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Abstract
Objectives: To explore the polarizing color profile in connective tissue stroma of Picro-Sirius Red (PSR) stained sections 
of benign and malignant salivary gland tumors (SGT) and to assess the possible utility of this method as a diagnostic tool. 
Materials and Methods: A total number of 60 Paraffin blocks of benign (30 cases) and malignant (30 cases) salivary gland 
tumors were selected from the archives of our institute and regional cancer hospital. 30 cases of Mucous Extravasation 
Phenomenon (MEP) were selected as control. Salivary gland tumors and control were stained with PSR stain and examined 
under polarizing microscope. We counted 50 thin and 50 thick collagen fibers in each section of benign and malignant SGT 
and were categorized as Greenish Yellow (GY) or Yellowish Orange (YO). Statistical analysis was performed by using one-
way ANOVA and Paired t-test. Results: We found similar presentation of polarizing color arrangement for thin collagen 
fibers (80-85% GY and 15-20% YO) in both benign and malignant SGT and MEP. In malignant SGT, thick collagen fibers 
exhibited different polarizing color (80% GY) than benign SGT and MEP (12-14% GY). Polarizing color profile of collagen 
in malignant SGT displayed a different presentation as compared to benign SGT and control (MEP) and differences were 
statistically significant(p<0.05). Conclusion: This study concluded about the difference of stromal collagen fibers in 
benign and malignant SGT. Malignant SGT suggesting loosely arranged collagen fibers could be involved in further growth 
and invasion of disease along with other cellular and molecular events.

1. Introduction
Salivary gland tumors characterize the most complicated 
and diverse cluster of tumors seen in the head and neck. 
Salivary gland tumors often presents a wide spectrum of 
tumor histomorphology, the neoplastic lesions are too 
numerous, histologically most heterogeneous and pres-
ent a diverse clinical behavior. The histomorphogenesis 

of salivary gland tumors are complex and poorly under-
stood1. The most common benign SGT are Pleomorphic 
Adenoma (PA) and Warthin’s Tumors (WT), comprising 
75-90% of all salivary gland tumors. Most common malig-
nant SGT are chiefly Adenoid Cystic Carcinoma (ADCC) 
(30%) and Muco-Epidermoid Carcinoma (MEC) (70%)2. 
Numerous theories are suggested and described in litera-
ture about histogenesis of SGT. According to bi-cellular 
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theory, salivary gland neoplasms are composed of: (a) 
Ductal luminal and/or acinar cells plus myoepithelial 
cells (b) Composed primarily of ductal luminal cells or 
acinar cells (c) Composed almost entirely of myoepi-
thelial cells which includes components of basal lamina, 
collagen, elastic fibers & glycosaminoglycans3. However, 
histogenesis of Warthin’s tumor remains controversial. 
Currently most accepted concept regarding WT is that 
the tumor arises from the remnant of salivary gland tissue 
entrapped in intra or peri-parotid lymph nodes during 
embryological development2.These facts could improve 
our understanding of the diverse histological growth pat-
terns within a single tumor type and the overlap in his-
tological features among different tumor types. Although 
different tumor types share similar histological patterns 
their biological properties can differ3. To recognize the 
biological nature of SGT, studies on the collagen changes 
have been employed by various techniques ranging 
from histochemistry, immunohistochemistry, electron 
microscopy and PCR. Various histochemical techniques 
employed to study collagen are Masson Trichrome, Van 
Geison’s, and PSR. 

PSR,  an anionic dye that selectively reacts and stains 
collagen fibers, is been of specific importance in differ-
entiating different types of collagen fibers in  many oral 
lesions including salivary gland tumors4. 

Collagen is an anisotropic material, its profile of 
arrangement and nature can be examined in connective 
tissue stroma of benign and malignant SGT by polariz-
ing microscope. Collagen exhibits positive birefringence. 
Birefringence is a phenomena exhibited by anisotropic 
objects which can be selectively visualized by polariz-
ing light microscopy5. The color profile and intensity of 
birefringence of collagen fibers depends on thickness and 
molecular packing of their fibers. Thin collagen fibers are 
usually displayed green to GY polarizing color profile and 
thick collagen fibers demonstrated yellow to YO profile6. 
This study was planned to evaluate the stromal differences 
between the benign and malignant SGT by using PSR and 
polarizing light microscopy and thereby predict their bio-
logical behavior.

2. Materials and Methods

2.1 Study Cases
This study included the sixty paraffin embedded tissue 
blocks of benign (30 cases) and malignant (30 cases) 

SGT. 30 cases of MEP was taken as control. SGT and 
MEP were retrieved from archives of oral pathology and 
microbiology department, M.G.V’s K.B.H dental College 
and hospital, Nasik, Maharashtra, India and regional can-
cer hospital. Benign salivary gland tumors, 15 Warthin’s 
tumor (WT) and 15 Pleomorphic Adenoma (PA) cases 
were selected. 15 MEC and 15 ADCC cases were included 
as malignant SGT in present study. 30 paraffin embedded 
tissue blocks of mucous extravasation phenomenon were 
taken as control. Two oral pathologists reevaluated the 
samples and confirmed the diagnoses. 

2.2 Staining Procedure
Two sections of benign, malignant SGT and MEP of 5 
μ thickness were obtained from formalin fixed paraffin 
embedded tissues using a semi-automated microtome 
(Thermo scientifics, Microm HM 340E). Hematoxylin 
and eosinstaining was performed with one section and 
other section was stained with PSR (NovaUltra stain kit). 
Subsequent deparaffinization and hydration of section 
in distilled water, it was incubated in 0.1% (w/v) Sirius 
red F3B (C.I.35782) in saturated picric acid solution for 
one hour at room temperature. After this step, the section 
was dipped in distilled water followed by staining with 
Mayer’s haematoxylin, differentiation in 1% HCl, alka-
linization with tap water, dehydration and mounting of 
the stained section. PSR stained sections were observed 
under the polarizing microscope. Variations in the polar-
izing color profile of collagen fibers were noted in benign, 
malignant SGT and MEP. An Olympus BX 51 trinocular 
research microscope with polarizer was used for present 
study. Collagen fiber thickness was calculated with LYNX 
BIOLUX auto software under an oil immersion 100X 
objective.

 Fibers with thickness of 0.8 μm or less were consid-
ered as thin fibers and fibers with thickness of 1.6 to 2.4 
μm were assigned as thick fibers. Polarization color pro-
files were recorded individually for thin and thick fibers 
in SGT and MEP. For each slide 50 thick and 50 thin 
fibers were counted in five randomly selected field and the 
polarizing colors of the fibers were recorded as GY or YO.

2.3 Statistical Analysis
Two investigators independently evaluated the cases to 
assess the reliability of the counts. Analysis of polarizing 
color variations for thick and thin collagen fibers in SGT 
and MEP were performed by one way ANOVA. The sig-
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nificant polarizing color differences between thick and 
thin collagen fibers were analyzed by using paired t-test.

3. Results
The present study revealed that there was a signifi-
cant difference in polarizing color profile of malignant 
and benign SGT. Polarization color of stromal fibers of 
benign SGT were mostly in range of YO. Polarization 
color profile of malignant SGT were mainly in the range 
of GY whereas, in control (MEP) polarization color were 
found to be YO. We observed a similar GY polarization 
color profile for thin collagen fibers for SGT and control 
(80-85%), although 15-20% was YO in range. The same 
pattern was observed for the reactive MEP. No signifi-
cant statistical differences were found among thin col-
lagen fibers of benign SGT, malignant SGT and control 
(p>0.05). The polarization colors profile for thick collagen 
fibers, demonstrated an altered pattern in the malignant 
tumors, ADCC and MEC, as compared to the benign 
tumor, PA and WT. In the malignant SGT, approxi-
mately 80% of the thick fibers were displayed GY while, 
in benign SGT most of the thick fibers were YO (86%) 
only 14% fibers were GY. A similar pattern like benign 
SGT is observed in control group (MEP), where majority 
of thick fibers showed YO color profile. Our study results 
revealed a statistically significant differences in polarizing 
color profile of thin collagen fibers between benign and 
malignant SGT. (p<0.05). 

4. Discussion
In majority of the studies, the neoplastic epithelial cells 
of SGT have been investigated for factors that contrib-
ute to the tumorigenic potential and different degrees of 
aggressiveness7-9. Recently, in the field of tumorigenesis, 
there has been increased interest regarding the stromal 
components and their role in amplifying or inhibiting 
tumor progression10. Very few studies have investigated 
the importance of stromal components and its role with 
regard to salivary gland tumors3.

Collagen fibers are major organic constitute of con-
nective tissue stroma. It is an anisotropic structure that 
exhibited a diverse interference color and intensities of 
birefringence, when visualized by polarizing light micros-
copy11. The present study revealed PSR stained collagen 
fibers exhibited the birefringence, elucidating that PCR is 

a selective stain for collagen. Picrosirius red polarization 
method demonstrates fibers of different thickness with 
different colors ranging from greenish yellow to yellow-
ish orange. Type-I Collage fibers are composed of tightly 
packed thick fibers and shows strong birefringence with 
yellow to red polarizing color, while type-III collagen 
fibers are composed of loosely arranged thin fibers and 
displayed a week birefringence with green to greenish 
yellow color. This difference in polarizing color profile of 
thick and thin fibers are due to different pattern of physi-
cal aggregation of collagen fibers. This is accordance with 
several other studies11-15. Our study also demonstrated, 
the polarizing color profile in benign SGT (WT and PA) 
and reactive lesion (MEP) were different from those of 
malignant SGT (MEC and ADCC). We observed similar 
polarization color profile for thin collagen fibers in all 
types of examined tumors and control, exhibiting mostly 
GY. Conversely, the polarizing color profile of thick col-
lagen fibers in the malignant SGT differed significantly 
from the benign SGT (PA and WT) and reactive lesion 
(MEP). So, we could conclude that malignant SGT exhibit 
a different type of collagen fibers as they displayed a 
different pattern of birefringence suggesting, these fibers 
were loosely arranged and probably composed of procol-
lagen, intermediate or pathological collagen compared 
to thick fibers of benign SGT and MEP. This outcome 
is based on the results of the previous researches, where 
they differentiate procollagen, intermediate or pathologi-
cal collagens on the basis of collagen thickness in PSR 
stained sections16. One study stated that the pathological 
collagen fibers are not closely packed they are arranged 
loosely in tissue section as compared to tightly packed 
normal collagen fibers16.

These results are accordance with the previous stud-
ies where majority of collagen fibers exhibited green to 
greenish yellow color of thin collagen fibers in different 
pathologies such as oral submucous fibrosis, odontogenic 
cysts, connective tissue lesions, ameloblastic fibroma 
and oral squamous cell carcinoma17-21. The present study 
could indicate that the collagen fibers in the stroma of 
SGT are variable and depend on whether the tumor is 
benign or malignant. This variability may be explained 
by the concept that a benign tumor uses specific mecha-
nisms to expand, which differ from those of a malignant 
tumor and requires more aggressive means for invasion 
and metastasis10. Thus, it is anticipated that the loosely 
packed collagen fibers in malignant SGT, may facilitate 
further invasion and metastases along with other molecu-
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lar and cellular events. These results are accordance with a 
study where the PSR stained stromal collagen fibers were 
greenish yellow at the site of invasion in follicular carci-
noma of thyroid22.

5. Conclusion
In our study, an observable difference in stromal colla-
gen fibers of benign and malignant SGT was evinced with 
PSR polarization method. PSR stained collagen fibers in 
malignant SGT exhibited a significant difference as com-
pared to benign SGT and MEP. We concluded that PSR 
polarization method could be potentially useful method 
for revealing the biological behavior and pathological 
nature of collagen in connective tissue stroma of SGT.
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