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ABSTRACT  

INTRODUCTION:  

Teeth have been known to become impacted when they fail to erupt or 

develop in their exact functional location, third molar is the most common impacted 

tooth. 

The third molar buds are angulated distally in the maxilla during of 

calcification. During its course of normal development it changes its direction from 

horizontal to mesioangular and then finally vertical. If the change from mesioangular 

to vertical direction does not take place it leads to crowding in the arch and the tooth 

remains impacted. 

Another important reason for the tooth to remain impacted is the inadequate 

space present in the posterior region of the maxilla. 

Rapid maxillary expansion is a treatment procedure commonly used for 

growing patients in an attempt to correct maxillary constriction. This procedure is 

known to increase the width of the maxilla because of the separation of the palatine 

bones through the opening of the midpalatal suture, and buccal inclination of the 

alveolar bone and molars. This activation force is not only capable of acting on the 

midpalatal suture, but also on the circum-maxillary sutures. 

Rapid maxillary expansion not only helps in the correction of the 

malocclusion by increasing the arch perimeter but also provides enough space for the 

maxillary third molars to erupt. 

There have been very few studies conducted to evaluate the effects of rapid 

maxillary expansion on the third molar angulation. Since the impaction of the third 

molars is also due to the space constraint in the maxillary arch, expansion overcomes 

this problem and therefore this study was conducted. 
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AIM:  

To evaluate and compare the effects of rapid maxillary expansion treatment 

and non treated patients on third molar angulation. 

MATERIALS AND METHODS:  

The study was a retrospective cohort study conducted on 38 patients who had 

reported to the Department of Orthodontics and Dentofacial Orthopaedics, KLE 

Academy of Higher Education and Research, (KAHER) KLE V.K Institute of Dental 

Sciences, Belagavi. Pre-treatment and post-treatment orthopantomograms of patients 

who underwent rapid maxillary expansion followed by orthodontic therapy and those 

who refused orthodontic treatment were traced manually. The outer angle formed by 

the long axis of the molar teeth on the left and right side to the Frankfort Horizontal 

Plane were entered and scrutinized using SPSS (Statistical Package For Social 

Sciences Cooperation, Chicago USA) version 25. Further, descriptive and inferential 

analysis was done to reach a final conclusion. 

RESULTS AND CONCLUSION:  

The post-treatment mean value for third molar was 61º on the right side and 

77º on the left side. The difference between pretreatment and post-treatment on the 

right as well as left side for third molar was found to be statistically significant. A 

similar result was observed with respect to comparison of third molar with and 

without intervention as well. 

KEYWORDS: Rapid Maxillary expansion, Third molar angulation, 

Orthopantomograms , Radiographs  
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INTRODUCTION 

Third molar has many varying features ranging from the time of its 

development, calcification, its crown and root morphology, its course of eruption,final 

position and also presence or absence in the oral cavity.  They are related to 

orthodontic treatment due the possibility of their eruption and/ or impaction due to 

genetic factors which manipulate planning of  orthodontic treatment.1 

Tooth impaction can be defined as a pathological condition due to which the 

tooth fails to erupt or develop in its normal functional position.2 Third molars can also 

be impacted which means they are covered by soft tissue and/or jawbone or they only 

partially break through/erupt through the gingiva/ periodontium. It provides a breach 

for bacteria to enter around the tooth which can cause infection resulting in pain, 

swelling, stiffness amongst other complications3 like  periodontitis, cystic lesions, 

root resorption and it could even cause detrimental effects on the adjacent tooth.2 

In today’s contemporary population the third molar is one of the most 

commonly found impacted tooth. Eruption of the third molars varies on the basis of 

the genetic features , feeding pattern of the individual,functionality of the teeth and 

racial variability4. Prevalence of third molar ranges between 17-69%. Studies have 

reported no sex predilection in the impaction of third molars.2,5 

The upper third molars can erupt in three planes of direction downwards, 

backwards and forwards. This movement if often delayed  leads to their impaction. 
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The third molar tooth bud starts developing in a horizontal direction which 

later changes to a mesioangular direction and finally to vertical as the tooth continues 

to develop along with the growth of the jaws.  

The mean age of eruption can be between 20-23 years but can also continue 

upto the age of 25 years in a few individuals. 6 

These teeth find it hard to occupy their place in the dental arch due to the 

inadequate space present for them , the variations in dentition and the eruption 

patterns also including the distance travelled by them and the direction varied from 

other teeth.4  

It is established that third molar eruption not only leads to incisor crowding, 

but also buccal or lingual inclination of the second molars.7 

A clinician who treats dental abnormalities due to abnormal tooth eruptions 

(due to genetic and acquired disorders) needs sufficient knowledge of basic eruption 

patterns and basic molecular mechanisms such as osteoblast-specific transcription 

factor, CBFA1 (RUNX2). Another reason for the impaction of maxillary third molar 

is the presence of bone juxtaposition at the maxillary tuberosity region and in the 

mandibular arch it can be due to the incomplete resorption of bone at the mandibular 

ramus region.1 

When the impaction of third molars was co related to the skeletal facial types 

it was seen that the patients with a horizontal growth pattern had a lower incidence of 

impacted mandibular third molars when compared to the vertical growth pattern.8 
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In a study conducted by Niedzielska et al it was stated that the decrease in the 

arch length of the lower jaw led to crowding of the teeth and it was also associated to 

the insufficient space available for the third molars to erupt .7 

In a normal stable occlusion the relationship between the arches should be 

such that the maxillary arch is wider than mandibular arch. Maxillary width 

deficiency therefore should be corrected in patients of any age by an orthodontist.9    

To correct maxillary constriction in growing patients the different expansion 

procedures that can be carried out are slow , rapid or surgically assisted. The type of 

skeletal and dental pattern of the patient helps in determing the type of expansion that 

has to be carried out. 

Expansion causes increase in the transverse width which is due to the palatine 

bones being separated because of the opening of the midpalatal suture and buccal 

inclination of the alveolar bone and molars.10 

The posterior teeth undergo a change in their axial inclination due to the 

opening of the midpalatal sutures which leads to the alveolar processes to bend in a 

lateral direction and the palatal shelves drop in a inferior direction along with the 

compression of the periodontal membrane.11 

This procedure increases the arch perimeter and helps in correction of 

crowding in the maxillary arch.12 

Rapid maxillary expansion  treatment procedure compensates the space 

required for the eruption by increasing  the arch perimeter and also increases the 

emphasis on non extraction treatment planning.4 
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There have been very few studies conducted to evaluate the effects of rapid 

maxillary expansion on the third molar angulation. Since the impaction of the third 

molars is also due to the space constraint in the maxillary arch, expansion overcomes 

this problem and  therefore this study was conducted. 
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AIM AND OBJECTIVES 

AIM:  

To evaluate and compare the effects of rapid maxillary expansion treatment 

and non-treated patients on third molar angulation. 

OBJECTIVES:  

• To evaluate the changes in the maxillary third molar angulation following rapid 

maxillary expansion. 

• To evaluate the changes in the maxillary third molar angulation in non-treated 

patients. 

• To compare the changes in the maxillary third molar angulation following rapid 

maxillary expansion and non-treated patients. 
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REVIEW OF LITERATURE 

Golovcencu et al (2019)13 studied the maxillary third molar using 

orthopantomograms and found out that the eruption of the third molars was favorable 

in cases of molar or premolar extractions. The uncertainty of the third molar eruption 

could also lead to orthodontic relapse. They also stated that maxillary third molar 

impaction was determined by the insufficient space available due to the insufficient 

development of the maxillary tuberosity or the small size of maxilla.  

D'Souza et al (2015)14 stated that the current practices in the orthodontic field have 

shifted towards practice of dentofacial orthopedics. Therefore they conclude that rapid 

maxillary expansion increased the intercanine width and the amount of relapse seen 

from post expansion to post treatment was found to be statistically insignificant. 

Akkaya et al (1998)15 also advocated the application of expansion protocols so that 

the extraction of healthy teeth could be avoided. In the study it was seen that the inter-

premolar  width change was same as the inter-molar width. 

Berlocher et al (1979)16 in their study concluded that palatal expansion would lead to 

an improvement of the arch perimeter to tooth size discrepancy. 

Adkins et al (1990)12  concluded that transverse expansion of the alveolar and dental 

arches can be brought about by rapid maxillary expansion compensating for the arch 

perimeter deficiencies  

Gohilot et al (2012)5 evaluated changes in third molar angulation to a horizontal 

reference plane, in patients treated with or without premolar extractions. They found 

improvements in maxillary third molar angulation in the extraction group, thus 
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concluding that while non-extraction therapy did not seem to have any adverse 

effects, premolar extractions certainly had a positive influence on the developing 

maxillary third molar angulations on both sides. Third molars may be influenced by 

factors other than premolar extractions. They also found that during development of 

third molars they undergo change in their angular position and also undergo rotational 

movements when the third molar tooth bud comes in close proximity to the second 

molar. 

Sokucu et al (2008)6 conducted a study to determine whether rapid maxillary 

expansion affected the angulation of the upper third molars using lateral and frontal 

cephalograms and found a significant difference in the angular changes in the group 

undergoing maxillary expansion. 

Kim at al (2003)17 found favorable changes in the patients who underwent premolar 

extractions which lead to reduced impaction rate of the maxillary and mandibular 

third molar. This occurred due to the mesial movement of the teeth in the space 

created by extraction. 

Artun et al (2005)18 found that maxillary third molar angulation improves in patients 

treated with premolar extractions whereas no appreciable changes were observed in 

mandibular third molar angulation. They also found “more than 30˚ distal angulation 

as well as an amount of mesial angulation of the upper third molars post treatment and 

a better frequency of greater than 40 ˚ mesial angulation of the mandibular third 

molars post treatment in patients with impaction than in those with eruption”, 

indicating that these angulations may be potential risk factors for third molar 

impaction. 
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Jain et al (2019)19 stated that the Panoramic radiograph orthopantomogram  (OPG) is 

the technique of choice for the evaluation of third molar impaction with regard to the 

angulation of the impacted tooth, the amount of bone covering the tooth and the level 

of impaction. 

According to Sokucu et al (2008)6 the uprighting of the third molar post the rapid 

maxillary expansion treatment is due to the increase in the arch perimeter which leads 

to the vertical eruption of the molars in the retention phase. 

Weyrich C et al (2010)20 formulated that rapid maxillary expansion was the only 

method that could be used to expand the midpalatal suture in patients with transverse 

constriction of dental arch along with unilateral or bilateral crossbite. This treatment 

could be performed on patients within the pubertal growth spurt which was 

considered the ideal time for the expansion as the suture ossifies after puberty and the 

expansion procedure is difficult post this phase. 

Garrett et al (2008)21 stated that skeletal expansion of the maxilla occurs in a 

triangular pattern with the wider base in the anterior region making up for 55% of the 

total expansion occurring at first premolar region, 45% at the second premolar region 

and 38% at the first molar region. 

Tendulkar et al (2021)22 in their study found significantly more skeletal changes in 

terms of increase in mandibular length and consequently a significant improvement in 

the space available for lower third molar eruption as well as in the third molar 

angulation following treatment with fixed twin block. 
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MATERIALS AND METHODS 

STUDY DESIGN: 

Retrospective Cohort study 

SOURCE OF DATA:  

The study will be done on pre-treatment and post treatment 

orthopantomograms of patients who were treated in the Department of Orthodontics 

and Dentofacial Orthopaedics, KLE Academy of Higher Education and Research , 

KLE VK Institute of Dental Sciences, Belagavi. 

MATERIAL REQUIRED: 

• Pre and post treatment orthopantomograms 

• Acetate matte sheets 

• Lead pencil (0.35 mm) 

• Scale 

• Set squares 

• Protractor  

• View box 

INCLUSION CRITERIA: 

• Patients in the age group of 14-19 years 

• Patients who have undergone rapid maxillary expansion treatment followed by 

fixed mechanotherapy 

• Patients with radiographically confirmed upper third molars 
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• Both male and female patients 

EXCLUSION CRITERIA: 

• History of orthognathic surgical treatment 

• History of extracted or missing permanent teeth as seen in the orthopantomogram 

• Congenitally missing maxillary third molars as seen in the orthopantomogram 

• Presence of any developmental anomalies, dentofacial deformities or severe facial 

asymmetries 

SAMPLE SIZE ESTIMATION: 

Sample size for the study was calculated as 19 subjects in each group (Rapid 

maxillary expansion using hyrax and non-orthodontically treated patients) with a total 

of 38 subjects, based on the formula 

N= 2 (S)²(Z 1-α∕2 + Z 1-β)² 

            d² 

Where standard deviation 

S1=5.53    S2=4.46 

d=detectable mean difference= 5.54 

Z 1-α=1.96       at 5% α error 

Z 1-β=1.282     at 90% power 

So the estimated sample size is 19 per group, which makes the sample size 38 

in total. 
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DETAILS OF THE PROCEDURES TO BE CONDUCTED DURING THE 

RESEARCH 

Patients will be divided into two equal groups 

• Group A: 19 patients treated with rapid maxillary expansion followed by fixed 

mechanotherapy. 

• Group B: 19 Patients who were advised rapid maxillary expansion but denied 

orthodontic treatment. 

Pretreatment and post treatment orthopantomograms will be traced on lead 

acetate paper and reference plane constructed in this study is Frankfort Horizontal 

Plane (FH Plane).  

The outlines of the maxillary first, second and third molars and their long axes 

are drawn on the tracing sheet. The long axis of the first and second molar is traced 

from the midocclusal point through the midpoint of the root bifurcation and the 

midpoint between the mesial and distal root tips. The long axis of the third molar are 

also traced.   

The outer angles formed by the three molar axes to the Frankfort Horizontal 

Plane on both the right and left sides are marked and measured using a protractor. An 

increase in the angle of the third molar to the Frankfort Horizontal Plane, would 

indicate an improvement in the position of the third molar after the rapid maxillary 

expansion. 
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METHODOLOGY:   

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Subjects will be divided into two equal groups 

Group A 

19 patients 

Treated with rapid maxillary 
expansion followed by fixed 

mechanotherapy 

Group B 

19 patients 

Patients who were advised rapid 
maxillary expansion but denied 

orthodontic treatment 

Pre and Post treatment standardized orthopantomograms taken in natural head position, 
with teeth in centric occlusion and lips in relaxed position will be collected 

Acetate sheet will be placed on top of the radiograph and the landmarks including the 
molars present in the maxilla and the mandible will be traced 

The reference plane is taken to be the Frankfort Horizontal Plane , it is the line joining the 
lower contour of orbit and external auditory meatus  

The outer angles formed from the long axes of the molars to the Frankfort Horizontal Plane 
will be measured  
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Figure 1 : OPG tracing showing the long axis of the right and left third molar 

and the outer angles formed by the long axis of the third molar and the 

Frankfort Horizontal Plane on both right and left sides. 

 

Figure 2 : OPG tracing showing the long axis of the right and left second molar 

and the outer angles formed by the long axis of the second molar and the 

Frankfort Horizontal Plane on both the right and left sides. 
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Figure 3 : OPG tracing showing the long axis of the right and left first molar and 

the outer angles formed by the long axis of the first  molar and the Frankfort 

Horizontal Plane on both the right and left sides. 

The following table will be made to mention the measurement of the angles for both 

Group A and Group B subjects :- 

Variable Right Left 

 Pre Post Pre Post 

FH Plane to 3rd molar (Figure 1)     

FH Plane to 2nd molar (Figure 2 )     

FH Plane to 1st molar (Figure 3)     

 
STATISTICAL TEST:  

1. Independent t- test 

2. Dependent t-test 
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RESULTS 

1) DESCRIPTIVE STATISTICS 

Table 1 - Descriptive statistics of the angle of different teeth pre and post-

intervention on the Right side 

Tooth number  N Minimum Maximum Mean 
Std. 

Deviation 

Third molar ( o) 
Pre 19 32.00 95.00 52.63 16.73 

Post 19 47.00 95.00 61.95 13.39 

Second molar(o) 
Pre 19 46.00 92.00 68.39 14.08 

Post 19 42.00 81.00 67.11 11.69 

First molar (o) 
Pre 19 66.00 96.00 81.00 7.86 

Post 19 70.00 89.00 79.37 6.06 

Table 1 denotes the descriptive statistics of the three molar teeth on the right side of 

the upper jaw and the pre and post intervention values are presented in the form of 

mean and standard deviation. The pre-treatment values of third molar, second molar 

and first molar were 52.63 ± 16.73, 68.39 ± 14.08 and 81.00 ± 7.86 respectively. The 

post-treatment values of the same were 61.95 ± 13.39, 67.11 ± 11.69 and 79.37 ± 

6.06. 
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Table 2 – Descriptive statistics of the angle of different teeth pre and post-

intervention on the Left side 

Tooth number  N Minimum Maximum Mean 
Std. 

Deviation 

Third molar ( o) 
Pre 19 60.00 93.00 79.26 10.31 

Post 19 66.00 89.00 77.68 7.39 

Second molar (o) 
Pre 19 56.00 81.00 67.47 7.18 

Post 19 54.00 77.00 66.52 7.27 

First molar (o) 
Pre 19 45.00 69.00 50.26 19.51 

Post 19 42.00 80.00 60.11 13.62 

 

The descriptive statistics of the first, second and third molar on the left side on 

the upper jaw has been depicted in Table 2. The pre and post treatment mean and 

standard deviation of third molar were 79.26 ± 10.31 and 77.68 ± 7.39 respectively. 

Similarly, the pre and post treatment mean and standard deviation of second molar 

were 67.47 ± 7.81 and 66.52 ± 7.27. For the first molar, pre and post-treatment values 

for mean and standard deviation values 50.26 ± 19.51 and 60.11 ± 13.62 respectively. 
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Table 3 - Descriptive statistics of the angle of different teeth that were untreated 

on the Right side 

Tooth number N Minimum Maximum Mean 
Std. 

Deviation 

Third molar ( o) 19 31.00 89.00 59.47 17.59 

Second molar (o) 19 56.00 86.00 72.53 7.55 

First molar (o) 19 66.00 102.00 83.58 9.24 

 

Table 3 provides certain descriptive values like the minimum, maximum, mean and 

standard deviation of the three molar teeth that were untreated on the right upper side 

of the jaw in terms of their angles. The mean and standard deviation for the third 

molar was 59.47 ± 17.59, while the value for second molar was 72.53 ± 7.55 and for 

first molar it was 83.58 ± 9.24. 
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Table 4 – Descriptive statistics of the angle of different teeth that were untreated 

on the Left side 

Tooth number N Minimum Maximum Mean Std. Deviation 

Third molar ( o) 19 62.00 97.00 84.47 8.53 

Second molar (o) 19 42.00 90.00 73.89 11.61 

First molar (o) 19 33.00 79.00 54.89 12.38 

The descriptive statistics of the angle of the teeth that were untreated on the 

left side of the upper jaw was denoted using minimum, maximum, mean and standard 

deviation and represented in Table 4. For the third molar, the mean and standard 

deviation was 84.47 ± 8.53 and for second molar and first molar, the value was 73.89 

± 11.61 and 54.89 ± 12.38 respectively. 
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2) PRE AND POST COMPARISON USING PAIRED T-TEST 

Table 5 – Pre and post-intervention comparison of angle amongst different teeth 

on the Right side 

Right side 
Mean 

difference 

Paired t-test 

t value df p value 

Pair 1 
Third molar: Pre vs Post-

intervention 
-9.31 -5.768 18 0.000* 

Pair 2 
Second molar: Pre vs Post-

intervention 
1.26316 0.393 18 0.699 

Pair 3 
First molar: Pre vs Post-

intervention 
1.63158 0.778 18 0.446 

*p value <0.05 statistically significant 

The comparison of the angles of the three molar teeth on the right side of the upper 

jaw between pre-intervention and post-intervention was done using Paired t-test and 

the result has been depicted in Table 5. A statistically significant difference was noted 

for the third molar only (p=0.000) with a mean difference of -9.31. A statistically 

significant difference was not found with respect to the second and first molar, 

although the mean difference was 1.26316 and 1.63158 respectively. 
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Table 6 – Pre and post-intervention comparison of angle amongst different teeth 

on the Left side 

Left side 
Mean 

difference 

Paired t-test 

t value df p value 

Pair 1 
Third molar: Pre vs Post-

intervention 
1.57895 0.802 18 0.043* 

Pair 2 
Second molar: Pre vs Post-

intervention 
-0.05263 -0.028 18 0.978 

Pair 3 
First molar: Pre vs Post-

intervention 
-2.35294 -0.807 18 0.431 

*p value <0.05 statistically significant 

Table 6 provides the data for comparison of pre and post intervention angles among 

the three molar teeth on the left side of the upper jaw using Paired t-test. The mean 

difference of 1.57895 was found to be statistically significant with respect to the third 

molar (p=0.043). However, a dissimilarity was seen with respect to the second and 

first molar and their differences were not found to be statistically significant. 
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3) COMPARISON BETWEEN INTERVENTION AND NO INTERVENT ION 

USING UNPAIRED T-TEST 

Table 7 – Comparison of angle between intervention and NO intervention 

amongst different teeth on the Right side 

Right side 

Mean 

difference 

Unpaired t-test 

t value df p value 

Pair 1 Third molar: Intervention 

vs NO intervention 

2.47368 0.488 18 0.050* 

Pair 2 Second molar: Intervention 

vs NO intervention 

-5.42105 -1.698 18 0.278 

Pair 3 First molar: Intervention 

vs NO intervention 

-4.21053 -1.660 18 0.160 

*p value <0.05 statistically significant 

Comparison of the angles of the molar teeth between the intervention and No 

intervention group on the left side was conducted using an unpaired t-test and was 

denoted in Table 7. The result with respect to the third molar teeth only was found to 

be statistically significant (p=0.05). The mean difference for the first and second 

molar was not found to be statistically significant. 
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Table 8 – Comparison of angle between intervention and NO intervention 

amongst different teeth on the Left side 

Left side 
Mean 

difference 

Unpaired t-test 

t value df p value 

Pair 1 
Third molar: Intervention 

vs NO intervention 
2.78947 0.890 18 0.002* 

Pair 2 
Second molar: Intervention 

vs NO intervention 
-6.36842 -2.026 18 0.083 

Pair 3 
First molar: Intervention 

vs NO intervention 
-4.36842 -6.608 18 0.314 

*p value <0.05 statistically significant 

Table 8 provides the results of the comparison between intervention and NO 

intervention amongst the three molar teeth on the left side of the jaw, which was 

conducted using unpaired t-test. The mean difference for the third molar tooth was 

found to be statistically significant (p=0.002). However, a statistically significant 

difference was not found for the first and second molar teeth. 
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GRAPHS 

 

Graph 1: Descriptive statistics of the angle of different teeth pre and post-

intervention on the Right side 

Graph 1 denotes the descriptive statistics of the angles of all the teeth at pre-

intervention and post-intervention stage on the right side of the jaw. For the 1st, 2nd 

and 3rd Molar, the pre-intervention mean values are 52.63, 68.39 and 81 degrees 

respectively. The post-intervention values are 61.95, 67.11 and 79.37 degrees for the 

three teeth. 
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Graph 2: Descriptive statistics of the angle of different teeth pre and post-

intervention on the Left side 

Graph 2 depicts the descriptive statistics of the angles of different teeth at the pre and 

post intervention stage on the left side of the upper jaw. The pre-intervention value for 

the third molar was 79.26 degrees while the post-intervention value was 77.68 

degrees. Similarly, for the second molar, the pre-intervention value was 67.47 degrees 

and the post-intervention value was 66.52 degrees. For the 1st molar, the pre-

intervention value was 50.26 degrees and the post-intervention value was 60.11 

degrees.  
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Graph 3: Descriptive statistics of the angle of different teeth that were untreated 

on the Right side 

The descriptive statistics of the angles of the first, second and third molar on 

the right side of the untreated jaw has been denoted in Graph 3. The mean value for 

3rd molar, 2nd molar and 1st molar are 59.47, 72.53 and 83.58 degrees respectively. 
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Graph 4: Descriptive statistics of the angle of different teeth that were untreated 

on the Left side 

Graph 4 denotes the descriptive statistics of the three molar teeth on the left side of 

the untreated jaw. The mean value of the third molar was 84.47 degrees, for the 

second molar it was 73.89 degrees and for the first molar it was 54.89 degrees. 
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Graph 5: Pre and post-intervention comparison of angle amongst different teeth 

for the Right and Left side. 

The comparison of the angles between the pre-intervention stage and the post-

intervention stage for the three molar teeth for both the left and right side of the jaw 

has been depicted in Graph 5. The result has been given in terms of mean difference 

between the pre and post-intervention stage. For the 3rd molar on the right side, the 

mean difference is 9.31 degrees, for the 2nd molar it is 1.26 degrees and for the 1st 

molar it is 1.63 degrees. A similar result has been obtained on the left side. The mean 

difference for the 3rd molar, 2nd molar and 1st molar are 1.57, 0.05 and 2.35 

respectively. 
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Graph 6: Comparison of angle between intervention and NO intervention 

amongst different teeth for the Right and Left side 

Graph 6 denotes the comparison of the angles between the intervention and no 

intervention of the three teeth for both the right as well as the left side of the jaw. For 

the 3rd molar on the right side, the mean difference is 2.47 degrees, while for the 2nd 

molar and 1st molar, it is 5.42 degrees and 4.21 degrees respectively. The mean 

differences on the left side are 2.78, 6.36 and 4.36 for the 3rd molar, 2nd molar and 1st 

molar teeth. 
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OVERALL INTERPRETATION 

1. The pre and post values before and after expansion respectively for the third , 

second and first molar are as follows on the right side: 

Third molar - The difference in the mean values of pre and post expansion were 

found to be statistically significant with the p=0.000 and the difference was -9.31. 

This change was explained by the increase in the third molar angulation of 

9.31˚which concluded that the molar uprighting had taken place post expansion. 

Second molar - The difference in the mean values of pre and post expansion were 

found to be statistically insignificant with the p=0.699. 

First molar - The difference in the mean values of pre and post expansion were 

found to be statistically insignificant with the p=0.446. 

The pre and post values before and after expansion respectively for the third , 

second and first molar are as follows on the left side: 

Third molar - The difference in the mean values of pre and post expansion were 

found to be statistically significant with the p=0.000 and the difference was 1.57. 

This change was explained by a minimal decrease in the third molar angulation of 

1.57˚which  

Second molar - The difference in the mean values of pre and post expansion were 

found to be statistically insignificant with the p=0.978. 

First molar - The difference in the mean values of pre and post expansion were 

found to be statistically insignificant with the p=0.431. 

2. The non-intervention group on the right and left side showed the average 

angulation values of 59.47˚ and 84.47˚ respectively for the third molars. 
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The non-intervention group on the right and left side showed the average 

angulation values of 72.53˚ and 73.89˚ respectively for the second molars. 

The non-intervention group on the right and left side showed the average 

angulation values of 83.58˚ and 54.89˚ respectively for the first molars. 

3. The comparison of the angle between the intervention and non-intervention group 

of the third molars on the right side was statistically significant with the p=0.050 

and the mean difference was 2.47.The angle was increased by 2.47˚. 

The comparison of the angle between the intervention and non-intervention group 

of the second molars on the right side was statistically insignificant with the 

p=0.278 and the mean difference was -5.42. The angle was decreased by 5.42˚. 

 The comparison of the angle between the intervention and non-intervention 

group of the first molars on the right side was statistically significant with the p=0.160 

and the mean difference was -4.21 The angle was decreased by 4.21˚. 

The comparison of the angle between the intervention and non-intervention 

group of the third molars on the left side was statistically significant with the p=0.002 

and the mean difference was 2.78. The angle was increased by 2.78˚. 

The comparison of the angle between the intervention and non-intervention 

group of the second molars on the left side was statistically insignificant with the 

p=0.083 and the mean difference was -6.36. The angle was decreased by 6.36˚. 

The comparison of the angle between the intervention and non-intervention 

group of the third molars on the left side was statistically significant with the p=0.314 

and the mean difference was -4.36. The angle was decreased by 4.36˚. 
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DISCUSSION 

Impaction of third molars is widely due to the unavailability of space in the 

dental arches. Increasing the arch perimeter so that the impacted molar could erupt as 

well as in cases of mesially and distally tipped molars the expansion could help in 

more vertical eruptive pattern by increasing the arch length.  

In orthodontics,to overcome the deficiency in the arch length so that the arch 

length tooth size ratio can be maintained are done through various methods of gaining 

space such as proclination of teeth , reduction in tooth size , derotation of teeth , 

extractions , distalization or uprighting of molars as well expansion.23 

Expansion is one of the common procedure which uses orthodontic or 

orthopedic forces and is a conservative procedure as well. 23 

Research has been done to study the correlation of the extraction of premolars5 

and its effect on third molar angulation as well as effect of functional appliance 

treatment and its effect on third molar eruption.22 

Few studies have been done to see the effect of expansion and third molar 

angulation therefore the present study was undertaken. 

According to Adkins in his study the use of rapid palatal expansion was also 

seen beneficial to increase the arch perimeter as the procedure caused the expansion 

of the palate transversely.12 

Germane et al also supported this in their study stating that expansion caused a 

significant amount of increase in the arch perimeter which could also eliminate dental 

crowding.24 
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Staggers in his study mentioned that not only extractions but other factors 

could also influence the inclination and eruption path of third molars. The angulation 

of the third molars initially also has an impact on the subsequent eruption.25 

Third molar angulations have been examined in lateral cephalograms in many 

studies done previously.  

In the present study a control group undergoing no orthodontic treatment was 

taken to compare and evaluate the changes that were occurring in the treatment group 

. The control group also helped in understanding that the molar angulation effect had 

a positive response after the expansion protocol, another reason for this could be the 

increase in arch perimeter after expansion. In a study done by Sokucu et al a control 

group was taken to compare with the expansion group and the study was done using 

lateral cephalograms.6 

Frankfort Horizontal Plane was introduced and established in Frankfort , 

Germany in the year 1884. It is defined as the plane extending from the porion to the 

orbitale . It is considered as a reference plane for the skull and is used in various 

craniofacial studies and orthodontics. 

Measurement of third molar angulation on lateral cephalograms as seen in 

previous studies might be subject to error because of the superimposition of the 

contralateral images of third molars. This problem might be eliminated by using 

panoramic radiographs of the same magnification. Tronje et al 26 suggested that 

rotational panoramic radiography causes inbuilt distortion effect; however, they also 

stated that panoramic radiograph images can be reliable for geometric measurements 

in clinical practice, as long as they are recorded on the same machine at different 
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times. Stramotas et al 27 noted that liner vertical , angular measurements and ratio 

calculations can be accurately made on panoramic radiographs . Larheim et al 28 and 

Olive et al29 also vouched for the reliability of panoramic radiographs in assessing 

third molar position. Therefore in this study, all the angular measurements were done 

on a panoramic radiograph. 

Frankfort horizontal plane which has been used in the study had been selected 

as the reference plane as it does not change due to remodeling. 

In a study done by Gohilot et al the outer angle from the long axis to the 

Frankfort Horizontal Plane was considered.5 

In the present study the measurement of the angulation is done by using the 

outer angle from the long axis of the tooth to the Frankfort Horizontal Plane on the 

orthopantomogram. The increase in the molar angulation explained that the molar 

tooth was moving towards a more vertical path of eruption. A significant increase in 

the angulation of the third molars on the left and right sides after expansion procedure 

was seen. 

In the present study the mean of the third molar angulation on the right side 

pre and post expansion were seen to be 52.6˚ and 61.9 ˚ respectively. The mean values 

on the left side pre and post expansion were seen to be 79.2˚ and 77.6 ˚ respectively. 

The mean values of the control group who did not undergo orthodontic 

treatment were 59.4 ˚ on the right and 84.4 ˚ on the left side. 

The mean difference between the pre and post expansion third molar 

angulation was found to be -9.31 on the right side and 1.5 on the left side which was 

statistically significant p=0.000 and p=0.043 respectively (p <0.05) which indicated 
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that in the group that underwent expansion showed an increase in the third molar 

angulation of 9º on the right side which led to more vertical path of eruption and a 

minimal decrease of 1º on the left side which merely angulated the tooth distally. 

The results of our study are in accordance with a study done by Sokucu et al 

where there was significant change immediately after expansion procedure( T1-T2).6 

The correction of third molar angulation achieved after expansion are similar 

to the results obtained after treatment carried out with premolar extraction as a 

method of gaining space. 

The molar angulation after the premolar extraction improved by 17˚ and 4 ˚ on 

the right and left side respectively. 

In our study the mean difference in the molar angulation of the expansion 

group when compared to the non treatment group was found to be 2.4˚ on the right 

and 2.7˚ on the left statistically significant p=0.050 and p=0.002 respectively (p 

<0.05). 

There have been various studies conducted to evaluate the effect of third molar 

angulation after the extraction of upper premolars. Though this would also lead to the 

loss of two healthy teeth, still many authors in their studies have mentioned the 

change in molar angulation after extraction protocol. Kim et al in his study found 

significant changes in the impaction of the third molars when compared with the non-

extraction group.17 
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Another study done to compare the third molar angulation after the first 

premolar extractions by Saysel et al stated that there was no significant difference in 

the third molar angulation between extraction and non-extraction group. He also 

mentioned that there were factors other than extractions that could influence the 

angulations and eruption of third molars.30  

Tendulkar et al in their study of fixed twin block and forsus fatigue resistance 

device showed an increase in the retromolar space and space width ratio and the 

distance of the mandibular second molar, these changes were more pronounced in the 

fixed twin block group. Both the groups showed improvement in the third molar 

angulation but significantly higher in the fixed twin block group.22 

In this study, the angulation of the third molars following an expansion 

protocol without extraction of any teeth seemed to improve with the increase in molar 

angulation. This was in accordance with the study by Sokucu et al  in which the third 

molar angulations were measured using a lateral and frontal cephalogram and it was 

observed that the third molar angulation was influenced by the expansion of the 

maxilla.6 

In this study when the expansion group third molar angulations were 

compared to the group with no intervention it was seen that the expansion of the 

maxilla led to the increase in the molar angulation which led to more uprighting of the 

molars as compared to the non-intervention group which experienced no change in the 

molar angulation. The second and first molars on the right side showed a minimal 

decrease in the molar angulations of 1.2˚ and 1.6 ˚ respectively which was observed 

by a slight distal angulation but on the left side there was an increase in the molar 
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angulation of 0.05 ˚ and 2.3 ˚ of the second and first molar respectively on the right  

side which was observed by a more mesial angulation of the molars. 

Since the angulation of the third molars increased it was observed that they 

would erupt in a more upright manner as compared the angulation of the molar before 

undergoing expansion. 

In the study done by Sokucu et al 6 lateral cephalogram evaluation following 

the rapid maxillary expansion showed that the third molar teeth showed improvement 

in their angulation and also established that the expansion led to the increase in the 

intercanine and intermolar widths and this led to the uprighting of the third molars. 

This was in accordance with the study by Claro et al in which it was observed that 

rapid maxillary expansion caused an increase in the intercanine width and arch 

perimeter.31 

This could be a valid reason for the increase in arch perimeter as the study 

done by Claro et al which corelated the amount of expansion with the measurement of 

intercanine width stated that it provide more space for the eruption of the third 

molars.31 
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LIMITATIONS OF THE STUDY 

• This study was conducted on a sample size of 19 subjects in the age group of 

14-19 years. Even though both male and female subjects were included in the 

study, gender was not considered as a differentiating criterion in the present 

study. 

• All the landmarks were estimated from orthopantomograms which could also 

have image distortions which could affect the sharpness. 

• CBCT imaging could provide a better view and the expansion could also be 

measured in terms of arch width increase. 
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SCOPE OF THE STUDY 

• A similar study can be done considering the gender of a larger sample to 

derive conclusive results. 

• 3-dimensional comparative analysis of maxillary expansion and molar 

angulation could be studied using the CBCT imaging technique. 

• Dentofacial orthopedic approach can also be considered by practitioners while 

planning treatment as it would help reduce the extraction of teeth during 

treatment. 

• Mild crowding cases can be treated by expansion protocol as it increases the 

arch perimeter and width. 

 



Conclusion 

 Page 39 

 

CONCLUSION 

The effect of rapid maxillary expansion on the third molar angulations led to 

the following conclusions : 

• The upper third molar was influenced by expansion. 

• The non treated group showed no change in the third molar angulation. 

• The expansion procedure not only helped improve the angulation but also 

reduced the chances of extracting premolars to improve the eruption pattern of 

third molars.  
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SUMMARY 

The purpose of this study was to evaluate the changes in the third molar 

angulation following rapid maxillary expansion in patients undergoing orthodontic 

treatment and comparing the changes achieved by the expansion protocol with the 

patients who refused to undergo orthodontic treatment. The study was aimed at 

measuring the third molar angulation by measuring the outer angle which was formed 

by the long axis of the third molar to the Frankfort Horizontal Plane. An increase in 

the angulation post expansion protocol improved the molar position and helped in a 

better eruptive path. 

This helped us understand the importance of dentofacial orthopedics and 

reduced the chances of extraction of two healthy teeth, the premolars. The rapid 

maxillary expansion also leads to an increase in the arch width which also provides 

more space for the third molars to erupt.  

Statistical analyses were performed for parameters to obtain mean values for 

each of the two groups, and their comparison was conducted by unpaired t-test. There 

was no statistically significant difference in the molar angulation of first and second 

molar but a significant difference in the angulation of third molars. There was an 

increase in the molar angulation on the right and left side after rapid maxillary 

expansion. An important consideration should be given to dentofacial orthopedics in 

orthodontic diagnosis and treatment planning. 
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EXPERIMENTAL GROUP VALUES 

S No Right Left 
8 7 6 8 7 6 

PRE POST PRE POST PRE POST PRE POST PRE POST PRE POST 
1 45◦ 57◦ 70◦ 68◦ 76◦ 70◦ 76◦ 68◦ 65◦ 62◦ 63◦ 45◦ 
2 48◦ 62◦ 70◦ 71◦ 80◦ 78◦ 83◦ 84◦ 77◦ 76◦ 56◦ 45◦ 
3 44◦ 47◦ 74◦ 74◦ 77◦ 89◦ 88◦ 88◦ 69◦ 72◦ 45◦ 52◦ 
4 57◦ 76◦ 60◦ 42◦ 83◦ 70◦ 84◦ 82◦ 81◦ 62◦ NA 73◦ 
5 32◦ 50◦ 65◦ 76◦ 78◦ 85◦ 93◦ 81◦ 72◦ 74◦ 45◦ 62◦ 
6 40◦ 52◦ 47◦ 53◦ 78◦ 75◦ 76◦ 70◦ 63◦ 65◦ 49◦ 42◦ 
7 48◦ 60◦ 92◦ 80◦ 90◦ 83◦ 90◦ 73◦ 62◦ 54◦ 60◦ 48◦ 
8 56◦ 63◦ 55◦ 70◦ 66◦ 75◦ 60◦ 73◦ 57◦ 64◦ 69◦ 76◦ 
9 95◦ 85◦ 90◦ 60◦ 95◦ 80◦ 67◦ 66◦ 65◦ 63◦ 64◦ 66◦ 

10 68◦ 73◦ 66◦ 73◦ 80◦ 84◦ 77◦ 82◦ 67◦ 76◦ 62◦ 80◦ 
11 46◦ 57◦ 69◦ 72◦ 81◦ 78◦ 82◦ 85◦ 76◦ 77◦ 55◦ 46◦ 
12 47◦ 52◦ 73◦ 75◦ 78◦ 89◦ 87◦ 89◦ 68◦ 73◦ 44◦ 53◦ 
13 44◦ 47◦ 59◦ 43◦ 84◦ 70◦ 83◦ 84◦ 80◦ 63◦ NA 74◦ 
14 60◦ 76◦ 64◦ 77◦ 79◦ 85◦ 92◦ 82◦ 71◦ 75◦ 44◦ 63◦ 
15 32◦ 50◦ 46◦ 54◦ 79◦ 75◦ 75◦ 71◦ 62◦ 66◦ 48◦ 45◦ 
16 45◦ 52◦ 91◦ 81◦ 91◦ 83◦ 91◦ 74◦ 61◦ 55◦ 59◦ 49◦ 
17 46◦ 60◦ 54◦ 71◦ 67◦ 75◦ 61◦ 74◦ 56◦ 65◦ 68◦ 77◦ 
18 56◦ 63◦ 89◦ 61◦ 96◦ 80◦ 65◦ 67◦ 64◦ 64◦ 63◦ 67◦ 
19 91◦ 95◦ 65◦ 74◦ 81◦ 84◦ 76◦ 83◦ 66◦ 77◦ 61◦ 79◦ 

 

 

 

CONTROL GROUP DATA 

 Right Left 

S.No. 8 7 6 6 7 8 

1 55 71 87 90 73 33 

2 45 66 87 85 73 59 

3 43 63 82 88 42 41 

4 89 71 80 84 80 75 

5 45 75 78 88 73 47 

6 31 56 66 76 60 57 

7 62 72 81 62 67 57 

8 58 61 77 83 67 47 

9 62 67 85 85 70 69 

10 33 73 76 77 67 36 

11 88 72 66 85 78 60 

12 80 78 78 82 70 40 

13 40 84 89 94 90 50 

14 77 79 89 97 90 60 

15 56 86 102 81 83 79 

16 64 77 90 91 85 60 

17 59 74 86 89 72 60 

18 61 75 98 72 90 52 

19 82 78 91 96 74 61 


