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ABSTRACT 

The purpose of the study was to investigate the usefulness of postero-anterior cephalograms (PAC) as valuable 

supplementary means of analysis of dento-facial asymmetries. Material and method. The study was conducted 

using the Grummons method of 53 PACs that were achieved in patients with dento-facial asymmetry. The data 

obtained were statistically processed using SPSS 20.0 for Windows. Results.17.1% of patients presented 

unparalleled horizontal planes, 57.1% of patients have unequal areas of mandibular morphology triangles, 

65.7% of the patients had maxilla-mandibular volumetric imbalance, 57.1% of patients had maxilla-mandibular 

asymmetry, and 62.9% of patients had linear asymmetry and 20% of patients with asymmetrical maxilla-

mandibular relation. Significant statistical correlations were found between PAC and age stages, as well as 

Angle classes of malocclusion (p<0.05). Conclusions. PAC is useful to locate, quantify and differentiate the 

various forms of asymmetries. It is evident that only the confrontation with the clinical examination can lead to 

reliable conclusions. 
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INTRODUCTION 

Facial asymmetry can be clinically 

unnoticed, diagnosed only by complementary 

examination methods (composite face photo) 

[1,2]. The clinically observed facial 

asymmetry is confirmed by a frontal 

cephalometric examination [3]. If minor 

facial asymmetry can be the positional 

consequence of components of the dento-

maxillary complex, severe facial asymmetry 

is due to a right-left transverse difference of 

these components, which occurs mainly in 

craniofacial syndromes [4,5]. The etiology of 

facial asymmetry is not entirely known, but 

has been classified into three main categories: 

congenital, developmental and acquired [6]. 

Some studies reported 5% upper face 

asymmetry, 36% middle facial asymmetry 

and 74% inferior face asymmetry [7], due in 

most cases to Angle Class III malocclusion 
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[8,9]. Facial asymmetries are often difficult to 

diagnose due to various forms of 

manifestation and therefore complex 

measurements are required by traditional 

complementary exams (frontal cephalometry) 

or modern (cone-beam computed 

tomography) [10]. Radiographic investigation 

is essential when noticeable asymmetry is 

clinically diagnosed. With the help of the 

frontal cephalometry, it is possible to identify 

the location of the asymmetry in the different 

segments of the cranio-facial complex. 

However, this type of radiography is 

poorly used due to difficult realization and 

interpretation (overlapping the images of 

anatomical elements) [11]. In spite of these, 

the face cephalometry is indispensable for 

confirming the clinical diagnosis of facial 

asymmetries, for making a differential 

diagnosis and for establishing a proper 

treatment plan [12-15]. Frontal cephalometry 

evaluates symmetry in a vertical and 

transversal plane, providing dimensional 

information of the cranial-dental-facial 

elements (e.g., mandibular rami symmetry, 

lower face size, mandible symmetry) relative 

to the midsagittal plane. Several techniques of 

execution and methods of analysis of face 

cephalometry are available in the literature, 

but Grummons (1987) postero-anterior 

cephalometrics (PAC), which offers an 

assessment of quantitative and comparative 

symmetry, is the most widely used [16]. 

The objective of this study was to evaluate 

the accuracy of PAC measurements in 

studying dento-facial asymmetries. 

 

MATERIAL AND METHODS 

For estimation of asymmetries, PAC were 

performed for 53 patients (27 girls and 26 

boys) aged 7-20 years (mean age 11.21±3,009 

years) diagnosed clinically with asymmetry. 

The patients came from different 

environmental areas (23 patients from rural 

areas and 30 patients from urban areas) and 

asked for orthodontic treatment in the 

Department of Orthodontics, „Grigore T. 

Popa” University of Medicine and Pharmacy 

Iasi, during 2015-2017 period. All the 

patients included in the study were Caucasian 

and had obvious facial asymmetry. The 

patients had no history of orthodontic 

treatment, no evidence of any syndrome or 

craniofacial malformation. We obtained 

informed consent from each patient included 

in the study. In order to be able to specify the 

exact location of the asymmetry, all patients 

were subjected to PAC. 

The PAC were performed in the same 

radiology laboratory using a STRATO X 

cephalometric device, exposure time 0.2-3 

seconds, magnitude 1:1. The patients were 

placed with their head in headholder so that 

the central X-ray beam penetrates the skull of 

the patient in a postero-anterior direction and 

bisects the transmeatal axis perpendicularly. 

The standard distance from X-ray source to 

patient was 5 feet (152.4 cm), the tip of the 

nose and forehead lightly touched the cassette 

and the Frankfurt plane was parallel to the 

floor. The processing of the PAC was done 

by a single doctor. The PAC were visualized 

at the negatoscope, plotted on paper with a 

black pen Ǿ-0.5mm and then analyzed by the 

Grummons method [16]. The practical 

procedure for the analysis of PAC included 

the following steps: plotting the 

cephalometric points used in the Grummons 

analysis (tab. 1); construction of four 

horizontal planes and midsagittal reference 

line (MSR); mandibular morphology 

assessment; volumetric comparison; 

maxillomandibular comparison of 

asymmetry; linear asymmetry assessment; 

maxillomandibular relation (tab. 2). 

In order to be able to carry out the study 

the patients were classified according socio-

demographic characteristics (gender, age 

stages and environmental areas), dentition 

stages (mixed and permanent) and the Angle 
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Classes of malocclusion (class I, class II 

division 1, class II division 2 and class III). 

The data were statistically analyzed using the 

SPSS 20.0 for Windows (Armonk, NY, 

USA). The statistical evaluation of obtained 

data was done by descriptive statistics, 

Pearson Chi-square (2) tests; any values less 

than p<0.05 were interpreted as statistically 

significant.

Table 1. Landmarks and abbreviations in Grummons analysis 

Ag Antegonial Notch 

ANS Anterior Nasal Spine 

Cg Crista Galli 

Co Condylion (most superior aspect) 

Fr Foramen Rotundum 

J Jugal Process 

Me Menton 

NC Nasal Cavity at Widest Point 

Z Zygomatic Frontal Suture, Medial Aspect 

ZA Zygomatic Arch 

A1 Upper Central Incisor Edge 

B1 Lower Central Incisor Edge 

MSR  Mid-Sagittal Reference Line at Crista Galli 

Table 2. Steps in practical procedure of Grummons analysis 

Construction 

of four 

horizontal 

planes 

- one connecting the medial aspects of the zygomatico-frontal sutures (Z); 

- one connecting the centres of the zygomatic arches (ZA); 

- one connecting the medial aspects of the jugal processes (J); and 

- one parallel to the Z-plane through menton. 

Midsagittal 

reference line 

(MSR) 

Constructed from Crista Galli (Cg) through the anterior nasal spine (ANS) to the 

chin area. 

 

Mandibular 

morphology 

assessment 

Leftsided and rightsided triangles formed between Co-Ag-Me. 

Volumetric 

comparison 

Areas (right and left) formed by connecting the points Co, Ag, Mc and point 

from the intersection with a perpendicular from Co to MSR. 

Maxillo-

mandibular 

comparison 

of asymmetry 

Four lines are constructed, perpendicular to MSR, from Ag and from J, 

bilaterally. 

Lines connecting Cg and J, and lines from Cg to Ag, are also drawn: two pairs of 

triangles are formed. 

If is symmetry, the constructed lines also form the two triangles (J-Cg-J and Ag-

Cg-Ag). 

Linear 

asymmetry 

assessment 

The linear distance to MSR and the difference in the vertical dimension of the 

perpendicular projections of bilateral landmarks to MSR are calculated for the 

landmarks Co, NC, J, Ag, Me. 

Maxillo-

mandibular 

relation 

The distances from the buccal cusps of the maxillary first molar to the J-

perpendiculars are measured. 

Lines connecting Ag-Ag and ANS-Me, and the MSR line, reveal dental 

compensations (maxilla-mandibular imbalance). 

 

RESULTS 

The 53 patients presented: mixed dentition 

31 (58.49%) of patients and permanent 

dentition 22 (41.51%) of patients; age stages 
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corresponding to the stages of dental 

permutation 6-7 years=3 (5.66%) of patients, 

8-9 years=12 (22.65%) patients, 10-11 

years=21 (39.62%) patients, >12 years=17 

(32.07%) patients; and Angle Classes of 

malocclusion class I=21 (39.62%) patients, 

class II division 1=20 (37.74%) patients, class 

II division 2=5 (9.43%) patients and class 

III=7 (13.21%) patients (tab. 3). 

The analysis of the PAC by the Grummons 

method established the diagnosis through the 

measurements made, allowing the 

localization of the asymmetries. Thus, we 

found the following descriptive data: 

- the horizontal reference planes were parallel 

to 44 (82.9%) patients and there was no 

parallelism of these plans in 9 (17.1%) 

patients (fig. 1); 

- the mandibular morphology assessment 

revealed the equal areas of the mandibular 

triangles formed in the rightside and leftside 

in 30 (57.1%) patients and unequal areas in 

23 (42.9%) patients (fig. 2); 

- volumetric comparison of the right-left 

maxillo-mandibular quadrilateral areas 

showed the areas equal to 33 (65.7%) patients 

and uneven areas in 20 (34.3%) patients 

(fig.3); 

- maxillomandibular comparison of rightside 

and leftside triangle areas revealed the 

equality in 23 (42.9%) patients and inequality 

in 30 (57.1%) patients (fig.4); 

- linear asymmetry assessment revealed the 

presence of symmetry in 33 (62.9%) patients 

and the asymmetry at 20 (37.1%) by 

calculating the corresponding linear values 

from rightside and leftside (fig. 5) to MSR; 

- maxillomandibular relation were symmetric 

in 43 (80%) patients and asymmetric in 10 

(20%) patients (fig. 6). 

Table 3. Correlations between facial symmetry-asymmetry and statistical variables 

Variables Asymmetry Symmetry Total 
2 

test 

p 

value n % n % n % 

Genders 30 56.60 23 43.40 53 100.00 0.158 0.691 

male 14 26.41 12 22.64 26 49.06 
  

female 16 30.19 11 20.75 27 50.94 

Age stages 30 56.60 23 43.40 53 100.00 12.618 0.006* 

6-7 years 2 3.77 1 1.89 3 5.66 

  
8-9 years 3 5.66 9 16.99 12 22.65 

10-11 years 10 18.87 11 20.75 21 39.62 

>12 years 15 28.30 2 3.77 17 32.07 

Environment areas 30 56.60 23 43.40 53 100.00 2.053 0.569 

urban 18 33.96 12 22.64 30 56.60 
  

rural 12 22.64 11 20.76 23 43.40 

Dentition types 30 56.60 23 43.40 53 100.00 11.475 0.152 

mixed 15 28.30 16 30.19 31 58.49   

permanent 15 28.30 7 13.21 22 41.51 

Angle Classes 30 56.60 23 43.40 53 100.00 8.413 0.038* 

Class I 13 24.53 8 15.09 21 39.62   

Class II division 1 8 15.09 12 22.65 20 37.74 

Class II division 2 2 3.77 3 5.66 5 9.43 

Class III 7 13.21 0 0 7 13.21 

*statistically significant differences when p<0.05 

 
In the studied group we found statistically 

significant differences (p<0.05) between 

symmetry-asymmetry and patient age stage 

(p=0.006), as well as the Angle classes of 

malocclusions (p=0.038). No statistically 

significant differences (p0.05) between 
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symmetry-asymmetry and patient sex 

(p=0.691), the environment area (p=0.569), 

and the dentition type (p=0.152) were found 

(tab. 3). 

 

 

 

 

Figure 1. Fig. 1. Horizontal planes  Figure 2. Fig. 1. Horizontal planes 

 

 

 

Figure 3. Volumetric comparison  Figure 4. Maxillomandibular 

comparison 

 

 

 

Figure 5. Linear asymmetry  Figure 6. Maxillomandibular relation 

 

DISCUSSIONS 

In this study we used PAC to establish 

the location of asymmetry and appreciate its 

extension to the constituents of the 

craniofacial complex, necessary for the 

confirmed and differential diagnosis of 

dental, skeletal or positional asymmetry. 

With the help of the Grummons analysis 

we carried out a series of consecutive 

measurements of confirmation of asymmetry 

diagnosis in the studied group of patients. 

Not all clinically diagnosed patients with 

facial asymmetry had the diagnosis 

confirmed by PAC. After measurements 
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made on the PAC, only some patients were 

diagnosed with skeletal asymmetry in the 

lower face. 

Thus, the nonparallelism of the horizontal 

planes that go through the zigomato-frontal 

sutures, the centers of the zygomatic arches, 

the medial aspects of the jugal processes, 

and the menton was found in a low number 

of patients. Asymmetry of rightside-leftside 

mandibular triangle areas from mandibular 

morphology analysis, quadrilaterals from 

maxilla-mandibular volumetric comparison 

and triangles from maxilla-mandibular 

comparison was observed in an increased 

number of patients but less than 50% of the 

patients studied. Linear asymmetry of 

rightside and leftside was present in a large 

number of patients, but less than 50% of 

patients studied, while mandibulomaxillary 

relation were asymmetric in a small number 

of patients. 

With Chi-square Pearson Tests, a 

statistically significant association was 

observed between patients PAC asymmetry 

and age ranges, as well as the Angle Classes 

of Malocclusion, which differentiated 

patients according to these statistical 

variables. 

Specialty literature is poor in studies 

using PAC to study the face in a transverse 

and vertical plane [17]. Athanasiou [18] set 

the normal standards for PAC by age and 

gender. Other studies have contributed to the 

knowledge of the craniofacial structures and 

provided valuable data for the study of PAC, 

including linear and angular measurements 

[16,19,20]. 

However, facial asymmetries, especially 

skeletal, are characterized by a great 

difficulty in diagnosis, especially in terms of 

precise localization and quantification of 

impairment. However, the data obtained by 

us from the PAC analysis should be used 

cautiously, as the identification of the 

cephalometric landmarks was difficult. In 

order to use the PAC, the patient should be 

positioned very correctly to avoid parasitic 

movements (pitch, roll, and rotation) that 

generate artificial asymmetries in perfectly 

symmetric subjects. Thus, the rotation 

movements generate the appearance of 

artificial asymmetries, and by associating the 

rotation motion with the pitch movement, 

the correct interpretation of the cliché 

becomes almost impossible and the results 

are not valid and unusable. The most 

frequent and broadest pitching movement 

does not involve artificial asymmetries, but 

causes image distortions and false vertical or 

anteroposterior reports [17-20].Width 

measurements from frontal-view 

cephalograms are most sensitive to minor 

movements in head posture [21]. In these 

situations there are contradictions between 

the clinical examination and the diagnosis on 

the PAC; in this case it is necessary first to 

reconsider the latter, as the risk of error is 

often at this level [18]. 

The usefulness of PAC analysis to 

evaluate dental discrepancies or maxillo-

mandibular molar relationship is questioned 

by some researchers. They consider that on 

PAC each landmark has its own error and 

there is a clear difference in the localization 

accuracy between the x and y coordinates. In 

their opinion, some skeletal and dental 

landmarks are poorly reproducible and have 

questionable localization accuracy and for 

this reason PAC cannot be recommended for 

accurate evaluation of any asymmetry [22]. 

PAC are not accurate in detection of 

asymmetry of the mandibular ramus length, 

the mandibular body length, and the total 

mandibular length [23] and it is 

recommended that clinicians are cautious 

when interpreting and making decisions 

related to transverse dimensions derived 

from a PAC. It is postulated that the 

confounding effects of overlying soft tissues 

have a significant impact on a clinician's 
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ability to identify relevant landmarks [23-

26]. 

The results obtained by analyzing the 

GAC by the Grummons method showed that 

this can be used in the current practice for 

the analysis of facial asymmetry, as it is a 

comparative and quantitative cephalometric 

analysis. In the daily practice, a summary 

facial asymmetry analysis can be used that 

includes the construction of the horizontal 

planes, the mandibular morphology analysis, 

and the maxilla-mandibular comparison of 

facial asymmetry [18]. 

 

CONCLUSIONS 

The PAC analyzed by the Grummons 

method was the complementary exam which 

allowed qualitative and quantitative 

assessment of asymmetry of the skeletal and 

dento-alveolar regions. 

The interpretation of the data requires 

caution due to the errors that may arise in 

the technique of making and processing the 

PAC, which implies the necessity of 

completing it and the clinical examination as 

well as with other complementary 

examinations. 
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