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ABSTRACT
Objective: The aim of this study was to find out how the preferred chewing side (PCS) affects facial asym-
metry, what kind of factors affect PCS and whether there are differences in facial asymmetry between 
symmetrical and asymmetrical masticators.
Material and methods: The study included 748 subjects (females n = 452, males n = 296) born in 
1985–1986 in Northern Finland (Northern Finland Birth Cohort 1986, NFBC 1986). Subjects’ faces were 
captured in facial 3D images with stereophotogrammetry technology, and they filled in a questionnaire 
concerning oral health. A comprehensive dental examination was done by a dentist. Subject’s chewing 
side preference was studied by chewing a piece of paraffin, cotton roll or parafilm. Asymmetry was mea-
sured from 3D images with different asymmetry measurements and facial landmarks.
Results: Reduced number of teeth on contralateral side affects PCS (odds ratio [OR] = 2.44 in the case of 
one tooth is missing). Being female increased the whole face and lower face symmetry (p < 0.001–0.824). 
Self-reported temporomandibular disorders (TMD) pain has an effect on the sidedness of the chin; there 
is more pain in the larger side of the chin (OR = 9.45). Different chewing materials had no significant effect 
on the proportion of chewing sides.
Conclusions: Females have a more symmetrical face compared to males. PCS does not have a statistically 
significant effect on facial asymmetry, but the variable affecting PCS itself is extracted teeth.
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Introduction

Asymmetry in the face has always been an interest among 
orthodontists. Previous studies have found that the preferred 
chewing side (PCS) affects facial asymmetry, but with contradic-
tory conclusions. Some researchers suggest that PCS and a 
larger chin side locate on opposite sides in the face, whereas 
others propose that PCS and a larger hemiface correlate [1, 2]. 
On the other hand, both studies have a cross-sectional design so 
the effect of time cannot be considered. 

The limit value to separate asymmetry from symmetry is two 
mm in lateral deviation. Four mm is thought to be a border to 
differentiate asymmetry and symmetry measured from the tip 
of the chin, the Menton landmark [3, 4]. One indication for 
surgical intervention is severe and progressive facial asymmetry. 
Jaw surgery is indicated if there is more than five degrees’ 
deviation between the transversal occlusal plane of the maxilla 
and the plane of the base of the eyes. However, jaw surgery, 
usually including both the maxilla and mandible, is only a 
secondary form of treatment; other, more non-invasive 
treatments are the primary treatment [5]. 

During adolescence, facial growth is symmetric among 
healthy individuals [6]. In the course of time, the amount of facial 
asymmetry has been found to increase [7]. Contrary to that, more 
facial asymmetry has been found in infants compared to children 
and adults in some studies [8, 9]. Facial asymmetry as a laterality, 
like handedness and footedness, may have a genetic background. 
The right-sided dominance and left-sided weakness of the jaw 
are quite a common finding, and it is independent of age, sex and 
skeletal relationships [3, 10–13]. The origin of laterality derives 
from living organisms’ fundamental asymmetry and molecular 
biology [14]. Environmental factors have also been observed to 
have an effect on facial asymmetry. Environmental factors have 
the biggest effect on horizontal facial asymmetry and mandibular 
ramus height while heritable traits concentrate in the area of the 
nose and lips [15]. The lower two thirds of the face have been 
found to be more asymmetric compared to the upper face 
[3, 16–18], but there are studies suggesting that all parts of the 
face have the same amount of three-dimensional symmetry [19]. 
The aetiology of facial asymmetry is thus complicated, and none 
of the factors is more dominant than the others.
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However, one possible aetiological factor is PCS [20]. Most 
people chew more on one particular side, that is, the right side 
[21–23]. Different variables, such as dental wear, affect PCS, but 
no connection has been found between caries or missing teeth 
and PCS [24–26]. Occlusal parameters affect PCS, but there is 
disagreement about the effect of crossbite on PCS [21, 27–29].

To our knowledge, we are the first to study this topic with 
large cohort material. There is a lack of information on how PCS 
affects facial asymmetry in larger samples. Clinicians can utilise 
information on the effect of PCS on facial asymmetry as an 
aetiological factor when making orthodontic treatment plans or 
considering the consistency of a received outcome. In basic 
dental care, the results of this study serve as base information, 
which can be exploited when considering the treatment of 
temporomandibular disorders, for example [1, 3, 20]. The aim of 
this cohort study is to find out how PCS affects facial asymmetry, 
what kind of factors affect PCS and whether there are differences 
in facial asymmetry between symmetrical and asymmetrical 
chewers by means of facial 3D images.

Materials and methods

The study population consist of 9,362 mothers, whose children 
(n  = 9,479) were born in 1985–1986 in Northern Finland 
(Northern Finland Birth Cohort 1986, NFBC 1986) [30]. The 
cohort includes all the children whose expected date of birth 
was between July 1, 1985 and June 30, 1986 in Oulu and Lapland, 
the two northernmost provinces in Finland. A small percentage 
of births took place at the end of June 1985 and at the begin-
ning of July 1986. The cohort population has been followed dur-
ing their whole life, beginning from pregnancy and prenatal 
time and continuing to 33–35-year follow-up, where there was 
total number of 1,807 participants [31]. In situ at cohort collec-
tion, PCS examination was done to 748 participants. The age of 
the subjects was 32.9–35.5 years, and the mean age was 34.2 

years. The proportion of females and males was 60.4 and 39.6%, 
respectively.

In the 33–35-year follow-up (5/2019–12/2020), subjects’ 
faces were captured in facial 3D images with 
stereophotogrammetry technology, and they filled in a 
questionnaire concerning oral health. The faces of the subjects 
were recorded by a 3dMDFace system (3dMD, Atlanta). They 
were asked to look straight ahead and assume a neutral facial 
expression. The facial position was standardised by setting the 
subjects in the same reference frame, and the origin was set as 
a point halfway between the endocanthion of the left and right 
eye [32]. Pose standardisation and image procession were done 
with Rapidform2006 software (INUS Technology, Inc., Seoul, 
South Korea). Subjects with long facial hair were excluded 
because of rough surface on the chin area.

Next two asymmetry scores were measured by the widely 
used method as in the study of Djordjevic et al. [6]. Each 
original 3D face was mirrored across the sagittal plane (YZ 
plane). The surfaces above the subnasale landmark of the 
original model and the mirrored one were then superimposed 
with the iterative closest point algorithm. The average distance 
(AD) between the original and mirrored 3D model was 
calculated for the whole face and separately for the lower face 
(below the mid-lip line). Furthermore, the matching of the 
original and mirrored face was measured by the symmetry 
percentage (SP) of the facial area where the distance from the 
mirrored surface did not exceed 0.5 mm. SP was also analysed 
separately for the whole face and lower face. The greater the 
AD value, the more asymmetry the face has, whereas the 
greater SP value means a more symmetrical face. Chin volume 
asymmetry score (CVAS) is obtained by dividing volume of the 
larger chin side by the smaller ones, like our earlier study 
defines it (2) (Figure 1). The absolute value of the x coordinate 
of the pogonion (Pg) point on the chin was also used for 
measuring lower face asymmetry (Figure 1). Also, other facial 

Figure 1. (A) Regions for calculating CVAS and areas used calculating sidedness of the chin. (B) The Pogonion landmark and the area of the lower jaw, which 
have been used for calculating AD and SP. CVAS division viewed from the side. (C) The Pogonion landmark and the area of the lower jaw. The original 3D 
model and the mirrored model as superimposed.
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landmarks were checked from lip area (labiale inferius, labiale 
superius, mid cheilion, mid christa philtri).

At first, PCS was studied by asking the subject directly, first 
orally from 57 subjects; after that, the question was part of the 
oral health questionnaire. The question was: Which side in the 
mouth do you prefer when chewing food? The alternatives were 
1. Right, 2. Both sides, 3. Left and 4. I cannot say yet (it becomes 
clear at the next step). It was possible to choose only one 
alternative. If the subject could not give an answer, the examiner 
asked them to consider it during stimulated saliva sample 
collection (part of cohort tests), where the subject chewed on a 
piece of paraffin (1 g, Orion Diagnostica, Espoo, Finland), 1/4 of a 
cotton roll or a 5 cm × 5 cm piece of parafilm (Parafilm ‘M’ 
Laboratory Film, Bemis) for 5 min. of the subjects chewed 
paraffin, 236 chewed cotton roll and 362 chewed parafilm. After 
that, PCS was enquired again, and if the subject could not 
answer, it was recorded that the subject used both sides for 
chewing. A total of 748 answers were received. Different 
chewing materials had no significant effect on the frequency 
distribution of chewing sides. 

Five trained and calibrated Finnish dentists performed 
standardised clinical dental examinations in this large cohort 
study 5/2019–12/2020. The examination included the whole 
dental status as well as a clinical stomatognathic examination. 
Caries and cracks, fillings and extracted teeth were looked at 
separately. Caries and fillings were checked for five surfaces of 
each tooth. Caries was classified according to the International 
Caries Detection and Assessment System (ICDAS, categories 
0–6). Wear includes attrition and erosion categorised as BEWE 3 
[33]. Attrition was checked tooth specifically and erosion as 
dental sextants. For extracted teeth, the wisdom teeth have 
been excluded because those are generally quite often 
extracted teeth. Molars, premolars and canines as extracted 
teeth were considered equal in the analyses. Missing teeth 
were counted if they had not been replaced by a prosthetic 
structure. In temporomandibular disorders (TMD) pain and 
headache, self-reported pain and TMD diagnoses were looked 
at separately according to the Diagnostic Criteria for 
Temporomandibular Disorders (DC/TMD) [34]. Self-reported 
TMD pain and headache was asked during the last 30 days, but 
unfortunately, the duration and severity information of the 
pain are not included in the analyses. There are seven self-
reported pains: m. temporalis, m. masseter, other masticatory 
muscle, temporomandibular joint, no masticatory muscle or 
TMJ, temporal headache and other headaches. The number of 
TMD diagnoses is also seven. The diagnoses were disc 
displacement with reduction, disc displacement without 
reduction with limited opening, degenerative joint disease, 
myalgia, myofascial pain with referral, arthralgia and headache 
attributed to TMD. To examine the sidedness of variables 
affecting PCS, a right minus left side subtraction was done for 
the following variables: caries and cracks, fillings and extracted 
teeth, sum of TMD diagnoses, wear and self-reported TMD pain. 
In the analysis, incisors have been excluded for fillings, caries, 
wear and extracted teeth, because those do not affect PCS 
presumably as much as premolars and molars do. Also, for 

caries and cracks only the occlusal surface (surface 1) has been 
included for final analyses, when estimating variables affecting 
PCS because predictably it has bigger effect compared to four 
other tooth surfaces.

Statistical analysis

Statistical analyses were done using IBM SPSS Statistics soft-
ware  version 26.0 (IBM Corporation, Armonk, New York). 
Crosstabulations and chi-squared tests were used to examine 
the prevalence of PCS in NFBC 1986. Multinomial logistic 
regression was used to estimate the effect of different variables 
affecting PCS. The effect of symmetrical chewing on facial 
asymmetry was examined with linear regression. Logistic 
regression was used to estimate variables affecting sidedness 
of the chin. Different combinations of independent variables 
were experimented with for finding the most suitable model 
for each dependent variable. Sex was chosen as confounding 
variable in all regression models. A significant level for p-value 
was chosen to be 0.05.

Results

Table 1 shows the proportion of PCS between the sexes. 
Altogether, the right side is used more when chewing com-
pared to the left side, but the most popular answer is chewing 
on both sides. The differences between males and females are 
very small. 

The prevalence of TMD diagnoses with this material is shown 
in Supplementary Table 1 (larger, more comprehensive study of 
the whole NFBC 1986 cohort is going to be published soon). 
The most frequent diagnosis is unilateral myalgia (6.4%). 

One hundred seventy-five of 748 subjects (23.4%) had 
missing teeth, and of those, 92 subjects (12.3%) had missing 
teeth on only one side. One hundred twelve subjects had more 
missing teeth on the other side. There were no differences 
between genders. It seems that extracted teeth have an effect 
on PCS (Table 2). Missing one tooth more on the one side 
makes subjects chew on the opposite side, so more intact side 
is used when chewing (odds ratio [OR] = 2.44). There was also 
an impact, when both side chewing was regressed against the 
left side chewing in the multinomial logit model 
(Supplementary Table 3). If one tooth more is missing on the 
left side compared to the right side, OR is 2.44 times more to 
use both sides while chewing. 

Table 1. Prevalence of PCS in Northern Finland Birth Cohort (NFBC) 1986 
study.
Sex PCS p 

Right 
n (%)

Both sides 
n (%)

Left 
n (%)

Total 
n

Male 118 (39.9) 136 (45.9) 42 (14.2) 296 0.529
Female 199 (44.0) 194 (42.9) 59 (13.1) 452
Total 317 (42.4) 330 (44.1) 101 (13.5) 748

PCS: preferred chewing side.
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Table 3 describes statistics of asymmetry measurements. 
Models in Table 4 show that being female makes the whole face, 
as well as separately, the lower face more symmetric compared 
to males; AD distances are smaller in females while SP measures 
are greater than in males. Females have 0.20 mm smaller Pg 
distance from facial midline compared to males. There is 
statistically significant difference between females and males in 
the case of lip area landmarks labiale superius (p = 0.020) and 
mid cheilion (p = 0.039). Statistically significant results were not 
found on the effect of symmetrical chewing on facial asymmetry. 

Self-reported TMD pain has a statistically significant 
influence on the sidedness of the chin (Table 5). The odds of 

having a larger side of the chin on the same side as self-reported 
TMD pain is 9.45 times higher. Other variables in Table 5 do not 
have a statistically significant impact. 

Discussion

According to this study, the variable most affecting PCS is 
extracted teeth. Subjects prefer chewing on the side with more 
teeth. The odds of having more missing teeth and PCS on 
opposite sides is 2.44 times higher when one tooth is missing 
and even exp(2*0.89) = 5.93 times higher in the case of two 
missing teeth. This is understandable because masticatory per-
formance is usually better on that side when there are no 
unnecessary gaps. Missing teeth on the left side increases both 
sides chewing, and one reason for that could be that maybe 
chewing is weighted to the right side among both side chew-
ers. Some of the previous studies have found that missing 
teeth or implants do not have an impact on PCS [26, 35], but 
others have found that asymmetric tooth loss can lateralise 
chewing pattern [36]. The present study agrees with that. 
Dental implant works like real tooth, so its effect on PCS is not 
that much, obviously. There is disagreement about the influ-
ence of wear on PCS, because asymmetric wear has not been 
found to affect PCS, or PCS and wear have been found on the 
same side [24, 36]. Caries is not related to PCS according to lit-
erature [25, 37]. Present study did not find evidence between 
PCS and wear, either. Differences between sexes were not 
found, and there is no consensus about sex and PCS associa-
tion in the literature either [23, 35]. 

Table 2. Effect of different variables on PCS using multinomial logistic 
regression.
PCS Coefficient Odds ratio CI 95 % p 

Right vs. left side
Intercept −0.95  0.39  0.17–0.87 0.021 
Fillings −0.10  0.90  0.77–1.05  0.194 
Caries 0.15  1.16  0.86–1.57  0.330 
Wear 0.17  1.19  0.84–1.68  0.325 
Extracted teeth 0.89  2.44  1.35–4.40  0.003 
TMD diagnoses −0.30  0.74  0.46–1.19  0.214 
Sex −0.18  0.83  0.51–1.35  0.453 

PCS: preferred chewing side, CI: confidence interval, TMD: temporomandibular 
disorders
Caries: includes also tooth cracks.
Wear: attrition and erosion.
Odds ratio: > 1 increases the odds of having PCS on the opposite side of the 
variable.

Table 3. Descriptive statistics of asymmetry measurements.
Mean Std. Deviation Minimum Maximum Median Lower quartile Upper quartile

AD whole face (mm) 
 Total 0.65 0.21 0.30 1.78 0.61 0.50 0.75
 Male 0.74 0.23 0.38 1.78 0.69 0.58 0.85
 Female 0.62 0.19 0.30 1.54 0.57 0.48 0.71
AD lower face (mm) 
 Total 1.03 0.59 0.25 3.98 0.87 0.61 1.25
 Male 1.16 0.68 0.36 3.98 0.96 0.68 1.46
 Female 0.98 0.54 0.25 3.97 0.84 0.60 1.19
SP whole face (%) 
 Total 54.87 9.73 23.94 81.72 54.86 47.70 61.50
 Male 49.77 8.63 23.94 72.45 49.31 43.80 55.94
 Female 57.06 9.36 31.61 81.72 57.50 50.30 63.74
SP lower face (%) 
 Total 37.74 17.86 1.47 86.04 36.71 22.89 49.96
 Male 34.47 17.18 1.47 73.84 33.92 19.15 46.01
 Female 39.15 17.98 5.74 86.04 38.66 24.98 51.30
CVAS
 Total 1.09 0.08 1.00 1.60 1.07 1.03 1.14
 Male 1.10 0.08 1.00 1.51 1.07 1.04 1.14
 Female 1.09 0.08 1.00 1.60 1.08 1.03 1.14
Pg distance from midline (mm) 
 Total 1.35 1.06 0.00 7.68 1.13 0.50 1.96
 Male 1.50 1.26 0.00 7.68 1.13 0.49 2.21
 Female 1.29 0.95 0.01 5.16 1.13 0.51 1.89

AD: average distance, SP: symmetry percentage, CVAS: Chin Volume Asymmetry Score, Pg: pogonion.
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Sex of the subject has an impact on facial asymmetry: all six 
asymmetry scores showed that females have more symmetry 
compared to males in the area of the lower face and the whole 
face as well. The results are similar to previous studies [2, 19, 38]. 
Males and females have different soft tissue profiles, which may 
have some effects. Males tend to have more prominent faces, 
whereas females have more round faces and the amount of soft 
tissue is greater compared to males. Soft tissue could reduce the 
difference in asymmetry of the skeletal structures. Generally, 
greater facial volume and bigger size of the lower jaw in males 
compared to females could lead to greater amount of facial 
asymmetry. Also, facial growth is bigger in males compared to 
females, which can lead to highlight asymmetrical features.

PCS does not have an influence on contralateral chin side. 
Instead, an earlier study with twins found the association 
between PCS and the sidedness of chin [2]. Self-reported TMD 
pain has an impact on the sidedness of the chin. Model shows 
that there is more self-reported TMD pain in the larger side of 
the chin (OR = 9.45). It has been reported that asymmetrical 
chewers have more signs and symptoms of TMD, and unilateral 
temporomandibular joint diseases are associated with facial 
asymmetry [39–41]. The distance from the Menton landmark to 

facial midline is significantly reduced in patients with disk 
displacement compared to patients with normal disc position. 
Our finding is even more sensitive because just a reported pain 
affects facial asymmetry. Originally, TMD was decided to include 
as a confounding variable when studying the influence of PCS 
on facial asymmetry. However, the possible effect that was 
found gave us ideas for the next study, where we will examine 
the effect of TMD on facial asymmetry in more detail.

The weakness of this study concerns the different chewing 
materials. Three different chewing particles were used during 
the study, which may have affected the results. Anyhow, different 
chewing materials had no significant impact on the distribution 
of chewing sides. In any case, all the materials were hard, which 
gives a better indication of PCS compared to soft food [42]. 
Subjects have answered TMD pain questions independently, so 
answers may not be reliable. Further, PCS was only studied at 
one time point on command alongside other examinations, 
which may have impact on results. Time of tooth loss was not 
considered, which can complicate the assessment of the results. 
It would have required a different research design, but in the 
future, it will be better considered.
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Table 4. Effect of symmetrical chewing on facial asymmetry using linear regression.
AD whole face (mm) AD lower face (mm)

Coefficient CI 95 % p Coefficient CI 95 % p  

Intercept 0.87 0.79–0.95 <0.001 1.32 1.09–1.54 <0.001
Symmetrical chewing 0.001 −0.31 to 0.03 0.956 0.02 −0.08 to 0.11 0.727

Sex (female) −0.13 −0.16 to −0.10 <0.001 −0.18 −0.28 to −0.08 <0.001
SP whole face (%) SP lower face (%)

Coefficient CI 95 % p Coefficient CI 95 % p 
Intercept 41.33 37.88–44.78 <0.001 29.11 22.40–35.82 <0.001
Symmetrical chewing 0.76 −0.66 to 2.18 0.295 0.45 −2.31 to 3.21 0.748
Sex (female) 7.32 5.78–8.86 <0.001 4.70 1.71–7.69 0.002

CVAS Pg distance from midline (mm)
Coefficient CI 95 % p Coefficient CI 95 % p 

Intercept 1.09 1.06–1.12 <0.001 1.57 1.17–1.96 <0.001
Symmetrical chewing 0.007 −0.01 to 0.02 0.285 0.09 −0.07 to 0.26 0.273
Sex (female) −0.002 −0.02 to 0.01 0.824 −0.20 −0.38 to −0.02 0.025

AD: average distance, SP: symmetry percentage, CVAS: Chin Volume Asymmetry Score, Pg: pogonion, CI: confidence interval.

Table 5. Estimating variables affecting sidedness of chin by using logistic 
regression.
Sidedness of chin Coefficient Odds ratio CI 95 % p 

Intercept  0.51 1.67 1.09–2.56 0.020
Wear 0.04 1.04 0.81–1.34 0.775
PCS −0.16 0.85 0.68–1.08 0.179
Fillings −0.07 0.93 0.83–1.04 0.190
Caries 0.02 1.02 0.93–1.13 0.654
Extracted teeth 0.12 1.13 0.75–1.71 0.563
TMD pain, self-reported 2.25 9.45 1.20–74.63 0.033

CI: confidence interval, PCS: preferred chewing side, TMD: temporomandibular 
disorders.
Caries: includes also tooth cracks.
Wear: attrition and erosion.
Odds ratio: > 1 increases the odds of having a bigger side of the chin on the 
same side as the variable.



505 E.V. HEIKKINEN ET AL.

References
 [1] Tiwari S, Nambiar S, Unnikrishnan B. Chewing side preference 

impact on facial symmetry, dentition and temporomandib-
ular joint and its correlation with handedness. J Orofac Sci. 
2017;9(1):22–7.

 [2] Heikkinen EV, Vuollo V, Harila V, Sidlauskas A, Heikkinen T. Facial 
asymmetry and chewing sides in twins. Acta Odontol Scand. 
2022;80(3):197–202. https://doi.org/10.1080/00016357.2021.19
85166

 [3] Haraguchi S, Takada K, Yasuda Y. Facial asymmetry in subjects with 
skeletal Class III deformity. Angle Orthod. 2022;72(1):28–35. https://
doi.org/10.1043/0003-3219(2002)072<0028:FAISWS>2.0.CO;2

 [4] Masuoka N, Muramatsu A, Ariji Y, Nawa H, Goto S, Ariji E. 
Discriminative thresholds of cephalometric indexes in the sub-
jective evaluation of facial asymmetry. Am J Orthod Dentofacial 
Orthop. 2007;131(5):609–13. https://doi.org/10.1016/j.
ajodo.2005.07.020

 [5] Proffit WR. Contemporary orthodontics. Mosby: Printed in the United 
States of America; 1986.

 [6] Djordjevic J, Pirttiniemi P, Harila V, Heikkinen T, Toma AM, Zhurov 
AI et al. Three-dimensional longitudinal assessment of facial sym-
metry in adolescents. Eur J Orthod. 2013;35(2):143–51. https://doi.
org/10.1093/ejo/cjr006

 [7] Linden OE, Kit He J, Morrison CS, Sullivan SR, Taylor HOB. 
The relationship between age and facial asymmetry. Plast 
Reconstr Surg. 2018;142(5):1145–52. https://doi.org/10.1097/
PRS.0000000000004831

 [8] Launonen AM, Vuollo V, Aarnivala H, Heikkinen T, Pirttiniemi P, 
Valkama AM et al. Craniofacial asymmetry from one to three years 
of age: a prospective cohort study with 3D imaging. J Clin Med. 
2019;9(1):70. https://doi.org/10.3390/jcm9010070

 [9] Rossi M, Ribeiro E, Smith R. Craniofacial asymmetry in development: 
an anatomical study. Angle Orthod. 2003;73(4):381–5. https://doi.
org/10.1043/0003-3219(2003)073<0381:CAIDAA>2.0.CO;2

 [10] Aston SJ, Smith DM. Taking it on the chin: recognizing and account-
ing for lower face asymmetry in chin augmentation and genioplasty. 
Plast Reconstr Surg. 2015;135(6):1591–5. https://doi.org/10.1097/
PRS.0000000000001279

 [11] Haraguchi S, Iguchi Y, Takada K. Asymmetry of the face in ortho-
dontic patients. Angle Orthod. 2008;78(3):421–6. https://doi.
org/10.2319/022107-85.1

 [12] Ferrario VF, Sforza C, Poggio CE, Tartaglia G. Distance from 
symmetry: a three-dimensional evaluation of facial asymme-
try. J Oral Maxillofac Surg. 1994;52(11):1126–32. https://doi.
org/10.1016/0278-2391(94)90528-2

 [13] Shah SM, Joshi MR. An assessment of asymmetry in the normal 
craniofacial complex. Angle Orthod. 1978;48(2):141–8. https://doi.
org/10.1043/0003-3219(1978)048<0141:AAOAIT>2.0.CO;2

 [14] Corballis MC. Human laterality. New York: Academic Press; 1983.
 [15] Djordjevic J, Zhurov AI, Richmond S. Genetic and environmental con-

tributions to facial morphological variation: a 3D population-based 
twin study. PloS One. 2016;11(9):e0162250. https://doi.org/10.1371/
journal.pone.0162250

 [16] Djordjevic J, Jadallah M, Zhurov AI, Toma AM, Richmond S. Three-
dimensional analysis of facial shape and symmetry in twins using 
laser surface scanning. Orthod Craniofac Res. 2013b;16(3):146–60. 
https://doi.org/10.1111/ocr.12012

 [17] Taylor HO, Morrison CS, Linden O, Phillips B, Chang J, Byrne ME 
et al. Quantitative facial asymmetry: using three-dimensional 
photogrammetry to measure baseline facial surface symme-
try. J Craniofac Surg. 2014;25(1):124–8. https://doi.org/10.1097/
SCS.0b013e3182a2e99d

 [18] Wu Z, Gao X, Long H, Lai W. Quantitative analysis of facial sym-
metry by using three-dimensional technology. BMC Oral Health. 
2022;22(1):277. https://doi.org/10.1186/s12903-022-02315-x

 [19] Djordjevic J, Toma AM, Zhurov AI, Richmond S. Three-dimensional 
quantification of facial symmetry in adolescents using laser surface 
scanning. Eur J Orthod. 2014;36(2):125–32. https://doi.org/10.1093/
ejo/cjr091

 [20] Cheong YW, Lo LJ. Facial asymmetry: etiology, evaluation, and man-
agement. Chang Gung Med J. 2011;34(4):341–51.

 [21] Martinez-Gomis J, Lujan-Climent M, Palau S, Bizar J, Salsench 
J, Peraire M. Relationship between chewing side preference 
and handedness and lateral asymmetry of peripheral factors. 
Arch Oral Biol. 2009;54(2):101–7. https://doi.org/10.1016/j.
archoralbio.2008.09.006

 [22] Rovira-Lastra B, Flores-Orozco EI, Ayuso-Montero R, Peraire M, 
Martinez-Gomis J. Peripheral, functional and postural asymmetries 
related to the preferred chewing side in adults with natural denti-
tion. J Oral Rehabil. 2016;43(4):279–85. https://doi.org/10.1111/
joor.12369 

 [23] Barcellos DC, Gonçalves SE, da Silva MA, Batista GR, Pleffken 
PR, Pucci CR et al. Prevalence of chewing side preference in 
the deciduous, mixed and permanent dentitions. J Contemp 
Dent Pract. 2011;12(5):339–42. https://doi.org/10.5005/
jp-journals-10024-1056

 [24] Lamontagne P, Al-Tarakemah Y, Honkala E. Relationship between 
the preferred chewing side and the angulation of anterior 
tooth guidance. Med Princ Pract. 2013;22(6):545–9. https://doi.
org/10.1159/000353466

 [25] Nayak UA, Sharma R, Kashyap N, Prajapati D, Kappadi D, Wadhwa 
S et  al. Association between chewing side preference and den-
tal caries among deciduous, mixed and permanent dentition. 
J Clin Diagn Res. 2016;10(9):ZC05–8. https://doi.org/10.7860/
JCDR/2016/20620.8422

 [26] Nissan J, Gross MD, Shifman A, Tzadok L, Assif D. Chewing side 
preference as a type of hemispheric laterality. J Oral Rehabil. 
2004;31(5):412–6. https://doi.org/10.1111/j.1365-2842.2004.01256.x

 [27] Haralur SB, Majeed MI, Chaturvedi S, Alqahtani NM, Alfarsi M. 
Association between preferred chewing side and dynamic occlu-
sal parameters. J Int Med Res. 2019;47(5):1908–15. https://doi.
org/10.1177/0300060519827165

 [28] Martin C, Alarcon JA, Palma JC. Kinesiographic study of the mandible 
in young patients with unilateral posterior crossbite. Am J Orthod 
Dentofacial Orthop. 2000;118(5):541–8. https://doi.org/10.1067/
mod.2000.109494

 [29] Salioni MAC, Pellizoni SEP, Guimaraes AS, Juliano Y, Alonso LG. 
Functional unilateral posterior crossbite effects on mastication 
movements using axiography. Angle Orthod. 2005;75(3):362–7. 
https://doi.org/10.1043/0003-3219(2005)75[362:FUPCEO]2.0.CO;2

 [30] University of Oulu. Northern Finland birth cohort 1986. University 
of Oulu. (cited 1.7.2024) Available from: http://urn.fi/urn:nbn:fi:att: 
f5c10eef-3d25-4bd0-beb8-f2d59df95b8e

 [31] Järvelin MR, Elliott P, Kleinschmidt I, Martuzzi M, Grundy C, Hartikainen 
AL et al. Ecological and individual predictors of birthweight in a 
northern Finland birth cohort 1986. Paediatr Perinat Epidemiol. 
1997;11(3):298–312. https://doi.org/10.1111/j.1365-3016.1997.
tb00007.x

 [32] Zhurov A, Richmond S, Kau CH. Averaging facial images. Three-
dimensional imaging for orthodontics and maxillofacial surgery. 
New Jersey: Hoboken, Wiley-Blackwell; 2010.

 [33] Aranguiz V, Lara JS, Marro ML, O’Toole S, Ramirez V, Bartlett D. 
Recommendations and guidelines for dentists using the basic ero-
sive wear examination index (BEWE). Br Dent J. 2020;228(3):153–7. 
https://doi.org/10.1038/s41415-020-1246-y

 [34] Schiffman E, Ohrbach R, Truelove E, Look J, Anderson G, Goulet J 
et  al. Diagnostic Criteria for Temporomandibular Disorders (DC/
TMD) for Clinical and Research Applications: recommendations of 
the International RDC/TMD Consortium Network* and Orofacial 
Pain Special Interest Group†. J Oral Facial Pain Headache. 
2014;28(1): 6–27. https://doi.org/10.11607/jop.1151

https://doi.org/10.1080/00016357.2021.1985166
https://doi.org/10.1080/00016357.2021.1985166
https://doi.org/10.1043/0003-3219(2002)072<0028:FAISWS>2.0.CO;2
https://doi.org/10.1043/0003-3219(2002)072<0028:FAISWS>2.0.CO;2
https://doi.org/10.1016/j.ajodo.2005.07.020
https://doi.org/10.1016/j.ajodo.2005.07.020
https://doi.org/10.1093/ejo/cjr006
https://doi.org/10.1093/ejo/cjr006
https://doi.org/10.1097/PRS.0000000000004831
https://doi.org/10.1097/PRS.0000000000004831
https://doi.org/10.3390/jcm9010070
https://doi.org/10.1043/0003-3219(2003)073<0381:CAIDAA>2.0.CO;2
https://doi.org/10.1043/0003-3219(2003)073<0381:CAIDAA>2.0.CO;2
https://doi.org/10.1097/PRS.0000000000001279
https://doi.org/10.1097/PRS.0000000000001279
https://doi.org/10.2319/022107-85.1
https://doi.org/10.2319/022107-85.1
https://doi.org/10.1016/0278-2391(94)90528-2
https://doi.org/10.1016/0278-2391(94)90528-2
https://doi.org/10.1043/0003-3219(1978)048<0141:AAOAIT>2.0.CO;2
https://doi.org/10.1043/0003-3219(1978)048<0141:AAOAIT>2.0.CO;2
https://doi.org/10.1371/journal.pone.0162250
https://doi.org/10.1371/journal.pone.0162250
https://doi.org/10.1111/ocr.12012
https://doi.org/10.1097/SCS.0b013e3182a2e99d
https://doi.org/10.1097/SCS.0b013e3182a2e99d
https://doi.org/10.1186/s12903-022-02315-x
https://doi.org/10.1093/ejo/cjr091
https://doi.org/10.1093/ejo/cjr091
https://doi.org/10.1016/j.archoralbio.2008.09.006
https://doi.org/10.1016/j.archoralbio.2008.09.006
https://doi.org/10.1111/joor.12369
https://doi.org/10.1111/joor.12369
https://doi.org/10.5005/jp-journals-10024-1056
https://doi.org/10.5005/jp-journals-10024-1056
https://doi.org/10.1159/000353466
https://doi.org/10.1159/000353466
https://doi.org/10.7860/JCDR/2016/20620.8422
https://doi.org/10.7860/JCDR/2016/20620.8422
https://doi.org/10.1111/j.1365-2842.2004.01256.x
https://doi.org/10.1177/0300060519827165
https://doi.org/10.1177/0300060519827165
https://doi.org/10.1067/mod.2000.109494
https://doi.org/10.1067/mod.2000.109494
https://doi.org/10.1043/0003-3219(2005)75[362:FUPCEO]2.0.CO;2
http://urn.fi/urn:nbn:fi:att:f5c10eef-3d25-4bd0-beb8-f2d59df95b8e
http://urn.fi/urn:nbn:fi:att:f5c10eef-3d25-4bd0-beb8-f2d59df95b8e
https://doi.org/10.1111/j.1365-3016.1997.tb00007.x
https://doi.org/10.1111/j.1365-3016.1997.tb00007.x
https://doi.org/10.1038/s41415-020-1246-y
https://doi.org/10.11607/jop.1151


ACTA ODONTOLOGICA SCANDINAVICA 506

 [35] Nissan J, Berman O, Gross O, Haim B, Chaushu G. The influ-
ence of partial implant-supported restorations on chewing 
side preference. J Oral Rehabil. 2011;38(3):165–9. https://doi.
org/10.1111/j.1365-2842.2010.02142.x

 [36] Diernberger S, Bernhardt O, Schwahn C, Kordass B. Self-reported 
chewing side preference and its associations with occlu-
sal, temporomandibular and prosthodontic factors: results 
from the population-based study of health in Pomerania 
(SHIP-o). J Oral Rehabil. 2008;35(8):613–20. https://doi.
org/10.1111/j.1365-2842.2007.01790.x

 [37] Mc Donnell ST, Hector MP, Hannigan A. Chewing side prefer-
ences in children. J Oral Rehabil. 2004;31(9):855–60. https://doi.
org/10.1111/j.1365-2842.2004.01316.x

 [38] Vuollo V, Sidlauskas M, Sidlauskas A, Harila V, Salomskiene L, Zhurov 
A et al. Comparing facial 3D analysis with DNA testing to determine 

zygosities of twins. Twin Res Hum Genet. 2015;18(3):306–13. https://
doi.org/10.1017/thg.2015.16

 [39] Almasan O, Leucuta DC, Buduru S. Disc Displacement of the 
temporomandibular joint and facial asymmetry in children and 
adolescents: a systematic review and meta-analysis. Children. 
2022;9(9):1297. https://doi.org/10.3390/children9091297

 [40] Marques FBC, de Lima LS, Oliveira PLE, Magno MB, Ferreira DMT, 
de Castro ACR et al. Are temporomandibular disorders associated 
with facial asymmetry? A systematic review and meta-analysis. 
Orthod Craniofac Res. 2021;24(1):1–16. https://doi.org/10.1111/
ocr.12404

 [41] Reinhardt R, Tremel T, Wehrbein H, Reinhardt W. The unilateral chew-
ing phenomenon, occlusion, and TMD. Cranio. 2006;24(3):166–70. 
https://doi.org/10.1179/crn.2006.027

 [42] Okeson JP. Management of temporomandibular disorders and 
occlusion. 7th ed. Mosby: Elsevier; 2013.

https://doi.org/10.1111/j.1365-2842.2010.02142.x
https://doi.org/10.1111/j.1365-2842.2010.02142.x
https://doi.org/10.1111/j.1365-2842.2007.01790.x
https://doi.org/10.1111/j.1365-2842.2007.01790.x
https://doi.org/10.1111/j.1365-2842.2004.01316.x
https://doi.org/10.1111/j.1365-2842.2004.01316.x
https://doi.org/10.1017/thg.2015.16
https://doi.org/10.1017/thg.2015.16
https://doi.org/10.3390/children9091297
https://doi.org/10.1111/ocr.12404
https://doi.org/10.1111/ocr.12404
https://doi.org/10.1179/crn.2006.027

