
Introduction 
The perfectly bilateral face is primarily an impractical and 
unrealistic concept, whereas asymmetry is the norm.1,2 
The vertical proportions of the human face may always 
show some degree of variance, called the normal 
asymmetry.2 This balance between normal asymmetry 
and ideal symmetry of the human face is a crucial 
determinant of facial attractiveness.3 Asymmetry in the 
facial dimensions may be defined as the presence of any 
disparity when the face is divided into vertical thirds and 
horizontal fifths proportions during the frontal 
examination of the patient field.2 The presence of this 
asymmetry may be the patient's or parent's concern, and 
it can easily be quantified by the clinicians based on their 
own or patients' perception and subjective evaluation of 
facial asymmetry.1 There may be many causative factors 
of facial asymmetry, including genetic problems, trauma, 
oral parafunctional habits, malocclusion, environmental 
factors, etc.1,4 that can be divided into three broad 
categories; congenital, developmental, and acquired. 

Facial asymmetry can lead to developmental and 

functional problems, such as increased likelihood of 
temporomandibular disorders, uneven masticatory forces 
leading to traumatic temporomandibular joint and 
muscular overloading, dental attrition, etc.3,5,6 Moreover, 
the facial asymmetry can have an impact on the quality of 
the life by impacting the social and mental wellbeing of 
patient.4 Hence, modern orthodontics is not limited to 
recreation of an optimal occlusion, but also symmetrical 
and well-aligned dentofacial structures that will 
contribute to patient's self-confidence, solve their 
problems, and improve their psychosocial wellbeing.3,4 

Despite the undeniable significance and consequences of 
aesthetically pleasing facial symmetry, there is lack of 
consensus on a standard method for the determination of 
asymmetry. The methods of determination of facial 
asymmetry vary depending on use of technique, for 
example, clinical examination, photography, or 
radiography.7 This in-turn highlights the discrepancy 
between soft tissue and skeletal-dental profile, based on 
radiographic assessment. Literature lacks studies 
assessing the correlation between the perception of facial 
asymmetry and the panoramic measurements.1 
Nonetheless, patients rely on clinical picture and, hence, 
soft tissue parameters take precedence over skeletal-
dental parameters. Therefore, one popular method of 
assessment of facial asymmetry is by measuring the 
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distance between the mid-point of the chin and the facial 
midline, and a deviation of 2mm or more defines the 
asymmetry.6 

Another unexplored dimension of this biological 
imperfection of facial disharmony is the characteristics 
associated with it. There are very few epidemiological 
studies in literature evaluating and quantifying the 
underlying skeletal features of this disharmony to assess 
their impact. The method by Habets et al.8 is the most 
reliable and most frequently used method7 to determine 
underlying asymmetries between vertical heights of the 
mandibular right and left rami. This has also been an 
acceptable method for diagnosis and treatment planning 
in malocclusion and temporomandibular-disorder 
patients.3,6,9,10 The current study was planned to compare 
mandibular ramal heights in individuals with clinically 
symmetrical and asymmetrical faces. 

Subjects and Methods 
The comparative prospective cross-sectional study was 
conducted from May 2020 to July 2021 at the Department 
of Orthodontics, Armed Forces Institute of Dentistry 
(AFID), Rawalpindi, Pakistan. After approval from the 
institutional ethics review committee, the sample size was 
calculated using OpenEpi software, keeping hypothetical 
values in line with a previous study,11 significance level (1-
a) 95% and power (1-b) 85% using Fleiss with continuity 
correction (CC) formula.12 Those included were 
individuals regardless of age and gender who were 
equally divided into Group-I and Group-II. The inclusion 
criteria for Group-I were clinically symmetrical face with 
no or minimal chin point (soft tissue Menton, Men') 
deviation of <3mm from the facial midline. Group-II had 
individuals with clinically asymmetrical faces with chin 
point (soft tissue Menton, Men') deviation >3mm, but 
<5mm from the facial midline. Individuals with any 
temporomandibular pathology or craniofacial 
abnormality, crossbite, history of previous orthodontic or 
orthognathic treatment, any restorations, or missing 
teeth were excluded. The radiographs of patients based 
on the inclusion criteria were analysed for mandibular 
asymmetry. 

For the assessment of facial asymmetry, all the patients 
were seated upright with the face oriented with the 
natural head position parallel to the floor. Mandibular 
ramal height was evaluated according to Habets' 
technique8 (Figure) and the Ramal Asymmetry Index (RAI) 
was calculated using the following formula8: 

RAI = RH(right)- RH(left)/ RH(right) + RH(left) × 100%. 

Data was analysed using SPSS 26.13 Data was expressed as 
frequencies and percentages or mean with standard 
deviations, as appropriate. Shapiro-Wilk test was used to 
assess normality of data distribution, which showed no 
evidence of non-normality for all variables. To determine 
ramal height differences between left and right sides of 
each patient, paired-sample t-test was used. To determine 
statistical differences between the two groups and to 
compare them across the variables of gender, age and 
skeletal class for ramal heights and RAI measurements, 
independent sample t-test was used. P<0.05 was 
considered statistically significant. 

Results 
Of the 78 subjects, 40(51%) were males and 38(49%) were 
females. The overall mean age was 18±5.78 years, with 
44(56%) aged 16-25 years, 28(36%) <15 years and 6(8%) 
>26 years. In terms of skeletal class, skeletal class 36(46%) 
subjects had class I, 31(40%) class II and 11(14%) class III. 

Both the groups had 39(50%) subjects each. Group-I had 
19(49%) males and 20(51%) females with mean age 
18.04±7.02 years. Group-II had 21(54%) males and 
18(46%) females with mean age 17.74±4.27 years. 
Regarding skeletal class distribution, Group-I had 
22(56.3%) patients with Class I, 13(33.3%) Class II and 
4(10.3%) class III, whereas Group-II had 14(35.9%) Class I, 
18(46.1%) Class II, and 7(17.9%) Class III patients. 

There was high but non-significant correlation between 
the right and left sides of both the groups (p>0.05) (Table-
1). Inter-group differences were significant with respect to 
ramal height (p=0.000), whereas RAI difference was not 
significant (p>0.05) (Table-2). 

With respect to severity of asymmetry, 32(41%) subjects 
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Table-1: Intra-group comparison of ramal heights (right and left) using paired T-test and Pearson correlation in clinically symmetrical and asymmetrical groups. 
 
Parameters                 Comparison Groups                 Mean (mm)                     SD                                         Pearson Correlation                                                               Paired T-test 
                                                                                                                                                                                         r value                                 p-value                              T test value                           p-value 
 
Symmetrical                    Right ramal Length                          60.64                           4.99                                 0.845                                     0.000*                                      -0.227                                     0.821 
                                              Left ramal Length                            60.74                           5.12                                                                                                                                                                                             
Asymmetrical                  Right ramal Length                          54.36                           7.20                                 0.755                                     0.000*                                       1.406                                      0.168 
                                              Left ramal Length                            53.25                           6.75                                                                                                                                                                                             

 

*Statistically significant at p<0.05.



had RAI value <0%, 28(35.9%) ranged 0-2.99%, 9(11.5%) 
ranged 3-5% and 9(11.5%) ranged 5-<10%. 

Discussion 
The current study is the first to analyse the mandibular 
ramal asymmetry measured using Habet et al.'s method8 
on orthopantomogram (OPG) radiographs in individuals 
with clinically symmetric or asymmetric faces. The study is 
also the first to provide ground-level data on the 
frequency distribution of mandibular ramal asymmetry 
across gender, age and skeletal classification in Pakistani 
population. 

Facial asymmetry is a norm rather than the exception, as 
every human being is a combination of minor 
asymmetrical components.1,11 These minor asymmetries 
in the seemingly bilaterally symmetrical structures are 
also referred to as fluctuating asymmetries.13 With the 
exceeding interest in facial aesthetics, it is becoming 
necessary for orthodontists to pay due attention to 
symmetries and have the required knowledge and skills 
to establish the most suitable diagnosis and treatment 
plan for their patients.14,15 

Panoramic radiograph is a reliable and recommended 
two-dimensional (2D) screening tool for assessing dental 
and craniofacial disorders. It also effectively measures 
mandibular ramal height differences of both right and left 

sides.1,8,11 A few studies have been 
conducted measuring condylar and 
ramal heights using Habet et al.8 
methods, but the current study 
measured the ramal sizes in both 
clinically symmetrical and asymmetrical 
individuals using this method on 
panoramic radiographs, which has not 
been done previously. The concern with 
using panoramic radiographs is the 
magnification of image, which is why 
Habets et al.8 defined 6% asymmetry (3% 
each) threshold, and the current study 
also followed same criteria. 

Facial asymmetry, owing to mandibular asymmetry, may 
be skeletal, dental, soft tissue, and functional, and it is 
necessary to determine the underlying cause of facial 
asymmetry before establishing its treatment plan.16 
Limited evidence is available to support the skeletal 
outcome of these facial, dentoalveolar and muscle 
asymmetries.17 Asymmetry of the soft tissue structures is 
usually detected in the central one-third of the face 
during pre-adolescence. Later in post-adolescence, it 
becomes more visible in the lower one-third of the face 
as the mandibular growth continues till 16 years of 
age.18 Studies have also explored the role of gender and 
age in affecting the rate of average mandibular 
growth.19 In the current study, the ramal heights of the 
right and left sides for both genders were measured, and 
no statistically significant difference was found. This 
result is consistent with the studies done 
previously.8,11,18,20 

Data regarding the ramal height measurements of the 
right and left sides in asymmetrical faces is controversial. 
A few studies correlated clinical asymmetry with skeletal 
asymmetry.1 While other studies claimed that some 
degree of asymmetry exists even in symmetric faces, no 
significant correlation was found in such individuals.21 
These findings were established on the spatial position 
of condyle within the glenoid fossa, and were carried out 
using a 2D radiographic modality. As such, this data is 
not an accurate representation of true skeletal 
asymmetry.  

The current study reported mean ramal height of 
57.5mm; 61mm in symmetrical faces and 54mm in 
asymmetrical faces. The mean ramal heights reported in 
other studies varied from 34mm9 to 43mm3,7,19 and from 
66mm1 to 81mm11 in different studies. The differences 
could be attributed to varying magnification of 
panoramic radiograph. The current study also reported 
difference in right and left ramal heights to be statistically 
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Figure: Orthopantomagram (OPG) tracing showing tracing and landmarks labelled Cor (Coronoid), Co (Condyle), Go 
(Gonion) with vertical measurements, i.e., right ramal height (1) and left ramal height (2).

Table-2: Inter-group comparison of ramal heights (right and left) and RAI using 
independent T-test. 
 
Parameters                   Comparison Groups        Mean (mm)           SD              p-value 
 
Right ramal Length                Symmetrical                         60.64                 4.99              0.000* 
                                                    Asymmetrical                        54.36                 7.20                      
Left ramal Length                   Symmetrical                         60.74                 5.12              0.000* 
                                                    Asymmetrical                        53.25                 6.75                      
RAI                                               Symmetrical                         -0.07                 2.38                0.21 
                                                    Asymmetrical                         0.97                  4.66                      

 

RAI: Ramal asymmetry index, *Statistically significant at p<0.05.



non-significant (p=0.82). These results were consistent 
with some studies,1,3,7,9 while contrasting results have 
been reported by others.11 

Despite having a strict criterion of including only 
individuals with <5mm chin point deviation, the 
current study found statistically significant (p=0.001) 
ramal height difference between the two groups.8 
Based on thorough literature search, no other study 
compared ramal heights between such groups. Only 
one study14 compared the two groups using cone-
beam computed tomography (CBCT) for condylar 
parameters. Some other studies compared ramal 
heights among skeletal classifications,7,10,15,20 cross-
bites,3,9,18 and mandibular impactions.19 The current 
study did not assess cross-bite and mandibular 
impaction, but results related to skeletal classification 
were not statistically significant. 

The mean value of RAI in the current study was 0.45±3.7; 
-0.07 for symmetrical faces, and 0.97 for asymmetrical 
faces. RAI values reported in literature are -0.01,7 0.37,3 
1.97,1 2.1220 and 2.52.9 RAI between differences between 
clinically symmetrical and asymmetrical faces were 
statistically non-significant (p=0.21). No other study 
conducted this comparison for RAI. 

Values related to the severity of asymmetry in the study 
were similar to those reported earlier.1 

The limitations of the current study include its cross-
sectional design. Longitudinal research is required to 
understand growth effects, development and skeletal 
maturation in mandibular asymmetry. However, it 
seems idealistic to follow a group of individuals with 
certain malocclusions without performing any 
treatment. Secondly, patients were mainly young adults 
(mean age 18), so the results may not be generalisable 
to older adults. Thirdly, only panoramic radiographs 
were used for assessment, which, although acceptable, 
reliable and non-invasive, provide a 2D image with 
magnification errors. Hence, future research needs to 
employ 3D imaging technology to obtain more 
accurate findings. 

Conclusion 
A statistically non-significant difference in RAI values 
between clinically symmetrical and asymmetrical faces 
was found. However, ramal height differences between 
the groups were statistically significant, indicating that 
certain degree of asymmetry existed in all subjects. 

Disclaimer: None. 

Conflict of Interest: None. 

Source of Funding: None. 

References 
1. Bharti C, Jain S, Bharti HV. Assessment of facial asymmetry and 

establishment   of threshold  of sub-clinical asymmetry in Malwa 
population. Orthod J Nepal. 2018; 8:29–40. DOI: 
https://doi.org/10.3126/ojn.v8i2.23068 

2. Proffit W, Fields H, Larson B, Sarver DM. Contemporary 
Orthodontics. 6th ed. India: Elsevier, 2019.  

3. Lopatienė K, Trumpytė K. Relationship between unilateral 
posterior crossbite and mandibular asymmetry during late 
adolescence. Stomatologija. 2018; 20:90–5.  

4. Thiesen G, Gribel BF, Kim KB, Pereira KCR, Freitas MPM. Prevalence 
and associated factors of mandibular asymmetry in an adult 
population. J Craniofac Surg. 2017; 28:e199–203. doi: 
10.1097/SCS.0000000000003371.  

5. Yeung AWK, Wong NSM, Li DTS, Lo THY, Leung YY. Is there a 
difference between the thicknesses of the rami in mandibular 
asymmetry? Int J Oral Maxillofac Surg. 2021; 50:791–7. doi: 
10.1016/j.ijom.2020.11.016. 

6. Toh AQJ , Chan JLH , Leung YY  . Mandibular asymmetry as a 
possible etiopathologic factor in temporomandibular disorder: a 
prospective cohort of 134 patients. Clin Oral Inverstig. 2021; 
25:4445–50. doi: 10.1007/s00784-020-03756-w.  

7. Mendoza LV, Bellot-Arcís C, Montiel-Company JM, García-Sanz V, 
Almerich-Silla JM, Paredes-Gallardo V. Linear and Volumetric 
Mandibular Asymmetries in Adult Patients With Different Skeletal 
Classes and Vertical Patterns: A Cone-Beam Computed 
Tomography Study. Sci Rep. 2018; 8:1–10. doi: 10.1038/s41598-
018-30270-7. 

8. Habets LLMH, Bezuur JN, Naeiji M, Hansson TL. The 
Orthopantomogram®, an aid in diagnosis of temporomandibular 
joint problems. II. The vertical symmetry. J Oral Rehabil. 
1988;15:465–71. doi: 10.1111/j.1365-2842.1988.tb00182.x. 

9. Uysal T, Sisman Y, Kurt G, Ramoglu SI. Condylar and ramal vertical 
asymmetry in unilateral and bilateral posterior crossbite patients 
and a normal occlusion sample. Am J Orthod Dentofacial Orthop. 
2009; 136:37–43. doi: 10.1016/j.ajodo.2007.06.019. 

10. Chen Y, Yao CC, Chang Z, Lai H, Yeh K, Kok S. Characterization of 
facial assympetry in skeletal Class III malocclusion and its 
implications for treatment. Int J Oral Maxillofac Surg. 2019; 
48:1533–41. doi: 10.1016/j.ijom.2019.06.014 

11. McCrea SJ, Troy M. Prevalance and Severity of Mandibular 
Assymetry in Non-Syndromic, Non-Pathologic Caucasian Adults. 
Ann Maxillofac Surg. 2018; 8:254–8. doi: 
10.4103/ams.ams_293_13. 

12. Kelsey JL, Whittemore AS, Evans AS, Thompson WD. Methods in 
Observational Epidemiology 2nd ed. Oxford University Press. 
[Online] [Cited 2022 Sep 1]. Available from: URL: 
https://books.google.com.pk/books?hl=en&lr=&id=Xnz6VgL22os
C&oi=fnd&pg=PA3&dq=methods+in+observational+epidemiolo
gy+2nd+edition+&ots=kNN5ZX1vSe&sig=V8UWCzljqhF_8QQEK
0bHW3bALd0&redir_esc=y#v=onepage&q=methods%20in%20o
bservational%20epidemiology%202nd%20edition&f=false 

13. IBM Corp. IBM SPSS Statistics for Windows. Armnok, NY: IBM Corp, 
2019. 

14. Oh MH, Kang SJ, Cho JH. Comparison of the three-dimensional 
structures of mandibular condyles between adults with and 
without facial asymmetry: A retrospective study. Korean J Orthod. 
2018; 48:73–80. doi: 10.4041/kjod.2018.48.2.73.  

15. Thiesen G, Freitas MPM, Gribel BF, Kim KB. Comparison of 
maxillomandibular asymmetries in adult patients presenting 
different sagittal jaw relationships. Dental Press J Orthod. 2019; 
24:54–62. doi: 10.1590/2177-6709.24.4.054-062.oar. 

16. Agrawal M, Agrawal JA, Nanjannawar L, Fulari S, Kagi V. 

Open Access J Pak Med Assoc

R. Shahid, R. Zaheer, A. Jan, et al86



Dentofacial asymmetries: Challenging diagnosis and treatment 
planning. J Int Oral Health. 2015; 7:128–31. 

17. Cardinal L, Martins I, Gribel BF, Dominguez GC. Is there an 
asymmetry of the condylar and coronoid processes of the 
mandible in individuals with unilateral crossbite? Angle Orthod. 
2019; 89:464–9. doi: 10.2319/052518-398.1.  

18. Primozic J, Perinetti G, Richmond S, Ovsenik M. Three-dimensional 
evaluation of facial asymmetry in association with unilateral 
functional crossbite in the primary, early, and late mixed dentition 
phases. Angle Orthod. 2013; 83:253–8. doi: 10.2319/041012-299.1 

19. Al-Gunaid TH. Sex-related variation in the dimensions of the 

mandibular ramus and its relationship with lower third molar 
impaction. J Taibah Univ Med Sci. 2020; 15:298–304. doi: 
10.1016/j.jtumed.2020.04.008. 

20. Sezgin OS, Celenk P, Arici S. Mandibular Assymetry in Different 
Occlusal Patterns. Angle Orthod. 2007; 77:803–7. doi: 
10.2319/092506-392. 

21. Leonardi R, Caltabiano M, Cavallini C, Sicurezza E, Barbato E, 
Spampinato C, et al. Condyle fossa relationship associated with 
functional posterior crossbite, before and after rapid maxillary 
expansion. Angle Orthodontist. 2012; 82:1040–6. doi: 
10.2319/112211-725.1.  

Vol. 73, No. 1, January 2023 Open Access

Comparison of ramal heights in individuals with clinically symmetrical and asymmetrical faces 87


