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Abstract 
Background: Liquid-based cytology (LBC) is a method of manufacturing cy-
to-diagnostic specimens. Improved accuracy is expected from standardizing 
specimen production and use of this method is rapidly spreading in oral cy-
tology. On the other hand, LBC reportedly requires training to show peculiar 
cell findings compared to those of conventional smear cytology (CVC). Few 
studies have compared detailed cell findings for oral CVC and LBC. Objec-
tives: The aim of this study was to compare cytological findings between CVC 
and LBC using cytomorphological image analysis. Materials and Methods: 
Cytological specimens were collected from 20 patients (negative for squam-
ous neoplasia in 10, dysplasia in 5, squamous cell carcinoma in 5) and 5 con-
trols of the tongue between January 2017 and December 2018. Two different 
preparation techniques were investigated cytomorphologically for CVC and 
LBC (BD CytorichTM). Results: LBC showed significantly higher cell numbers 
than CVC for all lesions. LBC-to-CVC ratio ranged from 9.52 (hyperkeratosis) 
to 1.87 (deep cells in oral squamous cell carcinoma (OSCC)). Nuclear area of 
normal, hyperkeratosis, and inflammation were significantly higher in LBC 
than those of CVC. Hyperchromasia was significantly more frequent with 
CVC than with LBC for hyperkeratosis, inflammation, dysplasia and OSCC. 
There was no significant difference in circularity between CVC and LBC 
among all lesions. Conclusion: Only one cytomorphological disadvantage was 
seen with LBC, in the form of decreased hyperchromasia. Further clarification 
of the advantages and disadvantages of LBC is needed, including manage-
ment of precision and screening practices. 
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1. Introduction 

Oral squamous cell carcinoma (OSCC) is among the ten most common cancers 
around the world, with an estimated annual global incidence of 270,000 cases 
among men and 143,000 cases among women [1] [2]. Unfortunately, no signifi-
cant reduction in the mortality rate of OSCC has been seen over the last 40 
years, with approximately 50% of patients dying within 5 years of diagnosis [3]. 
In addition, leukoplakia and oral lichen planus (OLP) have been included as oral 
potentially malignant disorders (OPMDs) in the new World Health Organiza-
tion (WHO) classification of head and neck tumors [4], defined as a clinical pres-
entation carrying a risk of developing into cancer in the oral cavity. In addition, 
leukoplakias can transform into OSCCs in 1% - 10% of cases and lichen planus 
in 5% of cases, depending on the attack site or grade of epithelial dysplasia ob-
served [5]. 

Early detection of lesions by dentists leads to reduced OSCC mortality. Against 
this background, oral exfoliative cytology (EC) as a method of oral cancer screen-
ing has spread rapidly and improved in recent years. The principles of cytologi-
cal screening programs have evolved from the initial observation of malignant 
cervical cells in wet fixed vaginal cytology preparations as described by Papani-
colaou [6]. The application of oral EC for the evaluation of human oral lesions 
was initially described in 1963, but the utility of oral EC smears that can be ob-
tained in a relatively non-invasive manner for the characterization of oncogenic 
risk in the oral cavity has not been reliably established to the same extent as for 
uterine cancers in gynecological examinations using Papanicolaou staining [7]. 
EC as a screening modality for oral cancers and precancers has not yet achieved 
the same success as that for cervical pathologies [8]. The method has been shown 
to offer low sensitivity in the diagnosis of oral cancer [9] [10]. The reported high 
rate of false-negative results has been attributed to several factors, including in-
adequate sampling, a high risk of procedural errors and the subjective interpre-
tation of findings [11]. Over the years, oral EC methods have been evolved to the 
point of showing renewed promise in screening programs as well as the early as-
sessment of suspicious oral lesions. 

Since 1990, liquid-based cytology (LBC) has been considered as a method of 
improving slide quality and quantity compared to conventional smear cytology 
(CVC) [12]. Instead of an adequate smear, a suspension of cells is obtained, and 
several slides can be prepared. LBC has proven a reliable substitute for conven-
tional smears in cervical screening to predict early malignant changes, in terms 
of both sensitivity and specificity and for minimizing the pitfalls associated with 
practical preparation of obtained cells [13] [14]. The utility of LBC has also been 
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reported for other organs, such as the thyroid [15] and parathyroid [16]. In ad-
dition, LBC has potential as a screening tool for oral cancers and precancers. 
Moreover, with the improvements in cytological techniques that have resulted 
during the development of LBC, use of this approach as an auxiliary tool in the 
diagnosis of oral mucosal lesions has gained renewed interest [17] [18] [19]. That 
is, LBC provided clearer cytomorphological results, but at the cost of a loss of 
background information in high-grade lesions [20]. However, morphological data 
from the two methodologies were not shown in that study. Few comparative 
studies have provided detailed cell findings for oral CVC and LBC. To compare 
cytological findings, the present study performed microscopic observations and 
image analysis of CVC and LBC in oral mucosal disease. 

2. Materials and Methods 
2.1. Subjects 

Oral EC specimens were obtained from Nihon University Hospital at Matsudo 
between January 2017 and December 2018. Twenty patients were divided into 
three subgroups: 10 patients classified as negative for intraepithelial lesion or ma-
lignancy (NILM) (comprising 5 patients with inflammation, 5 patients with hyper-
keratosis); 5 patients with low-grade epithelial dysplasia (dysplasia); and 5 pa-
tients with malignant lesions (OSCC, well-differentiated type). Details of cases 
are shown in Table 1. The 20 patients comprised 10 men (mean age, 55.1 ± 18.9 
years) and 10 women (mean age, 63.9 ± 16.5 years). Biopsy was performed after 
smear collection to confirm the histological diagnosis. 

All pathological lesions were identified on the edge of the tongue. In control 
subjects (normal, n = 5, mean age 36.0 ± 13.7 years), smears were obtained by 
brushing from the edge of the tongue from healthy volunteers. Exclusion criteria 
included: presence of any systemic illness or use of any medication 2 years prior 
to the study; presence of habits that were considered likely to affect to the oral 
mucosa (drinking, smoking, or heavy use, more than 10 times a day, of mouth-
wash); Candida infection; or use of dentures/orthodontic appliances. 

Informed consent was obtained from all individuals prior to inclusion in the 
study. All procedures in studies involving human participants were performed in 
accordance with the ethical standards of the Committee on Studies Involving Hu-
man Beings of Nihon University School of Dentistry at Matsudo (EC-15-14-033-1) 
and with the 1964 Declaration of Helsinki and its later amendments. 

2.2. Oral Exfoliative Cytology 

1) Cell collection 
All cell collection was performed by the same skilled oral surgeon. Specimens 

were collected using a cell collecting brush (Orcellex brush RT; Becton, Dick-
inson and Company, Tokyo, Japan) [21]. Each brush was rotated at the lesion 10 
times. The split sample method was used for specimen preparation of all cyto-
logical samples. 
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Table 1. Details of study subjects. 

Case Age (years) Sex Location Cytological diagnosis Histopathological diagnosis 

1 25 Male Tongue1 NILM2 ―――5 

2 23 Male Tongue1 NILM2 ―――5 

3 31 Male Tongue1 NILM2 ―――5 

4 48 Female Tongue1 NILM2 ―――5 

5 53 Female Tongue1 NILM2 ―――5 

6 24 Male Tongue1 NILM2 Inflammation 

7 63 Female Tongue1 NILM2 Inflammation 

8 83 Female Tongue1 NILM2 Inflammation 

9 35 Male Tongue1 NILM2 Inflammation 

10 44 Female Tongue1 NILM2 Inflammation 

11 76 Male Tongue1 NILM2 Hyperkeratosis 

12 84 Male Tongue1 NILM2 Hyperkeratosis 

13 88 Female Tongue1 NILM2 Hyperkeratosis 

14 36 Female Tongue1 NILM2 Hyperkeratosis 

15 41 Male Tongue1 NILM2 Hyperkeratosis 

16 64 Male Tongue1 OSIL3 Dysplasia 

17 61 Female Tongue1 OSIL3 Dysplasia 

18 70 Female Tongue1 OSIL3 Dysplasia 

19 54 Male Tongue1 OSIL3 Dysplasia 

20 60 Female Tongue1 OSIL3 Dysplasia 

21 71 Male Tongue1 OSCC4 Squamous cell carcinoma 

22 52 Male Tongue1 OSCC4 Squamous cell carcinoma 

23 50 Male Tongue1 OSCC4 Squamous cell carcinoma 

24 56 Female Tongue1 OSCC4 Squamous cell carcinoma 

25 78 Female Tongue1 OSCC4 Squamous cell carcinoma 

1Edge of the tongue; 2Negative for intraepithelial neoplasia or malignancy; 3Oral squamous intraepithelial 
lesion; 4Oral squamous cell carcinoma; 5No biopsy was performed. 

 
2) Specimen preparation 
Conventional smears were prepared from the brush, fixed in 95% ethanol for 

3 hours and subsequently stained by routine Papanicolaou (PAP) staining. PAP 
staining dyes the cytoplasm into light green/blue, orange, and red by several 
substances with different molecular weights. After conventional smear prepara-
tion, the brush containing the remaining cells was immersed in a preservative 
vial (CytorichTM red; BD). Fixation was performed for over 30 minutes. Speci-
men preparation for LBC (BD CytorichTM as SurePathTM manual method; BD) 
followed the instructions from the manufacturer. In short, the preservative vial 
was centrifuged at 2000 rpm for 5 minutes, then the supernatant was discarded. 
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After adding 500 ml of purified water, the sediment was stirred. About 250 mL 
of sediment was dispensed onto a pre-coated slide with a settling chamber and 
left to stand for 10 minutes. After inverting the slide tray and discarding the so-
lution, the slide was washed twice with 100% ethanol. The slide tray was then 
turned upside-down for no more than 1 min to remove excess alcohol. Thereaf-
ter, PAP staining was performed. 

3) Cytological and pathological diagnosis 
Cytological diagnosis was performed under microscopy (Olympus BX51; Olym-

pus, Tokyo, Japan) by at least one cyto-screener for each specimen. After that, two 
or more dentists board certified trainer of oral cytology by the Japan Society of 
Clinical Cytology. Each cytological specimen was then observed for cytological 
findings including thickness of the smear, cellular distribution, resolution/clarity 
of cells, cellular staining characteristics and the presence of unsatisfactory back-
ground/artifacts and cytoplasm/nuclear form. Definitive pathological diagnosis 
was made by two or more oral pathologists certified by the Japan Society of Pa-
thology. The criteria for definitive diagnoses followed the criteria published by 
the WHO [4]. 

4) Cytomorphological methods 
Using a marking pen, a line was drawn across the center of each specimen. 

Ten discontinuous fields across the middle diameter of each preparation were 
evaluated using a ×40 objective lens. Only well-visualized squamous cells were 
counted. The average cell count from the 10 fields (×40) was measured. An av-
erage of ≥50 cells/case was required for cytomorphological analysis. Selection of 
atypical squamous cells was performed by two cyto-screeners and two dentists 
specializing in oral cytology. Dysplastic cells of OSCC were divided into deep 
and superficial layers. After selecting about 50 cells/case, pictures were taken us-
ing a digital camera (Olympus DP74; Olympus), and cytomorphological analyses 
were performed using imaging software for microscopy (cellSens software; Olym-
pus). Cell number and nuclear findings (area, hyperchromasia, irregularity, and 
circularity) were quantified. 

2.3. Statistical Analysis 

All statistical analyses were performed using SPSS for Windows version 14. OJ 
(IBM, Tokyo, Japan). Statistical analyses were performed using the Wilcoxon 
signed-rank test, the Kruskal-Wallis test and Steel-Dwass test. Values of p < 0.05 
were considered statistically significant.  

3. Results 
3.1. Cytological Findings 

Representative cytological pictures are shown in Figure 1 and Figure 2. A sig-
nificantly larger number of superficial cells was observed with LBC (Figures 
1(a2)-(d2)) than with CVC (Figures 1(a1)-(d1)) in all cases. Squamous cells 
in LBC formed clusters in the superficial layer, middle layer and deep layer. 
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Figure 1. Appearance of cell clusters for all lesions by conventional smear and liquid 
based cytology (×4, Papanicolaou staining, a: hyperkeratosis, b: inflammation, c: dyspla-
sia, d: squamous cell carcinoma). (a1)-(d1) Small number of cell clusters shown in conven-
tional smear cytology; (a2)-(d2) Plenty of cell clusters appeared in liquid based cytology. 
 
Slight intussusception was apparent in LBC but did not impact cell observations. 
In the background, inflammatory cells, necrotic debris and erythrocytes were de-
creased in LBC. In cases of hyperkeratosis, keratin debris and orthokeratinized 
squamous cells were mainly observed (Figure 1(a1), Figure 1(a2)). With CVC, 
keratinized superficial cells with keratohyaline granules and keratin debris formed  
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Figure 2. Presentative cytological findings for all lesions by conventional smear and liq-
uid based cytology (×60, Papanicolaou staining, a: hyperkeratosis, b: inflammation, c: 
dysplasia, d: squamous cell carcinoma). (a1)-(d1) Pyknosis in shown in hyperkeratosis, 
dysplasia and deep typical cells in squamous cell carcinoma by conventional smear cytology; 
(a2)-(d2) Nuclear structure is clearer for all lesions by liquid based cytology than conven-
tional smear cytology. 
 
a clustered appearance. Slight thickening of nuclear contours, pyknosis and no in-
crease in nuclear/cytoplasm ratio were observed (Figure 2(a1)). With LBC, nuclei 
showed slightly more irregular contours, clear nuclear structures and fine chroma-
tin distribution (Figure 2(a2)). In inflammation cases, non- or para-keratinized 
cells with mild nuclear swelling and keratin debris were observed intermingled 
in both methods (Figure 1(b1), Figure 1(b2)). With LBC, each cell was isolated 
and showed increased transparency of cytoplasm and clear nuclear structures 
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(Figure 2(b2)). In cases of dysplasia, the difference in the number of cells col-
lected between LBC and CVC is clear (Figure 1(c1), Figure 1(c2)). Keratinized 
dysplastic cells showed cytoplasmic thickening with staining by deep orange G, 
nuclei with irregular contours, irregular chromatin distribution, pyknosis and an 
increased N/C ratio with CVC (Figure 1(c1)). With LBC, keratinized dysplastic 
cells appeared solitary with a torn appearance of cytoplasmic margins, but bright-
ness was higher than in CVC. Nuclear structure was clearer with LBC than with 
CVC (Figure 1(c2)). In OSCC, diversity of cytoplasmic staining was observed in 
both methods (Figure 1(d1), Figure 1(d2)). Deep atypical cells and superficial 
atypical cells were appeared intermingled in CVC (Figure 1(d1)), and the two 
types of atypical cells each formed small clusters in LBC (Figure 1(d2)). Thick-
ened cytoplasm with deep blue coloration, deep dysplastic cells with dense chro-
matin, thickening of nuclear contours and pyknosis were observed with CVC 
(Figure 1(d1)). Conversely, moderate thickening of nuclear contours and slight 
nuclear swelling was shown with LBC, but nuclear transparency was increased, 
and circularity was maintained (Figure 1(d2)). 

3.2. Cytomorphological Analyses 

1) Comparisons between lesions 
Results of nuclear cytomorphological analysis with CVC are shown in Table 

2. Nuclear area was significantly lower in normal (35.8 um2) and hyperkeratosis 
(35.7 um2) cases than in other lesions. Inflammation (175.8) cases showed higher 
hyperchromasia than normal (91.3), hyperkeratosis (87.1) or dysplasia cases 
(80.7), and OSCC (superficial cells, 102.8) showed higher hyperchromasia than 
those of all other lesions. Irregularity was significantly lower in normal cases 
(11.0) than in all lesions except OSCC (superficial cells, 11.7). No significant dif-
ference in irregularity was seen between dysplasia (12.8) and either layer of 
OSCC. Regarding circularity, OSCC (deep cells, 0.72) displayed greater irregu-
larity than hyperkeratosis (0.65) or dysplasia (0.66). 

Results of LBC are shown in Table 3. Nuclear area was larger for inflammation 
(69.6 um2) than for all other lesions. Inflammation (156.3) cases showed higher 

 
Table 2. Results of nuclear cytomorphological analysis for conventional cytology. 

 
Area (um2) Hyperchromasia Irregularity Circularity 

 
Median Range Median Range Median Range Median Range 

Normal 35.8 
 

32.7 - 42.0 91.3 
 

88.2 - 94.1 11.0 
 

10.1 - 12.0 0.71 
 

0.67 - 0.82 

Hyperkeratosis 35.7 
 

29.1 - 41.5 87.1 
 

80.1 - 94.2 9.5 a* 8.5 - 11.4 0.65 a** 0.60 - 0.76 

Inflammation 56.7 a**,b** 51.2 - 69.1 175.8 a**,b** 157.5 - 186.8 19.2 a**, b** 14.4 - 20.5 0.70 
 

0.63 - 0.75 

Dysplasia 48.9 a*,b** 35.5 - 57.9 80.7 c** 71.3 - 99.9 12.8 a*, b**, c** 10.5 - 14.8 0.66 a* 0.59 - 0.76 

OSCC (deep cells) 51.3 a**,b** 37.0 - 61.3 142.2 a**,b**,c**,d** 124.4 - 157.1 15.6 a**, b** 13.0 - 17.1 0.72 b*,d* 0.66 - 0.79 

OSCC (superficial cells) 53.1 a**,b** 43.7 - 57.2 102.8 a**,b**,c**,d**,e** 98.9 - 137.8 11.7 c**, e* 8.6 - 16.5 0.68 
 

0.64 - 0.76 

a: vs normal; b: vs hyperkeratosis; c: vs inflammation; d: vs dysplasia; e: vs OSCC (deep cells). *p < 0.05; **p < 0.01 (the Kruskal-Wallis test and Steel-Dwass 
test). 
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Table 3. Results of nuclear cytomorphological analysis for liquid-based cytology. 

 
Area (um2) Hyperchromasia Irregularity Circularity 

 
Median Range Median Range Median Range Median Range 

Normal 51.3 
 

47.6 - 53.3 122.2 
 

103.5 - 140.9 14.2 
 

11.4 - 14.4 0.76 
 

0.76 - 0.77 

Hyperkeratosis 49.5 
 

41.7 - 56.0 71.5 a** 59.5 - 77.2 9.9 a** 8.2 - 11.2 0.67 a** 0.54 - 0.78 

Inflammation 69.6 a**,b** 51.6 - 87.1 156.3 a**,b** 146.1 - 184.1 16.4 a**, b** 14.3 - 22.3 0.80 b* 0.70 - 0.81 

Dysplasia 50.3 c** 46.1 - 55.0 76.9 a**,c** 61.5 - 84.1 14.4 b** 11.1 - 18.1 0.70 a* 0.60 - 0.84 

OSCC (deep cells) 48.8 c** 44.0 - 62.4 97.3 a**,b**,c**,d** 88.3 - 116.8 18.5 a**, b**, d** 17.0 - 21.1 0.77 b* 0.69 - 0.84 

OSCC (superficial cells) 49.6 c** 38.0 - 64.2 71.2 a**,c**,e** 55.7 - 87.8 13.3 b**, c**, e** 11.8 - 17.9 0.76 
 

0.65 - 0.83 

a: vs normal; b: vs hyperkeratosis; c: vs inflammation; d: vs dysplasia; e: vs OSCC (deep cells). *p < 0.05; **p < 0.01 (the Kruskal-Wallis test and Steel-Dwass 
test). 

 
hyperchromasia than normal (122.2) and hyperkeratosis (71.5), dysplasia (76.9) 
and both layers of OSCC. No significant difference in irregularity was seen be-
tween dysplasia (14.4) and OSCC (superficial cells, 13.3). No significant difference 
in circularity was seen between OSCC (superficial cells, 0.76) and all other lesions. 

2) Comparison between sample preparation methods 
Results of cytomorphological analysis are shown in Table 4. In all 5 groups, 

LBC yielded significantly higher cell numbers than CVC. Comparing among cases, 
hyperkeratosis showed the lowest number of cells among all 5 groups with both 
CVC (21.27) and LBC (202.40). The LBC-to-CVC ratio for cell numbers ranged 
from 9.52 for hyperkeratosis to 1.87 for deep cells in OSCC. For nuclear area, the 
most prominent nuclear swelling was shown in inflammation with both CVC 
(57.99) and LBC (74.95), and cells were significantly larger with LBC than with 
CVC for normal, hyperkeratosis, and inflammation cases. As for hyperchroma-
sia, denser, darkish changes were seen for inflammation with both CVC (173.59) 
and LBC (157.36), next to deep cells in CVC, and hyperkeratosis, inflammation, 
dysplasia and OSCC cases showed significantly bigger cells with LBC than with 
CVC. Irregularity was prominent in inflammation (23.64) and OSCC (deep cells, 
18.18) with LBC, and cells of normal mucosa and OSCC (deep cells) were signif-
icantly bigger with LBC than with CVC. No significant difference in circularity 
was seen between CVC and LBC among all 5 groups. 

4. Discussion 

Oral EC is an approach for harvesting cells from the oral mucosa [22], and its 
adoption has been delayed due to variations in accuracy. In recent years, the de-
bate has been further complicated by the spread of LBC [23] [24] [25]. 

In comparisons of oral biopsy and EC, EC appears to better reflect early epi-
thelial atypia in oral premalignant and early malignant lesions [26] [27]. Fur-
thermore, in 1973, Allegra et al. [23] published the largest review analysis of 
previous studies, including 6448 samples. That study showed 97.3% sensitivity 
for oral EC, with only two false-negative cases. Conversely, high false-positive 
rates have been reported for oral mucosal lesions, at 63.9% [28] and 87% [29]. 
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Table 4. Comparison of cytomorphological results between conventional and liquid-based cytology of all lesions. 

Histopathological  
diagnosis 

Preparation  
method 

   
Nuclear findings 

  
Cell number3 Area (um2) Hyperchromasia Irregularity Circularity 

Normal CVC 
 

Ave1 27.53 38.04 90.33 11.09 0.75 

   
SD2 2.77 7.82 23.80 3.09 0.19 

 
LBC 

 
Ave1 248.60 50.05 125.33 12.56 0.76 

   
SD2 19.04 3.83 21.34 2.81 0.01 

Hyperkeratosis CVC 
 

Ave1 21.27 35.21 88.27 9.97 0.66 

   
SD2 4.86 8.62 12.19 2.40 0.10 

 
LBC 

 
Ave1 202.40 49.55 68.91 10.61 0.67 

   
SD2 35.00 9.05 13.76 4.07 0.16 

Inflammation CVC 
 

Ave1 29.93 57.99 173.59 18.15 0.69 

   
SD2 8.03 15.20 15.48 5.04 0.09 

 
LBC 

 
Ave1 281.20 74.95 157.36 23.64 0.77 

   
SD2 59.56 26.39 27.95 27.14 0.10 

Dysplasia CVC 
 

Ave1 25.53 49.56 85.18 13.69 0.65 

   
SD2 9.24 17.73 21.96 4.57 0.14 

 
LBC 

 
Ave1 236.47 50.03 76.11 15.36 0.70 

   
SD2 62.00 7.87 24.79 4.81 0.17 

OSCC CVC Deep cells Ave1 41.33 53.73 116.82 13.41 0.70 

   
SD2 14.59 18.55 26.62 6.28 0.15 

 
LBC 

 
Ave1 312.27 54.52 75.03 14.53 0.72 

   
SD2 46.87 20.28 25.79 3.56 0.12 

 
CVC Superficial cells Ave1 17.23 48.32 138.17 15.16 0.74 

   
SD2 3.48 15.40 23.89 3.79 0.11 

 
LBC 

 
Ave1 32.15 53.02 98.82 18.18 0.75 

   
SD2 6.49 15.37 29.07 4.55 0.11 

: p<0.05 (Wilcoxon signed-rank test). Bigger values are colored in gray. 1Average; 2Standard deviation; 3Total cell number/5 HPF. 

 
To summarize previous reports, the popularity of oral EC remains low and re-
stricted due to difficulties with cell harvesting and differing methods of sample 
preparations (EC or LBC), in addition to accuracy issues [25]. 

Whereas EC reveals morphophysiological alterations [30] in squamous cells 
such as dirtiness of the smear and changes in nuclear size, all of which may be 
used to aid presumptive diagnosis of the oral mucosa [31], Superficial cells in 
leukoplakia or OLP with dysplasia and OSCCs without ulceration show weak 
atypia [32]. In the present study, no distinction between dysplasia and other le-
sions was observed by neither CVC n1or LBC. In addition, changes in nuclear 
findings due to increased grade of oral mucosal dysplasia are smaller than those 
seen on examinations of the uterine cervix, leading to false-negative diagnoses 
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[32]. Concerning OSCC (superficial cells), hyperchromasia in CVC is signifi-
cantly higher than dysplasia, but no significant difference in LBC. Overall, in-
flammatory cytological changes were more prominent compare to other lesion in 
both methods, and this was speculated to have contributed to decreased accuracy. 

Kahm [33] described false results as potentially attributable to collection of only 
surface epithelial cells, as characteristic cellular pathological changes may not 
extend to the surface on conventional EC. In addition, the great variation in tech-
nical quality of cytological smears increases the chance for diagnostic failure on 
microscopic examination. 

Compared to CVC, LBC reduced false-negative results [34]. In addition, LBC 
offers significant advantages, particularly the good depiction of cell morphology 
and staining, and clean background [1] [35] [36], but specific morphological de-
scriptions have been lacking. On the contrary, no superiority was observed for 
LBC when the form of clinical growth was exophytic or where the clinical growth 
pattern was leukoderma in the uterine cervix [37]. In the present study, LBC also 
yielded markedly higher numbers of cells, even in lesions showing hyperkerato-
sis. Regarding comparisons of cell morphology, nuclear findings of various or-
gans have most commonly been reported. In parathyroid lesions, LBC showed 
variable degrees of cellularity, similar nuclear features, but smaller nuclei, and 
better-preserved cell borders [16]. In lymph nodes, the nuclear and cytoplasmic 
architecture were better appreciated with LBC [38]. Accordingly, reports on the 
benefits of LBC for oral mucosal lesions have been scattered [17] [18] [19], but 
studies comparing oral cell morphology between CVC and LBC remain scarce. 
Sharma et al. [39] described thinner smears on LBC with uniform distribution of 
cellular material along with a clearer background and better details of cellular 
morphology, such as nuclear hyperchromasia and bi- or multinucleation in oral 
lesions, but only 5 cases were used. Oral EC needs precision management, and 
accumulation of characteristic features with the conventional method and LBC 
is an urgent matter. 

The present study observed thin smears with homogeneous cell distribution, 
abundant cellularity and clear backgrounds in LBC. Cells also showed crispier 
outlines and good quality of staining. In addition, cell clumps were formed by 
heavier atypical cells and stratified squamous epithelium with natural sedimen-
tation due to gravity. These two points appear useful for organizing information 
at the time of screening. Conversely, no superiority was observed for LBC, where 
the clinical growth style was exophytic or where the clinical growth pattern showed 
leukoderma in the uterine cervix [37]. In the present study, LBC also obtained a 
markedly greater number of cells even in lesions showing hyperkeratosis. The 
present results suggest that diagnostic precision would be improved with LBC. 
On the other hand, on screening for decreased hyperchromasia, the denser nuc-
lear staining would presumably lead to underdiagnosis. This was consistent with 
the present result that hyperchromasia is not useful for identifying dysplasia 
under LBC.  
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Navone et al. [1] reviewed the literature for the efficacy and efficiency of LBC 
and CVC in the early diagnosis of OSCCs and OPMDs. They concluded that al-
though CVC helps in screening, LBC yielded better results, enhancing both sen-
sitivity and specificity and providing material for further investigation. In con-
clusion, both LBC and CVC appear diagnostically reliable, with LBC showing 
overall improvements in sample preservation, specimen adequacy, visualization 
of cell morphology and reproducibility in oral lesions. These tendencies were sim-
ilar to a previous description [35]. Only one cytomorphological disadvantage was 
apparent, in the decrease of hyperchromasia with LBC, but more issues remain 
to be clarified, including precision management and practices for screening pe-
culiar to LBC. This study is limited in the number of cases, so there is a limita-
tion to the conclusion. The number of cases should be increased, and further 
studies should be conducted. 

5. Conclusions 

The following could be concluded in the present study: 
1) LBC showed significantly higher cell numbers than CVC for all lesions.  
2) Hyperchromasia was significantly more frequent with CVC than with LBC 

for hyperkeratosis, inflammation, dysplasia and OSCC.  
3) There was no significant difference in circularity between CVC and LBC 

among all lesions.  
4) Only one cytomorphological disadvantage was seen with LBC, in the form 

of decreased hyperchromasia.  
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