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         Introduction 

 The seminal work by Papanicolaou and Traut in studying the cells from  precancerous 
and cancerous lesions of the cervical mucosa paved the way for oral cytology. Their 
work proved an effective tool for screening gynecologic malignant disease  [  1  ] . 
Initially, the use of oral cytology was limited to comparative studies of oral and 
cervical cytology, describing cytomorphological changes depending on the men-
strual cycle. Interestingly, buccal smears also have been reported to show marked 
cyclic  fl uctuation in keratinization during the normal menstrual cycle  [  2–  4  ] . 

 In the second half of the nineteenth century, the morphology of malignant cells 
in sputum was  fi rst described from an oropharyngeal carcinoma  [  5  ] . This was fol-
lowed by work of Morrison et al. in which they used Papanicolaou staining to diag-
nose nasopharyngeal carcinomas  [  6  ] . But it was Montgomery and von Haam who 
were the  fi rst to examine the usefulness of cytology in the oral cavity  [  7  ] . Some 
further studies showed the application of oral cytology by animal experiments  [  8,   9  ] . 
Oral cytology has been used effectively as a research tool for the evaluation of 
experimentally induced carcinomas in hamster cheek pouches and in healing of 
gingivectomy wounds  [  10  ] . Much later, Sandler, through his series of reports on 
Veterans Administration studies of oral cytology, focused attention on the potential 
of the technique as an aid to early detection of oral cancer  [  11  ] . These landmarks in 
the development of oral exfoliative cytology are listed in Table  2.1 .   
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   Cytology Techniques and Their Modi fi cations 

 Over a period of time, as the  fi eld of oral cytology started to grow, many investiga-
tors including Montgomery and von Haam experienced the limitations of oral cytol-
ogy and therefore felt the need for improvements. They devised numerous 
modi fi cations which were intended to procure larger amount of cells, to sample a 
large cellular area and also to improve the quality of cell staining. However these 
modi fi cations were not put to widespread use. Special stains have been advocated, 
either to de fi ne the best area for cell collection in a diffuse lesion or to enhance the 
de fi nition of malignant cells for the examining pathologist. Some of these have been 
listed in Table  2.2 . In order to reach the cells of the basal and parabasal layers, the 
atypical keratotic cell layers need to be removed. It is for this very purpose, the use 
of a metal spatula or a sharp spoon was recommended by some authors  [  20,   21  ] .  

 Besides these techniques, numerous supportive analytical methods for light 
microscopy were used. Possible utilization of  fl uorescence microscopy and phase 
contrast microscopy was investigated. Fluorescent DNA-speci fi c dyes like Acridine 
Orange were used to measure the cellular DNA content  [  22  ] . Analysis of nucleolar 
size and diameter, as additional parameters for malignancy, was carried out with the 
help of image cytometry  [  23  ] . Besides the classical applications of the oral cytologi-
cal studies, detection of Epstein–Barr virus in oral lesions of hairy leukoplakia has 
also been done, thereby widening its possibilities  [  24  ] .  

   Oral Cytology in Cancer Detection 

 Oral cytology appeared to be a promising diagnostic tool as it was thought to have 
potential for early detection of malignant lesions. The issue of whether oral cytol-
ogy could be applicable for mass population screening is somewhat unsettled, 

   Table 2.1    Landmarks in the development of oral exfoliative cytology   

 Year of publication  Author  Subject of publication 

 1860  Beale  [  5  ]   Cytological examination of sputum in 
a case of pharyngeal carcinoma 

 1940  Weinmann  [  12  ]   Cytological examination of oral cellular 
keratinisation 

 1941  Ziskin et al.  [  13  ]   Effects of the menstrual cycle on oral 
cellular morphology 

 1942  Papanicolaou  [  14  ]   Introduction of a staining procedure for 
cytological smears 

 1943  Papanicolaou and Traut  [  3  ]   Cytological diagnosis of uterine cancer 
 1949  Morrison et al.  [  6  ]   Cytological diagnosis of nasopharyngeal 

malignancies 

  Modi fi ed from J Oral Pathol Med (2009) 38: 161–166 R. Mehrotra et al.  
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although the majority opinion seems to be that it was not practical at that time. Thus, 
investigators came up with numerous modi fi cations in the techniques, some of 
which have been described above. These modi fi cations did increase the sensitivity 
of cytology. However the main advantage of cytology was lost as compared with 
surgical biopsy as these kinds of scrapings were more invasive. 

 At the same time, oral cytology could not prove to be an effective tool for detect-
ing early neoplastic lesion of the oral cavity in the way cervical cytology did. The 
reasons for this were manifold. First, oral topography and the size of the oral cavity 
made it virtually an impossible task to examine the complete mucosal surface. Thus, 
only the region which had visible lesions could be cytologically examined. It cannot 
be overemphasized that an adequate sample is essential if morphological evaluation 
of the collected cells is to yield representative  fi ndings. Even for histopathological 
examination, if a carcinoma covers a large area, it is important to carefully select the 
most appropriate site of the scalpel biopsy  [  25  ] . 

 Secondly, a de fi nite transformation zone as on the cervical mucosa, where malig-
nant cells reach the epithelial surface in early tumor stages, does not exist in oral 
cancer  [  26  ] . Therefore, it was only possible to obtain malignant cells by conven-
tional smears, if the carcinoma was fairly advanced or ulcerated  [  20  ] . Thus none of 
the existing minimally invasive techniques were able to sample deeper layers of the 
oral cavity—access to which was necessary to make oral cytology an effective pre-
ventive tool for oral cancers. 

 Conventional oral brush cytology has sensitivity ranging between 79% and 
97% and speci fi city between 95.1% and 99.5%. Though there is an increase in 
the accuracy but this have not signi fi cantly increased compared with conven-
tional exfoliative cytology. Thus, the need to improve analytics, which utilize 
technology like image analysis and automated machines, remains a challenge 
for the investigators.  

   Table 2.2    Methodical modi fi cations of oral exfoliative cytology   

 Year of publication  Author  Modi fi cation in material and methods 

 1951  Gladstone  [  15  ]   Improved quantities of obtained cells by 
use of a “sponge biopsy” 

 1952  Schneider  [  16  ]   Modi fi cations of staining 
 1960  Cawson  [  17  ]   Modi fi cations of staining 
 1963  King  [  18  ]   Use of frosted glass slides 
 1963  Staats and Goldsby  [  19  ]   Comparison of wooden and metal spatula. 

Recommendation of the metal spatula 
 1964  Sandler  [  20  ]   Removal of keratotic layers with a sharp 

curette 
 1981  Dumbach et al.  [  21  ]   Smear curettage’. Inclusion of deeper cell 

layers by use of a curette 
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   Oral Brush 

 The introduction of the oral brush is a signi fi cant landmark in the history of oral 
cytology. Use of a brush for cervical cytology demonstrated better cell spreading on 
objective slides as well as an improvement in quality and validity of smears com-
pared with smears obtained by using a wooden spatula  [  27  ] . But it is the ability of 
the oral brush to sample deeper mucosal layers, the site for squamous intra-epithe-
lial lesions (SIL), with minimal invasion that is the principal basis for its success in 
oral cytology.  [  28  ] . It is a more convenient instrument, for the examiner, than the 
wooden tongue depressor, when dealing with oral lesions  [  26  ] . Moreover, this tech-
nique is a chair-side, easy to perform, painless test that can be used to evaluate any 
suspicious lesion, including common small white and red oral lesions, to rule out 
dysplasia. 

 A multicenter study emphasized the importance of brush biopsy with automated 
imaging in which clinically benign-appearing mucosal lesions were sampled using 
this technique and nearly 5% were later con fi rmed by using scalpel biopsy to repre-
sent dysplastic epithelial changes or invasive cancer  [  29  ] . Many other authors dem-
onstrated that brush cytology could uncover similar lesions that were not clinically 
suspicious of carcinoma or pre-invasive disease  [  30  ] . Interestingly, a case report 
published a few years back emphasized the value of brush cytology in the  follow-up 
of oral lesions which covered a large area  [  31  ] . In another report, Gupta et al. com-
bined conventional oral brush cytology with the application of  toluidine blue to 
localize the right site for brushing in suspected mucosal areas  [  32  ] . Mehrotra et al., 
in his study recently con fi rmed the utility of  automated analysis in minimally suspi-
cious (Class II) lesions  [  33  ] .  

   Conclusions 

 Oral cytology has come a long way from its primitive Papanicolaou days. It has made 
major strides in its eventful development. The oral health professionals along with 
multidisciplinary scienti fi c investigators have played a pivotal role in discovering 
optimal methods that would allow early diagnosis of oral cancer. Early detection 
should lead to less damage from cancer therapy and better prognosis. Surgical exci-
sion followed by a histopathological diagnosis, however, remains the widely accepted 
benchmark for the present. There are a number of recently introduced novel tech-
niques that help in the diagnosis of oral malignancy. The future of these newer tech-
niques appears extremely promising and should, hopefully, change the paradigm of 
oral cancer diagnostics.      



92 Historical Development of Oral Cytology

      References 

    1.    Papanicolaou GN, Traut HF. Diagnosis of cancer by vaginal smears. New York: The Commonwealth 
Fund; 1943.  

    2.    Papanicolaou GN. Atlas of exfoliative cytology. Cambridge: Harvard University Press; 1954.  
    3.    Papanicolaou GN, Traut HF. Diagnosis of uterine cancer by the vaginal smear. New York: The 

Commonwealth Fund; 1943. p. S1–47.  
    4.    Papanicolaou GN. A survey of the actualities and potentialities of exfoliative cytology in can-

cer diagnosis. Ann Intern Med. 1949;31:661–74.  
    5.    Beale LS. Examination of sputum from case of cancer of the pharynx and adjacent parts. Arch 

Med. 1860;2:44–6.  
    6.    Morrison LF, Hopp ES, Wu R. Diagnosis of malignancy of the nasopharynx. Cytological stud-

ies by the smear technique. Ann Otol Rhinol Laryngol. 1949;58:18–32.  
    7.    Montgomery PW, von Haam E. A study of the exfoliative cytology in patients with carcinoma 

of the oral mucosa. J Dent Res. 1951;30:308–13.  
    8.    Camilleri GE, Smith CJ. Exfoliative cytology in experimental oral carcinogenesis. Acta Cytol. 

1964;8:85–90.  
    9.    Hanks CT, Chaudhry AP, Neiders ME. Reliability of exfoliative cytology in induced carci-

noma in hamster’s pouch. Acta Cytol. 1969;13:94–8.  
    10.    Stahl SS. Exfoliative cytology in an experimentally induced carcinoma of the hamster cheek 

pouch. Acta Cytol. 1963;7:262–7.  
    11.    Sandler HC, Stahl SS. Exfoliative cytology as a diagnostic aid in the detection of oral neo-

plasms. J Oral Surg. 1958;16:414–8.  
    12.    Weinmann J. The keratinization of the human oral mucosa. J Dent Res. 1940;19:57.  
    13.    Ziskin DE, Kamen P, Kitley I. Epithelial smears from oral mucosa. J Dent Res. 1941;20:386–7.  
    14.    Papanicolaou GN. A new procedure for staining vaginal smears. Science. 1942;95:438–9.  
    15.    Gladstone SA. Sponge biopsy in the diagnosis of the cancer in the mouth. J Oral Surg. 

1951;9:104–9.  
    16.    Schneider G. Krebserkennung und zytodiagnostik. Dtsch Zahnarztl Z. 1952;7:1127–43.  
    17.    Cawson RA. The cytological diagnosis of oral cancer. Br Dent J. 1960;19:294–8.  
    18.    King OH. Intraoral exfoliative cytology technics. Acta Cytol. 1963;7:327–9.  
    19.    Staats OJ, Goldsby JW. Graphic comparison of intra oral exfoliative cytology technics. Acta 

Cytol. 1963;7:107–10.  
    20.    Sandler HC. The cytologic diagnosis of tumors of the oral cavity. Acta Cytol. 1964;8:114–20.  
    21.    Dumbach J, Sitzmann F, Pesch HJ. Diagnostisches Vorgehen bei Verdacht auf Malignom der 

Mundho¨ hle unter besonderer Beru¨ cksichtigung der Exfoliativ-Zytologie. Dtsch Zahnarztl 
Z. 1981;36:697–700.  

    22.    Caulder SL. Fluorescence microscopy utilizing acridine orange in oral cytodiagnosis. Oral 
Surg. 1967;23:343–50.  

    23.    Abdel-Salam M, Mayall BH, Hansen LS, Chew KL, Greenspan JS. Nuclear DNA analysis of 
oral hyperplasia and dysplasia using image cytometry. J Oral Pathol. 1987;16:431–5.  

    24.    Walling DM, Flaitz CM, Adler-Storthz K, Nichols CM. A non-invasive technique for studying 
oral epithelial Epstein–Barr virus infection and disease. Oral Oncol. 2003;39:436–44.  

    25.    Mehrotra R, Gupta A, Singh M, Ibrahim R. Application of cytology and molecular biology in 
diagnosing premalignant or malignant oral lesions. Mol Cancer. 2006;5:1–11.  

    26.    Ogden GR, Cowpe JG, Green M. Cytobrush and wooden spatula for oral exfoliative cytology. 
A comparison. Acta Cytol. 1992;36:706–10.  

    27.    Murata PJ, Johnson RA, McNicoll KE. Controlled evaluation of implementing the cytobrush 
technique to improve Papanicolaou smear quality. Obstet Gynecol. 1990;75:690–5.  

    28.   Boon ME, Alons-van Kordelaar JJM, Rietveld-Scheffers PEM. Consequences of the 
 introduction of combined spatula and cytobrush sampling for cervical cytology improvements 
in smear quality and detection rates. Acta Cytol. 1986; 30: 264–70.  



10 V. Dhingra and R. Mehrotra

    29.    Ahmed HG, Idris AM, Ibrahim SO. Study of oral epithelial atypia among Sudanese tobacco 
users by exfoliative cytology. Anticancer Res. 2003;23:1943–9.  

    30.    Mehrotra R, Singh MK, Pandya S, Singh M. The use of an oral brush biopsy without com-
puter-assisted analysis in the evaluation of oral lesions: a study of 94 patients. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod. 2008;106:246–53.  

    31.    Moralis A, Kunkel M, Reichert TE, Kosmehl H, Driemel O. Identi fi kation eines rezidivieren-
den, oralen Plattenepithelkarzinoms mittels Bu¨ rstenzytologie. Mund Kiefer Gesichtschir. 
2007;11:355–8.  

    32.    Gupta A, Singh M, Ibrahim R, Mehrotra R. Utility of toluidine blue and oral brush biopsy in 
oral precancerous lesions and squamous cell carcinoma. Acta Cytol. 2007;51:788–94.  

    33.    Mehrotra R, Mishra S, Singh M, Singh M. The ef fi cacy of oral brush biopsy with computer-
assisted analysis in identifying precancerous and cancerous lesions. Head Neck Oncol. 
2011;3:39.      



http://www.springer.com/978-1-4614-5220-1


	Chapter 2: Historical Development of Oral Cytology
	Introduction
	Cytology Techniques and Their Modi ﬁ cations
	Oral Cytology in Cancer Detection
	Oral Brush
	Conclusions
	References


