Paradigm Academic Press -
Journal of Innovations in Medical Research =
ISSN 2788-7022

=
JUL. 2023 VOL.2, NO.7 PARADIGM

Research Progress on Anatomical Structure of Alveolar Antral Artery

Yuhui Zhao?, Jiefan Zhao?, Qing Dong? & Jiangi Gu®
1 North China University of Science and Technology
2 Professor, School of Stomatology, North China University of Science and Technology
% Hebei General Hospital
Correspondence: Jiangi Gu, Hebei General Hospital.

doi:10.56397/JIMR/2023.07.08

Abstract

Alveolar antral artery is closely related to the bleeding of the maxillary sinus floor elevation. By reviewing the
study of the alveolar antral artery, and analyzed the blood supply source, diameter, detection rate, relationship
with bone wall and other characteristics of alveolar antral artery, so as to provide reference for avoiding alveolar
antral artery injury in clinical practice.
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1. Introduction

The maxillary sinus is a pyramid-shaped cavity located in the body of the maxilla on both sides. In general, the
size of the maxillary sinus is asymmetrical on both sides, and its volume will increase with age or dentition
defects. In implant surgery, sufficient bone height and bone density are important factors affecting the success of
the surgery, and the loss of maxillary posterior teeth will lead to alveolar bone resorption, and even there is only
a thin layer of cortical bone between the maxillary sinus and the oral cavity, which increases the difficulty of
implant surgery requires internal and external maxillary sinus lifting to meet the bone requirements for implant
implantation. In implant surgery and maxillary sinus lifting, the anatomical structure of the alveolar antral artery
is often involved. Inadvertent injury can lead to intraoperative or postoperative bleeding, resulting in unclear
surgical field of view, perforation of the maxillary sinus mucosa and other serious complications (Zhou Wenjuan
& Liu Zhonghao, 2021). This article reviews the literature on the alveolar antral artery, hoping to provide
reference for clinicians to reduce the risk of intraoperative or postoperative bleeding.

2. Blood Supply Source of Alveolar Antral Artery

The maxillary artery is located in the deep side of the face, and is one of the terminal branches of the external
carotid artery. The posterior superior alveolar artery (PSAA) originates when the maxillary artery is about to
enter the pterygopalatine fossa, and descends along the back of the maxillary body, giving off two branches, the
gingival branch and the dental branch. Among them, the dental branch passes through the alveolar foramen and
enters the alveolar canal, and is distributed in the maxillary molars, premolars and maxillary sinus mucosa. The
infra orbital artery (IOA) gives off the superior alveolar anterior artery in the infraorbital canal, and supplies the
maxillary anterior teeth, periodontal tissue and maxillary sinus mucosa through the alveolar canal to the alveolar
process. Traxler et al found the source and route of the arterial blood supply through the dissection of the
maxillary sinus (Traxler H et al., 1999). There are two anastomotic branches on the anterolateral wall of the bone
(Rosano Gabriele et al., 2011), which are intraosseous anastomosis (IA) and extraosseous anastomosis (EA),
which are shaped like an arch bridge. Among them, the intraosseous anastomotic branch is called “alveolar antral
artery” (AAA) because of its close connection with the lateral wall of the maxillary sinus. It was first discovered
and described by Strong (1934) in 1934.
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3. Detection Rate of Alveolar Antral Artery

The detection rate of alveolar antral artery in the lateral sinus wall at autopsy is 100% (Kgiku Lumnije et al.,
2013; Starch-Jensen T et al., 2018), but the detection rate based on CT and CBCT is not the same. L.
Khojastehpour and his team detected the alveolar antral artery in 80.6% of CBCT images (L. Khojastehpour et
al., 2016), similar to the findings of llguy et al. (2013) (80.3%). But lower than the research results of Anamali et
al. (2015) (90.9%). Kim Jee Hwan et al. (2011) reported that the detection rate of maxillary sinus arteries in
preoperative CT examination was 52%. Similar to the research results of Rysz et al. (2014) (50%), slightly lower
than the research results of Watanabe and his team (2014) (58.6%). Some scholars conducted a systematic
review and meta-analysis by comparing a number of imaging studies. The results of the study showed that the
total detection rate of the alveolar antral artery was 62.02%. The frequency of detecting the alveolar antral artery
in the CBCT study was 61.25% - 94.98%, which was higher than the 42.33% - 60.05% in the CT study.(P.
Varela-Centelles et al., 2015). These results suggest that compared with conventional CT, preoperative CBCT
assessment can detect maxillary sinus arteries more effectively, and CBCT also has the advantages of small size
and low radiation dose.

4. Diameter of Alveolar Antral Artery

According to literature statistics, the average diameter of the alveolar antral artery is 0.85-1.5 mm (Valente
Nicola Alberto, 2016), and there is no significant difference in the diameter of the arteries on both sides. The
arterial diameter is influenced by many factors. Studies have shown that the diameter of the alveolar antral artery
is related to gender, and the vessels in men are significantly larger than those in women (Varela Centelles P et al.,
2016; Kang S J et al., 2013); as the thickness of the lateral wall of the maxillary sinus increases, the diameter of
the vessels also increases (Varela-Centelles P et al., 2015). The larger the diameter of the alveolar antral artery in
the patient’s bone, the greater the chance of interference, and the results of the study showed that the risk of
interference with the larger diameter alveolar antral artery was minimal when surgery was performed in the
second molar area. Therefore, preoperative evaluation of the thickness of the side wall of the maxillary sinus and
special attention to this artery can reduce intraoperative complications (Liu Chenghui et al., 2018; Amin
Rahpeyma et al., 2014); P. V arela-Centelles’ study using a flexible model found that the width of the maxillary
sinus and the diameter of the alveolar antral artery were between There is a correlation between 7-14mm, the
wider the maxillary sinus, the more likely to find a large alveolar antral artery (Varela Centelles P et al., 2016);
the greater the height of the remaining alveolar ridge, the larger the diameter of the alveolar antral artery
(Varela-Centelles P, Loira M, Gonzdez-Mosquera A, et al., 2020); Four different measurement results from the
first premolar to the second molar showed that the diameter of the alveolar antral artery decreased slightly when
it advanced from the origin to the premolar area (Watanabe Takeshi et al., 2014); Wang Xiaodong et al. (2023)
found that the arterial diameter was larger in patients aged 56-87. The study by Dilhan llgly et al. (2013) also
found that the arterial diameter was larger in older patients, similar to the results of the study by Mardinger et al.
(2007). However, LAOVORAVIT et al., VARELA-CENTELLES et al. believed that there was no significant
correlation between the diameter and age (Laovoravit V et al., 2021; Varela-Centelles P et al., 2020). The reason
why the diameter of the alveolar antral artery increases with age may be that the artery can be highly compressed
in osteoporotic bones. Detected that the elderly are prone to osteoporosis, so this artery is more likely to be
marked and will be more obvious in the image (Ding Wen-Ge et al., 2012; Buettmann Evan G et al., 2022);
LAOVORAVIT believes that the alveolar antral artery diameter has no correlation with the condition of the teeth
(Laovoravit V, Kretapirom K, & Pornprasertsuk-Damrongsri S., 2021), but Dilhan llgly et al. (2013) believed
that the arterial diameter was positively correlated with the number of edentulous patients, which may be due to
the increased bone resorption after edentulous patients. The diameter of the alveolar antral artery is very
important for surgical planning and risk assessment. If the diameter is large or similar to other anatomical
structures, more care should be taken during surgery to avoid damaging the artery.

5. Relationship Between Alveolar Antral Artery and Bone Wall

The maxillary sinus arteries maintain a different relationship to the sinus wall. Usually completely intraosseous
and rarely subperiosteal on the lateral wall (P. Varela-Centelles et al., 2015). CBCT studies have shown that the
alveolar antral artery is located in the bone in 47%-73% of cases, in the submucosa in 22%-47% of the cases,
and in the outer cortex or superficial position in 5%-6% of the cases (lwanaga Joe et al., 2019). ligly et al.
reported that the maxillary sinus arteries occurred in 71.1% of cases intraosseously, 13% occurred below the
sinus membrane, and 5.2% occurred in the outer cortex of the lateral sinus wall (Dilhan Ilgly et al., 2013). Based
on CBCT, Chen Deping’s team divided the alveolar antral artery into four types according to the relationship
between the position of the fenestration on the side wall of the maxillary sinus and the bone wall: intraosseous
type (located in the cortical bone of the lateral wall of the maxillary sinus), and partial intraosseous type. (located
in the subperiosteal groove facing the maxillary sinus cavity), extraosseous type (located between the lateral wall
of the maxillary sinus and the permucosal membrane), mixed type (Chen Deping et al., 2022). Among them, the
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incidence rate of intraosseous type was 64.3%, that of partial intraosseous type was 29.1%, and that of
exoskeletal type was 6.6% (Zhou Wenjuan & Liu Zhonghao, 2021). Inconsistent with the above results, Jung et
al. showed that 23.6% of the maxillary sinus arteries occurred in the bone, 52.8% occurred in the sinus, and
6.4% occurred in the superficial surface (Jung Junho et al., 2011). This may be due to the fact that some
anastomotic branches in the bone are too small to be reflected on CBCT.

6. The Course of the Alveolar Antral Artery

The course of the maxillary sinus arteries in the anterolateral wall of the maxillary sinus is not uniform. Its
distance from the alveolar crest and maxillary sinus floor is variable. The study found that the distance from the
alveolar antral artery to the alveolar crest is related to the position of the positioned tooth. After dissecting 20
maxillary specimens and measuring and analyzing them, Lumnije Kgiku et al. concluded that the average
distance from the intraosseous anastomosis of the maxillary second molar to the alveolar crest was 17.7 mm, that
of the first molar was 14.5 mm, and that of the second premolar was 14.66 mm. The average distance from the
lower border of the alveolar antral artery to the alveolar crest was 14.66-17.72 mm (Lumnije Kqiku et al., 2013).
Seung-Min Yang et al. analyzed 283 samples. The average distance from the alveolar crest to the lower border of
the alveolar antral artery was 19.645.64 mm at the first premolar, 19.945.87 mm at the second premolar, and
19.945.87 mm at the first premolar. The molars were 15.644.06 mm, and the second molars were 16.534.75 mm
(Yang Seung-Min & Kye Seung-Beom, 2014). These data are different in edentulous patients. Lumnije Kgiku et
al. investigated the distance from the alveolar antral artery to the alveolar crest in edentulous specimens, which
was 17 mm to the maxillary second molar, 13 mm to the maxillary first molar, and 13 mm to the maxillary first
molar. The second premolar is 14mm. The average distance from the alveolar ridge to the alveolar antral artery is
13-17 mm (Kgiku Lumnije, Biblekaj Robert & Weiglein Andreas H., 2016). There is a certain difference in this
value, which may be due to differences in gender, age, remaining teeth in the mouth, alveolar bone absorption,
and measurement errors. According to the above data, it can be concluded that the alveolar antral artery-alveolar
ridge distance presents a decreasing trend from the second molar area to the first molar area, usually reaches a
lower peak value in the first molar area, and then suddenly increases and reaches a relatively low peak. high
peak.

The average distance from the alveolar antral artery to the maxillary sinus floor is 5.8-10.4 mm, and the shortest
is 0 mm (Alberto N V., 2016). With the loss of teeth, the alveolar ridge shrinks, and the distance from the
alveolar antral artery to the maxillary sinus floor also changes. Some studies have described the relationship
between the position of the alveolar antral artery and the height of the remaining alveolar bone. Seung-Min Yang
et al. found that the higher the residual bone ridge, the shorter the distance from the maxillary sinus floor to the
endosseous anastomosis (Yang Seung-Min & Kye Seung-Beom, 2014). According to the research, it was found
that the distance from the alveolar antral artery to the sinus floor was not significantly affected by gender, age,
and dentition status (Wang Xiaodong et al., 2023; Karslioglu H et al., 2021). This suggests that the alveolar
antral artery is more stable relative to the anatomical reference of the maxillary sinus floor than the alveolar
crest.

7. Alveolar Antral Artery Bleeding and Related Treatment

The alveolar antral artery supplies the anterolateral wall of the maxillary sinus and Schneider’s membrane.
Hemorrhage resulting from injury to the alveolar antral artery during sinus elevation is referred to as maxillary
sinus hemorrhage (Zhou Wenjuan & Liu Zhonghao, 2021). The incidence of bleeding during maxillary sinus
floor lifting was 6.28%, and the bleeding rate during external lifting accounted for 87% of the total bleeding rate
(Wang Guanglei & Lei Lang, 2018). Intraoperative and postoperative bleeding is a serious complication of
maxillary sinus floor lift (Gao Wenmo, Geng Wei & Chen Ming, 2021). Although the rupture of this type of
artery is not life-threatening, and most of the bleeding resolves spontaneously due to reactive contraction, it is
possible that the visibility of the Schneider’s membrane may be impaired, causing accidental perforation of the
Schneider’s membrane and interfering with the placement of bone graft material, making surgery difficult,
increasing the risk of surgical failure. Especially when the diameter is large, it will cause blood vessels to bleed
continuously, causing the patient’s physical and mental discomfort. When the diameter of the blood vessel is less
than 1mm, the risk of bleeding is negligible (Timmenga N M et al., 2003); when the diameter is 1-2mm, the risk
of bleeding during surgery is about 57% (Cawood J. I. & Howell R. A., 1988); when the diameter is greater than
2mm, the risk of bleeding increases significantly (Rodella L F et al., 2010). Prophylactic ligation of the bone
window before the preparation of the bone window and avoiding the blood vessel during the preparation of the
bone window can reduce the risk of bleeding (Tavelli Lorenzo et al., 2017; Maridati Paolo et al., 2014).

Regarding the management of alveolar antral artery hemorrhage, Flanagan et al suggested occluding the canal by
placing a fine-grained bone graft together with a graft carrier and gently pressing into place, or using
electrocautery to stop bleeding (Flanagan Dennis, 2005), but if electrocautery occurs near the Schneider’s
membrane, which may cause necrosis of the membrane and thus affect the coverage of the graft (van den Bergh
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J P et al., 2000). In addition, sterile gauze dipped in saline can be used for hemostasis. In 2021, our country put
forward an expert consensus on the complications of maxillary sinus floor lifting surgery (Zhou Wenjuan & Liu
Zhonghao, 2021). The article pointed out that when performing maxillary sinus floor lifting surgery, careful
evaluation and planning should be performed before surgery, and the anatomy and distribution of maxillary sinus
arteries should be mastered, and be prepared to deal with bleeding; the operation should be performed with
caution, and an ultrasonic osteotome can be used to carefully peel off the bone wall and periosteum. If bleeding
occurs, methods such as local compression, ligation, electrocautery, laser hemostasis, or the use of hemostatic
agents can be performed; postoperative anti-infective treatment should be carried out and follow-up should be
strengthened.

To sum up, the anatomical structure of the alveolar antral artery is relatively complex, and once bleeding can
easily affect the operation process. With the advancement of science and technology, CBCT has gradually been
widely used in clinical practice, and has the advantages of small radiation dose, high resolution, and relatively
economical price. Therefore, for cases of maxillary sinus elevation, it is recommended to take CBCT before
operation to accurately grasp the course and distribution of blood vessels in the maxillary sinus floor elevation
area. Preoperative CBCT examination to understand the course and distribution of the artery can make the
surgeon more alert to the possible bleeding risk during the operation. For blood vessels with larger diameters, in
order to avoid damage to the alveolar antral artery, the position of the bone incision or side wall fenestration can
be changed or prophylactic ligation can be performed to prevent bleeding. In addition, detailed preoperative
examination and consultation are also very necessary. Those with bleeding disorders and taking anticoagulants
should be treated accordingly or consulted with relevant departments.
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