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Abstract

Objective: To examine the anatomical characteristics of impacted maxillary third molars to help

predict and prevent possible adverse events during extraction.

Methods: This retrospective study enrolled young Japanese patients that were assessed for third

molar extraction. Patients with maxillary third molar impaction presenting with no space

between the maxillary second molar and the occlusal surface of the maxillary third molar

were analysed using computed tomography data.

Results: In this study, a total of 663 patients aged 20–29 years were examined for third molar

extraction and 26 teeth in 23 patients were analysed. The mean� SD angle between the second and

third molar axes was 54.2� � 7.5� and the mean� SD length of the maxillary third molar was 16.1�
1.9mm. The maxillary third molars showed close or extensive contact with the maxillary sinus and

computed tomography did not show any bone from the maxillary sinus floor. Furthermore, in all

patients, the crowns of the third molars were not completely covered by the alveolar bone.

Conclusions: Maxillary third molars with horizontal impaction showed close or extensive con-

tact with the maxillary sinus and their crowns were not completely covered by the alveolar bone.
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Introduction

Extraction of mandibular and maxillary
third molars is a common oral and maxil-
lofacial surgical procedure. However, this
procedure is an important topic of clinical
research because of the range of potential
complications. Clinicians performing man-
dibular third molar extraction procedures
should be aware of the potential for nerve
damage, bone fracture, emphysema and
root or instrument migration;1–4 and they
should pay close attention to migration,
infection and the formation and persistence
of oroantral perforation during maxillary
third molar extraction procedures.5–7 An
oroantral perforation is a connection
between the oral cavity and maxillary
sinus, and it causes maxillary sinusitis or
the formation of an oroantral fistula,
which is associated with oral bacterial infec-
tion.7 The impacted condition and tooth
development status of the maxillary third
molars and the anatomical features of the
maxillary sinus floor may be related to
oroantral perforation.7,8

Maxillary third molars usually erupt in
the late teenage years and are often consid-
ered for extraction in the patient’s 20s. On
the other hand, there are cases where the
maxillary third molar does not erupt due
to various oral conditions including denti-
tion. According to Archer’s modified clas-
sification of maxillary third molars,
horizontal impaction is defined as an
impacted condition with no space between
the maxillary second molar and the occlusal
surface of the maxillary third molar.9 The
maxillary third molar rarely erupts in cases
of horizontal impaction. Following exami-
nation of 845 maxillary third molars, a pre-
vious study reported that the incidence of
horizontal maxillary third molars was 0.5%
and that the impaction depth of the maxil-
lary third molar was associated with the
possibility of oroantral perforation.10 This
condition can make extraction difficult and

lead to instrumentation into the maxillary
sinus. At present, there are no reports pro-
viding detailed analyses of maxillary third
molars with horizontal impaction.
Horizontal impaction of the maxillary
third molars can be confirmed by orthopan-
tomography examination. Therefore, an
anatomical analysis based on computed
tomography (CT) images of this condition
will provide useful clinical information to
oral and maxillofacial surgeons and general
dental physicians that only have access to
orthopantomography.

In this study, an anatomical analysis of
maxillary third molar cases with horizontal
impaction was undertaken based on sagittal
slices of CT images obtained from Japanese
patients in their 20s, taking into account
periodontitis and root formation of the
maxillary second and/or third molars.

Patients and methods

Study participants

This retrospective study enrolled patients
that were assessed for third molar extrac-
tion in the Department of Dentistry and
Oral Surgery, Unit of Sensory and
Locomotor Medicine, Division of
Medicine, Faculty of Medical Sciences,
University of Fukui, Fukui, Japan between
January 2016 and December 2020. The
inclusion criteria were as follows:
(i) patients undergoing CT examination
(slice width: 1mm) for preoperative assess-
ment for third molar extraction;
(ii) Japanese individuals (male and female)
aged 20–29 years; (iii) maxillary third
molars (on either side) showing horizontal
impaction defined by the absence of space
between the maxillary second molar and the
occlusal surface of the maxillary third
molar. The exclusion criteria were as fol-
lows: (i) dental caries in the maxillary
second and/or third molars that could influ-
ence the eruption of the maxillary third
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molars; (ii) bone destruction around the

maxillary third molars due to benign or

malignant lesions.
This retrospective study was approved

by the Institutional Research Board

(Ethical Committee of the Faculty of

Medical Sciences, University of Fukui,

Fukui, Japan; no. 20210006). There were

no ethical issues related to the conduct of

this study since this was a retrospective

study conducted using CT examination

images obtained for clinical treatment.

The authors declare that all methods were

conducted in accordance with the relevant

guidelines and regulations (Declaration of

Helsinki). Verbal informed consent was

obtained from all participants at the time

of their dental examinations. The Ethical

Committee of the Faculty of Medical

Sciences, University of Fukui approved

this procedure because the data for this ret-

rospective study had been released to the

public.

Data extraction

The general characteristics of patients,

including their sex, age and the location of

the target teeth, were recorded. For ana-

tomical assessment of the maxillary third

molar based on CT images, the authors

examined the following characteristics

related to horizontal impaction of maxillary

third molars: (i) the angle formed by the

tooth axes of the maxillary second and

third molars in the sagittal CT slices; (ii)

the impaction depth, which was determined

from the alveolar bone thickness on the

crown side of the maxillary third molar;

(iii) the length of the maxillary third

molar, measured from the occlusal surface

to the root apex in the sagittal slices; and

(iv) the presence of contact between the

maxillary third molar and the maxillary

sinus, and the length of the contact range

in the sagittal slices (Figure 1).

Results

A total of 663 patients aged 20–29 years

were examined for third molar extraction.

Of these, 26 teeth in 23 patients were iden-

tified and selected based on the inclusion

and exclusion criteria. Good visibility of

the CT images was achieved in all patients.

The patient sample consisted of eight men

(34.8%) and 15 women (65.2%). Their

mean� SD age was 24.7� 2.9 years

(range, 21–29 years). A maxillary third

molar with horizontal impaction was

found on the right side in 10 patients

(43.5%), on the left side in 10 patients

(43.5%) and on bilateral sides in three

patients (13.0%).
The mean� SD angle formed by the

tooth axes of the maxillary second and

third molars in sagittal slices was 54.2� �
7.5� (range, 42.1–68.8�) (Table 1). None of

the patients showed alveolar bone on the

side of the maxillary third molar crown.

Figure 1. Sagittal computed tomography image
displaying the angle formed between the tooth axis
of the maxillary second and third molars (1) and the
length of the contact range between the maxillary
third molar and the maxillary sinus (2).
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The mean� SD length of the maxillary

third molar from the occlusal surface to

the root apex was 16.1� 1.9mm (range,

10.8–19.1mm). Contact between the maxil-

lary third molar and the maxillary sinus was

observed in 24 teeth (92.3%), while two

teeth showed no contact (Figure 2). The

mean�SD length of the contact range in

these 24 teeth was 8.1� 3.3mm (range,

3.8–15.5mm).

Discussion

This current study clarified the anatomical

features of maxillary third molars with hor-

izontal impaction. The incidence of

bilateral horizontal impaction in this study
was 13.0%. The mean�SD angle between
the second and third molar axes was
54.2� � 7.5� and the mean� SD length of
the maxillary third molar was 16.1�
1.9mm. In addition, these maxillary third
molars showed close or extensive contact
with the maxillary sinus and the CT
images did not show any bone from the
maxillary sinus floor in 24 out of 26 teeth.
Furthermore, in all patients, the crowns of
the third molars were not completely cov-
ered by the alveolar bone.

When rare cases of maxillary third
molars with horizontal impaction are con-
firmed by orthopantomography, surgeons
must carefully assess the risk of formation
and persistence of oroantral perforation. In
addition, a precise surgical procedure is
required to avoid damaging the maxillary
sinus mucosa. The extraction socket must
be closed as tightly as possible with the epi-
thelium and dehiscence of the blood clot
should be prevented. Furthermore, peri-
odontitis and gingivitis should be prevented

Table 1. Anatomical characteristics of the maxil-
lary third molar in patients (n¼ 23) identified as
having maxillary third molars (on either side)
showing horizontal impaction (n¼ 26).

n %

Angle formed by the tooth axis of the mandibular

second and third molars,

<40.0 0 0.0

40.1–50.0 9 34.6

50.1–60.0 11 42.3

60.1–70.0 6 23.1

>70.0 0 0.0

Length of the maxillary third molar, mm

<10.0 0 0.0

10.1–12.0 1 3.8

12.1–14.0 1 3.8

14.1–16.0 8 30.8

16.1–18.0 12 46.2

>18.0 4 15.4

Contact between the maxillary third molar

and the maxillary sinus

Present 24 92.3

Absent 2 7.7

Length of the contact range

between the maxillary third

molar and maxillary sinus, mm

<5.0 3 12.5

5.1–10.0 14 58.3

10.1–15.0 5 20.8

>15.0 2 8.3

Figure 2. Sagittal computed tomography image
showing a patient with no contact between the
maxillary third molar and the maxillary sinus.
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by keeping the area around the second
molars clean to avoid infection of the max-
illary third molars, as most maxillary third
molars with horizontal impaction are cov-
ered only by the gingiva. The importance of
CT, including cone-beam CT, in various
dental fields has been recognized in recent
years.7 The results of this current study fur-
ther validate the suggestion that preopera-
tive CT examination before extraction of
maxillary third molars with horizontal
impaction as defined in this current study
could yield useful clinical information for
the extraction procedure.7

The results of this current study suggest
an association between horizontal impac-
tion of the maxillary third molar and the
maxillary sinus. In contrast, two teeth
showed no contact between the maxillary
third molar and the maxillary sinus in this
current study and growth of the maxillary
sinus could not be determined as a factor
influencing the impacted condition of the
maxillary third molar.

Extraction of horizontal maxillary third
molars can be considered as a pretreatment
for orthodontic treatment or in cases where
third molars become infected, which dem-
onstrates the potential clinical uses of this
current report. Furthermore, obtaining
data from young adult participants was
valuable because aging is associated with
tooth loss and alveolar bone loss due to
periodontal disease and dental caries.11,12

Oral and maxillofacial surgeons that per-
form maxillary third molar extraction must
also be familiar with how to deal with any
complications including migration and per-
sistence of oroantral perforation. The max-
illary sinus is the most common site of
migration of the maxillary third molar
and migration into the infratemporal fossa
and the buccal fat pad has also been
reported.13,14 Therefore, if the maxillary
third molar has migrated, imaging examina-
tions should be performed first before
exploring the maxillary sinus. In cases of

oroantral perforation, closing methods,
such as the buccal advancement flap, pala-
tal rotational flap, buccal fat pad technique
and a method using platelet-rich fibrin,
have been reported.15 To avoid the forma-
tion and persistence of oroantral perfora-
tion, dehiscence of the blood clot should
be prevented with tight suturing.

This current study had several limita-
tions. First, the number of patients included
in the study was small because impacted
horizontal maxillary third molars are rare.
Secondly, this study only included young
Japanese people, and therefore, did not
account for the possibility of racial differ-
ences related to morphological differences
of the maxillary jawbone and maxillary
sinus.

In conclusion, maxillary third molars
with horizontal impaction showed close or
extensive contact with the maxillary sinus
and their crowns were not completely cov-
ered by the alveolar bone.
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