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ABSTRACT 
 

Introduction and Aim: Maxillary sinus, also known as the Antrum of Highmore, is said to be one of the largest 

pyramidal shaped paranasal sinuses that begins at the 10th week of intrauterine development and undergoes 

pneumatisation. The root apices of the maxillary posterior teeth have a proximity to the antral floor, so a thorough 

understanding of this anatomical relationship is very essential as it can have an important influence during dental 

procedures such as implant planning, extractions, and certain other oral and maxillofacial surgeries. The aim of this 

study was to assess the vertical relationship between the posterior teeth in the maxillary arch with the floor of the 

maxillary antrum, using Cone Beam Computed Tomography (CBCT) in a South Indian population. 
 
Materials and Methods: This was a retrospective analysis of 50 right or left maxillary sinuses in panorama and 

tangential sections by tracing the outline forms of the maxillary antral floor and also measuring its vertical distance 

from maxillary posterior root apices. 
 
Results: Four types of relationship patterns were observed between the maxillary antral floor and root apices of the 

maxillary posteriors. The root apices of the maxillary second molar were found to be in close proximity with the 

maxillary sinus (2.27mm) and similar observation was found in the left side with the left second molar to be in 

close proximity to the sinus (2.04 mm). 
 
Conclusion: The assessment of this vertical relationship is very important during extractions, implant planning or 

during any other surgeries in the maxillofacial region. 
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INTRODUCTION 
 
There are four pairs of paranasal sinuses in humans 

that include frontal, sphenoid, ethmoid and maxillary 

sinuses of which the maxillary sinus, known as 

Antrum of Highmore which is one of the largest 

pyramidal shaped paranasal sinus that begins to form 

during the 10th week of intrauterine development. The 

mucosa that is located at the deeper anterior end of the 

ethmoid infundibulum has invaginations toward the 

surrounding mesenchyme and it fuses during the 11th 

week of intrauterine development which results in the 

formation of the primordial cavity of the maxillary 

sinus that is seen as an oval cavity with smooth walls 

(1). The maxillary sinus drains into the middle meatus 

through the osteomeatal complex. The antrum has 

three recesses: Inferiorly, it has an alveolar recess 

bounded by the alveolar process of the maxilla; 

laterally has a zygomatic recess bounded by the 

zygomatic bone; and superiorly an infraorbital recess 

bounded by the inferior orbital surface of the maxilla 

(2). The antrum as such is bounded superiorly by the 

uncinate process of the ethmoid, inferiorly by the 

ethmoidal process of the inferior nasal concha, 

anteriorly by a small portion of the lacrimal above and 

the posteriorly by the vertical portion of the palatine 

bone. The anatomy of maxillary antrum is said to vary 

among each individual and it undergoes a 

physiological process with age known as 

pneumatisation which is characterised by the 

formation of air cells within the antrum which causes 

the sinus to expand in its volume. This pneumatisation 

process is governed by previous infections, certain 

genetic diseases and other environmental conditions 

(3). 
 

The pathologies of the maxillary antrum include 

intrinsic diseases which primarily originate from the 

walls of the antrum and extrinsic diseases that develop 

outside the sinus that may cause an infiltration or 

impingement into the sinus like  mucosal thickening, 

polypoidal soft tissue growths, partial opacification 

with mucous accumulation, complete opacification, 

mucous retention cysts, retained root stumps, impacted 

teeth, antroliths, exostosis, oro-antral fistulas or 

communications and certain other benign or malignant 

lesions (4). 
 
The maxillary antrum expands between the root apices 

of the maxillary molars which results in its close 
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proximity of its floor with the posterior teeth in the 

maxillary arch. There are certain clinical implications 

due to this close proximity. Extractions, endodontic 

surgery can increase the risk of antral perforation or 

formation of oro-antral fistula. There are also chances 

of displacement of the root tips if there is close 

approximation of the maxillary root apices with the 

maxillary antrum (5). This vertical relationship should 

also be considered during orthodontic tooth 

movements. 
 
Conventional radiographs like intraoral periapical and 

orthopantamogram can offer some information on this 

vertical relationship. Cone Beam Computed 

Tomography (CBCT) provides greater detailing, finer 

resolution and aids in the measurements of the apical 

portion of the root tip from the floor of the maxillary 

antrum to evaluate this vertical relationship (6). The 

relationship of the maxillary antrum with the maxillary 

posterior teeth can be of different types. The root 

apices of the maxillary posterior teeth can be below or 

outside the antral floor; it may be contacting the floor 

or may be above or inside the floor of the antrum (7). 
 
Literature also throws light on other classification 

systems defining this vertical relationship. According 

to Kwak et al. there are 5 types of relationship 

between the maxillary posterior root apices and the 

maxillary antral floor. The first is Type I relationship 

which is seen as the inferior wall of the maxillary 

sinus floor is located above the root apex of the buccal 

and palatal roots, type II relationship is seen when the 

inferior wall of the antrum is located below the level 

that connects the buccal and palatal root apices 

without an apical protrusion over the antrum. In type 

III, apical protrusion of the buccal root apex is seen 

over the inferior wall of the antrum, in type IV 

relationship there is an apical protrusion of the palatal 

root apex observed over the inferior wall of the antrum 

and in type V relationship apical protrusions of both 

the buccal and palatal root apices are observed over 

the inferior wall of the antrum. For single rooted teeth, 

the classification of the vertical relationship is as 

follows; Type I where the inferior wall of the antrum 

is located above the root apex, in type II, the root apex 

touches the inferior wall of the antrum and type III, 

apical protrusion of the root apex is observed over the 

inferior wall of the maxillary sinus (8). 
 
Studies have also found that the maxillary second 

molars have a close proximity to the maxillary sinus 

floor of which the palatal root tip has a closer 

proximity to the maxillary antral floor (9). 

Pneumatisation of the maxillary sinus can be affected 

by various factors such as heredity, post sinus surgery, 

effect of growth hormones and air pressure of the 

sinus (10). The loss of teeth in the maxillary posterior 

region may induce pneumatisation of the sinus leading 

to union between the sinus floor and the alveolar crest 

in certain scenarios as reported in the literature (11). 
 
MATERIALS AND METHODS 
 
A random retrospective analysis of 50 maxillary Cone 

Beam Computed Tomography (CBCT) scans (Images 

taken using Sirona Orthophos XG 3D CBCT scanner 8 

x 8 Field of view) were analysed using Galileos 

implant viewer software. The maxillary sinuses were 

analysed in panorama and tangential sections. 
 
The outline of the floor of the maxillary sinus was 

traced in all the images. The vertical measurement was 

done by measuring the distance of the root apices of 

maxillary first premolar, second premolar, first molar 

and second molar to the floor of the maxillary sinus. It 

was measured by connecting a line from the central 

point of the apex of both the single and multi-rooted 

teeth with the floor of the maxillary antrum. (Fig. 3) 
 
RESULTS 
 
Four types of pattern of the maxillary antral floor with 

the maxillary posterior teeth root apices were 

observed. (Fig. 1) 
 

Type 0: There was no contact of the maxillary 

posterior teeth with the floor of the maxillary 

antrum. 
 
Type 1: The maxillary antral floor touches the root 

apices of the maxillary posterior teeth. 
 
Type 2: The maxillary antral floor is seen to protrude 

between the roots of the maxillary posterior teeth. 
 
Type 3: The maxillary antral floor is seen to project 

uniformly across the roots of the maxillary posterior 

teeth. 
 
Type 0 was the most common (46 %), followed by 

Type 1 (24%), Type 2 (20%) and Type 3 (10%) (Fig. 

2) 
 
The average distances of right, left maxillary posterior 

teeth from maxillary first premolar, second premolar, 

first molar and second molar with floor of the 

maxillary sinus has been tabulated. (Tables 1 and 2). 

The root apices of the maxillary right second molar 

was found to be in close proximity with maxillary 

sinus floor (2.27mm) and similarly in the left 

quadrant, the root apices of the maxillary left second 

molar was found to be in close proximity with the 

maxillary sinus floor (2.04 mm). 
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Fig. 1: Different type of maxillary antral floor patterns with the maxillary posterior teeth 

A) Type 0  B) Type 1  C) Type 2  D) Type 3 

 

 
                      Fig. 2: Distribution of the vertical relationship patterns of the  

                             maxillary posterior teeth with the maxillary sinus floor 

 

 

  
   Fig. 3: Vertical measurements of the apices of maxillary posterior teeth (maxillary first premolar, 

          second premolar, first molar and second molar) with floor of the maxillary sinus 

 

Table 1: Average distances of the root apices of the 

maxillary right posterior teeth with maxillary sinus 

floor 

Tooth (right) Mean distance of root tip and 

maxillary sinus floor (mm)  

1st Premolar 3.50  

2nd Premolar 2.76  

1st Molar 2.49  

2nd Molar 2.27  

Table 2: Average distances of the root apices of the 

maxillary left posterior teeth with maxillary sinus 

floor 

Tooth (left) Mean distance of root tip and 

maxillary sinus floor (mm) 

1st Premolar 3.95  

2nd Premolar 2.45  

1st Molar 2.25  

2nd Molar 2.04  

 

A

) 

B 

C D 

501



Swathi and Maragathavalli: Assessment of the vertical relationship between …….. radiographic observational study  

DOI: https://doi.org/10.51248/.v42i3.1411                                                                                Biomedicine- Vol. 42 No. 3: 2022 

DISCUSSION 
 
The vertical relationship between the maxillary 

posterior teeth and the floor of the maxillary sinus is 

of prime importance especially a cause for concern 

during endodontic procedures like apicectomies, 

extractions and implant planning. A study done by 

Chand et al. in 2017 on the relationship of the inferior 

wall of the maxillary sinus with the maxillary 

posterior teeth using CBCT in adult population with 

chronic periodontitis revealed the mean distance 

between maxillary molar root apices and the inferior 

wall of maxillary sinus was minimum for the palatal 

root (0.402 mm) compared to the mesiobuccal (0.932 

mm), distobuccal root apices (0.903 mm) and the 

maxillary palatal root was found to be in close 

approximation to the inferior wall of maxillary antrum 

(12). The proximity of the root apices of the maxillary 

posterior teeth to the floor of the maxillary antrum 

followed by the measurement of buccal bone 

thickness using serial axial, coronal, sagittal, and 

paraxial cone-beam computed tomographic images 

was done by a study in 2015 by Kang et al. found that 

the apices of the mesiobuccal roots of the second 

molars had the shortest mean vertical distance to the 

maxillary sinus floor (0.18 mm) and the thickest mean 

horizontal distance to the buccal cortical plate (4.99 

mm) among buccal roots of the three rooted maxillary 

molars (13). A cross sectional study was done by 

Haghanifar et al. in 2018 by evaluating 160 CBCT 

images, where 419 molars were studied, they found 

that Type 2 relationship (39.1 %) was the predominant 

pattern, where the root was laterally projected on the 

maxillary sinus but its apex was found to be outside 

the sinus (14). Jang et al. in 2017 evaluated the 

probability of root fenestration or oroantral 

communication by the measurement of the distance 

from root apex to the maxillary antral floor and buccal 

cortex in maxillary posterior teeth by the analysis of 

2182 roots of the maxillary posterior teeth from 219 

CBCT images found that the palatal root apices of the 

maxillary first molars exhibited the highest incidence 

as well as the greatest mean length (1·96 mm) of 

protrusion into the floor of the maxillary antrum (15). 

Fry et al. in 2016 found that Type 0 relationship was 

most commonly seen in the first and second premolars 

and Type 1 relationship in the first and second 

maxillary molars. The mean distance from the floor of 

maxillary sinus to apex of root was found to longest 

for the palatal root of maxillary molars and the buccal 

root of maxillary first premolar while it was shortest 

for the mesiobuccal root of maxillary first molar and 

palatal root of the maxillary second premolar. The 

distobuccal root of maxillary second molar was found 

to have the greatest distance from the cortical plate 

(16). It is said that dental roots in the maxillary 

antrum are almost twice as likely to be associated with 

diseased sinuses than normal sinuses and even healthy 

teeth whose roots are inside the maxillary sinus are 

said to induce an inflammatory response in the sinus 

membrane with dental procedures exacerbating the 

condition (17). 
 
When there is a loss of teeth in the maxillary posterior 

region, the alveolar process undergoes a phase of 

remodelling. The vacant tooth socket collapses 

creating an edentulous space and the maxillary sinus 

can also undergo pneumatisation further decreasing 

the available underlying alveolar bone which can 

hinder the osseointegration process of implant. 

Maxillary sinus floor augmentation is a surgical 

procedure done by lifting the lower Schneiderian 

membrane (sinus membrane) and placing a bone graft 

can increase the amount of alveolar bone in the 

posterior maxilla in the region of the premolar and 

molar teeth. Misch in 1987 devised a category for the 

treatment of edentulous posterior maxilla based on the 

amount of alveolar bone available below the maxillary 

antrum and the ridge width known as subantral 

augmentation category (SA). This category includes 

SA 1where it has an adequate amount of vertical bone 

for implants, around 12 mm where no manipulation of 

sinus is required, SA2 category has 0-2 mm less than 

the ideal height of alveolar bone for implant 

placement that require surgical correction, SA3 

category has just 5-10 mm of alveolar bone below the 

maxillary sinus and SA4 category where only 5 mm 

of alveolar bone is available below the maxillary sinus 

(18). 
 
CONCLUSION 
 
The anatomical relationship of the roots of the 

maxillary posterior teeth with floor of the maxillary 

antrum is of significant importance during dental 

procedures like extractions, endodontic surgeries and 

implant planning. Hence a thorough knowledge of the 

anatomy and adequate precautions is required for a 

proper treatment planning. This was an institutional 

study where both the right and left maxillary sinuses 

were taken into consideration. In literature, there are 

very few studies that have assessed this vertical 

relationship in the Indian population, especially in the 

South Indian Population. The vertical measurements 

of all the maxillary posterior teeth (First Premolar, 

Second Premolar, First molar, Second molar of both 

right and left side) were assessed along with the 

different types of maxillary sinus floor configurations 

(Type 0, 1, 2, 3) with the roots of the maxillary 

posterior teeth. This vertical relationship assessment 

was done in both the sections of the CBCT that 

included the panoramic and tangential sections. The 

limitation of this study is a low sample size and hence 

a study with a larger sample size along with the 

evaluation of incidental findings of the maxillary 

sinus in the CBCT will be done in the future. 
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