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Abstract: The position of the maxillary central incisor (MCI) directly affects the appearance of the patient's profile. 
For patients with bimaxillary protrusion or maxillary protrusion, orthodontic treatment often adopts a large number 
of retractions of the maxillary anterior teeth to improve the profile. However, the retraction of MCI is limited, and 
the maximum retraction depends on the distance between the root of MCI and the incisor canal(IC). This distance 
is not a constant value and is affected by many factors. This article reviews the influencing factors of the maximum 
retraction of MCI and its clinical significance in orthodontic treatment. 
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Introduction 

 
The position of MCI has an important impact on the profile and aesthetics of orthodontic patients1. For patients 
with bimaxillary protrusion or maxillary protrusion, a large number of retractions of MCI are used to improve the 
profile appearance to achieve ideal orthodontic effects 2. However, the range of tooth movement is limited, and the 
tooth needs to move within the cancellous bone. If the tooth is in contact with cortical bone, local pressure will lead 
to complications such as iatrogenic root resorption3. It is generally believed that the palatal bone plate of the maxilla 
is the posterior boundary of the retraction4. However, with the application of CBCT, it has been found that there is 
a special structure between the upper central incisor and the palatal bone plate, the incisive canal, and this structure 
is more closely related to MCI. During the palatal movement of the upper central incisor, it may first touch the 
incisive canal instead of the palatal bone plate. Therefore, it is proposed that the positional relationship between the 
MCI and the IC is related to the root resorption during anterior teeth retraction5,6. Due to the existence of IC, the 
maximum retraction of MCI is less than previously recognized, so the wall of IC can be considered as the limit of 
the retraction of MCI. The maximum retraction of MCI depends on the positional relationship between MCI and 
IC. The relationship is affected by many factors. Understanding the maximum retraction amount of orthodontic 
patients is helpful to make a treatment plan and adjust the tooth movement during the operation, avoid contact 
between MCI and IC to the greatest extent, and reduce the incidence of iatrogenic root resorption, bone 
fenestration, bone dehiscence and other complications. This article reviews the influencing factors of the maximum 
retraction of MCI and its clinical guiding significance. 

1. Boundary and maximum amount of palatal movement of MCI 

The retraction of MCI is limited by both anchorage and bone conditions. Traditional orthodontic anchorage allows 
the maximum retraction of MCI to be 5.78m, while in recent years; the widely used implant anchorage can increase 
the maximum retraction to 8mm7. The application of implant anchorage achieved absolute anchorage control so 
that the retraction of MCI was basically not affected by anchorage conditions. However, tooth movement needs to 
be carried out in the cancellous bone, so the bone structure is still the most important factor limiting the retraction 
of MCI. Anatomically, the incisive canal is closer to the upper central incisor. Cho et al8 found that the diameter of 
IC was larger than the minimum distance between the roots of bilateral upper central incisors in more than 60% of 
the samples, and they considered that the root had the risk of touching the wall of IC when MCI was retracted to 
the maximum extent. There are also many clinical reports of root resorption caused by invasion of the IC9,10. 
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Therefore, the position between MCI and IC is related to the root resorption of MCI, and the wall of IC should be 
considered as a safe boundary for the retraction of MCI. 

The maximum retraction of MCI is the maximum distance that MCI can move palatally without cortical bone 
contact, but this distance is not constant. According to the existing research and analysis, the anteroposterior 
distance between MCI and IC is about 4 to 6mm11. Yu et al.12 found that when the retraction of MCI exceeded 
4mm, root resorption occurred in 53% of the cases due to invasion of IC. Khurana et al.13 also found that when the 
MCI was retracted more than 4mm, the probability of root resorption was much higher than that of patients with 
retraction less than 2mm. The maximum retraction of MCI depends on the position between MCI and IC, which is 
affected by many factors and has individual differences. 

2. Factors influencing the maximum retraction of MCI 
 

2.1 Shape and position of the incisive canal 

IC is located between MCI and maxillary palatal bone plate, usually between the roots of the left and right maxillary 
central incisors. It is a tubular structure surrounded by cortical bone in the maxilla that connects the oral cavity with 
the nasal cavity. The diameter of the incisive canal generally does not exceed 6mm. When it exceeds 10mm, 
pathological changes such as cysts or tumors should be considered14. 
 
Some studies have suggested that with the increase of the volume and diameter of IC, the probability of MCI 
invading the wall of IC increases significantly. Through clinical comparison, the volume and surface area of the 
incisor canal in the exposed group (138.7 mm3, 191.5 mm2) were significantly larger than those in the unexposed 
group (83.3 mm3, 136.5 mm2) 15. In addition, the morphology of the incisive canal has a certain effect on the 
diameter of IC and the distance between IC and MCI in different sections 15. There are four common shapes of the 
incisive canal: conical (35.4%), cylindrical (31.0%), hourglass (24.8%), and banana (8.8%) 16. Among them, the 
distance of the cylindrical shape is the largest, while the distance of the banana-shaped shape is the smallest. 
Therefore, it is believed that among the four types mentioned above, banana-shaped patients are the most prone to 
root resorption 17. 
 
Besides the incisive canal morphology, the position of MCI within the maxilla is an important factor. It is generally 
believed that IC is located in the middle of the left and right upper central incisors. However, Ya et al18 found that 
the midpoint of the apical line of the bilateral upper central incisors did not coincide with the center of the IC in 
40.7% of the samples. Jia et al. 19 found that the incisive canal was more inclined to the right upper central incisor at 
the level of the nasopalatal foramen and the incisive foramen. Pan et al. 9 also made similar findings and believed 
that even without midline deviation; more attention should be paid to the position between IC and the right upper 
central incisor. In the vertical direction, the position of the incisive canal also affects its relationship with the upper 
central incisor. Clinically, the position of the central incisor canal in the resorption group (2.86±1.10 mm) was lower 
than that in the non-resorption group (4.07±1.72 mm)9. When the position of IC is low, it will increase the risk of 
contact with the MCI. Therefore, clinical attention should be paid not only to the shape and volume of IC, but also 
to the position and height of IC. 

 
2.2 Sagittal and vertical skeletal facial patterns 

Skeletal patterns play an important role in diagnosis, treatment planning, and growth prediction. From the sagittal 
perspective, the skeletal facial types can be divided into skeletal classes I, II, and III. Donget al. 20found that the 
diameter of the incisor canal in skeletal Class I and II was larger than that in skeletal Class III in both sagittal and 
coronal planes, indicating that the maxillary central incisors in skeletal Class I and II were more likely to contact the 
incisor canal than those in skeletal Class III patients. Cho et al.8 found that the anteroposterior distance between the 
root of MCI and IC was (4.90±1.30) mm at the apical level and (5.20±1.16) mm at the palatal opening level in 
skeletal ClassⅠ adult patients. The results of Ke et al. 21 are also close to it. Ni et al. 22found that the distance 
between MCI and IC in adult skeletal Class Ⅱ  patients was (3.07±1.35) mm at the apical level and (3.27±1.02) mm 
at the palatal opening plane. By comparing the results of the above studies, it was found that the distance between 
MCI and IC in the skeletal class Ⅱ  was smaller than that in the skeletal class Ⅰ  in each horizontal section.The MCI 
in skeletal Class II was supposed to move more palatally, while IC in skeletal Class II had a larger diameter, and the 
distance between MCI and IC was smaller. Therefore, the risk of contact with the incisor canal during movement 
was higher. 
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From the vertical direction, it can be divided into low, average, and high angles. Al-rokhami et al.23compared the 
average distance between MCI at different heights and IC at the corresponding positions and found that: The 
distance of the low-angle group was the largest, followed by the average-angle group, and the high-angle group was 
the smallest, which were 4.78±1.17 (mm), 4.36±1.18 (mm), and 3.86±0.90 (mm), respectively 23, indicating that the 
upper central incisor could move in the palatal direction in high-angle patients. In addition, the volume and 
diameter of IC are not affected by the vertical skeletal facial type 24, 25, but the inter-root distance between the 
bilateral upper central incisors of the low-angle patients is greater than that of the high-angle patients 26, indicating 
that the probability of the upper central incisors of the low-angle patients to contact the high-angle patients is lower. 
Al-rokhami et al. 23 compared the inter-root distance of MCIs and the diameter of IC and found that the percentage 
of IC greater than the root distance of MCIs was 65% in the high-angle group, while this data only accounted for 
55.65% in low-angle group. 

For skeletal Class II patients, different vertical skeletal patterns directly affect the design of treatment plans. The 
low-angle group had a shorter lower 1/3 of the face, a flat mandibular plane, strong masticatory muscle, strict 
extraction criteria, and less retraction of MCI. However, the high-angle group hasa long lower 1/3 of the face, a 
steep mandibular plane, weak masticatory muscle, loose tooth extraction criteria, and larger retraction27. However, 
the safe range of palatal movement of MCI is the smallest in the high-angle group, and the probability of contacting 
IC is the highest during movement. Therefore, when skeletal Class II patients need a large amount of retraction, it is 
necessary to understand the posterior boundary of palatal movement, especially in the high-angle group. 

2.3 The axial inclination of MCI and the position of the root in the alveolar bone 

Because the crown moves in opposite directions to the root, the axial inclination of MCI also affects the positional 
relationship between MCI and IC. Zheng et al. 28divided the samples into three groups according to the inclination 
of MCI: the labial group, the upright group, and the lingual group. By comparing the percentage of the diameter of 
IC greater than the root distance of MCIs, it was found that the percentage of the labial group was greater than that 
of the lingual group, and the labial tilt group was considered to be more susceptible to the influence of IC. Ni et al.22 
found that the root of the labially inclined MCI was closer to the incisor canal and palatal bone plate, while the root 
of the lingually inclined MCI was closer to the labial bone plate. Tian et al. 29 also made similar findings. Based on 
the above, in skeletal Class II patients with controlled root retraction, Class II 1s tends to be more likely to contact 
IC than Class II 2s, and proper lingual movement of the central incisor should be considered to keep the root away 
from the incisive canal. On the contrary, in skeletal Class III patients, attention should be paid to avoid excessive 
compensation when MCI is compensated for labial inclination, resulting in the root touching the incisor canal. In 
addition, according to the sagittal position of MCI within the jaw, it can be roughly divided into labial, central, and 
palatal, with the labial group being the most common. According to reports, the incidence of the labial group is 
78.8%-95.4% 30, while the palatal root is rare (0.0%-1.8%) 31, 32. Andrews et al.33found that in skeletal Class II 
patients, the distance between MCI and the labial side of the alveolar process was greater than that between the 
palatal side, with a ratio of about 2:1. In general, the root of MCI is basically located in the anterior part of the 
maxillary alveolar bone, close to the labial bone plate. Therefore, if the upper central incisor is found in the center 
of the upper alveolar bone or on the palatal side, attention should be paid to the position of its root in the jaw bone. 
If the root is located on the palatal side of the jaw, attention should be paid to avoid IC during the root movement. 

2.4 Gender and age 

Through quantitative analysis of the distance between IC and MCI at the apical level, Dai et al. 34found that the 
measured value of females was significantly lower than that of males, which was mainly because males had better 
maxillary development and physique than females. Some scholars have found that there are gender differences in 
the shape of the incisor canal, mainly manifested as the wider diameter and longer length of the male incisor canal 
24. However, some scholars hold the opposite view and believe that there is no obvious relationship between the 
shape of IC and gender 35, 36. Al-rokham et al. 23 found that compared with females (62.9%), only 56.5% of male 
patients had the diameter of IC larger than the distance between the roots of bilateral upper central incisors. In 
conclusion, although the size of the IC is larger in men, MCI is not more likely to contact the wall of IC, because 
the distance between the roots of MCIs is wider than the diameter of IC in males and the jaw is more developed 
than the female.Whether and how gender affects the maximum retraction needs to be further studied. 

Soumya et al. 35 found that the length and diameter of the incisive canal increased with age, and the diameter and 
length of the young were significantly smaller than those of the old. Costa et al. 25 also found that the volume of the 
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incisional canal increased with age, especially after the age of 50. The risk of upper central incisor roots contacting 
the wall of IC increases with age. Meanwhile, Dai et al. 34 found that with the increase of age, the minimum distance 
between the root 1/2 of MCI and IC as well as the minimum distance between the apical point and the IC gradually 
increased. This may be due to the fact that the age-related changes in the maxilla are not simple linear changes. 
During the development period, the maxillary changes are mainly manifested as the deposition of the labial bone 
plate, the absorption of the palatal bone plate, and the increase of maxillary volume. In the aged group, the labial 
bone plate is absorbed, the palatal bone plate is deposited, and the maxillary volume decreases. Linjawi et al. 37 also 
found that the Angle between IC and the palatal plane increased with age in adolescence and decreased with age 
after middle age. Therefore, when evaluating the effect of age on the maximum retraction of MCI, it is necessary to 
consider the age-related changes of IC and the maxilla. 

3. Clinical significance of maximum retraction of MCI in orthodontic treatment 
 

3.1 Fill the defects of the pre-treatment examination 

At present, most of the pre-treatment clinical examinations of orthodontics are two-dimensional imaging 
examinations, such as panoramic radiographs and lateral cephalograms. However, two-dimensional imaging 
examinations are affected by the adjacent anatomical structures and overlap each other, so it is often difficult to find 
IC and to show its positional relationship with MCIs. However, CBCT can eliminate the interference of adjacent 
tissues and vividly display the relationship of each anatomical structure in the three-dimensional direction 38, 39, 
which is conducive to doctors knowing the anatomical structure around MCIs before surgery and determining the 
position of the posterior boundary of the maximum retraction. The position relationship between MCI and IC is 
affected by many factors, and the maximum retraction amount o varies among individuals. Therefore, CBCT is 
necessary for patients who need a large number of anterior teeth retractions to determine the maximum retraction 
amount and avoid iatrogenic root resorption. 

3.2 Influence the design of orthodontic treatment plan and the adjustment of tooth movement 

Profit et al.40took the palatal bone plate as the posterior boundary of retraction and proposed that the maximum 
retraction of MCI could be 7mm according to the idea of “envelope of discrepancy”, which was opposed by Ono et 
al. 41. However, according to the existing studies, the anteroposterior distance from the root of MCI to the wall of 
IC is less than 7mm 11, 21. The boundary of the retraction of MCI has changed. The maximum retraction amount has 
important guiding significance for the design of the orthodontic treatment plan. For patients with obvious maxillary 
protrusion or bimaxillary protrusion, the maximal amount should be considered. If the actual maximal amount is 
significantly less than the ideal amount, orthodontic-surgical treatment should be given priority, and the orthodontic 
treatment should be carefully selected since the limit of compensatory treatment should not be challenged. 
Excessive pursuit of the compensation of MCI and neglect of the cortical bone constraint on the palatal side will 
eventually lead to root invasion into IC and root resorption. 

Anatomically, the distance between the root of MCI and the wall of IC is the smallest at the level of the incisor 
foramen, the root 1/3, and the mesial palatal side of the root is most likely to contact with the wall of the IC9,28. On 
the contrary, the distance between the root and the wall of IC increases with the increase in height. At the root tip, 
the distance from the incisive canal is the furthest, and the diameter of the incisive canal is smaller than the distance 
between the roots of bilateral upper central incisors at this level 15, 17. Therefore, the most dangerous place is the 
mesial palatal side of the root 1/3, not the apex. During orthodontic treatment, attention should be paid to the 
relationship between the apical 1/3 root and the wall of IC. The angle of the MCI should be adjusted in time to 
avoid IC, especially in skeletal Class II patients with maxillary protrusion or skeletal Class I patients with bilateral 
protrusion who need a large amount of retraction. 

3.3 Reconstruction of IC after retraction 

Although there are a few patients who will have a certain degree of reconstruction of IC with orthodontic tooth 
movement, the reconstruction of IC is a self-protection mechanism under external harmful stimulation. The 
amount of root resorption of MCI can be reduced by reconstruction, but it cannot be prevented5. Some scholars 
have proposed that IC can be reconstructed by the minimization of the incisive canal or the unilateral neurovascular 
technique 42,43to expand the posterior boundary. However, it has been reported that the above two kinds can lead to 
local sensory hyperfunction or hypofunction in patients43. Therefore, whether they are suitable for clinical 
promotion remains to be evaluated. 
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4. Conclusion 

The maximum retraction of MCI represents the maximum safe range of palatal movement of MCI, which has 
important guiding significance to orthodontic treatment plans and adjustment of tooth movement during treatment. 
The position between the MCI and IC is affected by many factors and varies among individuals. CBCT can help 
doctors to have a better understanding of the posterior boundary of the retraction and avoid the complications such 
as iatrogenic root resorption during treatment, which is helpful to achieve the goal of healthy treatment. 
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