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ABSTRACT 

Aim of the study: The aim of this study was to evaluate the rotation of the upper first permanent molars and 

the relationship with transverse and sagittal asymmetries of dental arch in patients with dental malocclusions. 

Material and Method: Thirty tree pairs of cast models were evaluated. Measurements were taken after the 

dental casts were scanned. The angle formed between a line crossing the mesio-buccal and mesio-palatal cusps 

of the right and left upper first molars and midsagittal plane were measured in all samples. The statistical 

evaluation of obtained data was done by descriptive statistics, Chi-square, Pearson Tests, Fischer exact tests.  

Results:  In study group molar rotation had mean value 59.03
0 

in right side and
 
58.20

0 
in left side and the 

asymmetric rotation of molars was found in 58.49% patients and was more frequent in class I malocclusion 

(28%). Statistically significant associations were found between the asymmetric rotation of the upper first 

permanent molars and the Angle classes of malocclusion (p = 0.043) and with the sagittal asymmetry of the 

dental arch (p=0.019).  Conclusions: The asymmetric upper first molars' rotation is a common finding in 

orthodontic patients. The early evaluation and correction of the molars' rotation in the start of orthodontic 

treatment allows to obtain a correct inter-occlusal sagittal molar relationship and space for an adequate eruption 

of permanent teeth.  
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INTRODUCTION 

The cause of intra and inter-arch 

asymmetry is frequently represented by the 

malposition of maxillary or mandibular 

molars. According to Lamons (1), three 

positions of the first molars are significant: 

maxillary position, axial inclination, and 

rotation around its own axis. The migration 

of upper first permanent maxillary molars 

occurs most often, according to Lamons 

(1), by rotating the mesio-buccal cusp on 

the long axis in the mesio-palatal direction, 

the palatal root being the axis of rotation. 

The rotations of the upper first permanent 

maxillary molars alter the occlusal molar 

relationships, occupy more space in the 

dental arch, thus accentuating the dento-

alveolar discrepancies (2, 3, 4). 

Researches show that upper first 

permanent molar rotation is present in about 

95% of patients with Angle Class II, division 1 

malocclusion, and in 83% of them as a whole 

(1, 5). The abnormal rotation of the upper first 

permanent upper molar has often been the 
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subject of study due to the importance of these 

teeth in establishing arcade equilibrium and 

occlusion relationships, and hence the attempt 

to find treatment methods (6) to allow the 

restoration of some ideal occlusion 

relationships (7,8 ). 

Rotation on axis of first permanent 

upper molars can result because of early 

extraction or proximal carries of primary 

second molars (9), as well as due to difference 

in the tooth size and jaw size, being often met 

in class II malocclusion cases (1). Rotational 

upper first molars could have an influence 

between the crossbite and non-crossbite sides, 

on the lateral mandible deviation and on the 

asymmetric occlusal sagittal molar 

relationship (10).  The rotation of the upper 

first permanent molar can result in greater 

need for space in the arch, due to its 

trapezoidal shape (11). After derotating the 

molars and restoring normal occlusion 

relationships, the anterior teeth establish 

normal occlusion relationships easier and 

therefore each treatment should begin with 

derotating the first molars (1). 

In average, for each 3 mm of distal 

movement, there is a contribution of 1 mm 

regarding the correction in the rotation of the 

molar (average equivalent to 10°).  

Therefore, it is very important to assess 

the upper first permanent molar rotation 

during orthodontic diagnosis and treatment 

planning (6). The rotation of the upper first 

permanent molar is quite simple to determine 

on the dental cast, and therefore different 

methods for assessing the molar rotation have 

been developed: the line touching the tips of 

disto-buccal and mesio-palatal cusps of the 

maxillary first molar on one side should pass 

through the distal third of the canine on the 

opposite side (7), maxillary first molars are 

well positioned, when the buccal surfaces of 

molars are parallel (12), the line joining the 

mesio-buccal and mesio-palatal cusp (13) or 

the line joining the mesio-buccal and disto-

buccal cusps(Hansen) were used to calculate 

the molar rotations.  

The objective of this study was to 

determine the rotation of first permanent 

maxillary molars and how the position of the 

molar contributes to the transverse and sagittal 

dimensions of the dental arch. 

 

MATERIAL AND METHODS 

The sample of this study was obtained 

from the orthodontic files of the Department of 

Orthodontics, Gr.T.Popa University of 

Medicine and Pharmacy Iași. We performed a 

study on 53 pairs of dental casts from patients 

with dental malocclusions. The patients (27 

females and 26 males), aged between 10 and 

20 years (mean age 12.06±2.39) with 

permanent dentition asked for orthodontic 

treatment. All the patients included in the 

study were Caucasian and had no history of 

orthodontic treatment, no evidence of any 

syndrome or craniofacial malformation. 

Subjects with missing/extracted/restored teeth 

were excluded from the study. From each 

patient who participated in the study informed 

consent for the use of their orthodontic records 

for research was obtained.   

The patients were classified according to 

the Angle classes of malocclusion: 21 patients 

with class I, 20 patients with class II division 

1, 5 patients with class II division 2 and 7 

patients with class III.  To assess the 

asymmetry in rotation of the upper first 

permanent molars, the models were properly 

trimmed: the bases of the dental casts were 

made parallel to the occlusal plane, their 

posterior part being perpendicular to the 

median raphe, so as to allow the determination 

of a reference axis as well as the reproduction 

and integration of arches in the cranio maxillo-

facial complex. The maxillary dental casts 

were scanned and their images were digitized 

in grayscale at a resolution of 300 DPI and the 

measurement was made with AudaxCeph Ver. 

5.0.programme.  
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On maxillary dental casts the mid-

sagittal plane represented by mid-palatal 

suture was used as a symmetry reference 

(14,15)  It was delimited in the maxillary arch 

by demarcating landmarks over the mid-

palatal suture from the incisive papilla until 

the most posterior visible landmark (16). In 

order to measure the degree of rotation in 

different types of malocclusion, the angle 

formed by a line joining the points of the 

mesio-buccal and mesio-lingual cusps and the 

mid-sagittal plane was used. Both maxillary 

first molar rotation angles were measured 

(fig.1).  

In order to determine the effect of the 

upper first permanent molar rotation on 

asymmetry in a transverse and sagittal plane it 

was determined in manual measurements the 

transverse and sagittal diameter at the molar 

level in the right and left dental arch, having as 

reference the buccal cusps of the upper first 

permanent molars; transverse and sagittal 

asymmetries were determined by the 

difference between homologous measurements 

on the right and left dental arch (fig.2).  The 

results obtained were statistically analysed 

using the SPSS 20.0 for Windows (Armonk, 

NY, USA). The statistical evaluation of 

obtained data was done by descriptive 

statistics, Chi-square Pearson Tests, Fischer 

exact tests; any values less than p<0.05 were 

interpreted as statistically significant. 

 

 

 

 

Figure 1. Method of assessment of upper 

first molars rotation  
Figure 2. Method of assessment of arch 

asymmetry 

 

RESULTS  

In the studied group, the rotation of the 

upper first permanent molar in right side had 

a mean value of 59.030 ± 2.52 (minimum 

value 45.70, maximum value 630), and the 

rotation of the upper first permanent molar in 

left side had the mean value 58.200 ± 2.61 

(minimum value 500, maximum value 65.20). 

The mean of asymmetric rotation of right –

left upper first permanent molar was 2.470 ± 

2.94. 

In 41.5% (n = 22) of patients there was 

a symmetric rotation of right-left upper first 

permanent molars, with the remainder of the 

patients being recorded asymmetric upper 

first molar rotation between 1-100 (at 7.5% (n 

= 4)  patients - 10, 9.4% (n = 5) patients - 20, 

17% (n = 9) - 30, 9.4% (n = 5) - 40 , in 5.7% 

of patients  

 

 

 

(n = 3) - 80, 1.9% (n = 1) - 90, 3.8% (n = 2) - 

100). 

In the studied group, 58.49% (n = 31) 

of patients showed asymmetric right-left 

upper first permanent molar rotation: 24.52% 

male (n = 13) and 33.92% female (n = 18), 

but no statistically significant associations 

with gender were found (p = 0.218) (Table I). 

Asymmetric right-left rotation of the 

upper first permanent molar was observed in 

58.49% (n = 31) patients: 28% (n = 15) class 

I patients, 16.98% (n = 9) class II division I 



Romanian Journal of Medical and Dental Education 

Vol. 8, No. 3, March 2019 

 

80 

patients, 1.89% (n = 1) Class II division 2 

patients, 13.20% (n = 7) class III patients. 

Also, statistically significant associations 

between asymmetry in right-left upper first 

molar rotation and Angle classes of 

malocclusion (p = 0.043) was founded (fig.3).  

The transverse arch asymmetry had a mean  

 

value of 2.74 ± 1.93 mm ranging from 0 mm 

(18.9%, n = 10 patients), 1mm (7.5%, n = 4 

patients), 2mm (20.8%, n = 11 patients), 3 

mm (17% n = 9 patients), 4 mm (17%, n = 9 

patients), 6 mm (7.5%, n = 4 patients), 7 mm 

(1.9%, n = 1 patient). No statistically 

significant associations between the 

asymmetric right-left upper first permanent  

molar rotation and the transverse arch 

asymmetry (p = 0.672) were found in the 

studied group. 

The sagittal molar asymmetry had the 

mean value of 2.28 ± 2.32mm, ranging from 

0mm (32.1%, n = 17 patients), 1mm (13.2%, 

n = 7 patients), 2mm (17%, n = 9 patients),, 3 

mm (11.3%, n= 6 patients), 4 mm (5.7%, n= 

3 patients), 5 mm (9.4%, n = 5 patients), 6 

mm (5.7%, n = 3 patients), 7 mm (3.8%, n = 

2 patients), 9 mm (1.9% n = 1 patient). 

Statistically significant associations between 

the asymmetric right-left upper first 

permanent molar rotation and the sagittal 

asymmetry of dental arch (p = 0.019) were 

found in the studied group. 

 

 

 

 

 

 

Table 1. The correlations between asymmetry in upper first permanent molar rotation in 

right-left side and statistical variables 
 

Variables 

asymmetry in 

upper first 

permanent 

molar rotation 

in right-left side 

Normal Total 

Pearson 

Chi-Square 

test 

p 

value 

n % n % n %   

Gender 31 58.49 22 41,51 53 100.00 

1.515 0.218 male 13 24.52 13 24.52 26 49.04 

female 18 33.98 9 16.98 27 50.96 

Angle malocclusions 31 58,49 22 41,51 53 100.00 

8.135 0.043* 

Class I 15 28.30 6 11.32 21 39.62 

Class II / 1 9 16.98 11 20.75 20 31.74 

Class II / 2 1 1.89 4 7.54 5 9.43 

Class III 6 11.32 1 1.89 7 13.20 

 Transverse plane  31 58.49 22 41.51 53 100.00 

0.672 0.412 molar symmetry  7 13.20 3 5.66 10 18.86 

molar asymmetry 24 45.29 19 35.85 43 81.14 

Sagittal plane 31 58.49 22 41.51 53 100.0 5.547 0.019* 

 

Figure 1. Asymmetric right-left upper first 

permanent molar rotation 
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molar symmetry  6 11.32 11 20.75 17 32.07 

molar asymmetry 25 47.17 11 20.75 36 67.93 

*statistically significant differences when p<0.05 

 

DISCUSSIONS  

Upper first permanent molar rotation is 

often found during the clinical and para 

clinical examination of patients. The aim of 

the present study was to analyse the 

asymmetry in upper first permanent molars’ 

mesial rotation in subjects with dental 

malocclusions and its relationship with 

transverse and sagittal dimension of the 

dental arch. A more accurate upper maxillary 

observation might have an impact on clinical 

practice, and might have implications in 

orthodontic treatment in order to obtain the 

six keys set by Andrews (8). The position of 

the upper first molar in the dental occlusion is 

very important and the non-correction of the 

molar rotations before the start of the 

levelling step will result in a buccal 

inclination of the upper second molars and in 

a palatal movement of the upper second 

premolars causing premature contact and the 

difficulty in obtaining the Andrews keys. 

In our study, we found a mean value for 

the upper first molar rotation of 59.030 ± 

2.520 for the right side and 58.200 ± 2.610 for 

the left side. Between right and left side there 

was an asymmetric mean of the rotation angle 

of the upper first permanent molar of 2.4700 ± 

2.94 in 58.5% of the patients. This left-right 

asymmetry between the angles of rotation of 

upper first permanent molars signifies the 

existence of asymmetry in the positions of the 

upper first permanent molars, with 

implications for the dental arch (sagittal or 

transverse asymmetries) as well as the 

existence of changes in occlusion 

(asymmetric sagittal molar relationship, 

unilateral crossbite). Tonni(10) found that in 

patients with unilateral cross bite in mixed 

dentition asymmetry in molar rotation was 

more frequent (66.7%) than  patients with 

class I malocclusions and rotation is often 

associated with molars’ mesialization. This 

asymmetric upper molar rotation suggest the 

need for an early diagnosis and orthodontic 

correction of molars’ mesial migration to gain 

an improvement of the inter-occlusal sagittal 

molar relationship and space in the arch 

perimeter and perhaps reduce the need for a 

following fixed appliance treatment. Also 

asymmetric rotation of molars in the right and 

left sides shows the need for an asymmetric 

correction of molars’ migration. 

Patients with malocclusion have high 

prevalence of mesio-palatal rotation of the 

maxillary first molars, ranging from 83 to 

95% (1, 5). Amin (17) found that upper right 

molar presented more rotation than its 

contralateral in Class I and II, and more 

rotation in the upper left molar in Class III.  

Our study showed statistically significant 

correlations between the right – left upper 

first permanent molar asymmetry and the 

dental malocclusions. Although many studies 

analyse rotation of upper first permanent 

molar in class II division 1 Angle 

malocclusions, in our study the upper first 

permanent molar rotation asymmetry was 

present in 58% of patients with dental 

malocclusions and it was more common in 

patients with class I (28%) than those with 

Class II division 1 (16.98%), Class II division 

2 (1.89%), Class III (13.20%). This is 

particularly important because the molar 

occlusal surface occupies a larger space on 

the arch as it rotates in the mesio-palatal 

direction owing to its trapezoidal shape (9, 

18, 19). This hinders proper dental 

intercuspation (20, 21) and often worsens the 

altered anteroposterior relationship (7). Thus, 

correct diagnosis and assessment of the 

severity of molar rotation are important in the 

prognosis and are a determining factor in 

https://www.hindawi.com/journals/tswj/2015/261485/#B7
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treatment selection (9).  

In our study, the asymmetry of the 

upper first permanent molar rotation between 

the right and the left was statistically 

significantly correlated with the molar arch 

asymmetry in the sagittal plane. Correcting 

the upper first permanent molar rotation 

allows the anteroposterior inter-arch 

discrepancy to be decreased, greatly 

simplifying the treatment (11, 22). It should 

be noted that the severity of malocclusion is 

one of the most important factor that must be 

considered in orthodontic treatment planning 

(6). 

Careful analysis of dental casts and 

assessment of molar rotation is very 

important prior to the orthodontic treatment. 

Studying the rotation and asymmetry of the 

upper first permanent molar rotation is 

important because a correct position of the 

first molar will ensure the stability of the 

orthodontic treatment and will allow a class I 

molar relationship. Also a correct position of 

the molars 1 will increase the perimeter of the 

dental arch, the occlusal arch length and 

width being affected by molar rotation. It is 

estimated that due to mesio-lingual rotation, 

2mm of mesio-distal arch space occupied by 

upper first molar increases and for 3 degrees 

of derotation, there is a net gain of 0.25mm 

arch width.  

 

CONCLUSIONS 

Based on the present methodology and 

the results obtained, we concluded the 

following: (i) asymmetry of upper first molar 

rotation was more frequent in Class I 

malocclusions (ii) there was a statistical 

significant correlation between the 

asymmetry of upper first permanent molar 

rotation and the Angle classes of 

malocclusions and with sagittal asymmetry. 
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