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Abstract
Introduction: Symmetry has always been a feature of facial attractiveness. Treating facial asymmetry and deformity are com-
monly encountered by maxillofacial surgeons. However, diagnosing and treatment planning is not an easy task and require 
experience and meticulous skills. Knowing the exact relationship between facial hard and soft tissue is mandatory for proper 
management and allows for developing a treatment plan that aims squarely at the patient complaint and avoid unnecessary 
procedures. In this study we aim to purpose a landmark independent algorithm for measuring facial asymmetries and clarify the 
relationship between facial hard and overlaying soft tissue in six different anatomical regions. 

Material and Method: CT scan of fifty patients with primary facial asymmetrical feature were selected. And by using Radiant 
software, bone and soft tissue segmentations were performed on the scans. Exported Stereolithography (STL) files were cleaned 
and mirrored around the sagittal section using Meshmixer software applied by the author. The mirrored parts were overlayed 
on each other and aligned using ControlX software utilizing an automated landmark free algorithm to avoid human error and 
inter examiner disagreement. Finally using 3-matic software, the root mean square deviation (RMSD) value for each of the six 
anatomical facial units were recorded for hard and soft tissue parts. SPSS software was used to perform the statistical analysis. 

Results: Statistically significant difference (p<0.05) between five of the six anatomical subunits were found. For the exception 
of the nasal area, all other regions showed marked difference between the degree of bony deformity and the amount of soft 
tissue deformity in the same area. Ranking from most to least difference were the mandibular ramus and periauricular region, 
mandibular body, Maxillary area, Chin, Zygomatic region and nasal area. 

Conclusion:  This research presents a reliable, reproducible and operator independent method for measuring facial Skelton 
and soft tissue deformities from patients CT scan as well as calculating the exact relationship between them. The effects of the 
underlying bony deformity on the overlying soft tissue and skin appearance are not consonant and change significantly based on 
the anatomical region. The thinner the soft tissue structure the more apparent are the effects of the hard tissue asymmetry. The 
results of this study will greatly aid maxillofacial surgeons in diagnosis and treatment plan formulations for cases with facial 
asymmetries and deformities. If the result is well understood and interoperated, can act as a guide for designing facial implants 
and determining their exact thickness to better estimate their soft tissue and final results.       

Keywords: Asymmetry, RMSD, facial implants, orthognathic surgery.

Introduction 
Facial asymmetry refers to the relationship of facial compo-
nents around the sagittal axis [1]. Symmetry of the face has 
always been a fundamental feature for attractiveness and an 
essential goal for facial and esthetic plastic surgery. No face 
has an obsolete symmetry and a normal degree of asymmetry 
is always present but not commonly noticeable by casual ob-
servers. However, passing this normal limit the facial dysmor-
phism will become apparent [2].   

Facial asymmetry may be apparent; however, precise diagnosis 
might not be a straightforward task. Unfortunately, it is com-
monly encountered that people with dento-facial asymmetry 
try to mask the deformity with postural changes that can deter 
even the most expert surgeon from the diagnosis [3,4]. For this 
reason and many others, facial asymmetry should be examined 
carefully and cautiously through multiple interviews and using 
the best diagnostic aid available [5].
Learning about the etiology behind developing asymmetry is 
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crucial in developing a proper treatment planning, and ensur-
ing acceptable long-term outcome. Asymmetry of the face can 
be classified based on etiology, time of onset and structural in-
volvement, and according to Lundstrom the etiology behind 
the problem might be either genetic, non-genetic or combina-
tion of both [6]. Pirttiniemi however classifies facial asymme-
try based on time of onset. The onset can be prenatal, embry-
onic and fetal, or can be post-natal [7]. Another classification 
based on the structures involved divides the facial asymmetry 
into dental, skeletal, muscular, functional or combination in 
origin [8].
A more used classifications for facial asymmetry are the mor-
phological structural classifications. Obwegeser and Makek 
divide the problem into Hemi mandibular elongation and hemi 
mandibular hyperplasia type [9]. While, Kim et al., assessed 
the deviation of Menton point with the transverse asymmetry, 
canting of maxilla and lip [10]. Finally, Hwang et. al., analyzed 
skeletal asymmetry based on the chin and bilateral rami length 
difference [11]. 
The initial patient interview will act as a platform for hearing 
about the chief complaint and the patient’s expectation of the 
outcome of the treatment as well as establishing the causative 
factor for the asymmetry [12]. Clinical examination is to be 
performed in all directions and it is the fundamental diagnostic 
tool available to the surgeon. The face from frontal, lateral and 
vertical dimensions should be examined for assessing the com-
plaint of the patient [13].
 
Treatment of facial asymmetry is challenging because of the 
complexity of the facial construct. The bony structure, soft tis-
sue and dentition are all geometrically interconnected. For ex-
ample, a simple asymmetry in the mandible usually associated 
with occlusal canting and maxillary overgrowth. This makes 
one jaw correction alone not useful for most deformities. Most 
of the time, treatment is complicated by the lack of comprehen-
sive and accurate assessment and planning [14]. 
Asymmetry may involve a single jaw or a single bone, how-
ever due to the intricate relationship of the facial skeleton, the 
antagonist or related bone are usually affected as well and dur-
ing growth and function, the related skeleton is influenced and 
decompensated. Bearing this in mind, the mandible is the most 
affected and maxillary bone is usually secondarily involved. 
All parts of the mandibular bone can be affected, the condyles, 
ramus, body and chin in asymmetry and the change can be in 
size, shape or location. Hence, correct diagnosis of the affected 
parts and the causative parts are of high importance [15].
Adopting conventional orthognathic surgeries   in correcting 
facial asymmetry and more specifically medio-lateral defor-
mity is unsatisfactory. The exact deficiency is going back to 
the restriction of lateral movement of the jaws in bi-maxillary 
surgery and the associated butterfly effect that has on the facial 
tissues as a whole that makes it to some extent unpredictable 
in some cases [16]. Facial implants and camouflage surgery 
provide an easier alternative and more predictable results in 
some cases, however, designing and choosing the correct im-
plant thickness is the Achilles heel of the procedure as under 
and overestimation of the implant size are common [17]. In 
this paper we aim to rectify some of those shortcomings and 
provide an idea on the relationship between soft and hard tissue 
defects in different facial regions and their response to different 
implant sizes.  
Conventional 2D analysis and conventional cephalometric 

studies are limited in diagnosing and planning because of their 
inherent limits when a 3D structure is projected onto a two-
dimensional plane [18]. Conventional manual model surgery 
played an important part of preoperative preparation which 
comprise of multiple labor-intensive laboratory steps with ev-
ery step carrying risk of errors and miscalculations. It is es-
sential that when performing the model surgery, the patient 
data is transferred accurately. Failure in doing that will result 
in inaccurate wafers and guides that will lead to catastrophic 
outcomes even when a competent surgeon is involved [19].
Three-dimensional image gathering techniques including Cone 
Beam Computed Tomography (CBCT) and CT scans greatly 
improved that accuracy of recording the patient data as they are 
truly representative of the actual three-dimensional anatomy. 
The three-dimensional (3D) images can be manipulated and 
viewed from virtually any angle. Precise measurements can be 
taken and can greatly aid in understanding and diagnosing the 
etiology [20].  
Another issue currently present is the estimation of the size of 
facial implants in relation of the soft tissue deficiency, as for 
now, predicting the exact size of implant needed for a specific 
deformity has been based only on the clinical judgment of the 
surgeon and mostly subjective [21]. Over and underestimation 
of implant sizes that leads to over and under correction is quite 
common with facial implants as currently used today. Through 
this study, we hope to provide an objective point of view for 
determining the correct implant site suitable for the facial ana-
tomical region. 
Through this study, we plan to develop a precise and landmark 
independent algorithm that can be used in diagnosis and treat-
ment planning in cases with facial asymmetry. The proposed 
algorithm can be used on with soft tissue as well as hard tis-
sue asymmetries and can distinguish the deformity in specific 
regions of the face, aiding in providing an objective tool in 
estimating facial implants size in relation to a specific region of 
the face and designing the final implant. Furthermore, we aim 
to propose our results to the established algorithms currently 
available.  

Material and Method 
Fifty patients had attended the Sulaymaniyah Surgical Teach-
ing Hospital-Maxillofacial Surgery unit from January 2020 to 
March 2021 seeking facial correction surgeries. Patients were 
complaining of ranges of facial deformities and asymmetries. 
Adequate clinical examinations were done to ensure that the 
patients fit the inclusion criteria of the research which were as 
follow: 
1- Patients with facial asymmetry.
2- Patients with facial deformity.
Patients with the following conditions were excluded from the 
study:

1- Deformities due to trauma.
2- Deformity due to pathological excision. 
3- Patient operated previously for facial asymmetry and other 
orthognathic surgeries. 
4- Patients orthodontically treated 
All the cases had CT scan done as part of preoperative work 
up for diagnosis and surgical treatment planning. the CT scan 
accepted should have the following criteria:
1- Whole facial skeleton is included. 
2- Acceptable quality without major artifacts from metal ob-
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jects/dental restorations. 
3- Jaws are centric occlusion while scanning. 
From the 50 patients, 19 were male and 31 females. Their age 
was ranging from 18 to 42 years old. 
CT Scans were taken with exposure conditions matched as 
closely as possible at 140kV and 120mA with 1mm slice thick-
ness. 

The scans were burned on a DVD disk in DICOM format, then 
the scan data were analyzed and 3D reconstructed using Radi-
Ant DICOM Viewer v. 2020.2.3 (Medixant, Poland) Figure 1.
For each patient, the scan data was segmented two times, once 
for obtaining the bone reconstruction and once to reconstruct 
the soft tissue surface Figure 2. 
The three-dimensional converted data was exported with the 

same software and saved as STL (Standard Triangle Language) 
files using the Hi-Res option. The stereolithographic files then 
were refined using Meshmixer v3.5 (Autodesk, Inc., USA). 
The refinements were encompassed fixing mesh holes, spikes 
and foreign body artifacts when present [22].

Using plane cut tool, a plane drawn parallel to the coronal plane 
2mm behind the external auditory meatus and areas posterior 
to it were removed. The vertebral bones if present were also 
removed using the lasso select and delete tool. The remaining 
parts, facial bone and facial soft tissue parts were then mirrored 
parallel to the sagittal plane [23]. (Figure 3)
The newly created part and the original part then aligned us-
ing best fit alignment via Geomagic Control X v2018 1.1 (3D 
Systems Inc., USA). Landmark free alignment was performed 

Figure1: RadiAnt DICOM Viewer v. 2020.2.3 (Medixant, Poland) showing facial bones of a case (28 years old female) with facial 
asymmetry and deviated chin. 

Figure 2: RadiAnt DICOM Viewer v. 2020.2.3 (Medixant, Poland) showing facial bones and soft tissue of a case in figure 1 

ensuring operator-error free alignment that is a very serious 
limitation of conventional alignments techniques affecting reli-
ability of the comparison results. Figure 4 

Aligned data, both the original and the mirror parts, then ex-
ported to 3-Matics Medical v 13.0 (Materialize, USA). Figure 
5
Different parts of the bony surface anatomy selected and com-
pared separately based on the research points of interest as fol-

lows: 
1- Zygomatic Bone.
2- Maxillary bone.
3- Nasal Bone. 
3- Chin area between the two mental foramina. 
4- Mandibular body, from mental foramen to the angle of man-
dible.
5- Mandibular ramus, from the mandibular angle to the sig-
moid notch.
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Figure 5: To 3-Matics Medical v 13.0 (Materialize, USA). Showing the heat-map of the amount of facial deformity comparing left to 
right side of the face. From blue to red according to the amount of deficiency to excess compared to the other side.  

Figure 4: Geomagic Control X v2018 1.1 (3D Systems Inc., USA) Fully automated scan alignment. Showing the original and mir-
rored soft tissue aligned using best fit alignment tool.

Figure 3: Meshmixer v3.5 (Autodesk, Inc., USA) mirroring of the facial skeleton of the patient in figure 1 and 2.  
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6- Mandibular condyle. 
The Root Mean Square Deviation (RMSD) was calculated for 
each of the above areas. RMSD is a common numerical cal-
culation to compare two solid structures by aligning them in 
a way that there is a minimal distance between each of their 
corresponding surface points. Advantage of this method is that 
it is algorithmically driven and lack human interference and 
therefore it is free of operator errors during alignment [24]. 
Different parts of the Soft tissue surface anatomy were selected 
and compared separately based on the research points of inter-
est as follows
1- Malar Eminence 
2- Nose
3- Chin 
4- Buccal region of the mandible
5- Preauricular region (parotid area) 
The Root Mean Square Deviation (RMSD) was calculated for 
each of the above areas, then RMSD for Soft tissue landmarks 
and bony landmarks were compared in the same anatomical 
subregion. Additionally, soft and hard tissue mean difference 
were also compared to further analyze the exact relationship 
between hard and soft tissue in each anatomic subunit using 
paired sampled T-Test. 
Statistical Analysis
All statistical analyses were performed using the SPSS soft-

ware package for Windows (version 25.0; SPSS, Chicago, Ill). 
Paired sample T-Test was performed as well as the standard 
descriptive statistics (mean and standard deviation). The statis-
tical significance level was set at P <0.05.  
Results 
In this study, fifty patients were selected based on the prede-
termined criteria. RMSD values Extracted from soft tissue 
and bone scan for twelve different variables were measured as 
mentioned before. Six pairs of data were then selected for com-
parison based on the anatomical area. Each pair contained one 
soft tissue and one bony landmark for the same region. 
The pairs created were named as follow:
1- Zygomatic Bone and Malar Soft.
2- Maxillary Bone and Upperlip Submalar area.
3- Nasal Bone and Nose Soft.
4- Mand Ramus Bone and Periauricular Soft
5- Chin Bone and Chin Soft.
6- Mand Body Bone and Man body Soft. 
The mean RMSD value and Standard deviation are mentioned 
in table 1

As it is shown in the Table 1, the mean RMSD values lies be-
tween 1.19 at the minimum to 1.57 at the maximum, which in 
accordance to the asymmetry ruler Figure 6 refers to significant 
asymmetry found in the participants. 

Table 1: The mean RMSD, Std. Deviation and Std. Error. 
Mean: The mean amount of deformity present measure by RMSD value. 
N: Number of participants
St. Deviation: Deviation from mean 
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Table 2 : Paired T-Test Comparison of bone and soft tissue landmarks.  It should be a table not a figure !!

Figure 6 : RMSD ruler, measuring the asymmetry value from normal to deformed. Taylor et.al., 2014 [25]. A value of 0.65 deemed 
normal as exact symmetrical faces are not common.  
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The mean standard deviation for all the regions was 0.27. The 
largest amount of asymmetry was noted in the 

Mandibular body bone, zygomatic bone and soft tissue, chin, 
the nasal bone and soft tissue. This is in line with the assump-
tion that most of the facial deformities involve the mandible 
and the zygomatic area. Table 2 
When comparing each pair, hard and soft tissue, there were a 
significant difference between the degree of the hard and soft 
tissue deformity in the same region except for the nasal area 
(Pair3). 
	
The results signify that in the selected region for this study ex-
cept in pair 3, which resulted in p value of insignificant 0.649, 
there are considerable difference between the soft and hard tis-
sue deformity. To further analyze the amount of discrepancy, 
the mean difference value was measured in each specific pair. 
Asymmetry over the mandibular ramus and the periauricular 
region showed the highest mean difference between soft and 
hard tissue of 0.316 followed by the mandibular body 0.229 
and the maxillary bone at 0.181.  The chin and zygomatic area 
showed moderate difference at 0.136 and 0.022 respectively. 
While the nasal area showed the least difference at just 0.002. 

Discussion 
1-Facial asymmetry has become a common complaint of pa-
tients seeking the maxillofacial surgery clinic. Diagnosis and 
treatment planning has always been the most challenging part 
of the treatment [26]. Clinical examination and patient inter-
view were and still is a crucial part of the diagnosis and plan-
ning step. However, due to complexity of the facial anatomy, 
most facial asymmetries may not present an easy diagnosis. 
For that reason, adjunct investigations are usually ordered to 
aid in the diagnosis [27]. 
2-Radiological examination of the facial skeleton and soft 
tissue is one of the most valuable tests that the clinician will 
require. Interpretation of CT scan and reliable measurement 
usually need a trained eye and experience [29]. Even with that 
available, controversies exist and inter-examiner reliability of 
accurate identification of facial structures cannot be guaran-
teed. For this reason, a computer aided algorithm was used 
to identify the facial regions and accurately and reproducibly 
measure the amount of asymmetry present based on root mean 
square deviation RMSD values [30]. Patel et. al., also describes 
the same methodology and found that the interoperative agree-
ment on defining the midsagittal plane in patients with facial 
asymmetries are difficult and it resulted in a statistically sig-
nificant margin (P=0.8) of error when five surgeons determined 
the facial landmarks defining the position of the facial midline 
[31]. 
3-Other types of radiological investigation such as OPG and 
Lateral and PA Cephalograms are commonly used to get an 
idea about the amount of soft and hard tissue deformities. 
However, being two-dimensional representation of a three-
dimensional object inherently makes them inaccurate in diag-
nosing and comprehending the complete extend of the defects 
[32]. According to a research by Hajeer et. al., analyzing facial 
proportions for orthognathic corrections, they found that there 
were 18% more chances of miscalculation of the facial pro-
portions using two-dimensional media, like 2D photographs 
and lateral cephalometrics, when compared to 3D data from 
facial laser scans and CBCT imaging. Additionally, there were 

a significant difference (P=0.01) when multiple anatomical 
measurements compared between 3D and 2D data sets signal-
ing the importance for change to three-dimensional imaging 
as a routine necessity and not as a luxury [33]. And this cor-
responds to the finding in this paper as well.     
4-Incidents of facial deformity and asymmetry varies by the 
region. In a study by Anu et. al., (2015) they found that most 
of the defects were in the chin where the mandibular bone 
was the causative factor followed by the cheek and the malar 
area. Whereas the lips and the nose were less likely affected 
[28]. These correspond with the results of this research, where 
most the deformities were noted in those areas. As the largest 
amount of asymmetry was noted in the mandibular body bone, 
zygomatic bone and soft tissue, chin, the nasal bone and soft 
tissue.  
5-Asymmetry in the mandibular ramus and the condyle trans-
lated poorly to the overlaying periauricular region soft tissue. 
In most of the cases with bony asymmetry, there were insig-
nificant soft tissue deformity. Suggesting that correction of the 
bony deformity in that area with implants or any other cam-
ouflaging technique yields less visible soft tissue correction 
and overcorrection of the hard tissue defect should be done 
to make tangible appearance on the skin. A paper by Tatch W. 
(2020) demonstrated this effect and why overcorrection of the 
bone is necessary to give a symmetrical soft tissue. However, 
the article did not specify an objective way for measuring the 
amount of overcorrection needed [34].
6- This current result, showed that, on the end of the scale, 
hard and soft deformity of the nose were very closely related 
to each other and had an insignificant difference (P=0.649) in 
the amount of asymmetry present between them. These results 
make it clear that even a simple deformity of the nasal bone has 
direct effect visible on the overlaying skin. Care should be tak-
en in correcting deformity in that area, meticulous technique 
and precise one to one bony implant should be used. Chen et. 
al., (2008) discussed this issue by using porous polyethylene 
implants in thirty-two patients presented with nasal deformity 
after trauma where bone substitution was necessary. 
Other regions studied  in this research were in the middle 
ground between those two areas above. Ranking from most 
significant difference to the least were Mandibular body area, 
Maxillary area, chin area and the zygomatic region. Mandibu-
larbody area presented with the mean difference of 0.229 and 
p<0.000 , Maxillary area with the mean value of 0.181 and 
P<0.000 and the Chin area’s mean difference was 0.136 with 
p<0.000.  
The results of this study make it clear why clinical examination 
is an important pillar of the treatment protocol. As it is clear, 
judging by only radiological scan can mislead the clinician for 
correcting or overcorrecting deformities that have little to no 
clinical significance to the patient. A systematic review pub-
lished Akhil et. al., pointed out that many patients with calcu-
latable facial asymmetry or deformity on radiographs do not 
need any corrective treatment as some asymmetry is natural 
and unperceivable [35].  

The exact relationship between the bony deformity and soft 
tissue deformity per anatomic region were as follow: 
1- Zygomatic Bone to soft tissue: 1:1.015
2- Maxillary Bone to soft tissue: 1:1.13
3- Nasal Bone to soft tissue: 1:1.001
4- Mandibular ramus to soft tissue: 1:1.265
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5- Mandibular symphyseal bone to soft tissue: 1:1.099
6- Mandibular Body to soft tissue:  1:1.174
Those ratios can be simply explained to mean that when a 1mm 
soft tissue movement is desired the corresponding amount of 
bony movement needs to be corrected to give the required re-
sults. An example of this would be that correcting a nasal bone 
defect with a 2mm facial implant will have almost 2mm change 
visible on the skin, however, a depressed periauricular region 
of a 2mm deficiency may need around (2x1.265) 2.53mm thick 
implant to get the same tissue effect. In the five of the six ana-
tomical facial regions taken in this study, results were signifi-
cant and considerable for the amount of the difference present. 
Influence of the facial skeleton on the appearance of the skin 
varies from region to region. 
Wide-field CBCT scan almost provide the same accuracy and 
3D representation of the facial anatomy for the fraction of the 
radiation dose, it is even cheaper and more readily available. 
However, participants in our study were already had CT scan 
taken for the planning of their orthognathic surgeries and cut-
ting guides preparation in which CT scans represent a more 
accurate and highly superior bone surface mesh for preparation 
of 3D printed parts used in the surgeries [36]. A paper pub-
lished by Van Dessel et. al., on the accuracy and reliability of 
CBCT scan and CT scans showed an overestimation of poros-
ity of the alveolar bone when the CBCT scans were compared 
to gold standard CT scans. As CBCT machines use less radia-
tion dose and expose in a fan fashion covering large area with 
single exposure comparing to CT scan when each slice gets to 
be exposed at the expense or more radiation dose. This simply 
demands the CBCT machines to produce images with more 
calculations rather than actual data and this in turn will intro-
duce more inaccuracies in the reconstructed image [37].    
The RMSD value proofed to be a reliable way of measuring the 
amount of asymmetry present.31 However, correction plans 
should not be based on the amount of bony deformity alone as 
there are a significant difference between the amount of bony 
asymmetry and soft tissue deformity in the same anatomical 
region. 
These results are logical and goes with the current clinical 
practice of facial aesthetic surgeons. This study provides a 
quantitative and objective measurement and confirmation of 
the current guidelines. Furthermore, this research adds more 
detail regarding specific anatomical regions and the exact rela-
tionship of soft and hard tissue per site. 

Conclusion
This research presents a reliable, reproducible and operator in-
dependent method for measuring facial Skelton and soft tissue 
deformities from patients CT scan as well as calculating the 
exact relationship between them.  The effects of the underlying 
bony deformity on the overlying soft tissue and skin appear-
ance are not consonant and change significantly based on the 
anatomical region. The thinner the skin structure the more ap-
parent are the effects of the hard tissue asymmetry. 
These exact ratios can be used in calculating the thickness of 
the implants or the bony movement needs to be performed. 
In the malar region 1:1.015, Maxillary and upper lip region 
1:1.13, the nose 1:1.001, Mandibular ramus and preauricular 
region: 1:1.265, the Chin area 1:1.099 and finally in the Man-
dibular body region 1:1.174. 
The ratios can be translated to millimeters or any appropriate 
units of measurements. The latter number corresponds to the 

amount of bony movement necessary to get 1mm of soft tissue 
movement in its related region. 
The results of this study will greatly aid maxillofacial surgeons 
in diagnosis and treatment plan formulations for cases with 
facial asymmetries and deformities. It will act as a guide for 
designing facial implants and determining their exact thickness 
to better estimate their soft tissue and final results. 
Additionally, using results from this paper, a facial implant 
designer might reverse-engineer the procedure and start form 
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