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INTRODUCTION:

Oral Cancer ranks the sixth most common cancer
globally with incidence of 127,000 deaths per year. The
most common head and neck malignancy is squamous
cell carcinoma. It is well recognized that these tumours
may arise in multiple sites, either synchronously or
metachronously.

Although the locoregional control of head and neck
squamous cell carcinoma (HNSCC) has improved inthe
past decades, only minimal improvement in survival has
been achieved because of the development of distant
metastasis and second primary malignancies. In early-
stage cancer, second primary malignancy is still the main
cause of treatment failure.1,2 Therefore, prevention and

early diagnosis of second primary malignancy has be-
come essential to improving survival after treatment.

Efforts to achieve the earliest detection of poten-
tially malignant disorders have led to the development of
new endoscopic examination methods. Lesions few
millimetres in diameter are in most cases impossible to
detect using conventional white light endoscopy. This,
eventually, led to the introduction of special endoscopic
methods that allowed detection of these lesions of
fewmillimetre dimensions.

Narrow Band Imaging (NBI) is a novel optical tech-
nique that enhances the diagnostic sensitivity of
endoscopes for characterizing tissues by using narrow
bandwidth filters in a sequential red-green-blue illumina-
tion system.This technique has been proven effective in
detecting early malignancies in the gastrointestinal (GI)
tract.3-5 It is also useful for identifying early lesions in the
oropharynx and hypopharynx.6-8 However, very little
research has been focused on the oral cavity.9
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ABSTRACT:

Oral cancer ranks the sixth most common cancer globally with incidence of 127,000 deaths per year. This
highlights the importance of continued surveillance of such population as to diagnose at the earliest stage of develop-
ment.

A novel optical imaging technique- Narrow Band Imaging (NBI)was introduced as a non invasive imaging
modality that answers these clinical challenges. It is a type of endoscopy that helps the clinician to visualize the
superficial vasculature and changes in the soft tissue using blue spectrum of the visible light, the wavelength (415nm)
of which corresponds to the peak absorption spectrum of hemoglobin. Changes in the microvasculature, thus, made
visible will help to identify dysplastic changes in the earliest stage of disease progression. This article provides an
insight to NBI that facilitates early detection of malignant and potentially malignant disorders.
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NARROW BAND IMAGING

Narrow band imaging (NBI) is a simple
endoscopicmethod that uses 2 narrow bands of light,
the first at 400to 430 nm and the second at 525 to 555
nm to only minimallypenetrate the superficial mucosa and
enhance theearlyabnormal angiogenesis seen in prema-
lignant andmalignant lesions.10 NBI has been reported
to improvethe sensitivity, diagnostic accuracy, and nega-
tive predictivevalue for the detection of early head and
neck squamouscell carcinomas (SCCs) compared with
white light inspection.11–14 It has also been shown to be
effective indetecting second primary cancers in patients
with previous oral SCCs.15

PRINCIPLE

The NBI system was developed as a part of the
joint research between Japanese National Cancer Cen-
ter Hospital East and Olympus Corporation (Tokyo,
Japan) by support of Grant for Scientific Research Ex-
penses for Health and Welfare Program since 1999. Sano
et al were the first to report the clinical utility of NBI in
the gastrointestinal tract.18The conventional red/ green/
blue (RGB) medical video endoscope system (EVIS 240;
Olympus Co Ltd) has a xenon lamp and rotation disk
with 3 broadband optical filters covering all spectra of
the visible wavelength that ranges approximately from
400 to 800 nm (Figure 1). The NBI is a novel system
using narrow band illumination created with 3 optical in-
terference filters (Figure 1B). The bandwidths are spec-
trally narrowed. The NBI filter sets (415 _ 30 nm, 445
_30 nm, 500 _ 30 nm) were selected to obtain fine im-
ages of the microvascular structure (Figure 1B). Because
the 415-nm is the hemoglobin absorption band, the thin
blood vessels such as capillaries on the mucosal surface
can be seen most clearly on this wavelength.16,17

NBI shows differences in epithelium quality and
changes of mucosal vascularization. NBI system consists
of the same components as conventional
videoendoscopic systems - light source, camera unit and
camera head or chip equipped videoendoscope. (Figure
2) In addition, NBI system contains a special image
processor and a lighting unit with special filters that narrow
frequency range of emitted light to 400-430 nm (centered
at 415 nm) and 525-555 nm (centered at 540 nm) bands.
It relies on the principle of depth of light penetration. In
contrast to red light, 415 nm wavelength light has less
penetration and less scattering thus enhancing image
resolution. The blue filter is designed to correspond to
the peak absorption spectrum of haemoglobin to enhance
the image of capillary vessels (IPCL - Intraepithelial
Papillary Capillary Loops) on mucosal surface. 540 nm
wavelength light penetrates deeper and highlights the
submucosal vascular plexus. The reflection is captured
by a charge coupled device chip (CCD), and an image
processor creates a composite pseudocolour image,
which is displayed on a monitor, enabling NBI to enhance
mucosal contrast without the use of dyes. (Figure 3).

Fig. 3: Principle of NBI based on penetration depth
of light

Typical suspect finding in NBI image is defined as
well demarcated brownish area, exhibiting scattered
brown dots within this area on close view. Brown dots
are caused by expansion of IPCL, which is due to
neoangiogenesis in tumour growth. The finding of brown
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dots, spread freely in the mucosa of without boundary
line of altered epithelium, must be carefully
distinguished.(Figure 4)

Figure 4:Vascular network of the squamous epithelium at
the mucosa of the oropharynx and the hypopharynx. (A)
Conventional image with magnification. (B) NBI image with
magnification. Fine microvascular network can be easily
identified by NBI, when compared for each dotted circle.

ANALYSIS OF THE ORGANIZATION OF THE
MICROVASCULAR PATTERN

Five different IPCL patterns have been described in
association with different esophageal features, from nor-
mal mucosa to modified mucosa due to inflammation,
dysplasia or cancer: type I corresponds to normal mu-
cosa (Figure 5), type II to inflammation (Figure 6), type
III corresponds to borderline lesions(Figure 7), often
related to low-grade intraepithelial neoplasia, type IV
and V corresponds to high-grade intraepithelial neopla-
sia (HGIN) or carcinoma (Figure 8).19 Dilation, tortuos-
ity, irregularity in vessels caliber and form, destruction of
IPCLs and replacement with tumor vessels are vascular
features associated with esophageal carcinoma. The as-
sessment of IPCLs and submucosal vascularity allows
the detection of superficial squamous carcinoma and also
the prediction of the depth of invasion. The utility of the
estimation of submucosal invasion in clinical practice in-
fluences the decision of performing endoscopic therapy.

Figure 5: Type I:brownish spots and demarcation line
with irregular microvascular patterns.

Figure 6: Type II: well-demarcated brownish area with
thick dark spots and/or winding   vessels.

Figure 7: Type III: IPCL pattern elongation and mean-
dering.

Figure 8: Type IV& V: IPCL pattern destruction and
angiogenesis following a sequence ofcarcinogenesis pro-
gression.

INDICATIONS
• NBI can be used for diagnosis of oral, oropha-

ryngeal, hypopharyngeal, nasopharyngeal and la-
ryngeal pathologies.

• NBI can be used for screening and for follow up
after chemotherapy and radiotherapy treatment of
head and neck SCC.

• Some authors also used NBI intraoperatively to
perform targeted biopsies of most suspect areas
and also to determine the safe limits of resection
margins
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CASE STUDIES CONDUCTED IN ORAL
CAVITY

Yang et al20 conducted a retrospective case-control
study to investigate the diagnostic accuracy of the estab-
lished patterns of intraepithelial microvasculature of NBI
for detecting high grade dysplasia, carcinoma in situ and
oral leukoplakia based on IPCL pattern destruction.The
study observed NBI findingsof twisted elongation of
IPCL and IPCL pattern destruction as indicators of high
grade dysplasia or carcinomatous lesions in oral
leukoplakia.(Figure 9)

      Figure 9: (a) Endoscopic examination of
buccal leukoplakia with conventional broadband
white light. (b) NBI image from a. The pathologi-
cal report showed low-grade dysplasia(c). (d) En-
doscopic examination of lower gum leukoplakia
with conventional broadband white light. (e) NBI
image from c. Well-demarcated brownish epithe-
lium was demonstrated in lower gum leukoplakia.
The pathological report showed intermediate-
grade dysplasia(f).

Another retrospective case control study was
conducted by Chang C21 et al to analyze the clini-
cal application of endoscope with NBI system in
detecting high-grade dysplasia, carcinoma in situ
and oral erythroplakia. They observed twisted,
elongated, and destructive patterns of
intraepithelial papillary capillary loop of NBI im-
ages are indicators for high-grade dysplasia, car-
cinoma in situ, and invasive carcinoma in oral
erythroplakia.

Figure 10: Endoscopic examination of the left buc-
cal oral erythroplakia of a 45-year-old male patient with
conventional broadband white light. b NBI image. Regu-
larly distributed intraepithelial papillary capillary loop was
demonstrated on the reddish patch, or IPCL type I, was
shown by NBI; the pathological report revealed squa-
mous hyperplasia.

LIMITATIONS
• Since NBI is an optical method based on obser-

vation of the mucosal surface, conditions that pre-
vent a direct view of the clear mucous membrane
may limit or completely baffle the examination.
Most often this is due to stagnant saliva or sticky
mucus, especially in patients with a history of on-
cology treatment.

• Lesions that are characterized by a high layer of
hyperkeratosis prevent visualization of mucosal
vascularization eg. verrucous carcinomas

• Chronic inûammation arising from dental irritation
or postoperative radiation may result in a false-
positive ûnding. Coloration or staining of the oral
mucosa from betel nut chewing or other food ma-
terials may also interfere with the diagnostic judg-
ment.

CONCLUSION

Early Detection is the key as early detection can save
lives. Therefore, dentists can benefit from the use of this
imaging technique that offers new perspectives to early
detection of potentially malignant disorders which can
hold great promise for the management of target specific
treatment of dental tissues.
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