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Anatomical factors of the maxillary tuberosity that 
influence molar distalization

Objective: To examine the areas of the maxillary tuberosity (MT) (coronal, apical, 
width, and height) with respect to the presence or absence of the third molar 
to establish possible anatomical limitations for molar distalization. Methods: A 
total of 277 tuberosities were evaluated through sagittal computed tomography 
(CT) images, divided for measurement into coronal (free of bone), apical (area of 
influence of the maxillary sinus), and tuberosity (bony area) zones, and stratified 
by the presence or absence of the third molar, sex, and two age subgroups. 
Mann–Whitney U test was used to compare the groups considering the third 
molar. Results: The medians of the width and height of the tuberosity decreased 
significantly in the absence of the third molar (P < 0.001). The apical area also 
showed differences, with negative values in the absence of the third molar 
and positive values in the presence of the third molar (P < 0.001). However, 
no differences were observed for the coronal area (P > 0.05). Conclusions: In 
the absence of the third molar, the size of the MT, represented by its width 
and height, was smaller and negative values (decrease) were observed for the 
maxillary sinus. The sagittal CT provides useful information regarding the 
amount of bone tissue available for distalization and relationship of the second 
molar with respect to the maxillary sinus, which allows individualizing each case 
in relation to the amount and type of movement expected.
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INTRODUCTION

The maxillary tuberosity (MT) is a bilateral anatomi-
cal structure that corresponds to the distal and inferior 
border of the infratemporal surface of the upper max-
illa, where normally the alveoli of the third molars are 
located, with its posterior and superior limits being the 
pterygomaxillary fissure and the floor of the maxil-
lary sinus, respectively.1,2 This anatomical configuration 
facilitates an adequate biomechanical approach for 
molar distalization because it allows the orthodontic 
en masse retraction of the upper dentition. It can be 
applied bilaterally or unilaterally (Class II malocclusion 
with subdivision) with good results when the appropri-
ate protocols are followed.3 Likewise, it can be used to 
correct space discrepancies without extractions or when 
the use of other appliances, such as a pendulum or a 
headgear, is not desired.4 These distalization movements 
involve moving the molars towards the MT; therefore, 
the amount of distalization depends on the available 
bone volume in the direction where the roots are being 
displaced. Its success depends on the topography of the 
MT.5

Current treatment proposals, such as the use of tem-
porary anchorage devices (TADs), including interradicu-
lar or infrazygomatic TADs using skeletal anchorage or 
clear aligners using reinforced dental anchorage promote 
distalization mechanics in the treatment of Class II mal-
occlusion.6-8 However, it is not only the mechanical ele-
ment but also the anatomical characteristics of the bony 
corridor through which the displacement will occur that 
limits the magnitude of the displacement. Therefore, MT 
topography is an important factor to consider in plan-
ning molar distalization.

Three-dimensional assessment of the molar alveolar 
bone and MT topography through both computed axial 
tomography (CAT) and cone beam computed tomogra-
phy (CBCT) provides an accurate representation of the 
anatomical configuration and its influence on distaliza-
tion, assisting the clinician in both the diagnostic and 
treatment planning process.9

Considering the above, the objective of this study was 
to examine the MT zones (coronal, apical, width, and 
height) in relation to the presence or absence of the 
third molar, age, and sex, as these factors can poten-
tially influence the magnitude and efficiency of molar 
distalization.

MATERIALS AND METHODS

A descriptive cross-sectional study was conducted 
based on the available records. All CAT scans of patients 
between 11 and 53 years of age sent for facial mor-
phological assessment by indication of their treating 

specialists during the period between January 2015 and 
January 2022 were selected from the Imbanaco Clinic’s 
imaging processing center. The study was approved by 
the Institutional Ethics Committee (Imbanaco Clinics 
approval code: CEI-782) and was conducted according 
to the latest version of the Declaration of Helsinki. At 
admission, all patients signed an informed consent for 
the use and disclosure of information and images for 
research purposes. Images were anonymized to ensure 
patient privacy.

Patients with a history of maxillary orthognathic sur-
gery, with absence of the first and/or second molar or 
with any of these teeth impacted, with primary or mixed 
dentition, with a history of orthodontic treatment or 
periodontal disease, with craniofacial syndromes, or with 
inadequate quality images were excluded.

CAT images were acquired using a Biograph mCT20 
PET/CT scanner (Siemens, Erlangen, Germany). The im-
ages of the skull were obtained without contrast medi-
um, from the vertex to the sternal fork using the follow-
ing parameters: slice thickness of 0.75 mm, a pitch of 
1.0, and 512 × 512 cubic matrix with an isotropic voxel 
(size: 0.58 × 0.58 × 0.87 mm) that avoids image distor-
tion in the different planes. This protocol was applied 
for both adult and growing patients. CAT images were 
reconstructed using a low-dose homogeneous B26F 
filter for anatomical localization. All patients were posi-
tioned with a head immobilizer to avoid motion artifacts 
and facilitate image fusion.

The CAT images were stored in DICOM format and 
transferred to the Horos software version 4.0.0 (Nimble 
Co., LLC, Annapolis, MD, USA), which is a free and open 
source, fully functional 64-bit medical image viewer for 
OS X, and were processed to evaluate the two-dimen-
sional measurements of the MT. A maxillary occlusal 
plane was traced from the intercuspation of the second 
premolar to beyond the second molar and used as the 
reference plane for the MT measurements, as described 
in Table 1. The images were analyzed in the 3D multi-
planar reconstruction module with a slice thickness of 0.4 
mm. The sagittal plane was adjusted so that it passed 
through the vestibular roots of the first and second mo-
lars and extended to the posterior part of the tuberosity 
(Supplementary Figure 1).

Statistical analysis
The statistical power of this study was calculated us-

ing two different sample sizes, a group of 151 records 
with the presence of the third molar and another group 
of 126 records with the absence of the third molar. A 
power greater than 98% was obtained for MT width, 
height, and apical area (Supplementary Figure 2).

Measurements were performed by an operator skilled 
in the use of the software and in evaluating the maxil-
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lary anatomy. Each set of images and data per patient 
was reviewed and classified, jointly by an operator and 
a specialist in craniofacial imaging. Twenty patients 
were randomly selected for a second measurement four 
weeks apart. The reproducibility of the measurements of 
the width and height of the tuberosity, and the coronal 
and apical zones was evaluated to determine the level 
of intraobserver agreement in the measurements. A con-
cordance correlation coefficient of higher than 98% was 
observed for all variables, indicating an almost perfect 
concordance (Supplementary Table 1).

Quantitative variables are summarized as median and 
interquartile range (P25–P75) and qualitative variables 
as relative and absolute frequencies. Mann–Whitney U 
test was used to compare the medians of the groups 
considering the presence or absence of the third molar. 
Statistical significance was set at P < 0.05. All analyses 
were performed with R software version 4.3.1 (The R 
Foundation, Vienna, Austria).

RESULTS

We analyzed a total of 277 tuberosities corresponding 
to the right and left sides of 140 patients (three were 
excluded), including 85 (61%) female with a median age 
of 18 (15–27) years and 55 male with a median age of 
22 (17–28) years. The prevalence of third molars was 
higher in patients aged 22 years or younger for both 
sexes, 83.9% for females and 70.7% for males (Table 2).

The anatomical characteristics of the MT were de-
scribed according to the measurement of the coronal 
zone (bone-free area; Figure 1), tuberosity zone (bony 

2nd molar2nd molar

1st molar1st molar

W1W1

Coronal zoneCoronal zone
Cementoenamel junctionCementoenamel junction

Occlusal planeOcclusal plane

Figure 1. Coronal zone. Reference lines to measure the 
length of coronal zone.
W1, top of the tuberosity.

Table 1. Description of the measurements of the analyzed variables

Variable Description

Coronal zone The coronal zone is defined as the bone-free zone and is delimited by drawing a line parallel to the occlusal 
plane from the amelocemental junction and another from the top of the tuberosity (W1). The distance 
between the two lines is measured in mm and is the length of the coronal zone (Figure 1)

Tuberosity zone The tuberosity zone is defined as the bone zone and is delimited horizontally by drawing a parallel to the 
occlusal plane from the top of the tuberosity (W1) and another parallel from the floor of the tuberosity 
(W2). Vertically, it is delimited by tracing a tangent to the distal root of the second molar (H1) and a 
tangent to the inner cortex of the tuberosity (H2). Both extending from the apical zone to the coronal zone

The width of the tuberosity is measured (mm) with a horizontal line, parallel and equidistant to the lines (W1 
to W2), extending from line H1 to line H2

The height of the tuberosity is measured (mm) with a vertical line, parallel and equidistant to the lines (H1 
and H2), extending from line W1 to line W2 (Figure 2)

Apical zone The apical zone is defined as the zone of influence of the maxillary sinus and is delimited by drawing a 
line parallel to the occlusal plane from the floor of the tuberosity (W2) and another parallel from the 
uppermost point of the root apex of the distal root of the second molar

The distance between the two lines (mm) is the length of the apical zone. When the floor of the tuberosity is 
below the root apex of the second molar, the result will be negative (–) and when it is above the distal root, 
the result will be positive (+) (Figure 3)

W1, top of the tuberosity; W2, floor of the tuberosity; H1, tangent to the distal root of the second molar; H2, tangent to the inner 
cortex of the tuberosity.

Table 2. Comparison of groups based on age and sex 
considering the presence or absence of the third molar

 
Presence of 3rd 

molar
(n = 151)

Absence of 3rd 
molar

(n = 126)
P value

Female 93 (100.0) 74 (100.0) < 0.001

   ≤ 22 yr 78 (83.9) 30 (40.5)

   > 22 yr 15 (16.1) 44 (59.5)

Male 58 (100.0) 52 (100.0) < 0.001

   ≤ 22 yr 41 (70.7) 19 (36.5)

   > 22 yr 17 (29.3) 33 (63.5)  

Values are presented as number (%).
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area; Figure 2), and apical zone (area of influence of 
the maxillary sinus; Figure 3), with statistically large 
significant differences between the medians of both the 
height and width in cases of the presence of the third 
molar (P < 0.001). The apical area also showed signifi-
cant differences with negative values in the absence of 
the third molar and positive values in the presence of 
the third molar (P < 0.001). In contrast, for the coronal 
area, no differences were found (P > 0.05) (Table 3 and 
Figure 4).

The MT anatomical characteristics according to sex 
showed reduced lengths in the MT height and width in 

Occlusal planeOcclusal plane

1st molar1st molar

2nd molar2nd molar

Apical limitApical limit

Apical zoneApical zone

W2W2

Figure 3. Apical zone. Reference lines to measure the 
length of the apical zone. If the floor of the tuberosity is 
below the apical end of the second molar root, the mea-
surement is negative. If it is above, the measurement is 
positive.
W2, floor of the tuberosity.

2nd molar2nd molar

1st molar1st molar

W2W2

W1W1

H2H2

H1H1

Tuberosity heightTuberosity height

Tuberosity zoneTuberosity zone

Tuberosity widthTuberosity width

Occlusal planeOcclusal plane

Figure 2. Tuberosity zone. Reference lines to measure the 
width and height of the tuberosity.
W1, top of the tuberosity; W2, floor of the tuberosity; H1, 
tangent to the distal root of the second molar; H2, tan-
gent to the inner cortex of the tuberosity.
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the absence of the third molar in female (P < 0.001), as 
well as reduced values in the apical area (P < 0.001). In 
male, no significant differences were observed in the MT 
height (P = 0.116). However, significant differences were 
observed in the width and apical zone in the absence of 
the third molar (Table 3).

Concerning age and sex, female aged 22 years or 
younger presented significant differences (P < 0.001), 
with decreased measurements of the apical zone and 
MT width and height in the absence of the third molar. 
Female older than 22 years presented significant differ-
ences for the coronal zone (P = 0.019) and MT width (P 
< 0.001). In male, significant differences were only ob-
served for the MT width in the age range of 22 years or 
younger. In the absence of the third molar the MT width 
measurement was lower (Table 4).

DISCUSSION

The distance between the distal root of the second 
molar and the internal cortex of the MT depicts the 
bony corridor through which the teeth can move distal-

ly.10 This area can be affected by the presence or absence 
of the third molar; therefore, it should be considered 
since it can influence the amount of bone tissue and fa-
cilitate pneumatization of the maxillary sinus, affecting 
the distal displacement potential of the maxillary molars. 
Thus, along with determining the amount of movement 
from the appliance used or the procedure performed, the 
clinician should individualize each case and be aware of 
the anatomical limitations of tooth movement around 
the MT.

Our study results suggest that the coronal, apical, and 
bony areas of the MT can be evaluated on the sagittal 
CAT scan. This will provide individual information on 
the patient who requires maxillary molar distalization. 
The imaging can demonstrate the limits to which the 
molars can be distalized before colliding with the bone 
cortex, as well as the relationship of the roots with the 
maxillary sinus cortex.

Using CBCT, Hui et al.11 evaluated the MT width at 3, 
6, and 9 mm from the cementoenamel line and found 
differences with the coronal zone closest to the distal 
root in patients with Class II malocclusion. They also 

Figure 4. Coronal (A), tuberosity (B, C), and apical (D) measurements in the presence or absence of the third molar.
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detected a smaller distance in hyperdivergent subjects, 
showing the individual anatomical variations in MT. 
They emphasized the need for future studies to evaluate 
the relationship of the maxillary sinus to the roots of the 
second molar as it may be another anatomical limitation 
in molar distalization.

Although the MT bone ridge is the “channel” of molar 
displacement during distalization, most related stud-
ies have focused on the mechanical element, i.e., the 
magnitude of the forces and the biomechanics applied 
to determine the amount of distalization. Chiu et al.12 
recorded a distalization of 3 mm using tooth-supported 
appliances (pendulum and distal Jet). Considering con-
temporary approaches, such as the use of interradicular 
TADs, Abdelhady et al.13 reported a greater distaliza-
tion with an average of 4.09 mm. For infrazygomatic 
implants, a maximum distalization of 4 mm has also 
been reported with asymmetric mechanics.14 This was 
supported by the meta-analyses by Bayome et al.3 and 
Raghis et al.,15 who reported 4 mm of displacement 
during bilateral mechanics. However, studies performed 
with esthetic aligners have reported smaller distalization 
amounts (2.5 mm in the study by Ravera et al.7) and 
only achieving 68% reliability for programmed move-
ments of up to 2 mm.16

Spena and Turatti17 performed complementary surgi-
cal procedures, such as localized corticotomies in the 
molar area, to trigger osteopenia and facilitate distaliza-
tion, reporting a total distalization of 4.1 mm. However, 
their study evaluated the technical aspect; however, 
the amount of bone tissue that allows movement and 
proximity of the maxillary sinus to the molar roots to be 
displaced were overlooked.

Concerning sexual dysmorphism, a smaller overall MT 
width was evident in female than in male. These find-
ings were similar to those reported by Manzanera et al.18 
in their study on the anatomical characterization of the 
MT and Gapski et al.19 in their histomorphometry study 
where they observed a lower percentage of bone sur-
face area in female. Additionally, female ≤ 22 years of 
age and without the third molar presented all decreased 
measurements (MT height and width and a negative api-
cal zone). Regarding the negative relationship between 
root apices and maxillary sinus in the young population, 
Pei et al.20 postulated that the distances between the 
roots of the second molar and the floor of the maxillary 
sinus increase with age; therefore, there is a closer rela-
tionship in the adolescent and young population as ob-
served in the present study. The allocation by age sub-
groups was established considering that residual growth 
only ends at 22 years of age.21

Regarding the maxillary sinus, the study showed that 
in the absence of the third molar, there was a statisti-
cally significant (P < 0.001) descent of the sinus behind 
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the second molar, projecting the apical portion of the 
distal root against the sinus cortex. In relation to this 
finding, it is important to note that the bony cortex 
limits, slows down, and makes tooth movement more 
complex.22-24 Furthermore, it favors the distal inclination 
of the crown25 and increases the risk of root resorption.26 
Therefore, it should be considered when planning orth-
odontic distalization of the molar.

A limitation of the study is that it did not evaluate 
the transverse MT dimension and its relationship to the 
vestibulo-palatal width of the teeth.18 This is a relevant 
aspect in the assessment of the bony corridor. Future 
studies should assess the MT osseous metabolism and 
the density of the cortical bone, which are important 
variables in the amount and type of dental movement.

CONCLUSIONS

In the absence of the third molar, the size of the MT, 
represented by its width and height, was smaller. Further, 
the maxillary sinus showed negative values (decrease) 
behind the distal roots of the second molar.

Female aged 22 years or younger who lacked the third 
molar had significantly lower values of the width and 
height of the tuberosity and a negative apical zone.

Sagittal CT provides useful information to the clinician 
regarding the amount of alveolar bone available for dis-
talization and the relationship of the second molar roots 
with respect to the maxillary sinus, allowing the clinician 
to individualize each case in relation to the amount and 
type of distal movement.
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