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ABSTRACT 

Southeast Asian nations, particularly India, report a substantial burden of oral cancer and oral potentially 

malignant disorders. This investigation evaluated how well screening findings align with histopathological 

outcomes and estimated the specificity and sensitivity of chair-side or field-level evaluations of oral lesions. In 

the first phase, 40,852 individuals aged 20–60 years were examined. Suspicious lesions were stained with 

toluidine blue (Otto Chemicals Pvt. Ltd., India) at two intervals; cases showing positive staining on both 

occasions proceeded to biopsy. The initial clinical impressions were subsequently compared with the 

histopathological results. The average age of patients who received biopsies was 49.01 ± 9.8 years. Among 

users of tobacco, leukoplakia (1.5%) emerged as the most frequent lesion, yet demonstrated the lowest 

diagnostic agreement (39.6%). Overall sensitivity reached 88%, while the positive predictive value was 80% 

for the clinical identification of OPMD. The concordance between clinical and histological diagnoses in this 

study indicates a higher proportion of true-positive findings during screening efforts in remote and underserved 

groups, ultimately supporting improved quality of life. 
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Introduction 

 

India accounts for nearly one-third of global oral 

cancer cases and approximately one-fourth of the 

world’s oral cancer-related deaths. A notable share of 

these cases is detected at later disease stages. 

Identifying potentially malignant conditions early 

improves outcomes and long-term well-being [1–3].
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Figure 1 . presents the flow sequence of screened participants, clinical diagnoses, referrals, and biopsy 

confirmations. 

The rising rate of oral cancer is a significant public 

health concern, becoming the country’s most prevalent 

cancer despite awareness campaigns and regulations 

aimed at reducing exposure to risk factors [4]. 

Screening strategies have shown variable success in 

identifying symptom-free individuals, raising 

questions about practicality [2]. Evidence suggests that 

risk-based screening is more efficient than population-

wide programs. Effectiveness increases when trained 

healthcare workers (HCWs) are engaged to perform 

initial examinations and direct suspicious cases to 

hospitals for further evaluation [5, 6]. 

Although histopathology remains the definitive 

diagnostic method, proper referral based on a 

meticulous clinical examination is essential. When 

clinicians or trained HCWs recognize lesions 

accurately, unnecessary procedures and resource 

expenditure can be minimized [7]. 

There is limited literature comparing screening-based 

diagnoses of oral cancer or OPMD against 

histopathology. Only a few earlier studies have 

attempted similar assessments using retrospective 

datasets [8, 9]. Understanding the sensitivity and 

specificity of chair-side evaluations is crucial for 

standardizing screening methods, ensuring consistent 

reporting, and optimizing limited healthcare resources. 

While earlier papers addressed other primary 

objectives of this work, the present manuscript focuses 

on evaluating the accuracy of visual screening in 

relation to histological confirmation, regarded as the 

“gold standard” [10]. 

This study was carried out among a large “high-risk” 

cohort in the industrial locality of Ranipet, Tamil Nadu, 

India. Its objective was to measure the agreement 

between screening findings and biopsy results and 

estimate the specificity and sensitivity of field-based 

lesion assessments. 

Materials and Methods 

Ranipet, a district in Tamil Nadu with a semi-urban 

setting, includes a mixed population and serves as a 

center for tannery-related industries. Tobacco and 

alcohol consumption are highly prevalent in this area. 

For this community-level screening initiative, a 

memorandum of understanding (MOU) was 

established between Thirumalai Mission Trust 

Hospital in Vanapadi village (Ranipet district) and 

Ragas Dental College and Hospital, Chennai. The trust 

hospital provides care for roughly 142,150 residents 

across 315 villages and 35,000 families and has been 

functioning in the region for over ten years. 

The trust hospital conducts routine awareness activities 

supported by a structured team including family care 

volunteers (FCVs)—one for about 50 households—

supervised by multipurpose workers (MPWs) who 

oversee 500–1,000 households each. Because FCVs 

are community members themselves, their 

involvement enhanced local participation and 

https://www.frontiersin.org/files/Articles/1286780/froh-04-1286780-HTML-r1/image_m/froh-04-1286780-g001.jpg


Novak et al., Diagnostic Accuracy of Toluidine Blue-Assisted Clinical Screening for Oral Potentially Malignant Disorders 

and Cancer in a High-Risk South Indian Cohort: A Field-Based Study 

107 

understanding during screening. Using this workforce 

and the hospital’s infrastructure, the oral cancer 

screening project was initiated collaboratively. 

Population screening (cross-sectional) occurred from 

August 2018 to December 2019. Ethical approval was 

obtained from both institutions (project 20180703, 

approved July 30, 2018). Study reporting followed 

STROBE guidelines [11]. 

Written informed consent was secured from every 

participant before their inclusion, and all details 

regarding participation and expected outcomes were 

explained in the local language (Tamil) to ensure 

clarity and cooperation. The study adhered to the 

ethical standards of the Declaration of Helsinki, Good 

Clinical Practice guidelines, and the norms set by the 

Indian Council of Medical Research. 

Adults, regardless of whether they had oral risk habits, 

were initially checked for oral lesions. From the target 

population, 71,356 individuals aged 21–60 years were 

considered eligible. For operational ease, the study area 

was separated into ZONE I and ZONE II, consisting of 

40,852 and 30,504 people, respectively. A 1:2 case-to-

control ratio was used. Potential confounders—age, 

sex, habits, and occupation—were evenly matched 

between cases and controls. Controls came from the 

same community but had no adverse oral habit history. 

Dental practitioners performed the intra-oral 

examinations in community locations such as 

anganwadis and nearby schools. The American Dental 

Association (ADA) Type III oral examination method 

was used with artificial lighting. When a suspicious 

lesion was detected, expert input was obtained through 

images shared via WhatsApp. Normal mucosal 

variations or clinically insignificant mucosal findings 

(e.g., mucosal keratosis variants, smoker’s palate, 

denture-related stomatitis) were excluded from further 

evaluation. Suspected lesions underwent toluidine blue 

staining at two distinct times: first in the field, and 

again at the hospital clinic. Only lesions staining 

positive on both occasions were biopsied (5 mm punch 

biopsy), which was carried out by a trained dentist. 

Samples were placed in 10% formaldehyde, 

transported within 3–4 hours, and sent to the oral 

pathology department at Ragas Dental College and 

Hospital for microscopic assessment. Biopsy sites were 

sutured, and sutures were removed after one week to 

confirm proper healing. 

Participants reporting tobacco use received counseling 

at the hospital de-addiction center. Nicotine 

replacement therapy was provided free of charge as 

part of their cessation support. 

Individuals with confirmed oral malignancies were 

referred to the Aringar Anna Cancer Treatment Center, 

Kanchipuram, Tamil Nadu, for appropriate therapy and 

follow-up. Data were cleaned and entered into 

Microsoft Excel. Descriptive statistics summarized 

frequency distributions. Sensitivity and specificity 

from initial screening were compared with the 

histopathological gold standard. Statistical analyses 

were performed using SPSS (Version 20.0, SPSS Inc., 

Chicago, IL, USA) and Microsoft Excel. 

Results and Discussion 

Outcomes from the screening initiative were 

previously described by the authors [10]. In this phase, 

77 biopsies were taken, of which 74 were examined 

histologically; 3 were excluded because they were 

insufficient for evaluation. 

Table 1 outlines key variables, including the total 

number screened (40,852, 28.7%), mean age of 

biopsied participants (49.01 ± 9.8 years), average 

duration of tobacco exposure (15.2 ± 11.9 years), and 

the exposure index (173.80 ± 213.6). Among 

individuals using tobacco, leukoplakia (1.5%) 

appeared most frequently, with the left buccal mucosa 

accounting for 36.4% of OPMD cases. 

 

Table 1. Variables of interest in the screened population. 

Variable of Interest Observation 

Total population screened 40,852 (28.7% of 142,150 targeted individuals) 

Mean age of participants who underwent biopsy 49.01 ± 9.8 years 

Mean duration of tobacco use among biopsied patients 15.2 ± 11.9 years 

Mean exposure factor (daily consumption × years of use) 173.80 ± 213.6 

Most common oral potentially malignant disorder (OPMD) 
Leukoplakia • 21/41 (51.2%) of all diagnosed OPMDs 

• 21/1,389 (1.5%) of all tobacco users 

Most frequent anatomical site of OPMDs Left buccal mucosa: 27 cases (36.4%) 

Table 2 compares clinical and histopathological 

findings. Of the 43 (58.1%) clinically diagnosed 

leukoplakia cases, only 21 displayed dysplasia on 

histological review. Except for fibroma and frictional 

keratosis (which showed hyperkeratosis with 

acanthosis), dysplastic alterations were confirmed 

among those clinically identified with potentially 

malignant lesions. 
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Table 2. Frequency correlation of clinical and histopathological diagnosis of OPMD. 

Clinical (Provisional) Diagnosis Histopathological Diagnosis Total 
 Mild Dysplasia Moderate Dysplasia 

Leukoplakia 16 1 

Erythroleukoplakia 3 – 

Verrucous leukoplakia 2 – 

Oral submucous fibrosis 1 – 

Fibroma – – 

Tobacco pouch keratosis 5 – 

Lichen planus 1 – 

Frictional keratosis – – 

Total 28 (37.8%) 1 (1.4%) 

Overall clinical diagnostic sensitivity was 88%, but 

individual values varied—ranging from 39.6% for 

leukoplakia to 100% for verrucous leukoplakia and 

lichen planus. Positive predictive values exceeded 80% 

for all clinically identified conditions (Table 3). 

 

Table 3. Sensitivity and positive predictive value (PPV) for clinical diagnosis of OPMD in the study. 

Clinical (Provisional) Diagnosis Sensitivity (%) Positive Predictive Value (PPV) (%) 

Leukoplakia 39.6 80.9 

Erythroleukoplakia 50.0 100 

Verrucous leukoplakia 100 100 

Oral submucous fibrosis 90.0 90.0 

Tobacco pouch keratosis 55.5 100 

Lichen planus 100 100 

Multiple studies indicate that when true-positive cases 

are detected early, patients experience far better 

outcomes, including higher survival and improved 

daily functioning [12, 13]. A recent systematic review 

also highlighted that screening programs targeting 

high-risk groups may prevent two to three times more 

deaths than screening the general population [14, 15]. 

In this project, we focused on an industrial community 

considered to be at elevated risk. 

The individuals who were eventually biopsied had a 

mean age of 49.01 ± 9.8 years, a figure closely 

matching that reported by Torabi et al. [15]. 

Comparable investigations by Maia et al. and Mehrotra 

et al. described slightly older averages of 56 and 55 

years, respectively. 

Leukoplakia represented the most frequently identified 

OPMD in the current screening activity. Similar 

observations were made by Chher et al. and Pentenero 

et al. [16, 17] in population-level exams in Cambodia 

and Italy. In contrast, research conducted by Oivio et 

al. [18] and Feng et al. [19] in Finland and China 

indicated that oral lichen planus predominated in their 

screened cohorts. 

In the present dataset, OPMDs were most often found 

on the left buccal mucosa; the right buccal mucosa and 

right vestibule followed next. This mirrors patterns 

described by Torabi et al. [15] and M. Bokor-Bratic et 

al. [20]. The updated classification issued by the WHO 

Collaborating Centre on Oral Cancer includes oral 

leukoplakia, oral lichen planus, oral lichenoid lesions, 

proliferative verrucous leukoplakia, and oral 

submucous fibrosis as OPMDs [15], each carrying a 

malignant transformation risk that ranges from 5% to 

18%. 

Among those selected for biopsy, the average duration 

of harmful oral habits—whether smoking, smokeless 

tobacco, betel quid, or areca nut—was 15.2 years. A 

clear upward trend in OPMD diagnoses was observed 

as the daily frequency of these habits increased (from 

<5 to >20 times per day). This trend aligns with results 

from Shivakumar et al. [21], who reported 7.31 ± 6.94 

years of tobacco use among their OPMD patients along 

with an average daily exposure of 4.92 ± 4.02. 

An additional indicator, the exposure factor (daily 

usage multiplied by total years), also rose in tandem 

with OPMD occurrence. The mean exposure factor 

recorded here was 173.80. This resembles the person-

years habit calculations made by Sankaranarayanan et 

al. [22] in Kerala, where longer cumulative exposure 

was tied to higher rates of cancer incidence and 

mortality. 

A noticeable inverse relationship was detected with 

respect to lesion size: most lesions measuring 1–1,000 

sq mm did not fall into the OPMD category. This 
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particular pattern has not been documented elsewhere. 

Similarly, lesion texture did not differ significantly 

between groups—OPMDs comprised 33 soft and 8 

firm lesions, while non-OPMD lesions consisted of 27 

soft and 6 firm. 

The sensitivity of OPMD detection during screening 

reached 88%, a figure consistent with earlier work 

comparing clinical observations with microscopic 

confirmation. For instance, Abidullah et al. [23] 

reported a 78% clinical–histological agreement for 

white lesions. 

Lichen planus and verrucous leukoplakia demonstrated 

perfect clinical–histological concordance (100% each), 

followed by oral submucous fibrosis (90%). 

Paradoxically, although leukoplakia was the most 

frequently identified OPMD, its clinical sensitivity was 

only 39.6%. This likely reflects the broad and non-

specific nature of the clinical term “leukoplakia,” 

which does not always correspond well with the 

underlying tissue changes. Erythroleukoplakia also 

showed inconsistent matching, probably due to the 

close resemblance between severe dysplasia and 

carcinoma in situ. 

There is a strong justification for sustained nationwide 

oral cancer screening. Taiwan remains the only country 

with an ongoing national program, focusing 

particularly on individuals who currently or previously 

chewed betel nut or who smoke [2]. Implementing 

similar programs would be especially important in 

South and Southeast Asia, where OPMD rates are 

notably high. 

Improved examiner training is another essential step, 

as disparities in skill and calibration can reduce 

diagnostic consistency and affect screening efficiency. 

The current study reinforces previous evidence 

showing that visual screening correlates well with 

histopathological findings. Given its high sensitivity, it 

remains a practical first-line method for communities 

with limited access to specialized healthcare. 

Nonetheless, the study was limited by dropouts during 

biopsy referrals—likely driven by anxiety—as well as 

inadequate tissue samples that required exclusion. 

These issues should be carefully addressed in future 

research designs. 
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