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Detection of cervical lymph node 
metastasis from oral cavity cancer 
using a non-radiating, noninvasive 
digital infrared thermal imaging 
system
Fan Dong1,2,3,4,5, Chuansibo Tao6, Ji Wu7, Ying Su7, Yuguang Wang1,2,3,4,5, Yong Wang1,2,3,4,5, 
Chuanbin Guo1,6 & Peijun Lyu1,2,3,4,5

This study aimed to evaluate the diagnostic performance of a non-radiating, noninvasive infrared (IR) 
thermal imaging system in the detection of cervical lymph node metastasis from oral cavity cancer. 
In this prospective clinical trial, a total of 90 oral cavity cancer patients suspected of having cervical 
lymph node metastasis underwent IR imaging of the neck prior to neck dissection. Analysis of the 
IR images was performed by two methods: manual qualitative analysis and automatic analysis by 
an entropy-gradient support vector machine (EGSVM). The efficacies of the EGSVM-based infrared 
thermal imaging system and contrast-enhanced computed tomography (CT) were compared by using 
the Noninferiority Testing. Compared with manual qualitative analysis, the EGSVM-based automatic 
analysis had a higher sensitivity (84.8% vs. 71.7%), specificity (77.3% vs. 72.7%), accuracy (81.1% vs. 
72.2%), positive predictive value (79.6% vs. 73.3%) and negative predictive value (82.9% vs. 71.1%). The 
EGSVM-based infrared thermal imaging system was noninferior to contrast-enhanced CT (P < 0.05). 
The EGSVM-based infrared thermal imaging system showed a trend of higher sensitivity, whereas 
contrast-enhanced CT showed a trend of higher specificity. The EGSVM-based infrared thermal imaging 
system is a promising non-radiating, noninvasive tool for the detection of lymph node metastasis from 
oral cavity cancer.

Oral cavity cancer (ICD-10:C00-C08) is a serious and growing problem in numerous countries. Worldwide, in 
2012, there were approximately 300,400 new cases and 145,400 deaths from oral cavity cancer1. Controlled the 
primary tumor, metastasis to the cervical lymph node is the most significant factor that determines prognosis2. 
Regardless of the site of the primary tumor, the 5-year survival rate drops by nearly 50% if a single metastatic 
lymph node is present in either side of the neck. The survival rate of patients with a single metastatic lymph node 
in both sides is reduced to only 25% of that in patients without lymph node metastasis3–5. Therefore, assessment 
of lymph node involvement is of utmost importance in patients with oral cavity cancer.
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The current diagnostic modalities for the detection of lymph node metastasis include computed tomography 
(CT), positron emission tomography/computed tomography (PET/CT), magnetic resonance imaging (MRI), 
ultrasound, and ultrasound-guided fine needle aspiration cytology (FNAC). Due to the superior anatomic reso-
lution, CT and MRI are commonly used for the detection of cervical lymph node metastasis6. Each technique has 
its own unique advantages and disadvantages. In clinical practice, we must compromise between accuracy and 
effectiveness vs. invasiveness and cost considerations. An innocuous, noninvasive imaging modality remains an 
open quest in biomedical imaging. Among the current modalities mentioned above, only MRI and ultrasound 
do not involve radiation exposure or invasive procedures. Ultrasound is a widely available imaging modality but 
it is restricted to expert referral centers because its diagnostic performance is highly dependent on the experi-
ence of the operator7. With a relatively expensive cost, MRI is not widely available. Therefore, a reliable, new, 
cost-effective method is desired.

Infrared (IR) thermal imaging is a non-radiating, noncontact, noninvasive, low-cost and fast imaging modal-
ity that passively captures thermal radiation emitted by any object above absolute zero. Unlike other imaging 
modalities, IR imaging provides functional rather than anatomical information because temperature is a useful 
indicator of disease. Previous studies have found that temperature distribution is symmetrical between the two 
sides of the human body in healthy people; in diseased individuals, abnormal blood flow results in abnormal tem-
perature distribution8. For instance, excess heat generated by blood flow (angiogenesis) and metabolic activity in 
breast cancer provide the basis for the detection of breast cancer with IR imaging9. With technological advances 
in thermal cameras and image analysis tools over the years, there has been a resurgence in the use of IR thermal 
imaging as a diagnostic tool in medicine10. IR imaging has been applied to the diagnosis of many diseases such 
as breast cancer10,11, melanoma12, diabetes13, infantile hemangiomas14 and lower extremity deep venous throm-
bosis15. To the best of our knowledge, IR imaging has not been applied to the detection of cervical lymph node 
metastasis.

Support vector machine (SVM) is a supervised machine learning technique that is widely used in classifica-
tion problems. The algorithm uses special nonlinear functions called kernels to transform the input space into 
high-dimensional space and aims to select a hyperplane to discriminate between two classes by maximizing the 
margin between two data clusters16. The technique has recently been used to improve diagnostic performance17,18.

In this study, we proposed a digital infrared thermal imaging system as a screening and patient-based 
diagnostic tool for the detection of cervical lymph node metastasis from oral cavity cancer. Then, the analy-
sis of the IR images was performed by two methods: manual qualitative analysis and automatic analysis by an 
entropy-gradient support vector machine (EGSVM), the classification was done on a per patient basis. We also 
investigated its diagnostic performance and compared it with that of contrast-enhanced CT which is now rou-
tinely used for the detection of cervical lymph node metastasis in Stomatology Hospital of Peking University.

Methods
Study design. This prospective study was approved by the Bioethics Committee of Stomatology Hospital of 
Peking University, Beijing, China (No. PKUSSIRB-201628047), and all patients signed informed consent forms 
prior to entering the study. The study protocol is shown in Fig. 1. We enrolled a series of 90 patients (60 male 
[66.7%], 30 female [33.3%]), ranging from 29 to 81 years old (mean = 58.2 years, SD = 12.3 years) who were 
scheduled for neck dissection with resection of previously untreated primary oral cancer. We took no account 
of the result of IR examination when the treatment plan was made. Of the 90 patients in our study, 44 (48.9%) 
were clinically N0 (no suspected metastasis) based on physical exam and contrast-enhanced CT results before 
the surgery, while 46 (51.1%) were clinically N+ (suspected metastasis). The site and histological type of the pri-
mary tumor are provided in Table 1. Apart from the diagnostic biopsy of the primary tumor and previous routine 
dental treatment, no patients had undergone previous head and neck surgery, chemotherapy, or radiotherapy.

IR examination. IR imaging of the neck was performed 1 day before surgery. IR examination was per-
formed by one radiological technician with a thermographic system (Avio R500 Thermal Imaging System, NEC 
Corporation, Japan), which was an uncooled micro-bolometer with a focal plane array detector. The image matrix 
size was 640 × 480, with a response wavelength of 8–14 μm, and a temperature resolution <0.025 °C. The pro-
cedure was performed in a temperature-controlled room maintained between 23 °C and 25 °C and 50% relative 

Figure 1. Timeline of the study process.
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humidity. Each participant was asked to sit on a chair in an erect position, with the neck exposed, approximately 
0.5 meters away from the IR camera. After 15 minutes of rest, IR images of the frontal neck were taken.

Manual qualitative analysis of IR imaging. Qualitative analysis was performed by two experienced head 
and neck radiologists who were unaware of the histological results and the contrast-enhanced CT results using 
Infrec Analyzer 2.6 software (NEC Corp., Japan) with manual brightness and contrast adjustment. Disagreements 
between two radiologists were resolved via consensus. In this study, IR criteria for the detection of metastasis were 
modified from those used in breast cancer19,20. The presence of at least one of the following criteria (Fig. 2) was 
considered a positive indicator for cervical lymph nodal metastasis: (a) increased vascular density with a tortuous 
vascular morphologic pattern or aberrant vasculature in the region of interest (ROI) but not in the contralateral 
side; (b) unilateral dilated vasculature such as a facial artery, a submental artery or a carotid artery; (c) a surface 
temperature difference >1 °C in the ROI compared to the mirror image site on the contralateral neck; (d) a bulg-
ing outline contour with elevated surface temperature in and around the ROI.

Surgery and histopathological examination. The range of neck dissection was based on the criteria 
of Stomatology Hospital of Peking University. The indications and choice of a neck dissection were determined 
based on preoperative examination results and intraoperative findings. Patients with evidence of clinically N2 
or N321 underwent a radical neck dissection (RND), in which the scope of the surgery involved cervical lymph 
nodes level I, II, III, IV and V. The preservation of important anatomical structures, such as the internal jugu-
lar vein, the accessory nerve, and the sternocleidomastoid muscle, depends on the relationship between these 
anatomical structures and the suspected metastases observed during the surgery. Patients with evidence of clin-
ically N1 underwent a selective neck dissection, such as supraomohyoid neck dissection (SOHND) or extended 
supraomohyoid neck dissection, where the scope of surgery involved cervical lymph nodes of level I-III or level 
I-IV, respectively. For malignancies with a high risk of cervical metastasis, a selective neck dissection was required 
even if the preoperative impression was cN0. The contralateral neck of a metastatic lymph node then under-
went a selective neck dissection or functional neck dissection considering the risk of contralateral metastasis. 
Additionally, if the primary tumor crossed the midline, a bilateral neck dissection was also necessary.

At the time of surgery, the partitioned surgical neck specimens were separated by surgeons and fixed in 10% 
buffered formalin. The dissected lymph nodes were processed and stained with hematoxylin and eosin for patho-
logical assessment. A routine pathological evaluation of the lymph nodes was performed by two pathologists on 
one or two sections22. Diagnoses were reviewed by one pathologist with 10 years of experience. All nodes were 
recorded as positive or negative for metastasis.

Automatic analysis by EGSVM. Given a training set if instance-label pairs = …x y i m, , 1, ,i i  where 
∈x Ri

n and ∈ −y {1, 1}n, the objective of SVM is to choose the optimal hyperplane that separates the instances 

Title Subtitle Number Percentage

Number of Patients 90

Age (years) 58.2 ± 12.3

Gender
Male 60 66.7%

Female 30 33.3%

Clinical Examination
cN0 44 48.9%

cN+ 46 51.1%

Site of the Primary Tumor

ICD10-C00 Lip 1 1.1%

ICD10-C01 Base of Tongue 7 7.8%

ICD10-C02 Tongue 31 34.5%

ICD10-C03 Gum 24 26.7%

ICD10-C04 Floor of Mouth 7 7.8%

ICD10-C05 Palate 1 1.1%

ICD10-C06.0 Buccal Mucosa 11 12.2%

ICD10-C06.2 Retromolar Area 4 4.4%

ICD10-C10 Oropharynx 4 4.4%

Historical Type

Squamous Cell Carcinoma 77 85.6%

Mucosal Malignant Melanoma 6 6.7%

Adenoid Cystic Carcinoma 3 3.3%

Basal Cell Adenocarcinoma 1 1.1%

Adenosquamous Cell Carcinoma 1 1.1%

Sarcomatoid Carcinoma 1 1.1%

Clear Cell Carcinoma 1 1.1%

Table 1. Patient characteristics.
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into two groups, and maximizes the distance between the hyperplane and the support vectors23,24. In other words, 
the SVM aims to solve the optimization problem:

∑ ε+ε =min w w C1
2 (1)w b

T
i
m

i, , 1

εφ + ≥ −y w x bsubject to ( ( ) ) 1 (2)i
T

i i

where ε ≥ 0i . The function φ maps feature vectors xi into a higher dimensional space. C is a penalty parameter on 
the training error. A kernel function is written as = φ φK x x x x( , ) ( ) ( )i j i

T
j . In our experiment comparison, the 

linear kernel =K x x x x( , )i j i
T

j performs best in the proposed medical image classification task.
The EGSVM is a four-step procedure (Fig. 3). In the first step (Fig. 3a), the region of the neck is cropped from 

raw images, which are then converted to grayscale images. The target area is from the lower jaw to the clavicles 
included in the cropped image. The background and unrelated parts in the raw image are cut out. One cropped 
image is acquired from each raw image manually. Second, features used for classification are extracted from the 
cropped grayscale images (Fig. 3b). The feature vectors are fed to an SVM classifier in the third step (Fig. 3c). 
Model parameters of an SVM classifier are trained on the features and corresponding labels. Finally, the structure 
(Fig. 3d) is used for the automatic analysis of lymph node involvement.

Feature extraction. During manual qualitative analysis, we found that an asymmetric thermographic pattern, 
including elevated surface temperature and abnormal vascular pattern, was an important indication of nodal 
involvement (Table 2). Hence, features that can describe an irregularity of an IR image would be helpful to dis-
tinguish metastatic lymph images from the other images. During image processing, entropy is a commonly used 
measure of information contained in an image25,26. In the feature extraction process, the cropped grayscale image 
is first normalized according to its window size as follows:

= ⋅
′ ′′ ′ ∈

gVal new gVal x y
max gVal x y

_ ( , ) 255
( , ) (3)x y win( , )

Figure 2. Manual qualitative analysis of IR imaging. (a) An asymmetric thermographic pattern that includes 
an elevated surface temperature and a vascular pattern; (b) Increased vascular density with a tortuous vascular 
morphologic pattern; (c) A unilateral dilated vascular image; (d) A surface temperature difference of over 1 °C.
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where win represents a window in the original image. gVal new x y_ ( , ) is the gray value at point (x, y) of the nor-
malized image, which is obtained by scaling the gray value of the corresponding point ′ ′gVal x y( , ) in the original 
image.

If we change the size of window, we can obtain a series of normalized images with different sizes, denoted 
…Re image Re image Re image{ _ , _ , , _ }n1 2 , where n represents the quantity of all normalized images. The extending 

process of win and feature extraction process are shown in Fig. 3c. In our experimental settings, win extends from 
central to around evenly.

Histogram equalization is a technique to enhance contrast by adjusting the image spatial domain. The tech-
nique produces output image with uniform distribution of pixel intensity, flattened histogram27. To enhance the 
contrast of normalized images, we acquire a histogram-equalized image of each of them, denoted 

…Re image Re image Re image{ _ , _ , , _ }hist hist
n
hist

1 2 . The extending step is set (1/50 of width, 1/50 of height) in our 
feature extraction stage. Therefore, n is 50 in our experiments. For each image Re image_ k, we can calculate the 
corresponding entropy hk as

∑= − ∈=h p p k nlog , [1, ] (4)k i i i1
255

where pi is the proportion of gray level i in Re image_ k, and these entropies can make up for a vector = …H h h h[ , , , ]n1 2 . 
We can further get the entropy-gradient feature Hvar, based on H, as

= − … − −H h h h h[ , , ] (5)var n n2 1 1

The entropy-gradient feature Hvar
hist is extracted from histogram equalized image sets in the same way as Hvar of the 

set of normalized images.
One disadvantage of histogram equalization is that the calculation is indiscriminate. The gray value of the 

histogram equalized image is non-linearly stretched from that in the cropped gray image. It increases the image 
contrast while decreases the usable information. Different from histogram image, the gray value of normalized 
image is linearly stretched from that in the cropped image, preserving more details with little contrast. 
Considering the advantages and disadvantages of both images, H H[ , ]var var

hist  is finally used as the feature vector for 
the input of the SVM classifier.

Figure 3. Structure of the EGSVM system. (a) The image in the black box is the cropped image from raw 
images, which is converted into a grayscale image; (b) The expanding process of win and feature extraction. The 
win expands from win1 to winn. For wink, the entropy of Re image_ k and Re image_ k

hist are used in the feature 
extraction process; (c) The red circles and blue squares represent high-dimensional feature vectors; (d) The 
structure of automatic analysis system for new raw images.

IR Features No. of Cases No. of Metastatic Cases Prevalence (%)

Abnormal vascular morphology 29 21 72.4

Unilateral dilated vessel 10 7 70.0

Temperature difference over 1 °C 10 7 70.0

Focal bulge 3 3 100.0

Table 2. Distribution of patient cases by IR features. Prevalence = number of metastatic cases divided by 
number of cases with the given IR features.
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Model training and prediction. We used an SVM from libsvm tool23 to complete our experiments. The feature 
vectors acquired from images with lymphoma were assigned weight 1.2 while others were assigned weight 1.0. 
The penalty parameter of the error term C was set as 0.5. As previously mentioned, there were 90 samples in total. 
To make better use of these data, a nine-fold cross-validation method was applied in the testing. The dataset was 
randomly divided into nine subsets, each containing an equal number of samples. The nine subsets were then 
grouped into a training set and a testing set. The training set consisted of eight of these subsets and the testing 
set consisted of the remaining one. This procedure was repeated nine times and every subset was used once for 
testing. The final matrices were the average of the five testing results, including sensitivity, specificity, accuracy, 
positive predictive value (PPV) and negative predictive value (NPV).

Statistical analysis. All statistical analyses were performed in R version 3.1.0. Based on the standard defi-
nitions, sensitivity, specificity, accuracy, PPV and NPV were calculated. The accuracies of the EGSVM-based 
infrared thermal imaging system and contrast-enhanced CT for the detection of cervical lymph node metastasis 
from oral cavity cancer were compared by using the Noninferiority Testing28, and the value of margin was set at 
δ = 0.10, and P values less than 0.05 were considered statistically significant.

Ethical approval. This prospective study was approved by the Bioethics Committee of Stomatology Hospital 
of Peking University, Beijing, China (No. PKUSSIRB-201628047). All experimental protocols were approved by 
the Bioethics Committee of Stomatology Hospital of Peking University, Beijing, China. All experiments were 
performed in accordance with approved guidelines and regulations. Informed consent was obtained from all 
individual participants included in the study.

Results
In our study, tissues from a total of 90 patients were excised for histopathological correlation. Lymph node metas-
tasis was present in 46 (51.1%) patients, while the other 44 (48.9%) patients did not contain histological evidence 
of lymph node metastasis. Of the 46 clinically N+ patients, 34 (73.9%) contained histological evidence of lymph 
node metastasis and the remaining 12 (26.1%) did not. Among the 44 clinically N0 patients, 12 (27.3%) contained 
histological evidence of lymph node metastasis, and the remaining 32 (72.7%) did not.

Based on IR criteria for manual qualitative analysis (Fig. 2), the distribution of patient cases is shown in 
Table 2. The sensitivity, specificity, accuracy, PPV and NPV by manual qualitative analysis for the detection of 
lymph node metastasis were 71.7% (95% CI: 58.7%, 84.8%), 72.7% (95% CI: 59.6%, 85.9%), 72.2% (95% CI: 
63.0%, 81.5%), 73.3% (95% CI: 60.4%, 86.3%), and 71.1% (95% CI: 57.9%, 84.4%), respectively. Compared with 
manual qualitative analysis, EGSVM-based automatic analysis had an apparently higher sensitivity (84.8% vs. 
71.7%), specificity (77.3% vs. 72.7%), accuracy (81.1% vs. 72.2%), PPV (79.6% vs. 73.3%) and NPV (82.9% vs. 
71.1%) (Table 3).

The EGSVM-based infrared thermal imaging system is noninferior to contrast-enhanced CT (P = 0.01), and 
the statistical power in this trial is 80.34% (δ = 0.10). The EGSVM-based infrared thermal imaging system showed 
a trend of higher sensitivity, whereas contrast-enhanced CT showed a trend of higher specificity (Table 4).

Among the 46 patients with metastasis, 29 cases were correctly confirmed with both contrast-enhanced CT 
and the EGSVM-based infrared thermal imaging (Fig. 4); only 2 cases were not confirmed with either enhanced 
CT or the EGSVM-based infrared thermal imaging because of occult metastasis. Of the 44 patients without 
metastasis, 28 cases were not confirmed with either enhanced CT or the EGSVM-based infrared thermal imaging; 
only one case was confirmed with these two imaging modalities, resulting in a false positive (Table 4).

Discussion
In this prospective study, we performed the first application of digital infrared thermal imaging to the detection of 
cervical lymph node metastasis from oral cavity cancer. We also found that the EGSVM-based infrared thermal 

Parameters
Manual qualitative 
analysis

Automatic analysis 
by EGSVM

No. of true positive 33 39

No. of false positive 12 10

No. of true negative 32 34

No. of false negative 13 7

Sensitivity (%) 71.7 (58.7,84.8) 84.8 (74.4,95.2)

Specificity (%) 72.7 (59.6,85.9) 77.3 (64.9,89.7)

Accuracy (%) 72.2 (63.0,81.5) 81.1 (73.0,89.2)

PPV (%) 73.3 (60.4,86.3) 79.6 (68.3,90.9)

NPV (%) 71.1 (57.9,84.4) 82.9 (71.4,94.4)

Table 3. Performance of manual and automatic analysis of IR imaging. Data in parentheses are 95% CIs; 
Sensitivity = true positive/(true positive + false negative); Specificity = true negative/(true negative + false 
positive); Accuracy = (true positive + true negative)/(true positive + true negative + false positive + false 
negative); PPV = true positive/(true positive + false positive); NPV = true negative/(true negative + false 
negative).
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imaging system is objective and reliable as a screening and diagnostic tool for the detection of cervical lymph 
node metastasis from oral cancer.

With manual qualitative analysis, we found that high frequency tumor-associated vascular abnormalities are 
powerful indicators of nodal involvement (Table 2). Compared with vessels in healthy tissues, tumor-associated 
vessels have long been observed to be abnormal in terms of morphology and structure, even at early stages 
of disease29. In animal models, tumor-associated tortuous vessel morphologies appeared much earlier than a 
palpable mass, even when only tens of tumor cells were introduced into the tissue30. As tumor growth needs 
an ever-increasing nutrient supply, malignant tumors generate a unique vessel system by creating new vessels 
(angiogenesis) and influencing major vessels around the tumor via angiogenic growth factors31. Therefore, the 
progression of angiogenesis over time has been imaged in an animal model of lymph node metastasis32. The 
tumor-associated vascular abnormalities we found in manual qualitative analysis, including increased vascu-
lar density with a tortuous vascular morphologic pattern, aberrant vasculature and a unilateral dilated vascular 
pattern in IR images, were consistent with previous studies. The metabolic activity and abnormal vessel pattern 
resulted in deviations in heat. It is this deviation in heat that provides the basis for the use of infrared imaging.

EGSVM is another major part of our work that contributes to the diagnostic performance. We have proposed 
an efficient computer-aided diagnosis system that uses the EGSVM model for classification. Computer-aided 
diagnostics have been studied in various diseases via medical images33. A good computer-aided diagnosis sys-
tem can eliminate operator dependency, improve diagnostic performance, and reduce the time needed for the 
interpretation of images. During manual qualitative analysis, abnormal signs are based on only relatively large 
areas that are visible to the naked eye, and thus, small lesions may be ignored. Automatic classification sys-
tems can describe the irregularity of images, allowing for greater objectivity in image processing and reduced 
inter-observer variability. In addition, the automatic analysis of images could be completed in under a minute, 
greatly improving efficiency. Due to the satisfactory diagnostic performance, we anticipate that the proposed 
EGSVM will be a reliable and reproducible tool for the classification of thermal images.

The EGSVM-based infrared thermal imaging system has several advantages as a screening and diagnostic tool 
for the detection of cervical lymph node metastasis from oral cancer. First, infrared thermal imaging is completely 
risk-free. It passively captures thermal radiation emitted by the human body, as there is no need for ionized radi-
ation, contrast agents or any invasive procedures. Second, compared with other medical imaging examinations, 
IR examination is inexpensive due to the low-cost IR camera that is used. In addition, IR image capture and 
automatic image analysis can be completed in less than one minute each, allowing results to be obtained quickly.

No. of patients with metastasis No. of patients without metastasis

CT+ CT− Total CT+ CT− Total

EGSVM+ 29 10 39 1 9 10

EGSVM− 5 2 7 6 28 34

Total 34 12 46 7 37 44

Group Sen (%) Spe (%) Accuracy (%) Youden’s index LR+ LR−

CT 73.9 (61.2, 86.6) 84.1 (73.3, 94.9) 78.9 (70.5, 87.3) 0.580 4.6478 0.3103

EGSVM 84.8 (74.4, 95.2) 77.3 (64.9, 89.7) 81.1 (73.0, 89.2) 0.621 3.7357 0.1966

Table 4. Comparison of diagnostic efficacies between contrast-enhanced CT and the EGSVM-based 
infrared thermal imaging system. Data in parentheses are 95% CIs; CT+ = positive at contrast-enhanced 
CT; CT− = negative at contrast-enhanced CT; EGSVM+ = positive at EGSVM-based infrared thermal 
imaging system; EGSVM− = negative at EGSVM-based infrared thermal imaging system; Sen = sensitivity; 
Spe = specificity; LR+ = positive likelihood ratio; LR− = negative likelihood ratio.

Figure 4. Representative case correctly confirmed with both IR imaging and contrast-enhanced CT. (a) Elevated 
surface temperature and increased vascular density on the right side using IR imaging; (b) Metastatic lymph node 
in contrast-enhanced CT; (c) Microscopic appearance of metastatic lymph nodes (hematoxylin and eosin staining, 
original magnification ×200).
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This is a prospective pilot study, and there are still limitations. First, this is a patient-based diagnosis of cervi-
cal lymph node metastasis from oral cavity cancer. Metastatic lymph nodes and the vascular abnormalities they 
cause can both result in deviations in heat, which provides the basis for the use of infrared imaging. While we 
can locate the abnormal area in two-dimensional space, it is difficult to precisely identify the lymph nodes within 
this area. Due to its limitations in identifying the exact anatomical localization of lesions, this method is currently 
more suitable for use as a screening tool. We anticipate that the EGSVM-based infrared thermal imaging system 
will play a role as a fast screening tool for detecting of cervical lymph node metastasis from oral cavity cancer in 
resource-limited environments. Second, in this study, we extracted only one feature for automatic classification; 
the performance of the model can be improved with additional useful features. Additionally, more patients are 
needed to evaluate the diagnostic performance of this method in a multi-center clinical trial before it can be 
widely used for the detection of cervical lymph node metastasis from oral cavity cancer.

References
 1. Torre, L. A. et al. Global cancer statistics, 2012. CA: a cancer journal for clinicians 65, 87–108, https://doi.org/10.3322/caac.21262 

(2015).
 2. Johnson, J. T. A surgeon looks at cervical lymph nodes. Radiology 175, 607–610, https://doi.org/10.1148/radiology.175.3.2188292 

(1990).
 3. Spiro, R. H. The management of neck nodes in head and neck cancer: a surgeon’s view. Bulletin of the New York Academy of Medicine 

61, 629–637 (1985).
 4. Levene, A. Tumors of the head and neck: clinical and pathological considerations. 144–176 (Williams & Wilkins, 1974).
 5. Farr, H. W., Goldfarb, P. M. & Farr, C. M. Epidermoid carcinoma of the mouth and pharynx at Memorial Sloan-Kettering Cancer 

Center, 1965 to 1969. American journal of surgery 140, 563–567 (1980).
 6. De Bree, R. et al. Advances in diagnostic modalities to detect occult lymph node metastases in head and neck squamous cell 

carcinoma. Head & neck 37, 1829–1839 (2015).
 7. de Bondt, R. B. et al. Detection of lymph node metastases in head and neck cancer: a meta-analysis comparing US, USgFNAC, CT 

and MR imaging. European journal of radiology 64, 266–272, https://doi.org/10.1016/j.ejrad.2007.02.037 (2007).
 8. Herry, C. L. & Frize, M. Quantitative assessment of pain-related thermal dysfunction through clinical digital infrared thermal 

imaging. Biomedical engineering online 3, 19 (2004).
 9. Fok, S., Ng, E. & Tai, K. Early detection and visualization of breast tumor with thermogram and neural network. Journal of Mechanics 

in Medicine and Biology 2, 185–195 (2002).
 10. Ng, E. Y. K. A review of thermography as promising non-invasive detection modality for breast tumor. International Journal of 

Thermal Sciences 48, 849–859, https://doi.org/10.1016/j.ijthermalsci.2008.06.015 (2009).
 11. Wishart, G. C. et al. The accuracy of digital infrared imaging for breast cancer detection in women undergoing breast biopsy. 

European journal of surgical oncology: the journal of the European Society of Surgical Oncology and the British Association of Surgical 
Oncology 36, 535–540, https://doi.org/10.1016/j.ejso.2010.04.003 (2010).

 12. Pirtini Çetingül, M. & Herman, C. Quantification of the thermal signature of a melanoma lesion. International Journal of Thermal 
Sciences 50, 421–431, https://doi.org/10.1016/j.ijthermalsci.2010.10.019 (2011).

 13. Sivanandam, S., Anburajan, M., Venkatraman, B., Menaka, M. & Sharath, D. Medical thermography: a diagnostic approach for type 
2 diabetes based on non-contact infrared thermal imaging. Endocrine 42, 343–351, https://doi.org/10.1007/s12020-012-9645-8 
(2012).

 14. Mohammed, J. A., Balma-Mena, A., Chakkittakandiyil, A., Matea, F. & Pope, E. Infrared thermography to assess proliferation and 
involution of infantile hemangiomas: a prospective cohort study. JAMA dermatology 150, 964–969, https://doi.org/10.1001/
jamadermatol.2014.112 (2014).

 15. Deng, F. et al. Effectiveness of digital infrared thermal imaging in detecting lower extremity deep venous thrombosis. Medical physics 
42, 2242–2248, https://doi.org/10.1118/1.4907969 (2015).

 16. Cover, T. M. Geometrical and statistical properties of systems of linear inequalities with applications in pattern recognition. IEEE 
transactions on electronic computers, 326–334 (1965).

 17. El-Naqa, I., Yang, Y., Wernick, M. N., Galatsanos, N. P. & Nishikawa, R. M. A support vector machine approach for detection of 
microcalcifications. IEEE transactions on medical imaging 21, 1552–1563 (2002).

 18. Acharya, U. R., Ng, E. Y.-K., Tan, J.-H. & Sree, S. V. Thermography based breast cancer detection using texture features and support 
vector machine. Journal of medical systems 36, 1503–1510 (2012).

 19. Wang, J. et al. Evaluation of the diagnostic performance of infrared imaging of the breast: a preliminary study. Biomedical engineering 
online 9, 3, https://doi.org/10.1186/1475-925X-9-3 (2010).

 20. Keyserlingk, J. R., Ahlgren, P. D., Yu, E. & Belliveau, N. Infrared Imaging of the Breast: Initial Reappraisal Using High-Resolution 
Digital Technology in 100 Successive Cases of Stage I and II Breast Cancer. Breast Journal 4, 245 (1998).

 21. Patel, S. G. & Shah, J. P. TNM staging of cancers of the head and neck: striving for uniformity among diversity. CA: a cancer journal 
for clinicians 55, 242–258 (2005).

 22. Silverberg, S. G. et al. Recommendations for Processing and Reporting of Lymph Node Specimens Submitted for Evaluation of 
Metastatic Disease. American Journal of Surgical Pathology 439, 601–603 (2001).

 23. Chang, C. C. & Lin, C. J. LIBSVM: A library for support vector machines. Acm Transactions on Intelligent Systems & Technology 2, 
389–396 (2011).

 24. Cristianini, N. & Shawe-Taylor, J. An introduction to support vector machines and other kernel-based learning methods. (Cambridge 
university press, 2000).

 25. Deng, G. An entropy interpretation of the logarithmic image processing model with application to contrast enhancement. IEEE 
Transactions on Image Processing 18, 1135–1140 (2009).

 26. Gull, S. F. & Skilling, J. Maximum entropy method in image processing. Communications Radar & Signal Processing Iee Proceedings 
F 131, 646-659 (1983).

 27. Russ, J. C. Image Processing Handbook, Fourth Edition. (CRC Press, Inc., 2002).
 28. Ahn, S., Park, S. H. & Lee, K. H. How to demonstrate similarity by using noninferiority and equivalence statistical testing in 

radiology research. Radiology 267, 328–338 (2013).
 29. Bullitt, E. et al. Tumor therapeutic response and vessel tortuosity: preliminary report in metastatic breast cancer. Medical image 

computing and computer-assisted intervention: MICCAI… International Conference on Medical Image Computing and Computer-
Assisted Intervention 9, 561–568 (2006).

 30. Li, C. Y. et al. Initial stages of tumor cell-induced angiogenesis: evaluation via skin window chambers in rodent models. Journal of 
the National Cancer Institute 92, 143–147 (2000).

 31. Bullitt, E. et al. Blood Vessel Morphological Changes as Visualized by MRA During Treatment of Brain Metastases: A Feasibility 
Study. Radiology 245, 824 (2007).

http://dx.doi.org/10.3322/caac.21262
http://dx.doi.org/10.1148/radiology.175.3.2188292
http://dx.doi.org/10.1016/j.ejrad.2007.02.037
http://dx.doi.org/10.1016/j.ijthermalsci.2008.06.015
http://dx.doi.org/10.1016/j.ejso.2010.04.003
http://dx.doi.org/10.1016/j.ijthermalsci.2010.10.019
http://dx.doi.org/10.1007/s12020-012-9645-8
http://dx.doi.org/10.1001/jamadermatol.2014.112
http://dx.doi.org/10.1001/jamadermatol.2014.112
http://dx.doi.org/10.1118/1.4907969
http://dx.doi.org/10.1186/1475-925X-9-3


www.nature.com/scientificreports/

9SciENTific REPORTS | (2018) 8:7219 | DOI:10.1038/s41598-018-24195-4

 32. Aki, R., Amoh, Y., Bouvet, M., Katsuoka, K. & Hoffman, R. M. Color-Coded Fluorescence Imaging of Lymph-Node Metastasis, 
Angiogenesis, and Its Drug-Induced Inhibition. Journal of Cellular Biochemistry 115, 457–463 (2014).

 33. Doi, K. Computer-aided diagnosis in medical imaging: historical review, current status and future potential. Computerized Medical 
Imaging & Graphics 31, 198–211 (2007).

Acknowledgements
This work was supported by the National Science & Technology Pillar Program during the Twelfth Five-Year Plan 
(Grant No. 2012BAI07B04) and the National Natural Science Foundation of China (Grant No. 81470707).

Author Contributions
P.J.L. and C.B.G. designed the research. F.D. and C.S.B.T. performed the experiments. J.W. and Y.S. performed 
the automatic analysis. Y.W. and Y.G.W. provided guidance for the experiments. F.D. wrote the manuscript. All 
authors read and approved the final version of the manuscript.

Additional Information
Competing Interests: The authors declare no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018

http://creativecommons.org/licenses/by/4.0/

	Detection of cervical lymph node metastasis from oral cavity cancer using a non-radiating, noninvasive digital infrared the ...
	Methods
	Study design. 
	IR examination. 
	Manual qualitative analysis of IR imaging. 
	Surgery and histopathological examination. 
	Automatic analysis by EGSVM. 
	Feature extraction. 
	Model training and prediction. 

	Statistical analysis. 
	Ethical approval. 

	Results
	Discussion
	Acknowledgements
	Figure 1 Timeline of the study process.
	Figure 2 Manual qualitative analysis of IR imaging.
	Figure 3 Structure of the EGSVM system.
	Figure 4 Representative case correctly confirmed with both IR imaging and contrast-enhanced CT.
	Table 1 Patient characteristics.
	Table 2 Distribution of patient cases by IR features.
	Table 3 Performance of manual and automatic analysis of IR imaging.
	Table 4 Comparison of diagnostic efficacies between contrast-enhanced CT and the EGSVM-based infrared thermal imaging system.




