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Aim: To characterise and measure the Schneiderian membranes of individuals with periodontal diseases in China and to
analyse the factors impacting maxillary sinus mucosal thickness using cone-beam computed tomography (CBCT). Mate-
rial and method: A cohort of 221 patients with periodontal disease was subjected to cross-sectional CBCT examination.
Various parameters, including age, sex, alveolar bone loss, furcation lesions and vertical infrabony pockets, were anal-
ysed as correlates of mucosal thickening (MT). Sinus mucosal thickness ≥2 mm qualified as MT. Results: MT was
detected in 103 (48.9%) patients, increasing in frequency as the degree of alveolar bone loss advanced (mild, 14.5%;
moderate, 29.5%; severe, 87.9%). The association between MT and vertical infrabony pockets was statistically signifi-
cant (P < 0.001). The likelihood of MT increased with moderate [odds ratio (OR) = 1.02] and severe (OR = 4.62) peri-
odontal bone loss (P < 0.001), as well as with furcation lesions (OR = 2.76) and vertical infrabony pockets
(OR = 13.58). Conclusions: Relative to the case in patients with periodontitis and normal mucosa, the probability of
MT increased dramatically as alveolar bone loss worsened. Periodontal pathologies (i.e. furcation lesions and vertical
infrabony pockets) were also more likely to coincide with MT.
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INTRODUCTION

Periodontal disease is the most prevalent infectious
disease in humans and it can considerably impact sys-
temic health1. The most destructive form of periodon-
tal disease is periodontitis, which has a high
prevalence in China. According to a targeted epidemi-
ological investigation, only 14.5% of Chinese people
older than 35 years of age enjoy periodontal health2.
Periodontitis is a chronic oral infection generated

and sustained by a polymicrobial biofilm in the
mouth. The resultant immunoinflammatory response
alters both the mucosa and the supportive connective
tissue elements, stimulating net resorption of alveolar
bone3–6. Maxillary sinusitis, which can arise from
bacterial, fungal or viral infections7, is often attribu-
ted to periodontal disease8,9. Recent efforts have actu-
ally shown that most instances of maxillary sinusitis
can be traced to odontogenic origins10. Mucosal
thickening (MT) commonly develops in conjunction

with chronic maxillary sinusitis11 and it is probably
pathologic when it is >2 mm. However, even MT of
up to 4–5mm can be asymptomatic, going unnoticed
by those in whom it is present.
The close anatomical proximity of the posterior

maxilla to the maxillary sinuses renders the maxilla
vulnerable to periodontal inflammation. Furcation
lesions and vertical infrabony pockets of the posterior
teeth are also common accompaniments of periodonti-
tis, especially severe periodontitis. Because conven-
tional diagnostics (i.e. intraoral and panoramic
radiographs) in the past showed limited reliability12,
cone-beam computed tomography (CBCT) is now
widely used for imaging studies of the oral cavity and
the maxillofacial region. In comparison with conven-
tional diagnostics, CBCT provides superior diagnostic
accuracy in defining periodontal bone defects and the
soft-tissue morphology of the maxillary sinus floor13.
CBCT imaging is also a better means of assessing cra-
ter and furcation defects. Three-dimensional (3D)
views are ideal for evaluating infrabony abnormalities.
In addition, CBCT has lower radiation requirements
and is less costly than traditional computed tomogra-
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phy (CT)14, making it the preferred non-invasive and
quantitative technique for studying both the periodon-
tal tissues and the maxillary sinus.
In the current study, advanced CBCT was used to

measure periodontal bone height, to evaluate furca-
tion lesions and vertical infrabony pockets and to
assess the maxillary sinus mucosa in patients under
periodontal care. Along with clinical input regarding
patient age, sex and other relevant parameters, a full
analysis of the relationship between MT and peri-
odontitis was undertaken, focusing on MT as a
potential risk factor for periodontitis. In drawing
attention to MT, we also aimed to raise awareness of
prevention and treatment measures for periodontitis,
thus reducing the incidence of secondary maxillary
sinusitis.

MATERIALS AND METHODS

Recruitment of patients

Between May 2012 and November 2012, all CBCT
images (n = 290) taken to diagnose periodontitis in
the Department of Periodontics, Stomatological
Hospital of the China Medical University, were anal-
ysed. Patient sex and age were recorded, and the fol-
lowing eligibility criteria were used: (i) maxillary
premolar or molar teeth free of dental caries and peri-
apical lesions; (ii) no missing premolar and molar
teeth in the maxilla; and (iii) no maxillary implants.
The criteria for exclusion were as follows: (i) preg-
nancy; (ii) nursing; (iii) antibiotic use in the 2 months
before recruitment; (iv) common cold or flu accompa-
nied by fever, stuffiness, nasal discharge, pain and ten-
derness to pressure or swelling over the sinus in the
4 weeks before recruitment15; (v) a predisposition to
active seasonal (e.g. pollen) or perennial (e.g. mould
and dust) allergies; (vi) use of nasal drops; (vii) active
asthma; (viii) use of vasoconstrictive medications or
cocaine16; and (ix) partial opacification, total opacifi-
cation and polypoidal MT demonstrated by CBCT.
Ultimately, 221 patients (113 male and 108 female)
seeking periodontal care qualified for inclusion in the
study. The mean age of the patients was 30.1 years
(range, 17–71 years).
To evaluate the impact of age on the prevalence

and severity of maxillary sinus MT, the patients
were stratified as follows17: 0–18 years of age
(juveniles); 19–25 years of age (young adults); 26–
40 years of age (adults); 41–60 years of age
(middle-aged adults); and >60 years of age (geriatric
adults).
The research was permitted with approval from

the Local Research Ethics Committee of China
Medical University (no. 2012-03). All candidates
agreed to periodontal and imaging examinations,

and provided signed informed consent before trial
enrolment. Parents or guardians provided consent
for the juvenile study participants (i.e. those
<18 years of age). The consent procedure consisted
of a written form and was approved by the Ethics
Committee. Our research was conducted in full
accordance with the World Medical Association
Declaration of Helsinki.

Periodontal examination

Each patient was subjected to a professional oral
examination to determine probing depth (PD), clinical
attachment loss (CAL) and sulcus bleeding index (SBI,
scored 0–5)18 from six sites (mesiobuccal, buccal, dis-
tobuccal, mesiolingual, lingual and distolingual) of the
posterior teeth. The PD (mm) was defined as the dis-
tance from the gingival margin to the base of the peri-
odontal pocket, and CAL (mm) was defined as the
distance from the cemento–enamel junction (CEJ) to
the base of the pocket. Furcation lesions were cate-
gorised as follows19: Class 0, no horizontal loss of
periodontal tissue support (in addition to the original
scoring scale); Class I, ≤3 mm of horizontal loss of
periodontal tissue support; Class II, >3 mm of hori-
zontal loss of periodontal tissue support, with no
through-and-through furcation; and Class III,
through-and-through furcation (requiring seeing the
tip of the probe at the contralateral furcation open-
ing)19. Information on smoking history was simply
recorded as never smoked (i) or daily/occasional
smoking (ii).
All clinical measurements were determined by two

professionally trained periodontal dentists (H.J.Z. and
S.R.; kappa > 0.85). The range of kappa coefficients
(�1 mm) between examiners was 0.81–0.93 for PD
(serial readings, 0.89–0.95) and 0.83–0.94 for CAL
(serial readings, 0.83–0.93).

Imaging procedures

CBCT images of the patients were acquired using a
3D CBCT scanner (QR-NIM s.r.l., Verona, Italy) with
standard parameters (110 kVp, 5.0 mA 160 lm,
3.6 s). The field of view was 20 cm 9 25 cm and the
images were reconstructed using the system’s NNT
software (QR-NIM s.r.l.). Slices at 0.25-mm intervals
were reconstructed on the sagittal and coronal planes
for overall evaluation and measurements. To ensure
data reliability, all images were reconstructed and
assessed under standardised conditions at a single
workspace by two general dentists, each of whom
was trained (1 week apart) by experienced radiolo-
gists. The kappa coefficient for observations was 0.91,
and the range of the coefficients for repeated assess-
ment was 0.88–0.92.
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Diagnosis and classification of MT

Maxillary sinus mucosal thickness of ≥2 mm served
as the cut-off for MT20. Mucosal thickness (mm) was
measured at the highest thickness from the sinus floor.
Classification of MT was performed as follows21:
(i) none; (ii) <2 mm, normal; (iii) 2–4 mm, mild;
(iv) 4–10 mm, moderate; and (v) >10 mm, severe
(Figure 1). In each patient, MT was considered to be
present if at least one sinus qualified.

Classification of alveolar bone loss

The measurements of bone loss at the maxillary pre-
molar and molar areas were computer generated
(using NNT software). Normal periodontal bone
height was determined by measuring from the CEJ to
the top of the alveolar bone crest (ABC)22, adjusting
the images on the axial plane and placing the necks of
the teeth in cross-section. The sites measured included
the mesial, distal, buccal and lingual surfaces, select-
ing three points at each surface23. The average values
at each site served as alveolar bone loss decreases for
statistical analysis. The results were accurate to
0.1 mm.
We classified the degree of alveolar bone loss as fol-

lows24: (i) mild (the distance from the CEJ to the top
of ABC was >2 mm but not beyond one-third of the
root at the crown); (ii) moderate (the distance from
the CEJ to the ABC was within the middle one-third
of the root); and (iii) severe (the distance from the
CEJ to the ABC reached the apical one-third).

Imaging analysis and classification of lesions
associated with periodontitis

Furcation lesions (radiolucencies at furcations of the
maxillary molars; Figure 1b) and vertical infrabony
pockets (Figure 1c) were also examined during the
course of our study. Vertical infrabony pockets were

categorised as follows25: (1) no pocket; (2) pocket
≥3 mm deep, extending to the middle third of the
root; or (3) pocket extending to the apical third of the
tooth25 (Vallo et al. 2010 Page: e82). All aspects of
each tooth were assessed on sagittal, coronal and
axial views. Any sextant affected had at least one
potential site for such lesions26.

Statistical analysis

Date were analysed using SPSS 13.0 (Chicago, IL,
USA). The v2 test was performed to analyse the preva-
lence of MT between groups with varying degrees of
alveolar bone loss. Comparison of clinical parameters
in patients with and without MT was achieved using
the independent-sample t-test. The relationships
between MT and periodontal pathologies, such as fur-
cation lesions, vertical infrabony pockets and pene-
trated sinus floors, are expressed as odds ratios (ORs)
with 95% confidence interval (95% CI). Analysis of
variance (ANOVA) was applied to compare the risk
factors for furcation lesions and vertical infrabony
pockets. All statistical tests were two-tailed, with the
level of significance (P value) <0.05.

RESULTS

Prevalence of MT according to degree of alveolar
bone loss

Among the 221 periodontal patients studied, 103
(48.9%) displayed MT. When analysed with regard to
extent of alveolar bone loss, the prevalence of MT
paralleled the degree of alveolar bone loss, with
14.5%, 29.5%, and 87.9% of patients showing mild,
moderate, and severe alveolar bone loss, respectively
(CBCT images shown in Figure 2). These results
indicate a dramatic increase in MT as the degree of
alveolar bone loss advances (P < 0.001).
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Figure 1. Cone beam computed tomography (CBCT) images of maxillary sinus mucosa: (a) normal mucosa in patients with periodontitis; (b) mild muco-
sal thickness (MT), left maxillary sinus (a 28-year-old woman, with furcation lesion of Tooth 26); (c) moderate MT, left maxillary sinus (a 41-year-old
man, with a vertical infrabony pocket of Tooth 26 and peak-type MT); and (d) severe MT, left maxillary sinus (a 32-year-old man, with the sinus floor

gap penetrated by inflammation caused by periodontitis).
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Prevalence of mucosal thickening according to sex,
age and smoking

The prevalence of MT was 58.3% in male patients
and 42.5% in female patients. According to age, the
prevalence of MT was 22.2% in juveniles (≤18 years
of age), 38.5% in young adults (19–25 years of age),
58.6% in adults (26–40 years of age), 45.2% in mid-
dle-aged adults (41–60 years of age) and 53.3% in
geriatric adults (>60 years of age). The prevalence of
MT was significantly higher in patients >26 years of
age than in younger patients (<25 years of age) and
was significantly higher in male patients than in
female patients (both groups, P < 0.05) (Figure 3).
The prevalence of smoking was 46% (52/113) in male
patients and 4.9% (5/108) in female patients.

Comparison of clinical parameters in patients with
and without MT

The mean PD and CAL measurements were signifi-
cantly higher in patients with MT (PD, 3.65 mm;
CAL, 3.81 mm) than in patients with normal mucosa

(PD, 3.05 mm; CAL, 3.25 mm) (P < 0.05). There
were no significant differences in SBI with and with-
out MT (P > 0.05). These results suggest a worse
periodontal status in patients with MT than in those
with normal mucosa (Table 1).

Severity and prevalence of maxillary sinus MT in
association with adjuncts of periodontitis

The relationships between maxillary sinus MT and
furcation lesions or vertical infrabony pockets were
also analysed. Patients with furcation lesions were
more likely to display mild MT (mean � SE, 2.5 �
0.26; range, 0–5.5 mm; prevalence, 69.8%), whereas
MT tended to be moderate in instances of vertical
infrabony pockets (mean � SE, 5.2 � 0.46; range,
0.5–19 mm; prevalence, 90.2%). Intergroup differ-
ences in MT, stratified according to lesions associated
with periodontitis (furcation lesions and vertical
infrabony pockets), were significant (P < 0.001), as
were differences in MT among furcation lesions
(Table 2).

Risk factors for MT of the maxillary sinus

Using binary logistic analysis, adults (26–40 years of
age) were more likely to have MT (OR = 2.96, 95%
CI: 1.29–6.78; P < 0.05) than were patients <25 years
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Figure 2. Alveolar bone loss in patients with maxillary sinus mucosal thickening (MT): (a) mild loss (a 35-year-old man, with 2 mm left maxillary sinus MT);
(b) moderate loss (a 45-year-old woman, with 3 mm left maxillary sinusMT); and (c) severe loss (a 52-year-old man, with 8.1 mm left maxillary sinus MT).
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Figure 3. Maxillary sinus mucosal thickening (MT), stratified by age
and sex (male predominance) *Sex differences, P < 0.05. §Age differ-

ences, P < 0.05.

Table 1 Probing depth (PD) and clinical attachment
loss (CAL) determinations, with and without mucosal
thickening (MT) (note the significantly higher PD and
CAL values in patients with MT)

Maxillary
sinus with
no MT

Maxillary
sinus with

MT

t P

PD 3.06 � 0.88 3.65 � 0.81 0.326 0.027*
CAL 3.25 � 0.76 3.81 � 0.73 0.253 0.004*

Values are given as mean � standard deviation.
*P < 0.05.
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of age (Table 3). The likelihood of MT also increased
commensurate with more severe periodontal bone loss
(moderate: OR = 1.02, 95% CI: 1.07–1.36; severe:
OR = 4.62, 95% CI: 3.37–6.33; P < 0.001). The
associations of MT with furcation lesions (OR = 2.76,
95% CI: 1.73–4.41; P < 0.001) and with vertical
infrabony pockets (OR = 13.58, 95% CI: 6.26–29.49;
P < 0.001) were pronounced (Table 3).

DISCUSSION

This study demonstrated that MT is more pervasive in
Chinese patients with periodontal disease than has
previously been believed. A complex disorder, MT is
fuelled by smouldering inflammation, apical periodon-
titis and other odontogenic infections. The likelihood
that the infection is of dental origin increases with the
degree of MT27. However, there have been few
known reports linking the severity of periodontitis
with maxillary sinus MT. Moreover, the early studies
all lacked clinical examinations. The present investiga-
tion demonstrated positive correlations of MT
and periodontitis in periodontal patients with the
ages of patients, their sex and various periodontal
parameters.
The prevalence of maxillary sinus MT in our

study was 14.5%, 29.5% and 87.9% in patients
with mild, moderate and severe alveolar bone loss,
respectively. The above outcomes are in agreement
with those of previously published studies25,26,
establishing the contribution of periodontal disease
to maxillary sinus MT. As in a study by Phothi-
khun et al.26, which demonstrated a three-fold
increase in the likelihood of MT with severe peri-
odontitis (OR = 3.02), we found that patients with
severe (OR = 4.62) alveolar bone loss were at sig-
nificantly higher risk for MT than were those with
mild alveolar bone loss.

The PD and CAL values recorded were similarly
somewhat higher in patients with MT than in those
with normal mucosa. Periodontitis is marked by
inflammation of the tooth-supporting tissues (peri-
odontal ligament fibres and alveolar bone), caused by
bacterial infection1. PD and CAL values are clinical
indices of periodontitis. PD increases as the fibres of
the periodontal ligaments are progressively destroyed,
and alveolar bone is resorbed, in tandem with CAL.
Higher PD and CAL values reflect more serious peri-
odontitis. The maxillary sinuses can also become
inflamed as a result of bacterial infection, possibly
arising in adjacent periodontitis. An earlier study sug-
gested that the bony floor of the maxillary sinus is not
continuous but rather is perforated by a number of
vessels, allowing for close approximation of the max-
illary sinus mucosa and periodontal ligament in the
endosteal bony space adjacent to the maxillary molar
teeth28. Another factor promoting inflammation is the
main blood supply of the dental and periodontal
structures: the intra-alveolar branches of the anterior
and posterior superior alveolar arteries. Collateral
branches of these vessels merge with vessels of the
basilar maxillary sinus, forming an intricate vascular
network29. Finally, the roots of the maxillary premo-
lar and molar teeth are normally separated from the
sinus floor by dense cortical bone of variable thick-
ness, but this separation consists only of mucoperios-
teum in some individuals. The latter circumstance is
believed to encourage the spread of inflammation to

Table 2 Mucosal thickening, stratified according to
lesions associated with periodontitis (furcation lesions
and vertical infrabony pockets)

Variable Furcation lesions Vertical infrabony
pockets

n 43 51
Minimum (mm) 0 0.5
Maximum (mm) 5.5* 19.0*
Mean � SE 2.48 � 0.26† 5.25 � 0.46†

Prevalence of
mucosal thickening (%)

69.8‡ 90.2‡

n, number of sinuses; SE, standard error.
*Statistically significant intergroup differences in maximal (mm)
mucosal thickening, P < 0.001.
†Statistically significant intergroup differences in prevalence of
mucosal thickening, P < 0.001.
‡Statistically significant intergroup differences in mean (mm) muco-
sal thickening, P < 0.001.

Table 3 Mucosal thickening, stratified according to
age, periodontal bone loss, furcation lesions, vertical
infrabony pockets, and penetrated sinus floors

Variable Category OR† 95% CI P-value‡

Sex Male vs. female 1.74 1.05–3.00 0.041*
Age (years) 26–40 vs. <25 2.96 1.29–6.78 0.013*

41–60 vs. <25 1.28 0.57–2.87 0.684
≥60 vs. <25 1.97 0.55–7.16 0.339
41–60 vs. 26–40 1.71 0.94–3.12 0.095
≥60 vs. 26–40 1.42 0.46–4.39 0.572
≥60 vs. 41–60 0.97 0.30–3.12 1.000

Periodontal
bone loss

Moderate vs. mild 1.02 1.07–1.36 0.000**
Severe vs. mild 4.62 3.37–6.33 0.000**

Furcation
lesions

Yes vs. no 2.76 1.73–4.41 0.000**
Class I vs. Class 0 0.32 0.21–1.98 0.761
Class II vs. Class 0 1.56 0.93–2.69 0.011*
Class III vs. Class 0 3.48 1.11–3.92 0.008*

Vertical
infrabony
pockets

Yes vs. no 13.58 6.26–29.49 0.000**
2 vs. 1 2.36 1.51–3.13 0.026*
3 vs. 1 5.58 2.56–5.31 0.018*

Values are given as odds ratio (OR) and 95% confidence interval
(95% CI).
†OR scale of disease risk: OR = 1.0–1.1, no risk; OR = 1.2–1.4,
low risk; OR = 1.5–2.9, moderate risk; OR = 3.0–9.9, high risk;
OR ≥ 10, extremely high risk.
‡Binary logistic regression analysis.
*P < 0.05.
**P < 0.001.
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the Schneiderian membrane30. Indeed, there has been
abundant evidence to support the notion that inflam-
mation of the maxillary sinus develops from adjacent
periodontitis.
Our findings similarly indicated a significant associ-

ation between MT in sinusitis of periodontal origin
and furcation lesions (OR = 2.76) and vertical
infrabony pockets (OR = 13.58). These results com-
pared favourably with those of Vallo et al.25, in
which furcation lesions (OR = 4.4) and vertical
infrabony pockets (OR = 6.3) corresponded with a
significantly higher risk of MT, relative to edentulous
subjects. Given that furcation lesions and vertical
infrabony pockets are characteristic of severe peri-
odontitis, the inherently higher levels of pathogenic
bacteria, bacterial products and inflammatory cytoki-
nes might easily explain this heightened risk31. A
case study by Lane and O’Neal8 suggested that
sinusitis could develop from the extension of peri-
odontal disease into the maxillary sinus. Moreover,
Moskow and Polson32 did not believe that periodon-
titis is a localised and marginal disease, and they sug-
gested that its effects might be much more pervasive
than previously believed. Based on a histopathologi-
cal study, Moskow9 also found an apparently direct
relationship between moderate and severe periodonti-
tis of the maxillary molar teeth and pathological
changes resulting in thickening of the maxillary sinus
mucosa.
In our investigation, MT proved to be male pre-

dominant (male patients, 58.3%; female patients,
42.5%), more than in similar data generated by Vallo
et al.25 (male patients, 18%; female patients, 8%) and
by Phothikhun et al.26 (male patients, 50.9%; female
patients, 35%), perhaps because of patient selection.
All our subjects were referred for periodontal treat-
ment planning, whereas Vallo et al.25 analysed
recruits for clinical oral health examinations, and
Phothikhun et al.26 studied patients required dental
implants. Another potential explanation is that Chi-
nese men are more likely to be smokers (male
patients: 46%, 52/113; female patients: 4.9%, 5/108).
Although some studies have linked sinusitis to cigar-
ette smoking33,34, there are currently no compelling
data to support this argument. Aside from our simple
analysis, further research addressing the factors that
might influence the physiology/anatomy of the oral
cavity in smokers is clearly needed.
The maxillary sinus varies in size, depending not

only on the constitution, but also on the age, of an
individual. Our study showed that the prevalence of
MT increased in patients 26–40 years of age and
declined thereafter. This phenomenon was inconsis-
tent with a study by Shanbhag et al.35, which
reported a significant association between MT and
age >60 years. As a possible coincidence, it was

suggested that the presence of periodontal disease,
especially aggressive periodontitis occurring chiefly in
young people, might contribute to the prevalence of
MT.
We elected to study the relationship between peri-

odontitis and maxillary sinus MT using CBCT. This
approach provides better diagnostic and quantitative
information about periodontitis than does conven-
tional radiography, particularly in terms of periodon-
tal bone levels, furcation lesions and vertical
infrabony pockets. In traditional imaging, which is
limited by the projection geometry and the superposi-
tion of adjacent anatomic structures, the state of the
maxillary sinus floor in patients with periodontitis
has generally been ignored. CT scans have become
the gold standard in medicine for maxillary sinus
visualisation because of the capacity of CT to delin-
eate both bone and soft tissue in thin sections on
multiple views36. Nevertheless, it has been difficult to
apply CT widely in the oromaxillofacial region. Com-
pared with traditional CT, the radiation exposure
and cost of CBCT are lower37, and it can help to
clarify the origin and extent of maxillary sinus
involvement in periodontitis38. The use of CBCT has
clearly depicted the importance of the maxillary sinus
in guiding implant treatment in some studies39–41.
This method might thus be useful in assessing peri-
odontitis-related maxillary sinus problems in candi-
dates for implants.
Although we endeavoured to analyse the relation-

ship between periodontitis and maxillary sinus MT,
other pathologic states, such as mucosal cysts, partial
opacification and total opacification, performed in the
maxillary sinus, were not included. Moreover, owing
to the limitations of our facility, only radiographic
evidence of the relationship between periodontal dis-
ease and MT was pursued. No pathophysiological,
microbiological or histopathological assessments of
thickened Schneiderian membranes were attempted
during this study.

CONCLUSIONS

Within the scope of our work, the prevalence of MT
paralleled the degree of alveolar bone loss, with
87.9% of patients displaying MT when alveolar bone
loss of the maxillary posterior teeth was severe. Simi-
larly, the periodontal status of patients was worse
with MT than with normal mucosa. Furcation lesions
and vertical infrabony pockets were more likely to be
associated with MT. Further clinical investigations are
warranted to determine the benefits of treating sinusi-
tis related to periodontal disease. A close collaborative
effort between periodontologists and medical special-
ists is essential for accurate diagnosis and optimal
patient treatment.
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