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Abstract: Terahertz (THz) Technologies applied in biomedical science are reviewed in this paper. Current research results indicate that THz 
technologies would be able to provide not only potential novel detection techniques for cancer diagnostics but also potential novel therapies for 
cancers and skin disease treatment.

Introduction
Science and technologies based on THz wave, electromagnetic 

radiation with its frequency ranges from 0.1 to 10THz and its 
wavelength ranges from 3mm to 30μm, have developed rapidly 
over the last 30 years. Especially following the development of 
femto-second-laser-based THz time-domain spectroscopy (THz 
TDS) and THz imaging techniques1, the field of THz science and 
technology expanded rapidly. For example, THz-TDS systems 
have been used not only in the fundamental science such as the 
investigation of different motion modes of the molecules, lattice 
vibration of crystals, optimizing materials for new solar cells et al., 
but also in some real applications such as detection/recognition of 
chemicals, explosives, drugs, and pharmaceuticals, non-destructive 
inspection of pharmaceutical tablets and the paint quality of the 
vehicles. In addition, passive THz imaging technique has been used 
as a key technology for next generation of airport security scanners. 
In biomedical science, THz technologies have also shown their 
potential applications, including not only potential novel detection 
techniques for skin tumor diagnostics but also potential novel 
therapies for skin cancers and skin diseases.

 
THz spectroscopy and THz Imaging: Potential Novel 
Diagnostics

There are three reasons why THz technologies may be used 
potentially in biomedical science as new diagnostics: (1) resonances 
in the THz frequency range in biomacromolecules, being the basic 
of the THz detection; (2) low possibility of damage on cells or 
tissues due to the low energy photons (1THz4.1meV), suitable for 
non-destructive detection on human body; (3) strong absorbance 
by water in cells or tissues.

A multitude resonance associated with twisting, helix, 
and liberational modes in biomacromolecules and the weak 
intermolecular interaction (hydrogen bond or Van der Waals 
interaction force) between them were predicted theoretically in 
THz frequency range and proved by experimental measurements. 
For example, a multitude resonance absorption peaks have been 
observed in five typical nucleobases of DNA/RNA [1,2] and amino 
acids [3] in the entire THz range. The THz molecular resonances 
cab be quantified to identify the types of cancer cells with a certain 
degree of DNA methylation, revealing these resonance absorption 
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peaks could be utilized for potential early diagnosis of cancers at 
the molecular level [4]. 

These results indicate that the characteristic resonance 
absorption peaks could be used as “fingerprints” for recognizing 
biomacromolecules, analysing the small change of the structure 
and components of these molecules or cells, providing new 
strategy for medical diagnostics. In vivo detection, big challenge is 
the strong absorbance by extra/intracellular water, resulting in a 
smooth broad frequency dependent absorption and very low Signal 
to Noise Ratio (SNR). To increase the SNR, the disadvantage of bulk 
water for solution phase measurement can be removed by freezing 
the sample or utilizing THz ATR silicon prism [5]. For human tissue 
(such as skin) detection in vivo, ATR-prism-combined technique [6] 
is a better choice.

Another promising application of THz technology for 
diagnostics is THz imaging, a non-invasive and label-free tool, 
motivated by strong absorbance by water and different absorbance 
between normal tissues and tumours due to the sensitivity of THz 
absorption to water content and tissue structure, and the degree of 
hydration of tissue could be used as an indicator of disease state. 
For example, THz dynamic imaging based on THz-TDS can be used 
to trace the skin drug absorption [7]. THz imaging showed its 
capability to margin the skin cancer [8] and breast cancer [9,10] 
from around normal tissues prior to surgery. Numerous groups 
have demonstrated medical applications of far/near field THz 
imaging in colon cancer, oral cancer, gliomas, burn tissue, wound 
tissue, tooth healthcare, corneal hydration, and so on, both in vivo 
and ex vivo. 

The prototype intra-operative surgical probe has been 
designed for use during breast cancer surgery. This endoscopy like 
devices would be suitable for in vivo cancer screening. Besides, a 
THz molecular imaging technique [11] with contrast-agent-like 
nanoparticle probes was proposed, shown its potential applications 
such as cancer diagnosis, drug delivery monitoring, and stem cell 
tracking.

Biological Effects of THz Radiation: Potential Novel 
Therapies

Above mentioned THz waves for potential clinical diagnostics 
are known as safe due to their low energy photons without 
ionization damage. However, with the increase of power/energy 
of THz radiation, many biological effects on living cells and tissues 
such as the main thermal effect for continued THz wave or pulsed 
THz wave with high repetition rate and the main nonlinear 
resonance effect for pulsed THz wave with low repletion rate can be 
observed routinely. For example, to study the thermal effects of THz 
waves, human dermal fibroblasts were exposed to continuous THz 
radiation (2.52THz, 84.8mW/cm2). After tens of minutes irradiated, 

it was found that cell viability was significantly affected when 
cellular temperatures increased by 3°C, and the expression of both 
heat shock proteins and DNA damage markers tended to increase, 
suggesting that radiation at 2.52THz generates predominantly 
thermal effects in mammalian cells [12]. The non-thermal biological 
effects of THz waves have received greater attention in past years. 
For example, intense THz pulse can lead to high expression of some 
tumor suppressors and down-regulate genes associated with skin 
cancer and psoriasis [13]. Six-hour irradiation with a broadband 
THz source results in specific change in gene expression and also 
the biological functions in human eye cells [14]. Ten minutes 
exposure to intense THz pulses leads to a significant induction of 
H2AX phosphorylation, indicating that THz pulse irradiation may 
cause DNA damage in exposed skin tissue [15]. Besides, intense 
THz pulse can cause injury to the morphology of living cells and 
affect the permeability of cell membrane [16], lead to apoptosis or 
even necrosis and damage to biological tissues [17]. 

Above mention biological effects of THz radiation remind 
us that it is necessary to consider the negative effects of high 
power/energy THz radiation on human body and establish some 
protection standards when people use these strong THz sources. On 
the other hand, these biological effects indicate that enough dose 
of irradiation of the high power/energy THz sources can provide 
potential novel therapies for cancers and skin diseases treatment, 
which have been proved preliminarily by an experiment on tumor 
ablation using a gyrotron THz source [18]. 

Conclusion
THz technologies based on THz spectroscopy and THz imaging 

have been used in scientific research in biomedical science. These 
technologies show potential novel diagnostics for cancer detection 
or other skin diseases. With the increase of power/energy of THz 
radiation, many biological effects including thermal effect and 
nonlinear resonance effects can be observed routinely. Even though 
THz technologies applied in biomedical science are still in their 
infancy and there are still some challenges, however, a great deal of 
current research results of these technologies have shown that they 
would provide not only potential novel skin cancer diagnostics but 
also potential novel therapies for skin cancers and skin diseases.
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