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ABSTRACT

Background: The posterior superior alveolar (PSA) artery is frequently encountered in the

area where the lateral osteotomy is performed during direct sinus augmentation procedures.

Objective: To investigate the correlation between patient-dependent variables and

measurements related to PSA using cone-beam computed tomography (CBCT) data.

Methods: A total of 394 individual CBCT scans were evaluated to assess the presence of the
PSA artery and its diameter and distance to the sinus floor and to alveolar crest. Patient’s age,
gender and edentulism status (dentate, partially edentulous, or completely edentulous) were

recorded.

Results: The PSA artery tends to be wider in older patients. Distance from the PSA artery to
the sinus floor or the alveolar crest tend to be shorter in women and in partially and
completely edentulous patients compared to dentate. Also, as those distances decrease, the

medio-lateral width of the sinus increases.

Conclusions: Tooth loss leads to maxillary sinus vertical collapse with respect to the PSA
artery. The position of the artery is stable, so the medio-lateral dimensions at different heights

from the floor increase.

Practical Implications: The distances from the PSA to the sinus floor and the alveolar crest
are smaller in edentulous patients, which potentially increases the risk of injury during a
lateral window maxillary sinus lift. Because of the pyramidal shape of the sinus and the stable
position of the artery, when the distance to the sinus floor decrease, the medio-lateral
dimensions of the sinus at different heights increase, which may complicate the technique and

decrease the outcomes.
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INTRODUCTION

The blood supply of the maxillary sinus is provided by the three main branches of the
maxillary artery: the posterior superior alveolar (PSA) artery, the infraorbital artery, the
descendent palatine artery and the sphenopalatine artery ', The anatomical relations of these
vessels are particularly relevant in dental implantology, among other oral surgery procedures.
Maxillary sinus floor elevation prior to dental implant placement can be performed via either
lateral or crestal approach. The lateral approach technique requires accessing the maxillary
sinus via a lateral window. This procedure implies the risk of injuring blood vessels present in
the area, typically the PSA artery. The likelihood and severity of the hemorrhage mainly
depends on the diameter of the vessel . Therefore, it is of extreme importance to perform an
adequate presurgical study of the area using advanced imaging techniques, such as cone beam

computed tomography (CBCT).

Following loss of posterior teeth, it is generally acknowledged that the maxillary sinus
undergoes a remodeling process that has been classically described as pneumatization, which
involves an increase in size and volume of the antral cavity. This would presumably modify
the relative location of the main vessels in the area respective to other anatomical landmarks.
Therefore, it is very important to know where those vessels are located prior to any surgical
intervention. Several factors and patient’s variables, such as age, gender, dentition status, as
well as sinus volume, height and width, may influence the location of the artery. It is also
important to know how osseous structures may change in relation to stable anatomical

landmarks, such as the PSA artery, depending on those previously mentioned variables.

Therefore, it was the aim of this cross-sectional study to investigate the location of the PSA
artery and the correlation that may exist between patient-dependent variables and dimensional

variations of the maxillary sinus using cone-beam computed tomography (CBCT) scans.
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MATERIAL AND METHODS

Population

This cross-sectional study was reviewed and approved by the Ethics Committee for Human
Research of the University of Granada (approval number: 46/CEIH/2015). The population
consisted of a random sample of 400 CBCTs obtained at the Center for Radiological
Diagnosis (Granada, Spain) that was retrieved and unlabeled, except for age and gender.
Patients were allocated into one of three possible subgroups of edentulism status (D=dentate;
PE=partially edentulous; or E=completely edentulous), and subsequently organized by age
and gender. Partially edentulous patients were defined as those missing any tooth by hemi-

arcade, excluding third molars.

Cone-beam computed tomography (CBCT)

All samples were captured using the same equipment (Next Generation i-CAT, Imaging
Sciences International Inc., Hatfield, PA, USA) and the same settings (120 KVp, 5 mA in
complete rotatory mode, a 16x8 cm field of view, with an acquisition time of 8.9 sec and 0.3
mm as voxel size). CBCT images reflecting any movement artifact, or evident surgery or

deformities in the area were excluded from the analysis.

Radiographic measurements

A proprietary software (i-CAT Vision, Imaging Sciences International, Inc. Hatfield
Pennsylvania, USA) was used to obtain measurements related to both sinuses in each patient
(R=right; L=left). A calibrated, experienced oral and maxillofacial radiologist (MVT)
performed all the measurements. All measurements were repeated twice after at least one

week to minimize any measurement bias.
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First, all reconstructions were reformatted to position the Frankfurt plane horizontally, and the
mid sagittal plane centered in the coronal and axial planes. Subsequently, the following

measurements were performed:

1. Presence/absence of the PSA artery in the external wall of the maxillary sinus
visualized in coronal planes. For diameter measurements, only vessels bigger than

1Imm in diameter were considered.

2. Distance from the PSA artery to the floor of the sinus and to the crest of the bone at

the most caudal location of the artery (Figure 1).

3. Diameter of the PSA artery at the previously mentioned location.

4. Additional measurements of the maxillary sinus anatomy, including sinus volume,
height from the alveolar crest and the sinus floor to the meatus and medio-lateral

dimensions at different heights from the floor (5, 10 and 15 mm) were also used.

Statistical analysis

All measurements were included into an SPSS database (IBM SPSS Inc., v16.0, Chicago, IL,
USA) and analyzed. Given the absence of normal distribution of the artery diameter and the
distance to the sinus floor (Shapiro-Wilk test), logarithmic transformation of these data was
performed to improve normality fitting, and was used for the analysis of variance.
Correlations were then explored by Spearman’s test. Partial correlations used the log-
transformed values. Significance was established at an alpha value of 0.05. Unless otherwise

noted, values were represented as a mean (SD) in mm.

RESULTS

A total of 394 individual CBCT scans were evaluated. The intra examiner reliability was

0.975.
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The sample analyzed has been previously described in terms of volume, distances from the
meatus to the sinus floor and the alveolar crest and medio-lateral dimensions at different
heights (5, 10 and 15 mm) and correlated with age, gender and edentulism ’. For the current
study, analysis of the images found 304 (77.15%) patients presenting bilateral arteries. 327
(82.99%) and 340 (86.29%) cases were located in the right and left sinus, respectively. Of
these, only 71 (18.02%) and 101 (25.64%) (right and left, respectively) were wider than 1 mm

in diameter. All relevant descriptive data is summarized in Tables 1-4.

Significant right to left positive correlations were found for the distances to the alveolar crest
(r=0.534, p<0.001) and to the sinus floor (r=0.537, p<0.001), but not for artery diameter.
Additionally, distance to the alveolar crest positively correlated to distance to the sinus floor

on each hemi-maxilla (r=0.229, p<0.001; r=0.187, p<0.001; right and left, respectively).

With respect to artery diameter, it was observed that the older the patient, the wider the artery
(r=0.236, p<0.018; left maxilla) (Figure 2). Distance from the artery to the sinus floor
significantly correlated with gender (r=-0.195, p<0.001; r=-0.203, p<0.001; right and left),
being shorter in women. Similarly, distance from the artery to the sinus floor also correlated
with age (r=-0.131, p<0.022; right maxilla), being shorter as the age increases (Figure 3). In
contrast, neither gender nor age correlated with distance to the alveolar crest. Controlling by
edentulous status, distance from the artery to the sinus floor (r=-0.136, p<0.017, right maxilla)
(Figure 4) and distance to the alveolar crest (r=-0.173, p<0.002; r=-0.146, p<0.007; right and
left) (Figure 5) were significantly correlated. When analyzing this particular aspect in depth
by ANOVA with Bonferroni post-hoc, the only significant differences were found for the
distance to the alveolar crest comparing completely edentulous patients with dentate

(p<0.003, p<0.015) and partially edentulous patients (p<0.002, p<0.017) (right, left).

Further analyses to clarify the specific influence of age, gender and edentulism were also

performed. Thus, in dentate patients, artery diameter increased with age (r=0.716, p<0.020;
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right maxilla), and distance to the alveolar crest correlated with distance to the sinus floor
(r=0.299, p<0.006, right; r=0.283, p<0.008, left). When correlating these data with sinus
volume in this group of patients, only distance to the sinus floor correlated with volume
(r=0.554, p<0.001, right; r=0.518, p<0.001, left). No other significant correlations were found
when performing partial correlation analysis controlled by age and gender, age alone or

gender alone.

In partially edentulous subjects, distance to the alveolar crest positively correlated with
distance to the sinus floor (r=0.164, p<0.044, right; r=0.229, p<0.003, left), but negatively
with volume (r=-0.200, p<0.020, right; r=-0.249, p<0.003, left). No other significant
correlations were found when performing partial correlation analysis controlled by age and

gender, age alone or gender alone.

Finally, in completely edentulous patients, more distance to the alveolar crest correlated with
more distance to the sinus floor (r=0.259, p<0.034, right) and less volume (r=-0.286, p<0.021,
right; r=-0.300, p<0.014, left). However, more distance to the sinus floor was accompanied by

more volume (r=0.318, p<0.012, right; r=0.528, p<0.001, left).

The analysis of the distances to the artery with previous data (distance from the sinus floor
and the alveolar crest to the meatus and from the medial to the lateral wall) was also
performed. Thus, 1) the distance from the floor to the meatus correlates with the distance from
the floor to the artery (r=0.547, p<0.001; r=0.521, p<0.001; right and left); 2) the distance
from the alveolar crest to the meatus correlates with the distance from the crest to the artery
(r=0.243, p<0.001; r=0.230, p<0.001; right and left); 3) as the distance from the artery to crest
increases, the medio-lateral measurements at 10 and 15 mm from the floor decrease (r=0.-218,
p<0.001 and r=-0.220, p<0.001; right, 10 and 15mm; r=-0.226, p<0.001; r=-0.285, p<0.001;

left, 10 and 15mm); and, finally, 4) as the distance from the artery to the sinus floor increases,
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the medio-lateral measurements decreases (r=-0.208, p<0.001; r=-0.154, p<0.007; right, 5 and

10mm; r=-0.201, p<0.001; left, 5 mm).
DISCUSSION

The PSA artery is located on the lateral wall of the maxillary sinus. In a range of 10 to 30 %
of the cases, the artery is located in the area where the lateral window is created for sinus floor
elevation techniques ®°. Depending on the artery diameter, the osteotomy can lead to artery
damage and provoke profuse bleeding '°, which is the second most frequent complication of

411 'When this complication occurs, visibility is reduced and the

sinus floor elevation
possibility of Schneiderian membrane perforation is increased '>. Management of this
complication is difficult when the artery diameter is large. Some suggest that the use of
piezoelectric devices to do the lateral osteotomy can be helpful to reduce the incidence of
hemorrhages associated with PSA artery damage. Others recommend changing the osteotomy
window shape and location !°, In any case, it is essential to conduct a profound presurgical
study, so that the technique can be modified accordingly and potential complications may be
limited. Cadaveric studies confirm the presence of the artery in 100% of the cases *!°, The
use of CBCT images has been shown to be a good tool for diagnosing the area and identifying

important anatomical structures such as the artery 413

, specifically when it is bigger than 0.5
mm °. Presence and size of the artery has been correlated and classified according to the
intraosseous canal in: 1) No identification of intraosseous canal; 2) Diameter of intraosseous
canal < 1 mm; 3) Diameter of intraosseous canal 1-2 mm; 4) Diameter of intraosseous canal
2-3 mm !¢, Additionally, arteries smaller than 1 mm can be successfully managed in the event

17

of an injury and do not usually provoke brisk and prolonged hemorrhage '’. Therefore, in

CBCT studies, a limit of 1 mm is usually established for measuring artery diameter 61819,

Thus, the prevalence of arteries wider than 1 mm lowers to around 50 % >!6!81° In the

current study, the artery was detectable in around 83-86% of the patients but only 20-25%
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showed arteries wider than 1 mm. These findings are similar to those of Ilguy et al. (89.3%) 2°
and Anamali et al. (92.7%) 2! but higher than those reported by Guncu et al. (64.5%) 22,
Mardinger et al. (55%) !¢ and Rosano et al. (47%) '*. These differences might be due to the

2021 yg. conventional

use of CBCT equipments similar to the one used in the current study
CTs 31622 which are known to have less resolution, and, therefore, are less useful to identify

small structures.

Previous studies have correlated the location of the artery with sinus anatomy and surgical

>.8,13,16,18-20.22.23 © An overall conclusion is, as mentioned earlier, that careful

procedures
analysis of the vascular anatomy of the maxillary sinus is essential to prevent complications
during surgical interventions. Similar to our observations, no differences were found between
identification of the artery on the right and the left side !°. Significant right to left positive
correlations were found for the distances to the alveolar crest (r=0.534, p<0.001) and to the
sinus floor (r=0.537, p<0.001). Additionally, distance to the alveolar crest positively
correlated to distance to the sinus floor on each hemi-maxilla (r=0.229, p<0.001; r=0.187,
p<0.001; right and left, respectively). These data reflect symmetry on artery location and,
indirectly, on the height of alveolar crest, which is also similar to previous findings '*. The
average distance to the crest in our study (13.40+3.72 mm) differs from previous reports. In a
Turkish population, the mean distance to the crest was 18+4.9 mm 22, while in a Brazilian and
Northamerican population it was 16.88+3.46 mm 2° and 16.0+3.5 mm 3, repectively. These
differences are important to be considered as they may reflect a population variability to take
into account when performing a surgery on these patients. Also, the specific place where the
measurement was taken may explain the discrepancy. As shown by Mardinger et al. 'S, the
artery follows a descending and the ascending path in the antero-posterior direction, with the

lowest point at approximately 20 mm from the posterior antral wall. In the current study, the

measure was performed at the lowest point of the artery on its route while in other studies is

Page 9 of 25



not specifically mentioned >2°22, In addition, it is important to know the correlation between
the location of the artery and the height of the ridge. Although the current study did not
specifically measure this distance, a direct correlation between the distance to the crest and to

the floor was observed in all patients. Similar findings have been previously reported 22,

Artery diameter in the current study is similar to previous findings, approximately 1.2 mm
1.2.18.22 1t has been previously concluded that age does not significantly correlate with the
diameter of the artery 22, although the contrary has also been reported '°. In the current sample
population, age directly correlated with artery diameter, specifically on the left side: the older
the patient, the wider the artery (r=0.236, p<0.018). As a consequence, the risk for major
complications if the artery is severed during sinus augmentation is also related with age.
Additionally, the older the patient, the lower distance from the artery to the sinus floor. This is
important since the reduction of this distance determines a reduction on the area available to
relocate the window to the sinus. Therefore, in older patients, more care has to be taken
during window opening to avoid damaging the artery, which in fact tends to be of bigger size

and, thus, complications could also be more problematic.

Other important findings in the current study were that the dentition status influenced the
location of the artery in relation to the sinus floor, the alveolar crest, the sinus volume and the
distances from the sinus floor and the alveolar crest to the meatus. These findings may also
explain some of the previously mentioned differences in the distances to alveolar crest or the
sinus floor when comparing this study with previous reports. Overall, the distance to the
alveolar crest significantly decreases when teeth are lost, particularly in completely
edentulous patients but not significant in partially edentulous, which was expected (i.e., the
alveolar process resorbs and completely collapse when teeth are extracted). However, it has
been usually described that after teeth are lost, beside the alveolar process resorption, the

maxillary sinus also undergoes a pneumatization process that leads to its expansion 226, The
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current study demonstrates the opposite. From the data obtained in this analysis, the distance
from the artery to the sinus floor was not significantly influenced by dental status, although
this distance correlated with maxillary sinus volume, which could have been expected. In
other words, the sinus floor is stable with respect to the artery. Does this mean that the artery
also move as teeth are lost? Further analysis including previous data from the same population
into the current analysis makes it possible to answer “no” to that question based on 2 findings:
1) the distance from the floor of the sinus to the meatus decreases equally as the distance from
the floor to the artery; and, 2) the distance from the alveolar crest to the meatus decreases
equally as the distance from the crest to the artery. Therefore, considering the meatus to be a
stable anatomical landmark not affected by tooth lost, the artery should also be considered a
stable anatomical structure, at least in the vertical dimension. However, as the distances to
either the sinus floor or the alveolar crest decrease, the distances from the medial to the lateral
wall increase. Therefore, it can be concluded that as the teeth are lost, there is a vertical
collapse that leads to an increase on the medio-lateral measurements at 5, 10 and 15 mm from
the sinus floor given its pyramidal shape, which additionally influences histological results of
the maxillary sinus grafting techniques ?’. To confirm if this is just a geometrical effect or a

true lateral expansion due to changes in biomechanical requirements, more studies are needed.
CONCLUSION

As an important clinical consequence drawn from the data shown in the current study, when
the teeth are lost the maxillary sinus collapse vertically and, as a consequence, the medio-
lateral distances at different heights from the floor increase, as demonstrated by changes in the

dimensions of the sinus with respect to the posterior superior alveolar artery.
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TABLES

Table 1. Summary of population variables.

Total number of patients

Age 47.16 (10-87)
Gender
Male 193 (48.98%)
Female 201 (51.02%)
Dental status Right Left
Dentate 145 (36.80%) 159 (40.36%)

Partially edentulous

125 (31.75%)

118 (28.95%)

Completely edentulous 124 (31.47%) 117 (29.70%)
Artery Right Left
Total 327 (82.99%) 340 (86.29%)

> 1 mm in diameter

71 (18.02%)

101 (25.64%)
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Table 2. Artery diameter by gender and edentulous status. Values are expressed as mean and

standard deviation (in brackets).

Artery diameter Right Left
TOTAL SAMPLE 1.24(0.18)
1.24(0.19) 1.24(0.18)
Gender Male 1.23(0.16)
1.25(0.19) 1.26(0.22)
Female 1.23(0.14)
1.24(0.18) 1.23(0.13)
Edentulous status Dentate 1.21(0.18)
1.24(0.25) 1.19(0.13)
Partially Edentulous 1.25(0.18)
1.25(0.19) 1.26(0.18)
Completely edentulous 1.24(0.19)
1.23(0.15) 1.25(0.21)
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Table 3. Distance between the artery and the sinus floor by gender and edentulous status.

Values are expressed as mean and standard deviation (in brackets).

Distance to sinus floor Right Left
TOTAL SAMPLE 6.86(3.47)
7.00(3.63) 6.73(3.31)
Gender Male 7.43(3.20)
7.57(3.74) 7.41(3.41)
Female 6.21(2.93)
6.43(3.43) 6.05(3.08)
Edentulous status Dentate 7.57(3.62)
8.02(3.87) 7.14(3.35)
Partially Edentulous 6.78(3.56)
6.94(3.67) 6.63(3.45)
Completely edentulous 6.19(2.92)
5.94(2.91) 6.43(2.93)
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Table 4. Distance between the artery and the alveolar crest by gender and edentulous status.

Values are expressed as mean and standard deviation (in brackets).

Distance to alveolar crest Right Left
TOTAL SAMPLE 13.40(3.72)
13.57(3.90) 13.23(3.54)
Gender Male 13.48(3.36)
13.65(3.89) 13.54(3.67)
Female 13.08(3.25)
13.49(3.93) 12.91(3.37)
Edentulous status Dentate 13.87(3.41)
14.09(3.58) 13.66(3.25)
Partially Edentulous 13.71(3.74)
13.96(3.81) 13.47(3.66)
Completely edentulous 12.10(3.78)
12.09(4.15) 12.11(3.40)
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FIGURE LEGENDS

Figure 1. Most caudal location of the blood vessel in the lateral wall of the maxillary sinus
and measurements of the diameter and the distances to the floor of the sinus and to the

alveolar crest.

Elat D=25.20 mm
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Figure 2. Artery diameter (in mm) by age interval (10% percentiles).
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Figure 3. Distance from the artery to the sinus floor (in mm) by age interval (10%

percentiles).
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Figure 4. Distance from the artery to the sinus floor (in mm) by dental status.
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Figure 5. Distance from the artery to the alveolar crest (in mm) by dental status. ANOVA:

significant on the right; Bonferroni post-hoc, no differences.
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