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ABSTRACT 
Objective: To assess the proliferation of epithelium (using the Ki67 index) and the polarization pattern of 
collagen in selected odontogenic cysts and tumours. In addition, an exploratory analysis of the effect of 
inflammation on the proliferation rate was done. Material and Methods: Following immunohistochemical 
staining, the labelling/proliferation index of Ki67 was calculated. The thickness and corresponding 
polarization colour of 100 juxta-epithelial picrosirius red-stained collagen fibers were assessed using linear 
micrometry with an eyepiece reticule under ×1000 magnification. Inflammation was graded subjectively as 
mild, moderate, and severe. Results: Overall Ki-67 expression was higher in the radicular cyst, Odontogenic 
Keratocyst, Ameloblastoma, while suprabasal Ki-67 positivity was maximum in Odontogenic Keratocyst. The 
stromal collagen fibers in Ameloblastoma showed predominantly green birefringence, whereas Odontogenic 
Keratocyst had orange birefringence. There was no significant association of inflammation with Ki-67 
expression or birefringence patterns. Conclusion: The highest Ki67 expression in the radicular cyst, followed 
by Odontogenic Keratocyst and Ameloblastoma. Differences in the collagen maturation pattern were noted 
innately in five lesions studied and were further influenced by inflammatory changes. Epithelial proliferation 
and concomitant expression of thickness and maturity of the stromal collagen are innate features of the lesion 
further influenced by inflammation in various odontogenic cysts and tumours and may, in turn, guide the 
clinical behavior. 
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Introduction 

Odontogenic cysts and tumors are unique to the jaws and originate from tissues associated with tooth 

development. Although they share the same source of odontogenic epithelium, they differ biologically in 

development and progression. Odontogenic lesions, be they developmental or inflammatory in origin and have 

epithelial proliferation as an element of expansion. These proliferative rates can be assessed by 

immunohistochemical (IHC) markers like Ki67, PCNA, Mib, etc., out of which Ki67 has been widely studied in 

odontogenic cysts and tumours owing to its detection in all active phases of the cell cycle [1]. 

Odontogenic cysts and tumors are derived from the remnants of the dental lamina; cell rests of Malassez, 

reduced enamel epithelium, and they retain their innate capabilities for epithelial-mesenchymal interaction and 

therefore influence the stromal arrangement of connective tissue fibers. Recent studies have used picrosirius red 

stain to assess the connective tissue changes in terms of collagen maturity in the capsules of odontogenic cysts 

and tumours [2]. 

The present study was undertaken with the hypothesis that the maturation and morphological pattern 

of collagen in the supporting connective tissue stroma of odontogenic cysts and tumors has a correlation with 

the rate of cell proliferation in the epithelial component of these lesions, and each odontogenic cyst and tumour 

bears a customized 'collagen signature' that effects these changes. The present study aimed to evaluate the 

immunohistochemical expression of the proliferation index of the epithelium (using Ki67), the maturation pattern 

of collagen as identified by polarizing microscopy in a selected group of lesions or structures derived from the 

odontogenic apparatus (i.e., odontogenic cysts and tumors and dental follicle). Secondarily an exploration of the 

confounding effect of inflammation on epithelial proliferation was also done. 

 

Material and Methods 

Sampling 

Sample size estimation was done according to the research by Gadbail et al. [3]. The mean Ki67 values 

reported were 24.24 (12.27) and 12.92 (4.23) in ameloblastoma and OKC, respectively. With a power of 90% and 

alpha error of 5%, using the sample size formula ( ) to compare two means to detect a clinically 

significant difference of 12 units, we need a sample size of 10 in each group. 

 

Study Design 

This retrospective study assessed the immunohistochemical expression of Ki-67 in formalin-fixed, 

paraffin-embedded tissue blocks of fifty cases of various odontogenic lesions. Ten cases each of Odontogenic 

Keratocysts (OKC), Dentigerous cyst (DC), Radicular cyst (RC), Ameloblastoma (Five unicystic ameloblastoma, 

three follicular ameloblastoma, one desmoplastic ameloblastoma, and one plexiform ameloblastoma) and Dental 

Follicle (as controls) were retrieved from the archives of the Department of Oral Pathology and Microbiology, 

Manipal College of Dental Sciences, India. The odontogenic cysts and tumours were evaluated for the epithelial 

and connective tissue components for diagnosis. In addition, the type and extent of inflammation in the 

connective tissue were graded as mild, moderate, and severe. The study commenced after obtaining clearance 

from the Institutional Ethics Committee. 

 

Data Collection 
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Ten tissue sections of histologically-proven cases of breast carcinoma (obtained from archives of the 

Department of General Pathology) were selected as positive IHC control for Ki67. Breast carcinoma slide stained 

following the same protocol; the omission of primary antibody served as a negative control. One positive and 

one negative staining control was maintained when staining for each batch of cases. 

Monoclonal Mouse Anti-Human Ki-67 Antigen Clone MIB-1 (Ki-67 IHC MIB-1 pharmDx (Dako 

Omnis) GE020) was used to stain the section using the manufacturer's protocol. The immunohistochemical 

expression of Ki-67 was evaluated in the basal and the suprabasal layers of the cysts in five high power fields 

(x40) of the epithelium following superimposition of a 49 square eyepiece reticule. In Dentigerous cyst and 

Unicystic ameloblastoma, the first layer of the cells over the basement membrane was considered basal and the 

remaining layers were suprabasal (suprabasal and superficial layer). In Odontogenic Keratocyst, Radicular cyst, 

and Dental Follicle, the two layers adjacent to the basement membrane were considered basal, and the remaining 

layers (suprabasal and superficial layer) were considered suprabasal. In follicular, desmoplastic, and plexiform 

ameloblastoma, the assessment was done in the peripheral and central cells of the follicles. The total number of 

epithelial cells and the number of epithelial cells showing positive Ki67 staining were counted, and the labeling 

index was calculated as the percentage of Ki67-positive cells in relation to the total number of cells [4]. 

Picrosirius red staining was done in each corresponding case to assess the thickness and maturity of 

collagen in the juxtaepithelial connective tissue capsule. Picrosirius red stained sections of each cyst/tumour 

were viewed under oil immersion (1000× magnification). One hundred collagen fibers were identified 

juxtaepithelially, and the thickness was measured using an eyepiece reticule with graduations. A maximum of 

two high-power fields were considered as juxta epithelial, and 15 consecutive fields were evaluated. The 

assessment was done by two trained and experienced pathologists. In case of discrepancy, they arrived at a 

consensus following a discussion with a third senior pathologist. The thickness of the collagen bundle was 

directly measured using micrometry (using a graduated eyepiece reticule) and noted along with the 

corresponding polarization colour for each fiber and tabulated in a Microsoft Excel spreadsheet. The polarizing 

colours of collagen were classified as green (immature), yellow (mature), or orange (intermediate), as described 

by Hirshberg et al. [5]. These were then grouped based on their median diameter as thick (diameter >1.83μm) 

or thin (diameter≤1.83μm) fibers.  

 

Statistical Analysis 

The pattern of expression of Ki67, prevalence of thick and thin, and the proportion of each colour of 

birefringence were compared between the odontogenic lesions using the Kruskal-Wallis test. A descriptive 

analysis of the variation of the Ki67 expression with different grades of inflammation was done. The Ki67 

expression of epithelium and juxtaepithelial maturation pattern of collagen indicated by their colour of 

birefringence were correlated using Spearman's correlation. 

 

Results 

The comparison of the median values of Ki67 Positive cells between the five groups showed the highest 

Ki67 expression in the basal cells of Radicular cyst (14%), followed by Odontogenic Keratocyst (13.91%), 

Ameloblastoma (5.68%), Dental Follicle (3.58%) and least in Dentigerous cyst (3.11%). The trend was different 

in the suprabasal cell positivity. The highest suprabasal expression was seen in Odontogenic Keratocyst (6.51%), 

followed by Radicular cyst (3.55%), Dentigerous cyst (2.72%), Dental Follicle (1.85%), and lastly Ameloblastoma 

(1.80%) (Table 1 and Figure 1). 
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Table 1. Kruskal Wallis test for comparison of the Ki67 expression, collagen thickness character, and 
birefringence patterns among the five odontogenic lesions. 

Odontogenic Lesions Mean±SD Median (IQR) Range p-value 
Ki67 in Basal Cells     

Dental Follicle 9.3±11.16 3.58 (1.05,20) 0-27.89 0.164 
Dentigerous Cyst 7.13±8.51 3.11 (0.47,17.14) 0-21.6  
Ameloblastoma 10.1±14.83 5.68 (2.62,10.11) 0-50.78  
Radicular Cyst 24.47±23.72 14 (3.97,46.61) 0-61.07  
Odontogenic Keratocyst 15.46±11.61 13.91 (5.77,24.14) 2.3-37.61  

Ki67 in Suprabasal Cells     
Dental Follicle 4.22±4.98 1.85 (0.74,7.16) 0-14.86 0.119 
Dentigerous Cyst 6.8±9.44 2.72 (0.34,7.68) 0-27.32  
Ameloblastoma 2.49±2.79 1.8 (0.19,3.06) 0-7.66  
Radicular Cyst 5.21±5.17 3.55 (1.13,8.56) 0.29-16.23  
Odontogenic Keratocyst 7.45±4.79 6.51 (3.56,11.58) 1.47-16.36  

Percentage thin fibres     
Dental Follicle 34.1±11.12 29.5 (27,42) 22-58 0.158 
Dentigerous Cyst 42.9±16.36 44 (37,54) 17-64 

 

Ameloblastoma 46.6±13.97 49 (37,59) 18-62 
 

Radicular Cyst 33.8±13.63 32 (28,44) 7-55 
 

Odontogenic Keratocyst 42.3±18.28 38.5 (36,52) 11-77 
 

Percentage of thick fibres     
Dental Follicle 65.9±11.12 70.5 (58,73) 42-78 0.158 
Dentigerous Cyst 57.1±16.36 56 (46,63) 36-83 

 

Ameloblastoma 53.4±13.97 51 (41,63) 38-82 
 

Radicular Cyst 66.2±13.63 68 (56,72) 45-93 
 

Odontogenic Keratocyst 57.7±18.28 61.5 (48,64) 23-89 
 

Thin fibers with green birefringence     
Dental Follicle 20.53±9.04 17.95 (13.6,29.7) 11.1-37 0.743 
Dentigerous Cyst 16.24±10.96 14.7 (7.1,27.8) 3.7-35.3 

 

Ameloblastoma 26.13±20.56 21.85 (13.2,33.3) 6.5-77.8 
 

Radicular Cyst 19.22±13.42 19.35 (10.3,33.3) 0-34.8 
 

Odontogenic Keratocyst 17.89±14.35 15.7 (5.6,26.1) 2.7-48.6 
 

Thin fibers with orange birefringence     
Dental Follicle 48.95±14.08 50.95 (43.1,56) 24.1-72.7 0.516 
Dentigerous Cyst 55.45±20.57 60.35 (41.2,70.3) 16.7-78.6 

 

Ameloblastoma 42.85±17.6 45.05 (27.1,54.8) 16.7-70.3 
 

Radicular Cyst 46.68±19.85 49.35 (34.4,53.6) 13-85.7 
 

Odontogenic Keratocyst 56.68±22.31 59.05 (36.5,72.7) 27-89.2 
 

Thin fibers with yellow birefringence     
Dental Follicle 30.51±13.29 30.5 (25.9,40.5) 11.1-55.2 0.599 
Dentigerous Cyst 28.32±16.49 23.7 (19,40.7) 5.9-55.6 

 

Ameloblastoma 31.03±16.06 34.8 (26.7,43.4) 2.7-49.2 
 

Radicular Cyst 34.04±12.77 36.95 (25,41.7) 14.3-52.2 
 

Odontogenic Keratocyst 25.43±11.67 23.25 (18,32.7) 8.1-48.1 
 

Thick fibers with green birefringence     
Dental Follicle 14.38±9.72 14 (5.2,19) 2.7-35.7 0.87 
Dentigerous Cyst 13.38±10.29 12.6 (6,17.5) 0-36.6 

 

Ameloblastoma 12.49±8.12 14.3 (4.4,17) 0-26.8 
 

Radicular Cyst 13.34±13.44 8.2 (3.6,17.6) 0-37.5 
 

Odontogenic Keratocyst 10.22±8.18 9.5 (3.4,14.6) 0-25.9 
 

Thick fibers with orange birefringence     
Dental Follicle 60.43±14.53 64.15 (49.3,69) 33.3-80.8 0.397 
Dentigerous Cyst 64.23±16.89 69.4 (54,75.9) 29.3-82.5 

 

Ameloblastoma 66.72±10.99 69.95 (57.4,75.6) 43.9-78.9 
 

Radicular Cyst 63.14±20.19 63.7 (53.8,82.4) 29.2-88.5 
 

Odontogenic Keratocyst 75.69±17.07 76.35 (63.3,90.5) 48.1-98.4 
 

Thick fibers with yellow birefringence     
Dental Follicle 25.17±9.14 22.3 (20,26.2) 15.4-46 0.14 
Dentigerous Cyst 22.39±11.81 18.9 (14.5,31.5) 3.4-43.5 

 

Ameloblastoma 20.77±5.53 21.45 (14.6,25.5) 13.4-29.3 
 

Radicular Cyst 23.54±10.43 27.95 (11.8,30.8) 4.3-33.9 
 

Odontogenic Keratocyst 14.07±9.31 14.2 (6.8,23.3) 0-25.9 
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Figure 1. Ki67 expression in epithelium of Odontogenic cysts and tumours. A) Hyperplastic Dental 
Follicle, B) Dentigerous Cyst, C) Follicular Ameloblastoma, D) Unicystic Ameloblastoma E) 
Odontogenic Keratocyst F) Radicular Cyst. 
 

As most odontogenic cysts showed some degree of inflammation, we correlated the degree of 

inflammation with the epithelial Ki-67 expression. Moderate to severe inflammation seen in DC showed 

corresponding higher Ki-67 expression. At the same time, high proliferation rates were observed irrespective of 

the degree of inflammation in UCA and OKC. Cases of Dental Follicle were all having moderate to severe 

inflammation and showed higher proliferation rates. All our cases of radicular cysts showed moderate to severe 

inflammation, which corresponded with an increase in both basal and suprabasal expression of Ki67 (Figure 2). 

A diverse birefringence pattern (representing the maturity of the collagen fibers) was seen irrespective 

of collagen thickness. We observed both thick and thin fibers showing green (representing immature fibers), and 

yellow or orange (representing mature fibers) birefringence in picrosirius red-stained sections. The highest 

percentage of immature fibers (thin fibers with green birefringence) was seen in ameloblastoma (21.85%) and 

was the least in Dentigerous cyst (14.7%). An exact reversal was seen in the percentage of mature thin fibers 

(thin fibers with orange birefringence) with predominance in the Dentigerous cyst (60.35%) and least in 

Ameloblastoma (45.05%). The percentage of intermediate fibers (thin fibers of yellow birefringence) was higher 

in Radicular cyst (36.95%) and closely followed by Ameloblastoma (34.8%). The percentage of immature thick 

fibers (showing green birefringence) was highest in Ameloblastoma (14.3%) and least in Radicular cyst (8.2%). 

The thick fibers with orange birefringence (mature fibers) were highest in Odontogenic Keratocyst (76.35%), 

followed by ameloblastoma (69.95%), Dentigerous cyst (69.4%), Dental follicle (64.15%) and least in Radicular 

cyst (63.7%). The percentage of thick fibers of yellow birefringence (intermediate fibers) was highest in the 

Radicular cyst (27.95%) and least in OKC (14.2%) (Table 1 and Figure 3). 
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Figure 2. Expression of Ki67 in association with different levels of inflammation. 

 

 

 
*Follicle of ameloblastoma; #Green birefringence in the stroma of ameloblastoma. 

Figure 3. A, B, and C represent Odontogenic Keratocyst. D, E, F represents Follicular Ameloblastoma. 
A and D: Hematoxylin and Eosin, B, and E: Picrosirius Red Stain, C and F: Polarization pattern. 

 

Discussion 

Odontogenic cysts and tumours originate from the odontogenic apparatus in the alveolar process. The 

cells of origin could be the cell rests (serres or malassez), oral epithelium, basal cell hamartias, gubernacular 

dentis, etc. Although they originate from the common pool of cells, they present with diverse radiographic and 

histopathological appearances. This could be owing to the difference in the mechanisms of initiation, growth, 

and sustenance. 

In our 50 cases of odontogenic cysts and tumours, Ki67 positivity in the basal cell layer was highest in 

Radicular cyst, followed by OKC, Ameloblastoma, Dental Follicle, and Dentigerous cyst. Comparable results 
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were obtained by Soluk Tekkeşın et al. [6]. The radicular cyst has an inflammatory etiology, whereas OKC is 

developmental in origin. In RC, the bacterial contamination of the root canal initiates a continuous inflammatory 

stimulus by producing growth factors like EGF and cytokines (IL-1, IL-6, TNF-α) on the odontogenic 

epithelium [7]. These factors lead to the proliferation of the epithelium seen histologically as an arcading 

pattern. 

The higher Ki-67 proliferation rate in OKC, on the other hand, indicates an intrinsic growth potential 

independent of the inflammatory stimulus. It is known that suppression of normal p53 protein or altered p53 

metabolism either due to maturation or changed turnover of wild-type p53 protein occurring in odontogenic 

epithelial lesions might lead to increased proliferative states [8]. de Oliveira et al. [7] have found a significant 

difference in p53 and PCNA expressions in OKC compared to other odontogenic lesions. Thus a presence of an 

altered p53 expression in OKC might explain the higher proliferative states of OKC, which also supports our 

findings of higher expression of Ki67 in the suprabasal epithelial cells. Soluk Tekkeşın et al. [6], Slootweg [8], 

Gadbail et al. [3], and Singh et al. [9] have also reported a higher suprabasal cell proliferation rate of the 

Odontogenic Keratocyst. Studies have found that OKC shows higher expression of the anti-apoptotic molecule 

bcl2 throughout the thickness of the lining epithelium. 

In contrast, this expression is seen only in the peripheral cells of RC and ameloblastoma. Less apoptotic 

activity is mirrored by the higher Ki67 expression in the suprabasal region of OKC, peripheral cells of 

ameloblastoma, and RC. The reduced suprabasal positivity of RC could be because of the expression of Bax, a 

pro-apoptotic gene [6,10]. de Oliviera et al. [7] studied the expression of EGFR, Ki67, and survivin in 

odontogenic cysts. They found that OKC shows the presence of stimulus-independent proliferative potential, a 

characteristic of neoplastic cells. Significant expression of survivin (an inhibitor of apoptosis) in the suprabasal 

region of OKC supports proliferation [11]. 

Our result confirms that the OKC has a proliferation and maturation pattern different from the other 

odontogenic lesions. de Oliveira et al. [7] and Brown et al. [12] suggested that the higher expression of 

suprabasal proliferation may represent epithelial disorganization similar to epithelial dysplasia. 

Inflammation is a significant factor that influences the histological appearance of a cyst. Inflammatory 

cytokines induce epithelial proliferation leading to hyperplastic epithelium with the formation of epithelial 

arcades. Studies suggest that inflammation changes the cellular proliferation rate but not the biological behavior. 

de Paula et al. [13], from his study, showed OKC had higher Ki67 expression in increased inflammation and 

changed the cyst morphology to form non-keratinized epithelium. Kaplan [14] and Hishberg et al. [5] found 

no significant differences in proliferation rate with inflammation in OKC.  

We found overall low expression of Ki67 in DC but the presence of inflammation correlated with higher 

expression of Ki67. A similar result was found by Singh HP et al. [9] using PCNA. Although a dentigerous cyst 

is categorized as a developmental cyst, studies have shown the initial inflammatory response as the initiator of a 

dentigerous cyst. It is hypothesized that tooth eruption incites inflammation and leads to epithelial cell 

proliferation. Cell stress induced by the transient inflammatory stimulus leads to cyst cavity formation by a 

feedback mechanism, which causes the proliferation of basal cells and the desquamation of superficial cells. 

Following this, the cyst enlarges independent of inflammatory stimuli and is maintained by osmotic balance [7]. 

In our study, inflammation and Ki-67 expression showed a positive correlation in DC but not in other 

cysts/tumours. This lack of correlation between inflammation and proliferative marker may be attributed to the 

inflammatory cytokines targeting a different cytoplasmic target. MCM-2 (minichromosome maintenance 
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protein) could be one such target of the inflammatory cytokine, which is expressed higher in RC than in OKC 

[15]. 

We observed that the rate of proliferation is seen predominantly in peripheral cells of ameloblastoma, 

and UCA had a higher proliferation index compared to the conventional form. This could be attributed to the 

manner of cell count. The cystic lining in UCA is composed of two or three cells. The total number of cells 

assessed in UCA is, therefore, quantitatively lesser compared to the other forms of ameloblastoma. As only the 

peripheral cells of ameloblastoma express Ki-67, the count of Ki-67 positive cells remains equivalent and results 

in a relatively higher proportion of positive cells. This is similar to the results reported by Meer et al. [4] and 

Nafarzadeh et al. [16]. 

The epithelial proliferation can influence the stromal collagen character, which is critical for the growth 

and sustenance of cysts/tumours. Picrosirius red staining can identify the maturity of stromal collagen fibers. In 

our study, we observed that ameloblastoma had the highest percentage of thin fibers with a predominance of 

green birefringence, indicating a greater proportion of immature fibers. DC had the second-highest percentage 

of thin fibers but showed orange birefringence. OKC showed a predominance of thick collagen fibers, and 

additionally, even the thin collagen fibers of OKC were predominantly of orange birefringence, indicating mature 

collagen. The radicular cyst had a high proportion of intermediate yellow birefringent thick collagen fibers.  

Ki67 expression is highest suprabasally in OKC with an increase in orange birefringence, while 

ameloblastoma is proliferative in basal cells with thick green birefringence. The higher activity of collagenases 

in the stroma of ameloblastoma might lead to increased collagen remodeling and might be the cause of a higher 

proportion of immature fibers. Zhang et al. [17] and Khalifa et al. [18] have found higher activity of MMP2 in 

ameloblastoma than in OKC. Zhang et al. [17] also studied the expression of RECK (reversion–inducing 

cysteine-rich protein with Kazal motifs) in ameloblastoma. RECK inhibits MMPs, and in their study, they found 

lesser expression of RECK in ameloblastoma corresponded to higher expression of MMP2. De Oliviera Ramos 

et al. [19] found that Ki67 expression positively correlated with epithelial MMP and not in stromal MMP of 

OKC, which correlates with our finding of lesser green birefringent fibers with an increase in Ki67 proliferation 

[17-19]. 

OKC and ameloblastoma show similar radiographic appearance and clinical course in terms of bony 

extension and recurrence rate. OKC showed higher epithelial proliferation but exhibited a more mature 

collagenous capsule. Tightly-packed orange (mature) birefringent fibers in OKC indicates its role in providing 

structural support in addition to its neoplastic behavior [5]. Ameloblastoma, on the other hand, has a lower 

epithelial proliferation rate, with the supporting connective tissue stroma showing predominantly immature 

(green birefringent) fibers in thick as well as thin fibers. Thus, the local extension of these two lesions might be 

attributed to two different molecular scenarios, namely the proliferation of epithelium in OKC and follicles of 

ameloblastoma tend to invade through the less dense stroma. A higher proportion of thin fibers was seen in 

ameloblastoma and DC, which supports their origin from the primitive odontogenic stroma. Conventionally 

immature stroma is seen in the dentigerous cyst, and mature stroma is seen in ameloblastoma. We found a higher 

proportion of immature fibers in ameloblastoma, which is in contrast to the study by Haripriya et al. [20]. 

Biologically both ameloblastoma and dentigerous cysts are derived from the primitive dental follicle and its 

associated structures. The maturity of the collagen depends on the influence of growth factors, cytokines, and 

also on the age of the lesion. Thus, we must be cautious when we correlate the maturation pattern and biologic 

behavior of these lesions. 
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Conclusion 

The epithelium of odontogenic keratocyst might have intrinsic growth potential, whereas the radicular 

cyst shows proliferation only under the influence of inflammation. We must remain cognizant of the role of 

epithelial proliferation and the nature of connective tissue stroma as they influence the rate of growth of the 

lesion. The nature of growth in odontogenic keratocyst is attributed to epithelial proliferation, whereas in 

ameloblastoma, it is ascribed to the loose immature connective tissue stroma, which allows the spread of the 

follicles. 
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