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Abstract
The aim of this study was to evaluate the craniofacial anthropometric measurements of Turkish young adults between the ages of 18 and 25. Anterior view and side profile photographs were taken of 100 females and 100 males who volunteered to participate in the study and had no craniofacial anomalies, history of facial trauma, or history of orofacial surgery. Thirteen landmarks on the face and head were chosen, and these landmarks were identified on the photographs. Then, using these landmarks, a total of 19 distance measurements were made, 16 from the anterior view, and three from the side profile. There were statistically significant differences between the sexes in 13 parameters: two parameters (t-n and ft-ft) being higher in females and 11 parameters (v-n, v-t, t-gn, sn-gn, n-gn, st-gn, sl-gn, fz-fz, z-z, tr-tr and go-go) being higher in males. Also, seven facial anthropometric ratios were calculated. There were statistically significant differences between the genders in all ratios. The literature reveals that craniofacial anthropometric measurements have been performed on many different populations and that there are numerous differences between the results of the studies conducted. We are of the opinion that the results obtained in this present study will contribute to the literature by helping to determine the standard values for the Turkish population between the ages of 18 and 25, which can be used in diagnosis, treatment and postoperative evaluation in areas such as forensic science, orthodontics, clinical genetics, maxillofacial surgery, and plastic surgery.
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Introduction
The human face is a manifestation of a person’s unique identity. It can provide clues into many factors, such as disposition, general health, and stress levels. Although biologically, the facial phenotype reflects the characteristics of specific populations, it may also vary depending on environmental factors. A primary focus of facial identification research is the isolation of features that can be considered as factors of individualization.1
The results obtained from medical, aesthetic, and anthropological analyses of the human face are used in diagnosis, treatment, and postoperative evaluation in areas such as forensic science, orthodontics, clinical genetics, maxillofacial surgery, and plastic surgery.2, 3 In addition to these, demands for facial plastic surgery have also increased in recent years. For this reason, many linear and angular measurements of the soft tissue profile and a variety of cephalometric analyses have been developed to determine the ideal proportions.4 The goal of the surgical treatment of craniomaxillofacial malformations is to meet the ideal criteria. Besides, craniofacial anthropometric measurements can be used for aesthetic purposes, such as determining the right haircut, glasses, hat, or jewelry to suit a person’s face.5
It is well-known that different populations differ in terms of facial proportions.6, 7 Currently, orthodontic procedures and maxillofacial surgery are performed on a heterogeneous mix of races and ethnic groups. Therefore, a single canon for facial aesthetics is not appropriate.8 As these treatments become widespread among all races, ethnicities, and populations, standard anthropometric data for all races, ethnicities, and populations is required.9
The aim of this study was to evaluate the craniofacial anthropometric measurements of Turkish young adults between the ages of 18 and 25.
Materials and Methods
[bookmark: _Hlk51351037]Permission was obtained from the Clinical Trials Ethics Committee before the study commenced (Decision date: 2016 and no: 114). Anterior view and side profile photographs were taken of 100 females and 100 males aged between 18 and 25 years old who volunteered to participate in the study and had no craniofacial anomalies, history of facial trauma, or history of orofacial surgery. The individuals were all healthy, young Turkish adults from Gaziantep University. Each individual stood 3 m away from the camera (Nikon D5000 camera, 55 mm lens), and the camera height was adjusted according to the individual’s height. This allowed the photographs to be taken in a natural head position (NHP) with a standardized and reproducible orientation when the subject looked at a distant point at eye level. The photographs of the individuals were drawn together with a ruler to ensure calibration. The photographs of the subjects were measured by a single researcher (Ş.K). The parameters specified on the photograph were measured using ImageJ 1.50b software. Firstly, 13 landmarks on the face and head were chosen, and these landmarks were identified on the photographs (Fig. 1 and Supplemental Table 1). Then, using these landmarks, a total of 19 distance measurements were made, 16 from the anterior view, and three from the side profile (Fig. 2 and Supplemental Table 2). Facial height is measured in two different ways in the literature: physiognomic and morphologic. Physiognomic facial height (t-gn) was examined in three sections: upper (t-gl), middle (gl-sn), and lower (sn-gn). Morphologic facial height (n-gn) was examined in two sections: upper (n-st) and lower (st-gn). In order to conduct a more detailed comparison with the literature, this study examined both facial height values. Also, seven facial anthropometric ratios (t-gl/t-gn, gl-sn/t-gn, sn-gn/t-gn, v-t/t-gn, tr-n/tr-sn, tr-n/tr-gn and tr-sn/tr-gn) were calculated using eight different distances.
Statistical analysis
The data were evaluated statistically. The suitability of the data for normal distribution was tested using the Shapiro–Wilk test. The Student’s t-test was used to compare normally distributed variables in two independent groups. SPSS 22.0 software was used for the analyses. P<0.05 was accepted as statistically significant.
Results
The mean age of the males was 20.22±1.20 years, while the mean age of the females was 19.56±1.42 years. No statistically significant difference was found between age and sex (p=0.160). The average values of the analyzed parameters and their comparisons according to sex are given in Supplemental Table 3. There were statistically significant differences between the sexes in 13 parameters: two parameters (t-n and ft-ft) being higher in females and 11 parameters (v-n, v-t, t-gn, sn-gn, n-gn, st-gn, sl-gn, fz-fz, z-z, tr-tr and go-go) being higher in males. Seven facial anthropometric ratios are shown in Supplemental Table 4. There were statistically significant differences between the genders in all ratios: two ratios (sn-gn/t-gn and v-t/t-gn) being higher in females and 5 parameters (t-gl/t-gn, gl-sn/t-gn, tr-n/tr-sn, tr-n/tr-gn and tr-sn/tr-gn) being higher in males.
Discussion
History of craniofacial anthropometry
The taking of craniofacial anthropometric measurements dates back to ancient times. Some of these same measurements are still used today in clinical anthropometry. Craniofacial anthropometric measurements and ratios were used for the first time by the Greeks.10 Polycleitus (450-420 BC), one of the first to study craniofacial anthropometric ratios, discussed the concept of symmetry.11 Although the measurement of anthropometric values is not mentioned in Aristotle’s work (384-322 BC), he claimed that facial features reflect people’s character.10 Anthropometric measurements were first used in forensic science in 1882 by a French police officer, Alphonse Bertillon (1853-1914), who created a system for identifying criminals according to their anthropometric measurements.1 The reason why studies on facial measurements date back to ancient times is that these measurements are not only related to health, but also to the concepts of aesthetics and beauty.5
Techniques for capturing facial images
There are two different methods commonly used to achieve standardization in craniofacial evaluations. One of these methods, the Frankfort horizontal plane (FHP), was introduced at the German Anthropological Association’s congress in Frankfurt in 1884. Natural head position (NHP), another standardization method, was introduced by craniologists in the 1860s.12 Standardization has been achieved with FHP in many studies using craniofacial anthropometric measurements.13-16 In profile view, FHP is the line that runs from the uppermost point of the opening of the external auditory canal to the lowest point on the infraorbital margin.17 NHP is the standardized and easily repeatable position of the head obtained when the subject looks at a point in the distance at eye level. The simplest way to achieve NHP is to have to subject look at a point in line with their eyes on the opposite wall.18, 19 FHP orients the head using skeletal landmarks and is therefore unnatural and difficult to obtain clinically. In contrast, NHP is essential to the field of facial analysis due to the fact that it can easily be reproduced and, more importantly, is extremely simple to obtain.18, 20 NHP was therefore preferred in the present study.
The clinical significance of facial measurements
Facial beauty arises from the harmony and relationship between the different parts of the face. In many surgical procedures performed in the craniofacial region, the aim is not only to achieve proper functioning but also to improve the appearance of the face. The aesthetic results that are achieved through clinical treatments depend on the anatomical structures of this region. Therefore, soft tissue should be evaluated before the procedures are performed.8 Changes that may occur in the skin, soft tissues, cartilage, and bone during and after treatment should be taken into consideration. The analysis and planning required for facial aesthetics are both a science and an art. In addition to specialists such as plastic surgeons, maxillofacial surgeons, orthodontists, and prosthodontists, non-health professionals, such as artists, jewelry, and eyeglass designers also make use of craniofacial anthropometric measurements.4, 21-23
On the other hand, craniofacial anthropometric measurements have been investigated within the context of several illnesses in the literature. Changes in facial measurements have also been examined in conditions such as Down’s syndrome24, celiac disease19, 25, and Smith-Magenis syndrome26. Furthermore, craniofacial anthropometric measurements can also be used to create databases containing characteristics related to age, sex, and ethnicity, and to determine various distinctive features.27
Measuring the head and face
Studies evaluating craniofacial anthropometric measurements have employed manual anthropometry6, 8, 23, 28-35, two dimensional (2D) photogrammetry2, 13, 14, 36-41, and three-dimensional (3D) analysis15, 42, 43 as their methods. There are also many studies comparing these methods in themselves34, 44, 45. 2D photogrammetry is frequently preferred due to the fact that it requires a more straightforward mechanism, costs less than 3D analysis, does not require direct contact unlike manual anthropometry, is easy to repeat, and reduces the amount of time that the subject is required to sit for the investigator. 2D photogrammetry was therefore preferred in the present study.
There are many studies in the literature that have focused on different populations and ethnic groups, for example African-Americans46-48, Arabs49, Arians49, Aborigines29, Caucasians40, 45, Chinese15, 32, 50, Indian Americans37, Koreans34, 43, Korean Americans36, Latvians33, Malays51, Malaysian Indians52, North American Caucasians31, 53, Persians16, Sistani Aborigines29, Sudanese41, Turkish2, 8, 13, 14, 23, 28, 39, 54, 55, Thais50, Vietnamese50, and Galicians38 (Supplemental Tables 5-10).
Anterior measurements can be divided into two categories: vertical and horizontal measurements.
Vertical measurements
V-n, t-n, v-t, t-gl, t-gn, sn-gn, n-gn, n-st, st-gn, sl-gn and gl-sn values have been evaluated in various studies in the literature (Supplemental Tables 5-7).
In previous studies8, 16, 46, 51, 52, average v-n values have been reported as ranging from 101.2±10.7 to 116.9±9.6 mm in males and 91.4±8.4 to 107.8±10.1 mm in females, similar to this study (Supplemental Table 5).
Although t-n values have been measured in various studies2, 8, 13, 23, 28, 35-37, 41-43, 46-48, 50, 53-57, it was observed that there is no standard value for this distance. While it was seen that in many studies, this value varies between 60 and 75 mm, Borman et al.55 determined it to be about 55 mm, and Salah et al.41 found it to be 91.8±12.8 mm in females. On the other hand, some studies have found that there is no difference between the sexes2, 43 and that males have statistically higher values than females.13, 35, 55 In study of Arslan et al.8, it was determined that females had statistically higher values than males, similar to the results of the present study (Supplemental Table 6).
While the average v-t value was reported by Bozkır et al.23 to be 53.0±6.6 mm in males and 48.9±6.6 mm in females, it has been determined to be between 33.32±11.47 and 43.8±9.5 in males and 26.6±9.5 and 40.5±8.9 mm in females in many studies8, 28, 36, 46-48, which is consistent with the present study (Supplemental Table 5).
Although the average t-gl value has been reported to be between 50 and 65 mm in the majority of the studies in the literature, in view of all the studies, it is seen that this parameter can vary between 45 and 80.72 mm.2, 4, 8, 13, 16, 23, 28, 31, 34, 36-41, 43, 47-49, 54, 57 The probable cause of this is the difference in the racial and/or ethnic populations used in the studies (Supplemental Table 5).
Similarly to this study, in previous studies2, 8, 14, 16, 23, 28, 34-37, 44-48, 51, 52, 54-57, average sn-gn values have been reported as ranging between 61.95 and 79.9 mm in males and 56.7 and 71.5 mm in females (Supplemental Table 6). While some studies have reported no difference between the sexes, other studies2, 28, 35, 51, 52, 54, 55 have found that males have statistically higher values than females, which was corroborated by the present study.
In previous studies2, 6, 8, 15, 16, 29, 31-33, 37, 44-46, 51, 52, 57, average n-gn values have been reported as ranging from 116.4 to 127.4 mm in males and 102.3 to 120.13 mm in females, similar to this study. Furthermore, like this present study, most studies2, 6, 51, 52 have found that males have statistically higher values than females (Supplemental Table 5).
As for n-st values, in previous studies2, 8, 15, 16, 45, 46, 57 this distance has been reported as ranging from 73.5 to 79.2 mm in males, and 68.84 to 76.1 mm in females. The present study’s results were found to be close to the upper limit of the range in the literature (Supplemental Table 5).
Many studies in the literature have examined st-gn values.2, 8, 14, 16, 34, 46 In line with our results, most of these studies reported that the average st-gn value ranges from 28.5 to 32 mm in males and 24.4 to 28.20 mm in females. Karacan et al.57 obtained longer values that are incompatible with these results.
[bookmark: _Hlk45795534]In previous studies2, 34, 57, average sl-gn values have been reported as ranging from 28.5 to 39.00 mm in males and 24.4 to 35.71 mm in females, similar to our results (Supplemental Table 5). Moreover, Özdemir et al.2 stated that males were found to have statistically higher values than females, just like our results.
A good many studies2, 4, 23, 28, 34, 36-41, 44, 45, 47, 48, 54 in the literature have examined gl-sn values. While in most of these studies average gl-sn values were reported as being between 61.9 and 73.46 mm in males, and 58.1 and 77.9 mm in females, similar to this study, Bozkir et al.23 and Milutinovic et al.4 found that their results were lower than those of other studies. The reason for this result may be due to the measurement method used (Supplemental Table 7).
Horizontal measurements
In the literature, ft-ft, fz-fz, z-z, tr-tr, and go-go values have been evaluated in various studies (Supplemental Tables 8 and 9).
[bookmark: _Hlk45800480][bookmark: _Hlk45800525]Many studies have focused on ft-ft values.2, 8, 13, 33, 46, 54, 57 Şirintürk et al.13 found this distance to be 137.1±18 mm in males and 129.7±14.4 mm in females. However, in most studies2, 8, 33, 46, 54, 57, average ft-ft values were reported as ranging from 109.6 to 122.1 mm in males and 102.9 to 114.6 mm in females (Supplemental Table 8).
[bookmark: _Hlk45800793]In contrast, few studies2, 13 have measured fz-fz. In this present study, the average fz-fz values are similar to those of Özdemir et al.2 and Şirintürk et al.13. Both studies2, 13 found statistically higher results in males than in females, just as in our study (Supplemental Table 8).
In the literature, various studies2, 8, 16, 28, 29, 32, 33, 36, 37, 41, 42, 44, 46-48, 50-57 have examined z-z values (Supplemental Table 9). In these, the average z-z values have been reported as ranging from 100.65±7.24 to 142.7±5.9 mm. Although Ngeow and Aljunid51 report that the z-z is longer in females than males, in many studies2, 28, 52, as in our study, males have been found to have statistically higher values than females.
Nagle et al.33, de Menezes et al.42 and Baik et al.43 examined tr-tr. The results of this present study are similar to those of Baik et al. 43, and fractionally longer than the results of the other two studies (Supplemental Table 8).33, 42
Many studies2, 8, 16, 30, 31, 33, 37, 42, 43, 46, 54, 56, 57 have also investigated go-go in the literature. Although, in most studies, average go-go values were seen to vary between 105–125 mm, it was observed that across all studies this could range from 72.3–127.38 mm in males and 84.3–118.46 females (Supplemental Table 9).
Lateral measurements
In the literature, tr-n, tr-sn and tr-gn values have been evaluated numerous times. Weinberg et al.45 and Karaca et al.54 examined tr-n and found results that are in line with this study. Similarly, studies examining tr-sn16, 34, 44, 45, 54 and tr-gn16, 32, 34, 44, 45, 54 also found mostly similar results to this study (Supplemental Table 10).
Facial anthropometric ratios
The facial ratios are important to facilitate the surgeon who requires facial analysis in the diagnosis and treatment planning.58 On the other hand, it is known that these ratios vary in various diseases.19 Moreover, it is known that facial anthropometric ratios differ between genders.59 In this study, it was found that, sn-gn/t-gn and v-t/t-gn were higher in males than females. The t-gl/t-gn, gl-sn/t-gn, tr-n/tr-sn, tr-n/tr-gn and tr-sn/tr-gn were higher in females than males.
Conclusion
The literature reveals that craniofacial anthropometric measurements have been performed on many different populations and that there are numerous differences between the results of the studies conducted. We are of the opinion that the results obtained in this present study will contribute to the literature by helping to determine the standard values for the Turkish population between the ages of 18 and 25, which can be used in diagnosis, treatment and postoperative evaluation in areas such as forensic science, orthodontics, clinical genetics, maxillofacial surgery, and plastic surgery.
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Figure Legends
Figure 1. Reference landmarks of the head and face from anterior view (A) and lateral side (B) photograph
Figure 2. Vertical measurements of anterior view (A), horizontal measurements of anterior view (B) and lateral measurements (C)
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