
Ke et al. World Journal of Surgical Oncology          (2022) 20:339  
https://doi.org/10.1186/s12957-022-02788-8

RESEARCH

Clinical and experimental study 
of a terahertz time‑domain system 
for the determination of the pathological 
margins of laryngeal carcinoma
Jing Ke1,2,3,4   , Lifeng Jia2,4, Yaqin Hu1,2,3,4, Xu Jiang2,4, Hailan Mo1,2,3,4, Xiang An2,4 and Wei Yuan1,2,3,4* 

Abstract 

Objective:  Laryngeal cancer is a common malignancy in otorhinolaryngological head and neck surgery, accounting 
for approximately one-third of all head and neck malignancies. Terahertz time-domain spectroscopy (THz-TDS) has 
recently been found to be useful for the detection of tumors. This study was conducted to investigate the application 
of THz-TDS in the diagnosis of pathological resection margins of laryngeal cancer.

Methods:  Fresh laryngeal cancer tissues from 10 patients with laryngeal cancer were extracted, and after simultane-
ous HE staining and terahertz imaging, the tumor area, paracancerous area, and normal tissue area of each laryngeal 
cancer tissue sample were located under a microscope according to the pathological results of HE staining.

Results:  The shape contours of the tumor region revealed by terahertz imaging maps and HE staining were similar. 
In the terahertz spectrum in the frequency range of 0.5–1.9 THz, both the absorption coefficient and refractive index 
values followed the order tumor > para cancer > normal tissue, with statistically significant differences (P < 0.01). 
When the terahertz frequency was 1.5 THz, the absorption coefficient of terahertz light waves by laryngeal cancer tis-
sue and the percentage of nuclei showed an extremely high positive correlation (P < 0.01, r = 0.971). In the frequency 
ranges of 0.5–1.2 THz and 1.6–1.9 THz, the absorption coefficients of the highly differentiated group were higher than 
those of the moderately differentiated group. In the frequency range of 1.2–1.6 THz, the results were reversed, with 
statistically significant differences (P < 0.05). In the frequency range of 0.5–1.9 THz, the highly differentiated group had 
a higher refractive index than the moderately differentiated group, with a statistically significant difference (P < 0.05).

Conclusions:  THz-TDS can be used to determine the pathological margins of laryngeal cancer based on the absorp-
tion coefficient and refractive index, and the magnitudes of the absorption coefficient and refractive index are related 
to the percentage of nuclei. The degree of differentiation of laryngeal cancer tissue can be assessed by THz-TDS. The 
study shows that the terahertz time-domain system is promising for applications in the diagnosis of laryngeal cancer, 
especially for the more accurate identification of intraoperative margins.
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Introduction
Laryngeal carcinoma is a common malignant tumor of 
the head and neck that accounts for approximately one-
third of all malignant tumors of the head and neck. The 
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5-year survival rate for patients with laryngeal carcinoma 
is only 54.26–56.52% [1]. The onset of laryngeal carci-
noma is obscure, and even distant metastasis occurs in 
the early stage [2]. Therefore, two-thirds of patients are 
in advanced stages (stages III and IV) when they go to the 
doctor for treatment [3]. Surgery is the main method for 
treating laryngeal carcinoma at present. Negative surgi-
cal margins are the main index for evaluating the com-
plete resection of tumors, and they are an independent 
and the most important prognostic factor of head and 
neck malignant tumors [4]. It is important to decrease 
the recurrence rate and improve the long-term survival 
rate of patients with laryngeal carcinoma [5]; however, 
few methods are available that can help doctors judge 
surgical margins, and the use of frozen sections is almost 
the only method available for identifying negative surgi-
cal margins in head and neck surgery. It was found that 
[6] the recurrence rate of laryngeal carcinoma was 9–32% 
even when the surgical margins were frozen during the 
operation. This not only indicates that there are defects 
in the judgement of the resection margins of head and 
neck tumors intraoperatively using frozen sections but 
also suggests that it is of great clinical significance to 
find a new method for accurately evaluating the resec-
tion margins of head and neck tumors intraoperatively. 
Narrowband imaging, NIR autofluorescence, and tera-
hertz techniques are innovative methods for intraopera-
tive margin determination in recent years. However, the 
results of narrow-band imaging are closely related to the 
operator’s experience and technique, and there is a cer-
tain degree of error, while NIR autofluorescence needs 
further research for tumor diagnosis and is now more 
commonly used for thyroid and parathyroid studies [7, 
8]. Therefore, terahertz technology is a better choice due 
to its unique optical advantages and the rapid develop-
ment in oncology in recent years.

The terahertz technique is a detection technique with 
wide application prospects that emerged in the 1980s. In 
the past, research into terahertz was more focused on high-
energy physical lasers, microwave radar, and data communi-
cations, with high scientific difficulty and huge investment 
costs. In recent years, with more efficient terahertz ray gen-
erators and detectors, researchers have begun to develop 
waveguides, filters, and beam splitters to manipulate tera-
hertz waves for their use in biomedical applications. Tera-
hertz waves are electromagnetic waves with frequencies 
in the range of 0.1–10 THz, between those of infrared and 
microwave waves [9]. Compared with traditional medical 
diagnostic methods, such as histopathology and imaging, 
the terahertz technique has the advantages of low energy, 
high resolution, broad spectral analysis ability, no need for 
marking, and no damage to the human body [10].

In the field of biomedicine, the application of terahertz 
technology has been widely studied. In particular, the tera-
hertz technique has been used in many studies on tumors 
whose pathogenesis has not been fully understood. Stud-
ies at home and abroad on terahertz wave detection in skin 
cancer [11], breast cancer [12], brain glioma [13], colorectal 
cancer [14], gastric cancer [15], and other tumors reported 
that the response of tumor tissues to terahertz waves was 
different from that of normal tissues in a certain frequency 
band. At present, no study on the detection of laryngeal car-
cinoma by terahertz waves has been reported. Therefore, 
this study performed terahertz imaging and spectral detec-
tion of laryngeal carcinoma tissue and compared the results 
with pathological examination results. The aim of this study 
was to evaluate the real-time performance and accuracy of 
the THz-TDS for evaluating tumor resection margins.

Materials and methods
Sample collection and experimental procedures
Tissue samples from 10 patients who underwent laryn-
gectomy in Chongqing People’s Hospital from May to 
September 2021 were collected for this 2021 study. The 
human samples involved in this study were ethically 
approved by Chongqing People’s Hospital. The inclusion 
and exclusion criteria for the sample were as follows.

The inclusion criteria:

1.	 Patients who underwent open laryngeal cancer sur-
gery, including total and partial laryngeal surgery.

2.	 Preoperative pathological biopsy results suggestive of 
squamous cell carcinoma.

3.	 Tumor tissue diameter ≥ 1 cm.

Exclusion criteria:

1.	 Patients with other tumors in combination.
2.	 Patients who are recurrent tumors.
3.	 Patients who have undergone radiotherapy and 

chemotherapy.

After HE staining and terahertz imaging, the areas of 
laryngeal carcinoma, adjacent tissue, and normal tissue 
were determined according to the pathological results of 
HE staining. Then, the terahertz transmission spectra of 
the three different types of tissue regions were analyzed.

HE histopathology
Along the cross-section of each sample, 6-μm-thick tis-
sue slices were taken and stained with HE. The results are 
shown in Fig. 1. Laryngeal carcinoma (a), adjacent tissue (b), 
and normal tissue (c) were found under the microscope.
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Transmission terahertz time‑domain system detection
At adjacent cross-sections, 100-μm-thick sections of the 
samples were sectioned for imaging detection of tumor 
and normal tissues using a terahertz time-domain system 
(Menlo Tera Sync, T-ray 5000). The optical geometry of this 
system is shown in Fig. 2. This system operates as follows: a 
laser source emits a femtosecond laser pulse of a suitable 
wavelength, which is divided into two beams after passing 
through a spectroscope: an emission beam and a detection 
beam. A terahertz transmitted beam is generated by a pho-
toconductive antenna, which is then focused on the surface 

of the sample by a set of parabolic mirrors. The terahertz 
beam passing through the sample is collected by a detector 
under the control of an optical delay translation platform, 
focusing with a coherent detection beam on the detector 
for photoconductivity detection. Finally, the lock-in ampli-
fier reads the sample information with the terahertz time-
domain waveform. The experimental steps were as follows: 
(a) the THz test mode was set to the transmission mode. 
(b) The prepared tissue sample was placed on the sample 
carrier. The basic terahertz signal intensity at the sample 
decreased, the center position of the sample was estimated, 

Fig. 1  Histopathological analysis of human laryngeal carcinoma using HE-stained sections (× 200). a Laryngeal carcinoma: the tumor cell atypia is 
obvious, the arrangement is disorderly, the cell nuclei are large, and the pathological nuclear mitosis is increased. b Adjacent tissue: there is a clear 
dividing line between tumor tissue and normal tissue. c Normal tissue

Fig. 2  Experimental schematic diagram of the transmission terahertz time-domain spectroscopy system: The laser source emits a femtosecond 
laser pulse of a suitable wavelength. After passing through a spectroscope, it is divided into two beams: an emission beam and a detection 
beam. The emission beam generates a terahertz beam through a photoconductive antenna; it is then focused on the surface of the sample by a 
set of parabolic lenses, and the terahertz beam is collected by the detector through the sample under the control of an optical delay translation 
platform, focusing with a coherent detection beam on the detector for photoconductivity detection. Finally, the lock-in amplifier reads the sample 
information with a terahertz time-domain waveform
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and a rectangular area of 1 cm × 1 cm was formed. A 1 
mm moving step was used for coarse scanning. (c) Real-
time reconstruction of the peak value of the terahertz spec-
trum from the rough scan image was performed to find the 
specific location of the sample, and then a 0.25 mm moving 
step was used to carry out fine scanning. (d) The terahertz 
electric field signal was collected using LabVIEW control 
software, and MATLAB 2021 was used to carry out spec-
trum analysis and imaging. An optical image of our tumor 
tissue section sample is shown in Fig.  3a, and the radio-
metric imaging map in the 1.5 THz frequency domain in 
Fig. 3b reflects the terahertz wave absorption properties of 
the sample in the 1.5 THz frequency band. Furthermore, 
we compared these results to the results of HE staining to 
extract the terahertz time-domain signals of laryngeal car-
cinoma tissue and normal tissue for analysis: from the two 
regions, 10 THz signals were extracted, averaged, and con-
verted into the corresponding frequency domain data by 
Fourier transform.

Data analysis
Difference analysis of the absorption coefficient and refrac-
tive index values detected by terahertz transmission spec-
troscopy was conducted among three regions, namely, the 
tumor, paracancerous, and normal tissue regions. The for-
mula for calculating the absorption coefficient α (ω) and 
the refractive index n (ω) of a sample is as follows:

(1)n(ω) =
cϕ(ω)

ωd
+ 1

(2)k(ω) = ln
4n(ω)

A(ω)(n(ω)+ 1)2

c

ωd

where ω is the angular frequency, C is the vacuum 
speed of light, D is the thickness of the sample, a (ω) is 
the module of the sample signal and the reference signal, 
and φ (ω) represents the phase of the ratio of the sampled 
signal to the reference signal [16].

The correlation between the percentage of nuclei in the 
tumor area and its terahertz absorption coefficient was 
analyzed. It has been shown that terahertz spectroscopy 
can be used to detect the differences between nucleic 
acids [17] and proteins [18, 19]. Since most of the nucleic 
acids are located in the nucleus, the relationship between 
the percentage of nuclei and the absorption coefficient of 
the terahertz transmission spectrum was analyzed. The 
percentage of nuclei was calculated using the software 
Image-Pro Plus 6.0. The relationship between the absorp-
tion coefficient and nuclear area was analyzed using IBM 
SPSS Statistics 21.

The differences in the terahertz absorption coeffi-
cient values of tumor tissues with different differentia-
tion degrees were analyzed. We studied that the higher 
the degree of differentiation was, the lower the malig-
nancy degree of the tumor, the more mature the tumor 
cells, the more viscous the cytoplasm, and the higher 
the water content of the cells. Only moderately and 
highly differentiated tumor tissues were collected in this 
study, so this experiment only compared the differences 
between the two.

The data were analyzed using Origin 2021 statistical 
software. The data were filtered using MATLAB 2021. 
Principal component analysis (PCA) was used to evaluate 

(3)α(ω) =
2k(ω)ω

c

Fig. 3  THz detection results of cancer tissue. a Optical image of a tissue section and b 1.5 THz frequency domain amplitude imaging map, in which 
blue and green areas represent tissue samples
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the spectral differences among the tumor, adjacent tissue, 
and normal tissue.

Results
Comparison of contour shapes of tumor areas
The contour shapes of tumor tissue regions obtained by 
terahertz transmission imaging and from pathological 
images were compared. In our study, we used the THz 
technique to perform terahertz imaging of laryngeal car-
cinoma tissue samples and compared the results with the 
histopathological findings. Figure 4a shows the results of 
HE staining. Figure 4b shows the results of imaging at a 
frequency of 1.5 THz, with blue representing the region 
of tumor cells. The dotted line in the image shows the 
tumor cell area. The shapes and contours of the two are 
roughly the same.

Analysis of the differences in the absorption coefficient 
and refractive index
Terahertz time domain signals from extracted laryngeal 
cancer and normal tissue were analyzed as shown in 
Fig.  5a, and the time-domain spectra of laryngeal car-
cinoma tissues were different from those of normal tis-
sues. The wave peaks in the laryngeal carcinoma tissues 
were relatively delayed compared to those in the nor-
mal tissues. The peak value (peak-trough) from laryn-
geal carcinoma to normal tissue increased from 0.33 
to 0.38. As shown in Fig.  5b, in the frequency range 
of 0.25–2.5 THz, the transmission of terahertz waves 

from laryngeal carcinoma tissues was lower than that 
from normal tissues. The difference in the absorption 
coefficient values in the range of the effective spec-
trum was statistically significant (p < 0.001). Difference 
analysis of the absorption coefficient and refractive 
index detected by terahertz transmission spectroscopy 
among the tumor, adjacent tissue, and normal tissue 
regions was conducted. We Fourier transformed the 
spectra detected by THz-TDS to the corresponding fre-
quency spectrum data, and the absorption coefficient 
and refractive index of the specimen were calculated 
using the specified formulas. The results are shown in 
Fig.  6. The red curve is the terahertz spectrum of the 
tumor tissue, the blue curve is the terahertz spectrum 
of the paracancerous tissue, and the green curve is the 
terahertz spectrum of the normal tissue. According to 
the terahertz absorption coefficient spectrum (a), the 
absorption coefficients followed the ordering tumor > 
para-cancer > normal tissue. With increasing detec-
tion frequency, the absorptions of the three compounds 
increased and peaked at 1.5 THz. The terahertz absorp-
tion coefficients of the tumor, paracancerous, and 
normal tissues were significantly different (p < 0.01). 
Similar to the absorption coefficient, the refractive 
indices in the refractive index spectrum (b) followed 
the ordering tumor > paracancerous tissue > nor-
mal tissue and differed significantly (p < 0.01) among 
the regions. The absorption coefficient and refractive 
index values of the tumor, adjacent tissue, and normal 

Fig. 4  Tumor contour comparison between histopathologic and terahertz images. a HE-stained pathology map of laryngeal carcinoma tissue and 
b terahertz imaging map of the amplitude in the 1.5 THz frequency domain. In a, the red-lined area represents the tumor tissue and the black-lined 
area represents the paracancerous tissue. In b, the darker the color, the higher the absorption value; the dark blue area represents the tumor area, 
the light blue represents the paracancerous tissue and the green represents normal tissue
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tissue were analyzed by principal component analysis 
(PCA) in patients with laryngeal carcinoma, as shown 
in Fig.  7, in which red indicates tumor, blue indicates 
adjacent tissue, and green indicates normal tissue. As 
shown in Fig.  8, the tumor, adjacent tissue, and nor-
mal tissue were distributed in different absorption 

coefficient value regions, indicating that the three could 
be well distinguished by the absorption coefficient; 
however, for the refractive index, the normal tissue and 
the tumor were well separated, and the para-cancerous 
tissue was close to them, but it was still distributed in 
different areas.

Fig. 5  The THz spectrum of laryngeal carcinoma tissue is different from that of normal tissue (red represents laryngeal carcinoma tissue, and blue 
represents normal tissue). a Time domain: the time-domain spectra of laryngeal carcinoma tissues were different from those of normal tissues. 
The time of the wave peak in laryngeal carcinoma tissues was relatively delayed compared with that in normal tissues, and the peak value (wave 
peak-wave trough) from laryngeal carcinoma tissues to normal tissues increased from 0.33 to 0.38. b Frequency domain: In the frequency range of 
0.25–2.5 THz, the transmission of THz waves in laryngeal carcinoma tissue was lower than that in normal tissue

Fig. 6  Comparison of terahertz optical parameters of laryngeal carcinoma, para-cancer and normal tissues (red represents laryngeal carcinoma, 
blue represents para-cancer, and green represents normal tissues) revealed significant differences among them: laryngeal carcinoma > adjacent 
tissue > normal tissue. a Absorption coefficient and b refractive index
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Correlation analysis between the percentage of nuclei 
and absorption coefficient
The correlation between the percentage of nuclei in 
tumor tissue and the absorption coefficient of the THz 
spectrum was analyzed. The correlation between the 
absorption coefficient of the terahertz spectrum and the 
percentage of nuclei was studied when the frequency 

was 1.5 THz. Tumor pathology maps were processed 
using Image-Pro Plus 6.0, and the results are shown in 
Fig.  9. A correlation analysis was performed with IBM 
SPSS Statistics 21 software, and the relationship is 
shown in Fig.  10, with a very high positive correlation 
between the absorption coefficient and the nuclear area 
ratio (p < 0.01, r = 0.971).

Fig. 7  PCA score plots of terahertz optical parameters of laryngeal carcinoma, adjacent tissue, and normal tissue (red represents laryngeal 
carcinoma tissue, blue represents paracancerous tissue, and green represents normal tissue; three principal components were extracted, PC1 + PC2 
+ PC3 = 0.90). Laryngeal tumor, adjacent tissue, and normal tissue absorption coefficient values are distributed in different areas, which shows that 
the three groups can be well distinguished by the absorption coefficient. For the refractive index, the boundary between normal tissue and tumor 
tissue is obvious, but they are still distributed in different areas, which shows that the refractive index can be used to well distinguish between the 
three groups. a Absorption coefficient and b refractive index

Fig. 8  PCA 95% confidence ellipses of terahertz optical parameters for laryngeal carcinoma tissue, paracancerous tissue, and normal tissue (red 
represents laryngeal carcinoma tissue, blue represents paracancerous tissue, and green represents normal tissue). a Absorption coefficient and b 
refractive index
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Differential analysis of moderately and highly 
differentiated tumors
An analysis of the differences in terahertz optical param-
eters between moderately differentiated and highly dif-
ferentiated laryngeal carcinoma tissues was conducted. 
There were 7 cases in the moderately differentiated 
group and 3 cases in the highly differentiated group. 
The average absorption coefficient and refractive index 
values of the two groups at different frequencies were 
compared, as shown in Fig.  11. The absorption coeffi-
cient and refractive index in the hertz frequency range 
were significantly different between the two groups (p 
< 0.05). The results were analyzed in terms of the error, 
as shown in Fig. 12. In the frequency ranges of 0.5–1.2 

THz and 1.6–1.9 THz, the absorption coefficient of the 
highly differentiated group was higher than that of the 
moderately differentiated group, and in the frequency 
range of 1.2–1.6 THz, the results were reversed. In the 
frequency range of 0.5–1.9 THz, the refractive index of 
the highly differentiated group was higher than that of 
the moderately differentiated group (p < 0.05).

Discussion
In this study, terahertz transmission spectroscopy was 
used to detect fresh laryngeal carcinoma tissue. In our 
pre-experiment, we randomly selected 3 groups of laryn-
geal carcinoma tissue samples and examined them with 
THz spectroscopy and imaging at thicknesses of 80, 100, 

Fig. 9  Tumor pathology original image and image after processing with Image-Pro Plus. a Laryngeal carcinoma pathology image (the blue–purple 
color represents the nucleus, × 400) and b Image-Pro Plus processed image (the red colour represents the nucleus, × 400)

Fig. 10  Linear relationship between the THz absorption coefficient and nuclear percentage of tumor tissue at 1.5 THz: there was a high positive 
correlation between the absorption coefficient and the nuclear area ratio (p < 0.01, r = 0.971)
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150, and 200 μm. The absorption coefficient and refrac-
tive index values of the three tissue regions were calcu-
lated by terahertz transmission spectrum detection, and 
for imaging at a thickness of 100 μm, the experimen-
tal error was the smallest. Therefore, in the follow-up 
experimental study, specimens of 100 μm thickness were 
used for detection.

The imaging results for the same specimen differed 
among frequencies. Theoretically, the spatial resolution 

of terahertz waves is limited by the diffraction limit, so 
the higher the frequency is, the higher the spatial reso-
lution, and the better the imaging effect should be. 
However, this is not the case because as the frequency 
increases, the absorption coefficient of the sample also 
increases, which leads to decreases in the THz wave pen-
etration depth and signal-to-noise ratio [20], which affect 
the clarity of the THz image. Therefore, we need to select 
a suitable frequency to clearly show the outline of the 

Fig. 11  Comparison of terahertz optical parameters between moderately differentiated and highly differentiated laryngeal carcinoma tissues: there 
were significant differences in the THz absorption coefficient and refractive index (moderately differentiated: 1-3, 5-8; highly differentiated: 4, 9, 10; p 
< 0.05). a Absorption coefficient and b refractive index

Fig. 12  THz optical parameter error analysis of moderately differentiated and highly differentiated laryngeal carcinoma tissues. HD: highly 
differentiated; MD: moderately differentiated; *p < 0.05. a Absorption coefficient and b refractive index
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tumor area. By screening the imaging images of all sam-
ples at various frequencies, it was found that from the 
images of all samples at 1.5 THz, we could clearly iden-
tify the outline of the tumor area; thus, the images with a 
frequency of 1.5 THz were compared with the pathologi-
cal images. In fresh laryngeal carcinoma tissue, terahertz 
imaging was used to identify the tumor contour and size, 
which were largely similar to the pathological results of 
HE staining. This shows that terahertz imaging detection 
has very high accuracy.

The terahertz waves in this experiment were in the 
range of 0.175–4.5 THz. We found that the terahertz 
spectra in the frequency range of 0.5–1.9 THz were sig-
nificantly different among the three tissue regions. The 
refractive index and the absorption coefficient increased 
with increasing frequency, and the refractive index and 
absorption coefficient of the tumor for terahertz waves 
were larger than those of normal tissue and adjacent tis-
sue. We attributed this to the following: because metab-
olism is vigorous in tumor tissue areas, the amounts of 
protein and nucleic acid macromolecules increase rela-
tively, and lipids provide the material and the energy 
foundation for the formation of massive molecules, 
terahertz waves are sensitive to the structural changes 
of biomacromolecules in tissues; in addition, the con-
tent of organelles in tumor regions is increased because 
of the unlimited proliferation of tumor cells, which 
leads to a corresponding increase in moisture, which is 
detected by terahertz waves [21]. This also explains why, 
in this experiment, when we randomly selected 30 tumor 
regions of 10 tumor samples for analysis, the results 
showed that the higher the proportion of nuclei was, the 
higher the absorption coefficient of terahertz waves in 
laryngeal carcinoma tissue. The less differentiated tumor 
cells are, the more malignant they are. The matrix and 
nucleus become thin due to immature growth, lead-
ing to a decrease in water content, which results in sig-
nificant differences in the absorption coefficient and 
refractive index of terahertz waves in tumor cells with 
different levels of differentiation. The study showed that 
the refractive index of the moderately differentiated 
group was always lower than that of the highly differenti-
ated group, but the THz wave absorption coefficient of 
the moderately differentiated group was always higher 
than that of the highly differentiated group in the range 
of 1.2–1.6 THz. In this range of frequencies, the matrix 
and nucleus of the intermediate group were thin, causing 
the terahertz waves to pass faster, creating a superposi-
tion effect between the waves and making the absorption 
value of the intermediate group higher, but outside this 
range, the absorption coefficient of the highly differen-
tiated group was always higher than that of the moder-
ately differentiated group.

THz-TDS is accurate in the diagnosis of cancer and 
compares favorably with conventional CT, histopathol-
ogy, endoscopy, etc. [22]. The terahertz technique takes 
less time (an average specimen takes approximately a 
minute and a half ), and the sample processing is sim-
ple (just obtaining a slice of fresh tissue). The diagnosis 
is more intuitive and based on data, and less subjective 
judgement is involved. Compared with liver cancer, 
bone cancer, lung cancer, brain tumors, and kidney can-
cer, among other cancers, laryngeal carcinoma is rela-
tively superficial and located in an open space, in direct 
proximity to the tumor tissue detection and treatment; 
hence, the skin, muscle, fat, and other tissues cause less 
interference. Our study confirmed that the application 
of the THz technique in the detection of laryngeal car-
cinoma is feasible, which provides a theoretical basis for 
its application in laryngeal carcinoma. It is important to 
note that our study has limitations and is a small sam-
ple, and further expansion of the sample size is needed 
in subsequent studies.

Conclusions
Terahertz imaging has been applied to the clini-
cal research of breast cancer abroad [23]. This tech-
nique, combined with the use of endoscopic devices 
for in  vivo boundary coverage, may help physicians in 
future radiation oncology disciplines perform more 
accurate target delineation and reduce damage to 
other normal tissues, and it may facilitate the judge-
ment of surgical margins [24]. Research into terahertz 
endoscopy systems has made some progress [14]. The 
four steps required for successful terahertz endoscopic 
imaging are to obtain the ideal imaging frequency for 
the system, to evaluate the underlying contrast, to test 
a flexible terahertz waveguide for use as an endoscope, 
and to demonstrate terahertz waveguide-based tissue 
imaging. Although the reports available are all about 
the digestive tract, we believe that an ENT endoscopic 
system is based on the same principles as an endo-
scopic system for the digestive tract, and therefore tera-
hertz endoscopic imaging in the pharynx is achievable. 
However, the next difficulty to be faced in realizing this 
technology is the flexible terahertz waveguide that can 
be used in the endoscopic system, which is subject to 
further development of terahertz technology. In the 
future, we can combine the terahertz technique with an 
endoscopic system for the diagnosis and treatment of 
nasopharyngeal carcinoma and pharynx carcinoma and 
improve the rate of complete tumor resection, prolong-
ing the life of the patient. Therefore, the application of 
terahertz imaging in cancer detection is both an oppor-
tunity and a challenge [21]. At present, research in this 
area is still in its infancy.
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