


X-rays carry more 

energy than most other 

forms of 

electromagnetic 

radiation, and can 

ionize atoms as they 

traverse tissues.  

Depending of the 

degree and location of 

these interactions, 

damage can result 

which may lead to 

adverse effects on 

cells, tissues and the 

organism as a whole. 



X-rays can sometimes 

act directly on cells by 

damaging DNA strands 

or other vital cell 

components.  

The more common 

mechanism for x-ray 

damage is through an 

indirect effect whereby 

x-rays interact with 

water molecules to 

produce "free radicals." 

These highly reactive 

molecules then can 

damage cells by 

creating breaks in DNA 

strands or damaging 

other parts of the cell.



Once a cell is 

damaged either by a  

direct or indirect 

mechanism, four 

outcomes are likely to 

result.  Depending on 

the extent and location 

of the damage, as well 

as how much time 

passes before the next 

cell division occurs, a 

cell may be able to 

completely repair the 

damage.  If repair is 

not accomplished 

before the next cell 

division, then the cell 

may become non-

viable or result in 

daughter cells which 

are non-viable.  A final 

possible result is that 

the cell is changed 

such that it remains 

viable but in a mutated 

state.



In general, three 

characteristics 

determine sensitivity to 

radiation exposure.  

Rapidly dividing cells, 

poorly differentiated 

cells and cells that are 

in the M or G2 phases 

are markedly more 

sensitive to radiation 

damage.



Examples of tissues 

that are known to have 

varying degrees of 

sensitivity to radiation 

effects are shown.



Sub-acute radiation 

effects fall into two 

broad categories.  

Stochastic effects  

have no threshold 

dose, the risk of the 

effect occuring 

increases with 

increasing dose and 

the severity of the 

effect is independent 

of dose.

Deterministic effects 

only occur if a 

threshold dose is 

exceeded and the 

severity of the effect is 

dependent on the 

magnitude of the dose.



Cancer induction is the 

most important 

stochastic radiation 

effect.  It is thought 

that even the smallest 

doses of radiation are 

capable of inducing a 

carcinoma, albeit it 

may be a very small 

risk. Attempts to 

quantify this risk from 

small doses gave rise 

to the linear, no-

threshold theory of 

radiation risk.



There is much known 

about radiation effects 

at higher doses, due to 

many exposed 

populations such as 

victims of atomic bomb 

blasts during WWII.  

There is no question 

that at higher doses, 

radiation can be a 

carcinogenic agent.  

However, since no 

definitive studies have 

quantified risk at lower 

doses (i.e., less than 

100 mSv or 10  rem), 

different theories exist 

concerning the low 

level risk.  Regulatory 

agencies have chosen 

to adopt the theory 

that extrapolats a 

straight line to zero, 

otherwise known as 

the linear, no-threshold 

(LNT) theory.



An individual's risk of 

developing a 

carcinoma from 

exposure to small 

amounts of radiation 

depends on many 

factors and is thus 

very difficult to 

quantify.  The LNT 

theory predicts an 

excess of 5 cancers in 

a population of 

100,000 from a 1 mSv 

(0.1 rem) exposure.  

When compared to the 

natural rate of about 

40,000 cancers per 

100,000, this type of 

increase is difficult  to 

detect.



The most common 

deterministic or 

"threshold" effects 

include skin injuries 

and cataracts to the 

lens of the eye.  Many 

acute effects from high 

doses of radiation are 

deterministic as well.



Threshold doses for 

visible skin injuries 

start at about 2 Gy 

(200 rads).  Detection 

of skin injuries is made 

difficult by the fact that 

there is usually no 

sensation of pain at 

the time of the injury 

and symptoms do not 

manifest for days or 

even weeks following 

the exposure. 



Cataracts can be 

caused by exposure to 

fairly high levels of 

radiation.  The 

threshold dose was 

considered to be at 

least 1 Gy (100 rad), a 

dose that is greater 

than usually 

encountered in 

medical environments.  

However, some recent 

studies suggest that 

the threshold may be 

lower.  Thus, when 

involved with frequent 

fluoroscopy, it is 

prudent to wear leaded 

glasses to keep the 

dose to your eyes 

ALARA.



There is ample data 

showing the 

developing fetus is 

much more sensitive 

to radiation effects 

than an adult.  Special 

care should  be taken 

to avoid exposure to 

the fetus or to 

minimize the dose.



The most likely fetal 

effects depend on the 

stage of fetal 

development at the 

time of exposure.  If 

enough damage is 

received early in the 

pregnancy, a 

spontaneous abortion 

is likely the result.  In 

organogensis, the 

most likely result is 

abnormal organ 

development.  Later in 

pregnancy, lower IQ 

and induction of 

childhood leukemia is 

possible.  However, all 

these effects tend to 

be deterministic in 

nature and require 

higher doses than 

commonly given during 

diagnostic procedures.



This graph shows the 

relative likelihood of 

several fetal effects as 

a function of 

gestational age.



Even with doses up to 

100 mSv (10 rem), the 

likelihood of a healthy 

baby is still very high.  

Thus, a dose of at 

least 100  mSv is 

normally  needed 

before consideration is 

given to taking any 

action such as 

terminating a 

pregnancy, based on 

radiation exposure 

alone.



There is also ample 

evidence that children 

are more sensitive to 

radiation exposure.  

Thus, The Alliance for 

Radiation Safety in 

Pediatric Imaging 

encourages all of us to 

"Image Gently" and 

"Step Lightly" 

whenever using x-ray 

guided imaging 

procedures on young 

people.  Always "child 

size" your techniques 

and use only what is 

necessary to achieve 

the clinical information.  

For more guidance 

concerning this, see:  

www.imagegently.org



Irradiation of the 

gonads does not 

appear to be effective 

at causing effects on 

future offspring.



Although radiation has 

been shown to cause 

genetic effects in 

animals, no effect has 

ever been proven in 

human populations.



In summary, while it is clear that high doses of radiation can lead to acute effects on humans and increase the risk 

of developing cancer, there is much less known about the effects of low levels of radiation exposure. The LNT 

theory predicts effects are possible even at the smallest doses, making it  important to limit doses to patients and 

personnel.  It is especially important to use as little radiation as possible when imaging pregnant patients or pediatric 

patients due to their increased sensitivity.
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