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Abstract: This study aims to measure and establish a correlation between the initial bone height 
(IBH) at the dentate posterior maxillary sextants to the middle facial height (MFH) and the maxillary 
sinus volume (SV). Thirty CBCTs split evenly between males and females were retrospectively se-
lected and processed to measure the SV and the IBH from the first premolar to the second molar. 
A clinical measurement was performed on each patient to evaluate the MFH. A significant positive 
correlation was found between MFH and SV. No significant correlation was found between the IBH 
of the first premolar and the SV or MFH on both sides. The results showed a significant negative 
correlation between the IBH of the other teeth examined and the SV on both sides. A significant 
negative correlation was found between the MFH and the IBH of the second premolar, first molar, 
and second molar of each side. It can be concluded that the maxillary SV increases with the MFH, 
and the IBH decreases when the SV and the MFH increase except for the first premolar. The clinical 
relevance of this study lies in the capability of the general practitioner to estimate the IBH in the 
posterior dentate maxilla by measuring the MFH. Patients with a risk of having a low IBH can be 
advised, in the case of an extracted tooth, to consider ridge preservation techniques or implant 
therapy as soon as possible to avoid future complex surgical interventions.
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CORRÉLATION DE LA HAUTEUR OSSEUSE INITIALE, À LA HAUTEUR 
DE L’ÉTAGE FACIAL MOYEN ET AU VOLUME DU SINUS MAXILLAIRE: 
UNE ÉTUDE RÉTROSPECTIVE

Résumé
Le but de cette étude est de mesurer et d’établir une corrélation entre la hauteur osseuse initiale 
(HOI) au niveau des sextants maxillaires postérieurs dentés, la hauteur de l’étage moyen de la 
face (HEM) et le volume du sinus maxillaire (VS). Trente CBCTs (15 mâles et 15 femelles) ont été 
rétrospectivement sélectionnés et analysés afin de mesurer le VS et la HOI allant de la première 
prémolaire jusqu’à la deuxième molaire. Une mesure clinique a été réalisée sur chaque patient afin 
d’évaluer la HEM. Une corrélation positive et significative a été trouvée entre HEM et VS. La cor-
rélation entre la HOI de la première prémolaire et le VS et la HEM n’était pas significative pour les 
deux côtés. Les résultats ont démontré une corrélation négative et significative entre la HOI des 
autres dents examinées et le VS des deux côtés. En plus, la corrélation négative entre la HOI de 
ces dernières et la HEM était statistiquement significative. En conclusion, le VS augmente avec le 
HEM et la HOI diminue (à l’exception de la première prémolaire) quand le VS et la HEM augmen-
tent. Cette étude a été réalisée pour que l’omnipraticien soit capable d’estimer la HOI au maxillaire 
postérieur en mesurant la HEM. Par conséquent, les patients avec un risque élevé d’avoir une HOI 
diminuée, peuvent être conseillés d’avoir une des techniques de préservation de crêtes après une 
extraction d’une dent au maxillaire postérieur, ou de la remplacer par un implant le plus tôt possible 
afin d’éviter des interventions chirurgicales complexes au futur.

Mots-clés: CBCT, hauteur osseuse initiale, étage facial moyen, volume sinusien.
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Introduction

For a long time, tooth loss was a 
major issue for most patients, as it 
might affect the masticatory func-
tion and esthetics. With the begin-
ning of modern dentistry, replacing 
missing teeth was strictly prosthetic 
using fixed or removable dentures. 
Following the introduction of the os-
teointegration concept of titanium 
implants, a wider diversity of ther-
apeutic solutions was available to 
treat different clinical cases. Never-
theless, vertical and horizontal bone 
resorption always occurs after teeth 
extraction due to a remodeling pro-
cess [1,2]. Healing of the extraction 
sockets is usually uneventful. Conse-
quently, the alveolar defect will only 
be partially restored. A systematic 
review showed that after extraction, 
the alveolar ridges undergo a reduc-
tion of 3.79 mm in width and 1.24 
mm in height at 6 months [3]. The 
greatest amount of bone loss occurs 
mainly in the facial aspect of the hor-
izontal dimension of the ridge. Also, 
the vertical ridge height loss is more 
pronounced on the buccal aspect. 
As a result, the residual ridge is nar-
rower and shorter with a relocation 
to a more palatal position.

Furthermore, after tooth ex-
traction in the posterior sextants of 
the maxilla, bone height loss is as-
sociated with maxillary sinus pneu-
matization (a normal physiologic 
process that results in an increase in 
sinus volume over time). According 
to Wolff’s law, this type of atrophy 
takes place and is intensified by pos-
itive air pressure in the sinus cavity 
[4]. Farina et al. showed in a com-
parative study between dentate and 
edentulous sites a maxillary sinus 
floor apical displacement of 0.8, 2.5, 
1.5, and 1.3 mm of the inferior sinus 
border at the first premolar, second 
premolar, first molar, and second 
molar sites respectively. Thus, sinus 
pneumatization may account for up 
to 46 % of the variation in the resid-
ual bone height after extraction in 
the posterior maxilla [5]. This pro-
cess may further decrease the total 
volume of available bone necessary 

for implant placement. 
Many edentulous patients may 

require bone regeneration tech-
niques in the posterior maxilla to 
make the implant therapy possible 
and reach satisfactory outcomes. 
A broad spectrum of surgical solu-
tions is now available to regenerate 
the proper amount of bone neces-
sary for implant placement. These 
procedures range from guided bone 
regeneration to sinus floor eleva-
tion and block grafting [6–11]graft 
consolidation requires adequate 
angiogenesis and migration of cells 
involved in osteogenesis and bone 
remodeling. It is speculated that 
these biologic events are greatly de-
termined by the dimensions of the 
maxillary sinus cavity. Hence, the 
purpose of this study is to assess 
the influence of the distance from 
the lateral to the medial wall of the 
maxillary sinus on the outcomes of 
sinus augmentation procedures.\
nMETHODS: A total of 25 patients in 
need of sinus augmentation were re-
cruited for the study. After initial ex-
amination, customized radiographic 
and surgical guides were fabricated 
and a cone-beam computerized to-
mography scan was obtained per 
patient. The bucco-palatal distance 
(BPD. On the other hand, all of these 
solutions are often associated with 
a variable rate of complications, 
prolonged therapy time, increased 
morbidity, and high costs [12–14]
diameter, and location of the PSAA 
and its relationship to the alveolar 
ridge and to study the prevalence of 
the sinus pathology and septum us-
ing computerized tomography (CT.

This study aims to establish a cor-
relation between:

1.  The middle facial height (MFH, 
distance between the glabella 
and the sub-nasal point) and 
the maxillary sinus volume 
(SV).

2.  The maxillary sinus volume 
(SV) and the initial bone height 
(IBH, distance between the 
sinus floor and the alveolar 
crest).

3.  The middle facial height (MFH) 
and the initial bone height (IBH).

To our knowledge, this is the first 
study to establish these correlations 
using soft tissue landmarks to mea-
sure the MFH.

We hypothesize that the maxillary 
SV increases with the MFH, the IBH 
decreases when the maxillary SV 
increases, and the IBH decreases 
when the MFH increases. Once this 
hypothesis is confirmed, the general 
practitioner can estimate the initial 
bone height in the posterior max-
illa by measuring the middle facial 
height of the patient. Thus, a patient 
having higher dimensions of the 
MFH should consider ridge preser-
vation techniques or implant ther-
apy as soon as possible, in case of 
an extracted tooth at the maxillary 
posterior sextants, to avoid future 
complex grafting procedures due to 
a lower IBH.

Materials and methods

The study protocol was approved 
by the “Ethics Committee” (2017 - 
46).

Study design and population
The patients were retrospectively 

selected among those referred for 
a cone beam computed tomogra-
phy (CBCT) to the Faculty of dental 
medicine at Saint Joseph Universi-
ty of Beirut, Lebanon. All the scans 
were acquired with NewTomTM VGi 
(Silvestrini, Verona, Italy) according 
to the following protocol: a pitch of 
I:I, a focal spot of 0.3 mm, a field of 
view of 15 x 15 cm, and an effective 
radiation dose of 99 micro Sv. The 
CBCTs were post-processed with 
NNT viewerTM (NewTom, Verona, It-
aly) software. When more than one 
data was found for the same patient, 
the most recent one was selected. 
As a result, each patient provided 
one CBCT on which the volumetric 
and linear measurements were tak-
en on both the right and left sides. 
Clinical measurements were then 
taken to evaluate the MFH.

A total of 1200 CBCTs were 
screened from the database of the 
radiology department from Janu-
ary 2013 to July 2018 to obtain 30 
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CBCTs split evenly between males 
and females. To be included in the 
study, every patient must have the 
following inclusion criteria:
•	Middle Eastern Caucasian.
•	  Dentate sextants in the posterior 

maxilla (from the first premolar 
to the second molar).

•	  All patients had to be between 20 
and 30 years old.

 Any patient having one or more of 
the following criteria was excluded 
from the analysis:
•	Periodontal disease.
•	  Endodontic or periapical lesions 

in the posterior maxilla.
•	  Maxillary sinus disease: any pa-

tient having radiographic evi-
dence of pathologic membrane 
thickening and/or other sinus 
pathologies was excluded from 
the study.

•	  Orthodontic treatment and max-
illofacial surgery.

•	Oral breathers.

Processing of the CBCTs
Volumetric measurements
Once a subject had met all the cri-

teria necessary for this analysis, the 
acquired DICOM file was exported 
from NNT viewerTM (NewTom, Vero-
na, Italy) to Blue Sky Plan 4TM (Grays-
lake, IL, USA). The method used in 
our study to measure the maxillary 
sinus volume is a semi-automated 
computer-assisted segmentation 
technique. 

The radiographic threshold was 
modified to make the maxillary air-
ways visible (Figure 1). All the struc-
tures surrounding the maxillary si-
nuses were cut manually (Figure 2), 
and the sinus outline was later ad-
justed on each slice of the scan (0.5 
mm slices) to ensure a more accurate 
definition of the total SV (Figure 3). 
The 3D models of the right and left 
maxillary sinuses were then exported 
to Autodesk MeshmixerTM (San Fran-
cisco, CA, USA) to obtain a complete 
representation of the sinuses after 
sealing all the communicating foram-
ina with the surrounding anatomical 
structures (e.g., nasal cavities). At 
this stage, the sinus volume was au-
tomatically generated (Figure 4).

Figure 1. Three-dimensional reconstruction of the maxillary sinuses and the surrounding 
structures.

Figure 2. Manual cutting of the anatomical structures surrounding the maxillary sinuses.
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Linear measurements
A panoramic curve was drawn on 

the level of the cemento-enamel junc-
tion of the maxillary teeth and passing 
by the middle of each tooth in a pal-
atal-buccal direction (Figure 5). The 
slice used to measure the IBH was 

defined as a cut perpendicular to the 
horizontal scan plane and passing by 
the middle of the crown of each tooth 
in a mesio-distal direction (Figure 6). 
On this cut, a line was drawn joining 
the peaks of the buccal and palatal al-
veolar crests. The IBH was measured 

from the most caudal point of the 
inferior sinus border to a horizontal 
line passing by the middle of the line 
previously drawn (Figure 7). This pro-
cedure was repeated on each tooth, 
from the first premolar to the second 
molar on the right and left sides.

Figure 3. Manual adjustment of the maxillary sinus outline. Figure 4. Three-dimensional representation of a maxillary 
sinus on Autodesk MeshmixerTM.

Figure 5. A CBCT slice showing the drawing of the panoramic 
curve passing by the middle of each maxillary tooth.

Figure 6. A three-dimensional reconstruction of the maxillary 
sinuses and surrounding structures showing a slice used for the 
measurement of IBH (vertical, yellow) perpendicular to the scan 
plane (horizontal, blue).

Figure 7. A cross-sectional cut showing the distance 
between the inferior border of the maxillary sinus (yellow 
line) and the alveolar crest (blue line).
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Clinical measurements 
 The patients were asked for a vis-

it to record the soft tissue measure-
ments.

The MFH was measured on each 
patient using two anthropometrical 
landmarks:
•	  Glabella (Gb): the most prom-

inent point of the forehead on 
profile. 

•	  Subnasal point (Sn): junction of 
the inferior portion of the nasal 
septum and the upper lip.

One observer took the measure-
ments using an electronic caliper 
(MBC). 

 Statistical analysis 
The statistical package software 

for social sciences (SPSS for Win-
dows, Chicago, IL, USA, version 
25.0) was used for the statistical 
analysis of the data. The alpha error 
was set at -p-value<0.05. Frequency 
and percentage were utilized to de-
scribe categorical variables. Mean 
and standard deviation was used for 
continuous variables.

The normality distribution of 
continuous variables was verified 
using Kolmogorov-Smirnov tests. 
Parametric tests were performed 
for variables normally distributed. 
Non-parametric tests were executed 
when variables were not normally 
distributed.
•	  The association between contin-

uous variables was performed 
using the Pearson product-mo-
ment correlation coefficient; 
preliminary analysis was per-
formed to ensure no violation 
of the assumptions of normality, 
linearity, and homoscedasticity. 
When assumptions are violated, 
the Spearman correlation coeffi-
cient was calculated to test this 
relationship. 

•	  Linear regression equations 
were obtained to predict the 
IBH (y) according to MFH (x) for 
the second premolar, first molar, 
and second molar of both the 
right and left sides.

Results
 
Description of the study population 
and the measurements variables

Thirty patients, 15 males, and 
15 females, aged 24.23 ± 3 years 

(range: 20 – 30 years) were retro-
spectively selected for the study. 
The mean, standard deviation, mini-
mum and maximum values of MFH, 
IBH, and SV are illustrated in tables 
1,2, 3, and 4.

N Minimum Maximum Mean Standard deviation
MFH (mm) 30 57 78 66.23 0.54

N Minimum Maximum Mean Standard deviation
SV (cm3) 60 12.82 16.87 14.73 1.49

IBH (mm) N Minimum Maximum Mean Standard deviation
1st Premolar 161 11.8 19.1 14.78 2.12

2nd Premolar 30 11.8 16.1 13.81 1.26

1st Molar 30 8.3 13.2 10.37 1.36

2nd Molar 30 8.9 15.0 11.40 1.64
1Sixteen out of 30 right first premolars were included in the statistical analysis. The other 14 
were excluded because the maxillary sinus outline did not appear on the CT slice previously 
determined to measure the IBH on each tooth (Figure 8).

1Sixteen out of 30 left first premolars were included in the statistical analysis. The other 14 
were excluded because the maxillary sinus outline did not appear on the CT slice previously 
determined to measure the IBH on each tooth (Figure 8).

IBH (mm) N Minimum Maximum Mean Standard deviation

1st Premolar 161 11.9 18.4 14.20 2

2nd Premolar 30 11.5 15.7 13.64 1.20

1st Molar 30 8.2 13.3 10.35 1.40

2nd Molar 30 9.5 15.0 11.79 1.42

Table 1. Descriptive parameters of the middle facial height.

Table 2. Descriptive parameters of the maxillary sinus volume.

Table 3. Descriptive parameters of the initial bone height in the right maxilla.

Table 4. Descriptive parameters of the initial bone height in the left maxilla.

(a) (b)

Figure 8. (a) A cross-sectional cut of a maxillary first premolar not 
showing the maxillary sinus outline; (b) A cross-sectional cut of a 
maxillary first premolar showing the maxillary sinus outline
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Correlation between middle facial 
height and sinus volume

Our data showed a significant cor-
relation between MFH and SV (Table 
5), either with the left SVs (r= 0.839; 
-p-value<0.001) or with the right 
SVs (r= 0.861; -p-value<0.001). The 
SVs increased with the MFH.

Correlation between sinus volume 
and initial bone height

Right maxilla
No significant correlation was 

found between SV and IBH for the 
first premolars (r = -0.408; -p-val-
ue=0.166). However, a negative cor-
relation was found between the right 
SVs and IBH for the second premo-
lars (r = - 0.785; -p-value<0.001), 
the first molars (r= - 0.799; -p-val-
ue<0.001), and the second molars 
(r = - 0.754; -p-value<0.001). In 
the right maxilla, the IBH decreases 
when the SV increases (Table 6).

Left maxilla
No significant correlation was 

found between left SV and IBH for 
the first premolars (r= - 0.223; -p-val-
ue=0.407). Nevertheless, a negative 
correlation was found between the 
left SVs and IBH for the second pre-
molars (r= - 0.739; -p-value<0.001), 
the first molars (r= - 0.647; -p-val-
ue<0.001), and the second molars 
(r= - 0.707; -p-value<0.001). For the 
left maxilla, the IBH decreases when 
the SV increases (Table 7).

Correlation between MFH and IBH
No significant correlation was 

found between MFH and IBH of 
the first right premolar (r = - 0.360; 
-p-value=0.130) and the first left pre-
molar (r= - 0.320; -p-value=0.102). 
However, in the right maxilla, a neg-
ative correlation was found between 
MFH and IBH of the second premo-
lar (r =- 0.665; -p-value<0.001), 
the first molar (r= - 0.678; -p-val-
ue<0.001), and the second molar 
(r= - 0.689; -p-value<0.001), as 
shown in table 8. In addition, in the 
left maxilla, a negative correlation 
was found between MFH and IBH 

of the second premolar (r= - 0.655; 
-p-value<0.001), the first molar (r= 
- 0.506; -p-value<0.001), and the 
second molar (r= - 0.569; -p-val-

ue<0.001), as shown in table 9. As 
a result, the IBH decreases when the 
MFH increases.

N Correlation coefficient r2 -p-value

1st Premolar 16 -.360 .130 .171

2nd Premolar 30 -.652 .425 .000

1st Molar 30 -.662 .438 .000

2nd Molar 30 -.677 .458 .000

N Correlation coefficient r2 -p-value

1st Premolar 16 -.320 .102 .299

2nd Premolar 30 -.644 .415 .000

1st Molar 30 -.500 .236 .000

2nd Molar 30 -.532 .283 .002

N Correlation coefficient r2 -p-value

1st Premolar 16 -.223 .050 .407

2nd Premolar 30 -.739 .546 .000

1st Molar 30 -.647 .419 .000

2nd Molar 30 -.707 .500 .000

N Correlation coefficient r2 -p-value

Right maxilla 30 .861 .741 .000

Left Maxilla 30 .839 .704 .000

Table 5. Correlation between maxillary sinus volume and middle facial height.

Table 6. Correlation between sinus volume and initial bone height in the right 
maxilla.

N Correlation coefficient r2 -p-value

1st Premolar 16 -.408 .166 .117

2nd Premolar 30 -.785 .614 .000

1st Molar 30 -.799 .638 .000

2nd Molar 30 -.754 .569 .000

Table 7. Correlation between sinus volume and initial bone height in the left 
maxilla.

Table 8. Correlation between middle facial height and initial bone height in the 
right maxilla.

Table 9. Correlation between middle facial height and initial bone height in the 
left maxilla.
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The linear regression equations 
between MFH (x) and IBH (y) for the 

second premolar, the first molar, 
and the second molar of the right 

and left sides are shown in figures 
9,10,11,12,13 and 14 respectively.

y = -1.523x + 23.899
R² = 0.425

y = -2.054x + 25.011
R² = 0.458

y = -1.265x + 18.733
R² = 0.236

y = -1.667x + 21.419
R² = 0.438

y = -1.435x + 23.148
R² = 0.414

y = -1.4x + 21.063
R² = 0.283

Figure 9. Linear regression equation between MFH (x) and IBH (y) for 
the second right premolar.

Figure 11. Linear regression equation between MFH (x) and IBH (y) for 
the second right molar.

Figure 13. Linear regression equation between MFH (x) and IBH (y) for 
the first left molar.

Figure 10. Linear regression equation between MFH (x) and IBH (y) for 
the first right molar.

Figure 12. Linear regression equation between MFH (x) and IBH (y) for 
the second left premolar.

Figure 14. Linear regression equation between MFH (x) and IBH (y) for 
the second left molar.
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Discussion

The purpose of this study is to try 
to establish a correlation between 
the middle facial height (MFH) and 
the sinus volume (SV), SV, and the 
initial bone height (IBH), and there-
fore between MFH and IBH. Thirty 
fully dentate patients split evenly 
between males and females were 
retrospectively selected. CBCT 
scans were analyzed in terms of SV 
and IBH at the posterior maxillary 
sextants.  Clinical soft tissue mea-
surements were then performed 
on each subject to determine the 
MFH. The purpose of our study lies 
in the capability to estimate the IBH 
in the posterior maxillary sextants 
using a simple clinical facial mea-
surement. As a result, a patient with 
a bigger risk of having a reduced 
IBH should be advised to consider, 
in case of an extracted tooth in the 
posterior maxilla, ridge preservation 
techniques, or implant placement 
as soon as possible to avoid future 
complex grafting surgeries.

Middle facial height
As it is widely known, facial mea-

surements are strongly correlated 
with race and ethnicity [15]. Farkas 
et al. conducted a multinational 
study of facial morphology in vari-
ous ethnic groups. They also found 
that most of the facial dimensions 
are correlated with race. Moreover, 
the authors used the distance be-
tween the soft tissue nasion and 
the sub-nasal point to measure the 
height of the anterior middle face. In 
a middle eastern group (n=180), the 
mean MFH for males and females 
respectively were as follows: 6.2 cm 
and 5.8 cm (Iranians), 5.4 cm and 4.7 
cm (Egyptians), and 5.8 cm and 5.5 
cm (Turkish) [16]. These measure-
ments seem to be slightly inferior 
to the ones found in our study. This 
could be explained by the different 
selections of the first anthropomet-
rical landmark in each protocol.

Sinus volume 
There are several other factors 

affecting the maxillary SV besides 

the skeletal size of the maxillary 
bone such as the patient’s age. 
Sahlstrand-Johnson et al. found a 
mean SV of 14.4 cm3, 16.6 cm3, and 
15.2 cm3 when the ages ranged be-
tween 18-33, 34-49, and 50-65 years 
respectively [17]as we showed that 
acoustic streaming could be gener-
ated in nonpurulent sinus secretions 
and helped to distinguish it from 
mucopurulent sinus secretions. In 
order to continue this development 
of a clinically applicable Doppler 
equipment, we need to determine 
different dimensions of the parana-
sal sinuses, especially the thickness 
of the anterior wall of the maxillary 
sinus (at the canine fossa. Jun et 
al. found that the development of 
the maxillary sinus continued up 
until the third decade in males and 
the second decade in females, and 
thereafter its size decreased [18]. 
Cohen et al. showed a mean SV of 
14.81 and 11.82 cm3 for subjects un-
der and over 65 years respectively 
[19]. The subjects recruited in our 
study had an age range between 20 
to 30 years in an attempt to elimi-
nate the bias caused by the age 
factor when it comes to measuring 
maxillary SV.

In addition, oral breathing seems 
to affect the SV as well. A study 
showed that oral breathers for more 
than 5 years have significantly lower 
maxillary sinus volumes than nasal 
breathers [20]. Again, all patients 
having oral breathing were exclud-
ed from the analysis.

There are many methods men-
tioned in the literature to measure 
the volume of the paranasal sinus 
cavities. These different protocols 
lead to variable and inconsistent re-
sults that normally depend on the 
accuracy and reproducibility of each 
technique used. Early cadaveric 
studies reported a mean SV of 11.3 
cm3 [21], while others conducted 
on lateral cephalograms revealed a 
mean of 13.07 cm3 [22]. Emirzeoglu 
et al., in contrast, found a mean of 18 
cm3 by applying the Cavalieri princi-
ple on consecutive slices of the CT 
scans [23]. Studies using comput-
er-assisted segmentation showed 

a mean of 13.07 cm3 [24] and 15.7 
cm3 [17]as we showed that acous-
tic streaming could be generated in 
nonpurulent sinus secretions and 
helped to distinguish it from muco-
purulent sinus secretions. In order 
to continue this development of a 
clinically applicable Doppler equip-
ment, we need to determine dif-
ferent dimensions of the paranasal 
sinuses, especially the thickness of 
the anterior wall of the maxillary si-
nus (at the canine fossa which seem 
consistent with our findings.

Currently, computer-assisted seg-
mentation is set to be the gold stan-
dard for measuring and analyzing 
maxillo-facial airways [19].

Initial bone height
A part of our study was designed 

to measure the IBH in the maxillary 
posterior sextants from the first 
premolar to the second molar. The 
maxillary sinus was radiographically 
visible in 53% of the first premolar 
sites. The IBH showed a significant 
decrease from the first premolar to 
molar sites. The first premolar had 
the highest mean of IBH followed 
by the second premolar, the second 
molar, and finally the first molar for 
both the right and left sides.

These findings are consistent with 
the results shown by Farina et al. af-
ter analyzing the ridge dimensions 
of the posterior maxilla before and 
after tooth loss using computerized 
tomography data [5].

All the patients included in our 
study did not have any kind of peri-
odontal disease or endodontic/
periapical lesions. As it is widely 
known, periodontitis is associated 
with alveolar bone loss which will 
affect the measurement of the IBH. 
In addition, endodontic and peri-
apical lesions might cause alveolar 
and/or periapical bone loss that can 
interfere with or misplace the inferi-
or border of the maxillary sinus and 
consequently, the measurement of 
the IBH becomes inaccurate [25]
bone height (BH.
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Correlation between middle facial 
height and sinus volume

In our study, statistical analysis of 
the data showed a significant posi-
tive correlation between MFH and 
SV, which means that the maxillary 
sinus tends to increase in volume 
when the MFH increases. This can 
be explained by the fact that most 
of the sinus’s mass is located in the 
skeletal part of the skull correspond-
ing to the middle face measured be-
tween the two soft tissue reference 
points previously determined. This 
morphometric correlation between 
facial soft tissue anthropometrical 
landmarks and the skeletal pattern is 
widely described by many authors 
[26,27]. As a result, we found that 
the sinus volume seems to vary with 
the linear vertical measurement of 
the anterior middle face. Neverthe-
less, maxillary sinuses are three-di-
mensional air cavities in the maxil-
lary bone. Thus, the horizontal and 
anteroposterior dimensions of the 
latter seem to also affect its volume. 
A study conducted across 15 pop-
ulations of Asian origin concluded 
that the maxillary sinus volume is 
bigger in subjects having a larger 
facial skeleton [28]. Other authors 
also concluded, using skeletal land-
marks, that larger maxillary sinuses 
are correlated with greater maxillary 
and zygomatic heights [29]mini-
mizing the impact of climatic-relat-
ed changes in nasal cavity breadth 
on surrounding skeletal structures. 
However, a recent study among 
modern human crania has identi-
fied that, in addition to nasal cavi-
ty breadth, sinus morphology also 
tracks lateral facial form, especially 
anterior-posterior positioning of the 
zygomatics. Here, we expand upon 
this previous study to further in-
vestigate these covariation patterns 
by employing three samples with 
distinct combinations of nasal and 
zygomatic morphologies: Northern 
Asians (n = 28.

To our knowledge, this is the first 
study to evaluate the correlation be-
tween the vertical dimension of the 
middle face, using soft tissue land-
marks, and the maxillary SV. 

Correlation between sinus volume 
and initial bone height

Our second aim was to evaluate 
the correlation between SV and IBH. 
For both right and left sinuses, no 
significant correlation was found 
between these two entities for the 
first premolar.

Thirty-two out of 60 first pre-
molars, were included in the sta-
tistical analysis. The other 28 first 
premolars were excluded because 
the maxillary sinus outline did not 
appear on the CT slice previously 
determined to measure the IBH on 
each tooth. As a result, about 53% 
of all first premolars were examined 
which seems consistent with the re-
sults found in another study (50%) 
using the same protocol to measure 
the alveolar bone height in the pos-
terior maxillary sextants [5]. In ad-
dition, some of the first premolars 
included in the analysis presented 
much higher levels of IBH than the 
rest of the teeth examined. These 
two reasons may be the cause for 
the insignificant correlation found 
between the IBH of maxillary first 
premolars and the SV. In contrast, 
a significant negative correlation 
was found between SV and the IBH 
of the second premolar, first molar, 
and second molar on both the right 
and left sides. 

Correlation between middle facial 
height and initial bone height

Our results showed a significant 
negative correlation between the 
MFH and the IBH of the second pre-
molar, first molar, and second mo-
lar on both sides. Again, the weak 
correlation between the MFH and 
the IBH of the first premolar can be 
explained by the same reasons de-
scribed previously. 

To our knowledge; this is the first 
study to establish a correlation be-
tween the IBH at the posterior maxil-
lary sextants and the MFH in dentate 
patients using soft tissue landmarks. 
Recently, Kuc et al. conducted a 
study on 25 healthy edentulous Cau-
casian individuals and analyzed the 
alveolar ridge atrophy and its cor-
relation with facial morphology. The 

residual bone height was measured 
on a teleradiograph from different 
points of the alveolar ridge to a line 
joining the anterior and posterior 
nasal spines. A significant negative 
correlation was found between the 
residual bone height at the edentu-
lous posterior maxillary and the dis-
tance between Gb and Sn [30]. 

The linear regression equations 
between MFH (x) and IBH (y) should 
be interpreted carefully due to the 
limitations of our study (n=30). Fu-
ture research should be conducted 
on a larger number of patients, pref-
erably from the same race to obtain 
equations that can be applied in the 
daily practice of the general practi-
tioner.

Conclusion

After analyzing the results of our 
study, we can conclude that the 
maxillary SV increases with the 
MFH, and the IBH decreases when 
the SV and the MFH increase. The 
clinical relevance of this study lies 
in the capability of the general prac-
titioner to estimate the IBH in the 
posterior dentate maxilla by tak-
ing a simple facial measurement 
(MFH). Thus, patients with high-
er dimensions of the MFH tend to 
have bigger maxillary SVs, which 
in turn translates into a lower IBH 
at the posterior maxillary dentate 
sextants. As a result, these patients 
should be advised, if a posterior 
tooth is to be extracted, to consider 
ridge preservation techniques or im-
plant placement as soon as possible 
to avoid major future grafting oral 
surgeries. Future research is neces-
sary to establish a threshold of the 
MFH, above which patients are con-
sidered with a high risk of having 
low IBH.
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