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ABSTRACT 

 

Introduction: Asymmetry is a common occurrence in the craniofacial bones of humans 

and as Orthodontists, facial esthetics are a major concern in our daily practice1. However 

defining asymmetry often relies on a subjective perception or an index that is established 

using 2-dimensional photos2. To this day, most of the studies provide an arbitrary number 

to define a subject as asymmetric, but to the best of our knowledge, no study has 

analyzed subject's hard and soft tissue to find out where asymmetries originate in 3-

dimensions.  

Objectives: The aims of the study are to 1) establish appropriate, reproducible soft tissue 

landmarks and their bony counterparts in CBCT images 2) evaluate the correlation 

between the skeletal and soft tissue landmarks 3) use the measurements to objectively 

define asymmetry.  

Materials and Methods: Cone Beam Computed Tomography (CBCT) images of 60 

human subjects seeking or undergoing orthodontic treatment (mean age=19.8 ± 11.6) 
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were selected from a CBCT repository. The DICOM files were imported into 

InVivoDental5.3 software (AnatomageTM; San Jose, Calif.) for screening. Hard and soft 

tissue masks were created on all scanned images. Two groups were created using a 

symmetry index adapted from the method prescribed by Grammer and Thornhill2: 

symmetric (n=48, mean age 19.68) and asymmetric (n=12, mean age=19.92). 10 hard and 

soft tissue landmarks were identified on each scan in reference to established mid-

sagittal, nasion-horizontal, and coronal planes. Linear measurements to the reference 

planes were recorded giving all landmarks an x-, y-, and z- coordinate. Differences in 

means and standard deviations of the symmetric and asymmetric groups were done using 

student t-tests or Wilcoxon rank sum test with a 5% significance level.  Spearman 

correlations tests were done between hard and soft tissue landmarks in the symmetric and 

asymmetric groups respectively. 

Results: The differences in the mean linear distances between the symmetric and the 

asymmetric groups in 14 hard and soft tissue points to their respective planes were found 

to be statistically significant: These points included Pog, Pog', Gn, Gn', GoRL, GoRL'. 

Spearman correlation test showed that the r-values for 15 hard and soft tissue pairs were 

statistically significant.  

Conclusion: Statistical significant differences exist in the linear measurements between 

hard and soft tissue points when comparing symmetric and asymmetric subjects. When 

we begin to compare the three planes, we see that significant bony asymmetries exist that 

are not visible to the human eye in 2-dimensions. Therefore, to define asymmetry a 3-

dimensional analysis is needed to view where hard and soft tissue asymmetries originate. 
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REVIEW OF THE LITERATURE 

 

There has been long history of research to quantify the relationship between the 

skeletal structure of the skull and the overlying soft tissue of the face3. Although one’s 

face changes with time, the ability to recognize a familiar face does not alter drastically4. 

This ability depends a great deal on the soft tissue that presents itself, but the most 

important factor of human facial structure is the underlying skeleton5. However, there is a 

clear correlation between the relief of the skull and the surface of the soft tissue, and this 

can be illustrated in the asymmetry of the face6–8. 

Asymmetry is a common occurrence in the craniofacial bones of humans and as 

Orthodontists, facial esthetics are a major concern in our daily practice.  Shah and Joshi 

refer to esthetics with regard to symmetry and balance which overall gives us facial 

equilibrium defined as a "correspondence in size, form and arrangement of facial 

landmarks on opposite sides of the median sagittal plane". That is, the right and left sides 

of the face should have the same structures while also being mirror images of each other9.  

Although one would expect symmetry to be coincident with esthetics, literature 

has demonstrated that a certain degree of asymmetry will actually characterize an 

esthetically pleasing face as oppose to harming it3. While an esthetic face may seem 

"balanced" and symmetrical, many faces will actually show underlying skeletal 

asymmetry that is simply masked to a layperson’s eye by the presence of soft tissue10. A 

study by Peck and Kataja looked at 52 male and female white adult subjects with esthetic 

faces, as determined by being beauty contest winners, professional models or stars. They 
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found that each one displayed asymmetry in one or more of the bilateral measurements 

made on posterior-anterior cephalograms (PA cephs)11. 

A similar study done by Shah and Joshi examined 43 subjects with a "harmonious 

and symmetrical face" and "normal occlusion" by means of PA cephs9. They also 

demonstrated statistically significant differences between the right and left sides of the 

face, much like the cephalometric studies of Harvold, Shore, Mulick, Letzer and 

Kronman and Vig and Hewitt5–8. Moreover, they demonstrated that the overall right 

facial structure was larger than the left, consistent with findings from a study of Woo, in 

which it was hypothesized that this may be due to the presence of a larger right 

hemisphere of the brain causing an asymmetry in the cranial bones12. Bjork also stated 

that in normal crania, there is a tendency for the bones on the right side to be larger than 

those on the left13. On the contrary, some studies have found structures on the left side to 

be larger than those on the right while others have failed to detect any sidedness4,8. 

However, despite the existence of underlying skeletal asymmetry, studies by Fisher, Shah 

and Joshi found no influence or interference in establishing ideal occlusion2,9. There 

seems to be a general consensus among researchers that varying amounts of asymmetry 

in craniofacial structures are a common finding, with unpredictable clinical impact.  

Therefore, it is accepted that most faces in actuality are asymmetrical and this 

holds true among different cultures and nationalities.  In fact, asymmetry is visible in 

fetuses as early as fourteen days in utero3. However, humans are often unaware of the 

asymmetry, and facial expression and head position can make asymmetries less 

conspicuous. Severt and Proffit found that the frequencies of a clinically apparent 

asymmetry in the human population were 5% in the upper face, 36% in the middle face, 
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and 74% in the lower face respectively14. Morever, Bishara suggested that right and left 

differences would occur wherever there are two congruent, mirror image types. He claims 

that perfect bilateral symmetry is largely a theoretic concept and not actually found in 

nature15. If this is true, both hard and soft tissue should demonstrate some degree of 

asymmetry, even in a face that appears symmetric. However, Peck and Peck, who 

evaluated bilateral facial symmetry in white adults selected based on facial esthetics, 

concluded in their study that there is more stability and less asymmetry approaching the 

cranium and its components16. Another study looking at craniofacial asymmetry was 

performed using submental-vertical (SMV) radiographs from 44 adult dental students. 

Paired and unpaired landmarks of the facial regions were related to a reference coordinate 

system. It was concluded that some degree of asymmetry was found in all landmarks17. 

Many of these were the original studies that began the investigation into craniofacial 

skeletal and soft tissue asymmetry using the tools that were available to them at the time. 

A common theme, and limitation, among these studies is the use of two-dimensional 

imaging to represent a three-dimensional structure.  

More recently, a 3-D computed tomography (CT) evaluation using linear and 

angular measurements in patients with and without facial asymmetries have reported 

several interesting findings. One study, which evaluated facial asymmetry in patients 

with juvenile idiopathic arthritis, found that glabella had the lowest deviation from the 

midsagittal reference place and soft tissue deviations were found to decrease closer to the 

neurocranium18.  There are numerous methods and techniques that can be used to 

evaluate craniofacial asymmetry, with different advantages and disadvantages. These can 

include direct measurement on dry skulls, which is the oldest method, lateral and 
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posterior-anterior cephalogram analyses, panoramic radiographs, anthropometrics, 

stereophotogrammetry, or facial photography in combination with any of the 

aforementioned1, 19. In the past, it was suggested that a combination of posterior-anterior, 

lateral and submentovertex views could provide a 3D image for evaluation. With the 

advent of three-dimensional technology, and its application in many aspects of dentistry, 

this is no longer necessary20,21,22.  Both computed tomography and more recently cone 

beam computed tomography (CBCT) are becoming more widely used for craniofacial 

and dental applications. With regard to structural analysis, identifying bilateral anatomic 

landmarks related to a reference centerline, has been found to be a suitable method for 

quantifying skull asymmetry23. 

While conventional imaging techniques can be excellent diagnostic tools and have 

traditionally been used in craniofacial studies, they are limited by their two-dimensional 

nature, head positioning error, magnification and lack of overall image accuracy due to 

overlap and superimposition of structures19,24. Fewer studies have been done using three-

dimensional imaging, in particular cone-beam computed tomography that will be used in 

this study. With the advent of this imaging modality, Orthodontists are more frequently 

using CBCT for diagnosis, treatment planning and case follow-up. Its many advantages 

include, but are not limited to, higher quality, greater accuracy and less radiation than 

conventional 3D imaging with spiral CT25-30. Without CBCT images of patients, it is 

impossible to objectively index patients according to their hard and soft tissue 

asymmetries in 3-dimensions. Grammer and Thornhill provided a symmetry index which 

used photographs of patients in 2-dimensions2.  Although their mathematical method 
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provides a way to view asymmetries in an objective manner, it only considers the mid-

sagittal plane as well as only evaluating soft tissue asymmetries.   

Previous studies have considered hard and soft tissue asymmetries using CBCT, 

but most have focused on either skeletal or soft tissue landmarks4-7. These studies have 

provided us with some knowledge regarding facial asymmetry in three dimensions, but 

none have previously attempted to objectively quantify where asymmetries originate in 

three dimensions. Further, this study also will try to explain at what rate does the soft 

tissue follow the hard tissue asymmetries. Many reports have concluded that underlying 

craniofacial skeletal asymmetry exists, is normal and in majority of cases is masked by 

soft tissue and or other compensations, thus remaining undetected due to how minor it is. 

These studies, however, have largely been completed using a two-dimensional 

reconstruction of a three-dimensional structure.  

This investigation will evaluate three-dimensional CBCT images from patients 

who are divided into two groups. Those patients who are symmetric and then those who 

display a soft tissue asymmetry to consider measurements using anatomical hard and soft 

landmarks in all three planes of space. An analysis of the location of these landmarks to 

reference planes will provide valuable baseline measurements to evaluate hard and soft 

tissue asymmetries and to evaluate where the asymmetry initiates. Furthermore, 

correlation tests will provide information on how hard and soft tissue points relate to one 

another in a 3-dimensionsal analysis. 
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HYPOTHESIS AND OBJECTIVES 

 

The objectives of this study are to use three-dimensional CBCT images to 

establish appropriate and reproducible hard and soft tissue landmarks, to compare the 

linear measurements of the landmarks in symmetric and asymmetric subjects, and to 

evaluate the correlations between the hard and soft tissue landmarks. After collecting the 

data, we can use the measurements to begin to objectively define asymmetries. Also, by 

determining the measurement correlations between hard and soft tissue landmarks, we 

can discover how the soft tissue follows the hard tissue in symmetric and asymmetric 

subjects respectively. This will provide a set of data that can be used as reference for 

future studies. 

The null hypothesis is that given a random sample of the population, there is no 

statistical significant difference in the location/linear distance between landmark pair 

positions in the left and right sides of facial skeleton and the soft tissue across 3-

dimensional reference planes in symmetric and asymmetric patients. The alternative 

hypothesis is that in a random sample, statistically significant differences exist between 

hard and soft tissue point pair positions to 3-dimensional reference planes in symmetric 

and asymmetric patients. 
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METHODOLOGY 

 

Our restrospective cross sectional study was approved by the Institutional Review 

Board (IRB) of Boston University Medical Campus (Protocol Number: H-35814). This 

study was conducted using previously approved CBCT repository (H-32515) that included 

images of human subject seeking or undergoing orthodontic treatment.  

To determine the required sample size, a pilot study was conducted using twenty 

CBCT images (i-CAT, Imaging Sciences International, Hatfield, PA, USA) according to a 

standard protocol (120 kV, 5 mA, FOV 17x23 cm, voxel size 0.3mm, exposure time 7s). 

Based on 80% power, 0.05 alpha error and a mean difference of 89.22 mm3 (SD=8.3 mm3) 

between Pog-MS, the estimated sample needed was 60 images.  The sixty subjects 

comprised of 22 males and 38 females, and the age range of the selected patients was from 

15.6 to 60 years of age with a mean age of 19.8 ± 11.6.  

In our cross-sectional study the patients were selected as they presented, in no 

particular pre-determined order. The 60 subjects analyzed for this study were selected 

irrespective of gender, age, ethnicity, and dental malocclusion. The patients whose 

images were used did not have any systemic disease, syndrome or craniofacial anomaly.  

 Two groups were formed according to the purposes of this study: 

 A. The "symmetric group" consists of 48 subjects (mean age=19.68) 

 B. The "asymmetric group" consists of 12 subjects (mean age=19.92) 

The 60 CBCTs to be used in the study were indexed using an adaptation of the 

method described by Grammer and Thornhill2.  Screenshots taken of the soft tissue drape 

of all subjects were used. The method used 12 measuring points; points used included 
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outer eye corners (P1 and P2) and inner eye corners (P3 and P4). The points measuring 

the cheekbones (P5 and P6) were defined as the most left and most right pixel of the face 

on a horizontal line beneath the eyes. A comparable definition was made for the points 

measuring the nose: P7 and P8 describe the most right and most left point of the nose in 

the lower nose region. Jaw width (P9 and P10) was measured as face width at the y-

coordinate of the mouth corners (P11 and P12).  

Facial asymmetry was calculated as the sum of all differences between the 

midpoints of six horizontal lines connecting the following pairs of points: P1–P2, P3–P4, 

P5–P6, P7–P8, P9–P10, P11–P12. The midpoints of each line were calculated using the 

formula (left point-right point)/2 + right point. On a perfectly symmetrical face all 

midpoints lie on the same vertical line and the sum of non-redundant midpoint 

differences is zero. 10% of the subjects were two times two weeks apart by the same 

investigator. The point locations had very high reliability: The correlation between the 

facial symmetries calculated from the points of was .80 (p < .0001). 

All 60 CBCT DICOM files were imported into InVivoDental5.3 software 

(AnatomageTM; San Jose, Calif) for imaging and screening purposes as described above. 

The software divides the screen into four views: axial, coronal, sagittal, and 3-D view. 

Orientation is depicted in Figure 1. All of the images were processed by the same 

operator. After installing each DICOM file, initial orientation was verified. Using the 

previously oriented scan and the 3D-analysis function in InVivoDental5.3 software, 

initial orientation was identified. A mask was created on the scan to establish the 3-D 

bony skeleton. A reconstructed soft tissue mask was then created. The soft tissue 3-D or 
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skeletal 3-D model can be hidden or presented. This established hard and soft tissue 

reconstructions in three views (coronal, axial, sagittal).  

To establish a standardized orientation, three-dimensional reference planes were 

set for each scan. Before the construction of the planes, the Frankfurt Horizontal plane 

was defined as passing through Left and Right Porion and Right Orbitale. Each axis was 

established as follows: Mid-Sagittal Plane (x), Nasion Horizontal Plane (y) and Coronal 

Plane (z). Skeletal auxiliary planes were also established in order to accurately plot the 

soft tissue points.  Tables 1 and 2 describe the skeletal reference and auxiliary planes and 

Figure 2 and 3 depict the planes. 

 

 

 

Figure 1. CBCT scan orientation in axial, sagittal, and coronal sections. 
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Table 1. The skeletal reference planes. 

Mid-Sagittal Plane (MS, x-coordinate) Passing through Basion and Nasion and being 

perpendicular to Nasion Horizontal Plane 

 

Nasion Horizontal Plane (NH, y-

coordinate) 

Passing through Nasion parallel to Frankfort 

Horizontal-need to define 

Coronal Plane (Cor, z-coordinate) Passing through Basion and being 

perpendicular to the Nasion Horizontal Plane 

and Mid-Sagittal Plane 

 

 

Figure 2. Skeletal reference planes. 
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Table 2. Auxiliary Planes. 

Orbitale Horizontal Plane (OrH) (R/L) Passing through Or (R/L) and parallel to FH 

Orbitale Sagittal Plane (OrS) (R/L) Passing through Or (R/L) and parallel to MS 

Inferior-Maxillo-Zygomatic-Suture 

Horizontal Plane (MZSH (R/L) 

Passing through MZS (R/L) and parallel to 

FH 

Inferior-Maxillo-Zygomatic-Suture 

Sagittal Plane (MZSS) (R/L) 

Passing through MZS (R/L) and parallel to 

MS 

Gonion Horizontal Plane (GoH) (R/L) Passing through Go (R/L) and parallel to FH 

Gonion Coronal Plane (GoCor) (R/L) Passing through Go (R/L) and parallel to Cor 

 

 

 

Figure 3. Skeletal auxiliary planes. 
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Based on a predefined cephalometrical analysis already described in the literature 

(Farkas 1994, Swennen et al 2005). 10 hard tissue soft tissue anatomic landmark points 

were used for analysis in this study. These are summarized and defined in Table 3 and 

Table 4. Landmarks were identified on each scan and individually verified in each plane 

to ensure accuracy of their three-dimensional location.  

 

 

Table 3. Description of skeletal landmarks (bilateral landmarks are noted with R/L). 

Landmark  Abbreviation Description  

A point  A The deepest midline concavity on the maxilla 

between the anterior nasal spine and prosthion 

B point  B The deepest midline concavity on the mandibular 

symphysis between infradentale and pogonion 

Pogonion Pog The most anterior point of the bony chin in the 

median plane 

Gonion Go (R/L) The constructed point on the curvature of the 

mandibular angle by bisecting the angle formed by 

the ramus plane and the mandibular plane  

Gnathion Gn The most anteroinferior point on the symphysis of 

the chin 

Orbitale Or (R/L) The lowest point in the inferior margin of the orbit 

Inferior Maxillo-

Zygomatic 

Suture 

MZS (R/L) The most inferior point of maxilla zygomatic 

suture 
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Table 4. Description of Soft Tissue Landmarks. 

Landmark  Abbreviation Description  

Soft tissue A point  A’ The most concave portion of the upper 

lip in the centerline 

Soft tissue B point  B’ The most concave portion of the soft 

tissue chin outline in the centerline 

Soft tissue Pogonion Pog’ The most anterior midpoint of the chin 

Gonion soft tissue Go’ (R/L) The intersection of GoH and GoCor 

planes with the overlying cutaneous 

surface 

Soft tissue Gnathion Gn’ The most inferior midpoint on the soft 

tissue contour of the chin 

Soft tissue Orbitale Or’ (R/L) The intersection of OrH and OrS planes 

with the overlying cutaneous surface 

Soft tissue Inferior Maxillo 

Zygomatic Suture 

MZS’ (R/L) The intersection of MZSH and MZSS 

planes with the overlying cutaneous 

surface 

 

 

InVivoDental5.3 software assigned each anatomic landmark a 3D coordinate, 

representing its location in all three planes of space. For example, A point could be 

represented as A(x,y,z). The total number of points used in this study was 20 and the 

number of measurements 120.  
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Statistical Method 

Statistical calculations were performed with SAS 9.4 software (SAS Institute Inc., 

Cary, NC).  Standard descriptive statistical calculations were done to calculate the mean 

and standard deviation of each landmark to its respective reference plane in both study 

groups. Also, Shapiro Wilk and Kolmogrov-Smirnov tests were done to determine the 

normal distribution of the data. If the variable was normally distributed a student t-test 

was performed; otherwise a Wilcoxon rank sum test was done with a 5% significance 

level. These tests were done to determine the differences of means and p-values of hard 

and soft tissue variables in each plane. Spearman correlations test were performed 

between hard and soft tissue landmarks in the symmetric and asymmetric groups 

respectively.  
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RESULTS 

 

Descriptive statistics of the sample population were performed with the results 

summarized below in Table 5.  

 

 

Table 5. Descriptive statistics of the sample population. 

Parameter Symmetry Group Asymmetry Group 

Gender (M/F) (16/32) (3/9) 
 

Mean/SD/Range Mean/SD/Range 

Age 19.68/9.8/15.6-60 19.92/11.2/15.6-60 

 

 

Method of error was found to be within a 95% confidence interval for all the 

values measured. Intraclass Correlation Coefficient was found to be close to 0.9-1. All 

the measurements were found to be reliable. Reliability test results are found in Table 6. 
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Table 6. Reliability Test (continues on next page). 

Intraclass Correlation  

Coefficient  

95% Confidence Interval  

Lower Bound  Upper Bound  

A'-Cor  0.999  0.977  1.000  

A'-NH  0.997  0.865  1.000  

A'-MS  0.997  0.874  1.000  

A-Cor  0.999  0.962  1.000  

A-NH  1.000  0.994  1.000  

A-MS  0.989  0.574  1.000  

B'-Cor  0.998  0.928  1.000  

B'-NH  1.000  0.997  1.000  

B'-MS  0.997  0.888  1.000  

B-Cor  0.998  0.910  1.000  

B-NH  0.999  0.968  1.000  

B-MS  0.934  0.559  0.998  

Gn'-Cor  0.938  0.616  0.998  

Gn'-NH  1.000  0.999  1.000  

Gn'-MS  1.000  0.997  1.000  

Gn-Cor  0.988  0.542  1.000  

Gn-NH  0.997  0.881  1.000  

Gn-MS  1.000  1.000  1.000  

Go L-Cor  1.000  0.987  1.000  

Go L-NH  0.999  0.946  1.000  

Go L-MS  0.999  0.978  1.000  

Go R-Cor  0.998  0.903  1.000  

Go R-NH  0.997  0.877  1.000  

Go R-MS  1.000  1.000  1.000  

Go' L-Cor  1.000  0.998  1.000  
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Table 6. Reliability Test (continues on next page). 

Intraclass Correlation  

Coefficient  

95% Confidence Interval  

Lower Bound  Upper Bound  

Go' L-NH  0.998  0.940  1.000  

Go' L-MS  1.000  0.991  1.000  

Go' R-Cor  0.996  0.829  1.000  

Go' R-NH  0.999  0.978  1.000  

Go' R-MS  0.999  0.975  1.000  

MZS L-Cor  0.997  0.901  1.000  

MZS L-NH  0.999  0.964  1.000  

MZS L-MS  0.999  0.976  1.000  

MZS R-Cor  0.999  0.961  1.000  

MZS R-NH  0.998  0.928  1.000  

MZS R-MS  1.000  0.998  1.000  

MZS' L-Cor  0.964  0.617  0.999  

MZS' L-NH  1.000  0.984  1.000  

MZS' L-MS  0.998  0.926  1.000  

MZS' R-Cor  0.999  0.947  1.000  

MZS' R-NH  0.998  0.905  1.000  

MZS' R-MS  0.998  0.935  1.000  

Or L-Cor  1.000  0.985  1.000  

Or L-NH  0.950  0.937  0.999  

Or L-MS  0.996  0.847  1.000  

Or R-Cor  0.999  0.942  1.000  

Or R-NH  1.000  0.996  1.000  

Or R-MS  1.000  0.994  1.000  

Or' L-Cor  0.999  0.966  1.000  

Or' L-NH  0.997  0.884  1.000  

Or' L-MS  0.994  0.761  1.000  
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Table 6. Reliability Test (continued from previous page). 

Intraclass Correlation  

Coefficient  

95% Confidence Interval  

Lower Bound  Upper Bound  

Or' R-Cor  0.999  0.959  1.000  

Or' R-NH  0.998  0.941  1.000  

Or' R-MS  0.877  0.796  0.997  

Pog'-Cor  1.000  0.998  1.000  

Pog'-NH  0.975  0.733  0.999  

Pog'-MS  1.000  0.997  1.000  

Pog-Cor  0.999  0.948  1.000  

Pog-NH  0.995  0.808  1.000  

Pog-MS  0.877  0.796  0.997  

 

 

After determining whether the variable showed normal distribution, a student t-

tests or Wilcoxon rank sum test was performed with a 5% significance level or a p value 

of 0.05. Tables 7, 8, 9 show the results of these statistical tests.  

  



19 

Table 7. Comparison of the Differences in Means of Hard and Soft Tissue Variables in 

the Mid-Sagittal Plane (* notates statistically significant).  

Variable Symmetric Asymmetric   

Mean SD Mean SD P value Mean 

Difference 

(SD) 

A-MS 45.81 5.93 44.94 4.26 0.42 .87 (5.64) 

B -MS 55.01 9.25 58.62 9.23 0.19 3.61 (9.24) 

Gn-MS 58.78 4.34 57.36 3.39 0.3 1.42 (4.18) 

GoR-MS 90.79 7.63 86.48 6.49 0.08 4.27 (7.43) 

GoL-MS 90.62 7.51 89.72 4.79 0.66 .90 (7.07) 

OrR-MS 81.4 5.85 79.48 5.69 0.19 1.93 (5.81) 

OrL-MS 81.15 5.69 79.32 4.1 0.54 1.84 (5.42) 

MZsR-MS 68.9 5.59 68.84 8.67 0.62 .06 (6.29) 

MZsL-MS 68.91 5.51 66.39 6.56 0.29 2.52 (5.73) 

Pog-MS 89.02 8.17 101.42 4.15 <.0001* 12.40 (7.57) 

A'-MS 45.65 6.07 44.92 5.59 0.42 .73 (5.98) 

B'-MS 54.59 8.25 64.25 5.54 0.31 9.67 (7.81) 

Gn'-MS 58.83 4.32 57.17 4.02 <.0001* 1.66 (4.26) 

GoR'-MS 90.77 7.73 68.05 5.61 <.0001* 22.71 (7.37) 

GoL'-MS 90.96 7.78 67.31 5.51 <.0001* 23.65 (7.40) 

OrR'-MS 81.34 5.81 80.01 3.78 0.72 1.33 (5.48) 

OrL'-MS 81.41 6.02 79.31 3.57 0.44 2.11 (5.64) 

MZsR'-MS 68.84 5.71 72.52 5.84 0.06 3.68 (5.73) 

MZsL'-MS 68.87 5.69 69.92 7.71 0.84 1.04 (6.12) 

Pog'-MS 92.36 6.83 88.1 3.99 0.008* 4.26 (6.39) 
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Table 8. Comparison of the Differences in Means of Hard and Soft Tissue Variables in 

the Nasion-Horizontal Plane (* notates statistically significant). 

Variable 

Symmetric Asymmetric   

Mean SD Mean SD P value 

Mean 

Difference (SD) 

A-NH 81.77 5.41 86.51 5.68 0.12 4.74 (5.46) 

B-NH 53.64 7.82 52.58 6.15 0.62 1.06 (7.53) 

Gn-NH 74.03 6.04 83.24 9.03 0.005* 9.21 (6.71) 

GoR-NH 78.62 10.2 86.99 4.38 <.0001* 8.36 (9.38) 

GoL-NH 78.66 10.08 86.53 3.89 0.004* 7.87 (9.22) 

OrR-NH 82.08 8.41 83.85 8.42 0.32 1.77 (8.41) 

OrL-NH 82.27 8.48 83.91 8.11 0.54 1.64 (8.41) 

MZsR-NH 54.62 7.87 56.47 9.19 0.49 1.85 (8.13) 

MZsL-NH 54.72 7.85 58.63 8.68 0.18 3.91 (8.01) 

Pog-NH 87.54 7.22 77.25 8.32 0.0013 10.29 (7.44) 

A'-NH 80.92 4.81 78.22 6.35 0.08 2.74 (5.14) 

B'-NH 51.19 7.93 56.16 4 0.06 4.97 (7.34) 

Gn'-NH 74.61 6.69 65.52 4.82 <.0001* 9.09 (6.381) 

GoR'-NH 82.28 6.69 83.83 8.55 0.73 1.55(7.09) 

GoL'-NH 82.49 6.77 84.44 8.85 0.61 1.94 (7.21) 

OrR'-NH 86.44 9.56 91.62 5.55 0.1 5.19 (8.94) 

OrL'-NH 86.59 9.74 92.24 4.71 0.06 5.64 (9) 

MZSR'-NH 58.25 6.79 54.18 8.44 0.09 1.48 (7.08) 

MZsL'-NH 58.1 6.9 56.61 7.84 0.54 1.03 (6.26) 

Pog'-NH 90.6 5.81 95.75 7.93 .13 5.15 (6.2) 
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Table 9. Comparison of the Differences in Means of Hard and Soft Tissue Variables in 

the Coronal Plane (* notates statistically significant). 

Variable 

Symmetric Asymmetric   

Mean SD Mean SD P value 

Mean 

Difference 

(SD) 

A-Cor 53.82 6.43 56.97 5.14 0.08 3.14 (6.21) 

B-Cor 52.71 8.97 58.08 7.04 0.06 5.37 (8.63) 

Gn-Cor 89.77 7.59 86.9 6.55 0.28 2.87 (7.4) 

GoR-Cor 73.9 8.22 68.85 7.32 0.05 5.05 (8.06) 

GoL-Cor 74.1 8.13 69.67 7.03 0.07 4.43 (7.93) 

OrR-Cor 88.51 7.02 85.91 5.36 0.39 2.6 (6.73) 

OrL-Cor 88.9 7.04 85.85 5.15 0.21 3.05 (6.73) 

MZsR-Cor 53.22 9.34 54.505 7.2 0.61 1.28(8.97) 

MZsL-Cor 53.59 9.51 54.77 6.88 0.63 1.18(9.07) 

Pog-Cor 81.47 9 54.7 13.34 <.0001* 26.77 (9.97) 

A'-Cor 55.66 9.19 61.44 4.61 0.07 5.78 (8.52) 

B'-Cor 89.32 7.38 85.24 6.2 0.09 4.08 (7.17) 

Gn'-Cor 76.14 10.54 80.57 3.52 0.03* 4.42(9.61) 

GoR'-Cor 75.43 13.33 97.95 9.34 <.0001* 22.51 (12.67) 

GoL'-Cor 75.48 13.26 100.46 4.89 <.0001* 24.98 (12.12) 

OrR'-Cor 59.82 9.39 62.64 15.27 0.24 2.82 (10.75) 

OrL'-Cor 59.83 9.43 63.46 16.47 0.21 3.62 (11.11) 

MZSR'-Cor 49.67 8.64 56.79 5.8 0.08 7.13(8.18) 

MZsL'-Cor 49.85 8.55 56.81 5.47 0.07 6.95(8.05) 

Pog'-Cor 89.84 7.28 105.1 5.68 <.0001* 15.27(7) 
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Spearman correlation coefficients for the hard and soft tissue respective 

measurements are found in Table 10.  

 

 

Table 10. R-values for Hard and Soft Tissue Pairs in Symmetric and Asymmetric groups 

respectively (* notes statistically significant) (continues on next page). 

Variable Symmetric Asymmetric 

Hard Tissue Soft Tissue Rs-value P-value Rs-value P-value 

A-MS A'-MS 0.96 <.0001* -0.147 0.65 

B -MS B'-MS 0.99 <.0001* -0.27 0.4 

Gn-MS Gn'-MS 0.98 <.0001* 0.07 0.82 

GoR-MS GoR'-MS 0.97 <.0001* -0.07 0.82 

GoL-MS GoL'-MS 0.95 <.0001* -0.21 0.52 

OrR-MS OrR'-MS 0.95 <.0001* 0.01 0.96 

OrL-MS OrL'-MS 0.92 <.0001* 0.17 0.6 

MZsR-MS MZsR'-MS 0.98 <.0001* -0.21 0.52 

MZsL-MS MZsL'-MS 0.98 <.0001* 0.26 0.4 

Pog-MS Pog'-MS -0.22 0.13 0.19 0.56 

A-NH A'-NH 0.1 0.49 0.8 0.002* 

B-NH B'-NH 0.42 0.77 -0.46 0.13 

Gn-NH Gn'-NH 0.76 0.04* -0.23 0.48 

GoR-NH GoR'-NH 0.323 0.03* -0.19 0.54 

GoL-NH GoL'-NH 0.33 0.02* -0.09 0.78 

OrR-NH OrR'-NH 0.25 0.07 -0.36 0.24 

OrL-NH OrL'-NH 0.27 0.06 -0.09 0.77 

MZsR-NH MZSR'-NH 0.11 0.45 0.31 0.31 

MZsL-NH MZsL'-NH 0.17 0.25 0.122 0.7 

Pog-NH Pog'-NH 0.064 0.67 -0.36 0.244 
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Table 10. R-values for Hard and Soft Tissue Pairs in Symmetric and Asymmetric groups 

respectively (* notes statistically significant) (continued from previous page). 

Variable Symmetric Asymmetric 

Hard Tissue Soft Tissue Rs-value P-value Rs-value P-value 

A-Cor A'-Cor 0.38 0.12 0.52 0.08 

B-Cor B'-Cor 0.12 0.48 0.29 0.35 

Gn-Cor Gn'-Cor 0.18 0.2 -0.196 0.54 

GoR-Cor GoR'-Cor -0.42 0.003* -0.53 0.08 

GoL-Cor GoL'-Cor -0.4 0.004* -0.37 0.24 

OrR-Cor OrR'-Cor 0.08 0.58 0.56 0.06 

OrL-Cor OrL'-Cor 0.16 0.26 0.32 0.31 

MZsR-Cor MZSR'-Cor 0.05 0.74 -0.15 0.64 

MZsL-Cor MZsL'-Cor 0.03 0.84 -0.13 0.68 

Pog-Cor Pog'-Cor -0.15 0.3 -0.18 0.57 

 

 

To better visualize the comparisons of the symmetric and asymmetric 

measurements, graphical overlays were done depicting the measurement comparisons of 

each skeletal point in the MS plane. Figures 4-13 represent the graphical distribution of 

the linear measurements to the mid-sagittal reference between the symmetric and 

asymmetric group. The x-axis represents the measurements and the y-axis is the 

percentage of each subject. Blue represents the symmetrical group and red represents the 

asymmetrical group.  
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Figure 4. A-MS measurements in the symmetric and asymmetric group.
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Figure 5. B-MS measurements in the symmetric and asymmetric group.  
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Figure 6. Gn-MS measurements in the symmetric and asymmetric group.  
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Figure 7. GoR-MS measurements in the symmetric and asymmetric group. 
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Figure 8. GoL-MS measurements in the symmetric and asymmetric group. 
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Figure 9. OrR-MS measurements in the symmetric and asymmetric group. 



30 

Figure 10. OrL-MS measurements in the symmetric and asymmetric group. 
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Figure 11. MZSR-MS measurements in the symmetric and asymmetric group. 
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Figure 12. MZSL-MS measurements in the symmetric and asymmetric group. 
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Figure 13. Pog-MS measurements in the symmetric and asymmetric group. 
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DISCUSSION 

 

The purpose of this study was to investigate correlations between hard and soft 

tissue images in order to begin to define asymmetry. Three-dimensional images of two 

groups, symmetric patients and asymmetric patients, were used to locate bilateral and 

medial anatomic hard tissue and soft tissue landmarks. Linear measurements were 

recorded in reference to three predetermined reference planes. Our goal was to determine 

the measurement correlations between hard and soft tissue landmarks to discover where 

asymmetries originate. Considering the results of this study, statistical significant 

differences exist in linear measurements between hard and soft tissue points when 

comparing symmetric and asymmetric subjects. The points that were statistically 

significant in the three reference planes were Pogonion, Gnathion, and Gonion. Also, 

statistically significant results show that the correlation between the hard and soft tissue 

landmarks in symmetric patients is high, particularly in the Mid-Sagittal plane.  

A total of 10 hard tissue soft tissue anatomically paired landmarks were chosen 

for this study. They were chosen for several reasons: based on their distribution 

throughout skull and face, the assured presence, and their clear visibility on the CBCT 

scans. Our null hypothesis was there is no statistical significant difference in the 

location/linear distance between landmark pair positions in the left and right sides of 

facial skeleton and the soft tissue when measured to 3-dimensional reference planes in 

symmetric and asymmetric patients. To determine statistical significance, the means of 

each landmark pair were subjected to either student t-test or Wilcoxon rank sum test 

(based on the normality of the data) with a 5% significance or p-value of 0.05. In general, 
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most landmarks did not show statistical significant differences between symmetric and 

asymmetric subjects among the three planes, as determined by a p-value of greater than 

0.05, and thus we accept our null hypothesis.   

We did, however, find statistically significant differences in the mean linear 

measurements between symmetric and asymmetric subjects in three specific landmarks 

respective to their 3-D reference planes. These landmarks are Pogonion, Gnathion, and 

Gonion. What is interesting is that the statistical significant measurements amongst the 

three landmarks are not consistent in all three-reference planes. This is evident when 

looking at the mean measurement differences in hard and soft tissue Pog, which is 

significant in the MS and Cor plane, but not in the NH plane. Also, there are 

inconsistencies between the significance in hard and soft tissue landmarks when 

comparing the three reference planes. For example, Gn’ was statistically significant in 

both the MS and NH plane, but not in the Cor plane. Furthermore, hard tissue points Gn, 

GoR and GoL were found significant in the NH plane but not in the other two planes.  

A couple of reasons can explain these findings. The first is that asymmetries are 

truly 3-dimensional and must be defined using 3-dimensional imagery. Significant 

statistical differences between the symmetric and asymmetric subjects existed in one 

plane, but not always in all the 3 reference planes. Therefore, if one were viewing the 

subject simply in 2-dimensions an asymmetry may have been missed or not defined 

properly.  Our landmarks were then given x-, y-, and z- coordinates and measured to 

reference planes in three dimensions. Not only were our methods to establish landmarks 

(both hard and soft tissue) and evaluate correlations different, more importantly our 

imaging modality and analysis were superior and performed using cone beam computed 
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tomography and the specialized software InVivoDental5.3. Two dimensional analysis of 

a three dimensional structure, as was previously discussed in the review of literature, has 

many inherent limitations and does not yield the same accuracy of diagnostic information 

that we can obtain from a 3D analysis.  

Secondly, a total number of 7 soft tissue points were statistically significant, 

compared to 5 hard tissue points (among the 3 planes). This suggests that soft tissue 

asymmetries may exist even if there is no underlying hard-tissue asymmetry.  Although 

studies show that there is a clear correlation between the relief of the skull and soft tissue 

of the face, these results show that this may not always be true, especially in asymmetric 

patients.  Our study showed high correlations between hard and soft tissue points in 

symmetric patients, especially in the MS plane (0.92<r<.99) with a p value =.0001. And 

no statistical significance was founded in the asymmetric group. This could suggest more 

variability in the correlations between hard and soft tissue landmarks in asymmetric 

patients. In a study by Kim et al, they used 3D CT image analysis with InVivoDental 

software to collect linear, angular and volumetric cranial base measurements. Statistically 

significant results were reported in hemi-base volumes being greater on the non-deviated 

side of asymmetric patients, when compared to symmetric patients27. Kwon et al 

performed a similar study with contrasting results. They also used 3D CT image analysis 

but did not find a statistical difference between the symmetric and asymmetric groups, 

nor within either of the groups25. The conflicting results infer that there is no definitive 

answer concerning skull and soft tissue asymmetry.  

Another valid reason to explain the results of this study is that the number of 

images in the study’s asymmetric group is smaller than the symmetric group (n=12 vs. 
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n=48), and thus this could have influenced our results in a variety of ways. Perhaps the 

mean differences would have been even greater if more asymmetric patients were 

examined, or the mean differences would have been present in more skeletal landmarks if 

more asymmetric patients were identified. Furthermore, perhaps the correlation tests 

performed for the asymmetric group would have had different statistical results with a 

larger sample size. Another limitation of the study is that the index used to originally 

divide the 60 subjects into “symmetric” and “asymmetric” was based on a 2-dimensional 

index. A 2-dimensional soft tissue screen capture was used to index the patients and not a 

3-dimensional soft tissue drape of the subject.  

Moreover, our review of literature discussed the frequencies of asymmetry in the 

human population. Although the study done subjectively defined asymmetries, it was 

founded that 74% of asymmetries occur in the lower 1/3 of the face3.  Therefore our 

findings, which show Pog, Go, and Gn as statistically significant, agree with trends of 

asymmetries founded in the human face thus far.  Although these findings are statistically 

significant, this does not necessarily mean that they are clinically significant. This 

particular study did not consider a clinical evaluation of the patients, however a 2-

dimensional asymmetric index of all images was completed. Thus we assume facial 

symmetry in the symmetric group was present in these patients and asymmetries in the 

asymmetric group. However, the asymmetric group was not further divided into smaller 

groups depending on the location of the asymmetry. Nonetheless, the asymmetry 

indexing used focused more on the lower 1/3 of the face, and thus it can be assumed the 

asymmetry group (n=12) had facial asymmetries mostly in this area. However, this tells 

us two things that may be of clinical significance: the CBCTs images used in the study 
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confirmed that asymmetries are more common in the lower 1/3 of the face, and hard 

tissue asymmetries do not necessarily translate to soft tissue asymmetries in asymmetric 

patients and visa versa.  

Although our statistical results and graphical representations provide a useful 

baseline of measurements, due to the lack of difference in distribution it is difficult for 

the study to attempt to define where the asymmetries originate. For example, evaluating a 

larger group of asymmetric patients using the same landmarks and reference planes as in 

our study can investigate further in finding an origination point of asymmetries in 

patients. Our methodology can be used to continue to explore the topic and use the 

graphical distributions to find an actual numerical measurement to determine where the 

asymmetry originates.  Also, an interesting follow up study could be to categorize a 

sample of patients based on their presenting malocclusion and determine if there is a 

statistical difference in landmark correlations, that may have a clinical implication in jaw 

positioning and the resulting occlusion.  
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CONCLUSIONS 

 

The difference in means of linear measurements of hard and soft tissue landmarks 

pairs in CBCT images with regards to symmetric and asymmetric subjects revealed non 

statistical significant results in all landmarks except for six (Pog, Go, Gn, Pog’, Go’ and 

Gn’).  These landmarks showed statistically significant results, plausible reasons for 

which were discussed above. Also statistically significant correlation results showed high 

correlations between hard and soft tissue landmarks in the “symmetric” group.  

The future of this pilot study has great potential to begin to further explore 

asymmetry, as does its three dimensional baseline data for defining asymmetry using 

reproducible hard and soft tissue landmarks. Further investigation with a larger sample 

size, utilizing a 3-D asymmetry index, categorizing the sample according to asymmetry 

location, Angles malocclusion or direct comparison with a discrete sample population, 

are just some of the potential opportunities for future exploration of this topic. 
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