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Objectives: To compare the polarization colors of collagen fibers of odontogenic keratocyst (OKC), radicular cyst, dentigerous
cyst, and adenomatoid odontogenic tumor (AOT) with reference to their biological behavior. Study Design: Twenty cases each
of OKC, radicular cyst, dentigerous cyst, and AOT were stained with picrosirius red stain and studied under polarized light.
Results: A predominance of green to greenish yellow thick fibers was noted in OKC and AOT as compared to dentigerous
cyst and radicular cyst. There was no significant difference between the polarization colors of the thin fibers in all the three
groups. Conclusion: The stroma of OKC and AOT consists of poorly packed or pathologic collagen and plays a role in its

neoplastic behavior.
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INTRODUCTION

No organ in the body is immune to disease and
the oral cavity is no exception to this. The lesions
affecting the jaws could be developmental, cystic,
neoplastic, or inflammatory in origin. Cysts form a
high percentage of pathologies affecting the jaws. The
most commonly encountered cysts in the oral cavity are
radicular cyst (52.3%), dentigerous cyst (18.1%), and the
odontogenic keratocyst (OKC) (11.6%).I" The OKC
is notorious for its high recurrence rate which ranges
from 10" to 62%."! Also, the growth of this cyst is more
unremitting; Scharfetter in 1989 stated that the invasive
growth of keratocysts is likely to be the result of active

Access this article online

Quick Response Code:

Website:
www.jnsbm.org

DOL:
10.4103/0976-9668.116988

growth of the connective tissue wall. Human keratocyst
collagenase degrades type I and II collagens at almost
equal rates, but at the same time, no significant degradation
of type 111 collagen occurs, implying that destruction of
this connective tissue is associated with the growth of
keratocysts.!)

The adenomatoid odontogenic tumor (AOT), according
to the histological typing of odontogenic tumors by the
World Health Organization, is partly cystic and in some
cases, the solid lesion may be present only as masses in the
walls of a large cyst. Unusually large tumors are regarded
as neoplasms rather than hamartomas.

To comprehend further the expansion of jaw cysts with
special reference to the collagen present in its connective
tissue capsule, the nature of collagen present should be
studied. As collagen is an anisotropic substance, its packing
and nature can be studied in the connective tissue walls
of cysts and neoplasms with polarized microscopy. Many
commonly used dyes exhibit dichroism and anomalous
polarization colors. The enhancement of anisotropy by
dyes and other agents has a histochemical meaning similar
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to that of metachromasia which also depends on orderly
arrangement and spacing of certain reactive groups.

Thus, this present study was carried out with the aim of
studying and comparing the polarization colors of collagen
fibers in the walls of OKC, dentigerous cyst, radicular cyst,
and AOT using polarized microscopy with reference to
their biological behavior.

MATERIALS AND METHODS

Archival retrieved paraffin blocks of 20 cases each
of OKC, dentigerous cyst, radicular cyst, and AOT
were procured from the department of oral pathology
of the institute, M.G.V’s K.B, H Dental College and
Hospital, Nasik, Maharashtra. Also, three cases of normal
buccal mucosa and five cases of oral submucous fibrosis
were used for comparison. All sections were cut to a
thickness of 5 um for the study. Picrosirius staining was
done using Direct Red 80 (36554-8, Sigma-Aldrich). An
Olympus BX 51 trinocular research microscope with an
attached polarizer was used for the study. At the outset,
the fiber thickness was determined with the aid of a
calibrated ocular micrometer under an oil immersion
%100 objective. The polarization colors were determined
separately for thin fibers (0.8 um or less) and for thick
fibers (1.6 to 2.4 microns). Five fields of each section
were selected and the polarization colors of the fibers
were noted as either green to greenish yellow or yellowish
orange to orange red.

For statistical analysis, one-way analysis of variance was
used to determine whether the polarization colors of
the thick and thin fibers differed significantly between
the four study groups. The #test was used to find out
whether there was a significant difference between the
polarization colors of thick and thin fibers within a single
clinical group.

RESULTS

A comparison of the polarization colors of the thick fibers
in the four study groups showed thatin AOT and in OKC,
the mean number of green to greenish yellow thick fibers
was significantly higher than the mean number of yellow
red to orange red fibers [Figures 1 and 2]. However, in
dentigerous cyst and radicular cyst, the mean number of
green to greenish yellow thick fibers was significantly lower
than the mean number of yellow red to orange red thick

fibers [Figures 3 and 4] [Table 1].

Our results also showed that though the mean number of
thick fibers showing green to greenish yellow colors in OKC
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Figure 1: Picrosirius red-stained section of adenomatoid tumor showing
a predominance of greenish yellow thick fibers

Figure 2: Picrosirius red-stained section of odontogenic keratocyst
showing a predominance of greenish yellow thick fibers

N

Figure 3: Picrosirius red-stained section of dentigerous cyst showing
a predominance of orange red thick fibers

was higher than that of AOT, there was not much difference
in their mean value but when compared with radicular and
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dentigerous cyst, the mean value of green to greenish yellow
thick fibers was significantly higher. [Table 2].

A comparison of the polarization colors of all the
study groups showed that the mean number of green to
greenish yellow thin fibers was significantly higher than
the mean number of yellowish red to orange red thin
fibers [Table 3]. There was no significant difference in the
green to greenish yellow thin fibers in all the four study
groups [Table 4].

DISCUSSION

Collagen is an anisotropic structure, which exhibits the
phenomenon of birefringence, which can be selectively
visualized using polarized light microscopy. Weak
birefringence in biological specimens is enhanced by the
addition of dyes or impregnating metals in an orderly

predominance of yellow red to orange red thick fibers

Table 1: Comparison of the polarization colors
of the thick fibers in AOT, OKC, dentigerous
cyst, and radicular cyst

Groups Mean number  Mean number  Pvalue

of green to of yellow red

greenish to orange red

yellow fibers fibers

AOT 57.8+15.63 42.2+15.63 P<0.01
OKC 58.8+11.17 41.2+11.17 P<0.01
Dentigerous cyst 34.246.64 65.846.64 P<0.01
Radicular cyst 27.8+8.55 72.2+8.55 P<0.01

AOT: Adenomatoid odontogenic tumor, OKC: Odontogenic keratocyst

linear arrangement. Thus polarized light has the ability to
enhance histological assessment of tissue and can provide
additional insight into the composition and structure of
collagen. Following this line of reasoning, the present study
was carried out. Polarized light microscopy of picrosirius
red-stained sections enables us to visualize fibers of
different thickness. This property is due to the fact that very
thin fibril of collagen undetectable by normal microscopy
becomes visible with this method as a source of light
against a dark background. It was found in our study that
when stained with picrosirius red, structures other than
collagen did not exhibit any birefringence, proving that this
histochemical stain is selective for collagen fibers. This is
supported by several other studies.””!

Junqueira e al. in 1979 have stated that collagens of type 1
form thick fibers, are composed of closely packed thick
fibrils, and present an intense birefringence with yellow to
red color. On the other hand, collagens of type 111 form
thin fibers, are loosely packed, and display a greenish
birefringence.”

Our study showed that the number of thick fibers in OKC
showing green to greenish yellow color was significantly
higher than the thick fibers of dentigerous and radicular
cysts. Similar findings have been reported by Hirshberg
et al. in 1999." Our study also showed that the findings in
AOT were similar to those of OKC. It has been found that
the stroma of AOT shows a strong immunoreactivity for
collagen type III and VL also observed in ameloblastic
fibroma."” This could explain the appearance of green to
greenish yellow fibers in AOT. The predominance of green
to greenish yellow thick and thin fibers could be due to
the loosely structured nature of the collagen fibers and the
predominance of type III collagen in the stromal tissue.
In our study, it was observed that there was no significant
difference in the polarization colors of thin fibers in all the
four study groups. These results are comparable with those
reported by Hirshberg ¢# al. in 1999.F1 A predominance
of green to greenish yellow color of thin and thick fibers
has been found in several studies of different pathological
conditions such as in connective tissue nevi collagen,'"
oxodipine-induced hyperplastic gingiva in dogs,!"
ameloblastic fibroma,!'” central odontogenic fibroma,!
and walls of cysts.®

13]

AOT was included in our study as this tumor of odontogenic

Table 2: Comparison of the thick green to greenish yellow fibers in AOT, OKC, dentigerous cyst, and

radicular cyst

Group AOT

OKC

Dentigerous cyst Radicular cyst ‘F ratio

Thick fibers of green to greenish yellow color 57.8+15.63

58.8+11.17

34.2+6.64 27.848.55 11.526

AOT: Adenomatoid odontogenic tumor, OKC: Odontogenic keratocyst
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Table 3: Comparison of the polarization colors
of the thin fibers in AOT, OKC, dentigerous cyst,
and radicular cyst

Groups Mean number  Mean number  Pvalue

of green to of yellow red

greenish to orange red

yellow fibres fibres

AOT 85.2+9.45 14.819.45 P<0.01
OKC 81.6+9.21 18.4+9.21 P<0.01
Dentigerous cyst 77.4+11.98 22.6+11.98 P<0.01
Radicular cyst 78+9.31 22.0+9.31 P<0.01

AOT: Adenomatoid odontogenic tumor, OKC: Odontogenic keratocyst

Table 4: Comparison of the thin green to
greenish yellow fibers in AOT, OKC, dentigerous
cyst, and radicular cyst

Group AOT OKC

Dentigerous Radicular ‘P

cyst cyst ratio
Thin 85.2+ 81.6% 77.4% 78+ 2.580
fibers of 9.45 9.21 11.98 9.31
green to
greenish
yellow
color

AOT: Adenomatoid odontogenic tumor, OKC: Odontogenic keratocyst

epithelium may be partly cystic and has varying degrees of
inductive change in the connective tissue.

Extensive research has been done to ascertain the source
of recurrence and enlargement of OKCs with greater
emphasis being laid on the proliferative activity of
its epithelial lining."*' However, studies by Vedtofte ¢ /.
and Harris ¢ a/. have emphasized the role of stroma in cyst
expansion.!"""¥ Studies by Meghiji ¢7 a/. in 1989 have shown
significant activity of interleukinl in odontogenic cyst
capsules implicating its role in cyst expansion."”! Expetiments
by Scharfetter ¢f a/. have implicated that the active growth of
the connective tissue wall was likely to be the cause of the
invasive growth of the keratocyst.! High enzyme activity
such as beta-naphthylamidase and leucine aminopeptidase
in the walls of OKC are probably responsible for the
collagenolysis leading to separation of keratocyst epithelium
from the connective tissue contributing to its high recurrence
rate.”! It has been documented by vatious studies that
collagen of the cyst wall in OKCs is pathologic and is subject
to collagenolytic activity.*"*?

The presence of green to greenish yellow thick fibers in
OKCs as demonstrated by polarized microscopy indicated
that the collagen fibers were poorly packed and were
composed of procollagens, intermediate or pathologic
collagen. Thus, the function of the stroma of keratocysts
could possibly be regarded not just as a structural support
but also as playing a part in their neoplastic behavior. On
the other hand, the predominance of yellow red to orange

red thick fibers in dentigerous cyst and radicular cyst
indicates that the collagen fiber bundles are more closely
packed and are probably not under the influence of intense
collagenolytic activity as compared to OKCs. Also, the
radicular cyst shows dense fibrosis in comparison with other
cysts, as it is inflammatory in origin. This is because of the
release of cytokines and growth factors which promote
fibroblastic proliferation and possibly fibers as well.”!

The impact of inflammation on the packing of collagen
fibers in the wall of the connective tissue of OKCs was
investigated by Hirshberg e¢f a/. in 2007. It was observed
that in the presence of dense inflammation, the percentage
of thick fibers with green birefringence decreases with
an increase in thick fibers with red birefringence which
appeared more packed.?! Different patterns of radicular
cysts suggest different biological behavior and a positive role
of inflammation on polatization color of collagen fibers.!

CONCLUSION

The picrosirius red polarization method, therefore, is
potentially useful for revealing the biology and pathology
of collagen fibers in the connective tissue capsule of
cysts and odontogenic tumors. It also emphasizes the
importance of mesenchymal capsule in its neoplastic
behavior. The nature and biologic behavior of these
lesions, especially the aggressive ones can be assessed
better by studying a larger group and with a more precise
clinicopathologic correlation. Further comprehending the
epithelial mesenchymal interactions at a molecular level
using various epithelial and mesenchymal markers will give
us a better insight into the exact nature and pathogenesis
of these lesions.
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