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Healing pattern of the mucous membrane after
tooth extraction in the maxillary sinus

Ji-Young Yoo, Sung-Hee Pi, Yun-Sang Kim, Seong-Nyum Jeong, Hyung-Keun You"
Department of Periodontology, Wonkwang University School of Dentistry, Iksan, Korea

Purpose: To investigate the healing pattern of the mucous membrane after tooth extraction necessitated by periodontal dis-
ease in the maxillary sinus.

Methods: One hundred and three patients with 119 maxillary sinuses were investigated. Before implant placement, cone-beam
computed tomography (CT) scanning was performed. The causes of extraction, the time elapsed since extraction, smoking,
periodontal disease in adjacent teeth, and gender were recorded. In addition, the thickness of the mucous membrane of the
maxillary sinus and the height of residual alveolar bone at the extracted area were calculated from CT images.

Results: The thickness of the mucous membrane in the periodontal disease group (3.05+2.71 mm) was greater than that of
the pulp disease group (1.92+1.78 mm) and the tooth fracture group (1.35+0.55 mm; P<0.05). The causes of extraction, the time
elapsed since extraction, and gender had relationships with a thickening of the mucous membrane of the maxillary sinus (P<
0.05). In contrast, the height of the residual alveolar bone at the extracted area, periodontal disease in adjacent teeth, and smok-
ing did not show any relation to the thickening of the mucous membrane of the maxillary sinus.

Conclusions: The present study revealed distinct differences in healing patterns according to the causes of extraction in the

maxillary sinus, especially periodontal disease, which resulted in more severe thickening of the mucous membrane.
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INTRODUCTION

The loss of alveolar bone caused by periodontal disease and
pneumatization of the maxillary sinus make it difficult to in-
stall implants in the maxillary posterior area. Recently, tech-
niques for maxillary sinus augmentation, the lateral window
technique and the alveolar osteotome technique, have been
widely used in the clinic and have made surgery highly pre-
dictable [1,2]. However, several complications including per-
foration, bleeding, and inflammation of the mucous mem-
brane may occur during the surgical procedure [3-5]. To min-
imize these kinds of complications, surgical techniques and
materials have been developed and we should clearly deter-

mine the relation between the nature of the mucous mem-
brane and oral diseases that may influence to abnormalities
of mucous membrane.

Bergh et al. [6] noted that mucosal thickening is not an ab-
solute contra-indication but may constitute a relative contra-
indication for sinus floor elevation. Worth and Stoneman [7]
demonstrated that the acute or chronic infection causes hy-
pertrophy of the maxillary mucosal membrane, a decrease in
the volume of the maxillary sinus, and leads to the inflamma-
tion of the maxillary sinus due to a decline in the natural
drainage of the maxillary sinus.

It has been reported that the average thickness of the nor-
mal mucous membrane of maxillary sinus is 0.8 mm, but
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acute or chronic inflammation can cause thickening of the
sinus membrane [7]. Rak et al. [8] reported that abnormalities
in the ethmoidal sinuses were occurred only if 3 mm or more
of mucous thickening was present. One to 2-mm of mucous
thickening in the ethmoidal sinuses occur in 63% of asymp-
tomatic patients.

One of the causes of inflammation in the maxillary sinus is
odontogenic infection, the incidence of which is 10-12% [9,10].
If the involved part of the maxillary sinus is close to the root
of a premolar or molar, periodontal and endodontic infection
can easily affect the sinus membrane. Even if the maxillary
sinus is some distance from the root, severe periodontal dis-
ease may cause infection around the root that elicits a thick-
ening of the mucous membrane. Vallo et al. [10] reported
that periodontitis is related with the severity of the mucous
membrane thickening and increases in the prevalence rate.

Many studies have been conducted on the relationship be-
tween periodontal disease and mucosal thickening in the si-
nus membrane [11-13]. However, these reports were usually
made at a time when teeth were still present, and there have
been no studies conducted on the changes in the mucous
membrane after extraction. The purpose of the present study
is to investigate the healing pattern of the mucous membrane
after tooth extraction necessitated by periodontal disease in
the maxillary sinus.

MATERIALS AND METHODS

Study population

This study involved patients who had computed tomogra-
phy (CT) scanning prior to the treatment of implants in max-
illary posterior teeth at Wonkwang University Dental Hospi-
tal from September 1, 2007, to March 10, 2010. A total of 103
patients with 119 maxillary sinuses were investigated. Of the
maxillary sinuses, 65 were the right side and 54 were the left.
There were 61 males and 42 females and the average age of
patients was 51.50 years.

Examination procedure

The following factors, which are suspected of having an in-
fluence on mucous thickening, were evaluated for this study:
the causes of extraction, the time elapsed since extraction, the
height of residual alveolar bone at the extracted area, smok-
ing, periodontal disease in adjacent teeth, and gender. All fac-
tors were investigated by analyzing dental records and radio-
graphs. The causes of extraction were divided into three
groups: the ‘periodontal disease’ group were those patients
with teeth extracted due to periodontal disease, the ‘pulp dis-
ease’ group were those that had teeth extracted because of
caries or endodontic problems, and the ‘tooth fracture’ group

Journal of Periodontal
& Implant Science

consisted of patients who had teeth extracted because of a
fracture of a retained root or crown. Regarding the time
elapsed since extraction, 4 months was chosen as the stan-
dard cutoff because Huang et al. [14] reported that 4 months
was required to recover a normal mucous membrane after
surgery for maxillary sinusitis. Patients with less than 4 months
elapsed since extraction were classified into Group A, from 4
to less than 12 months were classified into Group B, and those
with more than 12 months were classified into Group C. Re-
garding the height of residual alveolar bone, those with less
than 4 mm were classified into Group I, from 4 mm to less
than 10 mm were classified into Group I, and those with
more than 10 mm were classified into Group IIL. Periodontal
disease in adjacent teeth was diagnosed when pocket depth
was more than 3 mm, when there was bleeding on probing,
and when alveolar bone loss was visible by radiograph. Pa-
tients with periodontal disease in adjacent teeth were classi-
fied into the ‘disease’ group, and patients with no periodontal
disease in adjacent teeth were classified into the ‘normal’
group. Twenty-five cases with insufficient data for diagnos-
ing periodontal disease were excluded from this evaluation.
All patients having periodontal disease received scaling and
root planing or periodontal flap surgery according to the se-
verity of their disease. Before implant placement, cone-beam
CT (Alphard Vega, Asahi Roentgen, Kyoto, Japan) scanning
was performed, using the D-mode (scan size 51x 51 mm, vox-
el size 0.1 mm) and I-mode (scan size 102 x102 mm, voxel size
0.2 mm) CT formats. The thickness of the mucous membrane
was measured at the thickest area using a ruler in PiView
STAR software (Infinitt Co., Seoul, Korea). Based on studies
by Patel et al. [15] and Rak et al. [8], a mucous membrane thick-
ness under 2 mm was regarded as ‘normal, more than 2 mm
was regarded as a ‘thickening’ of the mucous membrane, and
full radiopacity in the whole maxillary sinus was regarded as
a ‘completely radiopaque’ membrane.

Data analysis

Data were statistically analyzed using SPSS 12.0 (SPSS Inc.,
Chicago, IL, USA). As the data did not have normal distribu-
tion, a non-parametric test, the Mann-Whitney U test, was
used. A chi-square test was used for the assessment of mu-
cous thickening (more than 2 mm) in relation to the above
factors.

RESULTS

One hundred nineteen maxillary sinuses were studied and
mucous thickening was observed in 55 (46%) sinuses. In the
classification according to the causes of extraction, 82 be-
longed to the periodontal disease group, 22 belonged to the
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pulp disease group, and 14 belonged to the tooth fracture
group. The average time elapsed after extraction for taking
radiographs for the periodontal disease group was 13.6 months,
for the pulp disease group was 14.5 months, and for the tooth
fracture group was 9.8 months.

The relation between the thickness of the mucous mem-
brane and the causes of extraction

The thickness of the mucous membrane in the periodontal
disease group (3.05+2.71 mm) was significantly higher than
that of the pulp disease group (1.94+1.78 mm) and the tooth
fracture group (1.31+0.52 mm, P<o.05) (Table 1). The preva-
lence of mucous thickening (more than 2 mm) was 53.85%
for the periodontal disease group, which was significantly
higher than that of the pulp disease group (27.27%) and the
tooth fracture group (21.43%, P<o0.05) (Table 2). The percent-
age of normal mucous membranes (less than 2 mm) was low-
er in the periodontal disease group than in the pulp disease
group and the tooth fracture group. There were 4 cases of a
completely radiopaque membrane in the periodontal disease
group, but there were no completely radiopaque membranes
in the pulp disease group or the tooth fracture group.

The relation between the thickness of the mucous mem-
brane and the time elapsed since extraction

There was no significant difference between Group A (less
than 4 months) and Group B (4 to 11 months) regarding the
thickness of the mucous membrane according to the elapsed
time after extraction, but there were significant differences

Comparison of the thickness of the mucous membrane in
the maxillary sinus according to the causes of extraction.
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between Group A and Group C, and between Group B and
Group C (more than 12 months, P<0.05) (Table 3). In Group C,
the average thickness of the mucous membrane (1.87+1.62
mm) was lower than 2 mm, which was considered to be the
standard for mucous thickening. However, there were no
significant differences regarding the prevalence of mucous
thickening according to the time elapsed since extraction
(Table 4).

The relation between the thickness of the mucous mem-
brane and the height of residual alveolar bone at the ex-
tracted area

In Group I, where the height of residual alveolar bone at
the extracted area was less than 4 mm, the thickness of the
mucous membrane was 2.93+2.42 mm. In Group II, where
the height of residual alveolar bone was over 4 mm but less
than 10 mm, the thickness of the mucous membrane was
273+2.73 mm. In Group III, where the height of residual al-
veolar bone was more than 10 mm, the thickness of the mu-
cous membrane was 2.13+170 mm. There were no signifi-
cant differences between groups (Table 5). The difference in
the prevalence of mucous thickening according to the differ-
ent heights of residual alveolar bone at the extracted area
was not significant among all groups (Table 6).

The relation between the thickness of the mucous mem-
brane and smoking

The thickness of the mucous membrane in smokers was
2.85+2.54 mm, while that of non-smokers was 2.55+2.44 mm

Comparison of the thickness of the mucous membrane of
the maxillary sinus according to the time elapsed since extraction.

Mean+SD Mann-Whitney Utest Mean+SD Mann-Whitney Utest
Group No. Group No.
(mm) Groups compared Pvalue (mm) Groups compared Pvalue
Perio 78 3.05+£271  Periovs. Pulp 0.022° A 28 3.95+3.45 Avs.B 0.217
Pulp 22 1.94+£1.78  Pulpvs. Tooth fracture 0.610 B 37 2.58+2.10 Bvs.C 0.035°
Tooth fracture 14 1314052  Tooth fracture vs. Perio 0.009% C 50 1.87+162 Cvs. A 0.004?

Perio: periodontal disease, Pulp: pulp disease.
aSignificant difference between groups (P<0.05).

Prevalence of mucous thickening (more than 2 mm) ac-
cording to the causes of extraction.

A: time <4 months, B: 4<time <12 months, C: time > 12 months.
aSignificant difference between groups (P<0.05).

Prevalence of mucous thickening (more than 2 mm) ac-
cording to the time elapsed since extraction.

. Normal Thickening . Normal Thickening .
Causes of extraction 0 il Chi-square test Group O Pl Chi-square test
Periodontal disease group 36 (46.15) 42 (53.85) A 12 (42.86) 16 (57.14)
Pulp disease group 15(68.18) 7(31.82) P=0.009% B 18 (48.65) 19(51.35) P=0.058
Tooth fracture group 12(85.71) 2(14.29) C 34 (68.00) 16 (32.00)

Values are presented as number (%).
aSignificant difference between groups (P<0.05).

Values are presented as number (%). There was no significant difference between
groups (P<0.05).
A: time <4 months, B: 4<time< 12 months, C: time >12 months.
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Table 5. Comparison of the thickness of the mucous membrane of
the maxillary sinus according to the height of residual alveolar bone
at the extracted area.
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Table 9. Comparison of the thickness of the mucous membrane of
the maxillary sinus according to periodontal disease in adjacent
teeth.

Sroup - Mean+SD Mann-Whitney Utest Periodontal disease ~ No. Mean+SD (mm) ~ Mann-Whitney Utest
' (mm) Groups Compared ~ Pvalue Disease 76 269240 P=0.106
| 17 293:242 Ivs. I 0309 Norml 14 1.70+137
I 68 273£273 [vs. I 0433 There was no significant difference between groups (P<0.05).
Il 30 213170 s 0.147 Disease: the group with periodontal disease in adjacent teeth, Normal: the group

I: height<4 mm, II: 4<height< 10 mm, lll: height>10 mm.
There was no significant difference between groups (P<0.05).

Table 6. Prevalence of mucous thickening (more than 2 mm) ac-
cording to the height of residual alveolar bone at the extracted area.

Normal Thickening .
Group 2 i (22 mm) Chi-square test
I 7(41.18) 10(58.82)
Il 39(57.35) 29(42.65) P=0.896
1l 18(60.00) 12 (40.00)

Values are presented as number (%). There were no significant differences between
groups (P<0.05).
I: height<4 mm, II: 4 <height< 10 mm, lll: height>10 mm.

Table 7. Comparison of the thickness of the mucous membrane of
the maxillary sinus according to smoking.

Smoking No. Mean+SD (mm) Mann-Whitney Utest
Smoking 22 2.85+254 P=0.399
Non-smoking 93 255+2.44

There was no significant difference between groups (P<0.05).

Table 8. Prevalence of mucous thickening (more than 2 mm) ac-
cording to smoking.

. Normal Thickening .
Smoking (<2 mm) i) Chi-square test
Smoking 10 (45.45) 12 (54.55) P=0.284
Non-smoking 54 (58.06) 39(41.94)

Values are presented as number (%).
There was no significant difference between groups (P<0.05).

(Table 7). There was no significant difference between the
groups. Mucous thickening was more frequent in smokers
(54.55%) than non-smokers (41.94%) (Table 8), but the differ-
ence was not significant. However, patients who had severe
mucous thickening were almost all smokers. Five of the 7 pa-
tients who had mucous thickening of more than 10 mm were
smokers (71%), and all patients who had a completely radi-
opaque membrane were smokers.

The relation between the thickness of the mucous mem-
brane and periodontal disease in adjacent teeth
The mucous membrane of the maxillary sinus was thicker

with no periodontal disease in adjacent teeth.

Table 10. Prevalence of mucous thickening (more than 2 mm) ac-
cording to periodontal disease in adjacent teeth.

Periodontal disease el IDIE iy Chi-square test
(<2 mm) (=2 mm)

Disease 40(52.63) 36(47.37) P=0.193

Normal 10(71.43) 4(2857)

Values are presented as number (%).There was no significant difference between
groups (P<0.05).

Disease: the group with periodontal disease in adjacent teeth, Normal: the group
with no periodontal disease in adjacent teeth.

Table 11. Comparison of the thickness of the mucous membrane of
the maxillary sinus according to gender.

Gender No. Mean+SD (mm) ~ Mann-Whitney Utest
Male 61 3.01+2.60 P=0.001°
Female 42 2.04+213

aSignificant difference between male and female (P<0.05).

Table 12. Prevalence of mucous thickening (more than 2 mm) ac-
cording to the gender of patients.

Normal Thickening .
Gender P o] Chi-square test
Male 29(43.28) 38(56.72) P=0.002°
Female 35(72.92) 13(27.08)

Values are presented as number (%).
aGignificant difference between male and female (P<0.05).

in the periodontal disease group (2.69+2.40 mm) than in the
normal group (170+1.37 mm), but there was no significant
difference between the groups (Table g). Mucous thickening
was more frequent in the disease group (47.37%) than in the
normal group (28.57%), but the difference was not significant
(Table 10).

The relation between the thickness of the mucous mem-
brane and gender

The mucous membrane of the maxillary sinus was signifi-
cantly thicker in males (3.01+2.60 mm) than in females (2.04
+2.13 mm, P<0.05) (Table 11). Mucous thickening was signif-
icantly more frequent in males (56.72%) than females (27.08%,
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P<o0.05)(Table 12).

DISCUSSION

This study assessed whether periodontitis, the most com-
mon infectious disease of the maxillary posterior teeth, af-
fects the thickening of the mucous membrane in the maxil-
lary sinus after tooth extraction. The group with periodontal
disease as the cause of extraction showed a thicker mucous
membrane than the pulp disease group and the tooth frac-
ture group. These results also showed that a thickened mu-
cous membrane needs more time than a normal mucous
membrane after extraction.

In the present study, a diagnostic standard of 2 mm mu-
cous membrane thickening by radiopacity was chosen. Rak
et al. [8] reported that a thickness of less than 2 mm was a
normal finding in the ethmoidal sinus. Patel et al. [15] report-
ed that 2 mm was used as the cutoff because a thickness of
less than 2 mm is difficult to measure on most magnetic res-
onance imaging scans. Based on these studies, we established
2 mm of mucous membrane as the threshold of mucous
membrane thickening. We chose 4 months as the standard
for the elapsed time after the extraction based on the obser-
vation by Huang et al. [14] that when treating patients with
chronic maxillary sinusitis, most maxillary sinus mucosa re-
covered within 4 months.

There have been no studies conducted on the thickening
of the mucous membrane in the maxillary sinus in relation
to the cause of extraction, although several studies have re-
ported on the relation between periodontal disease and ab-
normalities in maxillary sinus mucosa when teeth are still
present. Téziim et al. [16] reported that periodontitis may
produce generalized sinus mucous membrane hyperplasia.
Worth and Stoneman [7] reported that the thickness of a nor-
mal membrane of the maxillary sinus is under 0.8 mm, but
periodontitis may lead to an increase in the size of the sinus
membrane. These findings were supported by histopatho-
logical observations that severe periodontitis of the maxillary
molars was clearly related to a thickening of the mucous
membrane in the maxillary sinus [17]. Several studies using
conventional radiography (periapical X-ray, panorama) re-
ported that periodontitis was related with the severity and
prevalence of mucous abnormality in maxillary sinus [10-13).
Bomeli et al. 18], who studied acute odontogenic inflamma-
tion of the maxillary sinus by CT, reported that oral maxillary
sinus fistula and periodontitis were distinct causes of inflam-
mation compared with that of caries or periapical abscess. As
has been shown in previous studies, periodontitis has a close
relation with the abnormality of maxillary sinus mucosa. In
the present study, periodontitis is an important factor in the
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thickening of the mucous membrane even after extraction,
this result was similar to previous studies evaluating the
thickening of mucous membrane before extraction.

Inflammation will disappear if the cause of infection is re-
moved. Therefore, the time elapsed since extraction can in-
fluence the thickening of the mucous membrane. In the
present study, the average time elapsed since extraction was
13.6 months in the periodontal disease group, 14.5 months in
the pulp disease group, and 9.8 months in the tooth fracture
group. The thickness of the mucous membrane in the peri-
odontal disease group was thicker than that of the pulp dis-
ease group considering the time elapsed since extraction.
The tooth fracture group showed less thickening of the mu-
cous membrane even though they had a shorter time elapsed
since extraction than the other groups. In other words, a
thicker mucous membrane remained where inflammation
was present, and disappeared where no inflammation was
present.

The thickness of the mucous membrane gradually decreased
with increasing time since extraction (from Group A to Group
C). The thickening of the mucous membrane in Groups A
and B showed no significant difference. These results show
that when thickening of the mucous membrane is main-
tained up to 11 months, it recovers to normal thickness after
12 months.

In the previous studies mentioned above, periodontal dis-
ease affected maxillary sinus mucosa. In the present study,
the mucous membrane at the extracted area was thicker in
the group with periodontal disease in adjacent teeth than in
the group with no periodontal disease. However, it seems
that periodontal disease in adjacent teeth had no influence
on the thickening of the mucous membrane because there
was no statistically significant difference between the two
groups.

Several studies reported that mucous abnormality in the
maxillary sinus was more frequent in males than females
[19,20]. In contrast, Patel et al. [15] reported that there was no
difference between the two genders. The present study found
males to have thicker sinus mucosa than females.

No significant relationship was revealed between the height
of residual bone around the extracted teeth and the thicken-
ing of the mucous membrane. This is similar to the findings
of a study on the maxillary sinus using CT conducted by
Cheong et al. [21]. We did not evaluate the relationship be-
tween age and the thickness of the mucous membrane be-
cause most of patients in the present study were elderly.

Smoking did not show a relationship with a thickening of
the mucous membrane in the present study. This result is
similar to studies of Tarp et al. [22], which investigated abnor-
malities of the maxillary sinus without otolaryngological dis-
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ease, and Beaumont et al. [23], which studied maxillary sinus
disease. However, 5 of 7 patients (71%) whose mucous thick-
ness was more than 10 mm were smokers, and all patients
with a completely radiopaque membrane were smokers.
Therefore, we can reasonably conclude that severe thicken-
ing of the mucous membrane in the maxillary sinus was un-
doubtedly influenced by smoking.

The present study revealed that the causes of extraction, the
time elapsed since extraction, and gender had significant re-
lationships with the thickness of the mucous membrane in
the maxillary sinus. After teeth were extracted, periodontal
disease resulted in more severe thickening of the mucous
membrane. In the future, a prospective study with a large
population is needed to evaluate the relationship between
changes in the thickness of the mucous membrane of the
maxillary sinus and extraction. These findings reinforce the
fact that careful history taking and radiographic evaluation
prior to a sinus elevation technique are important for implant
installation.
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