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ABSTRACT,

SE

Backgro : The intraosseous artery is a branch of the posterior superior alveolar artery
that suppmateral wall of the maxillary sinus. The present study seeks to analyze the

location o raosseous artery and its site of termination.

MaterialC/lethods: Cone beam computed tomography (CBCT) was used to evaluate

200 patiefits ng up 400 maxillary sinuses. The following criteria were measured: (1) the

d

distance of the lower border of the intraosseous artery to the floor of the sinus, (2) the

average leng the artery, (3) the diameter of the artery, (4) the site at which the artery

\

termin (5) the distance of the artery from the first premolar, second premolar,

first molar, and second molar.

[

Results: ery was identified in 336 (84.0%) quadrants and its site of termination was
most com t mesial of the second molar (22%), regardless of dental status and right or

left quadi@nt. Its overall mean diameter was 0.91 + 0.56 mm, with no difference within

§

dental stagus. Itg overall mean length was 7.40 + 3.39 mm, with significant difference

{

between nd edentulous quadrants (p<0.001). Its overall mean distance from the

U

sinus infemi or was 6.95 + 6.49 mm, with no difference within dental status. All

parame wed no difference between right or left quadrants.

A

Conclusions: The chances of encountering the intraosseous artery at the premolar area is

less than 21% during a lateral window sinus floor elevation. The most common (22%) site of
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termination of the intraosseous artery is at the mesial of the second molar. Understanding of

the course, location, and termination of the artery enhances the precision of a clinician when

it comeMerative treatment planning.

KeyworQBeam Computed Tomography; dental implants; Sinus Floor

[ q
Augmentason; omplications]

INTRO@‘ION

When pame dentition, they often experience continuous resorption of the residual
ridge in additi@agto pneumatization of the maxillary sinus.! These patients have the option to
restore eﬂs areas with the use of dental implants, bridges, partial dentures, and/or
complete @entures. Dental implants have become a very popular solution due to their overall
high success rate, predictability, and ability provide an esthetic result while restoring
mastication @ y to (partially or fully) edentulous patients.2 However, with areas that

under f the alveolar ridge and maxillary sinus pneumatization, the placement of

implants is omised.3 In turn, these areas require an augmentation of the maxillary
floor prior to or during the placement of the dental implants.3 Tatum et al. was the first to
describe ts sinus lift technique.3* However, Boyne et al. was the first to publish on the sinus

lift approa everal surgical methods have been developed in order to achieve adequate

alveolar ight, but the lateral window technique is still the preferred surgical

approachg’ :E EE

During“ﬁndow sinus lift, an osteotomy is made in the lateral wall of the sinus.

Within the Tateral wall of the maxillary sinus lies the intraosseous artery, which is a branch

of posterior supegior alveolar artery.s
Prior 4&@ maxillary floor augmentations, pre-operative assessment of the

maxillary sinus is essential for a successful surgery.® Evaluation of the maxillary sinus via
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cone beam computed tomography (CBCT) scans is recommended prior to dental implant
placement, and allows the clinician to avoid surgical complications.” 8 One of the
complth can be avoided for is the traumatization of the intraosseous artery, which
may resulerative bleeding that ranges from mild to severe.5 8, 11 Several studies
have evaluaiegdsilie exact position of the intraosseous artery in respects to the sinus floor.9: ©
However, h)ose of this study was to evaluate the position of the artery in relationship
to the ﬂo@a sinus, the average length, diameter, site of termination, as well as the
distance mtery from the first premolar, second premolar, first molar, and second

molar utilii operative CBCT scans.

-

MATE@ AND METHODS

This studroved by the Institutional Review Board (IRB) of the Lake Erie College of
Osteo ine (LECOM) School of Dental Medicine as protocol number 24-110 on

January 5,

CBCT images were acquired from patients being treated in a private periodontal practice

located inh), FL that is affiliated with LECOM School of Dental Medicine. All images

to 166 Herts (Sv). The images were analyzed with an implant planning software

programﬁ.:

A total of 2 T scans (400 sinuses) taken between January 2013 and March 2016, were

evaluate e purpose of this study. Scans were assessed in panoramic, tangential, cross

sectional, and axial planes for accurate analysis. All measurements were completed by two
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calibrated examiners (TT, NE) with at least one other calibrated examiner present under
standardized conditions [workstation in dimly lit room, 13.3-inch LED-backlit display with
IPS tecM56o-by—16oo native resolution at 227 pixels per inch]. The examiners did
not have @ b the name, sex, age, or previous findings at the time of examination. All

anomaliesgfemndgwere reviewed for integrity by a board-certified periodontist (TY), and a

board—cerhliologist (EE).

Using them digital caliper on the CBCT software program, the following parameters

were meamaﬂ subjects (dentate, or edentulous) via preoperative CBCT scans:

(1) Diﬂetween the lower border of the intraosseous artery to the floor of the

maxillary sinus. This was measured utilizing a coronal cross-sectional view. The
arg was visualized upstream and downstream. The most apical point of the sinus

flo itlwthe greatest distance was included. (Fig. 1)

(2) he intraosseous artery. This was measured by utilizing both coronal cross-
sectio nd panoramic views. The intraosseous canal was visualized upstream and
in the cross-sectional view. The most mesial and distal points of the
arﬂted within the lateral wall of the maxillary sinus was identified. The total

anteroposterior distance between these two markings was then traced and measured

alloramic view. (Fig. 2)

(3) Di!meter of the artery. This was measured in the coronal cross-sectional view. The
aqg w’ visualized upstream and downstream within the lateral wall of the
m:inus. The site with the greatest diameter was considered for measurement.

Thi as measured from the lower border of the artery to the upper border. (Fig.
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(4) Site at which the artery terminates at. This was determined by tracing the canal of
the intraosseous artery through the lateral wall of the maxillary sinus from the most
Mc anterior direction via a cross-sectional view. The most anterior point at
wery could no longer be visualized was considered the site of termination.
g opdetemmine where the artery terminated at in relation to the maxillary premolars
anhs, the panoramic CBCT view of the crowns of the teeth were used as

reférenceJpoints. Sites that were anterior to midline of the crown was considered the

C

megia ect of the tooth, and posterior to the midline was considered as the distal

S

aspeét. #or edentulous patients, the implant planning software was utilized to

provide rgferences for PM1, PM2, M1, M2, and M3. Implants were respectively

Ul

pla start with M3 at the most posterior end of the maxilla.

1

(5) Distance of the artery from the sinus floor in relation to the maxillary first
prég a@ second premolar, first molar, second molar, and third molar. This was
by tracing the canal of the intraosseous artery through the lateral wall of

the ry sinus from the most posterior to anterior direction via a cross-sectional
view. To determine this distance in relation to the maxillary premolars and molars,

thganoramic view of the crowns of the teeth were used as reference points. Within

the es of the crowns, the most apical point of the sinus floor with the greatest
di as included. For edentulous patients, the implant planning software was
uti provide respective references for PM1, PM2, M1, M2, and M3. Implants

were resp(ictively planned to start with M3 at the most posterior end of the maxilla.

The follov\Eusion criteria was applied:

(1) CBCT sc acceptable quality to identify one or more of the following parameters to

be asse dentulous or dentate maxillary sinuses.

(2) Premolar and molar sites that were of natural dentition.

This article is protected by copyright. All rights reserved.



(3) CBCT files free of corrupt DICOM data.

If the CB:‘i scayailed to meet the inclusion criteria, the scan was excluded. If a CBCT scan
presented i site that included premolar and/or molar implant(s), only the region with

the impla cluded from the study.
|

I
Statistical@

The mearwlrd deviations (SD), ranges and frequencies were obtained for continuous

and cate:ata appropriately. The differences in frequency of site of termination
b

between ethnicities and dentate versus edentulous quadrants were assessed using

two—tailei isher’s Exact tests, respectively. The difference in frequency of site of termination
between m left quadrants was assessed using the McNemar-Bowker test. The

difference eans of artery diameter, artery length and artery/tooth distance from the

sinus ht and left quadrants were assessed using a Paired sample t-test. An
indepeﬁles t-test was used to assess the same differences between males and
females as well as dentate and edentulous quadrants. Pearson’s correlation coefficient was
used to i(&tify any correlation between age and artery diameter, length and distance. The
impact of ity on artery diameter, length and distance while adjusting for age was
evaluated an analysis of covariance (ANCOVA). Each quadrant (right/left and

dentate/ e!entulous) was considered a statistical unit. Level of significance was set at 0.05 for

all analzsi. Datfnalysis was conducted using specialized softwareti.
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RESULTS

The tothple included 62 males and 102 females (mean age of 55.34 years a range
from 18 @ Data obtained from the charts indicated that the scans were from 117

Caucasian, HiSpanic, 10 African American, and 12 Asian patients.
N

The arter)hermination was identified in 336 (84.0%) of the total sample; 174 (87.0%)
of the rig@nts and 162 (81.0%) of the left quadrants included (Table 1). Additionally,
the site o ination was identified in 261 (99.2%) and 75 (100%) of the edentulous

quadrants:

As summ: Table 1, in the right quadrant, this site was mostly frequently (23.0%) at
mesial of Eond molar and least frequently at mesial or distal of the first premolar
(0.6%). Similarly, in the left quadrant, it was also mostly frequently (21.0%) at mesial of the
second m@la difference in frequency distribution between the right and left quadrants

was si ifferent (p<0.001).

In ter ental status, the site of termination was also most frequently at mesial of the

second molar for both dentate (21.8%) and edentulous (22.7%) quadrants. It was least

frequentht mesial of the first premolar in dentate quadrants and (0.0%) at distal of

Figure ws the frequency of artery termination at mesial and distal sides of molars and

premol“ dentate and edentulous patients (Fig. 3).

The site of termSa' tion did not differ significantly between genders (p=0.468) or ethnicities
(p=0.742). st frequent site of termination was distal of the third molar (n=1; 1%) in
females th distal of the first premolar and third molar (3.3%) in males. The most

frequent sites of termination in females were distal of the first molar and mesial of the
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second molar (19.8), while the most frequent in males was mesial of the second molar (23%).
With regard to ethnicity, mesial of the second molar was the most frequent site in Hispanic

(28%), M%) and Caucasian (20.5) subjects. Similarly, there was no association

detected site of termination and age in this sample (p=0.857).

[
The meansrtery ziiameter in the total sample was 0.91 + 0.56 mm (range: 0.08 to 9.01 mm).

(0.88 + 0.

There weregnogsignificant differences identified between right (0.94 + 0.71 mm) and left
u or between dentate (0.91 + 0.60 mm) and edentulous (0.90 + 0.34 mm)

quadrant ). Similarly, no significant difference was identified between mean artery

diameter i es (0.86 + 0.32 mm) and males (0.92 % 0.32 mm) (p=0.306). Similarly,
among di thnicities, mean artery diameter demonstrated no significant difference

(p=0.686

N

The meanm(\ength in the total sample was 7.40 + 3.39 mm (range: 0.69 to 20.47 mm).
While the

o significant difference between right (6.87 + 6.15 mm) and left (7.05 +

6.85 m drants, a statistically significant difference was demonstrated between dentate

(7.31 m) and edentulous (5.68 + 5.54 mm) quadrants (p=0.001; Table 2). The mean
artery length in females (7.91 + 7.90 mm) versus that in males (5.61 + 4.31 mm) displayed

signiﬁcanwce between the two genders (p=0.001), however, no significant difference

was demo between different ethnicities (p=0.987).

The mea istance from the floor of maxillary sinus in the total sample was 6.95 +
6.49 0.68 to 34.85 mm). There were no significant differences between right

(7.53 + 3.&7 mm) and left (7.27 £+ 3.52 mm) or between dentate (7.06 + 3.26 mm) and

El

edentulous (8.959+ 4.47 mm) quadrants, however, the latter was only barely below the
predetermi tistical level of significance (p=0.054; Table 2). The mean artery distance
from th did not differ significantly between females (7.24 + 3.57 mm) and males (7.33

+ 3.47 mm) or between different ethnicities (p=0.696). In the overall sample, age did not
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demonstrate any association with site of termination (p=0.857) and did not correlate with

artery distance from the floor of the maxillary sinus, diameter or length.

As for thd\of specific teeth from the sinus floor (Table 3), the first premolar

demonstr distance of 6.27 + 2.04 mm, albeit with a small sample size (n=4). The
[ |

second prgolar, first molar and second molar demonstrated a mean distance of 6.46 +

2.89, 7.03 @nd 6.88 + 3.25 mm from the sinus, respectively.

DISCU@N

Pre-operative planning is essential prior to a sinus floor elevation procedure.® Part of

this pre-operative planning includes identifying the precise location of the intraosseous

artery.6 Tmr was detected 84.0% of the time in our study. Based on the following

cadaveric 25,35 36 the artery was present 100% of the time. Furthermore, the mean

detectio eported in literature is 61.36% (range 10.5% to 93.9%) when using CBCT

analys ough CBCT is known to be a reliable method when performing an assessment
of the artery, detection of the artery itself is not always possible.29- 36 Multiple studiess: 23. 29: 34

36 have re&n reasons as to why such a board range in the detection rate exists in the

literature.

@ ide degree of variation may be attributed to (1) the experience of the
operator for detecting such anatomical structures2’, (2) the anatomical dimensions or
location ofthe arterys 34 3¢, and (3) studies that reported results using different methods of
assessn“as printed, film-based images versus imaging software23. Utilizing CBCT

software allowedyus to elevate the diameter of arteries as small as 0.08 mm via zooming

capabilities, and a built-in digital caliper.

e diameter of the intraosseous canal is larger than 2 mm, there is higher

probability for the risk of hemorrhage.®- 17 34 The mean artery diameter of the intraosseous
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artery in the total sample was 0.91 mm with a wide range of 0.08 to 9.01 mm. The reported
diameter for our study is similar to what a few studies? 1 8. 19 have found (means ranging
from 0“.04 mm), but slightly less than what most literature!¢: 2025 shows (means
ranging fm to 1.61 mm). The use of different CBCT machines among the studies
could agcemmimier the differences in data.26 When comparing different CBCT machines,
differenceL‘estimation bone quality and aberrant structural patterns are known.2¢ This

affects sta@tion and interpretation of results when compared to other studies.

OWS in regard to the mean artery distance from the maxillary sinus floor in

the total sﬂs 6.95 mm (range: 0.68 to 34.85 mm) was similar to what Apostolakis et

al. found 7.04 mm). However, when compared to most studies?8: 19- 22, 23, 27, 28 wijth

reported Eanging from 7.75 mm to 9.70 mm, our data seems to be much lower.

Differences seen could be due to the degree of anatomical variation between subjects, which
can be se@ wide ranges found in our study, and other studies!®- 22 23.29, Moreover, it is
worth i our study included 75 edentulous subjects (22.3%). Although alveolar
ridges were easured in our study, smaller edentulous ridges are associated with lower
values for this distance compared to dentate ridges.2*-38 In addition, a wide range (1.0 mm to
20.0 mm pfor differences in the residual bony alveolar ridges have been reported, which
further su the level of variation one can expect.34 37 In contrast, some studies23 have
suggested statistically significant difference exists between edentulous or dentate
subjectﬂg our study. Although a statistically significant difference was not found
between dentate, and edentulous subjects, the authors believe a clinically significant

difference m should be taken into consideration.

Th n_intraosseous artery length in the total sample was 7.40 mm (range: 0.69 to

20.47 the best of our knowledge, only one other study2! has evaluated the length of

the intraosseous artery. The study done by Bernardi et al. found that the length of the artery

ranged from 4—27 mm with a left side mean 12.55 mm and right side 12.43 mm.2* This
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difference could be attributed to the much smaller sample size (71 sites) used by Bernardi et
al. compared to our study (336 sites).2* Bernardi et al. also completed the study in a specific
patienth in Central Italy whereas our study included Asians, African-American,

and Hispmainly Caucasian patients.2! Although there were differences between

our stuglymmilemdata reported in our study improves our current understanding of the

anatomy (hery.

Inuent study, the mean distance of the intraosseous artery from the floor of
sinus at Pw, M1, and M2 was 6.27, 6.46, 7.03 and 6.88 mm, respectively. The results
from our e similar to findings reported by Yang et al. and Apostolakis et al. who
reported rﬁr PM1, PM2, M1, and M2 from 5.90 to 6.67 mm, 5.80 to 8.19 mm, 7.58 to
7.59 mm, .80 to 8.00 mm, respectively.:®- 27 However, the results differed from the data
reported by Hur et al., Kim et al., Watanabe et al., and Danesh-Sani et al.’8. 22. 28 Aside from
the cadav@iyw, the ability to detect the artery via CBCT could have been why our

results om other CBCT studies2> 27- 28 that identified the artery in 29% to 60.58%

of subjects. study that reported similar findings, also reported a similar level of

identification, 82% compared to 84% from our study.® This could account for our similar

H

findings. s

W paring our results to cadaveric studies, our group found a significantly
lower value the distance of the sinus floor to the intraosseous artery in regard to
maxillary 50sterior teeth. However, our group did report similar findings in regard to the
diametW‘tery when compared with Hur et al. (0.8 mm), but not with Solar et al.
(1.59 mri:ur et al. looked at 42 hemifaces from a Korean population.:® The mean
measure rom the sinus floor to the intraosseous artery were reported as follows: 9.4
mm at{nm at PM2, 10.3 mm at M1, 9.6 mm at M2, and 9.5 mm at the maxillary
tuberosity (M3)*fegion.’® Kqgiku et al. looked at 40 hemifaces and found that the mean

distances of the intraosseous artery to the alveolar ridge were: 14 mm for PM2, 13 mm for

This article is protected by copyright. All rights reserved.



M1, and 17 mm for M2.35 Both studies*® 35 reported significantly different results from each
other in this regard, which further supports that anatomical variation that exists between
subjects.HMon, the reported means did not correlate to the minimum and maximum
distances 9.60 mm) found by Solar et al.25 Also, a trend was reported regarding how

the artgrysiemdssio be lowest at the level of the first premolar region, which was seen in our

study.8 L

ThUa limited number of studies that have reported on the prevalence of the

intraosseqls in regards to the posterior teeth. 22 30 To the best of our knowledge
there is ¢ o literature that has precisely distinguished where the intraosseous artery
could be fi h regards to the mesiodistal relationship of the maxillary posterior teeth.

To furthe icians, we have pinpointed exactly where one could expect the artery the
most, which was at the mesial of M2 (22% of the time). Prevalence of the artery was the least
found at mal of PM1 (1.5%). However, there was a small sample size (n=5) for this

catego aluating the prevalence both mesial and distal aspects of the posterior

teeth togeth second molar had the highest prevalence (36.3%), and the first premolar

had the Towest (3.3%). When compared to Watanabe et al., Lee et al., and Duruel et al., the

most freant posterior site was reported to be PM2, M2, and PM2, respectively.9 22 30

Fe s have reported on the exact dimensions of a bone window. One study
suggested t e window be a minimum of 10-15 mm in length, and 8-10 mm in height.39
Whereas @nother group mentioned that 20 mm in length and 15 mm in height was the
(:01"recth.40 If these dimensions were hypothetically applied when treating patients
from this >@he artery would be encountered 100% of the time. However, it is estimated

that the a een clinically about 20% of the time during sinus lift surgery.5 A cadaveric

t how often the artery was seen when a bone window was made between the
first and second®maxillary molars and found the artery 66% of the time.4* This value is

similar to the average detection percentage via CBCT. Based on the clinical experiences of
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the authors with lateral window sinus floor elevations, the authors were in agreement that

the artery is detected clinically less frequently than what is suggested by the present study or

the meeraveric study.

Tthlieve that by further clarifying the length, termination, and location of
the artgrymans will be better equipped when performing procedures involving the
maxillary sipusglt can also be inferred that the level of experience of a clinician can affect the
size of th indow that a clinician will choose to make.4° The following data reported

should d@ntra— and post-operative complications associated with injury to the

intraosseﬁr. 23
concommen

The chanomlcountering the intraosseous artery at the premolar area is less than 21%

during a window sinus floor elevation. The most common (22%) site of termination of

the int ous artery is at the mesial of the second molar. Understanding of the course,

location, and termination of the artery enhances the precision of a clinician when it comes to

pre-operahtment planning. This may help limit intra- and post-operative surgical

complicat ng lateral window sinus floor elevation procedures.

€
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Legends:

Figure#

A. A ¢groual CBCT view showing the location of artery in an edentulous ridge with a

radiograp!'c stent in place.

B. A corow view showing the location of artery in a dentate ridge.

jon of the artery in coronal cross-sectional view showing the sites at which
were performed.

C. A mag
the measure
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Figure 2. An illustration demonstrating the approach by which the length of the artery was
determined.

Last radiographic encounter First radiographic encounter
(disappearance) of the artery (appearance) of the artery
4 4

«———— Length of theartery ———————
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Figure 3. An illustration demonstrating mean frequency of artery termination at mesial and
distal surfaces of molars and premolars in both dentate and edentulous patients. PM1 = first
premolar; PM2 = second premolar; M1 = first molar; M2 = second molar; M3 = third molar.
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Tables:

Table Mcy of artery site of termination corresponding to tooth site in total, in right
versus le dentate versus edentulous quadrants. PM1 = first premolar; PM2 = second
premolar; st molar; M2 = second molar;
Total Right Left Dentate Edentulous
Frequen n Frequen n Frequen p value n Frequen n Frequen ]1)
cy (%) cy (%) cy (%) cy (%) cy®)
Mesial <0.0
5 1.5 1 0.6 4 2.5 3 1.1 2 2.7
of PM1 01
Distal
6 1.8 1 0.6 5 3.1 5 1.9 1 1.3
of PM1
Mesial 2 1 1 2
8.3 8.0 8.6 8.8 5 6.7
of PM2 8 4 4 3
Distal 3 1 1 2
8.9 8.6 9.3 10.0 4 53
of PM2 0 5 5 6
Mesial 5 2 2 4 1
16.1 16.1 16.0 16.1 16.0
of M1 4 8 6 2 2 0.0
Distal 6 3 2 5 1 02
18.2 20.1 16.0 19.5 13.3
of M1 1 5 6 1 0
Mesial 7 4 3 5 1
22.0 23.0 21.0 21.8 22.7
of M2 4 0 4 7 7
Distal 4 2 2 4
143 132 154 153 8 10.7
of M2 8 3 5 0
Mesial 2 1 1 1
7.4 8.6 6.2 9 3.4 213
of M3 5 5 0 6
Distal
5 1.5 2 1.1 3 1.9 5 1.9 0 0
of M3
3 1 1 2
st s 100. ; 100. ] 100. ) 100. 7 G0
0 0 0 0 5
6 4 2 1
Undete 6 2 3
2 0
cted 4 6 8
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Table 2. Artery diameter, length and distance from the maxillary sinus in total, in right

I Range
n Mean (mm) p value
< ) (Min. - Max.)
Rins s Total 336 0.91 +0.56 0.08 —9.01
Dentate 261 0.91 + 0.60 0.08 —9.01
0.850
Edentulous 75 0.90 +0.34 0.28 —1.97
Right 174 0.94+0.71 0.08 —9.01
0.611
Left 162 0.88 +0.32 0.28 —2.57
Length Total 336 7.40£3.39 0.69 — 20.47
Dentate 261 7.31£6.70 0.91 — 34.85
0.001
Edentulous 75 5.68 + 5.54 0.68 — 30.20
Right 174 6.87 +6.15 1.08 —28.92
0.845
Left 162 7.05+6.85 0.68 — 34.85
Distance from the maxillary sinus Total 336 6.95 = 6.49 068 — 3485
Dentate 260 7.06 +3.26 0.69 — 20.47
0.054
Edentulous 75 8.95 + 4.47 1.94 —32.00
Right 174 7.53+£3.27 1.11 —20.47
versus left'and in dentate versus edentulous quadrants. 0.272
Left 162 727+3.52 0.69 — 19.48

Auth
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Table 3. Distance of individual tooth types from the maxillary sinus. PM1 = first premolar;

Range
n Mean (mm) (Min. - Max.)
Distance from the PM1 . 627 +2.04 335-9.59
maxillary sinus
PM2 57 6.46 +£2.89 0.69 —12.08
MI 144 7.03 £3.37 1.11 —19.48
M2 214 6.88 £3.25 1.14 —19.06

PM2 = se

-
C
(O
=
. -
O
-
e
-

S ‘

olar; M1 = first molar; M2 = second molar.

T'Sirona (Dentsply Sirona, York, PA).
" Galaxis/Gali nt Viewer (Dentsply Sirona, York, PA).
" IBM SPSS Statistics for Windows, Version 25.0, IBM Corp., Armonk, NY, USA.
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