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13.1 Introduction

The clinical diagnosis of oral submucous fibrosis (OSF)
is relatively simple and based on presenting signs and
symptoms. The potential utility of noninvasive diag-
nostic techniques in OSF includes early detection of
OSF, assessment and monitoring of OSF severity (and
response to treatment), and risk stratification or moni-
toring of OSF patients for malignant transformation
(i.e., to oral squamous cell carcinoma (OSCC)). The
detection of early-stage OSF before irreversible fibrosis
or malignant transformation has occurred may provide
opportunities to intervene (such as areca nut cessation)
and prevent worsening of the disease and associated
morbidity and mortality. Noninvasive diagnostic tech-
niques that offer frontline clinicians in primary care set-
tings more efficient ways to identify patients with early
OSF may facilitate earlier interventions. In secondary
care settings, such techniques might help expert clini-
cians to assess disease severity or monitor patients dur-
ing treatment. The most important parameter is the
OSF patient’s propensity for malignant transformation
necessitating long-term surveillance. OSF patients are
reluctant to undergo serial invasive tissue biopsies, and
therefore the use of noninvasive diagnostic adjunctive
techniques to facilitate the risk stratification for malig-
nant progression would seem reasonable.

This chapter will report on the utility of several non-
invasive diagnostic adjunctive techniques and their util-
ity in patients with OSFE.

@ Learning Goals

Readers will be able to:

== Appreciate the different noninvasive diagnostic
aids that have been tested on patients with oral sub-
mucous fibrosis (OSF)

= [dentify the utility and limitations of such aids for
screening (primary care setting), determination of
disease severity, or assessment of risk for malig-
nant transformation of OSF

13.2 Measurement of Mouth Opening

The interincisal distance, measured from the maxillary
central incisor to the corresponding mandibular central
incisor, is simple, reproduceable, and widely employed to
assess disease severity in patients with OSF. The mean
value of the interincisal distance in normal Nepalese
population was 46.8 mm for males and 47.3 mm for
females [1], and for Indian population, it was 47.5 mm
for males and 44.6 mm for females [2]. A study inves-
tigated the maximal mouth opening (MMO) measured
by paraclinical workers in patients with OSF compared

with normal subjects in Nepal [1]. In this study, the
minimum limit for a normal oral opening was deter-
mined to be 34 mm among healthy Nepalese adults, and
10 of 13 patients with OSF (histologically confirmed)
had a maximum oral opening of less than 34 mm. The
authors concluded that reduction of the oral opening as
a single screening test for OSF has a sensitivity of 77%
and detected only advanced cases. In Taiwan, a study
was conducted to develop a scoring system for the early
detection of OSF (betel quid users) based on clinical
symptoms collected by a self-administered question-
naire [3]. The results showed that a scoring system that
included MMO measurement (>35 mm of cutoff value)
achieved 82% sensitivity and 85.8% specificity to detect
OSF (histologically confirmed).

Measurements of MMO are correlated to the degree
of fibrosis, but it is an indirect procedure. Therefore, it
does not provide information about the actual condi-
tion of oral mucosa [4]. However, measuring MMO may
be useful as a screening method in countries where the
prevalence of OSF is high, medical resources are scarce,
access to care is limited, and a detailed visual and tactile
oral examination is not otherwise performed. In such
situations, a community worker could simply measure
mouth opening with the exclusion of other oral and
maxillofacial diseases associated with trismus (i.e., tem-
poromandibular joint disorders, injury to the mastica-
tory muscle, arthritis, and chronic dental infections).

13.3 Optical Instruments

13.3.1 Tissue Autofluorescence

Evaluating tissue autofluorescence (AF) of oral muco-
sal sites can inform architectural and metabolic pertur-
bations associated with the presence of oral dysplasia
and neoplasia [5]. In vivo adjunctive techniques, both
fiber-optic spectroscopic systems measuring the specific
spectral signatures of fluorophores and direct visual-
ization devices revealing changes in AF (i.e., retained
versus loss of fluorescence visualization (FVR: fluo-
rescence visualization retention vs. FVL: fluorescence
visualization loss)), have been tested in patients with
OSF. Spectroscopy using a 330 nm light wavelength for
excitation demonstrated an AF pattern with two distinct
spectral emission bands in patients with OSF compared
to those with normal mucosa: at 380 nm (an increased
fluorescence compared to normal oral mucosa) dictated
by the increased collagen deposition associated with
OSF, and at 460 nm (a reduced fluorescence) related
to lower epithelial NADH content associated with an
atrophic mucosa [6, 7]. This pattern was not deemed
sensitive enough to predict the severity of OSF and
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was attenuated in OSF patients with both concomitant
leukoplakia (with or without dysplasia) and benign
keratoses. 76% of 88 OSF patients were correctly diag-
nosed using this pattern from a mixed patient cohort
with OSF, leukoplakia, lichen planus, OSCC, and oth-
erwise normal mucosa [8]. However, AF spectroscopy
alone has not convincingly been demonstrated to help
distinguish between OSF with and without dysplasia
or malignancy. Low-level evidence from one study on
40 patients with OSF undergoing AF spectroscopy,
coupled with a pre-rinsing with 5-aminolevulinic acid
(ALA) to harness PpIX fluorescence, showed that OSF
patients with epithelial hyperplasia or dysplasia may
be discriminated from OSF patients without epithelial
changes [9]. AF spectroscopy requires expensive equip-
ment and therefore has limited applicability in a primary
care setting. There is only one study reporting the use
of a direct visualization device (VELscope, LED Inc.,
Vancouver, Canada) in 12 patients with OSF, 11 testing
“positive” (i.e., loss of fluorescence) of which 10 dem-
onstrated mild dysplasia, and one OSF patient without
dysplasia tested “negative” [10]. Overall, the utility of
AF as a noninvasive diagnostic adjunctive technique is
limited.

13.3.2 Ultrasonography

13.3.2.1 Colored Doppler Ultrasonography

Ultrasonography (USG) is a noninvasive, reproducible,
and time-saving examination test method that offers
high cost-benefit in medical diagnosis. Ultrasound, a
sound energy, is in the form of waves with frequencies
of >20 KHz. In medical diagnostics, ultrasound uses
frequencies of 2-10 MHz and only the longitudinal
mode of ultrasonic vibration. Colored Doppler, com-
bining USG and the Doppler system, is a color-coded
representation of blood flow velocity of the reflecting
tissue. USG quantitatively provides information about
the nature of the lesion and the adjacent normal struc-
ture and quantitatively assesses the lesion size, distance
from the skin or mucosal surface, and relative proximity
to the skin or mucosal surfaces [11].

Clinical applications of USG as diagnostic aids or
for evaluation of the treatment for OSF have been car-
ried out exclusively in India [12-23]. Studies measured
the submucosal thickness of the buccal and labial muco-
sal sites and reported that as the severity of the disease
increased, the submucosal tissue thickness increased
and the vascularity of OSF lesions decreased compared
to controls. @ Figure 13.1 shows the submucosal thick-
ness of buccal mucosa on USG. A systematic review
of 12 studies [12-23] investigated the role of USG in
evaluating OSF [24]. Although the results did not pro-
vide clear evidence of the clinical value of USG for the
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early diagnosis of OSF, USG is a safe and conventional
modality to assess muscular and submucosal tissue
thickness, especially in terms of availability and cost
factors. The authors indicated that to precisely evalu-
ate OSF using USG, a highly accurate intraoral probe
should be used.

These findings were also useful for examining masse-
teric hypertrophy in OSF during the initial diagnosis or
evaluation of treatment. Kamala et al. conducted a pre-
liminary study to measure the masseter muscle thickness
both at rest and at maximum clenching state by USG in
patients with OSF and showed that the masseter muscle
thickness increased as the duration and frequency of
areca nut use increased and as the disease progressed
clinically and histologically [12].

Peak systolic velocity (PSV) is measured by col-
ored Doppler USG to assess vascular distribution of
subcutaneous or submucosal tissues (B Fig. 13.2).
Manjunath et al. conducted a study to elucidate the
usefulness of USG (two-dimensional [2D] and duplex
Doppler including color flow imaging) in the buccal
mucosa for patients with OSF. This was assessed by
measuring the PSV ratio before and after the medi-
cal treatment [13]. The study indicated that OSF tis-
sues showed increased hyperechoic areas representing
fibrous bands or diffuse fibrosis and reduced vascular-
ity and PSV.

Dupare and Dhole [20] conducted a study to evalu-
ate the role of USG in OSF patients (grades I-1V).
They examined submucosal thickness and vascularity
by PSYV, bilaterally on buccal and labial mucosae. The
results showed a decrease in PSV with the progression
of OSF severity, and in ultrasonographic diagnosis of
OSF, the reported submucosal thickness had a sensitiv-
ity, specificity, PPV, NPV, and accuracy of 80%, 100%,
100%, 71.4%, and 87%, respectively, but PSV was unable
to classify lesions.

A biopsy of an OSF patientisnot 100% representative
of OSF disease severity because OSF is a diffuse dis-
ease and may vary in severity across oral subsites in the
same patient [14]. Multiple or serial biopsies to detect
dysplastic or malignant changes are difficult for patients.
USG may facilitate both diagnosis and monitoring of
OSF patients chairside and may also be used to evalu-
ate treatment outcomes without patient discomfort. For
clear evidence of USG efficacy in patients with OSF,
the correlation of USG assessment to clinical grading
and histopathological findings should be examined [21].
More well-designed clinical trials are needed to eluci-
date the effectiveness of USG on OSF.

Overall, the utility of ultrasonography as a noninva-
sive diagnostic adjunctive technique is limited in patients
with OSF. Diagnostic performance varies depending on
the objectives and needs standardized image interpreta-
tion skills.

13
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RIGHT BUCCAL MUCOSA

B Fig. 13.1 Submucosal thickness of buccal mucosa on ultraso-
nography (By courtesy of Dr. Aditya Dupare)

Submucosal thickness measurements in millimeters (mm) are taken at
three points: the anterior (D1), middle (D2), and posterior (D3) for
buccal mucosa

13.3.3 ATR-FTIR Spectroscopy

Fourier transform infrared (FTIR) spectroscopic
imaging is used for the analysis of biochemical compo-
nents (e.g., proteins, carbohydrates, and nucleic acids)
and has been proposed as an adjunct to current histo-
pathological techniques [25]. FTIR imaging provides
a nondestructive image of the sample and does not

a: Normal mucosa
b: Stage | OSF

c: Stage Il OSF

d: Stage Il OSF

e: Stage IV OSF

As the severity of the disease increased from grade I bB to IV e the
thickness of the submucosal tissue increased compared to the normal
control a point D1 (a—e 0.6 mm, followed by 1.2, 1.3, 1.9, and 2.6 mm,
respectively), point D2 (a—e 0.7 mm, followed by 1.3, 1.5, 2.1, and
2.4 mm, respectively), and point D3 (a—e 0.6 mm, followed by 1.3, 1.4,
1.6, and 2.1 mm, respectively)

require staining. Attenuated total reflection-Fourier
transform infrared spectroscopy (ATR-FTIR) has
been used to diagnose cancer in biofluids, such as the
serum, plasma, urine, and saliva; however, its clinical
translation is still under development [26, 27]. Shaikh
et al. used ATR-FTIR spectroscopy to measure total
protein estimation in saliva to discriminate patients
with OSF from healthy controls [28] (B Table 13.1).
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a

ACTORY LAALS '
V1 8.9cmhs

O Fig.13.2 Peak systolic velocity (PSV) on colored Doppler ultra-
sonography (By courtesy of Dr. Aditya Dupare)

Vascular distribution by peak systolic velocity (PSV) measured on col-
ored Doppler USG of right buccal mucosa shows a decrease as the

The study showed that the specific infrared spectrum
of patients with OSF could be distinguished from the
healthy controls based on the spectral shift of proteins/
amide 11, carbohydrates, and nucleic acids using a prin-
cipal component analysis and hierarchical cluster anal-
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a: Normal mucosa
b: Stage | OSF

c: Stage Il OSF

d: Stage Il OSF

e: Stage IV OSF

severity of OSF progresses from grade I b to IV E e-compared to nor-
mal control a (a—e 28.9 cm/s, followed by 28.9, 22.0, 21.5, and
14.0 cm/s, respectively)

ysis. However, there were study limitations due to the
small sample size. Therefore, further studies should be
conducted to assess the ATR-FTIR using saliva for the
assessment as a screening tool to support early diag-
nostic aid of OSF.
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13.3.4 Optical Coherence Tomography

Optical coherence tomography (OCT) is a high-
resolution cross-sectional imaging modality analogous
to ultrasound imaging except that it uses light instead
of sound [29]. In OCT, distance and microstructure
measurements are performed by backscattering and
backscattering light waves from various microstructure
features within a material or tissue [30]. Imaging depths
are not as deep as ultrasound, up to 2-3 mm deep; how-
ever, the OCT resolution is >10-100 times finer than
ultrasound [31]. A study was conducted to elucidate the
possibility of using OCT to identify differences in oral
and oropharyngeal mucosal and submucosal tissue in
patients with benign and malignant processes in the oral
cavity and oropharynx [32], and the results showed that
disruption of tissue structure was observed as the patho-
logical tissues invade healthy areas, clearly demonstrat-
ing the transition from normal epithelium with an intact
basement membrane to invasive tumors. Tsai et al. [33]
developed a handheld OCT system for in vivo oral cav-
ity imaging, enabling the identification of the different
structures, epithelium, lamina propria layers, fungiform
papilla, and salivary gland, and the observation of the
microcirculation patterns across various oral mucosal
types, including non-keratinized, keratinized (mastica-
tory), and specialized mucosae.

According to clinical scans of a swept source OCT
(SS-OCT) system, the following parameters were iden-
tified to facilitate the clinical diagnosis of oral lesions
[34]: epithelial (EP) thickness, standard deviation (SD)
of A-mode scan intensity profile of the EP layer, and
decay constants of the spatial domain spectrum of the
A-mode scan profile. Lee et al. conducted a study in
Taiwan to elucidate the effectiveness of the SS-OCT
system for clinical diagnosis of OSF [4]. The results of
the study showed that the EP layer was thinner and the
SD of the A-mode scan intensity in the lamina propria
(LP) layer was reduced in OSF compared to healthy
controls (B Fig. 13.3, @ Table 13.1). The EP thickness
cutoff values of 350 and 400 pm achieved 100% sensitiv-
ity and specificity, and the SD value of 0.21 in the LP
layer achieved 90.9% sensitivity and 84.1% specificity for
OSE. On the other hand, as the lesion begins to prog-
ress from epithelial hyperplasia to dysplasia, the EP layer
thickens if the EP/LP boundary is still identified. When
early OSCC coexists with OSF, the surface features are
unclear, and variable EP thickness can make distinguish-
ing between healthy tissues, other OPMDs, OSCC, and
OSF difficult. The researchers categorized OSF patients
into three groups based on the maximum mouth opening
(MMO) and showed that EP thickness and average LP
SD in the LP layer may be a more effective OSF diag-
nostic method than measuring MMO [4] (B Fig. 13.4).

Some limitations of OCT include the following: (1)
pathologists should interpret and evaluate the acquired
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EP
LP

— 500 um

B Fig. 13.3 Swept source OCT (SS-OCT) scanning images: a
healthy mucosa, b OSF mucosa

In healthy mucosa, glands or blood vessels can be observed as black
spots as indicated by arrows. EP epithelial, LP lamina propria (Repro-
duced from Lee et al. Diagnosis of oral submucous fibrosis with opti-
cal coherence tomography. J Biomed Opt. 2009; 14:054008 [4])
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Number

O Fig. 13.4 EP thickness data points of OSF samples grouped
according to different MMO ranges

EP thickness is related to MMO. (Reproduced from Lee et al. Diagno-
sis of oral submucous fibrosis with optical coherence tomography. J
Biomed Opt. 2009; 14:054008 [4])

live histology images; (2) images do not provide quantita-
tive information and require subjective visual assessment;
and (3) due to the small size of the OCT probe, only a
very small area can be inspected at a time [35]. Overall,
although OCT is good at diagnosing OSF, clinical appli-
cation of OCT remains challenging in patients with OSF
in terms of early detection of malignant changes.

13.3.5 Contact Endoscopy

Contact endoscopy (CE) is a noninvasive optical detec-
tion technique first used in minimally invasive gyneco-
logic surgery [36] and has subsequently been applied in
urology, bronchoscopy, arthroscopy, and otolaryngol-
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ogy. This technique enables real-time evaluation of the
superficial cell layers of the epithelium and magnifies
the images. Mishra et al. examined the diagnostic accu-
racy of CE in the detection of oral mucosal lesions and
OSCC, including OSF [37] (B Table 13.1). CE showed
84.2% sensitivity and 94.4% specificity for the diagno-
sis of malignancies of oral mucosal lesions compared
to histopathological diagnosis; however, no malignancy
was detected in OSF due to the small sample size (n = 7).
The results did not include CE images indicating OSF.
One of the types of contact endoscopy, colposcopy, is
designed as a gynecological diagnostic technique to eval-
uate changes in mucosal surface topography and vascular
patterns of the cervix. Parameters include vascular pat-
tern, intercapillary distance, surface pattern, color tone,
opacity, and clarity of the mucosal lesion demarcation
[38]. This technique has been applied to patients with
OPMDs and OSCC to distinguish between benign, dys-
plastic, and malignant diagnoses and to assist in biopsy
site selection [39-42]. Ujwara et al. used this technique
to diagnose OSCC in 90 cases of OPMDs, including 30
patients with OSF, following the application of acetic
acid and Lugol’s iodine, and showed that colposcopy was
useful in outlining the most suspicious lesion for histo-
pathological diagnosis by biopsy [42] (B Table 13.1).
However, colposcopy did not help reveal clinical pat-
terns of dysplastic or malignant changes in OSF, and the
iodine application did not show uniform uptake even in
dysplastic lesions. Overall, colposcopy may not be useful
in defining early-stage malignancy in patients with OSF.

13.4 Biomarkers in Saliva

Saliva contains a wide range of proteins/peptides,
nucleic acids, electrolytes, and hormones from multiple
local and systemic sources [43] and may be useful for
multiplexed assays developed as point-of-care devices
[44]. Saliva may be reflective of the serum or contain
biomarkers that are shed from the surface of the oral
mucosa. Several studies have been conducted using
unstimulated saliva for OSF diagnosis, monitoring of
treatment, and surveillance of patients for progression
and malignant transformation [45-62] (B Table 13.2).

13.4.1 Lactate Dehydrogenase

Lactate dehydrogenase (LDH) is an enzyme found in
the cytoplasm of a number of body tissues [58, 63],
which converts lactate to pyruvate. It is also a non-
specific marker of tissue turnover, a normal metabolic
process. It’s increase can serve as a prognostic marker
for the progression of different types of cancer [63]. In
a meta-analysis [64], 2 out of 13 studies [58, 59] evalu-

ated salivary LDH in patients with OSF and showed
that standardized mean difference (SMD) of salivary
LDH levels was higher in the OSF group than in healthy
control, but this was not statistically significant (SMD
25.83; 95% CI: —1.74 to 53.40).

13.4.2 Trace Elements

Among trace elements, tissue copper levels were deter-
mined to be elevated in patients with OSF [65-67].
Copper acts as an initiating factor for OSF and plays
a role in stimulating fibrosis by upregulating lysyl oxi-
dase activity [65]. A meta-analysis showed a significant
increase in the copper levels and a significant decrease in
zinc and iron levels in patients with OSF [68]. A signifi-
cant difference was observed in the mean salivary cop-
per [45, 46, 48], zinc [46, 47], iron [45—47], and copper/
zinc levels [46, 47] of OSF patients when compared to
the normal controls (B8 Table 13.2). However, there is a
limitation in that the influence of dietary intake was not
investigated in most studies.

13.4.3 Oxidative Stress/Micronutrients

Saliva serves as the primary defense against free radicals
generated in the oral cavity during various physiological
processes, and several oxidative markers have been ana-
lyzed in unstimulated saliva from both OSF and con-
trol groups (B Table 13.2). Serum and saliva ascorbic
acid (vitamin C) levels consistently decreased with the
increased severity of OSF [49, 53, 69]. A case-control
study was conducted in India to determine the correlation
between oxidative stress marker levels and OSF severity
as defined according to the mouth-opening grade, fibrotic
bands, and histopathological grades [53]. The results
showed that vitamins A, C, and E levels and salivary
superoxide dismutase (SOD) and glutathione peroxidase
(GPx) activities were significantly lower in OSF patients
than in controls. These changes were significantly corre-
lated with increased histopathological grades of OSF and
clinical staging of mouth opening, reflecting increased
oxidative stress as the disease progressed.

Salivary malondialdehyde, one of the final by-
products of lipid peroxidation, levels were significantly
higher in OSF patients than in controls and increased
as the clinical stage [54] as well as the histopathological
grade of OSF worsened [56].

The level of salivary 8-hydroxy-2-deoxyguanosine
(8-OHdG), one of the reactive oxygen species and a poten-
tial DNA damage biomarker, is significantly higher in
patients with OSCC or OSF than that in the control group
[55, 57]. Salivary lipid peroxide, conjugated diene, hydroxyl
radicals, and superoxide dismutase levels were higher, and
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hydrogen peroxide and sodium levels were lower in patients
with OSF than those in normal healthy controls [45].
Measuring these markers may help predict the severity of
oral diseases, but it is not specific to OSF patients.

13.4.4 Predictive Tumor Markers

S100A7 (Psoriasin) is a signaling molecule that regulates
cell function and is highly expressed in hyperproliferative
skin conditions [70]. High SI00A7, which expresses in
the oral mucosa, is found in dysplasia associated with a
high risk of cancer development among OPMDs includ-
ing OSF patients [71]. Salivary SI00A7 in OSF was
examined in Pakistan and showed a significant positive
association between salivary SI00A7 levels and dura-
tion of gutkha use and mouth opening [50]. However,
no sensitivity and specificity were calculated because no
histological examination was performed, and the thresh-
old for diagnostic SI00A7 levels in OSF remains unclear.

Matrix metalloproteinases-12 (MMP-12) has been
shown to have important sensitivity and specificity
to qualify as a diagnostic biomarker for OSCC [72].
Salleem et al. showed that salivary MMP-12 expression
was higher in patients with OSF or OSCC than that in
the healthy controls [51] (B Tables 13.1 and 13.2). They
also showed that salivary MMP-12 in OSF was signifi-
cantly lower than that of OSCC, explaining that MMP-
12 increases as OSF progresses to OSCC.

Salivary microRNAs have been explored as possible
predictive biomarkers for malignant transformation of
OPMDs [73]. miRNA-21 overexpression in OSF has

been suggested to be due to areca nut stimulation medi-
ated by the TGF-p pathway [74]. A recent study ana-
lyzed the salivary miRNA-21 in areca nut users with
OSF compared to areca nut users without OSF. They
showed that miRNA-21 was overexpressed in the OSF
patients; however, expression levels were not signifi-
cantly associated with disease severity [52].

Although salivary biomarkers can be used as
sensitive diagnostic and disease progression markers
for OSF, it should be noted that they are not OSF spe-
cific. Furthermore, analyte concentration in saliva can
be affected by stimulating or non-stimulating sampling
procedures, fluid intake, and ingestion of some drugs
[75]. Overall, evidence on the utility of biomarkers in
saliva was insufficient for the diagnosis of OSF. In the
future, saliva tests hold promise both as a screening tool
and as a marker for predicting the progression of malig-
nant transformation in OSF.

13.5 X-Ray (Lateral Cephalometric
Analysis)

OSF can also cause changes in the morphology and
function of the soft palate. The morphology of the soft
palate in normal individuals according to digital cepha-
lometric studies falls into six types [76]. Studies evaluat-
ing the morphology of soft palate in patients with OSF
using a digital lateral cephalogram showed that the soft
palate in areca nut users changes from an elongated to
a short and thick morphology as the disease progresses
[77-80] (B Fig. 13.5). These changes are due to fibro-

O Fig. 13.5 Lateral » cephalogram for morphology of the soft pal-
ate of OSF

a: type 1 (leaf-shaped), b: type 3 (butt shaped), and ¢: type 6 (crook
shaped) soft palates (Reproduced from Shankar et al. Morphometric

evaluation of soft palate in oral submucous fibrosis--a digital cephalo-
metric study. J Craniomaxillofac Surg. 2014; 42:48-52 [77])


https://www.sciencedirect.com/topics/medicine-and-dentistry/cephalogram
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sis in the soft palate and uvula [§1], which functionally
impairs speech, respiratory, and auditory function. The
uvula shrinks and hooks up, exhibiting a shape known
as the “hockey-stick uvula” [82], which is confirmed not
only by visual examination but also by lateral cepha-
logram (as type 6 by Shankar et al. [77]). Verification
of soft palate cephalometric findings helps identify the
likelihood of developing comorbidities in patients with
OSF, including obstructive sleep apnea syndrome, dys-
phagia, and other disorders. The X-ray examinations
by lateral cephalometric analysis of OSF patients may
be morphologically and functionally useful in the late
stages, but not in the early stages. X-ray interpretation
skills and standardization of the tests are needed for this
analysis. Radiation exposure is a limitation of repeated
examinations.

13.6 Discussion

The key objectives of using noninvasive diagnostic tech-
niques for patients with OSF include early detection of
OSF, assessment and monitoring of OSF severity (and
response to treatment), and risk stratification or moni-
toring of OSF patients for malignant transformation
(i.e., OSCC). Point-of-care diagnostic techniques for
OSF must demonstrate utility, accuracy, and ease to
deploy in both primary and secondary settings (i.e., in
rural areas).

Most studies have evaluated the effectiveness of
adjunctive diagnostic aids in patients with OSF in
cohort studies with heterogeneous populations includ-
ing OSCC and other OPMDs rather than specifically
addressing OSF patients alone. The diagnostic adjunc-
tive techniques presented in this chapter are based on
the results of non-randomized controlled trials (mostly
case-control) with small sample size, suggesting that
the evidence of their effectiveness is low (i.e., due to
the high risk of biases, such as selection bias in normal
control, and the case group (diagnosis of OSF) itself).
Nevertheless, some promising adjunctive diagnostic
methods have been reported for OSF.

Early diagnosis of OSF is challenging but critical
given that some children use areca nut (Chap. 5). Change
in clinical features of the oral mucosa is an important
sign of early exposure to areca nut products. A simple
history and clinical examination with standardized mea-
suring MMO remain the most important way to detect
OSFE. There is insufficient evidence that other nonin-
vasive adjunctive diagnostic techniques can play a role
here.

Optical instruments and X-rays used chairside can
help patients visually understand the nature of the dis-
ease without harm or adverse events, although these
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diagnostic techniques add little overall value to the cur-
rent assessment, risk stratification, and monitoring of
patients with OSF. Perturbations in various salivary
markers have been identified from patients with OSF;
however, cutoff values are not well defined, and the
current body of evidence to support their use is low. In
addition, the use of time-consuming and costly diag-
nostic techniques is also unsupported by the evidence,
particularly in lower resource countries where betel quid
and areca nut use are a social problem and the preva-
lence of OSF is high.

Summary

The potential utility of noninvasive diagnostic tech-
niques in oral submucous fibrosis (OSF) includes early
detection, assessment of OSF severity (and response
to treatment), and monitoring of OSF patients for
malignant transformation. Numerous adjunct tech-
niques, including optical techniques, ultrasonography,
and salivary biomarkers, have been evaluated but have
demonstrated limited utility in primary and secondary
settings. Many adjunctive techniques require expensive
equipment or laboratory testing. The development of
low-cost point-of-care testing for monitoring patients
with OSF is needed in low- and middle-income coun-
tries where the use of areca nut is widespread.
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