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Abstract

It is often difficult to detect early oral cancer due to the specificity of the oral  
mucosa structure. The aim of this study was to investigate the potential of narrow band 
imaging (NBI) as an effective and non-invasive diagnostic tool in early oral cancer  
and other oral diseases. A magnifying endoscopy system manufactured by Olympus 
Corporation was used. A total of 121 subjects were included in the study. Subepithelial 
capillary loops were identified and categorized according to the classification of Inoue,  
with healthy mucosa graded as Type I or II, and that showing evidence of cancer-induced  
morphological change as Type III or IV. Sensitivity and specificity for the identification 
of oral cancer were estimated at 92.3% and 88.2%, respectively. Examination under a 
microscope with H&E staining and immunostaining for CD34 revealed dilation and 
extension of the capillaries in epithelial dysplasia, in addition to thickening of the 
 epithelial layer. The present results indicate that use of NBI in conjunction with con-
ventional magnifying endoscopy has great potential as an effective and non-invasive 
diagnostic tool in the early detection of oral cancer.
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Introduction

Although the oral cavity may easily be 
examined through direct visual examination 
and palpation, it is sometimes difficult to 
detect and diagnose early-stage oral cancer 
because of the specificity of the structure of 
the oral mucosa.

As one means of overcoming this problem, 
we have managed to achieve a certain level of  
success by employing staining with iodine or  

toluidine blue. Masticatory mucosa — gingival  
or palatine — however, is naturally resistant  
to iodine, rendering this method ineffective. 
Moreover, iodine staining is contraindicated 
in individuals with iodine hypersensitivity. 
Therefore, there is an urgent need for an 
alternative safer, non-invasive, and universally 
applicable procedure for the early detection 
of early oral cancer.

The development of the endoscope has 
allowed areas of the digestive tract to be 
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 visualized that would otherwise be invisible  
to the naked eye. Moreover, recent advances 
in this technology have provided a range of 
new functions, including magnification and 
contrast variation of the mucosa, enabling 
more precise observation1,3,4). Another new  
procedure recently introduced is narrow band  
imaging (NBI). This has already been used 
for screening for and diagnosing malignant 
lesions in the large intestine, esophagus5–7,12), 
and pharynx5,14,20), and has drawn favorable  
attention. A magnifying endoscopy system for  
normal light imaging to observe capillary struc-
tures under affected oral mucosal epithelium  
was first introduced in our department in 2005.  
Since then, we have observed oral mucosal 
lesions through an endoscope employing an 
NBI system to evaluate the applicability of  
this technology to the oral cavity18).

The results have shown that this system is 
extremely effective and, being non-invasive,  
safe in making a differential diagnosis of oral 
mucosal disease. Here, we will summarize our  
study.

Materials and Methods

1. NBI magnifying endoscopy
A magnifying endoscopy system manufac-

tured by Olympus Corporation (Video Colo-
noscope CF-Q240ZL) was used. This system 
comprises an electric controller (MAJ-570), a 
video processor with a special optical filter 
(CV-260SL), a light source (CLV-260NBI), 
and a high-resolution liquid-crystal display 
(OEV181). The system is characterized by an 
optical zoom that enables the operator to  
obtain clear, degradation-free, high-resolution  
images at 100-times (100×) maximum mag-
nification. It is also characterized by interme-
diate magnification from approximately 60× 
to 80× and a guaranteed observation depth 
of from 200 to 300μm, even at maximum 
magnification.

2. Subjects and methods
The subjects consisted of 121 patients who  

underwent clinical evaluation or surgical  

resection and diagnostic evaluation between  
April 2006 and December 2010. They included  
52 patients with T1 or early T2 oral squamous  
cell carcinoma (tongue, 35 cases; gingiva, 5 
cases; buccal mucosa, 9 cases; palate, 2 cases; 
and oral floor, 1 case), 25 with leukoplakia, 
18 with oral lichen planus, 8 with aphtha, 6  
with erythroplakia, 6 with epithelial dysplasia,  
and 6 with other pathological conditions  
such as pigmentation, injury, periodontitis,  
or candidiasis (Table 1). Sixteen healthy  
volunteers from various institutions without 
mucosal disease were used as controls (Table 
2). Informed consent was obtained from all 
subjects prior to participation in the study.

In principle, observations were made of  
the affected site in each case. In the case of a 
hyperkeratosis lesion or oral cancer, however, 
observation of the center of the lesion was 
avoided and the marginal mucosal surface — 
the interface with the base — selected instead.  
Regular endoscopic observation was carried 
out first in all patients.

Next, the target was selected and magnifying  
endoscopy combined with NBI performed  
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Table 1 Patient distribution

Diagnosis Number

Squamous cell carcinoma 52

Leukoplakia 25

Lichen Planus 18

Aphtha  8

Erythroplakia  6

Dysplasia  6

Other  6

Other: pigmentation, injury, periodontitis, candidiasis

Table 2 Patient breakdown by sex

Normal Oral mucosa 
disease

Malignant 
tumor

Male 10 31 27

Female  6 38 25

Total 16 69 52

(Average age: 61.2 yr)
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for further observation. The tip of the scope 
was placed as close to the mucosal surface  
as possible while taking care to avoid direct  
contact. Magnification was adjusted manually.  
The image from the video camera was  
recorded and visualized on the display for 
analysis of the capillary morphology. In the  
analysis, the subepithelial capillary loops were  
extracted and classified into the following 4  
types according to the classification of Inoue5):  
Type I, normal appearance, but with some 
degree of dilation; Type II, as in Type I, but  
with more extensive dilation; Type III, irregular  
arrangement characterized by a wavy pattern,  
elongation and dilation; Type IV, irregularly 
shaped capillaries with destruction of loops 
and vascularization (Fig. 1).

Sections were prepared from the resected 
specimens and subjected to hematoxylin-

eosin (H&E) staining and immunostaining  
for CD34 according to the standard protocol.  
The section corresponding to the part visu-
alized by NBI was then observed under the 
microscope.

Results

In the oral mucosa of the healthy volun-
teers, the subepithelial capillaries were similar  
in shape and formed regular loops close to  
the mucosal surface. Although the length and  
distribution of these subepithelial capillary 
loops differed depending on the site, no 
irregularity in loop course was recognized 
(Fig. 2). In the masticatory mucosa, the 
 subepithelial capillary loops were non-dense, 
narrow, and short; in the lining mucosa they 

Fig. 1 Classification according to type of vascular loop

Vascular loops were classified into Types I to IV based on tumor-induced neovascularization.
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were dense and long. In the dorsum of the 
tongue mucosa, however, a number of loops 
were identified and their form consistently 
classified as Type I according to both the 
 classification of Inoue and our own18) classifi-
cation. No Type II or higher was observed.

Where a necrotic layer or pseudomembrane  
prevented identification of capillary loops 
due to thick white spots in the keratinous 
layer or at the center of a cancer, the circum-
ference was observed instead. Leukoplakia 
was detected most frequently in the gingiva  
(12 cases), followed by the tongue, the buccal  
mucosa, and the palate. Occasionally, the 
wavy pattern characteristic of Type III was 
observed in the buccal mucosa, and Type II  
(a kind of “clubbing” pattern) was sometimes 

seen on the tongue. All others were classified  
as Type I. Type III was observed in the buccal 
mucosa in the 3 cases of oral lichen planus. 
Almost all the others were classified as Type I 
or II, with little variation at each site.

Vasodilatation, which often accompanies 
inflammation, was observed in all the cases  
of aphtha (lower lip, inferior surface of  
the tongue, buccal mucosa) and clubbing 
(Type II).

No cases of erythroplakia or epithelial 
 dysplasia were classified as Type I. Figure 3 
shows some cases in which variation was 
observed in dilation, although the final clas-
sification was Type II. In the cases associated  
with erythema, change was observed in  
the capillary course, together with irregular 

Fig. 2 Type I (lower lip)

Intra-epithelial papillary capillary loops appeared 
normal, with regularly arranged wavy lines.

Fig. 5 Type IV (tongue margin)

Characterized by large vessels and absence of terminal  
loop branches due to carcinogenesis-induced destruction  
by excessive dilation and elongation.

Fig. 4 Type III (oral floor)

Irregular arrangement, with elongation and dilation.

Fig. 3 Type II (tongue margin)

Arrangement of intra-epithelial papillary capillary 
loops similar to that in Type I, but with elongation 
and dilation.
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91

arrangement and dilation of the loops and 
the wavy pattern characteristic of Type III 
(Fig. 4). Type IV was recognized in two cases 
(Fig. 5). They were also classified as Class II 
according to the results of cytology.

In addition to the vascular findings in 
 epithelial dysplasia described above, a wavy  
pattern characterized by non-uniform dilation,  
winding capillaries, and variation in capillary 
shape were observed on the mucosal surface 
around primary oral cancer lesions. Many of 
these phenomena were co-existent around  
the same lesion, with a large degree of  
variation in the dilation forms observed.

Oral cancers were detected in the tongue 
(35 cases), gingiva (5 cases), buccal mucosa 
(9 cases), palate (2 cases), and oral floor (1  
case). Most of them were classified as Type III  
or IV. Those oral cancers where the primary 
lesion was in the gingiva and which were 
 classified as white patch-type according to 

their clinical features included one Type I 
case and three Type II cases.

Most cases of healthy mucosa and oral 
mucosal diseases were classified as Type I or 
II, while most oral cancers were classified as  
Type III or IV. Sensitivity and specificity for the  
identification of oral cancer were estimated 
at 92.3% and 88.2%, respectively (Table 3).

We conducted H&E staining and immuno-
staining for CD34 (Figs. 6, 7) for examination 
under the microscope. The pathohistological 
findings indicating leukoplakia and early can-
cer according to World Health Organization  
(WHO) criteria are presented in the figures.

Discussion

Recently, following a global trend, the  
morbidity of oral cancer in Japan has shown  
an increase among women and young people,  

Table 3 Breakdown according to vascular loop

Healthy oral mucosa
Oral mucosal disease Malignant tumor

Vascular loop type I z II 77  4

III z IV  8 48

Sensibility=92.3%, Specificity=88.2%
Type I: Normal appearance, but with some dilation.
Type II: As in Type I, but with more extensive dilation.
Type III: Irregular arrangement, with elongation and dilation; wavy pattern.
Type IV: Irregular capillary shape with destruction and vascularization.

Fig. 6 Comparison of H&E and CD34 findings in leukoplakia

Left: H&E, Right: CD34. In addition to thickening of epithelial layer, dilation and extension 
of capillaries was observed.

NBI System for Early Oral Cancer
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as well men. Early detection and treatment 
are essential for the improvement of the  
oral cancer cure rate. When early cancer is  
detected in a non-invasive manner, the 5-year  
survival rate may be maintained at nearly 
95%1,2,15).

Narrow band imaging is a new optical tech-
nology developed in the field of gastrointes-
tinal endoscopy8,17,19). An increasing number of 
studies8–11,13,16,18), including the present report, 
indicate the importance this new technology 
in conjunction with magnifying endoscopy  
in the early detection of oral cavity cancer.

Unlike epidermal tissue, the oral mucosa has  
few keratinized layers and lacks appendages 
other than minor salivary glands. Therefore, 
the capillaries in the connective tissue papilla  
beneath the epithelium can be observed  
non-invasively from the surface. Generally, in 
healthy oral mucosa, the epithelial rete pegs 
and connective tissue papillae in the proper  
lamina are regularly connected to one another,  
and thus the capillaries in the papilla are 
uniformly distributed in a loop form. In early 
cancer, however, connective tissue papillae  
in the lamina propria are found deeply  
embedded between the rete pegs due to pro-
liferation of cancer in situ 5). Accordingly, the 
capillaries in the connective tissue papillae 
seem to take on a more irregular and dense 
distribution.

Even lesions that cannot be differentiated 
under standard magnification can be clearly 
visualized as brown regions with NBI, high-
lighting the border between the lesion and 
the normal mucosa. In observing a tumorous 
lesion under magnification, proliferation of 
the capillaries can be recognized as a char-
acteristic “spotting” of the tissue.

One study has suggested that existing  
vessels are first pushed and then changed by 
proliferating tumor cells based on evidence 
from a vascular image obtained during early-
stage carcinogenesis5). As the cancer grows, 
both inward and outward expansion is seen, 
even in a single tumor. Superficial images  
of vascular distribution, vascularization, and 
vascular destruction will then differ accord-
ingly. Further study is required, however, to 
determine how these phenomena might cor-
respond to NBI findings, and how capillary 
loop classification relates to etiology.

The results of the present study indicate 
that an abnormal accumulation of capillaries 
under the oral mucosal epithelium together 
with morphological change in those capil-
laries such as dilation, winding, differences  
in diameter, and irregularity in shape are 
strongly indicative of cancer, as is the case in  
the upper gastrointestinal tract. Narrow band  
imaging allows such capillary morphology to 
be easily identified, although many problems 

Fig. 7 Comparison of H&E and CD34 findings in carcinoma

Left: H&E, Right: CD34. In addition to thickening of epithelial layer, 
dilation and extension of capillaries was observed in early cancer.

Shibahara T et al.
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remain. The stratified squamous epithelium 
of the oral mucosa is not uniform, and the  
tongue, oral floor, gingiva, lip, buccal mucosa, 
and palate are composed of keratinized layers,  
granular layers, and prickle cell layers of 
 varying thickness and density.

Therefore, the degree to which the  
morphological features of the subepithelial 
capillary loops may be identified will depend 
on the site. For example, we cannot easily  
find subepithelial capillary loops on the back  
of tongue, where many papillae are located, 
while those in the lip, oral floor, and buccal 
mucosa can be visualized without difficulty. 
Further study is needed to determine the 
characteristic imaging findings at each site  
in order to improve the diagnostic power of 
this technology. It will also be necessary to 
determine the influence of age, sex, lifestyle, 
and history of systemic disease on the sub-
epithelial capillary system.

Vascular loops are categorized into 5 types  
in Inoue’s classification5), which is widely  
used in the gastrointestinal field. Moreover, 
vascular loops classified as Type V are further  
divided into 4 subtypes. These guidelines were  
established so that physicians could make  
a diagnosis and select treatment according  
to the morphology of the capillary loops. 
Unlike oral mucosa, gastrointestinal mucosa  
is characterized by the presence of a muscular  
layer of mucosa, a submucosal secretion 
gland, and a single luminal structure. Due  
to this difference, few clear capillary loop 
images could be obtained in the oral mucosa 
here, and it was only possible to classify them 
into 4 types. More cases are needed for  
further evaluation. One of our future goals  
is to establish a set of diagnostic criteria for 
oral mucosal diseases comparable to Inoue’s 
classification.

In using a magnifying endoscopy system, 
special attention should be directed to the 
endoscopic procedure. The esophagus and 
pharynx are anatomically characterized by  
a luminal structure, which enables accurate  
and smooth endoscopic surgery. Narrow band  
imaging is a highly reliable diagnostic system 
that enables the extraction of pathological 

conditions with great efficiency and a non- 
invasive application to the oral mucosa.  
Compared with a conventional magnifying 
endoscopy system for normal light imaging, 
NBI enables a clearer and more detailed 
 visualization of capillary loops under the 
mucosal epithelium.

In this study, an NBI system was used in 
conjunction with magnifying endoscopy to 
observe various oral mucosal diseases. The 
subepithelial capillary loops were arranged 
regularly in healthy mucosa. Most subepi-
thelial capillary loops derived from mucosal 
diseases were classified as Type I or Type II. 
Abnormal subepithelial capillary loops and 
vascularization were frequently observed in 
malignant tumors. Inoue et al. used magni-
fying endoscopy to elucidate morphological 
change in the capillaries of the esophagus. 
They divided their findings into 5 types dif-
ferentiating healthy mucosa from that under-
going inflammatory or tumorous change. 
Like the esophagus, the oral cavity is lined 
with stratified squamous epithelium. In the  
present study, observation of the oral mucosa  
with a magnifying camera suggested that the 
capillary course was an important indicator  
of malignant change. Special attention needs  
to be directed to hyperkeratosis, however,  
as an endoscopic diagnosis cannot always  
be made based on the vascular pattern. In 
general, however, the present results indicate  
that use of an NBI system in conjunction with  
magnifying endoscopy greatly increases our  
ability to make an early diagnosis of cancer in  
the oral cavity. Our goal is to further explore  
the potential of this new system as a diagnostic  
tool for recognizing early-stage oral cancer by  
continuing to refine our knowledge of the 
vascular morphology characteristic of each 
disease.

References

 1) Dekker E, van den Broek FJC, Reitsma JB, 
Hardwick JC, Offerhaus GJ, van Deventer SJ, 
Hommes DW, Fockens P (2007) Narrow-band  

NBI System for Early Oral Cancer



94

imaging compared with conventional colonos-
copy for the detection of dysplasia in patients  
with longstanding ulcerative colitis. Endoscopy  
39:216–221.

 2) Gómez J, Seoanne P, Varela-Centelles P, Diz P,  
Takkouche B (2009) Is diagnostic delay related 
to advanced stage oral cancer? A meta-analysis.  
Eur J Oral Sci 117:541–546.

 3) Gono K, Obi T, Yamaguchi M, Ohyama M, 
Machida H, Sano Y, Yoshida S, Hamamoto  
Y, Endo T (2004) Appearance of enhanced 
tissue features in narrow-band endoscopic 
imaging. J Biomed Opt 9:568–577.

 4) Hirata M, Tanaka S, Oka S, Kaneko I, Yoshida  
S, Yoshihara M, Chayama K (2007) Magnifying  
endoscopy with narrow band imaging for 
 diagnosis of colorectal tumors. Gastrointest 
Endosc 65:988–995.

 5) Inoue H, Kaga M, Sato Y, Sugaya S, Kudo S 
(2007) Magnifying endoscopy diagnosis of 
 tissue atypia and cancer invasion depth in  
the area of pharyngo-esophageal squamous 
epithelium by NBI enhanced magnification 
image, IPCL pattern classification, Advanced 
digestive endoscopy: comprehensive atlas of 
high resolution endoscopy and narrowband 
imaging, Cohen J ed., pp.49–66, Blackwell 
Publishing, New York.

 6) Kara MA, Bergman JJ (2006) Autofluorescence  
imaging and narrow-band imaging for the 
detection of early neoplasia in patients with 
Barrett’s esophagus. Endoscopy 38:627–631.

 7) Kara MA, Ennahachi M, Fockens P, ten Kate 
FJ, Bergman JJ (2006) Detection and classifi-
cation of the mucosal and vascular patterns  
(mucosal morphology) in Barrett’s esophagus  
by using narrow band imaging. Gastrointest 
Endosc 64:155–166.

 8) Kato M, Shimizu Y, Nakagawa S, Yamamoto  
J, Asaka M (2005) Usefulness of magnifying  
endoscopy in upper gastrointestinal tract:  
history and recent studies. Dig Endosc 17:5–10.

 9) Kuznetsov K, Lambert R, Rey JF (2006)  
Narrow-band imaging: potential and limita-
tions. Endoscopy 38:76–81.

 10) McDonald DM (2007) Imaging of angiogen-
esis in inflammation and cancer: lessons for 
novel treatment of allergic rhinitis. Clin Exp 
Allergy Rev 7:11–18.

 11) Muto M, Katada C, Sano Y, Yoshida S (2005)  
Narrow band imaging: a new diagnostic  
approach to visualize angiogenesis in super-
ficial neoplasia. Clin Gastroenterol Hepatol 
3:16–20.

 12) Muto M, Sano Y, Fujii S, Ochiai A, Yoshida S  
(2006) Endoscopic diagnosis of intraepithelial  

squamous neoplasia in head and neck and  
esophageal mucosal sites. Dig Endosc 18:2–5.

 13) Muto M, Ugumori T, Sano Y, Ohtsu A, Yoshida 
S (2005) Narrow-band imaging combined with  
magnified endoscopy for cancer at the head 
and neck region. Dig Endosc 17:23–24.

 14) Ross A, Noffsinger A, Waxman I (2007) 
 Narrow band imaging directed EMR for  
Barrett’s esophagus with high-grade dysplasia.  
Gastrointest Endosc 65:166–169.

 15) Stewart BW, Kleihues P (2003) World cancer  
report, World Health Organization and Interna-
tional Agency for Research on Cancer, pp.172– 
174, 232, IARC Press, Lyon.

 16) Su MY, Hsu CM, Ho YP, Chen PC, Lin CJ,  
Chiu CT (2006) Comparative study of conven-
tional colonoscopy, chromoendoscopy, and 
narrow-band imaging systems in differential 
diagnosis of neoplastic and nonneoplastic 
colonic polyps. Am J Gastroenterol 101:2711– 
2716.

 17) Sumiyama K, Kaise M, Nakayoshi T, Kato  
M, Mashiko T, Uchiyama Y, Goda K, Hino  
S, Nakamura Y, Matsuda K, Mochizuki K, 
Kawamura M, Tajiri H (2004) Combined use 
of a magnifying endoscope with a narrow 
band imaging system and a multibending 
endoscope for en bloc EMR of early stage 
gastric cancer. Gastrointest Endosc 60:79–84.

 18) Takano JH, Yakushiji T, Kamiyama I, Nomura 
T, Katakura A, Takano N, Shibahara T (2010)  
Detecting early oral cancer: Narrowband  
imaging system observation of the oral mucosa  
microvasculature. Int J Oral Maxillofac Surg 
39:208–213.

 19) Toyoda H, Tanaka K, Hamada Y, Kosaka R,  
Imoto I (2006) Magnification endoscopic view  
of an early gastric cancer using acetic and 
narrow-band imaging system. Dig Endosc 18: 
41–43.

 20) Watanabe A, Tsujie H, Taniguchi M, Hosokawa  
M, Fujita M, Sasaki S (2006) Laryngoscopic 
detection of pharyngeal carcinoma in situ  
with narrowband imaging. Laryngoscope 116: 
650–654.

Reprint requests to: 
Dr. Takahiko Shibahara 
Department of Oral and  
Maxillofacial Surgery,  
Tokyo Dental College,  
1-2-2 Masago, Mihama-ku,  
Chiba 261-8502, Japan 
E-mail: sibahara@tdc.ac.jp

Shibahara T et al.


