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Abstract

ackground: Pneumatization is an activity that occur physiologically in all paranasal
sinuses during the growing period, causing them to increase in volume.
Pneumatization of the sinus after extractions can have various treatment-planning
implications, such as reduction of the alveolar bone height available for implants,
orthodontic miniscrew or complication in preprosthetic surgery.
Aim of the study: To find the correlation between rate of pneumatization of maxillary sinus
and time after extraction of the related teeth.
Subjects, material and methods: A total of 96 panoramic radiograph used to measure the
supero-inferior differences of the sinus floor position by using interorbital line and 2
zygomatic lines as a reference lines after one to more than 10 years ‘of the unilateral
extraction of one of the maxillary second premolar, first molar or second molar tooth of 48
experimental subjects to make a comparison with the contralateral 48 control subjects with
bilateral present mentioned teeth.
Results: 48 control subjects show no statistically significant mean difference between the one
side and the adjusted contralateral side. There was statistically significant increase in the side
of the missing tooth compared to that of the contralateral side. The site of the missing tooth is
associated with an average increase in distance of 2.53mm from the comparable 0.22mm in
the control subjects, and this change was statistically significant. There is a moderate strong
positive linear correlation coefficient between time interval and maxillary sinus
pneumatization r=0.45 P<0.001.
Conclusion & discussion: The pneumatization of the maxillary sinus is related to the time
interval since extraction. The longer the time interval the more maxillary sinus
pneumatization.
Key words: maxillary sinus, pneumatization, panoramic radiograph, posterior teeth.
Introduction infundibula. ®¥. The initial maxillary
sinus development, also termed primary
pneumatization,  progresses as  the
invagination expands into the
cartilaginous nasal capsule.®
Secondary pneumatization begins in
the fifth month of fetal development
as the initial invaginations expand into the

Pneumatization is an activity that occurs
physiologically in all paranasal sinuses
during the growing period, causing them
to increase in volume. ¢?

The maxillary sinuses are air-containing
spaces that occupy maxillary bone

bilaterally. They are the first of the
paranasal  sinuses (e.g., maxillary,
ethmoid, frontal, and sphenoid) to develop
primitively and begin in the third month of
fetal development as mucosal
invaginations or pouching of the ethmoid

developing maxillary bone:“After birth,
the maxillary sinus @ expands by
pneumatization into the developing
alveolar process and extends anteriorly:
and inferiorly from the base_of.the skull,
closely matching the growth'rate of the
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maxilla and the development of the
dentition.® As the dentition develops,
portions of the alveolar process of the
maxilla, vacated by the eruption of teeth,
become pneumatized.2 By the time a child
reaches age 12 or 13 years, the sinus will
have expanded to the point at which its
floor will be on the same horizontal level
as the floor of the nasal cavity. In adults,
the apices of teeth may extend into the
sinus cavity and can be identified in
anatomic specimens or through computed
tomography (CT) imaging "
Expansion of the sinus normally ceases after
the eruption of permanent teeth, but on
occasion, the sinus will pneumatize further,
after the removal of one or more posterior
maxillary teeth, to occupy the residual
alveolar process. In many of the cases, the
sinus often extends virtually to the crest of
the edentulous ridge. The maxillary sinus is
significantly larger in adult patients who are
edentulous in the posterior maxilla
compared with patients with complete
posterior dentition ®. The reasons for sinus
pneumatization are poorly understood. There
is many factors influence this process
including hereditary, ® 9 craniofacial
configuration “%  growth hormones @9,
sinus air pressure @112 density of the bone
19 “and sinus surgery @. The cause for this
phenomenon, also referred to us the forth
expansion phenomenon of the maxillary
sinus, has been explained as a type of
disuse atrophy***>the decrease of function
forces transferred to the bone after tooth
loss causes a shift in the remodeling process
toward bone resorption according to Wolf's
law . This results in an increase of the
sinus volume at the expense of the
edentulous alveolar ridge. The rate and
degree of the pneumatization process after
tooth loss may be influences by
1. The protrusion of tooth roots into the
sinus cavity ™. Roots that protrude
into the sinus have a thin cortical
bone lining “®. During extraction this
thin bone may break and dislocate,
thus allowing the sinus to expand
toward the empty socket.

2. Molar extraction. Greater
pneumatization has been found after
molar extraction in comparison to
premolar extraction *¥. The reason
may be the large defect left in the
alveolar bone after molar extraction,
which require a longer healing time,
thus allowing the sinus to pneumatize.

3. Because initially the mandibular
height is twice that of the maxilla,
maxillary bone loss is also significant
in the long-term edentulous patient.®”

Pneumatization of the sinus after
extractions can have various treatment-
planning implications, such as reduction
of the alveolar bone height available for
implants ™ or complication in
preprosthetic surgery ®®. In this study we
discuss the maxillary sinus behavior
following years of posterior teeth
extraction.

Subject, Materials and Methods

In the present prospective study a 96
panoramic radiograph from 96 subjects
were used. The patients had no history of
sinus and nasal disease, sinus surgery,
sinus pathology of a dental cause or upper
posterior teeth super eruption, 48 control
subjects who had a bilateral present upper
second premolar, first molar and second
molar, with age mean (33.95) and mode
(17), and 48 experimental subjects with
age mean (37.16) and mode (17) who had
extracted unisided one of the upper second
premolar, first molar or second molar. The
male-female ratio was the same (24 male
and 24 female) to avoid gender bios.

All panoramic radiographs were taken by
the same digital panoramic machine
(planmeca Promax, Helsinki, Finland)
with 68 kV, 10 mA and 16 second
exposure time.

We put three digital reference lines(0.1
thickness) by using planmeca Romexis
software 3.1.1.R to measure the vertical
distance between them as described by
Packota et al™, Xie et al®® and Arbel
Sharan and David Madjar®?. An
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interorbital line joining the lowest points
of two orbital brims and two zygomatic
process lines passing through the lowest
brim of the zygomatic process on each
side of the jaw matching to the interorbital
line as shown in figure (1).

By using horizontal line in the panoramic
software in relation to the interorbital line,
any difference between them more than 5
degree that radiograph excluded to avoid
inaccuracy. ®©

In this study we measured the distance
between the interorbital line and the
zygomatic process line and the distance
between the interorbital line and the
maxillary sinus floor over either the
second premolar, first molar, or second
molar, which are the closest to the sinus.
(22, 23, 24)

In the experimental subjects we measured
the vertical distance between the
interorbital line and the lowest point of the
maxillary sinus floor in the site of the
missing tooth and the contralateral present
tooth site (IS). Also we measure the
vertical distance between the interorbital
line and the zygomatic process line (1Z) in
the two sides of the jaw, which aid to
calculate the ratio of distortion between
two side that result from head tilting
during taking panoramic radiograph to the
subjects .?%%)

Each experimental subject has a
comparable control subject. they have the
same age group , gender and the site/side
of the missing tooth in which the site of
the missing tooth become a nominal even
he/she don’t have a missing tooth.

The null hypothesis was made as ISx/
1Zx=1S1/1Z7. Y Were X representing the
missing tooth side, and T represents the
contralateral present tooth side. The
superoinferior differences of the sinus
floor position between the side of the
missing tooth and the side of present tooth
was represent by the calculation 1Sx-
(ISt*1Zx/1Z7). A positive value point to a
more inferiorly situated sinus floor on the
side of the missing tooth.

We were grouping the age of subjects into
three groups, group 1: (15-29yr), group 2:
(30-44yr), group 3: (45-59yr) to make an
approximate experimental-control subjects
age. We were depending on the memory of
the experimental subject about time
elapsed after extraction of the tooth in
years and divided them into three group,
group 1: (1-2yr), group 2: (3-9), group 3:
(10- more) for easy discussion of the effect
of time elapsed after extraction.

Results

Table 1 show that there was no statistically
significant mean difference between the
one side and the adjusted contralateral side
in the control subjects.

There was a significant increase in the side
of the missing tooth compared to that of
the contralateral side. The site of the
missing tooth was associated with an
average increase in distance of 2.53mm
from the comparable 0.22mm in the
control subjects, and this change was
statistically significant.

Figure 1. Panoramic radiograph showing the reference lines and all measurements that done
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Table 1. The case-control difference in mean supero-inferior differences of the sinus floor
position between the side of the missing teeth and the contralateral side (mm).

Distance between the
interorbital line and the
maxillary sinus floor

Adjusted distance on
the contralateral side
with full maxillary

The supero-inferior
differences of the sinus
floor position between
the side of the missing

superior to the missing  dentition (to 1Zx:1Zt teeth and the P (paired
tooth root (mm) ratio) contralateral side (mm)  t-test)
Control (full maxillary molar
and premolar dentition) 0.5[NS]
Range (15.7 to 35.5) (16.35t0 37.5) (-5.05 to 5.45)
Mean 25.13 24.92 0.22
SD 5.24 5.8 2.2
SE 0.756 0.837 0.318
N 48 48 48
Case (with missing maxillary
molar or premolar tooth) <0.001
Range (20.4 to 38.6) (14.2t0 34.2) (-2.84 t0 10.53)
Mean 26.29 23.76 2.53
SD 4.14 3.86 2.57
SE 0.597 0.557 0.37
N 48 48 48

P (independent samples t-test)
for case-control difference

<0.001

Figure 2 show the case-control difference
in mean which represent the imbalance
between maxillary sinus height above the
missing tooth in cases subjects and the
maxillary  sinus height above the
comparable control side (which is a
randomly and non-side prepossession
differences) and this imbalance was
obvious and statistically significant. the
mean supero-inferior differences of the
sinus floor position between one side and
the contralateral side are 0.22mm in full
maxillary dentition, it increase to 1 after 1-
2 year since extraction, and to 2.47mm
after 3-9 years interval, and become
4.19mm above 10 years and above as
shown in table 2 and figure 3.

The pneumatization of the maxillary sinus
is related to the time interval since
extraction. The longer the time interval the
more maxillary sinus pneumatization.

And this difference is statistically
significant, and there is a moderate strong
positive linear correlation coefficient
between time interval and maxillary sinus
pneumatization r=0.45 P<0.001.

Table 3 shows that age of patient is not
prevalent agent on pneumatization of the
maxillary sinus, while time since
extraction increases it toward the site of
extracted related teeth in an average of
0.23mm in each year.

Discussion

The pneumatization of the maxillary sinus
after posterior teeth extraction has been as
mentioned by the present study and other
studies, ® ~ 9 In this study we have
followed the rate of that pneumatization
after one to more than ten years of that
extraction, see figure 4 and 5.

the Panoramic radiographic techniques
used in this work because it provide an

excellent  overview  assessment  of
underlying bony structure and
pneumatization  of  the maxillary
sinus.¥%®  we have followed the

measurements described by Packota et
al® and Arbel and David @Y.
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Study group
[ Control (full maxillary dentition)
Case (with missing maxillary tooth)

_10111 |

i i
nce between the inte Distance between the Adjusted distance on the The supero-inferior differences of 3ting teeth
interorbital line and the contralateral side with full the sinus floor position between
maxillary sinus floor superior maxillary dentition (to 12x:1Zt the side of the missing teeth and
to the missing tooth root (mm) ratio) the contralateral side (mm)

Figure 2. Dot diagram with error bars showing the case-control difference in mean (with its
95% confidence interval) supero-inferior differences of the sinus floor position between the
side of the missing teeth and the contralateral side (mm).

Table 2. The mean supero-inferior differences of the sinus floor position between the side of
the missing teeth and the contralateral side (mm) by time since extraction.

Time in years since extraction-groups

P
Control (No (ANOVA
missing tooth) 1-2 3-9 10+ trend)
The supero-inferior differences
of the sinus floor position
between the side of the missing
teeth and the contralateral side
(mm) <0.001
Range (-5.05t05.45) (-2.84t04.98) (-0.94t06.9) (1.12t0 10.53)
Mean 0.22 1 2.47 4.19
SD 2.2 2.5 2.05 2.93
SE 0.318 0.753 0.401 0.885
N 48 11 26 11

r=0.45 P<0.001
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Figure 3. Dot diagram with error bars showing the mean (with its 95% confidence interval)
supero-inferior differences of the sinus floor position between the side of the missing teeth
and the contralateral side (mm) by time since extraction.

Table 3. Multiple linear regression models with the supero-inferior differences of the sinus
floor position between the side of the missing teeth and the contralateral side (mm) as the
dependent (response) variable and time since extraction in addition to age as the explanatory

variables.
Unstandardized Standardized
Coefficients P Coefficients
(Constant) 0.383 0.56[NS]
Age (years) 0.006 0.73[NS] 0.033
Time in years since extraction 0.230 <0.001 0.437

R?=0.2 P (Model) <0.001
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Figure 4. Left maxillary sinus pneumatization after 7 years of left maxillary first molar tooth
extraction.

Figure 5. right maxillary sinus pneumatization after 11 years of right first maxillary molar

tooth extraction.

We compare in this study between the
inter-patient supero-inferior differences of
the sinus floor position between the side of
the missing teeth and the contralateral
dentate side in experimental subject who
have missing one of the closest teeth to
sinus (to exclude the synergic effect of
multiple missing teeth) and make with the
same way a comparison with control
subjects who have a predetermined side of
missing tooth even he don’t have a missing
tooth.

A non-significant mean difference was
observed in the inferior level of the
maxillary sinus between the two dentate
side in the control subjects and that mean
difference become significant after one
year of posterior tooth extraction (from
0.22 to 1) in experimental subjects, and it
increase to become 2.47 after 3-9 years
and jump to 4.19 after ten years and more
of extraction in an average of 0.23 mm per
year.

Pneumatization (which is a consequence of
intrasinus positive pressure 7 33 and 349)
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occurs after removal of one or more of
maxillary posterior teeth may extend into
the residual alveolar process *. This
problem is especially magnified in the
posterior maxilla where it combined with
progressive ridge resorption in an apical
direction. Based on the Cawood and
Howell classification of bone loss, the
residual bone crest may be classified in
?radations of I (dentate) to VI (paper thin)
*®) The resulting situation may affect the
ability to place implants of adequate size
and length ©" although minimal
complications have been  reported
following maxillary sinus perforation
during orthodontic screw placement ©®, it
IS wise to avoid this area in patients with
marked pneumatization ©9.

In the present study the pneumatization of
maxillary sinus after posterior tooth
extraction behave in the same manner in
the different age group even there is a
Continuous  pneumatization of the
maxillary sinus(in dentate subjects), as
the age of the patient progresses, in
the posterior maxilla ©°.

Conclusion

Pneumatization is an expected
consequence after extraction of even one
posterior tooth in a rate of 0.23 mm per
year, and that pneumatization start in any
age with the same rate.

Accordingly, decision-making challenge
vastly depending on valid clinical evidence
to assess the most favorable treatment
modalities, maxillary sinus floor elevation
procedure is nowadays the most frequently
used bone augmentation technique prior to
implant Placement, in more of half of the
cases. ®’
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