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INTRODUCTION.
In terms of symmetry and balance, facial aesthetics 

refers to the status of facial balance; that is to say, the 
relationship between size, shape and location of facial 
features on one side over the other in the sagittal plane1. 
Symmetry is defined as the exact relationship between 
all parts of a figure or an object with respect to a center, 
an axis or a plane. In the mandibular bone, such axis is 
given by the skeletal midline. Then, asymmetry would be 
considered as the longitudinal difference between the left 
and right sides of the jaw with respect to the midline2. 

According to Luckow et al.3, craneomandibular asym-

metries may be of congenital nature, hereditary (develop-
ment) or acquired. During growth, there can be functio-
nal alterations such as muscle forces applied to bones, 
which alter their growth pattern. Also, there can be oc-
clusal disharmonies which lead to the appearance of evi-
dent mandibular asymmetries when there is a deviation 
of the jaw4,5.  

During childhood, the occurrence of trauma as condyle 
fractures and ear infections or virus also become environ-
mental factors associated with the etiology of mandibular 
asymmetries5. Some severe asymmetries are observed in 
patients with craniofacial syndromes and may be associa-
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ted with alterations in embryological development such 
as mutations or abnormalities in the proliferation or migra-
tion of cells from the neural crest6. 

Several authors consider that asymmetry is a typical 
and frequent trait in human beings. Mills (1925) stated 
that “structural and functional asymmetries are a basic 
condition of the human body and have been present in 
the whole evolution”7 and Schwarz8 also considered asym-
metry as normal. Thompson (1943) defined that “normal 
asymmetry is not very clear, while abnormal asymmetry is 
very obvious”9 and Fisher argued that “facial asymmetry 
is a natural phenomenon and there is nothing abnormal 
in it.” 8.  The routine examination used to evaluate mandi-
bular asymmetries is the panoramic x-ray, but since it is a 
flat image of a three-dimensional structure, it only allows 
measuring variations in size and shape in two planes. The-
refore, CT scan offers greater validity in assessing asym-
metry in three spatial planes simultaneously9.

Diagnostic images in two dimensions are a dimensio-
nal representation of a three-dimensional object, i.e. the 
image can only show breadth and length, but not depth10. 
On the other hand, diagnostic images provide dimen-
sional length, breadth and depth11. In three dimensional 
images using tomography, the distortion degree is almost 
non-existent, contrary to two-dimensional ones. Besides, 
there is no overlapping of structures and they can be seen 
with greater clarity12.

This study aims to determine frequency of mandibu-
lar asymmetries in three spatial planes by means of Cone 
Beam CT scans (CBCT) and to classify them according 
to the degree of differences between the two sides and the 
relationship between ramus thickness and vertical and an-
teroposterior measures.

MATERIALS AND METHODS.
A cross-sectional study was conducted. Using simple ran-

dom sampling (SRS), 40 records of Cone Beam CT scans 
obtained with a team NewTom 3G Cone Beam Volume-
tric tomographic scanner (QR, Verona, Italy) were chosen. 
They were visualized in NNT Viewer software Cone Beam 

3D Imaging System from NewTom (Italy).  The panoramic 
image obtained had a thickness of 30mm and axial slices 
from the lingula in craneo-caudal direction- every 5mm. 
until reaching the gonial angle, to see mandibular ramus 
thickness in the transverse plane.
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Figure 1. Measurements taken in the panoramic tomography. 
CCh: Condileon to chin. ChG: Chin to gonium. CG: Condileon to 
gonium. SNAN: sigmoid notch to antegonial notch. GA: gonial 
angle.

Figure 2. Measures taken in the breadth of the mandibular 
ramus.(APRW)
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The patients’ age recorded in the images ranged between 
18 and 66 with an average of 35 (SD±14.6). From them, 
57.5% were women.

The selection criteria were:
Inclusion criteria: Scanning records from patients bet-

ween the ages of 18 and 70 obtained between 2011 and 2013, 
using a 12-inch window to display the full jaw bone.

Exclusion criteria: Scanning records from patients who 
had radiographic evidence of orthognathic surgery (tita-
nium plates) and malformations from trauma, infection or 
tumor origin.

In the panoramic images, the following measures were 
taken for both sides. (Image 1):

- Condileon - Chin (CCh).

Figure 3. Thickness of the ramus at the level of the lingula (LOER). 
In this image, measures were taken from the back edge of the 
ramus up to its external side at the level of the lingula (BERL).

Figure 4. Ramus thickness 10 mm flow to the lingulas (RT10).  
This image is from the previous record and it should be noted 
that BERL measure remains the same, ensuring thickness can be 
measured at the same level in the various slices.

- Chin - Gonium (ChG).
- Condileon - Gonium (CG).
- Sigmoid Notch - Antegonial Notch(SNAN).
- Gonial angle (GA).
These measures were taken in order to establish the length 

of the mandibular ramus in craneo-caudal direction and the 
length of the mandibular body in antero-posterior direction. 
The following measures were taken in the axial slices for 
both sides:

- Breadth of the mandibular ramus in anteroposterior di-
rection at the level of the lingula (APRW).  (Image 2).

- Thickness of the ramus at the level of the lingula, i.e. 
from the lingula to the outer edge of the ramus (LOER).  
(Image 3).

- Thickness of the ramus 5mm flow to the lingula (RT5), 
as well as  10mm (RT10), 15mm (RT15), 20mm (RT20), 
25mm (RT25) and 30mm (RT30)

- Ramus thicknesses were measured at the same level in 
the different slices. The distance from the back edge of the 
ramus up to the outside edge at the level of the lingula (this 
measurement was taken with LOER) was taken as a referen-
ce, i.e. the back edge of the ramus up to its external side at 
the level of the lingula (BERL).  (Image 4).

These measures were taken in order to determine man-
dibular ramus thickness in transverse direction at different 
levels. The lingual of the mandibule is taken as an anatomic 
reference in orthognathic surgery at the time of making a 
sagittal osteotomy of the mandibular ramus and in order to 
have a point of reference to objectively evaluate asymmetries 
between different images in spite of the fact that the size of 
the mandibular ramus varies from one person to another.

In several records, both lingulas were not at the same level, 
due to an asymmetry or a slight deviation in the position of 
the patient at the time of taking the image. For this reason, 
measures of both sides were taken independently. The same 
examiner took the measures twice, obtaining a Kappa value 
greater than 95%.  Age and sex were also taken into account.

The data obtained from the images was compiled in a Mi-
crosoft Excel® 2010 (Microsoft Corp., USA) database and 
imported into SPSS® 19.0 (IBM, USA). A bivariate analy-
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sis of the quantitative variables with Pearson correlation 
coefficient was carried out, considering p<0.05. 

Measurements obtained from the right side were com-
pared with the left side. This way, asymmetries were clas-
sified after comparing both sides for each variable. The 
difference was calculated by taking the side with higher 
value as a reference and considering it as 100%. The-
refore, the relationship between the percentage of that 
measure in relation to the lower value was calculated. 
The difference between these two relative values was the 
percentage of difference and it was classified as follows: 

- 0 To 0.99% = Absence
- 1 To 4.99% = Very slight
- 5 To 9.99% = Slight
- 10 To 19.99% = Moderate
- More than 20% = Severe
This categorization was created by the authors of the 

study and it only determines the degree of difference seen 
in the images. It does not ref lect the clinical behavior 
of asymmetries, due to the intervention of other factors 
which were not included in this study.

This study complied with the recommendations for 
biomedical research (Helsinki Declaration). In the ima-
ging center, the patients signed the informed consent 
which declared, in addition to the risks and benefits of 
the test, the authorization to use data for research pur-
poses. All the images included in this study are from pa-
tients referred by a treating clinician. None of the images 
were taken for research purposes only. The Institutional 
Ethics Committee evaluates research so that it complies 
with all the methodological and ethical requirements.  

RESULTS.
In some cases, the measures  of the ramus thickness 

in the axial slices could not be taken at 20mm (12.5% of 
records), 25mm (70% of records) and 30mm (97.5% of 
records), caudally to the lingula, due to the fact that some 
rami were not long enough in cranio-caudal direction.

Then, measures were taken to determine the length of 
the mandibular body (ChG), the breath of the mandibu-

lar ramus (APRW), the length of the mandibular ramus 
(CG) and the thickness of the mandibular ramus at the 
level of the lingula (LOER) considering that the latter 
thickness measure is more representative than that taken 
in the other axial slices.

Mandibular body length: It was found that only 2.5% 
of the records showed a moderate degree of difference in 
the length of the mandibular body with predominance on 
the right side. A total of 17.5% presented a slight diffe-
rence with 100% of predominance on the right side, 65% 
presented a very slight difference with 77% of predomi-
nance on the right side and 15% showed no significant 
difference. (Table 1).

Breadth of the mandibular ramus: From the records, 
10% showed a moderate degree of difference regarding 
breadth of rami with predominance on the left side. 
Another 12.5% of them displayed a slight difference with 
predominance on the left side.  In 65% of them, the de-
gree of difference was very slight with 73% of predomi-
nance on the right side and 12.5% of the records showed 
no difference.

Length of the mandibular ramus: Only 2.5% of the 
records presented a severe degree of difference with predo-
minance on the left side, 10% showed a moderate degree 
of difference with predominance on the right side, 17.5% 
presented a slight degree of difference with predominance 
on the left side, 52.5% of the records presented a very 
slight degree of difference with predominance on left side 
in 57% of the cases and 17.5% showed no difference. 

Thickness of the mandibular ramus at the level of 
the lingula: 12.5% of the records presented a severe de-
gree of difference with a slight predominance on the right 
side, 25% presented a moderate degree of difference with 
50% of predominance for both sides, in 25% of the re-
cords, a slight degree of difference with a predominance 
on the right side in 60% of the cases was found, 30% 
showed a very slight difference with a predominance on 
the right side in 75% of the cases and 7.5% of the records 
showed no difference. (Table 1).

It was found that 90% of the records presented a slight 
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to moderate degree of difference in at least one of the mea-
sures of mandibular ramus thickness in the axial slices. 
The variables that showed greater differences in severe and 
moderate degrees were indicative of thickness measure-
ments of the mandibular ramus.

It was observed that measures of APRW, ChG, CCh 
AND LOER were more predominant on the right side 

and CCh and SNAN measures had greater predominance 
on the left side. (Table 2).

No statistically significant differences were found in the 
bivariate analysis (p=0.7). However, a trend in measures 
of CCh RT25 and RT25 with ChG (ramus thickness with 
body length of -0.71 and -0.70) inversely proportional 
between mandibular ramus thickness at 25mm from the 

Table 1. Frequency of asymmetries for each variable and classification according to the degree of proportional difference. 

Table 2. Predominance of body length, breadth, thickness and length of ramus per side. 

APRW: Breadth of anteroposterior ramus. LOER: Lingula to outer edge of ramus. R: thickness of the mandibular ramus. CChM: Condileon to chin. ChG: Chin to 
gonium. CG: Condileon to gonium. SNAN: sigmoid notch to antegonial notch.

PRED: Predominance. APRW: breadth of anteroposterior ramus. LOER: Lingula to outer edge of the ramus. RT: thickness of the mandibular ramus. CCh: Condileon 
to chin. ChG: Chin to gonium. CG: Condileon to gonium. SNAN: sigmoid notch to antegonial notch.

VARIABLE	                                                                                         Degree of asymmetry
	           (0-0.99%)	                              (1 -4.99%)	                            (5 -9.99%)	                             (10 -19.99%)	                            ≥20%
	            Absence	                             Very slight		                           Slight		                         Moderate 	                            Severe
Predominance	 None    	  Right	 Left	 Right	 Left 	 Right	 Left	  Right	 Left
	 N(%)	 N %)	 N(%)	 N(%)	 N(%)	 N(%)	 N(%)	 N(%)	 N(%)
APRW	 5 (12.5)	 19 (47.5)	 7 (17.5)	 2 (5)	 3 (7.5)	 0	 4 (10)	 0	 0
LOER	 3 (7.5)	 9 (22.5)	 3 (7.)	 6 (15)	 4 (10)	 5 (12.5)	 5 (12.5)	 3 (7.5)	 2 (5)
RT5MM	 2 (5)	 2 (5)	 7 (17.5)	 7 (17.5)	 1 (2.5)	 9 (22.5)	 7 (17.5)	 1 (2.5)	 4 (10)
RT10MM	 3 (7.5)	 3 (7.5)	 4 (10)	 2 (5)	 5 (12.5)	 8 (20)	 6 (15)	 4 (10)	 5 (12.5)
RT15MM	 1 (2.5)	 4 (10)	 4 (10)	 7 (17.5)	 3 (7.5)	 7 (17.5)	 4 (10)	 1 (2.5)	 9 (22.5)
RT20MM	 0	 5 (12.5)	 2 (5)	 2 (5)	 4 (10)	 5 (12.5)	 5 (12.5)	 4 (10)	 8 (20)
RT25MM	 1 (2.5)	 1 (2.5)	 1 (2.5)	 1 (2.5)	 2 (2.5)	 2 (5)	 3 (7.5)	 0	 1 (2.5)
RT30MM	 1 (2.5)	 0	 0	 0	 0	 0	 0	 0	 0
CCh	 8 (20)	 23 (57.5)	 8 (20)	 0	 0	 1 (2.5)	 0	 0	 0
ChG	 6 (15)	 20 (50)	 6 (15)	 7 (17.5)	 0	 1 (2.5)	 0	 0	 0
CG	 7 (17.5)	 9 (22.5)	 12 (30)	 1 (2.5)	 6 (15)	 4 (10)	 0	 0	 1 (2.5)
SNAN	 8 (20)	 6 (15)	 15 (37.5)	 5 (12.5)	 3 (7.5)	 2 (12.5)	 1 (2.5 )	 0	 0
Total	 43	 101	 69	 40	 31	 44	 35	 13	 30

		 Predominance body length, breadth, thickness and length of ramus  
 	 Right n (%)	 Left n (%)	 None n  %)
APRW PRED 	 21 (52.5)	 14 (35)	 5 (12.5)
CG PRED 	 14 (35)	 19 (47.5)	 7 (17.5)
ChG PRED 	 28 (70)	 6 (15)	 6 (15)
CCh PRED	 24 (60)	 8 (20)	 8 (20)
SNAN PRED 	 13 (32.5)	 19 (47.5)	 8 (20)
LOER PRED	 23 (57.5)	 14 (35)	 3 (7.5)
RT5PRED 	 19 (47.5)	 19 (47.5)	 2 (5)
RT10PRED 	 17 (42.5)	 20 (50)	 3 (7.5)
RT15PRED 	 19 (47.5)	 20 (50)	 1 (2.5)
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Table 3. Bivariate analysis of the variables and their respective correlation index. 

Correlations of the measures from the left side are below the dark strip and above it, the ones from the right side. The gray cells indicate Pearson coefficients with 
a proportional inverse relationship between RT25 and CCh and between RT25 and ChG from the left and right side. APRW: breadth of anteroposterior ramus. LOER: 
Lingula to outer edge of the ramus. RT: thickness of the mandibular ramus. CCh: Condileon to chin. ChG: Chin to gonium. CG: Condileon to gonium. SNAN: sigmoid 
notch to antegonial notch. GA: gonial angle. 

	 	                                                    Bivariate correlations on the right and left side
	 APRW 	 LOER 	 BERL 	 RT5 	 RT10 	 RT15 	 RT20 	 RT25 	 CCh 	 ChG	 CG 	 SNAN	 GA 
APRW 	 1	 ,422	 ,700	 ,206	 ,385	 ,327	 ,230	 -,533	 ,421	 ,546	 ,294	 ,198	 -,385
LOER 	 ,353	 1	 ,377	 ,672	 ,644	 ,561	 ,410	 ,706	 -,202	 ,193	 -,194	 -,216	 -,409
BERL 	 ,727	 ,282	 1	 ,405	 ,409	 ,416	 ,322	 -,258	 ,250	 ,301	 ,270	 ,251	 -,319
RT5 	 ,058	 ,573	 ,356	 1	 ,678	 ,540	 ,471	 ,773	 -,208	 ,036	 -,020	 -,052	 -,403
RT10 	 ,266	 ,609	 ,364	 ,668	 1	 ,665	 ,546	 ,610	 -,156	 ,139	 -,166	 -,250	 -,251
RT15 	 ,217	 ,587	 ,307	 ,600	 ,762	 1	 ,902	 ,921	 -,112	 ,085	 -,072	 -,112	 -,140
RT20 	 ,123	 ,456	 ,378	 ,626	 ,737	 ,906	 1	 ,822	 -,077	 ,053	 -,143	 -,210	 ,057
RT25 	 -,467	 ,857	 -,325	 ,716	 ,746	 ,908	 ,948	 1	 -,712	 -,705	 -,430	 -,479	 ,113
CCh 	 ,436	 -,154	 ,301	 -,277	 -,137	 -,039	 -,018	 -,656	 1	 ,628	 ,742	 ,605	 -,021
ChG 	 ,552	 ,189	 ,362	 -,049	 -,016	 -,011	 -,115	 -,637	 ,652	 1	 ,191	 ,048	 -,592
CG 	 ,271	 -,160	 ,278	 -,169	 ,002	 ,036	 ,079	 -,568	 ,713	 ,104	 1	 ,820	 -,077
SNAN 	 ,112	 -,319	 ,200	 -,163	 -,060	 ,014	 ,048	 -,577	 ,516	 -,068	 ,813	 1	 ,033
GA	 -,423	 -,341	 -,400	 -,305	 -,292	 -,119	 ,050	 ,143	 -,010	 -,483	 -,031	 ,033	 1
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lingula and mandibular body length was noted. (Table 3).

DISCUSSION.
Even though some authors such as Mills7, Schwarz, 

Fisher8 and Thompson9, considered facial asymmetries 
as something normal in human beings, Thompson also 
thought some asymmetries importance nowadays, to the 
point that it affects the person’s quality of life. In this 
study, it was found that asymmetries are more frequent 
at the level of the mandibular rami thickness (12.5% and 
25% severe to moderate level of the lingula and 90% of 
slight to moderate in at least one of the rest of the slices) 
and although this type of asymmetry may not be very 
obvious clinically, it acquires great importance when ma-
king a patient undergo orthognathic surgery because of 
an asymmetry located in another anatomical region.

In literature, there are studies which evaluate the fre-
quency of mandibular asymmetries in three spatial pla-
nes using CBCT and show the importance of assessing 
them properly13-17.  Baek et al. (2012)14 point out the im-
portance of performing a systematic classification of as-
ymmetries in patients who will undergo surgery using 

3D Computed Tomography. Yañez et al.(2013)15 found 
a relationship between maxillo-mandibular asymmetries 
evaluated by means of 3D computed tomography and 
joint sounds. Keir and Kau (2014)16 highlight the value 
of properly assessing mandibular asymmetries because of 
their impact on occlusion. On the other hand, Bustamen-
te et al.18 report very similar measures between 2D and 
CBCT, although this latter technique offers more preci-
sion for locating anatomical points and more approxima-
tion to real morphometric measurements19.

The evaluation of mandibular asymmetry using 
CBCT compares alterations at the level of the condylar 
process such as hyperplasia20 and condylar size and tri-
dimensional morphology of the condyle in patients with 
condylar hyperplasia21,22. 

The findings of this study agree with those of Plooij 
et al.18 and Olate and Cantin19 indicating a greater pre-
dominance on the right side in the measures taken in a 
frontal view. Regarding CG distance, results were diffe-
rent because there was predominance on the left side in 
most of the images, although the study by the authors 
mentioned above was conducted in patients with a diag-
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nosis of condylar hyperplasia.
In literature, there are no references about studies 

evaluating mandibular asymmetries using CBCT in our 
country. Neither do they determine the possibility of es-
tablishing proportional differences between mandibular 
rami thickness only with a 2D image or make a bivaria-
te analysis with the measurements obtained. This would 
have great application in maxillofacial surgery.

It was not possible to determine the predominance of 
asymmetries in mandibular ramus thickness due to va-
riations observed in each one of the observed axial slices 
and in measures of body length, ramus width and length. 
Asymmetries were classified from very slight to slight, i.e. 
with proportional differences between 1 and 10%.

Since no statistically significant differences were found 
in the correlation of variables (Pearson coefficient), it can 
be inferred that anteroposterior and vertical asymmetries 
behave independently compared to transversal asymme-
tries in the jaw23-24. 

The possibilities that CBCT provides for assessing as-
ymmetries in the three spatial planes (length, breadth and 
depth) [11] offers advantages compared to 2D images which 
only allow assessing length and breadth10.  However, for eco-
nomic reasons and because it has not yet been incorpora-
ted into usual dental clinical practice is not common to use 
CBCT. That is why, in this study, the possibility of determi-
ning the proportional difference of mandibular rami thick-
ness only with a 2D image was considered but no correlation 

coefficients close to 1 or -1 were obtained, probably because 
of the sample size. For this reason, it is recommended to use 
CBCT for more accurate diagnoses of mandibular asymme-
tries in function of orthognathic surgery procedures25-27, as 
one of the most widely used procedures in the field of maxi-
llofacial surgery. 

Additional research is needed to relate asymmetries in 
their different planes, including mandibular ramus thic-
kness and with greater sample size to be able to confirm 
or refute the findings outlined in this study.

CONCLUSIONS.
Asymmetries are more frequent at the level of the man-

dibular ramus thickness and the degrees of moderate and 
severe differences are most frequently present at the level of 
the thickness. 

Findings from this study are relevant because minimum 
mandibular ramus thickness could cause undesirable intrao-
perative fractures during execution of sagittal split osteotomy 
of ramus, which would lead to re-interventions, possible in-
fections and other complications as a result of these.

It is not possible to proportionally determine mandibular 
ramus thickness using a 2D-image, which confirms the use-
fulness of 3D imaging.

ACKNOWLEDGEMENTS.
To Dr. Luis Gonzalo Alvarez Sánchez for helping us 

with the statistical analysis.

Frecuencia de asimetrias mandibulares evalua-
das por tomografia computarizada cone beam de 
un centro de diagnóstico radiológico de Mede-
llín, Colombia. 2011-2013

Resumen: Se denominan asimetrías mandibulares a las 
diferencias longitudinales de los lados derecho e izquierdo 
de la mandíbula con respecto a la línea media en los tres 
planos espaciales. Objetivo: Determinar la frecuencia de 
asimetrías mandibulares en los tres planos del espacio por 
medio de tomografía computarizada Cone Beam (TCCB) y 
clasificarlas según el grado de diferencia entre ambos lados. 

Métodos: Se analizaron 40 registros de tomografía volumé-
trica Cone Beam, (New Tom 3G Cone Beam Volumetric 
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