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Objective. Oral pulse granuloma (OPG) is an oral inflammatory lesion characterized by the presence of hyaline rings with
numerous multinucleated giant cells. The etiopathogenesis of this lesion is thus far unclear, as is the composition of the hyaline
rings. Our aim was to investigate whether the hyaline rings contain cellulose.
Study Design. Using a newly developed staining method for cellulose, we studied 18 histologic samples diagnosed as OPG,
in addition to 3 samples originally diagnosed as “normal” foreign body reactions. In our study, visualization of cellulose is
based on its specific binding to the carbohydrate binding module of b-1,4-glycanase.
Results. All samples diagnosed as OPG were positive for cellulose staining localized in hyaline rings. In addition, 1 lesion
(of 3), first diagnosed as a foreign body reaction without the presence of hyaline rings, was positive for cellulose by horseradish
peroxidase staining.
Conclusions. We show for the first time that cellulose is present in OPG lesions, indicating that cellulose might be the initial
cause of formation of these lesions. (Oral Surg Oral Med Oral Pathol Oral Radiol 2017;123:464-467)

In 1971, an unusual giant-cell granulomatous lesion
affecting mainly the posterior mandibular ridge, in both
the periapical and sulcus areas was first described.1,2

This process is also observed in soft tissue and cyst
walls and is characterized by the presence of hyaline
rings with numerous multinucleated giant cells around
and within the rings. The lesion contains areas of
fibrosis with mature fibroblasts, vacuolated macro-
phages, plasma cells, and lymphocytes.1 Its etiology
and pathogenesis are unclear.1,2 This lesion is widely
termed oral pulse granuloma (OPG); other names have
also been used, including chronic mandibular perios-
titis, giant cell angiopathy, hyaline bodies and giant
cells associated with radicular cyst, PG, oral vegetable
granuloma, hyaline ring granuloma, food-induced
granuloma, and oral pulse or hyaline ring granuloma.2,3

There are 2 main hypotheses for OPG pathogenesis:
endogenous and exogenous theories. In the endogenous
theory, the hyaline rings in OPG are caused by hyaline
degenerative changes in the walls of blood vessels. In
the exogenous theory, food particles provoke a foreign

body reaction due to implantation of cellulose-
containing particles of plant origin, which are visual-
ized as hyaline rings. Implantation occurs in extraction
sockets, deep periodontal pockets, unfilled root canals,
and grossly decayed teeth. An earlier ultrastructural
study suggested that collagen was the fibrillar material
in the hyaline rings.4 However, as no clear evidence has
been found to support either of these hypotheses, it is
important to clarify the origin of the hyaline rings.1,5

Cellulose may be central to the exogenous theory of
OPG pathogenesis. It is one of the most important
natural polymers and is used in several industrial sec-
tors.6 It is an unbranched homopolysaccharide
composed of b-D-glucopyranose units linked by
glycosidic bonds. In nature, cellulose chains have
approximately 10,000 glucopyranose units in wood
and 15,000 units in cotton. The long chain lengths
and the impact of the b-glycosidic bond on the
structure are the main reasons for the insoluble
characteristic of cellulose.7 Cellulose cannot be
digested by mammals without the aid of microbes.

Extremely small cellulose particles, such as nano-
fibrillar cellulose, are difficult to detect in biological
tissues. Knudsen et al. reported that a biotinylated
cellulose-binding domain (CBM) of b-1,4-glycanase
(EXG:CBM) of a cellulase enzyme can be used to
visualize pulp cellulose as well as 4 different types of
nanofibrillar cellulose fibers in biological tissue, and
that specific staining can be achieved using horseradish
peroxidase (HRP)-tagged avidin labeling.
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Statement of Clinical Relevance

We show for the first time the presence of cellulose
in oral pulse granulomas.
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MATERIALS AND METHODS
Tissue material
Eighteen tissue samples diagnosed as OPG were
collected from the pathology archives of HUSLAB
(provider of clinical laboratory services for Helsinki
University Central Hospital). In addition, we studied 3
tissue samples from the oral cavity primarily diagnosed
as foreign-body reactions (Fig 1). The original
diagnoses for these cases were reconfirmed by one of
the authors (J.H.). Institutional approval to use the
samples was received. The diagnosis, location,
previous procedures, and results from the cellulose
staining are listed in Table I.

Immunohistochemistry
For cellulose staining, we used the method described
by Knudsen et al. This method is specific and sensitive
for detecting cellulose due to a biotinylated CBM of
b-1,4-glycanase (EXC:CBM) from the bacterium
Cellulomonas fimi. EXG:CBM, expressed in Escher-
ichia coli, was purified and biotinylated. Biotinylated
EXG:CBM was used to visualize cellulose fibers by
HRP-tagged avidin labeling, and the HRP-EXG:CBM
complex was used to visualize cellulose fibers in tissue
slides that were 4 mm thick, as previously described.8

For EXG:CBM staining, paraffin was removed from
the sections. Sections were washed with phosphate-
buffered saline (PBS), and endogenous peroxidase
was blocked. After washing with PBS, 30% normal
serum with avidin was applied to the sections and then

removed with suction. Biotinylated EXG was applied to
the sections. After washing in PBS, streptavidin-
conjugated peroxidase was applied to the sections,
and peroxidase enzyme activity was visualized. Sec-
tions were then counterstained with Mayer’s hematox-
ylin, dried, and mounted.

Immunohistochemical scoring
The samples were scored positive if staining was detec-
ted. There was negligible background staining in the
EXG:CBM system, whereas the staining intensity
remained constant for cellulose, allowing the detection of
even small amounts of cellulose. However, in general,
the amounts of stained material were quite substantial,
especially in structures identified as hyaline rings.

RESULTS
Positive staining
Nineteen out of 21 samples stained positive for cellu-
lose, including all cases originally diagnosed as OPG
(Table I). Positive staining in OPG cases was
particularly evident in the hyaline ring structures seen
with hematoxylin and eosin (H&E), but also in
other areas.

Of the 3 samples with the diagnosis of a foreign body
reaction, 1 was positive and 2 were negative for cel-
lulose. On reevaluation of the positive staining in a
sample originally diagnosed as a foreign body reaction,
the area of positivity was recognizable as a hyaline ring
by H&E staining (Table I).

Table I. Summary of cases and results in cellulose staining

Specific localization Diagnosis Previous procedure Dye result

Tooth #8 apex OPG Root canal treatment Positive
Tooth #8 apex OPG Root canal treatment Positive
Tooth #14 extraction socket OPG Extraction Positive
Tooth #17 follicular space OPG Unknown Positive
Tooth #17 follicular space OPG Unknown Positive
Tooth #17 distal and lateral

side
OPG Unknown Positive

Teeth #17-18 follicular spaces OPG Unknown Positive
Tooth #18 extraction socket OPG Extraction Positive
Tooth #18 apex OPG Root canal treatment Positive
Tooth #18 distobuccal space OPG Unknown Positive
Tooth #19 apex OPG Root canal treatment Positive
Teeth #21-22 OPG Extraction Positive
Tooth #24 apex Foreign body Root canal treatment Negative
Teeth #24-25 apex Foreign body Root canal treatment Positive
Tooth #25 apex OPG Root canal treatment Positive
Tooth #29 extraction socket OPG Extraction Positive
Teeth #31-32 OPG Extraction Positive
Tooth #32 follicular space OPG Unknown Positive
Tooth #32 follicular space OPG Unknown Positive
Ramus OPG Extraction Positive
Unknown Foreign body Unknown Negative

OPG, oral pulse granuloma.
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DISCUSSION
This study represents the first known investigation
reporting the presence of cellulose in OPG. We revealed
the presence of cellulose in 18OPGcases, aswell as 1 of 3
cases without a prior diagnosis of OPG. Regarding posi-
tive cellulose staining in foreign body reactions, hyaline
rings could be detected on close examination of H&E-
stained materials. This suggests that staining of cellulose
could be useful for differentiating OPG from other types
of foreign body reactions. Our study challenges the hy-
pothesis that OPG is a result of hyalinization in blood
vessels. Using EXG:CBM,we show that the hyaline rings
consist of cellulose, which suggests that a foreign body
reaction to cellulose could be the principal cause of OPG.

OPG is most commonly found in the mandible,
particularly in the posterior regions, where food stag-
nation is common.1,9 Our results suggest that the cel-
lulose moiety of plant-based foods persists in the form
of hyaline material, inciting a chronic inflammatory
response in the jaw.2 Cellulose penetrates tissues
through extraction sockets because of stagnation of
plant material and seeds. In cases of root-canal treat-
ment, cellulose moieties can enter the jaw via uncov-
ered root canals that provide food particles a pathway to
the bone. If the food particles are not the reason for
granuloma formation in root apices, it can also be
speculated that small pieces of cellulose-containing ta-
per used in root canal treatment could be the cause of
these lesions. Indeed, earlier studies in animal models
have shown that vegetable material can cause foreign
body reactions with lesions similar to OPG.10,11

The visualization of cellulose in this study was based
on the specific binding of the CBM of b-1,4-glycanase
to cellulose. We have previously shown that
EXG:CBM binds with high affinity to different kinds of
cellulose, and we have reportd highly specific staining
of cellulose in paraffin-embedded tissue.8 The assay
proved to be both robust and very sensitive, as a
small amount of nanocellulose was readily detected
after pulmonary exposure in mice. Similarly, the
assay is highly specific, and there has been no
indication that it stains blood vessel walls or collagen.
This work provides strong evidence that these hyaline
rings in OPG consist of cellulose and represents the
first investigation to use this technique to visualize
cellulose in OPG.

CONCLUSION
Our results are consistent with the hypothesis that the
pathognomonic feature of OPG, hyaline rings, consists
of cellulose and not of blood vessel walls. Thus, cel-
lulose appears to be the cause of the foreign body re-
action seen in OPG.

We thank Jennifer Rowland for helping us with linguistic
problems and Sauli Savukoski for laboratory work.
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