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ABSTRACT 

Introduction: Early identification of dysplasia is crucial in managing oral potentially malignant disorders 
(OPMD). Adjunct techniques facilitate the oral examination (OE) to diagnose early oral squamous cell 
carcinoma (OSCC) and high-risk OPMDs. Our study aims to compare the efficacy of VELscope with Toluidine 
blue test (TBT) in the early detection of oral dysplasia (OD). Materials and Methods: A total of 51 patients 
clinically diagnosed with OPMD and early oral cancer were subjected to VELscope examination and TBT 
followed by histopathological investigation. Lesions with loss of auto-fluorescence and royal blue staining 
were considered as positive for VELscope and TBT respectively. Sensitivity, specificity, positive predictive 
(PPV), and negative predictive values (NPV) were obtained for each test and combined tests. Results: In 38 
OPMDs, VELScope and TBT detected 12 and 10 cases as true positives and 4 and 9 cases as true negatives 
respectively.  Out of 12 OSCCs, VELscope and TBT detected 10 and 9 cases as true positives respectively. The 
overall efficacies of VELscope and TBT in the diagnosis of both OPMDs and malignant lesions were as follows: 
66.6% and 57.6% sensitivity, 22.2% and 50% specificity, 61% and 67.9% PPV, 26% and 39% NPV respectively. 
The sensitivity, specificity, PPV, and NPV of combined tests with the diagnosis of dysplasia and OSCC were 
78.8%, 22.2%, 65%, and 36.4% respectively. Conclusion: Combined tests have more sensitivity than individual 
tests. Concerning the individual tests, TBT results are more reliable than the VELscope test. 
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INTRODUCTION 
 

Oral cancer is defined as, cancer that forms in the 
tissues of the oral cavity. It is the 16th most 
common cancer in the world (1) and oral squamous 
cell carcinoma (OSCC) is the most common head 
and neck malignancy. The prognosis for patients 
with early-stage OSCC is excellent compared to late 
stages. The five-year survival rate is about 80% for 
early-stage OSCC. Despite the advances in 
treatment, the prognosis for late-stage OSCC 
remains less than 50% (2). 

OSCC is usually preceded by oral potentially 
malignant disorders (OPMD) such as erythroplakia, 
leukoplakia, and oral sub-mucous fibrosis. 
However, OSCC can also arise from clinically normal 
mucosa. Therefore, early diagnosis of OPMD and 
oral cancer is the key to improving the overall 
prognosis of OSCC. The presence and degree of 
dysplasia are the markers for the malignant 
transformation of OPMD. Dysplasia is defined as 
disordered cellular development which is 
characterized by architectural and cytological 
changes. Hence, histopathology investigation from 
a tissue obtained via an incisional biopsy is the gold 
standard for accurate diagnosis of dysplastic 
changes in the oral mucosa (3). Being an invasive 
procedure, most people are reluctant to undergo a 
biopsy. The easiest way of early detection of such 
lesions is conventional oral examination (COE) 
consisting of visual and tactile examination. 
However, it is challenging to identify high-risk 
OPMD lesions and early OSCC only by COE. In spite 
of the clinical experience, it is difficult to 
differentiate dysplastic changes from benign 
inflammatory changes by COE. 

Approximately two-thirds of patients with 
squamous cell carcinoma of the head and neck 
presented at late stages of the disease (4). Despite 
the advancement in cancer therapy, late 
presentation of the patient and failure to detect 
early dysplastic changes by COE are the main 
reasons for the overall poor prognosis of OSCC in 
the last 30 years. A cross-sectional study conducted 
in Sri Lanka has revealed that the annual cost for 
treatment of stage III or IV OSCC is five times higher 
than for early stages (5). Consequently, early 
detection of oral epithelial dysplasia may help to 
reduce the morbidity, mortality rate, and the cost 
of treatment of OSCC. 

On the basis of the available literature COE of oral 
lesions is not predictive of histologic diagnosis. A 
meta-analysis in 2012 reported that COE had 93% 
sensitivity and 31% specificity in the diagnosis of 
dysplasia and carcinoma (6). Therefore, adjunctive 
methods are necessary to facilitate COE to detect 
early stages of OSCC and high-risk OPMD. In the last 
years, many diagnostic methods have been 
suggested to facilitate the detection of OSCC and 
OPMD such as vital tissue staining with Toluidine 
blue, Vizilite, Visualization adjuncts tissue 
autofluorescence, and saliva-based oral cancer 
diagnostics. Tissue autofluorescence can be 
assessed by visually enhanced lesion scope 
(VELscope) and InVivo confocal microscopy (7). 

Vital tissue staining defines the staining of vital cells 
or tissues in the living state. It can be done either 
as intra-vital staining which is in the living body or 
supra-vital staining which is used for slide 
preparation of detached cells. The presence of 
dysplasia can be detected by vital tissue staining 
with Toluidine blue. Toluidine blue (TB) is an 
acidophilic metachromatic dye. It selectively stains 
acidic tissue components has an affinity for nucleic 
acids and binds to the nuclear material of tissues 
which has a high content of DNA and RNA. A 
Dysplastic cell has a high nuclear/cytoplasm ratio 
and nuclear hyperchromatism. Therefore, TB can 
be used to stain dysplastic cell nuclei. TB was first 
applied by Reichart in 1963 for vital staining of 
uterine cervical carcinoma in situ (8). 

Autofluorescence is the emission of light by 
biological structures when they have absorbed 
light. There are naturally occurring fluorochromes 
in the oral epithelium and submucosa (e.g., 
Collagen and elastin) which are irradiated with 
different excitation wavelengths. VELscope is a 
hand-held device that uses blue spectrum light 
(400-460nm) for direct visualization of 
autofluorescence in the oral cavity. Tissue 
fluorescence is variable and it is affected by 
structural changes, the presence of hemoglobin, 
vascular dilation, and inflammation. The use of 
blue-spectrum light may maximize the differential 
profile in areas undergoing malignant changes and 
result in loss of fluorescence (9). 

The aim of our study was to compare the efficacy of 
VELscope with Toluidine blue test (TBT) in the early 
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detection of oral dysplasia in clinically suspicious 
lesions. 

MATERIAL & METHODS 

The study was carried out at the Oral Medicine 
Clinic of the University Dental Hospital, Peradeniya, 
Sri Lanka. The study protocol was approved by the 
Ethics Review Committee of the Faculty of Dental 
Sciences, University of Peradeniya 
(ERC/FDS/UOP/E/2020/05). 

The sample size for the study was calculated by 
using Burderer’s formula. A total of 51 patients of 
age over 18 years with clinically suspicious lesions 
of either oral potentially malignant disorders or 
oral cancer were included in this study from 2019 
to 2021. The entire study protocol was explained to 
each patient at the beginning of the study and 
informed written consent was obtained. Patients 
who have not given consent for incisional biopsy or 
study, patients previously diagnosed or have 
undergone treatment for OSCC or OPMD were 
excluded. 

Demographic data and data regarding the details of 
the lesion (Site, size, shape, color, margin, and 
induration), habits, medical disorders, and allergies 
were collected. Photographic records of the 
suspicious lesions were obtained with patient 
consent. Autofluorescence of the lesions was 
assessed by using VELscope device. The assessment 
results were recorded according as: fluorescence 
visualization loss (FVL), fluorescence visualization 
retained (FVR), and photodocumentation. 

After the VELscope assessment, TB staining test 
was performed for lesions. The test was done with 
following steps: First, asked the patient to rinse the 
mouth with water for 20s, then with 1% acetic acid 
for 20s, application of 1% TB solution for 20s with 
cotton swab. Then, asked the patient to rinse again 
the mouth with 1% acetic acid for 20s and then with 
water to remove the mechanically retained stain. 
Then the lesions were examined by the expert and 
interpreted for findings. To address the intra-
examiner variability, the Calibration of 5 cases was 
done at different time intervals by the principal 
investigator under the guidance of the chief 
investigator. 

Lesions stained with royal blue were considered as 
positive whereas lesions with pale blue or no stain 
were considered as negative. Meanwhile photo 
documentation of the lesions was done. 

Finally, histopathological assessment of the lesions 
was done with an incisional biopsy. Biopsy sites 
were selected according to the positive results of 
the VELscope (FVL) and TB staining tests. Data were 
collected and entered into an Excel sheet and 
statistical analysis was done using SPSS 20 
(statistical package for social sciences). Patient’s 
flowchart is illustrated in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Patient’s flowchart  
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RESULTS 

Out of the 51 patients, 39 (76.4%) were males and 
12 (23.6%) were females with the male: female of 
3.25:1. Age range was 18 to 83 years. Three 
patients were less than 25 years and four were 
more than 75 years. 10 patients (20%) were in the 
age group of 61 to 70 years and 8 patients (16%) 
were in the age group of 51 to 60.  
 
The commonest site was buccal mucosa (43%) 
followed by the tongue (19.6%), gingiva (7.8%), and 
floor of the mouth (5.8%). Histopathological 
diagnosis revealed 38 cases of OPMD, 12 cases of 
OSCC, and one case of plasma cell mucositis. In 38 
cases of OPMD, dysplasia was present in 21 cases 
(Table 1).  
 
Table 1: Cross-tabulation between clinical 
diagnosis and the results of VELscope, Toluidine 
Blue test and Histopathology report 

 
In our study, out of 38 OPMDs oral leukoplakia and 
OSF were diagnosed in 22 and 9 cases respectively 
(50% and 18.4%). Further, oral leukoplakia was 
most prevalent among 55-64-and 65-74-year-old 
age groups whereas OSF was mostly reported in 25-
34- and 45–54-year-old age groups. 
 
VELscope displayed true positives for 22 cases (12 
OPMD and 10 OSCC) and true negatives for four 
cases. Further, VELscope displayed false positives 
and false negatives for 14 and 11 cases 
respectively. The sensitivity and specificity of 
VELscope were 66.6% and 22.2%. Positive 

predictive value and negative predictive value were 
61% and 26%. 
 
The toluidine blue test revealed true positives for 
19 cases (10 OPMD and 9 OSCC) and true negatives 
for 9 cases. Further, the test showed false positives 
and false negatives for 9 and 14 cases respectively. 
The sensitivity and specificity of TB test were 57.6% 
and 50%. Positive and negative predictive values 
were 67.9% and 39%. 
 
The sensitivity and specificity of the combined tests 
were 78.8% and 22.2%. Further, the positive and 
negative predictive values are 65.0% and 36.4%. 
 

DISCUSSION 

Oral cancer is considered one of the major public 
health problems in most of the South East Asian 
countries including Sri Lanka. OSCC is the most 
common oral cancer reported and mostly they 
proceed from OPMD. The global prevalence of 
OPMD is reported at 1-5%. However, varying 
prevalence has been reported in some Southeast 
Asian countries (Taiwan 12.7%) and Western Pacific 
countries (Papua New Guinea 11.7%) (10).  

In Sri Lanka, oral leukoplakia and oral submucous 
fibrosis (OSF) are the most prevalent OPMDs and 
are reported as 26.2 and 4.0 per 1000 respectively 
(11). National oral health survey of Sri Lanka 
2015/2016 reported that oral leukoplakia and OSF 
are most prevalent among 35-44- and 65-74-year-
old age groups [3]. In contrast, our study revealed 
that the very young age group (25-34) also reported 
OSF. 

Other OPMD which encountered in our study were 
oral lichen planus/lichenoid reaction, 
erythroplakia, and chronic hyperplastic candidiasis. 
According to the World Health Organization's 
classification of head and neck tumours-2017, 
chronic candidiasis was considered as OPMD. 
However, it remains controversial to confirm 
chronic hyperplastic candidiasis as OPMD and 
needs more scientific evidence (12).  

The risk of development or malignant 
transformation of OPMD depends on several 
factors. Although there is no consensus, several 

Clinical 

Diagnosis 

Numb
er of 
patien
ts 

VELscop
e- 
Positive 

Toluidi
ne blue 
test- 
Positiv
e 

Dysplas
ia 
present 

Leukoplakia 
(Homogenous) 

22 13 12 16 

Oral 
submucous 
fibrosis 

9 8 6 3 

Erythroleukopl
akia 

2 2 1 2 

Oral lichen 
planus/ 
Lichenoid 
reactions 

4 0 0 0 

Candidal 
Leukoplakia 

1 1 1 0 
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literatures reported some clinical and 
histopathological factors as risk factors. Clinical 
factors are female gender, heavy 
alcohol/tobacco/areca nut consumption, genetic 
disorders, clinical type of OPMD (non-homogenous 
leukoplakia), site and size of the lesion (>200mm2), 
nutritional status, immune and oral hygiene status, 
microbes (Human papillomavirus, Epstein-Barr 
virus, and Candida) (13 14). Histopathological 
factors include type of OPMD, degree of dysplasia, 
and involved/close margin of the excisional biopsy 
(13). 

There are different theories available that describe 
the association between candida infection and oral 
carcinogenesis (15). In the literature, candida 
infection was reported in 13.5% of oral leukoplakia 
cases (2). In this study, candida superinfection was 
confirmed in three oral leukoplakia cases (15.7%) 
and one case with oral lichen planus. In those 
leukoplakia cases, a moderate type of dysplasia was 
reported in two cases and one with severe 
dysplasia. 

Since dysplasia is an independent predictor of 
malignant transformation of OPMD, it needs to be 
evaluated for OPMD management. 
Histopathological diagnosis is required for the 
definitive treatment. However, it may be difficult to 
judge a site for a biopsy of OPMD with conventional 
oral examination only.  

Although there are several visual adjuncts assessed 
for the detection of OPMDs, there is limited 
evidence to recommend a single best visual adjunct 
for routine use. In this study, we assessed the 
accuracy of VELscope and TBT in the diagnosis of 
dysplastic changes of OPMD/ early OSCC.  

VELscope is a non-invasive, wireless, and simple 
device that can be used to detect abnormal tissue 
changes. Several studies have been done to assess 
the efficacy of VELscope with varying results (15). 
According to a Meta-analysis done by Nallan et al., 
the sensitivity of VELscope varies from 30% to 
100%. The specificity is ranging from 7% to 100% 
(16). In our study, the sensitivity is contradictory to 
the results of Rana et al., and Scheer et al. who 
found 100% sensitivity for autofluorescence 
examination [17 18]. Whereas, it was consistent 
with the studies done by Mc Namara et al., Paderni 

et al., and Bhatia et al where their reported 
sensitivities were 67%, 66%, and 64% respectively 
(19 20).  

Regarding the specificity of the VELscope test, our 
results were contradictory with Lane et al., who 
found 100% specificity whereas coincides with 
Hanken et al., Felix et al., and Awan et al., who 
found very low specificity 33%, 16%, and 15% 
respectively (21 22 23 24). Although some studies 
showed very high sensitivity and high specificity for 
the VELscope test in diagnosing OPMD, according 
to our study, there is a higher probability of 
overtreating patients with OPMD than 
undertreatment (16). 

With regard to the toluidine blue test, Rosenberg et 
al., have reported the sensitivity and specificity of 
TBT in their meta-analytic study as ranging from 
97.8% to 93.5% and 92.9% to 73.3% respectively 
(25). According to Jayasinghe et al, the reported 
sensitivity and specificity of TBT were 68.3% and 
63.1% respectively (26). Our results were more 
consistent with the later study (17). On the other 
hand, Parakh et al., have shown in their case-
control study that TBT has higher sensitivity and 
specificity for malignant lesions than OPMD (27). 
Their study demonstrated that TBT has 92% 
sensitivity and 82% specificity for malignant lesions 
whereas 61% sensitivity and 80% specificity for 
OPMD. In contrast, our results revealed that TBT 
has a higher sensitivity for OPMD (90.9%) than 
malignant lesions (75%). According to our study, 
the sensitivity was higher when both tests were 
combined whereas the specificity was lower than 
the TBT alone. 

CONCLUSION 

From the results of our study VELscope and TBT 
tests can be useful as visual adjuncts for the 
conventional oral examination when both tests 
were combined. When comparing the individual 
tests, TBT is more reliable than VELscope. However, 
the histopathological investigation is the most 
reliable investigation for the diagnosis of dysplasia 
in OPMD and OSCC. Small sample size was a 
limitation factor in our study therefore, further 
comparative study is recommended to obtain a 
proper conclusion. 

 



 VELscope vs TBT: A Comparison Study                                             Sri Lanka Journal of Medicine Vol. 33 No.3,2024 

47 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES 

1. World Cancer Research International (2020). 
https://www.wcrf.org/  

2. National cancer control program. National guideline for 
the management of oral potentially malignant disorders 
for medical and dental practitioners (Internet). Ministry of 
health and indigenous medicine, Sri Lanka. Updated 2019 
August. Available from:  http://www.nccp.health.gov.lk  

3. Warnakulasuriya S, Ariyawardana A. Malignant 
transformation of oral leukoplakia: a systematic review of 
observational studies. J Oral Pathol Med. 2016 
Mar;45(3):155-66. https://doi.org/10.1111/jop.12339  

4. Kalavrezos, N., &Bhandari, R. (2010). Current trends and 
future perspectives in the surgical management of oral 
cancer. Oral Oncology, 46(6), 429–432. 
https://doi.org/10.1016/j.oraloncology.2010.03.007  

5. Amarasinghe H, Jayasinghe RD, Dharmagunawardene D, 
Attygalla M, Scuffham PA, Johnson N, Kularatna S. 
Economic burden of managing oral cancer patients in Sri 
Lanka: a cross-sectional hospital -based costing study.BMJ 
Open. 2019 Jul 19; 9(7):e027661. 

https://doi.org/10.1136/bmjopen-2018-027661  
6. Epstein JB1, Güneri P, Boyacioglu H, AbtE.The limitations 

of the clinical oral examination in detecting dysplastic oral 
lesions and oral squamous cell carcinoma.Tex Dent J. 2013 
May;130(5):410-24. 
https://doi.org/10.14219/jada.archive.2012.0096  

7. Masthan KM1, Babu NA, Dash KC, ElumalaiM.Advanced 
Diagnostic Aids in Oral Cancer.Asian Pacific J Cancer Prev, 
13, 3573-3576. 
https://doi.org/10.7314/apjcp.2012.13.8.3573  

8. GokulSridharan ,Akhil A Shankar.Toluidine blue: A review 
of its chemistry and clinical utility.J Oral MaxillofacPathol. 
2012 May-Aug; 16(2): 251–255. 
https://doi.org/10.4103/0973-029X.99081  

9. Patton, L. L., Epstein, J. B., & Kerr, A. R. (2008). Adjunctive 
Techniques for Oral Cancer Examination and Lesion 
Diagnosis. The Journal of the American Dental 
Association, 139(7), 896–905. 
https://doi.org/10.14219/jada.archive.2008.0276  

10. Amarasinghe, A. A. H. K., Usgodaarachchi, U. S., Johnson, 
N. W., & Warnakulasuriya, S. (2018). High Prevalence of 
Lifestyle Factors Attributable for Oral Cancer, and of Oral 
Potentially Malignant Disorders in Rural Sri Lanka. Asian 
Pacific journal of cancer prevention : APJCP, 19(9), 2485–
2492. https://doi.org/10.22034/APJCP.2018.19.9.2485  

11. Amarasinghe, H., Johnson, N., Lalloo, R. et al. Derivation 
and validation of a risk-factor model for detection of oral 
potentially malignant disorders in populations with high 
prevalence. Br J Cancer 103, 303–309 (2010) 
https://doi.org/10.1038/sj.bjc.6605778  

12. Lorenzo-Pouso, A.I.; Pérez-Jardón, A.; Caponio, V.C.A.; 
Spirito, F.; Chamorro-Petronacci, C.M.; Álvarez-Calderón-
Iglesias, Ó.; Gándara-Vila, P.; Lo Muzio, L.; Pérez-Sayáns, 
M. Oral Chronic Hyperplastic Candidiasis and Its Potential 
Risk of Malignant Transformation: A Systematic Review 
and Prevalence Meta-Analysis. J. Fungi 2022, 8, 1093. 
https://doi.org/10.3390/jof8101093    

13. Lorini, L., Tomasoni, M., Gurizzan, C., Magri, C., Facchetti, 
M., Battocchio, S., Romani, C., Ravanelli, M., Oberti, A., 
Bozzola, A., Bardellini, E., Paderno, A., Mattavelli, D., 
Lombardi, D., Grammatica, A., Deganello, A., Facchetti, F., 
Calza, S., Majorana, A., . . .  Bossi, P. (2022). Clinical and 
Histological Prognostic Factors of Recurrence and 
Malignant Transformation in a Large Series of Oral 
Potentially Malignant Disorders. Frontiers in Oncology, 
12. https://doi.org/10.3389/fonc.2022.886404  

14. Tilakaratne WM, Jayasooriya PR, Jayasuriya NS, De Silva 
RK. Oral epithelial dysplasia: Causes, quantification, 
prognosis, and management challenges. Periodontol 
2000. 2019 Jun;80(1):126-147. 
https://doi.org/10.1111/prd.12259  

15. Cosola, M. D., Cazzolla, A. P., Charitos, I. A., Ballini, A., 
Inchingolo, F., & Santacroce, L. (2021). Candida albicans 
and Oral Carcinogenesis. A Brief Review. Journal of Fungi, 
7(6). https://doi.org/10.3390/jof7060476  

16. K Chaitanya NCS, Chavva, S., Surekha, E., Priyanka, V., 
Akhila, M., Ponnuru, H. K., & Reddy, C. K. (2019). A Meta-
analysis on efficacy of auto fluorescence in detecting the 
early dysplastic changes of oral cavity. South Asian Journal 
of Cancer, 8(4), 233-236. 
https://doi.org/10.4103/sajc.sajc_336_18  

17. Rana M, Zapf A, Kuehle M, Gellrich NC, Eckardt AM. 
Clinical evaluation of an autofluorescence diagnostic 

Author declaration   
 
Acknowledgement 
Dr. S. P. Abeysundara for carrying out the statistical 
analysis of the study. 
   
Authors' contributions:  
Conceptualization: RDJ; Data Collection: VAG, 
WMDLW; Data Analysis: VAG, RDJ, PVKSH, BSMSS; 
Writing—Original Draft Preparation: VAG, RDJ, 
PVKSH; Writing—Review and Editing: VAG, RDJ, 
PVKSH, BSMSS. Access to all of the raw data of the 
study: VAG, RDJ. All authors have read and agreed 
to the published version of the manuscript. 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
Conflicts of interest:  
The authors declare that there is no financial or non-
financial conflict of interest. 
 
Funding statement:  
Self-funded. 
 
Ethics statement:  
The study protocol was approved by the Ethics 
Review Committee of the Faculty of Dental Sciences, 
University of Peradeniya 
(ERC/FDS/UOP/E/2020/05). Informed written 
consent was taken from the participants. 
 
Statement on data availability:  
Data generated or analyzed during this study are 
available from the corresponding author upon 
reasonable request. 
 

 

 

 

https://www.wcrf.org/
http://www.nccp.health.gov.lk/
https://doi.org/10.1111/jop.12339
https://doi.org/10.1016/j.oraloncology.2010.03.007
https://doi.org/10.1136/bmjopen-2018-027661
https://doi.org/10.14219/jada.archive.2012.0096
https://doi.org/10.7314/apjcp.2012.13.8.3573
https://doi.org/10.4103/0973-029X.99081
https://doi.org/10.14219/jada.archive.2008.0276
https://doi.org/10.22034/APJCP.2018.19.9.2485
https://doi.org/10.1038/sj.bjc.6605778
https://doi.org/10.3390/jof8101093
https://doi.org/10.3389/fonc.2022.886404
https://doi.org/10.1111/prd.12259
https://doi.org/10.3390/jof7060476
https://doi.org/10.4103/sajc.sajc_336_18


 VELscope vs TBT: A Comparison Study                                             Sri Lanka Journal of Medicine Vol. 33 No.3,2024 

48 
 

device for oral cancer detection: A prospective 
randomized diagnostic study. Eur J Cancer Prev 
2012;21:460-6. 
https://doi.org/10.1097/cej.0b013e32834fdb6d   

18. Scheer M, Neugebauer J, Derman A, Fuss J, Drebber U, 
Zoeller JE, et al. Autofluorescence imaging of potentially 
malignant mucosa lesions. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod 2011;111:568-77. 
https://doi.org/10.1016/j.tripleo.2010.12.010  

19. McNamara KK, Martin BD, Evans EW, Kalmar JR. The role 
of direct visual fluorescent examination (VELscope) in 
routine screening for potentially malignant oral mucosal 
lesions. Oral Surg Oral Med Oral Pathol Oral Radiol 
2012;114:636-43. 
https://doi.org/10.1016/j.oooo.2012.07.484  

20. Paderni C, Compilato D, Carinci F, Nardi G, Rodolico V, Lo 
Muzio L, et al. Direct visualization of oral-cavity tissue 
fluorescence as novel aid for early oral cancer diagnosis 
and potentially malignant disorders monitoring. Int J 
Immunopathol Pharmacol 2011;24:121-8. 
https://doi.org/10.1177/03946320110240s221  

21. Lane PM, Gilhuly T, Whitehead P, Zeng H, Poh CF, Ng S, et 
al. Simple device for the direct visualization of oral-cavity 
tissue fluorescence. J Biomed Opt 2006;11:024006. 
https://doi.org/10.1117/1.2193157  

22. Hanken H, Kraatz J, Smeets R, Heiland M, Assaf AT, 
Blessmann M, et al. The detection of oral pre- malignant 
lesions with an autofluorescence based imaging system 
(VELscope™) – A single blinded clinical evaluation. Head 
Face Med 2013;9:23. 

23. Koch FP, Kaemmerer PW, Biesterfeld S, Kunkel M, Wagner 
W. Effectiveness of autofluorescence to identify 
suspicious oral lesions – A prospective, blinded clinical 
trial. Clin Oral Investig 2011;15:975-82. 
https://doi.org/10.1007/s00784-010-0455-1  

24. Awan KH, Patil S. Efficacy of autofluorescence imaging as 
an adjunctive technique for examination and detection of 
oral potentially malignant disorders: A systematic review. 
J Contemp Dent Pract 2015;16:744-9. 
https://doi.org/10.5005/jp-journals-10024-1751  

25. Rosenberg D, Cretin S. Use of meta-analysis to evaluate 
tolonium chloride in oral cancer screening. Oral Surg Oral 
Med Oral Pathol. 1989 May;67(5):621-7. 
https://doi.org/10.1016/0030-4220(89)90286-7  

26. Jayasinghe, R. D., Hettiarachchi, K. S., Amugoda, D., 
Kumaraarachchi, M., Liyanage, P. R., Siriwardena, M. S., 
Gunasena, R., Karunatilake, T. S., & Amarasinghe, H. K. 
(2020). Validity of Toluidine Blue test as a diagnostic tool 
for high risk oral potentially malignant disorders- a 
multicentre study in Sri Lanka. Journal of Oral Biology and 
Craniofacial Research, 10(4), 547-551. 
https://doi.org/10.1016/j.jobcr.2020.08.002  

27. Parakh MK, Jagat Reddy RC, Subramani P. Toluidine Blue 
Staining in Identification of a Biopsy Site in Potentially 
Malignant Lesions: A Case-control Study. Asia Pac J Oncol 
Nurs. 2017 Oct-Dec;4(4):356-360.  
https://doi.org/10.4103/apjon.apjon_38_17  

 
 

https://doi.org/10.1097/cej.0b013e32834fdb6d
https://doi.org/10.1016/j.tripleo.2010.12.010
https://doi.org/10.1016/j.oooo.2012.07.484
https://doi.org/10.1177/03946320110240s221
https://doi.org/10.1117/1.2193157
https://doi.org/10.1007/s00784-010-0455-1
https://doi.org/10.5005/jp-journals-10024-1751
https://doi.org/10.1016/0030-4220(89)90286-7
https://doi.org/10.1016/j.jobcr.2020.08.002
https://doi.org/10.4103/apjon.apjon_38_17



