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Abstract
Objective  This study aimed to identify a quantitative index for optical coherence tomography (OCT) images to 
discriminate tumours from surrounding tissues.

Subjects and methods  Based on OCT measurements, mean grey values were determined from 432 locations on 
fifty-four human tissue specimens (eighteen cancerous, para-cancerous, and normal tissues each). These results were 
histologically evaluated by hematoxylin and eosin staining (H&E).

Results  The mean grey values of oral squamous cell carcinoma (OSCC) measurements were significantly different 
from those of the surrounding healthy tissue (p value < 0.0001), with the former being higher. The sensitivity and 
specificity of detecting tumourous tissue using this approach were 93 and 94%, respectively.

Conclusions  OCT as a non-invasive, real-time imaging method, correlates well with H&E pathological images. It can 
effectively distinguish squamous cell carcinoma from normal tissues with high sensitivity and specificity and is thus 
expected to assist and guide tumour margin evaluation.

Clinical relevance  This discovery highlights the potential of OCT in the objective evaluation of tumour margin 
during surgery.
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Introduction
Oral squamous cell carcinoma (OSCC) is a peculiar 
kind of cancer that develops in the tissues of the mouth, 
tongue, and lips and has been generally recognised as 
one of the most common malignancies worldwide [1]. At 
present, surgical resection of the tumour is the primary 
therapeutic efficacy of OSCC, while complete resection is 
the primary aim.

However, complete resection remains challenging, with 
low success rates of positive resection margins rates at 30 
to 40% and local recurrence rates at 25 to 50% [2]. As a 
result of the low success in complete resection and other 
factors, the 5-year survival rate for patients diagnosed 
with OSCC remains less than 50% [3, 4].

Currently, surgeons rely heavily on inspection and 
palpation as intraoperative approaches to distinguish 
tumorous tissue from healthy tissue, causing high 
tumour-positive resection margins. Therefore, a frozen 
section (FS) assessment plays a mainstay role in evaluat-
ing resection margins intraoperatively [5–7]. However, 
as FS only detects specific sites of the tumour resection 
margins, it is also prone to sampling error, occasionally 
generating false negative results [2, 8, 9]. These setbacks 
create the urgent need to seek a novel tool that supports 
surgeons in the intraoperative assessment of margins in 
removed tumour samples.

Multiple techniques for surgical tumour differentia-
tion have been explored to date, such as ultrasound [10], 
impression cytology [11], and various optical-based tech-
niques [12–15]. Some of these techniques have been 
applied for OSCC, and recently reviewed by Kain et al. 
[6]. Optical techniques, such as fluorescent dyes [16], 
Raman spectroscopy [17], autofluorescence imaging [18], 
narrow band imaging [19], and optical coherence tomog-
raphy [20], are promising tools due to their simplicity of 
operation, relatively lower cost, fast imaging speed, and 
comprehensiveness.

Optical coherence tomography (OCT) is a well-estab-
lished, non-invasive optical imaging technology that can 
image biological samples with high speed and high reso-
lution. It has been applied in the clinical examination of 
ophthalmology-related conditions [21–23]. OCT’s imag-
ing principle mainly depends on refraction and light scat-
tering in the tissue. OCT is able to distinguish different 
spectral and structural characteristics between cancerous 
and normal tissues [24]. Similarly, OCT has been used 
for the early diagnosis and intraoperative discrimination 
of OSCC [5, 20, 25]. The current diagnosis or peri-opera-
tive differentiation of OSCC by OCT is dominantly based 
on comparing OCT images and histopathological images. 
However, OCT have not been translated into clinical 
application. The reason maybe is the lack of quantitative 
analysis and unified diagnostic criteria. Thus, Mean Grey 
Value (MGV) may be a useful tool.

MGV is a conventional quantitative index in medical 
imaging [26–28]. Grey value is deemed as brightness or 
the depth of colour in the black-and-white images, rang-
ing from 0 to 255, where 0 is black, and 255 is white. Dur-
ing imaging, the contrast of the red (R), green (G), and 
blue (B) channels is extracted and converted to a grey-
scale image. Previously, differences in MGV were found 
between tumours and normal tissues, such as the thyroid 
and breast. However, these studies were conducted using 
ultrasound and CT approaches [32, 33]. The application 
of MGV in OCT has been scarcely reported, and the uti-
lization of MGV-assisted OCT for differentiating oral 
cancer from normal tissue is even less common.

The OCT imaging technique offers a rapid acquisi-
tion rate, which, in conjunction with MGV, renders it 
highly suitable for real-time applications. In this research, 
OCT images of excised tissues after OSCC surgery were 
quantified and assessed for feasibility in discriminating 
tumours from surrounding (normal) tissues using the 
MGV of OCT images.

Materials and methods
Tissue samples
Fifty-four human tissue specimens, consisting of eigh-
teen cancerous, para-cancerous, and normal tissues each 
were excised from eighteen patients undergoing surgery 
for OSCC of the tongue and examined. Specimen col-
lection was part of the standard therapeutic surgery 
protocol performed at the first affiliated Hospital of the 
Fujian Medical University. Experimental procedures were 
reviewed by the Ethics Committee of the Fujian Medi-
cal University, with patients’ privacy protected and con-
ducted in line with human ethics.

OCT system and image acquisition
Experiments were carried out on a home-built SD-OCT 
system as shown in Fig.  1. The principle and physics of 
the system are similar to those described in previous 
studies [29–31]. The light source of this SD-OCT sys-
tem consisted of a superluminescent diode with a cen-
tre wavelength of 840  nm and a bandwidth of 45  nm. 
The interference signal was collimated and detected by 
a spectrometer, which consisted of a diffraction grating 
or prism (1200-line/mm grating and 2048 line), a beam 
expander, a convergence mirror, and a CCD camera 
(2048 pixels with 14 μm pixel size, e2V). The calibrated 
axial resolutions, lateral resolutions, and maximum imag-
ing depth of the system were 5 μm, 15 μm, and 3 mm in 
air, respectively. The output power was 5 mW, while other 
details are described in our previous work [30].

The oral tissues were placed in a photosensitive poly-
mer 3D-printed groove module to reduce micromotion 
effects. Next, the samples were fixed on an X-Y-Z adjust-
ing platform to facilitate adjustment during imaging. The 
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sample arm was adjusted to focus the beam on the tis-
sues. The samples were positioned to ensure optimal sig-
nal-to-noise ratio and well-contrasted 2-D images.

Measurement protocol
Three experimental groups were included in the study, 
with eighteen tissues in each group (cancerous, para-
cancerous, and normal tissues). Each tissue was scanned 
and three OCT images were taken. Before imaging para-
cancerous tissue samples, a tiny needle was inserted at 
the tumour boundary for demarcation (shown in Fig. 2B). 
Two oral and maxillofacial surgeons determined the 
tumour boundary, mainly by tissue texture, colour, and 
shape. Compared with normal tissue, the tumour’s tex-
ture was firm, with white colouration.

Before OCT imaging, we would place the specimen on 
a foam plate and mark the imaging locations firstly. OCT 
images were obtained from the marked locations. After 
the OCT measurements, the specimen was placed in for-
malin and processed for routine clinical histopathologi-
cal evaluation as well as histopathological assessment of 
each of the locations marked for OCT measurements. 
These assessments were used for definitive histopatho-
logical annotation of the measured locations. (Figs.  2C 
and 2D). The Image J software was then used to mea-
sure the MGV of the images. Each OCT image of the 

tumour and normal tissues was measured three times, at 
selected areas of 0.5 mm×0.1 mm, and each OCT image 
of the para-cancerous tissue was measured twice, once 
on the left and right sides of the marker (Fig. 2A, E and 
F). All MGVs were tested separately by two researchers. 
The intra-class correlation coefficient (ICC) was used to 
assess the consistency of MGV measurements between 
two researchers. The size of the regions of interest (ROI) 
in this experiment was the same (0.5 mm×0.1 mm), and 
efforts were meticulously made to position the ROIs at a 
consistent depth relative to the superficial layer of the tis-
sue. The ROIs were situated as proximate as feasible to 
the superficial tissue without containing any dark back-
ground atop the tissue’s surface.

Data analysis
The Mann-Whitney U test was used to determine the sta-
tistical difference in the MGVs between OSCC and nor-
mal tissue. The ability to distinguish normal tissue from 
OSCC was determined using the ROC (Receiver Oper-
ating Characteristic) curve. The ROC curve was gener-
ated based on the specificity and sensitivity of the MGV, 
as a marker to distinguish tumours from normal tissue. 
As a diagnostic marker, the optimal threshold MGV was 
determined by the Youden index (the highest specificity 
and sensitivity).

Fig. 1  Schematic diagram of the experimental setup. All oral tissues were investigated using this home-built SD-OCT system. SLD: Superluminescent 
Diode; BC: Beam Collimator; GM: Galvo Mirrors; PC: Personal Computer
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Results
A total of 162 OCT and H&E images were analysed, 
while 432 selected regions were measured and MGVs 
were obtained. The intra-class correlation coefficient was 
0.85 [95% CI: 0.71–0.94], which indicated that the MGV 
measurement was reliable by different researchers.

OCT findings of the para-cancerous tissue
A significant difference in MGV was found in the OCT 
images of the para-cancerous tissues, between the two 
sides of the marked points (Fig. 3A). The surgeon selected 
the needle’s insertion point to obtain OCT pictures of the 
para-cancerous tissues. In addition, clear MGV boundar-
ies could also be found in the other two OCT images of 
the same tissue (Fig.  3B and C), confirmed through the 
corresponding greyscale (Fig.  3D and F) and the MGV 
curve (Fig. 3G and I). In Fig. 3G and I, the MGV on one 
side is significantly higher than that of the other, corre-
sponding to OCT images (Fig. 3A and C) and greyscale 
images (Fig. 3D and F) that were also marked with arrows 
and dotted lines, whereby G0, H0, and I0 represented low 

signal value and G1, H1, and I1 represented high signal 
value.

OCT signals in the G1, H1, and I1 regions were sig-
nificantly higher than that in the surrounding tissues, 
which was consistent with the results of the MGV curves. 
Therefore, it was speculated that there was a difference 
between the MGV in the SCC tissue versus the healthy 
tissue.

Histology and OCT images analysis
 Typical examples of OCT images of SCC and normal 
tissues are shown in Fig. 4. Normal tissue (Fig. 4A) had 
apparent gaps that were also seen in the H&E stained tis-
sue section (Fig. 4B and C). On the contrary, SCC’s OCT 
image was tightly structured and had no gaps(Fig.  4D), 
similar to the H&E stained SCC (Fig. 4E and F).

H&E staining also revealed muscle fibres of normal 
morphology and structure, regular arrangement, and a 
large number of tumour cells (black arrow) in between 
the tissues. Connective tissue hyperplasia was seen 
around the tumour tissue (red arrow). The H&E section 
on the routine histopathological examination did not 

Fig. 2  Overview of measurement protocol. (A) Each tissue was imaged three times, with the imaging position shown with a red x. (B) As shown in the 
circle, a needle was used to mark the junction areas of the tumour and normal tissues. (C) The obtained OCT image. (D) Specimens were stained with 
routine hematoxylin and eosin stain after OCT was done. (E) and (F) Using Image J to measure the mean grey values, the white box was the estimated 
region, and the orange arrow was the needle shown as (B)
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demonstrate degeneration or damage in all measured 
areas. The OCT experiments also did not interfere with 
the histological approach.

Statistical significance of mean grey value to differentiate 
normal tissue and OSCC
After histopathological assessments, half of the MGVs of 
OCT were marked as SCC and the other half as normal 
tissue. The normal tissue was mainly muscle.

Figure  5A shows the MGVs of all measured points as 
evaluated by histopathology. In most cases, the MGV of 
OSCC was higher than that of normal tissue. The appar-
ent separation of data points showed a significant dif-
ference between both groups, which was confirmed 
by the Mann-Whitney U test. The MGV of OSCC was 

significantly higher than that of the surrounding normal 
tissue, as shown in Fig. 5B (p < 0.0001).

A ROC curve was generated based on all measure-
ments to study the use of MGV as a diagnostic marker 
in tumour resection. The true positive rate (sensitivity) 
and false positive rate of different MGV thresholds were 
drawn. The area under the ROC curve was 0.98, as shown 
in Fig. 5C, proving the potential of MGV as a diagnostic 
marker for the differential diagnosis of OSCC. Addition-
ally, the Youden index represented the best combination 
of specificity and sensitivity and was thus used as the 
optimum cut-off value. The Youden index was an MGV 
of 54, with a sensitivity of 93% and a specificity of 94%.

In Fig.  5A, the highlighted points marked as A1 and 
A2 represent the MGV measured near the threshold of 
54 and SCC above the critical value in the healthy tissue. 

Fig. 3  OCT image finding of the para-cancerous tissues. (A-C) Three OCT images of para-cancerous tissues. (D-F) Greyscale images correspond to A-C 
images. (G-I) MGV at the aline in Figs. D-F, respectively. The arrows and dashed lines indicated that MGV is significantly higher than the surrounding tis-
sues. And a combination of letters and numbers (G0-I1) was used to distinguish different parts. The presented series of images primarily illustrates the 
gray values at the line of normal tissues and lesions; however, it is important to note that these images serve exclusively for visual representation and do 
not constitute the methodology for MGV measurement in the current study
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Fig. 5  MGV scatter plots (A), Mann-Whitney U test (B) for squamous cell carcinoma and normal tissue, and ROC curve (C) for distinguishing OSCC from 
normal tissue. (A) The green points represent the MGV measured in healthy tissue, and the red points represent the MGV measured in OSCC samples. The 
Youden index is shown as a dashed line and represents the cut-off value’s position. (B) The Mann-Whitney U test calculated the p-value (< 0.0001). (C) The 
sensitivity and specificity were 0.93 and 0.94, respectively for the Youden index (when MGV was 54). The calculated area under the curve (AUC) was 0.98 
and represented the discriminant ability

 

Fig. 4  Typical OCT and the corresponding histology: (A) OCT image of muscle tissue revealed tissue gaps (evident in the white box). (B) and (C) H&E 
staining revealed muscle tissue and fibres (40x and 200x), of normal morphology and structure, regular arrangement, and noticeable gaps. (D) OCT image 
of SCC; (E) and (F) H&E stained SCC sample (40x and 200x), a large number of tumour cells (black arrow) can be seen between the tissues, and connective 
tissue hyperplasia around the tumour tissue (red arrow). These images intend to demonstrate that OCT is capable of capturing images that closely cor-
respond to a pathological reference standard, distinct from the method employed for MGV measurement within this experiment
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The nine measurements marked A1 in Fig. 5A were tis-
sue locations consisting of a mixture of connective tis-
sue and blood vessels, showing MGVs from 54.9 to 65.7. 
H&E staining of tissues at these locations revealed tightly 
structured tissues, which may have contributed to four 
MGV measurements that were above the 54 cut-off value 
but will need further investigation. SCC samples reported 
eleven MGVs around the cut-off value of 54, which also 
needs further evaluation to explain..

Discussion
Based on the OCT of para-cancerous tissues and infor-
mation from related literature, the current study was 
designed to verify the possibility of discriminating 
tumours from surrounding (normal) tissues using MGVs. 
The data showed that the MGV differed between the 
tumour and normal tissues. Previously, differences in 
MGV were found in other tumours, such as the thyroid 
and breast. However, these studies were conducted using 
ultrasound and CT approaches [32, 33]. MGV in OCT 
was reported minimally, and the use of MGV assisted 
OCT to distinguish oral cancer from normal tissues was 
even rare.

Lv et al. reported that the grey value of malignant 
breast lesions was higher than that of benign lesions. In 
this study, a total of 299 lesions were used for calcula-
tion and comparison, including 101 benign lesions and 
198 malignant lesions, and imaged by contrast-enhanced 
spectral mammography [32]. Han et al. further showed 
that the ultrasound grey scale ratio (UGSR) allowed the 
potential differentiation of papillary thyroid microcarci-
nomas (PTMCs) and micronodular goitres (MNGs).

UGSR is the ratio of grayscale value of lesions to that 
of the surrounding normal thyroid tissue. This novel 
method quantifies the echo intensity of thyroid lesions, 
whereby the stronger the echo intensity, the darker the 
black colouration and the higher the reading on the grey 
scale [33].

OCT is a non-invasive, real-time, and label-free tomog-
raphy image generator for biological structures accord-
ing to different optical properties between tissues. These 
properties help diagnose cancer early in both animals 
and humans and monitor tumour treatment, including 
SCC. Wilder et al. used OCT to diagnose SCC in golden 
Syrian hamster cheek pouches [34].

OCT imaging reports an 80% consistency with his-
topathology. Other experiments have also shown that 
OCT can effectively distinguish normal oral tissues from 
malignant lesions by detecting the change in tissue struc-
ture, including epithelial and keratin, identifying the 
basement membrane and the intensity of the OCT signal. 
For example, Hamdoon et al. used OCT to examine 125 
suspicious oral lesions from 125 patients, with a specific-
ity of 78% and a sensitivity of 85% [35]. Jerjes et al., using 

the same method, had similar results, with 94.9% speci-
ficity and 83.3% sensitivity [36].

In studying the surgical margin of OSCC, Hamdoon 
et al. used OCT to determine the adequacy of immedi-
ate post-resection margins in OSCC, with a sensitivity of 
81.5% and specificity of 87% [20]. In a following human 
study, Sumsum et al. used OCT to diagnose tumours and 
marginal zone malignant tumours with a sensitivity and 
specificity of 100%, which was equivalent to histological 
diagnosis [5]. Although encouraging, these results have 
not been translated into clinical application because of 
the lack of quantitative analysis and unified diagnostic 
criteria. This research aimed to provide a new quantita-
tive indicator to discriminate tumours from surround-
ing tissues. We innovatively used MGV for quantitative 
analysis in OCT to assist in distinguishing squamous cell 
carcinoma tissue from normal tissue.

MGV is usually highly dependent on many factors, 
such as the selected region of interest, the size of the 
ROI, and the ROI’s depth to the tissue’s superficial sur-
face. The major reason is that signal intensity weakens 
with the imaging depth, so if the ROI area is too large, it 
may include areas with attenuated signal intensity. Con-
sequently, we established criteria for MGV measurement. 
On the one hand, the size of the regions of interest (ROI) 
in this experiment was the same (0.5 mm×0.1 mm). On 
the other hand, the imaging area of the ROI was posi-
tioned as superficially as possible, excluding any regions 
with a black background. The chosen depth was lim-
ited to 0.1 mm, thereby ensuring that the ROI remained 
within the zone of peak signal intensity in the OCT image 
and did not encompass areas of diminished signal..

There are several limitations to this study. Firstly, a bet-
ter inference could be made if the sample size was big-
ger than the eighteen patients used in this study. With 
the increase in sample size, the presumption remains 
that measuring transition zones between the tumour and 
the surrounding healthy tissue helps explain the occur-
rence and development of the tumour, thus should be 
applied next and focused on the peri-tumour area. In 
addition, we will compare between cancerous squamous 
epithelium with mild, moderate, and severe dysplasia 
epithelium.

Secondly, The reason why the MGV of tumor tissue is 
higher than that of normal tissue is also what we need 
to study next. Thirdly, is that specific software is still 
needed to analyse MGV, which may limit the application 
of MGV in OCT images as a marker for detecting OSCC. 
This can be solved by developing OCT imaging software 
that can simultaneously analyse MGVs. Fourthly, we 
only studied tongue cancer and tongue tissue. We did 
not compare whether there were differences in MGV in 
different anatomic sites, nor did we compare whether 
there were differences in squamous cell carcinoma in 
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different anatomic sites. This is a future research direc-
tion. Moreover, a single quantitative index of MGV can-
not ultimately assist OCT in differentiating normal oral 
tissues from tumour tissues, necessitating the exploration 
of more quantitative indexes for this purpose. Finally, at 
present, the current equipment cannot be used during an 
operation. However, the current data creates the possibil-
ity of building a device that can be used intraoperatively. 
Unlike the current detection that only covers selected 
measurement locations, the ultimate goal is to detect all 
resection margins.

Conclusion
In conclusion, the current experiment shows that the 
MGV of OSCC in OCT images is significantly higher 
than in surrounding healthy tissues. Therefore, MGV can 
help distinguish a tumour from its surrounding normal 
tissue. The MGV-specific information obtained in this 
study can be used to establish an in vivo OCT boundary 
demarcation method for OSCC. OCT is also a real-time 
imaging tomography used in head and neck surgeries 
consisting of a hand-held probe. This makes it possible to 
develop the application of in vitro and in vivo surgeries to 
assist and guide tumour surgery and achieve a sufficient 
range of successful resections.
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