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Abstract. Computed tomography (CT) is a modern examina‑
tion method whose radiation characteristics vary depending 
on the population groups, the part of the body being exam‑
ined, and other implementation conditions. The use of CT has 
become increasingly widespread. However, there is a growing 
concern regarding the harm caused by CT radiation. The 
opinions regarding whether low‑dose CT can induce cancer 
differ. It is necessary to consider the research population, 
radiation characteristics, and different parts of the body being 
exposed to radiation before the application of radiation to 
ensure the knowledge used is scientifically sound and reason‑
able. Therefore, different studies have different opinions on 
whether low‑dose CT induces cancer, and not all physicians 
are aware of this. The present review article aimed to impart 
relevant insights and a correct understanding of the hazardous 
effects of low‑dose CT radiation on the human body and help 
physicians reduce unnecessary CT radiation exposure.
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1. Introduction

Humans are exposed to natural sources of radiation every 
day (1‑9). Computed tomography (CT) has received increasing 
attention in previous years. The risk of CT radiation‑induced 
cancer has been reported in several epidemiological 
studies (10‑13). Studies have shown that even low doses of diag‑
nostic CT radiation can induce cancer development (10,14). In 
contrast, some authors have reported no association between 
repeated CT scans and an increased risk of cancer (15,16). 
Notably, an increasing number of studies have indicated 
that radiation below certain doses may benefit the body by 
stimulating the repair mechanisms to reverse existing damage, 
which can protect organisms from subsequent radiation expo‑
sure or other risk exposures that may induce cancer (1,17,18).

The academic viewpoints related to the characteristics of 
CT radiation and research design characteristics vary. Careful 
consideration of the research population, radiation character‑
istics, and other implementation conditions is necessary prior 
to the application of research conclusions about low‑dose CT 
scans or other relevant radiation research to ensure that the 
treatment is scientifically sound and reasonable.

Considering the different academic viewpoints and charac‑
teristics of CT radiation, it is necessary to comprehensively and 
correctly understand the hazards associated with low‑dose CT 
radiation. However, not all physicians are aware of the nature 
and complexity of low‑dose CT radiation hazards or prescribe a 
comprehensive and rational low‑dose CT examination in line with 
the low‑dose CT radiation research conclusions. Unfortunately, 
there is no specialized or concise literature pertaining to this 
topic. Thus, the present study mainly reviews low‑dose CT 
radiation characteristics and discusses how to interpret low‑dose 
CT‑related research conclusions and the hazards of low‑dose CT 
to help reduce unnecessary CT radiation.

2. Object and search criteria

The present study reviewed how to correctly understand the 
harm caused by low‑dose CT radiation to the body. As far as 
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low‑dose CT radiation is concerned, it is necessary to reduce 
unnecessary CT examinations or low‑dose radiation to reduce 
the hazardous effects associated with it. However, there are 
different academic viewpoints regarding whether low‑dose CT 
radiation is harmful to the body, and some physicians do not 
accurately understand the hazards associated with low‑dose 
CT. In addition, an outline of CT radiation characteristics that 
are not easy to interpret is also provided in the present study. 
A literature search was performed to review how to correctly 
understand low‑dose CT radiation. Databases such as PubMed, 
Wangfang, Chinese National Knowledge Infrastructure, and 
Web of Science were searched. The present review did not 
require informed patient consent or approval by an ethics 
committee.

3. Inclusion and exclusion criteria

The inclusion criteria were literature published in peer-
reviewed medical academic journals, medical reports, or 
books with content on CT radiation in English, Chinese, or 
translated into English. Non‑medical peer‑reviewed studies 
were excluded.

4. Literature selection and data extraction

Each author selected relevant articles and reviewed the title and 
abstract initially. The entire body of the selected articles was 
reviewed subsequently. Authors HS and FJ jointly decided on 
the choice of literature. The selected articles included clinical 
and experimental studies as well as review articles, medical 
reports and books. In the case of disagreement between the 
two authors regarding an article, the article was excluded from 
the study.

5. CT use and low‑dose radiation

CT is widely used worldwide (19‑28). In 2017, over 84 million 
CT scans, after accounting for multiple scans, were performed 
in the United States (29). There are no accurate data on the 
number of individuals who undergo CT examinations in 
China in one year. Nevertheless, one study reported that the 
frequency of CT scans in the Jiangsu province in China was 
223 per 1,000 individuals; according to estimations, 17, 897, 
994 CT scans were performed in the Jiangsu province in 
2016 (19). Therefore, it is evident that the use of CT is impor‑
tant. Moreover, the use of CT is expected to increase rapidly 
with the development of medical and economic CT.

CT screening can detect early tumors, reducing the 
mortality associated with tumors; for example, screening for 
early lung cancer can reduce the mortality associated with lung 
cancer (30‑33). However, the importance of strict screening 
targets, appropriate screening intervals (34), and good radia‑
tion protection (35‑43) in minimizing unnecessary CT scans 
and CT radiation dose must be emphasized (44).

The extensive use of CT scans, which has increased over 
time, is a medical concern. Thus, clinicians should carefully 
consider whether the use of CT is justified or whether other 
types of scans would suffice. Low‑dose CT scanning reduces 
the radiation dose compared with conventional CT scans. 
The US National Academy of Sciences defined low doses of 

radiation as those up to ~100 mSv (45). At present, low‑dose 
CT imaging methods can be mainly divided into three catego‑
ries: image postprocessing methods, iterative reconstruction 
methods, or projection domain filtering methods (46).

Measurement of CT radiation. The differences between the 
absorbed, equivalent, and effective doses must be identified 
while calculating the radiation exposure dose. The equivalent 
and effective doses are measured in sieverts (Sv) and are used 
to calculate the doses from external sources and different 
radionuclides for a comparison with the dose levels related to 
whole‑body radiation exposure risks. The absorbed dose is the 
energy absorbed per unit mass of tissue and is measured in 
gray (Gy) (35). A single conventional CT scan ranges from 2 
millisieverts (mSv) to 20 mSv, with an average dose of 10 mSv 
for each CT scan of the pelvis and abdomen and 2 mSv for each 
CT scan of the head (20). Moreover, it should be noted that 
most individuals worldwide receive approximately 2‑3 mSv of 
radiation per year from natural background radiation (47).

Evidence of cancer induction by CT hazards. An excess rela‑
tive carcinogenic risk was observed in association with acute 
doses of radiation of 10‑50 and 50‑100 mSv for protracted 
exposures. Exposure to a dose of ~10 mSv of radiation in utero 
increases the risk of childhood cancer (48). Researchers found 
that when the mean follow‑up duration was 9.5 years for the 
exposed group and 17.3 years for the unexposed group, the 
incidence rate ratio (IRR) for all cancers was 1.14 (95% CI, 
1.01‑1.28) for children exposed to facial CT. The IRR for all 
cancers was 1.13 (95% CI, 1.00‑1.28) for children exposed to 
neck/spine CT. The IRR of thyroid malignancy was 1.78 (95% 
CI, 1.24‑2.58) after exposure to neck/spine CT (49). It was also 
reported that the excess relative risk ranged from 0.01‑0.05 for 
solid cancers due to acute exposure to 100 mGy of radiation 
between the age of 30‑70 years; however, the excess relative 
risk following childhood exposure was 2.2 for brain tumors 
and 4.5 for leukemia according to a life‑span study (50).

Conclusions of CT radiation studies should be extrapolated 
correctly. A study using high‑quality case‑control and cohort 
methodology supports the finding that the risk of cancer was 
induced by exposure to radiation at a dose of ~100 mSv as 
a threshold and possibly ~200 mSv. According to that study, 
the risk of cancer induced by radiation dose was minimal and 
exposure to 10 CT scans, and possibly 20 CT scans, is unlikely 
to cause cancer  (20). However, it should be noted that the 
study included different types of radiation (X‑ray and γ‑ray), 
diagnosis, environment (including atomic bomb survivors), 
occupational exposure, and included both adults and chil‑
dren (20). In addition, the type of rays, specific population, or 
exposure methods were not specifically considered; therefore, 
a more systematic, cautious, and comprehensive view of the 
research results is necessary, especially when extrapolating 
the results to clinical applications.

Preventive methods to reduce the harms of CT radiation. 
Due to the danger associated with CT radiation, the ‘as low 
as reasonably achievable principle’, a radiation safety guiding 
principle that states that even a small dose of radiation must 
be avoided if there is no direct benefit, must be followed (51). 
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The risk of CT radiation can be reduced using several methods 
such as the use of bismuth breast shielding during chest CT of 
young women, the use of automated tube current modulation 
technique to optimize tube current on body scan protocols (52), 
and the use of iterative reconstruction (used when CT was 
introduced as a computationally complex method of CT 
postprocessing). The overall effective radiation dose can be 
reduced by >30% (52).

How to correctly understand the harm of low‑dose CT 
radiation. Various factors, including the age of the study 
population (adult or child), type of rays (X‑ray, γ‑ray), exposure 
characteristics, and body parts exposed to radiation, should be 
considered during radiation analysis. The harm may differ 
depending on these parameters. The following factors should 
be considered when analyzing the conclusions of clinical 
studies involving low‑dose CT radiation or designing clinical 
studies associated with the harm of low‑dose CT radiation to 
the human body.

CT rays must be distinguished from other types of rays. CT 
rays must be distinguished from other types of rays. Different 
types of rays exhibit different modes of action and charac‑
teristics. CT rays are X‑rays and are unlike the radiation 
from atomic explosions, which is a mixture of neutrons and 
γ‑rays. Furthermore, the rays in a CT scan act instantly on the 
exposed organs. The radiation produced by an atomic bomb 
lasts for several years, and individuals in the surrounding areas 
are subject to long‑term radiation exposure; the radiation from 
an atomic bomb irradiates the entire body. Individuals closer 
to the center of the blast receive a larger dose of radiation, 
whereas those farther away from the center of the blast receive 
a smaller dose of radiation. Therefore, when applying research 
knowledge to understand the dangers of radiation from 
atomic bomb explosions or nuclear power plant explosions, it 
should be noted that the research results cannot be directly 
extrapolated to the effects of CT scan (including low‑dose CT 
scan) exposure (35). In addition, when comparing the hazards 
associated with different rays, the relative biological effective‑
ness of an ionizing particle, which is defined as the ratio of the 
absorbed dose of a usually low linear energy transfer refer‑
ence radiation ray to the absorbed dose of another radiation 
ray that produces the same biological effect (53), should be 
considered.

Different populations have different sensitivities to CT 
radiation hazards. The differences in the sensitivity to 
radiation damage among different populations should be 
considered. Children are susceptible to CT radiation (35) 
and are up to 10 times more sensitive than adults; girls may 
possibly be more radiosensitive (54). In addition, since chil‑
dren have a longer expected life after undergoing CT scans 
than adults, they have more time and are at a higher risk of 
radiation‑induced cancer from CT scans (54). Individuals 
with previous malignant tumors are also at a higher risk of 
radiation‑induced malignant tumors than the general popula‑
tion (35). Therefore, since children and populations with a 
history of cancer are more sensitive to radiation hazards, the 
results of studies on adults or populations with malignant 
tumors cannot be generalized to children.

Awareness of the differences between the different body 
parts exposed to radiation during examination. The influ‑
ence of radiation examination on specific body parts should 
be considered because different body parts require different 
doses of radiation in CT scans (20) as different tissues and 
organs have different structures and different absorption coef‑
ficients for ray radiation (35). The weighting factor refers to 
the inherent cell differences, which lead to radiation‑induced 
cancer. For example, the bone marrow is more prone to cancer 
development than the skin after exposure to the same radiation 
dose (35). Therefore, even with the same dose of CT radiation, 
the harm caused by scanning different parts of the body is not 
the same. In addition, some scans were performed near the 
glands that are particularly sensitive to radiation damage (35). 
Chest CT scans often pose a higher risk of thyroid cancer than 
that associated with head or paranasal sinus CT scans (55).

Distinction between diagnostic CT scan radiation and 
therapeutic radiation. There is a need to distinguish between 
diagnostic CT and medical radiation therapy for cancer. They 
have different characteristics for the radiation on the human 
body. The dose of the diagnostic CT scan radiation is usually 
much lower than that of tumor radiation therapy. CT scan 
examination is usually completed in one session, whereas 
radiotherapy requires multiple sessions. The scope of CT scan 
examination is usually larger than that of radiotherapy, and 
tumor radiotherapy usually affects local control of the tumor. 
In addition, patients with cancer are more likely to develop 
tumors than those without a history of cancer (35). Therefore, 
the risk of secondary tumors induced by radiotherapy cannot 
be equated with the risk of CT radiography. The conclusion 
regarding the radiation hazard of tumor radiotherapy cannot 
be regarded the same as the harm caused by CT scan radiation, 
at least not without criticism.

Distinction between the general population's CT scan 
radiation exposure and occupational radiation exposure. 
There is a need to distinguish between radiation risks associ‑
ated with CT scans and occupational exposure. As mentioned 
above, CT scan examinations are mainly performed on a 
specific part of the body in a single session. However, occu‑
pational radiation exposure occurs over long periods. Owing 
to these protective measures, the daily occupational exposure 
dose is often much lower than the radiation dose of a single 
CT scan. However, long‑term occupational exposure leads 
to a high cumulative radiation dose. Therefore, because of 
the differences in the mode of action and dose of radiation 
between the two, the risk of occupational exposure cannot be 
equated to the induced cancer risk from CT scans.

Consideration of sufficient follow‑up duration in radiation 
hazard study. When assessing the CT scan examination-
induced radiation exposure risk, the adequacy of follow‑up 
after CT scan examination needs to be considered as 30% of the 
cases of radiation‑induced leukemia may occur 10 years after 
radiation exposure, while the proportion of radiation‑induced 
brain tumors occurring 10 years after radiation exposure may 
be as high as 90% (56). Therefore, it is necessary to consider 
whether the follow‑up time is sufficiently long and whether 
lifelong follow‑up results are more accurate.
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Consideration of intrauterine implications of radiation. 
It must be noted that radiation exposure due to CT scan 
examination of the population prior to pregnancy impacts their 
descendants (35) and increases the risk for the offspring (57). 
This finding needs to be confirmed using large‑scale 
epidemiological data.

The cumulative effects of repeated radiation tests. It is 
important to consider that with economic and medical 
development, the number of CT scans received may increase 
throughout life. One study showed that the cumulative effec‑
tive radiation dose from CT exposure increases the baseline 
risk of cancer (58). Therefore, even in the case of low‑dose 
CT scans, it is important to minimize unnecessary scans as 
the possible need for CT scans or X‑ray radiation and cumu‑
lative radiation dose in the future should be considered since 
the cumulative effects dose from radiation may also add to 
the baseline cancer risk.

Differences between animals and humans, and between 
basic research and clinical practice. It must be acknowl‑
edged that the results observed in animal studies are not 
necessarily applicable to humans because of different 
weight characteristics and species and that in vitro results 
are not applicable to in  vivo monitoring  (35). It is also 
unlikely to have the same quality of epidemiological data 
for animal experiments as humans. Moreover, basic research 
results should not be directly equated with clinical results. 
The relevant literature can be reviewed once the above 
characteristics are understood with respect to CT scan 
radiation. For example, studies have suggested a difference 
between low‑ and high‑dose radiation, as the former has an 
anti‑cancer treatment effect and may even be used as an 
important means to prevent tumors  (1,17,18). However, it 
should be emphasized that this low‑dose radiation does not 
necessarily equal the radiation generated by low‑dose CT 
scanning. Furthermore, the scope of the application related 
to low‑dose radiation, as shown in the above study, needs to 
be carefully considered.

As emphasized above, there is a need to correctly under‑
stand the relevant conclusions of radiation research and 
clarify the conditions under which these conclusions were 
generated. The complexity of CT radiation‑induced tumor 
risks and the use of a scientific approach in its evaluation 
must be understood. The rational use of CT, the reduction 
of unnecessary CT, and an adequate process for reducing 
unnecessary CT scans and radiation doses are protective 
measures in this regard. When a CT scan must be used, 
optimizing the CT scan dose to minimize the radiation risk 
is detrimental (59).

To the best of the authors' knowledge, this is the first 
specialized and concise review devoted to a comprehensive 
and scientific understanding of low‑dose CT scan radiation 
research conclusions. The present study had some limitations. 
The discussion and exposition given in the article are not 
comprehensive or sufficiently in‑depth, and the authors hope 
to publish more in‑depth and closely‑related literature in the 
future. However, low‑dose CT scans are widely used, and it 
is necessary to promote awareness regarding the hazards of 
low‑dose CT at present.

6. Conclusions

Although CT scans emit low‑dose radiation, the potential 
radiation risk should still be considered. When drawing 
conclusions from low‑dose radiation research, it is neces‑
sary to consider the suitability of the patient to undergo a CT 
scan. Even in the investigation of the risk of CT scan, it is 
necessary to assess the conditions of the study, the suitability 
to extrapolate the research conclusions, the differences in the 
study populations, the body part examined, follow‑up time, 
and other factors. The insights gained from this study will help 
reduce the risks posed by CT scan radiation to the patients. 
Therefore, low‑dose CT should be systematically investigated.
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