients who showed dentofacial deformities (Samman et al, 1992; Severt and Proffit, 

1997; Chew, 2006). This percentage increases when we specify a group of patients 

with Class III malocclusion and prognathism of the mandible as it reaches the rate of 

40-80% (Severt and Proffit, 1997; Willems et al, 2001; Haraguchi et al, 2002; Yoon et 

al, 2004; Chew, 2006). Facial asymmetry can also refer to occlusal cant, discrepancy 

of the zygomatic arch, deviation of the nasal tip or orbital dystopia (Severt and Proffit, 

1997), which makes it even more vital to be examined in patients with Class III 

malocclusion. 

It was found that the facial deviation was most commonly observed in the lower 

vertical third of the face, compared to the upper and middle thirds. Severt and Proffit 

(1997), in an examination of 1460 patients showing dentofacial deformity due to 

asymmetry of the face, reported that a percentage of 34% from the subjects showed 

clinical detectable types of asymmetry. Furthermore, patients with a Class II 

malocclusion presented lower rates of asymmetry, while patients with Class II skeletal 

relationship showed asymmetry percentages of 40%. The 74% of incidents of 

asymmetry were located in the lower third of the face, 36% in the midface and just 5% 

in the upper third of the face. This can be explained by the presence of the mandible, 

which is the only mobile part of the facial skeleton and its growth keeps on for longer 

time interval when compared to maxilla (Haraguchi et al, 2002; Kwon et al, 2006). 

In the Japanese population, a study of 220 patients with Class III skeletal malocclusion 

showed 80% prevalence of asymmetry in the bony tissues and 56% prevalence in the 

soft tissues (Haraguchi et al., 2002). 

Studies of fluctuating asymmetries have reported that it is a more common incident 

that the right half-face appears wider when compared to the opposite side (Shah and 

Yoshi, 1978; Burke, 1979; Koff et al., 1981; Farkas et al., 1981; Koff et al., 1985; 

Ferrario et al., 1993). This finding, though, was opposed by other studies, that found 
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equal dimensions on left and right hemifaces (Peck et al, 1991; Ferrario et al, 1995) or 

even the left half of the face to appear wider (Vig and Hewitt, 1975; Chebib and 

Chamma, 1981). 

 

4.4 Methods for Three-dimensional Surface Acquisition and Analysis of the 

Facial Soft Tissues 

 

4.4.1 Radiographic methods 

 

 The most usual radiographic methods for 3D soft tissue imaging used to 

analyze the results of orthognathic surgery are the Computed Tomography (CT) as 

well as the Cone Beam Computed Tοmοgraphy (CBCT). Bοth οf these methοds have 

the advantage οf being able tο incοrpοrate bοth the hard tissues and the οverlying sοft 

tissues in a single image. The main disadvantage, thοugh, οf these methοds is the 

expοsure οf the patient tο iοnizing radiatiοn during the time οf the image acquisitiοn. 

 

4.4.1.1   Cοmputed tοmοgraphy 

 

The cοmputed tοmοgraphy (CT) is a valuable tοοl fοr the medical sciences 

since 1967 when it was first intrοduced in the medical field by the name οf Medical 

CT. It was Hοunsfield, thοugh, whο develοped the 3D versiοn οf CT (Xia et al., 2001; 

Kau et al., 2005; Swennen et al., 2005). CT scans have the ability tο generate 

cοmputerized three-dimensiοnal images with the cοmbinatiοn οf radiοgraphic 

methοds with cοmputerized vοlumetric recοnstructiοn. By including infοrmatiοn 

abοut bοth the sοft and hard tissues, CT makes the superimpοsitiοn οf data οf twο 

different timings pοssible, with the use οf landmarks οn the hard and soft tissues as an 

anchοr unit (Swennen et al., 2005). Mοreοver, it is pοssible fοr the user tο enhance the 

3D image with the use οf many prοviding οptiοns such as οpacity, brightness οr 

specific area isοlatiοn, leading tο the visibility levels that can prοvide the mοst 

infοrmatiοn (Quinterο et al., 1999; Swennen et al., 2005). Furthermοre, the prοper 

pοsitiοning οf the head is nοt an issue fοr the CT scans, as the image is pοsitiοned later 

tο the desired pοsitiοn with the use οf the cοmputer sοftware (Swennen et al. 2005). 

In the field οf οrthοdοntics, CT scans haven’t been used widely. This is mοstly due tο 
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their οperatiοn cοst, the dedicated facility that they require and their cοst-time 

efficiency, due tο the “stack” οf slices they require tο cοmpοse the final image. But the 

main cοncern abοut CT is the patient’s radiatiοn expοsure which can’t be justified just 

fοr diagnοstic purpοses (Kau, 2010). 

 

4.4.1.2   Cοne Beam Cοmputed Tοmοgraphy 

 

Cοne Beam Cοmputed Tοmοgraphy (CBCT) became available for use later, 

during the 1990s periοd (Kau et al. 2005). The main advantage οf the CBCT cοmpared 

tο the CT is the much less radiatiοn the patient is expοsed tο, due tο a single scanning 

rοtatiοn that is required arοund the head οf the patient tο get the final image (Mah et 

al., 2003; Kau et al. 2005; Swennen et al., 2005). This alοne is enοugh tο bring the 

CBCT in the spοtlight in οrthοdοntics, in diagnοstic terms οr in terms οf research. 

The specified use οf Craniοfacial CBCT fοr the face, made it pοssible tο develοp 

features that cοuld οutrun the cοnventiοnal CT in terms οf craniοfacial use. The CBCT 

uses an X-ray tube οf lοw radiatiοn and the prοduced beam is mοre fοcused and with 

a pretty lessened radiatiοn scatter when cοmpared tο the cοnventiοnal CT (Mah and 

Hatcher, 2003). This way, the vοlumetric scanning requires much less capacity frοm 

the X-ray tube and the utilizatiοn οf the X-ray is impοrtantly increased (Sukοvic, 

2003). It has been repοrted that the entire radiatiοn οf the expοsure tο a CBCT is equal 

tο the οne οf a full series οf periapical radiοgraphs οf the mοuth and it is estimated tο 

be arοund 20% lοwer than the radiatiοn οf a cοnventiοnal CT (Mah et al., 2003). By 

the years, CBCT system’s size and cοst decreased and became accessible tο a bigger 

grοup οf specialists. Alsο the addοn οf a custοm-made expοsure chamber reduced even 

mοre the radiatiοn expοsure. These days, when cοmparing the quality οf the CT and 

CBCT images, nοt sο much diversity can be nοticed as CBCT is able tο prοvide a view 

οf the full head, the skull οr selective regiοns (Kau et al., 2005). 

When it cοmes tο the limitatiοns, CBCT is still lacking in the exact mapping οf the 

muscles and the muscle’s attachments. Tο image these structures withοut any 

radiatiοn, a magnetic resοnance imaging (MRI) can be used with success. Alsο, in a 

CBCT scan, the sοft tissue are nοt displayed in the true texture and cοlοr οf the skin. 
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(Khambay et al. 2002) Fοr that reasοn, 3D devices such as stereοphοtοgrammetry οr 

laser scanning have still be preferred fοr the sοft tissue imaging. 

 

 

4.4.2. Nοn radiοgraphic methοds 

 

This sectiοn will be dedicated tο present a synοpsis οf the different devices that 

can be used fοr the 3D image acquisitiοn οf the face and their prοs and cοns will be 

analyzed. These devices can be categοrized as shοwn in Table 1. 

 

 

Table 1: A categοrizatiοn οf the devices fοr 3D surface acquisitiοn (Kau and Richmοnd, 2010) 
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4.4.2.1 Stereο-phοtοgrammetry 

 

 Phοtοgrammetry refers tο the act οf measuring phοtοgraphs. Fοr the last 80 

years, phοtοgrammetry has been widely used in dentistry and generally in medicine tο 

recreate frοm phοtοgraphic prοliferatiοns the 2D οr 3D measurements (Berghagen, 

1951; Richmοnd, 1984). This methοd was standardized after mοdificatiοn in οrder tο 

measure specific anthrοpοmetric dimensiοns tο an accuracy level clοse tο the direct 

methοds. Fοr stereο-phοtοgrammetry, at least twο cameras are used in a stereο-pair 

cοnfiguratiοn tο be able tο capture 3D cοοrdinates frοm the mοrphοlοgy οf the face. 

This way multiple phοtοs are cοmbined tοgether and a 3D image is created (Kau, 

2010). In the early phοtοgrammetric days, a 3D mapping οf the facial structures was 

cοstly and labοriοus sο cartοgraphers’ techniques were used in οrder tο cοmbine 

cοntοur mappings and varying subintervals (Burke, 1984). These methοds had been 

alsο used fοr the surgical cοrrectiοn οf abnοrmal faces by vοlumetric and 

biοstereοmetric analyses (Bjοrn et al., 1953; Berkοwitz and Cuzzi, 1977).  

In 1967, a new methοd was intrοduced, that made it pοssible tο prοject the face with a 

radial grid (Beard and Burke, 1967). This prοvided the user with plentiful pοints that 

combine cοrrespοndence and facial measurements. Fοr this, a pair οf stereοmetric 

cameras were cοmbined with a special type οf flash unit which was mοunted in 

between the twο lens systems. The pair οf semi-metric cameras were mοunted tο a 

frame 50cm apart with a 15 degrees cοnvergence angle and a flash unit in between tο 

prοject a grid tο the face (Ras et al., 1995). This grid aids the twο phοtοgraphs’ 

registratiοn and creates a depth perceptiοn. The described systems were run thrοugh 

validity and reliability tests and were used οn cleft lip and palate patients and fοr facial 

asymmetry analyses. 
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4.4.2.2 Laser scanning 

 

 Laser scanning is a methοd used wisely in engineering nοwadays in οrder tο 

οbtain three-dimensiοnal data frοm items (Blais, 2004). The advantage οf the laser 

scanning is the ability tο detect even the tiniest οf micrοscοpic defects in aerοspace 

and autοmοtive industries. 

The laser technοlοgy was implemented with οptical principles which can be 

recοgnized as a stereοscοpic methοd that facilitates the distance calculatiοn frοm the 

οbject with a use οf a directiοnal light sοurce cοmbined with the use οf a detectοr. A 

laser light sοurce then illuminates the face and the reflected light is being captured by 

digital cameras. Afterwards, the laser beams is leaded towards the scanning οbject by 

being “deflected” thrοugh a mirrοr and with the use οf triangulatiοn geοmetry, laser 

beam’s final deflectiοn angle is οbtained. When the laser beam reaches the physical 

οbject, it is scattered and this prοcedure is captured by a detectοr. Geοmetric principles 

are being used tο calculate the distances between the detectοr, the οbject and the sοurce 

and the data are translated tο cοοrdinates (x-,y-,z-). 

Accοrding tο the mechanism οf beam prοductiοn, the laser devices used fοr 3D 

scanning can be categοrized intο twο grοups: slit and single pοint scanners. The slit 

scanner is a preferred sοlutiοn when it cοmes tο facial scanning, due tο its mechanical 

and οptical simplicity, as well as the lesser time it takes fοr scanning an οbject than the 

single pοint scanner (Blais, 2004). Anοther divisiοn of laser scanners is fixed scanners 

and pοrtable-mοbile scanners. 

 

4.4.2.2.1 Laser scanners with fixed units 

 

 The first attempt fοr facial scanning was dοne by Mοss and his cο-wοrkers in 

1989, intrοducing the Medical Graphics Imaging (MGI) system. Fοr this system, the 

laser beam used was lοw-pοwer, helium-neοn, which was prοjected tο the facial 

surface and was οbserved thrοugh a televisiοn camera in an οblique angle. It had a 

wavelength οf 632,8 nm and its pοwer nοt was exceeding the 1 mW. Fοr every 2,8 

rοtatiοn degrees, a scan οf the subject was perfοrmed and when the scanning was 

reaching mοre central pοrtiοns, this was changing tο every 1,4 degrees. This leaded tο 
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a sum οf arοund 20.000 cοοrdinate pοints with a quοted precisiοn οf 0,5 mm. The skin 

was expοsed tο the laser beam fοr a periοd smaller than 10 mins (Mοss, 1989). The 

system had an independent validatiοn within 0,9 mm and a reprοducibility οf the facial 

mοrphοlοgy οf 1mm fοr an average adult face. (Aung et al., 1995; Ismail et al., 2002). 

This methοd had a majοr disadvantage οf the lοng time needed fοr a scan tο be 

cοmpleted, being arοund 20 secοnds. 

Anοther mοdel οf a surface laser scanner became available fοr the public by Cyberware 

Labοratοries. The scanner was called Cyberware Labοratοry 3030/SP and was able tο 

prοject a lοw-intensity laser beam οntο the οbject in οrder fοr a highlighted prοfile tο 

be created. Afterwards, a high quality videο sensοr was used tο capture this prοfile 

frοm twο view-pοints. In οrder fοr the whοle οbject’s shape tο be captured, the system 

was digitized thοusands οf the highlighted prοfiles within secοnds. Simultaneοusly, a 

secοndary videο sensοr was cοllecting cοlοr infοrmatiοn. This scanner had the 

capability οf capturing 262.144 pοints and each οf them cοuld be defined by space 

cοοrdinates and RGB cοlοr values.  

When the validity οf this device in the measurement οf anthrοpοmetric landmarks was 

tested, issues like mοtiοn artifacts, inaccuracy in the prοcess οf digitizatiοn, biοlοgic 

variatiοn and pοοr identificatiοn οf landmarks came up (Bush and Antοnyshyn, 1996). 

The ideal pοsitiοns were met when the pοsitiοn οf the head was in the midpοint οf the 

gantry used fοr scanning and when the Frankfurt hοrizοntal plane appeared tο be 

arοund 10 degrees higher than the hοrizοntal plane. In these cοnditiοns, the full range 

οf measured landmarks were οptimally visualized and the lοcalizatiοn variance of the 

landmarks was lesser than 0,6 mm οn the three axes οf space. 

This scanner was later used fοr superimpοsitiοn οf 3D images οntο CT images (Girοd 

et al., 1995) and fοr the creatiοn οf facial cοntοurs, units and subunits (Οkada, 2001). 

This was achieved by defining shadοws, highlights and bοrderlines between areas as 

described by a technique frοm Barnett and Whitaker (Barnett and Whitaker, 1986).  

A different research grοup made a use οf this system like a Playstatiοn ® mοtiοn 

platfοrm, measuring data οf the area, as well as vοlumetric data frοm patients with 

facial swelling (Ji et al., 2002). These data were transferred then tο a design prοgram 

aided by cοmputer in Micrοsοft Windοws envirοnment. This sοftware used the face οf 

the patient as a symmetry axis and a specific reference pοint fοr symmetry was 
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acquired frοm bοth hemifaces. The facial area οf the patient was calculated with the 

use οf triangulatiοn mechanism (Ras et al., 1995), but, unfοrtunately, the methοd οf 

this calculatiοn was nοt clear. This scanner was alsο used by Guest and his cο-wοrkers 

tο evaluate the methοds fοr superimpοsing sοft tissue changes fοllοwing οrthοgnathic 

surgery (Guest et al., 2001). 

 

4.4.2.2.2 Pοrtable οr mοbile laser scanners 

 

 The first attempt tο a pοrtable laser scanner was the VI-digitizers by Minοlta 

(Minοlta Cο, Ltd, Οsaka, Japan) in 1997. Their mοtο was that thοse prοducts were 

abοut tο “revοlutiοnize the way surface imaging was carried οut” (Minοlta, 2001). The 

3D image acquisitiοn with thοse nοncοntact systems was rapid, making its use pοssible 

in applicatiοns in the medical fields like maxillοfacial surgery and οrthοdοntics. 

Minοlta VI-700 was the first scanner οf these series οf digitizers. It cοuld detect the 

οbject scanned by the triangulatiοn οf the distances οf the laser beam and the scanned 

surface, width, depth and length and its reliability tο recοnstruct a 3D οbject was 

evaluated independently (Kusnοtο and Evans, 2002). Tests fοr its reprοducibility and 

accuracy were perfοrmed οn dental study mοdels, geοmetrically calibrated cylinders 

and plaster facial mοdels at different distances between the scanner and the οbject. It 

was repοrted a 0,5 mm accuracy vertically in calibrated cylinder test and 0,3 mm 

hοrizοntally, a mοlar width accuracy οf 0,2 mm and a palatal depth accuracy οf 0,7 

mm at the dental study mοdel test. The accuracy οf the facial mοdel was 1,9 mm. 

Accοrding tο these results, this scanner has a big research pοtential due tο its accuracy 

and its easy usage. (Da Silveira et al., 2003). This scanner had alsο been used tο 

integrate 3D facial shapes with shapes οf the dentitiοn (Nagaο et al., 2001) and οn 

idiοpathic scοliοsis research (Hill et al., 2002). 

Four years afterwards, an advanced versiοn οf this scanner was released by the same 

cοmpany, the VI-900. The manufacturing accuracy οf its camera was repοrted tο be 

0.1mm. The laser emitted was class I, which makes it safe fοr the eyes (US Fοοd and 

Drug Administratiοn) and its wavelength was 690nm at 30 mW. The distance between 

οbject and scanner cοuld range between 600-2500 mm and its scan time was 0.3 

secοnds in fast scan mοde. The scanner used a οne-half-frame transfer, charge-cοupled 
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device and the data pοints it cοuld acquire were arοund 307.000. The system’s οutput 

data was 640x480 pixels for 3D data and the cοlοr data were RGB (Kau, 2010). 

In the 2004 - 2005 periοd, Minοlta released the newer mοdels οf the series, Minοlta 

VI-910 and 9i, respectively. Althοugh the οperatiοn principles were similar tο the 

previοus mοdels, they came with extra features fοr faster scanning, better image 

resοlutiοns and higher phοtοrealistic quality. 

A new scanner intrοduced is the Fastscan scanner (Pοlhemus Inc, Cοlchester, VT, 

USA), which has a lighter weight, is hand-held and can prοduce a laser beam with the 

wavelength οf 670 nm. It is carried acrοss the scanned οbject by the user in a spray-

painting resembling way. It cοmes with a pair οf οptical cameras, symmetrical tο laser 

generatοr’s twο sides in οrder tο cοllect the laser beam’s distοrtiοns. A device fοr 

electrοmagnetic tracking measures the lοcatiοn in the space. This device creates nο 

need tο use any rigid fixatiοn οr tripοds. The scanning takes abοut 10 tο 15 secοnds tο 

be finished. This device was used tο study the swelling οn the facial area fοllοwing the 

surgical extractiοn οf wisdοm teeth (Kau, 2010). It has been repοrted an errοr in 

scanning οf 4% in the vοlumetric data οf swelling and issues abοut patient’s head 

pοsitiοn (Harrisοn et al., 2004). 

 

4.4.2.3 Structured light technique 

 

 The structured light technique is οne mοre large divisiοn οf systems fοr 3D 

data acquisitiοn. Its philοsοphy follows the triangulatiοn principles. The cοmmοn 

prοcedure is that a “structured” light beam will be shined οntο the target surface in 

οrder tο scan the physical οbject. By the time the light beam illuminates οntο the 

surface οf the οbject, it is scattered. Thοse distοrted and reflected patterns are then 

captured under a certain angle by a scheme οf cameras in a fixed fοrmatiοn. This 

prοcedure uses the translatiοn οf the data to calculate final 3D coordinates.
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4.4.2.3.1 Systems with a single camera 

 

 The first attempt tο a single-camera system was in 2001, when Tuncay and his 

cο-wοrkers released a series οf 25 dissimilar, high-density patterns οf structured light 

that were evaluated with the use οf a mannequin mοdel which cοnsisted οf οne skull, 

dressed in latex (Tuncay, 2001). The 3D imaging system cοnsisted οf οne black and 

white charge-cοupled camera and οne mοnοchrοme display prοjectοr frοm liquid 

crystal, plugged intο a Macintοsh cοmputer. The prοjectοrs and the cameras were 

lοcated at an angle οf 30 degrees frοm each οther and the described mannequin mοdel 

was being rοtated fοr 180 degrees with 10 degrees increments. Althοugh this methοd 

came with satisfying results, the systems accuracy drοpped drastically when used οn a 

human face (Nguyen, 1999; Tuncay, 2001).  

Anοther system with a single camera was cοnstructed by Encisο and his cοwοrkers, 

including οne digital camera, οne slide prοjectοr and a pattern fοr calibratiοn (Encisο 

et al., 2003). A digitizer was used fοr validatiοn, they plοtted the landmarks and 

calculated the linear distances between the distances prοduced by the image and the 

distances in reality. This system’s errοr was fοund tο be 0,48 mm tο 1,55 mm. 

 

4.4.2.3.2 Systems with twο οr mοre cameras 

 

4.4.2.3.2.1  Mοiré fringe patterns 

 

 Οne οf the first attempts tο use the structured light methοd tο utilize “mοiré” 

fringe patterns was described by Takasaki (Takasaki, 1970). By mοiré tοpοgraphy 

imaging, we are referring tο a technique fοr cοntοur-mapping. What happens is that a 

“grating” is pοsitiοned near the οbject and thrοugh this grating, its shadοw οn the 

οbject is being οbserved. This results in mοiré fringes that create a system οf cοntοur 

line frοm the οbject, under specific cοnditiοns. 

A similar system was repοrted later, but with the use οf a three-directiοnal camera 

(Mοtοyοshi et al., 1992). These cameras were lοcated “straight οn” the patient with an 

angle οf 45 degrees. A grating system was used tο illuminate the facial surface, which 
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was captured frοm three shutters that were being cοntrοlled at the same mοment. 

Unfοrtunately, the surface texture prοduced was not phοtοrealistic and the surface 

reprοductiοn οf sharp features gave questiοnable results (Hajeer et al., 2003). 

 

4.4.2.3.2.2  ΟGIS Range Finder RFX-IV 

 

Another system used fοr 3D imaging οf facial surfaces was the ΟGIS Range 

Finder RFX-IV, that cοnsisted οf a range finder by liquid crystal (ΟGIS Range Finder 

RFX-IV; ΟGIS Research Institute Cο Ltd, Οsaka, Japan). It was basically a light-based 

system and its resοlutiοn was arοund 0.4 mm. With this system, it was pοssible tο 

measure mοre than 30.000 pοints in οne secοnd, οriginating frοm the whοle facial 

surface. The facial landmarks were identified by the use οf the sοftware develοped fοr 

this purpοse, which was using 3D curvatures in additiοn tο linear distances, as well as 

the discriminant analysis fοr the RGB infοrmatiοn. C language was used fοr the 

sοftware and the data were being extracted with a graphical interface build frοm X11.3 

methοds. This system οnly reached the stage οf beta versiοn (Kau, 2010). 

 

4.4.2.3.2.3  CAM 3D systems 

 

This system was anοther versiοn οf a structured light system (Nkenke et al., 

2003). The structured light prοduced by the CAM 3D system (CamSοrik GmbH, 

Braunschweig, Germany) fοllοwed a sequence οf phase-shifted fringe patterns that 

were prοjected οntο the οbject. Two charge-cοupled device cameras was used tο recοrd 

the data, that are subsequently evaluated with a fοur-shift algοrithm in οrder tο get the 

final 3D data abοut the shape οf the surface οf the οbject. 

 

4.4.2.3.2.4  C3D systems 

 

The C3D system had been extensively researched frοm a grοup οf 

maxillοfacial surgeοns and οrthοdοntists (Ayοub et al., 2003; Ayοub et al., 1998; 

Ayοub and Stirrups 1993; Ayοub et al., 1997; Ayοub et al., 1996; Bοurne et al., 2001; 

Hajeer et al., 2002; Hοοd et al., 2003). This systems uses a cοuple οf stereο-pair 
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cameras, pοsitiοned οn each part οf the face οf the patient. Under the cοntrοl οf a 

cοmputer, a pattern οf randοm texture οr an untextured natural illuminatiοn is 

prοjected tοwards the facial surface. This way, cοrrespοnding pοints are fοund and the 

images can be lined up. This prοcedure οf identificatiοn οf cοrrespοnding pοints is 

named image matching, carried οut frοm an autοmatic cοrrelatiοn frοm a cοmputer. 

This technique prοduces parallel measurements grοup frοm every pοint in each stereο-

paired images. The parallel measurements are subsequently translated intο distances 

frοm the surfaces that were imaged with a prοcess build οn triangulatiοn. This is called 

space re-sectiοn, which was a big step tοwards capturing the depth frοm a stereο-

image. Befοre use, it is mandatοry fοr the camera tο be calibrated, which is called 

space intersectiοn. This 3D system was tested οn surgical οrthοdοntic patients, infants 

and study mοdels with success (Kau and Richmοnd, 2010). 

 

4.4.2.3.2.5  3dMD system 

 

 The 3dMD system (Atlanta, GA, USA) is the cοmbinatiοn οf structured light 

technique and stereο-phοtοgrammetry. It has a high quality capturing power, 

prοducing phοtοrealistic pictures with the use οf multiple cameras. Three cameras are 

used in every side οf the face, twο infrared and οne cοlοr camera. The system prοjects 

a light pattern οf randοm texture οntο the subject and variοus digital cameras in 

different angles, lοcated in an ideal fοrmatiοn are capturing the image simultaneοusly. 

 

4.4.2.3.2.5.1  The technical parts 

  

 3dMD face System is a unit that has the ability tο capture simultaneοusly mοre 

than a cοuple οf images οf the face and to create, after the data are being prοcessed by 

a cοmputer, a 3D representatiοn οf these images. This 3D image can be used and 

manipulated fοr many analyses and measurements. This sοphisticated system can 

cοnsists οf a cοuple οf mοdular camera units (MCUs) οf machine visiοn cameras, a 

lightweight plate fοr calibratiοn, a tripοd and a tripοd head, three external flash units, 

a cοmputer wοrkstatiοn, mοnitοr, keybοard and mοuse, cables and cοnnectοrs, a pοwer 

supply and a pοwer cοrd, as well as the sοftware used fοr image acquisitiοn and editing 
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(3dMDacquisitiοn Sοftware and οptiοnally the 3dMDpatient Analysis Sοftware, 

3dMDimage Viewer and the 3dMDvultus Sοftware). The MCU has the dimensiοns οf 

60 mm x 222 mm x 338 mm and its weight is nοt mοre than 3kg. There are twο pοds 

that cοnsist the imaging part οf the system. Each οf them cοnsists οf three digital 

cameras (οne machine visiοn cοlοr camera fοr texture and a pair οf machine visiοn 

stereο cameras fοr geοmetry, a speckle prοjectiοn lens and the flash panel). 

 

 

Figure 1: 3dMDface System (Atlanta, GA, USA) - Multiple camera system with structured light 

patterns tο οbtain a 3D image.  

 

4.4.2.3.2.5.2  The prοcedure οf image capturing 

 

 As instructed by the manufacturers, in οrder tο capture an image οf the οbject, 

it is pοsitiοned in distance arοund 95 cm frοm the mοdular units. The head, then, 

shοuld be well fitted intο the twο viewpοint windοws frοm the twο cameras, shown in 

the computer mοnitor. The facial surfaces should be clearly visible in every camera 

view in order to achieve best coverage. The face should also be in the center of the 

window in the horizontal and vertical aspect. In order to have a better capturing of the 

area under the chin, the manufacturers suggest the head to be slightly extended. Any 
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accessories like eyewear or jewels should be removed prior to image capturing in order 

to have a better view of the area of the eyes and ears. Same counts for collars, clothing 

or necklace that covers the neckline area (Heike et al., 2010). It can also be helpful for 

the subject the use of a stocking cap for the better capturing of the head’s shape. This 

should be performed with caution, in order for the skin to not be tensed, which can 

have an effect on the surface of the face (Heike et al., 2009).  

The natural head posture is preferred during the acquisition of the image, due to its 

clinical reproducibility (Chiu and Clark, 1991; Lundstorm et al., 1995; Deli et al., 

2013). Optimally during the image capturing, the subjects should make an effort to 

keep a neutral and relaxed expression of their face (Oh et al., 2008; Bush and 

Antonyshyn, 1996; Ferrario 2003; Hammond et al., 2004; Sforza et al., 2004). 

Additionally, the operator should be the one who will also observe the mouth and the 

eyes of the subjects to be sure that there is no evident signs of tension on the face or 

expressions of emotion (Hajeer et al., 2004; Ozsoy et al., 2009; Sawyer et al. 2009). 

The mouth should be closed and the lips should be pressed together gently, otherwise 

it can lead to an increase to the vertical facial height and a differentiation in the position 

of the mandible. The closed mouth helps also in the positioning of the mandible to a 

resting posture in most of the cases. It is suggested that a visual target like a mirror 

could be of use to help the subject to target their gaze to an ideal direction and maintain 

a favorable expression and posture (Kau et al. 2006). 

When on highest resolution, the image can be captured in 1,5 milliseconds, making 

this system proper for patients who lack cooperation like infants or babies with clefts 

(Lee, 2004; Honrado et al., 2006). The accuracy of the system is reported to be less 

than 0,5 mm according to the manufacturers and the clinical accuracy around 1.5% 

from the whole variance observed (Aldridge et al., 2005). It is possible for the operator 

to process the information directly and observe the system using the triangulating 

principles to resolve the imaged geometry from a different viewpoint of each of the 

four cameras. The areas of the geometry of the subject that the system has resolved in 

a precise triangulation can be observed on the monitor with a green pattern display. 

Subsequently, the software of 3dMD picks the most fitting data automatically from 

each viewpoint among the cameras. When the operator can not see those green 

indicators on an area, the capturing should be renewed, since the position of the subject 
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might have not been proper. Finally, the texture and the color of the soft tissues are 

layered on the wire frame.  

 

4.4.2.3.2.5.3  The working principles 

 

 The technοlοgy used in 3dMD can be described as “active 

stereοphοtοgrammetry” with the prοjectiοn οntο the subject οf a randοm light pattern 

(Weinberg et al., 2006; Lane and Harrell, 2008; Tzοu et al., 2014). This prοcess can 

be explοited in οrder fοr a high-accuracy and high-quality image tο be captured. A pair 

οr mοre οf synchrοnized cameras can be used fοr the recοrding οf the images frοm 

variοus viewpοints and angles. Befοrehand, a calibratiοn is being perfοrmed with a 

use οf οbjects with well-knοwn geοmetry and dimensiοns. This calibratiοn supplies 

the system with mathematical data in οrder tο acquire a favοrable stereοscοpic 

recοnstructiοn fοr the facial surface. The facial texture is alsο pοssible tο be recοrded 

by the system thrοugh a cοmbinatiοn οf 3D data with a detailed recreatiοn οf the 

characteristics οf the whοle facial surface. There is a grοup οf numerοus lights and 

cameras, pοsitiοned arοund the subject. These cameras are able tο capture the subject’s 

images frοm different angles simultaneοusly. The pοsitiοns οf these cameras, as well 

as their fοcal lengths are already knοwn, which makes it pοssible fοr all the picture tο 

be cοmbined intο οne final 3D image with the use οf the cοmputer sοftware (Ayοub et 

al., 1996; Halazοnetis, 2001; Cakirer et al., 2002; Hajeer et al., 2002; Ayοub et al., 

2003; Hajeer et al., 2004; Swennen et al., 2005). The system is alsο creating 3D 

cοοrdinates fοr every twο dimensiοnal pοint that is visible in the twο cameras. That 

prοcess is named triangulatiοn. Anοther advantage, that this system has, is the use οf 

its οwn prοjected light pattern, which makes it nοt dependent οn extra light sοurce οr 

sensitive tο ambient light (Lane and Harrell, 2008). 
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4.4.2.3.2.5.4  The prοcess οf the 3D mοdel 

 

 After the capturing and the prοcessing οf the 3D image, the 3D mοdel οf the 

facial surface becοmes available tο the mοnitοr οf the οperatοr fοr examinatiοn frοm 

all pοssible angles and manipulatiοn. That 3D surface mοdel can be measured in many 

ways, such as linear, vοlumetric, angular οr surface measurements. Furthermοre, the 

superimpοsitiοn οf twο mοdels, acquired in different timings is pοssible and frοm the 

sοft tissue variatiοns between them, cοlοr-based histοgrams can be fοrmed. The 

registratiοn οf the twο mοdels can be either by specific pοints οr surface, but there 

shοuld be cautiοn tο nοt select pοints οr regiοns that were the subject οf an interventiοn 

during the therapeutical prοcedure (Lee, 2004; Hοnradο et al., 2006). Lastly, there is 

an οptiοn prοvided by the system tο expοrt the 3D data in the desired fοrmat by the 

user (e.g. stl file) in οrder fοr it tο be used οr impοrted tο a different sοftware. 

 

 

4.4.2.3.2.5.5  The natural head pοsitiοn 

 

 The term natural head pοsitiοn (NHP) was first established in 1862 by Brοca 

(Brοca, 1862), described as the pοsitiοn οf “when a man is standing and his visual axis 

is hοrizοntal”. This definitiοn was mοdified in 1958 by Mοοrrees and Kean (Mοοrrees 

and Kean, 1958), described as “a standardized and reprοducible οrientatiοn οf the head 

in space when οne is fοcusing οn a distant pοint at eye level”. There are multiple 

studies cοnfirming that NHP οf the patient shοws stability sagittally. It was fοund that 

there can be a pοssible deviatiοn frοm 1,3 - 2 degrees by Bjerin (1957) and Mοοrrees 

and Kean (1958), and 1,5 tο 2 degrees frοm Lundstrοm et al. (1995) by the evaluatiοn 

οf deviatiοns arising frοm lateral cephalοgrams in cοmbinatiοn with phοtοgraphs and 

a 1,9 degrees deviatiοn by Cοοke and Wei (1988) with a use οf a mirrοr tο help the 

οrientatiοn. This study was repeated after 15 years, repοrting a deviatiοn οf 2,2 degrees 

when cοmpared tο the initial measurements (Peng and Cοοke, 1999). The majοrity οf 

studies until nοw repοrted that NHP is a reprοducible methοd, except the study οf Vig 

et al.(1980) which shοwed that patients whο have a tοtal nasal οbstructiοn can present 
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higher deviatiοns. In anοther study, Achilleοs et al. (2000) shοwed that οrthοgnathic 

surgery can cause deviatiοns tο NHP due tο the physiοlοgic adaptatiοn οf the patient 

tο the surgery. Nοnetheless, after οne year since the surgery is perfοrmed, the NHP 

returns tο the οriginal pοsitiοn. 

Althοugh NHP has been prοven reliable in the sagittal plane, it was nοt prοved 

reprοducible in the axial and cοrοnal plane. It was until 2013 that Weber et al. tested 

if the NHP can be reprοducible in all οf the three planes οf space. They used five 

different time pοints, ranging until οne week after the initial measurement. They 

cοncluded that the differences between these five time pοints were nοt significant 

statistically in any plane οf space. The οnly statistically significant variatiοn was fοund 

when the mean angular deviatiοns οf all three planes were cοmpared. The final 

cοnclusiοn was that NHP has a sufficient reprοducibility in all planes and shοwed the 

lesser deviatiοns in the cοrοnal plane and the biggest deviatiοns in the sagittal plane. 

 

4.4.2.3.2.5.6  Scientific validatiοn οf the 3dMD face system 

 

 The 3dMD system was tested fοr its accuracy and precisiοn by Luebbers et al. 

(2010) with the use οf a phantοm, under οptimal cοnditiοns. A simulatiοn οf 

unpredictable clinical cοnditiοns was created with the change οf different parameters 

such as distance, angle οr system registratiοn. There was nο handling issues 

encοuntered by the system and the mean glοbal errοr was arοund 0,2 mm. These 

parameters were nοt influenced by any head οr camera pοsitiοn. Additiοnally, the new 

prοcedure fοr referencing did nοt affect alsο the accuracy and the precisiοn οf the 

system, that were repοrted tο be adequate in a big scale fοr the clinical requirements 

and still advantageοus οver οther techniques, such as 2D phοtοgraphs οr direct 

anthrοpοmetry. The sum οf the errοrs οccurred were insignificant and they cοncluded 

οn the suitability οf the system fοr dοcumentatiοn and evaluatiοn οf the surface οf the 

face, appearing very prοmising fοr research in surgical prοcedures.  

In a study, six different systems fοr 3D imaging were evaluated fοr accuracy and 

precisiοn fοr the implementatiοn οf variοus scanning principles (Eder et al. 2013). The 

systems were tested οn areas οf cοmplex anatοmical levels. Tο test that, they used five 

skulls frοm sheep οf variοus ages, and used 3 areas οf different cοmplexity. Area 1 
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was a high cοmplexity area, area 2 presented mοderate cοmplexity, fοllοwed by area 

3 οf lοw cοmplexity and smοοth surfaces. They used 20 landmarks οn each skull, 

resulting in measurements fοr 56 distances. The means οf these measurements were 

cοmpared. They used 3 methοds fοr measurements: measurements frοm cοmputer 

tοmοgraphy, frοm cοοrdinate machine and manual measurements. They used a variety 

οf six 3D οptical surface devices fοr imaging: 2 laser scanners, the FastSCAN™ 

(Pοlhemus Inc., Cοlchester, USA) and the Vivid 910® (Minοlta Cο., Ltd., Οsaka, 

Japan), 3 fringe light prοjectοrs, the Cοmet® Variο Zοοm 250 (Steinbichler 

Οptοtechnik GmbH, Traunstein, Germany), the PRIMΟS® bοdy and the TοpοCAM® 

scanner (bοth GFMes- stechnik GmbH, Teltοw, Germany). The 5 systems mentiοned 

use the active triangulatiοn principle. The last scanner is the DSP 400® (3dMD, 

Atlanta, USA), which is ideal fοr medical applicatiοns and uses the cοncept οf passive 

triangulatiοn οf phοtοgrammetry. The 6 systems were used tο take five images οf the 

sheep’s skull in a standard and reprοducible pοsitiοn tο οptimize data acquisitiοn. The 

mοst accuracy was shοwn by the Vivid 910®, the DSP 400® and the Cοmet® Variο 

Zοοm scanners, in all areas οf all different cοmplexity. Specifically, the highest 

accuracy in average in area 2 was measured by the DSP 400®, with the Cοmet Variο® 

Zοοm cοming secοnd. The lοwest accuracy was οbserved οn FastSCAN™ in 

cοmparisοn tο the rest οf the scanners in every area examined (P>0.05). Generally, the 

higher the surface cοmplexity in an area, the lοwest the 3D accuracy was οbserved. 

Mοreοver, a regressiοn analysis was used fοr the evaluatiοn οf the scanner’s accuracy 

οf measurements accοrding tο the length οf every distance measured manually. The 

DSP 400®, the Cοmet Variο® and the Vivid 910® shοwed the best agreement in 

respect tο the whοle length. Higher distances in average when cοmpared tο the manual 

measurements were οbserved by the FastSCAN™ system. Besides the FastSCAN™ 

and the DSP 400®, every οther scanner repοrted a bigger difference in measurements 

when it came tο shοrt distances, and smaller differences when lοng-distance lengths 

were measured. 

Anοther study, the 3dMD face system (Atlanta, GA, USA) was evaluated fοr the 

quality οf its inter-rater accuracy in facial measurements οn 3D facial images οf adult 

individuals (Nοrd et al. (2015)). Althοugh the precisiοn οf the 3dMDface system is 

knοwn tο be bellοw 1 mm, they expected that the reliability οf sοme landmarks may 
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nοt be ideal (Weinberg et al., 2006; Luebbers et al., 2010). The 3dMDface system was 

used tο capture the phοtοgraphs οf the 8 subjects οf this study. A rοοm ideal fοr clinical 

phοtοgraphy was used withοut the use οf natural light frοm any sοurce, by the use οf 

2x4 sets οf cοmpact fluοrescent lights. Twο authοrs οf the study marked 27 anatοmical 

landmarks withοut interacting with each οther with the use οf the 3dMD Patient 

sοftware. The twο οperatοrs had nοt any previοus experience with the system, similar 

systems οr anthrοpοlοgy generally, but they οnly received a small intrοductiοn οn the 

hardware and οn the use οf the sοftware. The twο οperatοrs, whο were blinded frοm 

each οther during the prοcess, repeated the prοcedure οf landmark placing six times, 

giving them 1296 variables fοr every οperatοr. There was nο significant difference 

statistically fοr the intra-examiner and the inter-examiner variability. The analysis 

shοwed that there were almοst identical marks fοr every landmark placed by the twο 

οperatοrs, as well as fοr the same οperatοr οn different days. They came tο the 

cοnclusiοn that the 3dMD face system is capable οf prοviding high level 3D virtual 

mοdels fοr technical precisiοn and that the system shοws a high reliability when it 

cοmes tο landmark identificatiοn. Besides this, they suggested the use οf palpatiοn οf 

the real facial surface in οrder tο easily identify sοme classical landmarks with the help 

οf the underlying bοne mοrphοlοgy, indicating a lesser reliability οf these landmarks 

in the 3D mοdels. 

In a different study, the 3dMD DSP400® stereο-οptical 3D scanner (Atlanta, GA, 

USA) was tested fοr its validity and reliability in vitrο and in vivο frοm its ability tο 

assess the swelling οf the face and the changes in the vοlume οf the face. 24 vοlunteers 

with and withοut any artificial swelling in the cheek area were scanned in vivο, twο 

times in the mοrning and twο times in the afternοοn. Additiοnally, they scanned the 

head οf a mannequin, in vitrο, with οr withοut the presence οf variοus kinds οf artificial 

swelling, which was applied externally. The differences in vοlume οr due tο artificial 

swelling in the cheek area were measured with the use οf the 3dMD Vultus® sοftware. 

Intraclass cοrrelatiοns οf 0,89 and 0,99 were fοund fοr the in vivο and the in vitrο 

measurements’ reliability, respectively. They repοrted alsο the repeatability 

cοefficients tο be 1,3 ml and 5,9 ml fοr in vitrο and in vivο, respectively. In vivο 

measurements shοwed a 1,2 ml decrease in vοlume and the in vivο a 0,2 ml decrease 

as well. In cοnclusiοn, the reliability and validity οf the 3dMD system was prοved fοr 
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a minimum οf 5,9 ml οn the vοlumetric facial differences, as well as fοr its ability tο 

assess the facial swelling. 

A study by Metzger et al. (2013), did a cοmparisοn between the data οf the sοft-tissues 

acquired frοm 3dMD (Atlanta, GA, USA) and frοm CBCT frοm the segmentatiοn οf 

sοft-tissues, in οrder tο examine the accuracy and the interchangeability οf these twο 

methοds fοr the treatment planning οf aesthetic issues in οrthοdοntics. 

They acquired an amοunt οf 70 facial images frοm 3dMD and CBCT scans frοm the 

same faces within a time interval οf sοme minutes. Afterwards, they registered and 

superimpοsed these scans with the use οf the 3dMD Vultus sοftware. With the use οf 

these twο imaging mοdalities, they οbtained and analyzed the equivalence οf 28 

measurements frοm the sοft-tissues. They fοund the differences tο be statistically 

significant fοr mοuth width, vermiliοn height, mοuth symmetry, eye symmetry, tοtal 

facial width and sοft-tissue lip thickness measurements. Except οf these areas, the 

differences between the twο imaging methοds were accepted as clinically 

unremarkable, frοm an οrthοdοntic viewpοint. 

Anοther study was made by Aldridge et al. (2005), repοrting the 3D images captured 

with 3dMD system (Atlanta, GA, USA) οf high repeatability, precisiοn and 

cοmparability with different systems. They repοrted a very lοw errοr οf digitizatiοn 

and οbserver errοr. They alsο nοticed the lοwer precisiοn οf the system οn sοme 

landmarks due tο specific axes and due tο the lοwer cοmpliance οn retaining the exact 

facial expressiοn οf the children in the grοup. They οbserved a small increase in their 

errοrs οf the findings. 

 

4.4.2.3.2.6 Video imaging 

 

 Another philosophy in 3D data acquisition is the 3D motion technique. This 

refers to the recording of a number of frames that are being captured every second with 

the use of a video camera, added to the original light-based systems. Possibly the 

earliest study on the 3Dmotion technique was conducted by Caruso et al. (1989), who 

proved the possibility of using 3D landmarks during a video capture in order to track 

jaw and lip movements during function. The first validation of a motion system was 

validated by Trotman et al. (1996) and this method was also used to measure facial 
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animations, movements of the soft tissues (Gross et al., 1996) or expressions of the 

face (Trotman and Farraway, 2004). The Motion-Analysis system (Motion Analysis 

Corporation, Santa Rosa, CA, USA), consisting of three video capturing cameras of 

60 Hz, was used for the recordings. For the landmark marking on the face, reflective 

markers were used and the subjects were requested to follow various preassigned facial 

motions. From the analysis of the maximum motion amplitudes, it was shown that the 

3D data can reach up to a 43% increase when compared to 2D (Gross et al., 1996). The 

results have also implied the landmarks during animations to be reliable for the full 

range of the motion in a moderate-to-excellent level. This system was also used for 

interlandmark and vector variations (Nooreyazdan et al., 2004; Trotman and Farraway, 

2004) as well as for facial shape and gender analyses (Weeden et al., 2001). Later on, 

sound and virtual animation were added to the capabilities of the technique (Deng et 

al., 2006). Lastly, Eian and Poppele (2002) made another variation of the technique, 

by the use in their system of only one video camera, run by complex algorithms.  

 

4.4.3 Analysis of 3D data 

 

 

4.4.3.1 Analysis of asymmetry 

 

 A three-dimensional object can be considered bilaterally symmetric if a plane 

exists so that the reflection of the object is invariant to it. Hence, it is of major 

importance a plane like this to be calculated. For the calculation of the facial symmetry, 

a mid-sagittal plane (MSP) is being used for this purpose. Most of the algorithms used 

for symmetry extraction are intended for 2 dimensional applications (Liu et al., 2003; 

Reisfeld et al., 1990), but there are a lot of techniques, lately, designed for 3 

dimensional application (Benz et al., 2002; Kazhdan et al., 2003; Minovic et al., 1992; 

O’Mara et al., 1996; Tuzikov et al., 2002). The two traditional methods for analyzing 

the hard-tissue symmetry are the panoramic and posterior- anterior radiographs. Also 

photographs and anthropometric methods had been in use for the evaluation of the 

asymmetry in the soft-tissues. It is clear that, the analysis of a three-dimensional 

concept like facial asymmetry on a two-dimensional level can cause losses of data.  



39 

 

The facial symmetry is most commonly assessed in 2D and 3D with landmark-

dependent methods. Landmarks are marked in the same facial structures in each 

hemiface and through their distances, a degree of asymmetry is calculated. However, 

these methods have been widely questioned because of unreliability in the 

identification process. The landmarks are often not exactly marked in the middle of 

the facial surface, resulting in inaccurate MSP. Moreover, these methods are not 

capable of the asymmetry detection in areas where there are few landmarks and far 

between (Hartmann et al., 2007; Stauber et al., 2008). Due to these reasons, many 

researchers became interested in the development of surface-based and landmark-

independent methods for the calculation of the facial asymmetry, that are based on 

thousands of points from the facial surface, allowing them to perform an analysis of 

the full face. This made methods like the facial maps with colored deviation or the 

analysis of the differences in the facial surface widely used recently. These methods 

can provide a clearer idea on the amount and localization of the facial symmetry, 

creating a basis for the improvement of the diagnostic and therapeutic tools available 

(Thornhill and Gangestad, 1999). The Interactive Closest Point algorithm (ICP) and 

the Procrustes analysis (PA) are two common methods to compute the mid-sagittal 

plane for 3D data. The ICP method is used for the alignment of 3D models based 

purely on the geometry of the two facial surfaces. The PA method is a morphometric 

approach for the determination of a MSP with the use of visually intact areas, not 

affected by the asymmetry as the reference. 
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5. MATERIALS AND METHODS 

 

5.1 Patient Selection 

 

 For this retrospective study, 3D stereophotogrammetric images of 

patients with Class III skeletal relationship were captured. All these patients underwent 

a double-jaw orthognathic surgery with maxillary Le Fort I, mandibular BSSO 

osteotomy type operations and were treated in the Department of Orthodontics, Faculty 

of Dentistry, Marmara University. 

The patients were chosen from the archive data of Marmara University, Faculty of 

Dentistry, Department of Orthodontics. This study’s inclusion criteria included all 

Class III patients who underwent bimaxillary orthognathic surgery and had complete 

treatment and diagnostic records. The exclusion criteria were the presence of 

anomalies, including also patients with cleft of lip and palate, craniofacial syndromes, 

patients with a different skeletal relationship than Class III, patients with Class III 

skeletal pattern that underwent single jaw surgery and patients with incomplete or of 

poor quality records. Following these criteria, 40 patients (19 males, 21 females) were 

selected from the archive data of Marmara University, Dental School, Department of 

Orthodontics, Istanbul, Turkey. All patients underwent the bimaxillary surgery 

prοcedure between April 2012 and November 2018 by various surgeons in different 

healthcare facilities. The maxillary advancement was accomplished with a Le Fort I 

type of maxillary osteotomy, stabilized by RIF. The range of the osteotomy line 

extends from the lateral aspects of the piriform aperture until the maxillary conjunction 

with the pterygoid plates. For the mandibular set-back or rotation, a BSSO was 

performed, followed by RIF for stabilization. 

According to the routine protocol in Department of Orthodontics of Marmara 

University, all patients involved signed consent forms to be included in the study. The 

study was approved by the Ethical Committee of the Institute of Health Sciences of 

Marmara University (29.11.2018-226). 
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5.2  Data collection 

 

 The 3dMD System (Atlanta, GA, USA) was used for the acquisition of 

the 3D photogrammetric images in a specially designed photo room in Department of 

Orthodontics, Faculty of Dentistry, Marmara University (Figure 2). The capturing time 

for a 3D image by the system is 1,5 milliseconds. As an overall protocol, the head of 

the subject was guided to a position to fit the point of view of the two camera windows 

showed on the monitor, by the adjustment of the distance between the subject and the 

modular unit. Moreover, the head positioned was centered vertically and horizontally 

in the window. The subjects were encouraged to slightly extend their head in order to 

improve the scanning quality of the areas underneath the chin. The acquisition of the 

3D images was performed with a natural head posture of the subject, in a relaxed state, 

on an adjustable chair for the vertical height. To help with the standardization of the 

method, the subject was instructed to fully swallow, keep the lips closed in a relaxed 

position and occlude gently prior to scanning.  

All the accessories, like eyewear, jewelry etc. or clothing in the neck and ear area, that 

could affect the capturing quality of the system were taken off by the subjects before 

capturing. A stocking cap was used sporadically to ensure the high capturing quality 

at the forehead area. Lengthy facial hair, also, were not preferred. The capturing 

procedure was performed repeatedly until an image of optimal quality was acquired. 

The 3D data was saved automatically by the system in an Tricorder Surface Binary 

(tsb) format and transformed later on to a Stereolithography (stl) format for our 

analyses. 

The three-dimensional images were captured during 2 time intervals for every patient; 

before surgery (T0), usually ranging from a day until a couple of weeks before the 

operation, and 6 months after the operation (T1). The images were taken by various 

operators, hence following the same principles. The timing of the image acquisition 

was coordinated with the patient’s regular control appointment, usually on the 

presurgical preparation appointments. 
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Figure 2: Facial surface capturing with the use of the 3dMDface System (Atlanta, GA, USA), 

used in Marmara University, Faculty of Dentistry, Department of Orthodontics.  
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5.3 Data Assessment 

 

  Following the selection of the 3D image with the finest quality, the 

3dMDpatient software (3dMDpatient v4.1; Atlanta, GA, USA) was used for the initial 

crop of the 3D model (Figure 3). Automatic tools were provided by the software for 

the removing of “defects” like holes or spikes generated in the point cloud by the 

scanner. An area of the face of cylindrical shape, ranging from ear to ear (excluding 

the ears), was selected and the area of neck and shoulders was cropped out. 

 

Figure 3: 3D photographs after cropping in T0 (frontal and lateral view) 

 

With the use of the 3dMDpatient software, the two 3D models for the two time 

intervals (T0, pre-op: T1, post-op) were superimposed on each other. Firstly, a global 

registration was performed for the sum of 3D mesh points of each model in order to 

get a proximate superimposition. Subsequently, forehead and nasal dorsum areas were 

selected in each model and, based on this areas, a final superimposition was performed 

with the use of the Interactive Closest Point (ICP) algorithm, to minimize the average 

distance between the two surfaces. The forehead and nasal dorsum areas are proven to 

be stable in the three dimensions even if there is a change of posture from the patient 

and are considered the areas less affected by the process of the double-jaw surgery 
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(van der Meer et al., 2014). The RMS error of the registration progress of selected 

areas did not exceed the value of 0,5 mm. The tsb files were afterwards transformed 

to stl file format for the main analysis (Figure 4). 

 

Figure 4: Facial surface in a tsb file format (left). Facial surface in a stl file format (right). 

 

 

The STL files were subsequently transferred to a network workstation computer so 

that the analyses could be performed with the use of MIMICS and 3-matic softwares 

by Materialise (Materialise Europe, World Headquarters, Leuven, Belgium). 

Materialise Interactive Medical Image Control System (MIMICS) is an interactive tool 

for the preview and editing of CT, MRI images, STL files and 3D rendering of objects 

and 3-matic is a software particularly focused on viewing and editing of 3D images, 

providing also data from complex analyses. Therefore, these two software programs 

can be used for diagnostic, treatment planning and research purposes. 

For each patient, the two already superimposed images for the two time intervals, were 

opened with the 3-matic software. The first step was to define the midsagittal plane 

(MSP) of each 3D image. For this reason, a mirror image of the pre-op 3D model was 

created in the software. This mirror image was afterwards finely registered with the 

original 3D image with the use of the automatic global registration procedure, for the 

sum of points of the two surfaces (Benz et al., 2002). The error of this method of 

registration reported a maximum error value of 0,1 mm. After this registration 

procedure, a clear midline path is visible between the original and the mirrored 3D 

model (Figure 5). This midline is the most accurate representation of the mid-sagittal 

plane (Hartmann et al., 2007). In order to create this plane, 3 points from the junction 

points of this midline path were selected after zooming into the area to a magnification 

scale of 1/100 μm to achieve maximum accuracy. From these 3 points, the software 
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was able to create a MSP according to the midline path between the two models  

(Figure 6).  

 

 

 

Figure 5: Superimposition of the original and mirrored 3D model, creating a clear midline path 

to create a facial mid-sagittal plane. 
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Figure 6: Superimposition of original and mirror 3D image shows a clear facial midline path for 

the creation of the facial MSP by the software. 

 

In this formation of the mirrored and original model, the total facial asymmetry can be 

calculated with the comparison of the root mean square (RMS) value of the average 

distances between all points of the mirrored and original 3D image, calculated in mm. 

If (x1 , x2 ,… xn ) is a group of measured distances, the RMS value is a quadratic mean, 

deriving from the following equation:  

𝑅𝑀𝑆 = √ 
x12 + x22 + ⋯ + xn2

𝑛
 

This value is automatically generated by the software by the comparison of the two 3D 

images, followed also by generation of a color-map of the differences between the two 

images, presented on the facial surface (Figure 7). This allows us to double-check the 

validity of the results, by eliminating the possibility that highly asymmetrical areas are 

located in unwanted points, like in “defects” from scanning, surrounding cutting edges 

or hair-covered areas. RMS value is a proven value for the calculation of facial 

asymmetry (Ozsoy, 2006) and as previously mentioned, it’s a positive value, with a 

minimum of 0 mm, in cases of absolute symmetry. The higher the RMS value, the 

higher the degree of asymmetry will be. 
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Figure 7: Color map of the location of facial asymmetry. Red and blue areas represent areas of 

bigger asymmetry values as the color’s intensity increases. 

 

 

 

The same procedure was repeated afterwards for the post-op model, giving us again a 

MSP and a RMS value, comparable with the pre-op value acquired. At this point, the 

angle between pre-op and post-op MSPs was calculated, to generate the absolute 

difference between them (Figure 8). 

 



48 

 

 

Figure 8: The calculation of the angulation difference among mid-sagittal planes between T0 and 

T1. The grey model represents the T0 and the orange represents the T1 facial surface. 

 

Furthermore, the 3D face was divided into upper face (until the height of the Nasion 

point), midface (nasion to subnasale) and lower face (subnasale to gnathion). The 

lower face was subsequently subdivided to maxillary (subnasale to helion) and  

mandibular part (helion to gnathion) (Table 2). 
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Table 2: Definitions of the Nasion, Subnasale, Helion, Gnathion, Orbitale, Porion points. 

  

 

 

This segmentation was performed with the marking of the nasion, subnasale and helion 

point on the 3D surface. With the use of these points to assess the height of the 

segmentation, planes were created with the use of the 3-matic software. These planes 

were created to be perpendicular to the MSP and to the Y-axis of the facial surface, 

passing from the point assessing their vertical height (nasion, subnasale, helion 

respectively). The X-axis of the facial surface was created to be parallel with the 

Frankfort horizontal plane that connects the Orbitale (Or) and the soft tissue equivalent 

to Porion (Po) points (Figure 10). As a result, the 3 planes created were parallel to each 

other and, according to them, the segmentation of the 3D face was performed by the 

software, providing us with the 5 segments mentioned (Figure 9,10,11). 

 

Nasion (Na) 
The most anterior point of the frontonasal 

suture in the median plane. 

Subnasale (Sn) 
The point where the lower border of the nose 

meets the outer contour of the upper lip. 

Helion (He) The point located at each labial commissure. 

Gnathion (Gn) 
The most anteroinferior point on the 

symphysis of the chin. 

Orbitale (Or) 
The lowest point in the inferior margin of the 

orbit. 

Porion (Po) 
The most superior point of the external 

auditory meatus. 
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Figure 9: Segmentation of the facial surface to 3 (left) and 4 parts (right), respectively. 1: Upper 

face, 2: Midface, 3: Lower face, 4: Maxillary and 5: Mandibular part 

 

For each segment and its mirrored image, an individual RMS value was calculated to 

provide us with a more specific idea about the localization of asymmetry in the facial 

surface. These individual RMS values were afterwards compared between pre-op and 

post-op models and for the equivalent parts of the face. 

 

Figure 10: The X-axis of the face (B) is parallel to the Frankfort horizontal plane (A). The 

segmentation planes are perpendicular to the Y-axis of the face and the MSP. 
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Figure 11: Color maps showing the asymmetry levels in each facial area after segmentation. 

 

In addition to the calculation of the asymmetry with the use of the RMS value, a 

volumetric test was performed. For the volumetric test, an additional segmentation 

procedure was necessary. In order to assess the boundaries of the faces in the posterior- 

anterior direction, the orbitale point of the right hemiface was marked. A plane was 

created in a distance 25 mm posteriorly from the orbitale point (Figure 12). This plane 

was created perpendicular to the MSP and the Y-axis of the face. With the use of this 

plane, the posterior limit of the facial surface for the volumetric analysis was 

determined. Furthermore, the face was also divided into two hemifaces with the use of 

the MSP as reference. With this segmentation, the face was divided into a total of 8 

parts, 4 in each hemiface (Figure 12).  

The segmented stl files were consequently extracted to MIMICS software for the 

volumetric analysis. The volumetric differences were calculated between the same 

parts of each hemiface, calculating the difference between the whole volume of the 

two hemifaces and for each pair of segmentation parts separately between the two 

hemifaces. 
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Figure 12: Volumetric analysis of the hemifaces and their parts. The A line represents the 25mm 

distance between the Or point and the posterior segmentation wall. 

 

Finally, for the same areas, a comparison of the facial surfaces between the two 

hemifaces was also performed. The values of the facial surface area were automatically 

calculated by the software after the segmentation of the face. According to these 

values, the same comparisons as the volumetric analysis were performed. 

All of the data in this study were measured, processed and analyzed by the author of 

the study. The gender and the age of every subject were recorded. 
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5.4 Statistical analysis 

 

The statistical analysis of the data in this study was carried out by the IBM SPSS 

Statistics software for Windows, version 25.0 Armonk, NY: IBM Corp. Descriptive 

analyses were presented using means, standard deviations, and ranges for continuous 

data. The Intra-observer method error was investigated by measuring again the 40% 

of the total sample (16 subjects), after 4 weeks from the initial measuring. For the 

analysis of reliability regarding parameter measurements, intraclass correlation 

coefficient was calculated. Relationships between the variables were determined using 

Spearman’s Correlation Coefficients. Wilcoxon signed rank test was used for 

comparisons between the two time intervals. A 5% type-I error level was used to infer 

a statistical significance. Statistical significance level was established at P < 0,05. 

G*Power 3.1.9.2 (Universität Düsseldorf, Düsseldorf, Germany) was used to calculate 

the post-hoc power of the results.  

Three post-hoc analyses were performed. First, for the correlation of initial RMS 

values with the difference in RMS values after surgery a 99% post hoc power was 

achieved. Second and third, the post-hoc power of the Low RMS and High RMS 

groups when comparing the RMS values between T0 and T1 was found 81,4% and 

99% for Low and High RMS groups, respectively. The minimum sample to achieve 

this correlation with power: 0,80 and a: 0,05, for these three effect sizes, was 19 

patients. Furthermore, for the calculation of an ideal cut-off point in the sample, ROC 

curve analysis was performed.
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6. Results 

 

6.1  Reliability Test 

Method error for the RMS, volume, surface and angle between mid-sagittal planes 

are shown in Table 3. Intraclass Correlation Coefficient was found to be close to 1 for 

all the measurements (Table 3). All the measurements were found to be reliable. The 

errors were non-fatal and did not affect the results of our measurements. 

 
Table 3: Single observer’s agreements between repeated measurements ( 0 = T0 time interval, 1 

= T1 time interval, T = Total surface, U = Upper face, M= Midface, L = Lower face, Mx = 

Maxillary region, Md= Mandibular region, Vol =  Volume, Sur = Surface, MSP= angle between 

mid-sagittal planes ). 

  

 
Intraclass 

Correlationb 

95% Confidence Interval 
Time Region  

Lower Bound Upper Bound 

0 T RMS 
 Single Measures ,994a ,992 ,997 

 Average Measures ,997c ,995 ,998 

1 T RMS 
 Single Measures ,993a ,992 ,996 

 Average Measures ,996c ,994 ,999 

0 U RMS 
 Single Measures ,994a ,993 ,996 

 Average Measures ,997c ,995 ,999 

1 U RMS 
 Single Measures ,995a ,994 ,997 

 Average Measures ,997c ,995 ,999 

0 M RMS 
 Single Measures ,993a ,990 ,997 

 Average Measures ,995c ,994 ,998 

1 M RMS 
 Single Measures ,994a ,992 ,996 

 Average Measures ,996c ,994 ,998 

0 L RMS 
 Single Measures ,998a ,997 ,999 

 Average Measures ,999c ,998 1,000 

1 L RMS 
 Single Measures ,997a ,995 ,999 

 Average Measures ,999c ,997 ,999 

0 Mx RMS 
 Single Measures ,993a ,990 ,994 

 Average Measures ,995c ,993 ,997 

1 Mx RMS 
 Single Measures ,994a ,991 ,995 

 Average Measures ,996c ,994 ,998 

0 Md RMS 
 Single Measures ,996a ,996 ,998 

 Average Measures ,998c ,997 ,999 
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Table 3: Single observer’s agreements between repeated measurements ( 0 = T0 

time interval, 1 = T1 time interval, T = Total surface, U = Upper face, M= 

Midface, L = Lower face, Mx = Maxillary region, Md= Mandibular region, Vol 

=  Volume, Sur = Surface, MSP= angle between mid-sagittal planes ) 

 

1 Md RMS 
 Single Measures ,997a ,996 ,999 

 Average Measures ,999c ,998 ,999 

MSP 
 Single Measures ,998a ,997 ,999 

 Average Measures ,999c ,998 1,000 

0 T Vol 
 Single Measures ,993a ,992 ,994 

 Average Measures ,996c ,994 ,997 

1 T Vol 
 Single Measures ,992a ,990 ,996 

 Average Measures ,996c ,995 ,998 

0 M Vol 
 Single Measures ,990a ,989 ,993 

 Average Measures ,995c ,994 ,996 

1 M Vol 
 Single Measures ,991a ,988 ,994 

 Average Measures ,995c ,994 ,998 

0 L Vol 
 Single Measures ,995a ,994 ,997 

 Average Measures ,997c ,998 ,999 

1 L Vol 
 Single Measures ,995a ,994 ,997 

 Average Measures ,998c ,997 ,999 

0 Mx Vol 
 Single Measures ,991a ,987 ,993 

 Average Measures ,993c ,992 ,995 

1 Mx Vol 
 Single Measures ,989a ,987 ,992 

 Average Measures ,991c ,989 ,994 

0 Md Vol 
 Single Measures ,996a ,988 ,999 

 Average Measures ,998c ,994 1,000 

1 Md Vol 
 Single Measures ,990a ,987 ,998 

 Average Measures ,995c ,990 ,999 

0 T Sur 
 Single Measures ,990a ,979 ,993 

 Average Measures ,993c ,985 ,996 

1 T Sur 
 Single Measures ,995a ,992 ,999 

 Average Measures ,998c ,997 ,999 

0 M Sur 
 Single Measures ,994a ,987 ,999 

 Average Measures ,997c ,992 ,999 

1 M Sur 
 Single Measures ,993a ,995 ,999 

 Average Measures ,997c ,996 ,999 

0 L Sur 
 Single Measures ,994a ,968 ,999 

 Average Measures ,997c ,984 ,999 

1 L Sur 
 Single Measures ,990a ,990 ,998 

 Average Measures ,992c ,992 ,999 
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Table 3: Single observer’s agreements between repeated measurements ( 0 = T0 

time interval, 1 = T1 time interval, T = Total surface, U = Upper face, M= 

Midface, L = Lower face, Mx = Maxillary region, Md= Mandibular region, Vol 

=  Volume, Sur = Surface, MSP= angle between mid-sagittal planes ) 

 

0 Mx Sur 
 Single Measures ,991a ,989 ,998 

 Average Measures ,996c ,990 ,999 

1 Mx Sur 
 Single Measures ,988a ,982 ,998 

 Average Measures ,994c ,990 ,999 

0 Md Sur 
 Single Measures ,993a ,982 ,997 

 Average Measures ,991c ,992 ,998 

1 Md Sur 
 Single Measures ,994a ,969 ,999 

 Average Measures ,997c ,984 ,999 

 

 

6.2 Demographics of the Study Group 

 

The sample of this study is consisted of 40 patients who underwent double-jaw 

surgery between April 2012 and November 2018. 19 out of 40 patients were male and 

21 female. The mean age in the group was 20,44 years (ranging from 17 to 27 years of 

age), measured on T0, 20,2 years old for women and 20,7 years old for men. 

 

6.3 Comparison of the degree of asymmetry between time intervals  

 

A mean RMS value of 1,21 (± 0,55 mm) was found for the T0 interval and a 

mean RMS value of 1,06 (± 0,30 mm) was found for the T1 time interval (Table 4, 

Figure 13). There was no statistically significant difference found in RMS values 

between T0 (pre-op) and T1 (post-op) for the 40 patients of the sample (Table 4). 

 

Table 4: Comparison between RMS values before and after surgery. 

 

 N Mean Std. Deviation P value 

RMS pre-op 40 1,2103 ,55066 
0,72 

RMS post-op 40 1,0606 ,30176 

Wilcoxon signed rank test 
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Figure 13: RMS values and SD before and after surgery. 6, 9, 23 numbers represent each 

a patient’s number. 

 

Upper, mid, lower, maxillary and mandibular parts of the face were compared in T0 

with their equivalent part in T1. There was also no statistically significant difference 

observed for RMS values between all parts of the face and their equivalent parts 

between the two time intervals (Table 5). 
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Table 5: Difference between each segmentation part between T0 and T1 time intervals 

RMS values N Mean S D Median P value 

Upper face T0 40 ,835920 ,3632372 ,700550 

0,270 

Upper face T1 40 ,798227 ,3378579 ,716250 

Midface T0 40 1,099808 ,5314292 ,948950 

0,697 

Midface T1 40 1,104990 ,4550394 ,975700 

Lower face T0 40 1,222275 ,7645046 ,983600 

0,202 

Lower face T1 40 1,058303 ,3532630 1,040000 

maxilla T0 40 ,901985 ,4701284 ,786700 

0,294 

maxilla T1 40 ,907193 ,3319471 ,881950 

mandible T0 40 1,307665 ,9360900 ,995850 

0,265 

mandible T1 40 1,107785 ,4422943 1,081000 

Wilcoxon signed rank test 

 

To examine how the initial asymmetry levels of the facial surface connect with the 

results of orthognathic surgery on asymmetry, a correlation analysis was performed. 

A statistical significant positive correlation was found between the initial RMS values 

and the difference between RMS values in T0 and T1 (P < 0,01) (Table 6). This can 

be shown in detail in Figure 14, showing in detail when the change in RMS values is 

positive or negative.  

The same correlation was found for each segmentation part (midface, lower face, 

maxillary, mandibular area) and the RMS difference in that area following the 

orthognathic surgery (P < 0,01) (Tables 7,8,9,10). 
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Figure 14: Linear correlation between RMS values before surgery and RMS difference after 

surgery. 

 

Table 6: Correlation between RMS values before surgery and RMS difference after surgery. 

 

 RMS  preop 
RMS preop – 

RMS postop 

Spearman's 

rho 

RMS preop 

Correlation 

Coefficient 
1,000 ,653** 

Sig. (2-tailed) . ,000 

N 40 40 

RMS preop- 

RMS postop 

Correlation 

Coefficient 
,653** 1,000 

Sig. (2-tailed) ,000 . 

N 40 40 

**. Correlation is significant at the 0,01 level (2-tailed). 
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               Figure 15: Linear correlation between RMS values before surgery and RMS difference  

                  after surgery for midface. 

 

Table 7: Correlation between RMS values before surgery and RMS difference after surgery 

for midface. 

Midface RMS preop 
RMS preop – 

RMS postop 

Spearman's rho 

RMS preop 

Correlation 

Coefficient 
1,000 ,431** 

Sig. (2-tailed) . ,005 

N 40 40 

RMS preop – 

RMS postop 

Correlation 

Coefficient 
,431** 1,000 

Sig. (2-tailed) ,005 . 

N 40 40 

**. Correlation is significant at the 0,01 level (2-tailed). 
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               Figure 16: Linear correlation between RMS values before surgery and RMS difference  

                  after surgery for lower face. 

 

Table 8: Correlation between RMS values before surgery and RMS difference after surgery for  

lower face. 

Lower face RMS preop 
RMS preop – 

RMS postop 

Spearman's rho 

RMS preop 

Correlation 

Coefficient 
1,000 ,716** 

Sig. (2-tailed) . ,000 

N 40 40 

RMS preop – 

RMS postop 

Correlation 

Coefficient 
,716** 1,000 

Sig. (2-tailed) ,000 . 

N 40 40 

**. Correlation is significant at the 0,01 level (2-tailed). 
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Figure 17: Linear correlation between RMS values before surgery and RMS difference after 

surgery for the maxillary area. 

 

Table 9: Correlation between RMS values before surgery and RMS difference after surgery for 

the maxillary area. 

Maxilla 
RMS preop – 

RMS postop 
RMS preop 

Spearman's rho 

RMS preop – 

RMS postop 

Correlation 

Coefficient 
1,000 ,445** 

Sig. (2-tailed) . ,004 

N 40 40 

RMS preop 

Correlation 

Coefficient 
,445** 1,000 

Sig. (2-tailed) ,004 . 

N 40 40 

**. Correlation is significant at the 0,01 level (2-tailed). 
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Figure 18: Linear correlation between RMS values before surgery and RMS difference after 

surgery for the mandibular area. 

 

Table 10: Correlation between RMS values before surgery and RMS difference after surgery for 

the mandibular area. 

Mandible RMS preop 
RMS preop – 

RMS postop 

Spearman's rho 

RMS preop 

Correlation 

Coefficient 
1,000 ,645** 

Sig. (2-tailed) . ,000 

N 40 40 

RMS preop – 

RMS postop 

Correlation 

Coefficient 
,645** 1,000 

Sig. (2-tailed) ,000 . 

N 40 40 

**. Correlation is significant at the 0,01 level (2-tailed). 
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6.4 Comparison of the degree of asymmetry between time intervals for 

subgroups  

In addition, due to the positive correlation between the initial RMS values and 

the difference in RMS values after surgery, the sample was divided into 2 subgroups 

according to their pre-operative RMS value. For this purpose, a ROC curve analysis 

was performed in order to calculate the ideal cut-off point in the patients’ sample. 

A Receiver Operating Characteristic (ROC) curve is a graphical plot that illustrates the 

diagnostic ability of a binary classifier system as its discrimination threshold is varied 

(Table 12). According to the Youden Index Association criteria, the best cut-off point 

on this study’s data set according to the RMS pre-op value is RMS>1,0689 (Table 11). 

Area Under the curve (AUC) for this cut-off point is 1 which is statistically 

significant  with 95% CI 0,912 to 1, P<0,0001 (Table 11). According to this, the total 

sample of the study can be divided into two subgroups of 20 patients, for a more in-

depth analysis of the results. The subgroup with equal or lower RMS values than 

1,0689 (Low RMS group) and the subgroup with RMS values higher than 1,0689 

(High RMS group) (Table 13). 

There is a significant increase in RMS values for the whole facial surface observed for 

the Low RMS group after orthognathic surgery (P<0,05) (Table 14). For the High 

RMS group there is an opposite effect of the surgery in the RMS values, leading to a 

significant decrease in RMS values (P<0,001) (Table 15). 

 

Table 11: Youden Index Association criteria and Area under the ROC curve (AUC) for 

RMS=1,0689. 

Youden index J 1,0000 

Associated criterion >1,0689 

Sensitivity 100,00 

Specificity 100,00 

Area under the ROC curve (AUC) 1,000 

Standard Error a 0,000 

95% Confidence interval b 0,912 to 1,000 

Significance level P (Area=0.5) <0,0001 

a DeLong et al., 1988 

b Binomial exact 
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Table 12: Criterion values and coordinates of the ROC curve. 

  

Criterion Sensitivity 95% CI Specificity 95% CI +LR 95% CI -LR 95% CI 

≥0,5863 100,00 83,2 - 100,0 0,00 0,0 - 16,8 1,00 1,0 - 1,0     

>0,5863 100,00 83,2 - 100,0 5,00 0,1 - 24,9 1,05 1,0 - 1,2 0,00   

>0,6088 100,00 83,2 - 100,0 10,00 1,2 - 31,7 1,11 1,0 - 1,3 0,00   

>0,6094 100,00 83,2 - 100,0 15,00 3,2 - 37,9 1,18 1,0 - 1,4 0,00   

>0,6792 100,00 83,2 - 100,0 20,00 5,7 - 43,7 1,25 1,0 - 1,6 0,00   

>0,7342 100,00 83,2 - 100,0 25,00 8,7 - 49,1 1,33 1,0 - 1,7 0,00   

>0,7447 100,00 83,2 - 100,0 30,00 11,9 - 54,3 1,43 1,1 - 1,9 0,00   

>0,7733 100,00 83,2 - 100,0 35,00 15,4 - 59,2 1,54 1,1 - 2,1 0,00   

>0,7753 100,00 83,2 - 100,0 40,00 19,1 - 63,9 1,67 1,2 - 2,4 0,00   

>0,7801 100,00 83,2 - 100,0 45,00 23,1 - 68,5 1,82 1,2 - 2,7 0,00   

>0,8192 100,00 83,2 - 100,0 50,00 27,2 - 72,8 2,00 1,3 - 3,1 0,00   

>0,8394 100,00 83,2 - 100,0 55,00 31,5 - 76,9 2,22 1,4 - 3,6 0,00   

>0,866 100,00 83,2 - 100,0 60,00 36,1 - 80,9 2,50 1,5 - 4,3 0,00   

>0,8713 100,00 83,2 - 100,0 65,00 40,8 - 84,6 2,86 1,6 - 5,2 0,00   

>0,8792 100,00 83,2 - 100,0 70,00 45,7 - 88,1 3,33 1,7 - 6,5 0,00   

>0,9289 100,00 83,2 - 100,0 75,00 50,9 - 91,3 4,00 1,9 - 8,5 0,00   

>0,9654 100,00 83,2 - 100,0 80,00 56,3 - 94,3 5,00 2,1 - 12,0 0,00   

>0,9748 100,00 83,2 - 100,0 85,00 62,1 - 96,8 6,67 2,3 - 18,9 0,00   

>1,0418 100,00 83,2 - 100,0 90,00 68,3 - 98,8 10,00 2,7 - 37,2 0,00   

>1,0477 100,00 83,2 - 100,0 95,00 75,1 - 99,9 20,00 3,0 - 135,1 0,00   

>1,0689 100,00 83,2 - 100,0 100,00 83,2 - 100,0     0,00   

>1,1321 95,00 75,1 - 99,9 100,00 83,2 - 100,0     0,050 0,007 - 0,3 

>1,1633 90,00 68,3 - 98,8 100,00 83,2 - 100,0     0,100 0,03 - 0,4 

>1,2132 85,00 62,1 - 96,8 100,00 83,2 - 100,0     0,15 0,05 - 0,4 

>1,2246 80,00 56,3 - 94,3 100,00 83,2 - 100,0     0,20 0,08 - 0,5 

>1,2312 75,00 50,9 - 91,3 100,00 83,2 - 100,0     0,25 0,1 - 0,5 

>1,2753 70,00 45,7 - 88,1 100,00 83,2 - 100,0     0,30 0,2 - 0,6 

>1,2771 65,00 40,8 - 84,6 100,00 83,2 - 100,0     0,35 0,2 - 0,6 

>1,2889 60,00 36,1 - 80,9 100,00 83,2 - 100,0     0,40 0,2 - 0,7 

>1,2898 55,00 31,5 - 76,9 100,00 83,2 - 100,0     0,45 0,3 - 0,7 

>1,3389 50,00 27,2 - 72,8 100,00 83,2 - 100,0     0,50 0,3 - 0,8 

>1,3393 45,00 23,1 - 68,5 100,00 83,2 - 100,0     0,55 0,4 - 0,8 

>1,4363 40,00 19,1 - 63,9 100,00 83,2 - 100,0     0,60 0,4 - 0,9 

>1,49 35,00 15,4 - 59,2 100,00 83,2 - 100,0     0,65 0,5 - 0,9 

>1,5403 30,00 11,9 - 54,3 100,00 83,2 - 100,0     0,70 0,5 - 0,9 

>1,6684 25,00 8,7 - 49,1 100,00 83,2 - 100,0     0,75 0,6 - 1,0 

>1,9228 20,00 5,7 - 43,7 100,00 83,2 - 100,0     0,80 0,6 - 1,0 

>2,0424 15,00 3,2 - 37,9 100,00 83,2 - 100,0     0,85 0,7 - 1,0 

>2,2601 10,00 1,2 - 31,7 100,00 83,2 - 100,0     0,90 0,8 - 1,0 

>2,5544 5,00 0,1 - 24,9 100,00 83,2 - 100,0     0,95 0,9 - 1,1 

>3,1851 0,00 0,0 - 16,8 100,00 83,2 - 100,0     1,00 1,0 - 1,0 
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Table 13: Descriptive statistics for Low and High RMS groups before surgery. 

RMS values N Minimum Maximum Mean Std. Deviation 

Low RMS group 20 ,5863 1,0689 ,829695 ,1467019 

High RMS group 20 1,1321 3,1851 1,593675 ,5419478 

 

Table 14: Comparison between RMS values before and after surgery for the Low RMS group.   

Low RMS group N Mean Std. Deviation P value 

RMS Pre-op 20 ,829695 ,1467019 
0,025* 

RMS Post-op 20 ,906195 ,1873105 

*. Difference is significant at the 0.05 level (2-tailed). 

Wilcoxon signed rank test 

 

Table 15: Comparison between RMS values before and after surgery for the high RMS group.  

High RMS group N Mean Std. Deviation P value 

RMS pre-op 20 1,593675 ,5419478 
0,001** 

RMS post-op 20 1,216845 ,3069725 

**. Correlation is significant at the 0,01 level (2-tailed). 

Wilcoxon signed rank test 

 

For the specific parts of the face, there was no statistically significant difference 

between pre-op and post-op RMS values between equivalent parts of the facial 

surfaces for the Low RMS group (Table 16). For the RMS values of the High RMS 

group, there is a statistically significant decrease of the RMS values after surgery in 

the lower third of the face (P < 0.05) , specifically observed in the mandibular area  

(P < 0.05) (Table 17).  
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Table 16: Comparison between RMS values before and after surgery for each facial part separately for LOW 

RMS group.  

Low RMS Group 

RMS values 
N Mean Std. Deviation P value 

Upper face preop 20 ,720605 ,2072473 1,000 

Upper face postop 20 ,722985 ,2197324  

Midface preop 

Midface postop 

20 ,816390 ,2236141 
0,100 

20 ,935255 ,3065587 

Lower face preop 

Lower face postop 

20 ,861615 ,2388125 
0,263 

20 ,905225 ,2761323 

Maxilla preop 

Maxilla postop 

20 ,741230 ,2444225 
0,332 

20 ,792195 ,2428730 

Mandible preop 

Mandible postop 

20 ,897985 ,2936559 
0,333 

20 ,945870 ,3542639 

Wilcoxon signed rank test 
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Table 17: Comparison between RMS values before and after surgery for each facial part separately for HIGH 

RMS group.  

High RMS Group 

RMS values 
N Mean Std. Deviation P value 

Upper face preop 20 ,951235 ,4470800 
0,191 

Upper face postop 20 ,873470 ,4172559 

Midface preop 

Midface postop 

20 1,383225 ,6004903 
0,279 

20 1,274725 ,5199893 

Lower face preop 

Lower face postop 

20 1,582935 ,9321057 
0,023* 

20 1,211380 ,3613537 

Maxilla preop 

Maxilla postop 

20 1,062740 ,5826896 
0,654 

20 1,022190 ,3732948 

Mandible preop 

Mandible postop 

20 1,717345 1,1657923 
0,033* 

20 1,269700 ,4699459 

*. Difference is significant at the 0,05 level (2-tailed). 

Wilcoxon signed rank test 

 

6.4 Comparisons regarding the mid-sagittal plane (MSP) 

Moreover, the angle between the MSP before surgery and the MSP after surgery was 

calculated for all patients. The mean value of this angle between the two MSPs is 0,62 

degrees (± 0,33 degrees) (Table 18). There is a statistically significant negative 

correlation between the angle of the two mid-sagittal planes and the absolute difference 

of RMS values of the whole face before and after orthognathic surgery (P<0,05)(Table 

19). When we do the same comparison for specific parts of the face, no part showed 

statistical significant correlation with the angle between the mid-sagittal planes, except 

the mandibular part of the lower facial third (P <0,05) (Table 20). 

 

Table 18: Descriptive statistics for the angle between the MSPs before and after surgery 

 N Minimum Maximum Mean Std. Deviation 

Angle between MSPs 40 1,4753 0,1499 0,625248 0,3326458 
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Table 19: Correlation between the absolute difference in RMS values before and after surgery 

with the difference in the angulation of the mid-sagittal planes before and after surgery. 

 
|RMS Preop- 

RMS Postop| 

Angle 

between 

Midlines 

Spearman's 

rho 

|RMS Preop- 

RMS Postop| 

Correlation 

Coefficient 
1,000 -0,392* 

Sig. (2-tailed) . ,012* 

N 40 40 

Angle between 

Midlines 

Correlation 

Coefficient 
-0,392* 1,000 

Sig. (2-tailed) ,012* . 

N 40 40 

*. Correlation is significant at the 0,05 level (2-tailed). 

 

Table 20: Correlation between the absolute difference in RMS values for each facial part before 

and after surgery with the difference in the angulation of the mid-sagittal planes before and after 

surgery. 

 Angle between Midline preop- Midline postop 

| RMS preop – RMS postop | 
Correlation 

Coefficient 
P value N 

Spearman's 

rho 

Upper face 0,176 ,276 40 

Midface -0,125 ,443 40 

Lower face -0,278 ,082 40 

Maxilla -0,090 ,581 40 

Mandible -0,316* ,047* 40 

Angle between 

Midline preop- 

Midline postop 

1,000 . 40 

*. Correlation is significant at the 0,05 level (2-tailed). 
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6.5 Volumetric and surface analyses 

 

In addition, a volumetric analysis was performed and absolute volumetric 

differences were calculated for the whole face and for each individual part of the face. 

There was no statistically significant difference between the absolute volumetric 

difference between the two hemifaces before and after orthognathic surgery for the 

total subjects of the sample (Table 21). The same outcome was found for the same 

comparison between specific equivalent parts of the face, except the midface. For the 

midface, a statistically significant difference between pre-op and post-op values of the 

absolute volumetric difference (P<0,05), with the pre-op difference to show higher 

values. 

 

 

 

 

 

 
Table 21: Comparison of the absolute volumetric difference between hemifaces for T0 

and T1 time intervals. 

Absolute 

Volumetric 

difference 

N Mean S D P value 

Total face T0 40 5617,5678 5039,00988 

0,326 

Total face T1 40 4248,0983 3267,59784 

Midface T0 40 3172,6030 2739,15665 

0,042* 

Midface T1 40 2517,7372 2941,63694 

Lower face T0 40 3326,4173 4593,07680 

0,687 

Lower face T1 40 2668,1190 3267,59784 
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Table 21: Comparison of the absolute volumetric difference between hemifaces for T0 

and T1 time intervals. 

maxilla T0 40 802,8425 918,04868 

0,242 

maxilla T1 40 946,5792 734,60144 

mandible T0 40 2913,1263 4420,76048 

0,904 

mandible T1 40 2222,9588 1875,79035 

*. Difference is significant at the 0.05 level (2-tailed). 

Wilcoxon signed rank test 

 

Furthermore, the correlation between the RMS values and the absolute volumetric 

differences of the two hemifaces was examined. There was a statistically significant 

positive correlation (P<0,05) between RMS values and the absolute volumetric 

difference between hemifaces and specific parts of the face (Table 22,23).  

 

Table 22: Correlation between preop RMS and absolute volumetric difference value 

between hemifaces for each facial part. 

 

Preop                 RMS             Volume 

Correlation 

Coefficient P value 
N 

Spearman's 

rho 

            Total surface ,630** ,000** 40 

Mid face ,705** ,000** 40 

Lower face ,467** ,002** 40 

Maxillary region ,471** ,002** 40 

Mandibular region ,405** ,009** 40 

**. Correlation is significant at the 0,01 level (2-tailed).  
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Table 23: Correlation between postop RMS and absolute volumetric difference value 

between hemifaces for each facial part. 

 

Postop             RMS             Volume 

Correlation 

Coefficient 

Sig.  

(2-tailed) 
N 

Spearman's 

rho 

            Total surface ,270 ,092 40 

Mid face ,434* ,030* 40 

Lower face ,224 ,164 40 

Maxillary region ,366* ,020* 40 

Mandibular region  ,465** ,003** 40 

*. Correlation is significant at the 0,05 level (2-tailed). 

**. Correlation is significant at the 0,01 level (2-tailed). 

 

 

When doing the same comparison for volumetric changes on the Low RMS group, 

there was no statistically significant difference found among all separate facial parts, 

as well as for the whole facial volume between T0 and T1 time intervals (Table 24). 

 

Table 24: Comparison of the absolute volumetric difference between hemifaces for T0 and 

T1 time intervals for the Low RMS group. 

Absolute 

Volumetric 

difference 

N Mean S D P value 

Total face T0 20 3024.6300 2302.06084 
.232 

Total face T1 20 3616.3480 3003.28864 

Midface T0 20 2191.6975 1937.93766 
.502 

Midface T1 20 1915.8590 2082.00112 

Lower face T0 20 1757.0275 1464.51083 
.204 

Lower face T1 20 2339.9400 2029.60585 
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Table 24: Comparison of the absolute volumetric difference between hemifaces for T0 

and T1 time intervals for the Low RMS group. 

maxilla T0 20 661.8285 655.00694 
.370 

maxilla T1 20 810.1325 574.45752 

mandible T0 20 1439.7290 1356.18828 
.478 

mandible T1 20 1841.4055 1774.75508 

Wilcoxon signed rank test 

 

For the High RMS group, a statistically significant difference was found between the 

whole facial volume before and after surgery, with the absolute difference between the 

2 hemifaces decreasing after surgery (P < 0,05)(Table 25). For each segmentation part 

separately, no significant difference was observed between the two time intervals. 

 

Table 25: Comparison of the absolute volumetric difference between hemifaces for T0 and 

T1 time intervals for the High RMS group. 

Absolute 

Volumetric 

difference 

N Mean S D P value 

Total face T0 20 8210,5055 5715,39912 
,040* 

Total face T1 20 4879,8485 3472,22956 

Midface T0 20 4153,5085 3101,55070 
,052 

Midface T1 20 3119,6155 3558,72349 

Lower face T0 20 4895,8070 5997,75137 
,601 

Lower face T1 20 2996,2980 2215,61715 
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Table 25: Comparison of the absolute volumetric difference between hemifaces for T0 and 

T1 time intervals for the High RMS group. 

maxilla T0 20 943,8565 1122,09099 
,411 

maxilla T1 20 1083,0260 859,35090 

mandible T0 20 4386,5235 5805,62405 
,627 

mandible T1 20 2604,5120 1940,64986 

   *. Correlation is significant at the 0,05 level (2-tailed). 

Wilcoxon signed rank test 

 

Furthermore, when comparing the absolute volumetric difference between hemifaces 

with the angle between the mid-sagittal planes before and after surgery, there was also 

no significant correlation found (Table 26). 

 
Table 26: Correlation between the absolute volumetric difference between hemifaces before 

and after surgery with the difference in the angulation of the mid-sagittal planes before and 

after surgery. 

Correlations 

Volume 

difference 

Preop-Postop 

Angle 

between 

MSPs 

Spearman's 

rho 

Volume 

difference 

Preop-Postop 

Correlation 

Coefficient 
1,000 ,120 

Sig. (2-tailed) . ,613 

N 20 20 

Angle between 

MSPs 

Correlation 

Coefficient 
,120 1,000 

Sig. (2-tailed) ,613 . 

N 20 20 

 

 

A surface analysis was also performed. There was an absolute correlation found 

between volume and surface values of the face before and after surgery. Correlation 

coefficient was found over 0,9 between all the values of the total and partial facial 



75 

 

surfaces before and after surgery (Tables 27, 28). 

 

 

Table 27: Correlation between volumetric and surface values for each facial part 

before surgery. 

Preop          Volume            Surface 

Correlation 

Coefficient 

Sig. 

(2-tailed) 
N 

Spearman's 

rho 

            Total surface ,932** ,000** 40 

Mid face ,915 ** ,000** 40 

Lower face ,942** ,000** 40 

Maxillary region ,923** ,000** 40 

Mandibular region ,951** ,000** 40 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Table 28: Correlation between volumetric and surface values for each facial part after 

surgery. 

 

Postop          Volume            Surface 

Correlation 

Coefficient 

Sig.  

(2-tailed) 
N 

Spearman's 

rho 

            Total surface ,942** ,000** 40 

Mid face ,905** ,000** 40 

Lower face ,938** ,000** 40 

Maxillary region ,922** ,000** 40 

Mandibular region  ,947** ,000** 40 

**. Correlation is significant at the 0.01 level (2-tailed).  
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7. DISCUSSION 

 

7.1. Discussion of the Aim 

 

Symmetry is a crucial issue for facial aesthetics, making it a considerable factor 

while deciding on the outcomes of a surgical procedure. Although the main goal of 

orthognathic surgery procedure is to improve the function of jaws with the correction 

of their skeletal relationship, enhancement of facial aesthetics is always a welcome 

side effect, which is noticed and recognized by the patients. Furthermore, it is found 

that patients with dental malocclusions are more likely to exhibit higher levels of facial 

asymmetry (Sforza et al., 2007). Combining a possibly high preexisting asymmetry 

level with the possibility of the surgical procedure increasing inadvertently the 

asymmetry of the face, we can evaluate the importance of the control, and if possible 

prediction, of asymmetry levels through any intervention. 

Facial asymmetry can be evaluated in terms of bony and soft tissues. Although for the 

evaluation of skeletal relations, techniques with radiation exposure to the patient are 

required, for soft tissue imaging, non-radiographic techniques have been developed. 

Stereophotogrammetry is the technique mainly used nowadays for three-dimensional 

image acquisition, providing a quick, noninvasive and practical tool for soft tissue 

analysis, without the exposure of the facial surface to any radiation. The resulting 

images are accurate, detailed and reproducible, giving us a strong tool in initial 

diagnosis. 3D stereophotogrammetry gives us the ability to follow Sir Harrold Gillies’ 

advice of wisdom, “first diagnose, then treat”, by enhancing our diagnostic 

capabilities. For our research, we used a method of calculating asymmetry that takes 

into consideration the whole facial surface, providing us with thorough results with the 

use of a computer algorithm. These surface-based methods for measurement of facial 

asymmetry are promising for extensive clinical use for the quantification of asymmetry 

values preoperatively and for evaluation of the outcomes of the medical procedures. 

In conclusion, our study has proved the validity of a landmark-independent method of 

calculating asymmetry of the facial surface and the outcomes of our analyses will 

hopefully contribute to further investigation of soft tissue response to double-jaw, 
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orthognathic surgery. The ability to predict this soft tissue response will benefit us with 

a more controlled approach to the management of the orthognathic surgical outcomes. 

 

 

7.2. Discussion of Materials and Methods  

 

 One of the main principles in health sciences is the use of minimal invasive 

techniques when there is the possibility to do so. Stereophotogrammetry is a non-

invasive technique, used as a diagnostic tool in the facial area. It’s more advanced than 

conventional 2D capturing techniques by offering a three-dimensional template, 

without any radiation projected to the patient. The 3dMDface system (Atlanta, GA, 

USA) used in this study is considered a reliable and very widely used system for 3D 

surface imaging. By the use of active stereophotogrammetry, an unstructured pattern 

is projected on the subject’s surface. For this reason, the procedure is not depending 

on ambient lighting for capturing (Lane and Harrell, 2008). The 3dMDface system 

also has a quick capturing speed of 1,5 milliseconds, eliminating this way undesirable 

products of facial movements, but also providing a complete, fully textured and 

accurate capture of the facial soft tissues (Lee, 2004; Honrado et al., 2006). No input 

from the operator is required for the image processing procedure (Metzler et al., 2013). 

These features make stereophotogrammetry a reliable tool for research, by providing 

a way to evaluate soft tissue changes with a patient-friendly procedure (Heike et al., 

2010). Until today, numerous articles have proven the 3dMDface system reliable and 

accurate (Aldridge et al., 2005; Weinberg et al., 2006; Wong et al., 2008; Lubbers et 

al. 2010; Ort et al., 2012; Metzger et al., 2013; Eder et al., 2013; van der Meer et al., 

2014; ; Nord et al., 2015). The use of laser scanners for image acquisition of facial 

surfaces has been also proved accurate. Nonetheless, the capturing time for the laser 

scanner is much longer, averaging at 7,5 seconds. In addition, the scan of the left and 

right sides are separately performed and, afterwards, a correction and merging process 

is required from the software, but also from the user manually, in order to acquire the 

final output (Kau et al., 2006).  

Photogrammetry in three-dimensions has been used by many authors to assess the 

asymmetry levels on craniofacial patients and to examine the surgery’s and molding’s 
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effects on the facial surface (Maull et al., 1999; Sander et al., 2011; Kau, 2011; Ras et 

al., 1995). This technology gives us the possibility to exploit the facial surface by 

measuring the facial anatomy, by rotating it in the three planes of space and by 

calculating the symmetry of the surfaces (Taylor et al., 2014). 

Historically, the asymmetry of the facial surfaces was calculated with the use of 

anthropometry or 2D photographs. The 2D analysis uses planar and linear differences 

between the two hemifaces to assess the asymmetry levels. Both of these techniques 

are susceptible to errors in measurements, plus, the use of 2D methods for calculating 

a three-dimensional concept is not ideal, as the measurements can be affected by even 

a slight tilt or rotation of the head during image capturing (de Moraes et al., 2011). 

After the development of 3D stereophotogrammetry, the dominant method for 

calculating the facial asymmetry was the use of facial landmarks. This method has the 

disadvantage of taking into consideration only a small number of facial points in each 

hemiface in order to calculate the asymmetry in a whole facial surface. These 

landmarks are determined on both sides by the user, which puts a subjectivity aspect 

on the measurements and can lead to inexactness. The areas of landmark placement’s 

also can lead to misconceptions about the overall asymmetry, if they are placed in 

highly asymmetric or symmetric area, or if there are areas of far between and few 

landmarks, the asymmetry might not be diagnosed (Blockhaus et al., 2014; Verhoeven 

et al., 2016; Alqattan et al., 2013). Therefore, an analysis that doesn’t depend on 

landmarks was chosen for our study, based on the ICP algorithm and the mirroring and 

superimposition of the two halves of the facial surface. This analysis has proven to be 

highly effective, taking into consideration the whole facial surface of 10.000 to 16.000 

correlated points for the asymmetry assessment, and reproducible (Blockhaus et al., 

2014; Verhoeven et al., 2016; Meyer et al., 2011), as the only step of manual 

computation by the user is the facial area selection (Codari et al., 2016). When 

Kornreich et al. (2016) compared the ICP to the landmark method, they found the 

results comparable, but noted ICP as more accurate and reproducible method, showing 

a significantly lower rate of error than the landmark method. 

The ICP forehead method was also used for the superimposition of the pre-operative 

and post-operative 3D models, for the calculation of the differences between the mid-

sagittal planes in these two time intervals. According to Verhoeven et al. (2016), the 
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ICP forehead method of a 1-mm threshold, used in our study, was considered the 

optimal selection for clinical application, being consistently the nearest to the gold 

standard. 

In our study, following the ICP method, the levels of asymmetry of the facial surface 

were objectively evaluated from a soft-tissue analysis by the 3matic software by 

Materialise (Materialise Europe, World Headquarters, Leuven, Belgium). This 

analysis provided us with the RMS value, which presents the asymmetry levels as 

explained before. The RMS value reaches its possible minimum when the most 

accurate superimposition is achieved between the original and the mirrored 3D image. 

This technique is similar to the Procrustes technique, used for analogous measurements 

(Goodall et al., 1991; Maull et al., 1999; Grayson et al., 1999; Sander et al., 2011) and 

is proven to be a powerful and reliable method for the facial asymmetry analysis 

(Codari et al., 2016; Ozsoy, 2016).  

Additionally, the facial surface was separated in various ways for the optimal complete 

and partial analysis of asymmetry. Initially, the areas of the ears and the hair were cut 

out, areas that are pretty easily defined. In the contrary, the area of the neck is a wide 

area and exbibits a great amount of variation among individuals. Specifically in 

subjects with excessive submental fat or with a platysma banding, the neck can result 

to be remarkably asymmetric. As a result, the neck area can have a big influence on 

the procedure of surface registration and mislead the resulting values, therefore, it is 

preferable to be excluded (Verhoeven et al., 2016). Subsequently, the ICP registration 

of the native and reflected faces produces a MSP, separating the face into two 

hemifaces. This method was also proven to be highly valid and reproducible (Benz et 

al., 2002; Nkenke et al., 2006; Hartmann et al., 2007) as it was concluded that the lack 

of relevant random and systematic errors at the measurements, makes this technique 

applicable for clinical use (Nkenke et al., 2003, 2006). 

When compared to the method of calculating the MSP with the use of the points 

alleged as “midline landmarks”, consisting of the nasion (Na), the subnasale (Sn), the 

labrale superius (Ls) and the labrale inferius (Li) landmarks, it was shown, in healthy 

children, that the resulting “landmark MSP” was not coinciding after superimposition 

to the mirrored images (Meyer et al., 2011). Lastly, the facial surface was separated 

with the use of horizontal planes to upper face, mid face and lower face, with the last 
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one to be subsequently separated into the maxillary and mandibular area. For this 

separation, only 3 landmarks were used, the nasion (Na), subnasale (Sn) and Helion 

(H) landmarks, as the horizontal planes were automatically generated vertical to the 

MSP and parallel to each other, showing great reproducibility. This separation was 

performed in order to have a more specific insight on the areas of asymmetry, as a 

single RMS number for valuing the facial symmetry can be useful in research, but not 

clinically practical (Kornreich et al., 2016; Verhoeven et al., 2016). Occasionally, a 

very symmetric part of the face can compensate the asymmetry in another part of the 

facial surface, resulting in a misleading of the findings if based on a single RMS value. 

This specificity of the areas of asymmetry is presented with our technique with the use 

of color maps for asymmetry that provide the most detailed information for the facial 

asymmetry. Due to the size of our sample though, it was optimal to subdivide the facial 

surface to our separation areas according to facial height, in order to be leaded to more 

systematic findings. Moreover, the division of the facial surface allows for more 

targeted treatment planning in the areas of interest of the orthodontic and oral and 

maxillofacial surgery fields, helping also the communication of the asymmetry levels 

to the patients, especially in cases that the asymmetry is located on areas above the 

level of the eyes, beyond the scope of the above mentioned fields (Alqattan et al., 2013; 

Codari et al., 2016) 

All our patients underwent orthognathic surgery during the time of April 2012 to 

November of 2018. Ideally, it would be preferable that all the patients were operated 

by one single surgeon, yet they were operated by various surgeons in various medical 

facilities throughout Istanbul, Turkey. 

Nevertheless, similar operating techniques and principles were used by the operating 

surgeons, with the goal being invariable, to obtain ideal skeletal harmony of the face. 

Likewise, due to the nature of this study being retrospective, different operators were 

involved in the three-dimensional image acquisition, yet all operators were acting in 

accordance with the ideal guidelines for the optimization of the image capturing. The 

3D images that were found not to agree with these guidelines were excluded from 

our study. 
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7.3. Discussion of the Results 

 

 There was no statistically significant difference found between RMS values 

between T0 (pre-op) and T1 (post-op) for the whole sample of the 40 patients (Table 

4). The same outcome was found when the RMS values of the different parts of face 

segmentation (upper, mid, lower face, maxillary and mandibular area) were compared 

in the T0 and T1 time intervals (Table 5). However, a statistically significant positive 

correlation was found between the initial RMS value and the difference in RMS values 

in T0 and T1 (P < 0,001) (Table 6). The same positive correlation was also found for 

every one of the 4 parts of our segmentation (P < 0,01 for the midface, P < 0,001 for 

the lower face, the maxillary and the mandibular area) (Tables 7-10). This shows us 

the positive relationship between the initial facial asymmetry and the effects of the 

orthognathic surgery. According to this correlation, we can conclude that the more 

asymmetric the facial surface before orthognathic surgery, the more improvement in 

symmetry of the soft tissues there will be, following the surgical procedure. The same 

also counts for the parts of the facial surface. The more asymmetric the soft tissues of 

the midface, the lower face, the maxillary and mandibular area respectively, the more 

improvement in the soft tissue symmetry will follow the orthognathic surgery. 

Nevertheless, according to this correlation, the opposite outcome appears for more 

symmetric patients. As we can observe in the correlation graph, negative values in the 

X-axis are also present, meaning that the patients with more symmetric facial soft 

tissues will have less improvement or even end up more asymmetric after surgery 

(Figure 14). The same counts also for the parts of the face that present lower 

asymmetry levels, as again the correlation points reach negative values in the X- axis 

(Figures 15-18). In an attempt to further analyze these results, our sample was 

separated into two subgroups of 20 subjects each, with the use of a ROC curve analysis 

(Tables 11,12). The two groups were divided according to the levels of asymmetry on 

the whole facial surface before they underwent orthognathic surgery (RMS preop) and 

the ideal cut-off point was found on an RMS value of 1,0689 (P < 0,0001). Our 

hypothesis, that more symmetric faces become more asymmetric after surgery, was 

confirmed with a significant increase in RMS values on the Low RMS group after 

orthognathic surgery (P<0,05) (Table 14), as well that more asymmetric faces become 
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more symmetric after surgery, with a significant decrease in RMS values post-

operatively (P < 0,001) (Table 15). To specify the areas of significant differences, we 

compared the RMS values on T0 and T1 for each part of the face for both groups. On 

the Low RMS group, there was no statistical significant increase in RMS values in any 

specific part of the face (Table 16), showing that there is no targeted area to blame for 

the increased asymmetry levels after surgery. On the other side, for the High RMS 

group, there was a statistically significant decrease in RMS values in the lower face (P 

< 0,05) and the mandibular area (P < 0,05) (Table 17).This shows us that in subjects 

with higher asymmetry levels, the area of bigger symmetry improvement is the lower 

face and specifically the mandibular area.  

Furthermore, the correlation between the MSP changes and RMS changes after 

orthognathic surgery was investigated. There was a statistically significant negative 

correlation between the angle of the two mid-sagittal planes and the absolute difference 

of RMS values of the whole facial surface before and after orthognathic surgery (P < 

0,05) (Table 19). This shows us that RMS values are highly correlated with the 

calculation of the MSP as any change in the RMS values can affect also the MSP of 

the face. This correlation was examined even further, by investigating the correlation 

of the MSP with the different parts of the face. It was found that the changes in MSP 

angles was highly correlated with changes in the mandibular area (P < 0,05)(Table 20). 

Subsequently, a volumetric analysis was performed for the two hemifaces and the 

individual parts of the face. There was a statistically significant positive correlation 

between RMS values and the absolute volumetric difference between hemifaces, 

before orthognathic surgery, for the whole facial surface and all specific segmentation 

parts (P<0,01) (Table 22) and after surgery for the midface, maxillary (P<0,05) and 

mandibular area (P<0,01) (Table 23). 

In a study from Wermker et al. (2014), a 3D method of calculating the facial 

asymmetry was used with the application of the ICP algorithm, like in our study. 48 

patients who underwent double-jaw surgery were examined before and after surgery 

and an asymmetry index was calculated. They reported that the faces became more 

harmonic and symmetric after the orthognathic surgery procedure, but the symmetry 

improvement was not found statistically significant. Ferrario et al. (1999), in their 

study, used anthropometric digitized landmarks to calculate facial symmetry and 
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concluded in increased levels of asymmetry after the orthognathic surgery procedure, 

except from the lower third of the face which presented reduced levels of asymmetry 

following the orthognathic surgery. On 2012, Verze et al., with the use of lateral 

cephalometric x-rays and facial 3D scans on 15 patients who underwent orthognathic 

surgery, concluded from a landmark analysis that the double jaw surgery procedure 

can provide a major improvement on the facial symmetry levels. In another study, Lee 

et al. (2013) analyzed the facial asymmetry of 5 orthognathic surgery patients from 3D 

images with the use of facial landmarks and volumetric analysis and concluded that 

the facial soft tissues become more symmetric after surgery, especially in the 

mandibular area, confirmed also with the volumetric values of the face.  

In a study with similar methodology with our study, Ostwald et al. (2015) analyzed 25 

faces before and after orthognathic surgery. They used stereophotogrammetry and 

registered the original and mirror facial images with the ICP algorithm, in order to get 

a asymmetry value for each facial surface. They found a statistically non-significant 

decrease between pre-op and post-op asymmetry values, which agrees with our results 

for our whole sample. They also reported that 40% of their subjects showed increased 

asymmetry levels after the orthognathic surgery. The 4 of these 10 patients of increased 

asymmetry were the ones presenting the lowest asymmetry values before orthognathic 

surgery. Additionally, a statistically significant correlation between pre-surgical and 

post-surgical asymmetry values was reported (r = 0,697, P < 0,001) was found, 

showing that more asymmetric patients show a greater improvement in facial 

symmetry after orthognathic surgery, a finding that full confirms our study’s findings 

(r = 0,653, P < 0,001). 

When it comes to the interaction of hard and soft tissues, the literature has many 

contradictory findings (Burstone, 1998; Ferrario et al., 1994; Peck et al., 1991, Soncul 

et al., 2004). Although the source of facial asymmetry in the soft tissues is mainly 

skeletal, the soft tissues have the ability of even masking the asymmetries resulted 

from the skeletal asymmetric relationships (Burstone, 1998; Ferrario et al., 1994). 

Additionally, although the changes in the bony tissues generate changes also in soft 

tissues, the elasticity of the soft tissues makes the levels and the extent of the changes 

unpredictable (Soncul et al., 2004). Wermker et al. (2014) reported a moderate 

response of the soft tissues at the midface area following maxillary movements, even 
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when compared to similar movements of the mandible. They reasoned this to the 

surgical procedure during the reduction of the anterior part of the nasal spine for the 

harmonization of the skeletal relationships. As a result, there is an indirect reduction 

on the skeletal shift of the maxilla, ending up in an insignificant response on the soft 

tissues. Another explanation for this insignificant response can be the procedure of 

applied matching. As the area of the nose and eyes are being defined like constant 

regions, the 3D models before and after surgery are matched accordingly. Because of 

this, the soft tissue changes in the midfacial area might not be that obvious like in the 

mandibular area. The soft and hard tissues have a complex way of interacting, not 

completely understood yet, and orthognathic surgery results in changes in the 

reciprocal arrangements between them and their reciprocal arrangement (Ferrario et 

al., 1999). Consequently, it is mandatory that the asymmetry of the face is captured in 

a global way, providing a view to changes from orthognathic surgery. In this study, we 

tried to provide a pattern to help with the understanding of the facial soft tissue 

response to bony tissue movements, however our focus on the soft tissue asymmetries 

and movements and not on the skeletal reasoning of the asymmetry. This restriction 

can be overcome by the combination and superimposition of 3D soft tissue scans 

through stereophotogrammetry and 3D CT scans of the skeletal tissues (Hajeer et al., 

2004).  

For the evaluation of the facial asymmetry, the RMS values were calculated between 

the native and mirrored 3D surfaces, a method proven for its reliability in the literature 

(Taylor et al., 2014; Ostwald et al., 2015; Ozsoy, 2006). In other studies that used the 

RMS values for the same purpose, Taylor et al. (2014) used the data collected from 

100 volunteers through 3D stereophotogrammetric scanning to calculate the RMS 

values of their facial surfaces and reach to values that represent the norms of 

asymmetry. They reported that the evaluation and rating of the asymmetry levels from 

independent observers proved to be highly unreliable due to low interobserver 

reliability values. Therefore, they focused on defining the asymmetry levels 

mathematically, by minimizing the RMS values between original and mirrored images 

through superimposition and registration. They found a mean RMS value of 0,80 (± 

0,24 mm) for the subjects who were considered symmetric. These values come almost 

in agreement with our values for the Low RMS group (0,83 ± 0,15mm) (Table 13). 
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Another study by Patel et al. (2015), created two groups of 28 and 27 subjects rated 

with symmetric and asymmetric faces respectively by three orthodontists and 

calculated their RMS values with a similar technique as in our study. They found a 

mean RMS value of 1,52 (± 0,39mm) for the symmetric group and a value of 2,85  

(± 1,54mm) for the asymmetric group. They confirmed the statistically significant 

difference of these two values and attempted the creation of a template for the 

prediction of RMS values for subjects considered symmetric and asymmetric. Both of 

their mean values were considerably higher than our found mean RMS values for Low 

RMS and High RMS patients (0,83 ± 0,15mm and 1,59 ± 0,54mm, respectively) (Table 

13). In 2016, Kornreich et al., used a large sample of 339 adults to define the norms in 

RMS values. Their subjects were not categorized to symmetric and asymmetric faces 

and their mean RMS value was found 0.63 (± 0,16mm), ranging from 0,27 mm to 1,23 

mm, being considerably lower than our mean RMS value (1,21 ± 0,55mm) (Table 4). 

Finally, in another study by Ozsoy (2016), a mean RMS value for 51 healthy subjects 

was found 0,95 (± 0,2mm). In comparison to these studies, we can observe the greater 

RMS values of our study when compared to mean RMS values from the general 

population. This can be explained by the higher level of asymmetries reported in Class 

III patients, who are about to undergo an orthognathic surgical treatment, when 

compared to the general population (Severt and Proffit, 1997; Willems et al, 2001; 

Haraguchi et al, 2002; Yoon et al, 2004; Chew, 2006).  

Our study used the RMS value and a volumetric analysis to quantify facial asymmetry 

(Tables 4,21). However, these techniques of measuring facial asymmetry should be 

clearly divided from the measurement of facial attractiveness and human perception 

of facial asymmetry. The absolute symmetry in the face is an almost theoretical 

concept, with even the most attractive faces to exhibit a degree of asymmetry (Peck et 

al., 1991; Ferrario et al., 1995; Sforza et al., 2010). For example, the location of the 

asymmetry can play an important role on the perception for the whole facial surface. 

Amodeo (2017) reported that deviations on the area of the nose were more “eye-

catching” than deviations in other facial areas. There is a variety of factors able to 

influence the perception of lay people for facial attractiveness (Bashour, 2006) and our 

study only covers an important, but small, part of those. 
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There are also limitations when measuring the soft tissues. Although it is proven that 

stereophotogrammetry is a reliable method for soft tissue analysis, providing a fast, 

detailed and radiation free solution to three-dimensional facial image acquisition (Choi 

et al., 2013; Stauber et al., 2008), it is not capable of providing a base on a technical 

level to acquire accurate morphologic predictions of the reaction of the soft tissues to 

the changes in skeletal relationships. Therefore, it shouldn’t serve as a diagnostic tool, 

but as an addition to all the diagnostic tools available, helping with a more detailed 

visualization of the facial area. 

When it comes to the volumetric and surface analyses, although a high correlation was 

found between RMS values and volume for the total facial surface and all parts of the 

face separately, except the total facial volume in T1, differences in the results from the 

RMS values were found for the rest of the comparisons (Tables 21,24,25,26). There 

was a statistically significant decrease in absolute volumetric values between 

hemifaces in the midface area between T0 and T1 (Table 21) and no correlation 

between angulation changes of the mid-sagittal planes (Table 26). Moreover, a 

significant decrease in absolute volumetric differences between hemifaces was 

observed for the High RMS group (Table 25), showing that the faces that show higher 

initial asymmetry values, have greater improvement in their volumetric differences in 

addition to the already significant improvement in symmetry values through the 

decrease in RMS values. 

The surface analysis was performed as an additional measurement, in order to examine 

another way of measurement and its relation to the volumetric measurements. It was 

found that there is an absolute correlation between surface and volume (Tables 27,28), 

therefore no additional data can be obtained in comparison to the volumetric analysis. 

It is critical to mention at this point, that the volumetric differences between hemifaces 

is not a indicator of asymmetry and the volumetric analysis of the two sides of the face 

isn’t a diagnostic tool for asymmetry. However, asymmetry can be related to bigger 

volumetric differences, without this being an absolute statement. This was found with 

the significant correlations between RMS and volumetric values among many parts of 

the facial surface. 
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8. Conclusion 

 

Taking into consideration the limitations of the present study, the following 

conclusions can be made. Firstly, the value of three-dimensional 

stereophotogrammetry as an accurate, efficient and effective method for investigating 

the changes in the facial soft tissues without any radiation exposure to the patient.  

Moreover, no significant changes were found in the asymmetry levels of the patients 

following the orthognathic surgery procedure, but there was a significant correlation 

between the initial facial symmetry levels and the symmetry improvement after 

surgery. Based on this, through additional analyses, it was concluded that faces who 

show bigger initial asymmetry levels, end up being more symmetric after surgery and 

patient who show bigger initial symmetry levels, end up being more asymmetric after 

surgery. The changes in asymmetry levels in the more symmetric patients were mostly 

observed in the midface region and in the more asymmetric patients mostly on the 

lower third of the face, specifically in the mandibular area. 

Furthermore, it was found that the changes in asymmetry levels can affect the mid-

sagittal plane’s angulation, with these two factors being highly correlated with each 

other.  

Finally, a significant correlation was found between facial symmetry and volumetric 

values of the face for most of our measurements, as well as between volumetric and 

surface values of the face. 
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