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Abstract

Background and aim: One of the requirements for orthodontic treatment is, making appropriate final occlusion and Finish-
ing correctly. More frequently in Class II patients with maxillary pre molar extraction, to make the final occlusion is impossible, 
This is due to the disruption of Bolton rate by Extraction maxillary premolars, because the mean mesiodistal width of the 
premolar tooth is greater than the migration rate of the maxillary first molar tooth from the buccal groove mandibular first 
molar to the embrasure between the fifth and sixth teeth. For these reasons, to make an appropriate final occlusion, more 
frequently we need the TIPR (total inter proximal reduction) in mandible. in this study, we examined patients with Class II who 
were treated with extraction of maxillary first pre molars and its treatment with selective TIPR reached to the appropriate final 
occlusion, to we’ve got the ultimate good of Bolton is calculated.

Methods and materials: This study is a semi-experimental. 44 casts were evaluated before and after treatment for Class II 
patients. Casts by scanning (3D) scan basis by Software Maestro 3D ortho studio within MOD teeth 6 to 6 Top down pointed 
and measured in 3D, and the anterior and overall ratio for each sample were calculated. These measurements were performed 
with a precision digital caliper 0/01 too. The amount of stripping, were obtained from difference between the total mesiodistal 
width of mandibular 6 to 6 before and after treatment. Data were analyzed by the software PASW Statistics Data Editor.

Results: Overall Bolton’s ratio, respectively, 101/62 ± 0/9SD in men and 101/70± 0/92 SD in women and anterior Bolton’s 
ratio 74/21 ± 2/13 SD men and 74/42 ± 1/75 SD were women. The amount of stripping was done 3/26 ± 1/25 SD in men and 
3/22 ± 1/11 SD in women. Bolton anterior and overall ratios in both sexes, the difference was not statistically significant (ant.p 
= 0/852 overall. p = 0/346). With respect to the correlation, there is a significant relationship between the anterior and overall 
Bolton of men and stripping and also between the anterior primary Bolton of women and stripping (c = 0/571). Between overall 
Ratio and anterior Ratio before and after treatment are correlated. Comparison between the two methods of measurement, 
no significant differences were observed.

Conclusion: In treated Class II patients with maxillary pre molar extraction, to obtain a proper finishing, we should obtain a 
proper Bolton’s ratio for these patients with selective stripping witch is showed in this study and most of the time it’s impos-
sible to reach an appropriate final occlusion without striping from the lower arch. Measured using 3D, the clinically accurate 
method than manually caliper 0/01mm is more accurate but does not show a statistically significant difference.
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Introduction

One of the requirements of orthodontic treatment is the es-
tablishment of a proper final occlusion and proper Finishing, be-
cause otherwise the treatment will relapse [1, 2]. In most cases, 
in class II patients with bilateral upper premolar extraction, it is 
impossible to schedule a suitable final occlusion for three rea-
sons: 1- Increased IMPA in most patients in class II [3], 2- Reduc-
tion of high inclination during retraction of the anterior teeth of 
the upper jaw, even with the use of more torque brackets [4], 3. 
Lack of proper bolton ratio in most patients (In most people, the 
mesiodistal width of the mandibular teeth than of the maxilla 
higher than of normal) [5].

In 1958, Bolton first conducted a study on dental size incon-
sistency and its relationship to analysis and treatment of maloc-
clusion. His aim in this study was to analyze a group with ideal 
occlusion and to determine whether there was a mathemati-
cal relationship between the total length of the maxillary with 
mandibular arches or also parts of the maxillary arches with the 
mandible? He concluded that for optimal occlusion between 
the maxillary and mandibular teeth, the ratio of the total mesio-
distal width of the first molar teeth on one side to the first mo-
lar on the opposite side of the mandible to the maxilla (Overall 
ratio) should be about 91.3% and the total ratio The mesiodistal 
width of the anterior 6 mandibular to maxillary (Anterior ratio) 
is about 77.2% [6]. Extraction in any of the compounds (extrac-
tion of premolars) leads to a decrease in the overall Bolton ra-
tio. However, Dental size discrepancy with extraction of all first 
premolars is the highest. While discrepancy with extraction of 
all second premolars is the least. Also, based on the combina-
tion of teeth selected for extraction, the difference in the overall 
Bolton ratio between men and women is significant [7]. Other 
researchers have conducted extensive research on the Bolton 
index and the severity of tooth size discrepancies in different 
malocclusions among different communities and races and ob-
tained different results [5, 8-12].

For the above reasons, in the final stages of these patients, 
Establishing overjet and overbite and posterior occlusion and 
of course establishing and creating functional occlusion and 
proper support in most cases without stripping the mandibular 
teeth, even by changing the tip of the lower canine teeth in the 
direction It is impossible to reduce the mesiodistal width and 
increase it in the maxilla to add to the mesiodistal width max-
illa. Factors affecting the amount of reduction, the amount of 
primary bolton in the patient and the amount of IMPA changes 
during treatment, etc.Research has been conducted on the pro-
portion of bolton in different groups of malocclusion as well as 
in different races, but no research has been done on the optimal 
bolton ratio in Class II patients treated with upper premolar EXT 
with appropriate occlusion. (9 and 13), Therefore, in this study, 
we decided to review the patients of class II who referred to the 
private clinic in Tehran in 2010-12, who were treated with upper 
premolars EXT, and in their treatment with selected TIPR, we 
have reached a suitable final occlusion, Calculate the appropri-
ate bolton.

Materials and Methods

The study was semi-experimental. First, all the files in the or-
thodontics department of the School of Dentistry of the Islamic 
Azad University of Tehran were examined and selected qualified 
samples were selected from them. The inclusion criteria for the 
study were as follows: The study casts all belonged to Class II 
patients treated with upper bilateral EXT premolar and all the 

casts were healthy, the samples had a full class II molar rela-
tionship and a Class I canine relationship, Samples with normal 
overbite 2-3 mm, and normal overjet were 2-3 mm [14], There 
was no space between the teeth, The teeth were completely 
alignment, Occlusion in all casts was ideal and proper, of course, 
functional and supportive occlusion was established (On clinical 
examination in patients’ calls).

Casts that did not meet the above conditions were removed 
from the sample. The number of samples according to the re-
sults of the pilot study (according to the type of study, was per-
formed on 10 male and 10 female pilot samples and consider-
ing the average standard deviation of the main variable Bolton 
discrepancy 2.8 and the minimum difference Significantly equal 
to 2 units, sample size was estimated using the comparison op-
tion of two averages for determining the sample size of Minitab 
software, considering α = 0.05 and β = 0.2, 22 people in each 
sex) estimated and their casts They were examined before and 
after treatment. The casts were scanned by a 3D scanner and by 
Maestro 3D ortho studio studio (Figure 1), the mesodistal width 
of the teeth 6 to 6 upper and 6 to 6 lower was punctuated and 
measured in 3 dimensions and pre-treatment & post-treatment 
overall ratio and pre-treatment & post-treatment anterior ratio 
for each sample were calculated. These measurements were 
also performed by digital caliper with an accuracy of 0.01. To 
reduce errors and prevent bias, all casts were measured twice 
(several days apart) by one person and the numbers obtained 
were then calculated by calculating the total mesiodistal width 
of the teeth. This was done twice to ensure the total of these 
measurements. The figures obtained are in the Bolton formula 
and pre-treatment & post-treatment overall ratio and pre-treat-
ment & post-treatment anterior ratio for each sample, respec-
tively, Calculated. The amount of stripping was obtained from 
the difference between the total mesodistal width of 6 to 6 
mandibles before and after treatment. The data were analyzed 
by PASW Statistics Data Editor Software.

Figure 1: Measurement of teeth by digital caliper and Maestro 3D 
ortho studio.
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Results

The study was performed on 44 casts according to the type 
of study. The subjects were 50% girls and 50% boys, with a 
mean age of 21 years with a minimum age of 14 years and a 
maximum of 30 years. All samples were Class II patients with bi-
lateral maxillary premolar extraction and suitable final finishing. 
The mesiodistal width of the maxillary and mandibular teeth 

was measured before and after treatment of patients with two 
digital caliper methods with an accuracy of 0.01 mm and mae-
stro 3D ortho studio software. The mean mesiodistal width of 
6-6 upper and lower before and after treatment is presented in 
both measurement methods in Tables 1 to 4.

Figure 1: Distribution of the studied people according to the mesiodistal width of the maxillary teeth after orthodontic 
treatment disaggregated by gender, measured with Maestro 3D ortho studio software.

6 5 3 2 1 1 2 3 5 6

female 10.56±0.52 7.16±0.52 7.88±0.28 7.41±0.38 8.9±0.39 8.83±0.48 7.25±0.35 7.88±0.37 7.28±0.39 10.55±0.54

male 10.6±0.56 7.34±0.59 8.12±0.55 7.12±0.32 9.12±0.66 9.3±0.52 7.17±0.53 8.28±0.47 7.3±0.4 10.81±0.52

Figure 2: Distribution of the studied subjects according to the mesiodistal width of the mandibular teeth before and after orthodontic 
treatment disaggregated by gender, measured with Maestro 3D ortho studio studio software.

6 5 4 3 2 1 1 2 3 4 5 6

before
female 10.56 ± 0.52 7.5±0.32 7.22±0.36 6.89±0.26 6.21±0.31 5.7±0.36 5.64±0.36 6.19±0.29 6.9±0.37 7.21±0.54 7.31±0.31 10.78±0.5

male 10.6 ± 0.56 7.39±0.4 7.22±0.46 7.12±0.49 6.29±0.34 5.6±0.35 5.63±0.21 6.1±0.41 8.28±0.47 7.19±0.3 7.43±0.28 11.81±0.4

after
female 10.67±0.54 7.16±0.40 6.85±0.33 6.68±0.23 5.91±0.26 5.36±0.32 5.31±0.29 5.94±0.34 6.64±0.40 6.79±0.36 7.15±0.35 10.59±0.55

male 10.95±0.52 7.34±0.44 6.87±0.31 6.81±0.41 5.88±0.38 5.36±0.36 5.36±0.30 5.98±0.43 6.78±0.45 6.87±0.40 7.20±0.41 10.97±0.45

Figure 3: Distribution of the studied subjects according to the mesiodistal width of the maxillary teeth after orthodontic treatment dis-
aggregated by gender, measured by digital caliper.

6 5 3 2 1 1 2 3 5 6

female 10.63±0.36 7.33±0.37 7.78±0.31 7.27±0.35 8.98±0.33 8.96±0.39 7.17±0.32 7.78±0.36 7.31±0.32 10.46±0.36

male 10.75±0.49 7.34±0.52 8.10±0.48 7.07±0.49 9.04±0.62 9±0.53 7.9±0.42 8.3±0.47 7.38±0.45 10.74±0.47

Figure 4: Distribution of the studied subjects according to the mesiodistal width of the mandibular teeth before and after orthodontic 
treatment disaggregated by gender, measured by digital caliper.

6 5 4 3 2 1 1 2 3 4 5 6

before
female 10.88±0.56 7.52±0.29 7.14±0.46 7.07±0.37 6.14±0.41 5.80±0.35 5.80±0.35 6.17±0.41 6.99±0.46 7.12±0.30 7.4±0.36 10.90±0.54

male 10.22±0.48 7.36±0.44 7.15±0.31 7.18±0.45 6.20±0.35 6.67±0.32 5.62±0.32 6.22±0.37 7.12±0.37 7.2±0.28 7.43±0.29 11.16±0.43

after
female 10.73±0.50 7.34±0.30 6.85±0.38 6.65±0.31 5.85±0.28 5.37±0.30 5.29±0.32 5.91±0.36 6.67±0.41 6.84±0.36 7.25±0.37 10.72±0.5

male 10.04±0.48 7.14±0.49 6.74±0.33 6.67±0.43 5.81±0.28 5.42±0.30 5.42±0.28 5.88±0.32 6.66±0.39 6.76±0.37 7.17±0.40 11.03±0.4

There was no significant difference between the two mea-
surement methods (digital caliper with an accuracy of 0.01 mm 
and maestro 3D ortho studio software). The obtained figures 
were placed in the Bolton formula and the overall Ratio and 
anterior ratios before and after treatment were calculated for 
each sample, respectively. The mean overall Ratio and anterior 
Ratio before and after treatment are presented in Table 5 to 8.

Figure 5: Distribution of the studied subjects according to 
Bolton index before treatment, taking into account the mesiodistal 
width of the upper first premolar disaggregated by gender, mea-
sured with Maestro 3D ortho studio software.

Anterior ratio Overall ratio

Min Mean±Std Max Min Mean±Std Max

Female 76.84% 79.45 ± 3.04% 88.60% 90.03% 91.45 ± 1.67% 96.49%

Male 71.64% 78.33 ± 2.85% 83.34% 90.08% 91.46 ± 1.03% 94 %

Figure 6: Distribution of studied subjects according to Bolton 
index before treatment without taking into account the mesio-
distal width of the upper first premolar disaggregated by gender, 
measured with Maestro 3D ortho studio software.

Anterior ratio Overall ratio

Min Mean±Std Max Min Mean±Std Max

female 76.84% 79.45 ± 3.04% 88.60% 101.85% 105.32 ± 1.98% 108.65%

male 71.64% 78.33 ± 2.85% 83.34% 102.66% 105.34 ± 1.39% 108.35 %

Figure 7: Distribution of study subjects according to Bolton 
index after treatment disaggregated by gender, measured with 
Maestro 3D ortho studio software.

Anterior ratio Overall ratio

Min Mean±Std Max Min Mean±Std Max

female 71.46% 74.42 ± 1.75% 78.27% 100.16% 101.70 ± 0.92% 103.39%

male 71.15% 74.21 ± 2.13% 77.84% 100.07% 101.62 ± 0.90% 102.73%
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Figure 8: Distribution of studied subjects according to Bolton index before and after treatment disag-
gregated by gender, measured by digital caliper.

Anterior ratio Overall ratio

Min Mean±Std Max Min Mean±Std Max

before
female 75.30% 79.11 ± 2.67% 83.13% 88.11% 90.79 ± 1.78% 93.64%

male 75.36% 79.07 ± 2.42% 84.20% 88.81% 90.89 ± 1.48% 94.36%

after
female 71.07% 74.25 ± 2.36% 79.10% 99.61% 101.90 ± 1.20% 104.02%

male 71.78% 74.39 ± 1.76% 77.16% 100.20% 101.50 ± 1.03% 103.60%

Figure 9: Distribution of studied people according to the de-
gree of stripping of the mandibular teeth disaggregated by gender 
by two measurement methods.

measurement Min Mean±Std Max

Maestro 3D ortho studio
female 1.25 mm 3.22 ± 1.11 mm 5.13 mm

male 0.98 mm 3.26 ± 1.25 mm 5.67 mm

لاتیجیدسیلوک
female 1.31 mm 3.37 ± 1.21 mm 5.32 mm

male 2.15 mm 3.50 ± 1.02 mm 6.03 mm

According to the T-test statistical test, there was no signifi-
cant statistical difference between the anterior and overall ratio 
boltons in both sexes (ant. ratio p=0/852, overall. ratio p=0/346, 
strip p=0/747). There was correlation between overall Ratio and 
anterior Ratio after treatment and overall Ratio and anterior 
Ratio before treatment, which is statistically significant and de-
termines when the anterior. Ratio increase, overall. Ratio also 
increases proportionally.

From the difference between 6 and 6 lower mesodistal width 
before and after treatment, the stripping rate was calculated 
and presented in Table 9.

According to the correlation coefficient, there was a signifi-
cant relationship between the initial anterior bolton ratio of 
girls and the rate of stripping (c = 0.571). This means that the 
higher the initial bolton rate, the greater the amount of strip-
ping required. There was also a significant relationship between 
anterior and overall ratio primary bolton in boys and the rate of 
stripping (ant. ratio C=0.587, overall. ratio C=0.648).

Discussion

In most cases, in Class II patients with bilateral upper pre-
molars extraction, it is impossible to establish a suitable final 
occlusion [5], therefore, in the final stages of these patients, es-
tablish proper overjet and overbite and posterior occlusion in 
most cases without dental stripping Lower jaws are impossible. 
Therefore, in order to create a suitable final occlusion, most 
of the Total Inter Proximal Reduction (TIPR) in the mandible 
is required. Factors affecting the rate of reduction include the 
amount of primary bolton in the patient, the rate of increase in 
IMPA during alignment, and the rate of decrease in U1 during 
retraction of upper incisors. The findings of this study, which ex-
amined the ratio of Cl II patients’ boltons with upper premolar 
extraction with suitable finishing, showed that to treat these 
patients, it is necessary to obtain a suitable bolton by selective 
stripping of the mandible and it is not possible to treat such 
patients by relying on Bolton’s standard ratio. Since the most 
important goal of orthodontic treatment is to achieve the best 
functional condition, stability of treatment and proper support-
ive occlusion along with beauty, to achieve this goal, at the end 

Figure 2: Comparison of mesiodistal width of mandibular teeth 
boys before and after treatment.

Figure 3: Comparison of mesiodistal width of mandibular teeth girls 
before and after treatment.

of treatment, proper final occlusion and proper finishing should 
be created because Otherwise, treatment will be relapsed due 
to lack of overjet and overbite final or the establishment of 
a molar relationship beyond class II (1 and 2). When there is 
a mismatch in the size of the teeth, it will not be possible to 
obtain normal overbite and overjet, and normal overbite and 
overjet are also prerequisites for treatment stability and sup-
portive occlusion. The maximum stripping rate that can be done 
is 4-6 mm [15]. In the studied cases, the mean was 3.24±0.02.

In the present study, like the studies conducted in 2004 by 
Edward and Villanueva-bemabe, in 2006 by Dr. Hamid Reza Fat-
tahi et al. And in 2010 by Sanjay naduwinmani et al., A statis-
tically significant difference between the anterior and overall 
bolton ratio in two There was no gender between men and 
women (5 and 8). However, in studies such as the Laveh study 
in 1972, the research of the University of Michigan Develop-
ment Center in 1979, the study of chowsha-szule and her col-
leagues in 2010, and the research of insigammuqbil in 2011 that 
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Examining the ratio of Bolton in different races and groups of 
different malocclusions, there was a statistically significant dif-
ference between the anterior and overall bolton ratios in both 
sexes [9, 12, 16, 17].

In this study, a comparison was made between the two meth-
ods of measuring the mesodial width of teeth. The first method 
was to use a digital caliber with an accuracy of 0.01 mm and the 
second method was to use maestro 3D ortho studio software, 
which did not have a significant statistical difference between 
the two methods to obtain the Bolton ratio. Like a study con-
ducted in 2001 by James et al. comparing the measurement of 
Bolton analysis with computer methods and common methods 
[18]. Hend mohammed EL-zanaty et al. (2010) also conducted a 
study in 3D called dental model replacement for gypsum mod-
els, which resulted in a similar result to the present study [19]. 
In 2016, Shaji T. Varghese et al. conducted a study to evaluate 
the effect of premolar extraction on overall ratio and tooth size 
discrepancies.They concluded that in formulating treatment 
plans, including premolar extraction, significant tooth size dis-
crepancy could change reciprocally after extraction [7].

In 2019, Jabri MA et al. conducted a review article to com-
pare tooth size discrepancy among class I, II, and III malocclu-
sions. The results of their study showed that many researchers 
did not show a statistically significant difference, but the data, 
especially the data related to the subclasses of the Angle mal-
occlusion classification, are not sufficient among these studies. 
Therefore, further studies are needed to interpret this correla-
tion [20].

There have been many studies examining the Bolton index 
in different races [5, 8-12], but so far there has been a study 
on the Bolton ratio of CL II patients treated with upper bilateral 
premolar extraction and total lower jaw stripping and final fin-
ishing appropriate have arrived, not done.

In the studied cases, the ratio of overall and anterior 
boltons of patients without taking into account one of the up-
per molar teeth on the left and right, is 105.34±1.39 in men 
and 105.32±1.98 in women and it was 78.33±2.85 in men and 
79.45±3.04 in women, respectively. After treatment, taking into 
account the effect of stripping and reducing the mesiodistal 
width of the mandibular teeth in men, about 3.26±1.25 and 
3.22±1.11 in women, the overall and anterior bolton ratio was 
101.62±0.9, respectively in males and 101.7±0.92 in females 
and 74.22±1.13 in males and 74.42±1.75 in females decreased. 
These numbers show that standard boltons cannot be used to 
achieve a suitable finishing in these patients (the overall stan-
dard bolton is 91.3% and the ratio of the anterior standard 
bolton is 77.2%) and requires a new bolton rate definition for 
these patients. 

Conclusion

In this study, it was found that the treatment of CL II patients 
with upper premolar extraction with appropriate finishing re-
quires a new bolton ratio (overall and anterior bolton ratio of 
105.3 and 78.8, respectively) and cannot be considered accord-
ing to bolton standard achieved an ideal finishing and proper 
functional and supportive occlusion. Also, the use of the 3 D 
measurement method is clinically more accurate than the man-
ual caliper method with an accuracy of 0.01 mm, but it is not 
statistically significant. The 3D method requires more time to 
measure due to the need to reconstruct and review in three 
dimensions.
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