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Radiographic evaluation of the relationship between maxillary sinus
pneumatization and tooth extraction

Maksiller sintis pnématizasyonu ve dis ¢ekimi arasindaki iliskinin
radyografik degerlendirmesi
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Abstract

Aim:To assess maxillary sinus pneumatization radiographically after posterior tooth extraction and to compare the results
based on both the post-extraction time interval and the tooth type.

Material and Methods: This retrospective study included 54 patients who underwent extraction of at least one premolar or
molar with roots close to the maxillary sinus floor. A total of 186 panoramic radiographs were assessed using standardized
reference lines and points to measure sinus floor changes. Patients were categorized into five groups based on follow-up
periods: 0-6, 7-12, 13-18, and 19-24 months. Magnification correction was applied, and mean pneumatization values
were calculated by follow-up group and tooth type.

Results: Maxillary sinus pneumatization demonstrated a progressive increase with longer post-extraction intervals. The
mean pneumatization values were 1.1 mm in the 0-6 month group, 1.7 mm in the 7-12 month group, 2.1 mm in the 13-18
month group, and 3.9 mm in the 19-24 month group. Analysis by tooth type revealed mean values of 1.5 mm for premolar
extractions, 2.0 mm for first molars, and 2.4 mm for both second and third molars. Greater pneumatization was observed
in teeth with roots in close proximity to the sinus floor and in those extracted due to chronic periapical infection.

Conclusion: Maxillary sinus pneumatization is a time-dependent process influenced by tooth type, root—sinus relationship,
and pre-existing pathology. Early implant placement or ridge preservation techniques should be considered in high-risk
cases to minimize bone loss and reduce the need for extensive sinus augmentation procedures.
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Oz
Amag: Posterior dis cekimi sonrasi maksiller sinlis pndmatizasyonunu radyografik olarak degerlendirmek ve sonuclari
hem cekim sonrasi gecen siireye hem de cekilen dis tipine gore karsilastirmak.

Gereg ve Yontemler: Bu retrospektif calisma, kok uglari maksiller sinlis tabanina yakin konumda olan en az bir premolar
veya molar disi cekilmis 54 hastayr kapsamaktadir. Toplam 186 panoramik radyografi, standart referans cizgileri ve noktalar
kullanilarak siniis tabanindaki degisiklikleri 6lcmek amaciyla degerlendirildi. Hastalar, takip stirelerine gére 0-6, 7-12, 13-
18 ve 19-24 ay olmak Uizere bes gruba ayrildi. Blyttme diizeltmesi uygulandi ve takip siresi ile dis tipine gore ortalama
pndmatizasyon degerleri hesaplandi.

Bulgular: Maksiller sinlis pndmatizasyonu, cekim sonrasi gecen siire ile progresif olarak artis gosterdi. Ortalama
pndmatizasyon degerleri; 0-6 aylik grupta 1,1 mm, 7-12 aylik grupta 1,7 mm, 13-18 aylik grupta 2,1 mm ve 19-24 aylk
grupta 3,9 mm olarak bulundu. Dis tipine gore analizde ortalama degerler; premolar cekimlerinde 1,5 mm, birinci molar
cekimlerinde 2,0 mm, ikinci ve t¢lincti molar ¢ekimlerinde ise 2,4 mm olarak saptandi. Sinlis tabanina kdkleri yakin olan
ve kronik periapikal enfeksiyon nedeniyle ¢ekilen dislerde daha fazla pnématizasyon gozlendi.

Sonuglar: Maksiller sinlis pndmatizasyonu, zamana bagh ilerleyen, dis tipinden, kok-sinls iliskisinden ve mevcut
patolojiden etkilenen bir strectir. Yiiksek riskli olgularda erken implant uygulamasi veya alveoler kret koruma teknikleri,

Introduction

Implant placementinthe posterior maxillais often complicated
by maxillary sinus pneumatization, where the sinus expands
into the space of missing teeth and reduces the available bone
height for implants [1]. Following the loss of upper posterior
teeth, the combined effect of normal alveolar bone resorption
and sinus floor expansion can significantly diminish ridge
dimensions, frequently necessitating sinus floor elevation
(sinus lift) procedures to allow implant placement [2, 3]. This
post-extraction enlargement of the sinus (maxillary sinus
pneumatization) is thought to result from disuse atrophy -
the reduction in bone density and volume due to the lack of
functional loading after a tooth is removed [4]. Also, patients
who undergo extraction of maxillary molars (especially
multiple adjacent teeth) have a higher risk of substantial sinus
expansion, particularly when the extracted tooth’s roots were
in close proximity to the sinus floor [5, 6].

Despite numerous studies, the literature shows inconsistent
results regarding post-extraction sinus changes. Some two-
dimensional radiographic assessments have found clear
increases in sinus dimensions after tooth loss, whereas others
reported little to no change [7-10]. This inconsistency may
be due to methodological differences (e.g. panoramic X-rays

kemik kaybini en aza indirmek ve kapsamli siniis ylikseltme islemlerine duyulan ihtiyaci azaltmak icin dnerilmelidir.

Anahtar Kelimeler: maksiller siniis pndmatizasyonu, dis ¢ekimi, siniis tabani, kret koruma

superimpose structures and can be less accurate or variation in
patient factors [11]. Notably, cone-beam CT analyses generally
provide more definitive evidence of sinus pneumatization,
and cross-sectional comparisons have shown that edentulous
posterior maxillae tend to exhibit a lower sinus floor (greater
pneumatization) than dentate maxillae in similar regions [5].
On the other hand, at least one study using volumetric CT
measurements found no significant difference in sinus size
related to dentition status, highlighting that the degree of
pneumatization can be highly individual [7]. Importantly, there
are preventive measures that can mitigate sinus expansion.
Alveolar ridge preservation at the time of extraction has been
shown to limit sinus floor resorption: for instance, sites that
healed naturally for 1 year exhibited over 1 mm of vertical sinus
encroachment, whereas those treated with bone grafting in the
socket had only a ~0.3 mm change [12]. This suggests that the
timing and management of the extraction site can influence
how much the sinus pneumatizes post-extraction.

Given the potential for progressive sinus pneumatization, the
timing of implant or preprosthetic surgery in the posterior
maxilla is critical. It is generally recommended to allow
initial healing of the extraction socket (approximately 3-6
months); beyond this period, additional sinus expansion

594



(r‘\’
>

TJCL Volume 16 Number 3 p: 593-599

may occur in the absence of an implant or graft occupying
the space [13]. If the sinus floor drops substantially, delayed
interventions become more complex or may require larger
sinus augmentation procedures. Therefore, the aim of this
retrospective study was to radiographically assess maxillary
sinus pneumatization following posterior tooth extraction
by using reference lines and reference points on panoramic
radiographs, with comparisons based on time elapsed since
extraction, tooth type, and other relevant factors.

Material and Methods

This retrospective study included patients who underwent
extraction of at least one premolar or molar tooth with its apex
in close radiographic proximity to the maxillary sinus floor.
The procedures were performed at the Department of Oral
and Maxillofacial Surgery, istanbul Galata University Faculty
of Dentistry, between June 2024 and January 2025. The
study was approved by the istanbul Galata University Ethics
Committee (Date: 21.02.2025, Approval No: 2025-01) and was
carried out in accordance with the relevant ethical guidelines
and the Helsinki Declaration (2013 Brazil revision). All patients
provided written informed consent.

Study Population

A total of 54 patients, consisting of 27 women and 27 men, were
included in the study. Inclusion required the availability of high-
quality pre- and post-extraction panoramic radiographs, with a
minimum follow-up period of 1 day and a maximum of 24 months
between examinations, and provision of written informed
consent. Patients were excluded if they had poor-quality or
distorted radiographs preventing accurate measurement, a
history or radiographic evidence of pathology in the maxillary
sinus region (such as cysts, tumors, or acute/chronic sinusitis),
prior implant placement, grafting, or sinus lift procedures
in the region of interest, systemic diseases or medications
affecting bone metabolism (e.g., osteoporosis, Paget’s disease,
bisphosphonate use), or if any additional surgical intervention
was performed in the region during the follow-up period.

A total of 186 panoramic films from patients were examined.
Based on the follow-up interval between the first and second
radiographic examinations, patients were divided into four
groups: 0-6 months (n = 76), 7-12 months (n = 42), 13-18
months (n = 36), and 19-24 months (n = 32). Across all cases,
90 tooth extractions were performed, including 8 premolars,
32 first molars, 36 second molars, and 14 third molars.
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Radiographic Assessment

Panoramic radiographs obtained before and after tooth
extraction were analyzed using Sidexis 4 dental imaging
software (Dentsply Sirona, Axeos 3D imaging system,
Beinsheim, Germany). Two anatomical reference points were
identified on the panoramic images to determine the extent
of pneumatization: the first was a line parallel to the Frankfort
horizontal plane passing through the most superior point of
the anterior nasal spine, and the second was a line parallel
to the Frankfort horizontal plane passing through the most
inferior point of the maxillary sinus. The vertical distance
between these two reference lines was considered the

measure of maxillary sinus pneumatization (Figure 1) [14-16].

Figure 1. The measured distance between the two reference points

is considered the indicator of sinus pneumatization.

To determine the magnification factor from the panoramic
radiographs taken before and after extraction, the vertical
distance between two lines parallel to the Frankfort horizontal
plane—one passing through the tip of the crown and the other
through the root apex of the canine or premolar—was measured.
In edentulous patients, this calibration was performed by
measuring the height of a metal reference ball on the panoramic
image. The magnification factor was then calculated using a
simple ratio and applied to the post-extraction radiographs
to obtain the actual pneumatization value (Figure 2). The
mean pneumatization for each study group was subsequently
determined by dividing the total pneumatization value by the
number of participants in that group.



Figure 2. The extent of pneumatization was calculated using post-

extraction radiographs.
Statistical analysis

Data analysis was conducted with IBM SPSS Statistics for
Windows, version 20.0 (IBM Corp., Armonk, NY, USA). The
normality of the data distribution was evaluated using the
Shapiro-Wilk test. Data are expressed as the mean along with
the minimum and maximum values. The Kruskal-Wallis test
was used to compare tooth types, time intervals, and cases of
multiple tooth extractions. A p-value of <0.05 was considered
statistically significant for all analyses.
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Results

The mean age of the patients included in the study was
584 + 10.2 years. The mean amount of maxillary sinus
pneumatization increased progressively with longer follow-
up periods after tooth extraction. In the 0-6 month group, the
mean pneumatization was 1.1 mm (range: 0.2-3.2 mm). This
increased to 1.7 mm (range: 0.2-4.6 mm) in the 7-12 month
group and to 2.1 mm (range: 0.1-5.1 mm) in the 13-18 month
group. The highest mean pneumatization was observed in the
19-24 month group, with a value of 3.9 mm (range: 0.8-6.2
mm). Table 1 presents the amount of pneumatization and the
number of teeth that caused pneumatization after extraction.

Analysis according to tooth type demonstrated notable
differences in the extent of maxillary sinus pneumatization.
The smallest mean value was observed following premolar
extractions (1.5 mm, range: 0.1-4.5 mm). First molar extractions
resulted in a mean pneumatization of 20 mm (range: 0.1-
6.2 mm), whereas second and third molar extractions both
showed the highest mean values of 2.4 mm. Maxillary sinus
pneumatization was greater in the first molar group than in the
premolar group. While no significant difference was detected
between the second and third molar groups, both demonstrated
higher values compared with the remaining groups (Table 2).
Pneumatization was greater after extracting teeth with infected
roots and molars whose curved roots lifted the sinus membrane.
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Discussion

This study provides important insights into the time-dependent
nature of maxillary sinus pneumatization following posterior
maxillary tooth extraction. By quantitatively evaluating
changes at different post-extraction intervals and comparing
them across tooth types, we identified clear patterns that have
direct implications for implant planning. Our results show that
sinus floor descent is minimal within the first 6 months (~1.1
mm) but increases progressively over time, reaching an average
of 3.9 mm at 19-24 months. Moreover, molar extractions—
particularly second and third molars—were associated with the
greatest degree of pneumatization, while premolars exhibited
the smallest changes. We also found that teeth with infected
roots or roots closely related to the sinus floor were more
prone to pronounced expansion. These findings highlight the
critical importance of early intervention or ridge preservation

techniques to minimize bone loss in high-risk cases.

Several radiographic studies have quantified the extent of
sinus floor descent after posterior tooth extractions, but their
findings vary. One longitudinal study reported a mean sinus
pneumatization of ~1.56 mm when comparing pre- and post-
extraction panoramic radiographs, with the greatest changes
noted in the molar regions [17]. Consistent with this, Sharan
and Madjar (2008) observed an inferior displacement of the
sinus floor averaging ~1.8 mm at 6-67 months post-extraction
(compared to the pre-extraction position), and ~2.2 mm when
comparing edentulous sites to contralateral dentate sites [5].
Notably, in certain anatomic situations they reported even
greater pneumatization — teeth whose roots were enveloped
by a superiorly curved sinus floor showed ~5.3 mm of sinus
expansion on average [5]. This aligns with our observation that
extractions of molars with closely related sinus anatomy (e.g.
curved roots lifting the sinus membrane) led to the highest
pneumatization values in our series. Indeed, we found second
and third molar extractions yielded mean sinus floor depressions
of ~2.4 mm, higher than first molars (~2.0 mm) and far greater
than premolar sites (~1.5 mm). This trend is well-supported
by prior studies: Wehrbein and Diedrich noted that molar
extractions induce significantly more sinus pneumatization than
premolar extractions [18], likely because molars occupy a larger
volume and are often closer to the sinus floor. Our results are in

line with this, underscoring tooth type as an important factor.
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Using three-dimensional cone-beam computed tomography
(CBCT) scans, Hameed et al. found that only around 12% of
the vertical bone reduction 6 months after a maxillary molar
extraction was due to sinus floor depression - the vast majority
of bone loss came from crestal/alveolar resorption [19]. In
their study, the sinus floor shifted by a mean of just 0.47 mm
upward, whereas the overlying alveolar crest resorbed over
3 mm during the same period [19]. Another cross-sectional
CBCT study comparing edentulous vs. dentate sides similarly
detected a minor sinus pneumatization of about 0.9 mm on
average at sites of a single missing upper posterior tooth [11].
These findings suggest that in many cases of isolated tooth
loss, the sinus does not dramatically expand - at least not in
the early post-extraction phase. Indeed, some researchers
have reported that the time elapsed beyond the initial healing
(~6 months) has little further effect on sinus floor position [19],
implying that most dimensional changes occur soon after
extraction. These smaller values (on the order of 0.5-1 mm)
contrast with the larger mean changes observed in our study
(and others), and the discrepancy may be due to differences
in observation period and methodology. Studies with shorter
follow-ups or cross-sectional designs might capture a snapshot
before full pneumatization occurs, whereas our data indicate
that more substantial sinus expansion can develop by ~2 years
post-extraction. Methodological factors are also important:
our measurements were done on radiographic images with
reference lines, which could be influenced by magnification or
patient positioning [7-10]. In fact, 2D panoramic radiographs
have inherent distortion, though vertical measurements on
panoramic images are considered reasonably reliable when
standardized [20, 21]. By contrast, 3D cone-beam CT provides
more precise volumetric assessment; CBCT-based studies
might report smaller linear changes simply because they can
differentiate true sinus floor remodeling from overall ridge
reduction [1, 17, 22]. Despite these differences, the consensus
in the literature is that some degree of sinus floor descent does
occur post-extraction in many cases, even if the magnitude
varies. Our findings extend this knowledge by quantifying how

that pneumatization progresses over time and by tooth type.

Another key finding was that sinus expansion was greater
when the extracted tooth had an infected or structurally

compromised root, and when roots were in close contact with



or protruded into the sinus floor. Such cases—often molars
with divergent, curved roots—showed more vertical sinus
floor displacement, consistent with Lim et al. who reported
the highest pneumatization after removal of endodontically
compromised teeth [17]. Both local anatomical factors (root-
sinus proximity, sinusfloormorphology) and pathologicalfactors
(infection) appear to influence the extent of pneumatization.
Proposed mechanisms include disuse atrophy—where loss of
functional loading triggers bone resorption in line with Wolff’s
law—and the breach or thinning of the sinus floor during
extraction, facilitating membrane prolapse into the socket [5,
18, 23]. Additional contributors may be changes in sinus air
pressure and chronic inflammation, which can weaken the
sinus floor through osteolysis. Overall, post-extraction sinus
pneumatization is likely multifactorial, shaped by mechanical,

anatomical, and inflammatory influences.

This study has certain limitations. First, changes in alveolar
ridge and maxillary sinus dimensions were assessed using
panoramic radiographs. Although standardized reference
points were employed to superimpose images taken at
different time points, the use of CBCT would allow for more
precise, three-dimensional evaluation and verification of sinus
pneumatization changes. Second, sinus pneumatization is
known to be influenced by a variety of factors beyond tooth
extraction in the posterior maxilla. In this study, we focused
exclusively on the relationship between extraction and
pneumatization, and the relatively small sample size may limit
the generalizability of our findings. Future studies with larger
populations, incorporating CBCT imaging and evaluating
additional contributing variables—such as sinus anatomy,
bone density, and patient-specific factors—are warranted to

validate and expand upon these results.

In conclusion, this study demonstrates that maxillary sinus
pneumatization is a progressive, time-dependent process
following posterior maxillary tooth extraction. While changes
are minimal in the early healing phase, they become more
pronounced over time. Molar extractions—particularly second
and third molars—are associated with greater expansion than
premolars,and theriskis higher when roots are close to the sinus or
when extraction is due to chronic infection. Our results emphasize
the clinical relevance of early intervention or ridge preservation

strategies to help maintain bone volume in the posterior maxilla.
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