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Abstract

Inflammatory injuries in the maxillary sinus may origi-
nate from root canal infections and lead to bone resorp-
tion or regeneration. This report describes the
radiographic findings of 4 asymptomatic clinical cases
of large reactional osteogenesis in the maxillary sinus
(MS) associated with secondary root canal infection de-
tected using cone-beam computed tomographic (CBCT)
imaging. Apical periodontitis, a consequence of root ca-
nal infection, may lead to a periosteal reaction in the MS
and osteogenesis seen as a radiopaque structure on im-
aging scans. The use of a map-reading strategy for the
longitudinal and sequential slices of CBCT images may
contribute to the definition of diagnoses and treatment
plans. Root canal infections may lead to reactional os-
teogenesis in the MS. High-resolution CBCT images
may reveal changes that go unnoticed when using con-
ventional imaging. Findings may help define initial diag-
noses and therapeutic plans, but only histopathology
provides a definitive diagnosis. Surgical enucleation of
the periapical lesion is recommended if nonsurgical
root canal treatment fails to control apical periodontitis.
(J Endod 2015;-:1–11)
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The proximity of roots of the posterior maxillary teeth to the floor of the maxillary
sinus (MS) favors the appearance of inflammation in this region (1–5). In some

cases, these roots may project into the MS (5). On radiographs, the MS, the widest
of the paranasal sinuses, is seen as a radiolucent oval structure outlined by a thin radi-
opaque line. MS shape, size, radiolucency, and wall thickness may vary depending on
distinct radiographic projections in conventional imaging (6–9).

Root canal infectionmay affect the sinus mucosa even when there is no perforation
of the cortical sinus floor, and infection may spread into the sinus (10–15), which
explains a considerable number of MS abnormalities (16, 17). Odontogenic
maxillary sinusitis has been associated with root canal infection (1–4, 6, 10–15).
Shanbhag et al (4) evaluated the association between teeth with periapical lesions or
periodontal disease and sinus mucosal thickening using cone-beam computed tomo-
graphic (CBCT) imaging. Scans of 485 sinuses (243 patients) were evaluated for the
presence of periapical lesions or periodontal disease in the posterior maxillary teeth
associated with mucosal thickening, which was classified as pathological when greater
than 2mm. Their results showed that mucosal thickening in the sinuses was highly prev-
alent (60.5%) and 9.75 times more likely to be associated with teeth with periapical
lesions than with those without it. Bornstein et al (10) measured the thickness and eval-
uated the anatomic characteristics of the Schneiderian membrane and cortical bone
using limited CBCT scans used to plan apical surgery of maxillary molars. The Schnei-
derian membrane near roots with apical lesions tended to be significantly thicker than
in those without evident apical pathoses.

The promising advances of CBCT imaging and the detailed management of images
of MS inflammation, which can be navigated in different planes, may provide a better
understanding of cases, an accurate diagnosis, and, consequently, a better treatment
plan (1–4, 10, 14, 15, 17–19).

Periapical radiopacities that reveal bone reaction are less common than periapical
radiolucencies (20–22). Radiolucent areas are not often replaced with sclerotic bone
after endodontic treatment, which may lead to misdiagnoses (9, 22, 23). This study
describes 4 unusual clinical cases of large reactional osteogenesis in the MS
associated with secondary root canal infection detected using CBCT imaging. In
clinical cases with complex or nonspecific signs and symptoms, CBCT scans were
obtained to define the diagnosis of periapical disease (24). In all cases, the referral
to the private radiologic center was made only after a thorough clinical examination,
appropriate diagnostic testing, and an explanation to the patient about why the referral
was necessary.

Case Reports
Case 1

A 53-year-old woman was referred to a private radiologic center (CIRO, Goiania,
GO, Brazil) for panoramic radiographs to investigate the cause of sporadic discomfort
in teeth #2, #3, and #30 during mastication. Her medical history was negative for
concomitant diseases. Clinical examination revealed root canal treatments and
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Figure 1. (A) Radiograph shows singular appearance of root canal filling extending to the root apex and discreet apical radiolucency in the area of teeth #3, #4,
and (B) #30. (C) Panoramic radiograph shows irregular opacity in the right MS. (D and E) CBCT scan shows a hypodense periapical lesion with a small amount of
irregular mixed content and irregular bone extension into the right MS.
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restorations in these teeth and did not show any abnormalities of the
periodontal tissues. There was no spontaneous symptom or edema,
and mobility was normal. Palpation of buccal and lingual structures
around these teeth did not reveal any clinical evidence of endodontic
disease. Radiographs showed a root canal filling extending to the
root apex and discreet apical radiolucencies in teeth #3, #4, and
#30. Tooth #3 had a well-adapted endodontic post with its volume
centered in the root canal (Fig. 1A and B). Tooth #31 responded posi-
tively to cold testing. Panoramic images showed an irregular radi-
opaque structure in the right MS (Fig. 1C). To investigate patient
Figure 2. (A–P) CBCT scan shows a large area of apparent cancellous bone sur
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discomfort, CBCT scans were obtained using the I-CAT Cone Beam
3D imaging system (Imaging Sciences International, Hatfield, PA). Vol-
umes were reconstructed using isotropic-isometric voxels measuring
0.20 � 0.20 � 0.20 mm. Scans of the teeth affected were obtained
in sagittal, coronal, and axial planes. In the mesiobuccal root of tooth
#3, the CBCT images showed an area of bone hypodensity involving the
root apex with irregular internal margins, some straight and some
concave, which suggested the absence of growth under pressure. In
addition, external limits were marked by cortical bone and sharp
external angles (Fig. 1D and E). An irregular bone extension into the
rounded by a thin extension of cortical bone into the right MS.
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right MS had a large area of what apparently was cancellous bone for-
mation surrounded by a thin cortical layer (Figs. 1D and E and 2A–P).
The treatment suggested was the surgical removal of the tissue and the
root apex that had apical periodontitis.

The surgical procedures to remove the bone lesion in the right MS
began with antibacterial conditioning of the oral cavity followed by gen-
eral anesthesia after nasotracheal intubation. The Caldwell-Luc
approach was used as follows: intraoral incision, periosteal detach-
Figure 3. (A and B) Surgical enucleation of the lesion using the Caldwell-Luc appr
wall. (E and F) Root end resection: removal of 3 mm of the apical root end of the me
the surgical cavity and suture.

4 Estrela et al.
ment, careful osteotomy of the tissue to preserve the integrity of the
MS wall, detection and removal of the lesion, root end resection (api-
coectomy) with removal of 3 mm of the apical end of the mesiobuccal
root, irrigation and aspiration, review of the surgical cavity, and suture
(Fig. 3A–H). Only apicoectomy was performed to avoid keeping the pa-
tient under general anesthesia in the operating room for a long surgical
time and because of the satisfactory clinical quality of the root canal
filling. All the material collected was sent for microscopic analysis.
oach. (C and D) Careful removal of the tissue to preserve the integrity of the MS
siobuccal root (apicoectomy). (G and H) Irrigation and aspiration; a review of
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The patient returned 7 days later for clinical evaluation and suture
removal. At the follow-up visit 2 weeks after surgery, themucosal wound
had healed completely. The patient did not complain of any clinical
symptoms or discomfort during mastication. The importance of keep-
ing the scheduled follow-up visits was reinforced.

The periapical lesion was examined macroscopically to describe
its shape, color, and consistency. All specimens were fixed in 10% buff-
ered formalin (pH = 7.4) and embedded in paraffin. The microscopic
features were evaluated by the analysis of a 5-mm section of each sample
stained routinely with hematoxylin-eosin. Histopathology revealed os-
teogenesis at distinct stages of maturation, mature bone tissue with
concentric layers of lamellae (cement lines), and organized Harversian
systems in the upper area of the specimen. MS mucosa, seen adjacent to
bone, was a bilaminarmembrane with ciliated columnar epithelial cells,
similar to respiratory epithelium, and permeated by a small amount of
chronic inflammatory infiltrate (Fig. 4A). There were also large trabec-
ulae of mature lamellar bone and mature fibrofatty tissue and marrow
(Fig. 4B). Adjacent to the apical region, immature bone had a large
number of osteocytes and disorganized collagen fibers (Fig. 4C).
Case 2
A 41-year-old woman was referred to a private radiology center

(Goiania, GO, Brazil) for imaging studies to plan the placement of
maxillary implants. Her medical history was negative for concomitant
disease. Clinical examination revealed the absence of anterior maxillary
incisors and first and second molars that were replaced with dental
prostheses. There were no spontaneous symptoms or edema, and
both mobility of teeth #4, #5, and #6 and periodontal tissue attachment
were normal. Palpation of buccal and lingual structures around this site
Figure 4. Histopathology findings show (A) mature bone tissue with concentric la
sinus mucosa permeated by slightly chronic inflammatory infiltrate (arrowheads).
fibrofatty tissue (arrowheads). (C) Immature bone with a large number of osteoc
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revealed no abnormalities. The response to pulp vitality testing of teeth
#1 and #4 was normal. The diagnosis was apical periodontitis of tooth
#6. CBCT imaging was indicated, and images were acquired using the I-
CAT Cone Beam 3D imaging system. CBCT scans showed areas of bone
hypodensity in the root apex with irregular internal margins and a pro-
jection into the right MS, which suggested the absence of growth under
pressure (Fig. 5A–D). A heterogeneous hyperdense oval structure with
irregular mixed contents was noted in the area of tooth #6 (Fig. 5B–D).
Adjacent to the maxillary area of osteogenesis, there was a mucous
retention cyst in the right MS (Fig. 5A and B). Nonsurgical root canal
retreatment of tooth #6 was recommended, and if apical periodontitis
were not resolved, surgical enucleation of the periapical lesion would
be indicated.
Case 3
A 68-year-old woman was referred to a private radiology center

(Goiania, GO, Brazil) for imaging studies to plan the placement of an
implant in the right posterior maxillary region. Her medical history
was negative for concomitant diseases. Clinical examination revealed
the presence of a full-coverage restoration in tooth #3 and no abnor-
malities of periodontal tissues. There was no spontaneous symptom
or edema, and mobility was normal. Cold testing of tooth #4 was nega-
tive. Palpation of buccal and lingual structures around the tooth did not
reveal any abnormalities. The diagnosis was apical periodontitis of tooth
#3 and pulpal necrosis of tooth #4. CBCT imaging was indicated, and
images were acquired using the I-CAT Cone Beam 3D imaging system.
CBCT scans showed a well-defined hypodense periapical lesion associ-
ated with the apex of the lingual root of tooth #3. In addition, a cortical
bone expansion into the right MS was associated with a heterogeneous
yers of cement lines (asterisks), organized Harversian systems, and maxillary
(B) Large trabeculae of mature lamellar bone (asterisks) and mature marrow
ytes and disorganized collagen fibers (hematoxylin-eosin).
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Figure 5. (A–D) CBCT scan of tooth #6 shows a circumscribed hypodense periapical lesion projecting into the right MS. (B–D) Heterogeneous hyperdense oval
structure associated with tooth #6 contains irregular mixed contents. (A and B) Mucous retention cyst adjacent to maxillary bone formation in the right MS.
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hyperdense oval structure near tooth #3. Findings suggested the
absence of growth under pressure (Fig. 6A–D). Nonsurgical root canal
treatment was indicated for tooth #4 and nonsurgical endodontic re-
treatment for tooth #3. If apical periodontitis was not resolved, surgical
enucleation of the periapical lesion would be recommended.
6 Estrela et al.
Case 4
A 46-year-old woman was referred to a private radiology center

(CROIF, Cuiab�a, MT, Brazil) for imaging studies because of discomfort
in the region of right maxillary teeth. Clinical examination revealed a si-
nus tract but no other tissue abnormalities. Medical history was negative
JOE — Volume -, Number -, - 2015



Figure 6. (A) A panoramic view shows well-defined hypodense periapical lesion associated with a heterogeneous hyperdense oval structure near tooth #3. (B–D)
CBCT scan shows periapical lesion associated with lingual root of tooth #3 projecting into the MS.
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for concomitant diseases. CBCT imaging was indicated, and images were
acquired using the I-CAT Cone Beam 3D imaging system. Panoramic
and periapical radiographs showed root canal treatment of teeth #3
and #4 and a dome-shaped thickening, similar to a mucous retention
pseudocyst, in the right MS but with a thicker upper limit than usual.
The right and left MS extended into the alveolar region. No periapical
lesion was detected (Fig. 7A and B). CBCT scans (Fig. 8A–C) revealed
that tooth #3 had a large periapical lesion surrounded by a thick layer of
hyperdense bone that appeared to be an area of osteogenesis. The in-
ternal margins were irregular, some concave, which indicated the
absence of growth under pressure. The diagnosis was apical periodon-
titis of tooth #3, and nonsurgical root canal retreatment was indicated to
control infection followed by monitoring. If the lesion was not healed,
surgical enucleation of the periapical lesion would be recommended.
Discussion
The radiopaque lesions described in this report were incidental

findings. The imaging appearances of reactional osteogenesis in the
MS were associated with secondary root canal infection in adult pa-
tients. The radiopaque lesions were asymptomatic, localized, and
well-defined, and their shape was irregular, round, or ovoid. After
the probable etiologic agents of osteogenesis had been detected, either
root canal treatment or surgical enucleation was indicated.

The purpose of inflammatory responses is to detect, isolate, and
destroy aggressive agents and ensure that the environment is favorable
for repair (25). Resorption and bone regeneration are controlled by
inflammatory mediators. Bone reactions depend on the intensity of
Figure 7. (A and B) Panoramic and periapical radiographs show root canal treatme
pseudocyst in the right MS; the upper limit is thicker than usual. The right and lef
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the pathogenic agent as well as the duration of the aggression and the
systemic health of the individual (23, 25). Inflammatory lesions in
maxillary premolars and molars may induce periosteal reactions in
the MS and lead to the formation of a bone layer called a halo effect
(23).

Several studies have analyzed osteogenic responses caused by root
canal infection (26, 27). The bone-resorbing activity of mature osteo-
clasts results from the interaction between membrane-bound RANK
ligand (RANKL) and its receptor, receptor activator of nuclear factor
kappa-B (RANK). RANKL-RANK signaling, which activates the nuclear
factor-kB, is primarily inhibited by a soluble form called osteoprote-
gerin (OPG). Bone resorption promoted by the balance between RANKL
and OPG is reciprocally regulated by interleukin (IL)-1, IL-6, IL-11,
IL-17, macrophage colony-stimulating factor (M-CSF), granulocyte-
macrophage colony-stimulating factor (GM-CSF), and tumor necrosis
factor alpha. Th17 lymphocytes participate in osteoclastogenesis by re-
cruiting polymorphonuclear cells, macrophages, and monocytes stim-
ulated by the secretion of the master proinflammatory cytokine IL-17,
GM-CSF, IL-1, IL-6, IL-8/CXCL8, and GROa/CXCL1 and the expression
of RANKL (26). At the same time, other cytokines, such as interferon
(IFN)-g and IL-10, decrease the ratio of RANKL-OPG expression and
attenuate bone resorption (26). A recent study found mesenchymal
stem progenitor cells (STRO-1 and CD146) in inflamed periapical
tissues and showed their great osteogenic potential, but their in vivo
bone formation properties remain unclear (27). M�arton and Kiss
(26) critically discussed regulatory mechanisms that control the activity
of host effector cells and signaling molecules during interactions with
pathogenic microbes. Inflammatory reactions in the periapical tissues
nt of teeth #3 and #4 and dome-shaped thickening similar to mucous retention
t MS extend to the alveolar region; the images show no periapical lesions.
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Figure 8. (A–C) CBCT scan shows root canal treatment of tooth #3 with a large periapical lesion surrounded by a thick layer of hyperdense bone that appears to
be reactional osteogenesis; internal margins are irregular and some are concave, which suggests the absence of growth under pressure.
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in response to endodontic infection are self-limiting in most cases. Both
microbial influx from the infected root canal and excessive destruction
of tooth-supporting structures are controlled for extended periods by
complex interactions between immunoinflammatory cells and soluble
mediators. The permanent shift between anti- and proinflammatory
processes affects the balance between tissue destruction and regenera-
tion at different stages of apical periodontitis. This dynamic balance be-
tween protection from infection and host tissue injury and repair is
driven by overlapping networks of pleiotropic and redundant regulatory
mechanisms.

The thin and uniform sinus mucosa (Schneiderian membrane)
is composed of connective tissue through which the neurovascular
bundles run, lining the inside of the MS. This membrane is firmly
attached to the periosteum (10–15), which is composed of dense
and fibrous collagenous connective tissue as well as osteoblasts
and osteoclasts, young cells, undifferentiated cells, and even bone
tissue stem cells. However, when an inflammatory response in the
periosteum results from the low-intensity, prolonged action of
aggressive agents that act directly or indirectly on its structure, the
periosteum may react by producing new bone on the superficial
cortical layers (23). Srouji et al (28) analyzed the osteogenic poten-
tial of the human maxillary sinus Schneiderian membrane (hMSSM)
using both in vitro and in vivo assays. Samples of hMSSM were used
to prepare cell cultures for histologic studies. Results showed that
hMSSM cells could be induced to express alkaline phosphatase,
bone morphogenic protein-2, osteopontin, osteonectin, and osteocal-
cin and to mineralize their extracellular matrix. Cells derived from
explants of hMSSM grow in culture, express markers of osteoproge-
nitor cells, undergo osteogenic differentiation, and are transplanted
in vivo; therefore, histologic evidence of osteogenesis may be found
at the site of transplantation. The data accrued from this investigation
show evidence of the presence of osteoprogenitor cells within the
Schneiderian membrane.

In the first case described in this report, conventional images
showed the root canal filling and a modest apical radiolucency in the
regions of teeth #3, #4, and #30. Panoramic images showed an irreg-
ular opacity in the right MS; CBCT images showed a hypodense periap-
ical lesion, a small amount of irregular mixed contents, and an irregular
bone extension into the right MS (Figs. 1 and 2). The histopathological
analysis revealed new bone at different stages of maturation. Adjacent to
this bone, the MS mucosa was a bilaminar membrane with ciliated
columnar epithelial cells that had the appearance of respiratory
epithelium permeated by chronic inflammatory cells (Fig. 4A). More-
over, there were large trabeculae of mature lamellar bone and the
mature fibrofatty tissue characteristic of the marrow (Fig. 4B). Adjacent
to the apical region, immature bone had a large number of osteocytes
and disorganized collagen fibers (Fig. 4C). These clinical, radio-
graphic, and microscopic findings are evidence of the association be-
tween chronic periapical reaction and MS floor periostitis that
stimulates bone reactions in particular ways. The same type of reac-
tional osteogenesis was found in cases 2, 3, and 4 in which it was
also associated with secondary root canal infections. From a clinical
point of view, treatment in all cases should eliminate the infection
responsible for the inflammation that stimulated bone reaction. The
lesion was enucleated only in the first case.

Because this condition is often asymptomatic, most cases are de-
tected incidentally in imaging studies. Araki et al (29) reported that,
although the cause of most radiopaque lesions in the jaws is unclear,
the etiologic factors for some of these lesions are gradually being
discovered. Most radiopaque lesions are asymptomatic and are discov-
ered incidentally on panoramic scans or CBCT images obtained during
preoperative assessment for the placement of dental implants.
10 Estrela et al.
The normal sinus mucosa is not visualized on conventional radio-
graphs; a negligible mucosal thickening may be seen as a normal radio-
graphic finding (4), but mucosal thickening greater than 2 mm may
suggest maxillary sinusitis (2, 12). Periapical radiolucencies are not
clearly detected on periapical radiographs (18, 19). This study found
radiopacities that extended into the MS, confirming the valuable
contribution of CBCT imaging in the detection of radiopacities
associated with infection of the root canal in the MS. The importance
of the use of this imaging modality lies in the fact that it not only
facilitates diagnostic imaging but may also help define alternatives to
surgical enucleation, particularly when the removal of the lesion
affects the MS walls.

Clinicians detect periapical radiolucencies more often than peri-
apical radiopacities during the diagnosis of a periapical lesion and
the planning of its treatment (20, 21, 29). Specific features of
radiopaque periapical lesions were found in this report as well as
changes associated with the site of their development. The differential
diagnosis, based on clinical history, conventional radiographs, and
histopathological analysis, should include osteitis, sclerosing osteitis,
periapical cement dysplasia, sclerotic bone, and osteomyelitis with
proliferative periostitis. In the current case reports, the periapical
changes suggested a periapical reactional osteogenesis secondary to
infection of root canal.

In summary, asymptomatic radiopaque periapical lesions are
often incidental findings, and reactional osteogenesis in the MS is
promoted by root canal infection. The detailed management of
high-resolution CBCT images, which may reveal changes that go
unnoticed when using conventional imaging modalities, may help
define an initial diagnostic hypothesis and the treatment plan.
The definitive diagnosis for some periapical lesions will only be
made by histopathological findings. Nonsurgical root canal treat-
ment should be indicated, and if it does not resolve apical peri-
odontitis, surgical enucleation of the periapical lesion should be
recommended.
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