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Pain practitioners have come to rely on fluoroscopy, and to a
lesser but growing extent on computed tomography (CT), to
facilitate image-guided pain treatment techniques.
Fluoroscopy and CT employ ionizing radiation to produce the
x-rays needed for imaging.
Understanding the physics and biology underlying the biologic
effects of ionizing radiation will help pain practitioners to
minimize radiation exposure to their patients, other involved
personnel, and themselves during image-guided injection.

Basic Radiation Physics
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X-rays are one portion of the spectrum of electromagnetic
radiation.
Electromagnetic waves or EM waves are waves that are created
as a result of vibrations between an electric field and a
magnetic field. In other words, EM waves are composed of
oscillating magnetic and electric fields .
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X-radiation can be produced with the aid of electricity. A
current, which is measured in milliamperes (mA), passes from
an electrically heated negatively charged filament (the cathode)
to an anode under high voltage (kilovolt peak, kVp) within an xray tube.
The anode is typically tungsten, which has a high melting point.
As the electrons interact with the anode, energy is released as
both heat and photons called x-rays.
These x-rays will then exit the tube and either become absorbed
by or pass through the patient. The energy that passes through
the patient will enter an image intensifier where it is converted
to a visible image that is displayed on a monitor screen and can
be saved as part of the permanent medical record.
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The control panel contains the controls for the technician to
make adjustments either to the image itself or the settings used
to create the x-ray image.
Typically the “automatic brightness control,” or ABC, system
Also located in the control panel are the controls for
magnification and collimation of the image.
The quality of image contrast depends on the balance between
the tube voltage (or kVp) and the tube current.
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The kVp is the voltage through which the electron beam passes
in the x-ray vacuum tube.
Increasing the kVp increases the penetrability of the x-ray
beam through the patient and thereby decreases its absorption.
This will act to produce brighter, more exposed images, but will
decrease the contrast.
The fluoroscopic examination of the spine of a normal-sized
adult starts with the kVp set at ∼75; larger patients require a
higher kVp. The typical settings are 80–100 kVp for the back, 50
kVp for the hands, and 70 kVp for the abdomen.
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The x-ray (tube) current reflects the number of electrons fired
through the high voltage vacuum tube.
Higher tube currents mean more x-rays are produced and
emitted.
The tube current is set between 1 and 5 mA; lower settings are
adequate for most interventional fluoroscopy procedures.

The image contrast is obtained by balancing the tube voltage or
kVp against the tube current.
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Higher kVp settings reduce the number of x-rays absorbed and
decrease exposure time. However, if the kVp settings are too
high, the image will lack the necessary contrast to provide
useful visualization.
In terms of the resulting image, it can be likened to a
photograph taken with an inappropriately bright flash in which
all objects appear overexposed and the ability to distinguish
features falters.
It is recommended that the interventional pain physician leave
the machine on the ABC system during the performance of most
interventional procedures.

RADIATION SAFETY
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The increasing use of fluoroscopy necessitates that the pain
physician be aware of radiation safety to limit the radiation
exposure to the patient and and personnel.
Radiation absorbed dose (rad) is the unit of measure that
expresses the amount of energy deposited in tissue from an
ionizing radiation source.
Units of gray (Gy) are preferred, instead of rad, in the
International System of Units (SI). A gray is defined as the
quantity of radiation that results in an energy deposition of 1
joule per kilogram (1 J/kg) within the irradiated material; 1 Gy
is equivalent to 100 rad and to 1000 mGy.
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Different types of radiation may have similar absorbed doses
but produce different biologic effects. To predict occupational
exposure from x-radiation, the rad is converted to radiation
equivalent man (rem) in a 1:1 ratio.
The unit of dose equivalent to rem in the SI system is the
sievert (Sv); 1 rem is equivalent to 1 rad and 100 rem is
equivalent to 1 Sv.
The majority of published reports use fluoroscopic or screening
times as a proxy for radiation dose.
In general, published data have shown that fluoroscopic times
were shorter in private practice.
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Nevertheless, there is wide variation in fluoroscopy times and
radiation dose in attending physicians in both private practice
and university settings.
Fluoroscopic times may further vary by mode used (continuous
vs. pulsed), the experience of the radiographer, technician,
or interventionalist, and difficulties in obtaining a satisfactory
image given the severity of degenerative disease or patient
body habitus.
Overweight patients also appear to require significantly longer
fluoroscopy times and have higher radiation exposure compared
to normal-weight patients.

RADIOBIOLOGY
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The biologic effects of radiation are caused either by the direct
disruption of macromolecules such as DNA or by the ionization
of water molecules within cells, producing highly reactive free
radicals that then damage the macromolecules.

◼

◼

◼

Acute effects occur at relatively high dose levels, such as those
given during radiotherapy treatments or in accidents.
Chronic effects are the results of long-term, low-dose effects.
The severity of these effects is unrelated to the dose as there is
a threshold effect.
However, there is an increased probability of induced cancer or
leukemia in the exposed individual. A radiation dose equivalent
of 25 rem (0.25 Sv) may lead to measurable hematologic
depression

MAXIMUM PERMISSIBLE DOSE
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The maximum permissible dose (MPD) is the upper limit of
allowed radiation dose that one may receive without the risk of
significant side effects.
The annual whole-body dose limit for physicians is 50 mSv.

For the fetus, the annual maximum permissible dose is 0.5 rem
or 5 mSv.

RADIATION PROTECTION OF THE PATIENT
◼

◼

◼

◼

◼

◼

Several precautions should be employed to minimize the
exposure of the patient to radiation:
The beam-on time should be reduced since radiation exposure
increases linearly with time.
It is recommended that the fluoroscopy machine be equipped
with a laser pointer, which is attached to the image intensifier.
The x-ray tube should be kept as far away from the patient as
possible.
It has been recommended that the x-ray tube be at least 30 cm
away from the patient.
Collimation should be used to reduce the area being irradiated,
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The use of live fluoroscopy should be minimized.
Finally, magnification should be limited, since magnifying the
image by a factor of 1 increases the amount of radiation 2.25
times, while magnifying the image by a factor of 2 increases the
amount of radiation 4 times.
The period when the fetus is most sensitive to radiation is
between 8 and 15 weeks’ gestation, when the rate of
proliferation of DNA within the brain is at a maximum.

RADIATION PROTECTION OF PERSONNEL
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The factors affecting radiation exposure to personnel include:
the time or duration of x-ray exposure,
the distance from the sourcee of the x-rays,
and protection from the radiation.
The major source of radiation to personnel is the patient or
fluoroscopy table, which serves as a conduit for scattered
radiation.
Only essential personnel should be present in the fluoroscopy
room.
Personnel should be notified each time before fluoroscopy is
used.
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The personnel should step back from the field whenever
possible when the fluoroscopy machine is used.
The intensity of ionizing radiation decreases exponentially as
the distance from the source is increased.
The inverse square law shows that the radiation is inversely
proportional to to the square of the distance.
Finally, barriers or screens can be employed;

UNDERCOUCH AND OVERCOUCH
FLUOROSCOPY
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The conventional undercouch fluoroscopy arrangement occurs
when the x-ray tube is located beneath the fluoroscopy table
and the image intensifier is above the table
In this arrangement, and with the table horizontal, most of the
scattered radiation is in the downward direction and absorbed in
the floor or the side panels of the table.
In the overcoach fluoroscopy arrangement, the positions of the
x-ray tube and image intensifier are reversed, or the oblique
and lateral views are employed.
In this arrangement, it is more difficult to adequately shield
medical personnel.
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The maximum amount of scattered radiation is normally
backwards from the entrance surface of radiation on the patient
receiving most of the primary beam (i.e., the side of the x-ray
tube).
Scattered radiation is 2–3 times higher on the side of the x-ray
tube compared to the image intensifier.
The physician should preferably stand on the side of the image
intensifier when lateral views are taken; care must be taken to
ensure that the x-ray tube and image intensifier are at the same
(notabove) level of the patient.
The image intensifier also has a lead-plastic apron attached to
its edge, which serves to absorb much of the scattered radiation
that emerges from the patient and shield the physician from
some of the scattered radiation.

BARRIERS AND SHIELDING
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Shielding refers to radiation protection afforded by equipment
that absorbs x-rays.
The categories of shielding include fixed, mobile, and personal
shielding.
Fixed shielding includes the thickness of walls, which should
have a lead equivalence of 1–3 mm, the doors, and protective
cubicles.
Personal shielding includes lead aprons, gloves, thyroid shields,
and glass spectacles.

Lead Aprons
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For reasons of weight, lead aprons generally have shielding
equivalence equal to a 0.25–0.5-mm lead barrier, and will only
attenuate the radiation.
Lead aprons absorb 90%–95% of scattered radiation that
reaches them
“Wrap-around” lead aprons are useful when medical personnel
spend a lot of time with their backs turned away from the
patient.
When wrap-around aprons are not used, the personnel wearing
them should not turn their unshielded backs toward the x-ray
beam.
Lead aprons should be worn and stored properly.
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They should not be folded or thrown on the floor since it may
produce creases that develop into breaks in the protective
barrier.
The integrity of lead aprons should be assessed annually

Lead Rubber Gloves and Leaded Glasses
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Lead rubber gloves usually have a minimum lead equivalence of
0.25 mm since thicker leaded gloves make manipulations that
require dexterity difficult.
The protection offered by “radiation-resistant” gloves may not
be significant, providing a false sense of security.
The use of leaded gloves may actually increase the x-ray
exposure when the fluoroscopy machine is in the ABC mode.
The use of leaded glasses with side shields may reduce the risk
of cataract formation.
However, the effectiveness of glass spectacles may be
overrated, and ordinary eyeglasses may provide adequate
reduction in the radiation dose that reaches the eye
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A single dose of 200 rem (2 Sv) or a total exposure of 800 rem
(8 Sv) has been related to cataract formation, with the latent
period between the radiation exposure and the appearance of
cataracts being approximately 8 years.

MINIMIZING AND MONITORING RADIATION
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Federal and state regulations in the United States require that
anyone who works in a station where he or she may receive
over 25% of the allowable quarterly limit (1.25 rem or 1250
mrem) must be supplied with monitoring equipment or a
radiation or film badge.
A radiation badge is a pack of photographic film that measures
radiation exposure for personnel monitoring.
It measures the quantity and the quality of radiation (beta or
gamma radiation).
It is read with a densitometer and the amount of darkening of
the film is proportional to the amount of radiation absorbed by
the film.
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The film inside the badge is easily damaged by pen or moisture,
and the badge cannot be used for periods exceeding 8 weeks
because the image fades.
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There are usually two badges worn by the physician during the
fluoroscopy procedure. The “collar badge” is worn outside the
apron on the upper portion of body, usually on the upper edge
of the thyroid shield.
the apron” badge is worn behind the apron, usually on the waist
of the physician. The x-ray reading in this badge represents the
actual dose to the gonads and the major blood-forming organs.
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The film badges should be placed correctly and worn
consistently.
It is not uncommon for the physician to interchange the
placement of the badges, resulting in a gross error in the
interpretation of the x-ray risk to the physician.

RADIOLOGICAL CONTRAST MEDIA
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Iodine is the only element that has proved satisfactory
for general use as an intravascular radiological contrasts
medium.
Its radio-opacity is conferred by its high molecular weight. The
maximum recommended concentration of iodine is 300 mg
iodine per mL and the maximum recommended dose is 3 g of
iodine.
The absorption of iodine is variable.
Its mean half-life is 12 hours and 80%–90% is excreted via the
kidneys within 24 hours.

◼

◼
◼
◼

◼

There are two kinds of contrast media with respect to their
osmolality:
the high-osmolality contrastmedia (HOCM)
low-osmolality contrast media (LOCM)
There are formulations of LOCM that are Food and Drug
Administration approved for intrathecal use (e.g., Isovue-M 200
and 300, Omnipaque 180 and 210). Only these agents should
be used for spine procedures.
Patients who have a history of allergic reaction to the radiologic
contrast media should be premedicated. Greenberger and
Patterson have recommended that the patient be given three
doses of oral prednisone 50 mg at 13, 7, and 1 hours before
the procedure.
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It has also been recommended that oral diphenhydramine
(Benadryl) 50 mg be given 1 hour before injection of the
contrast.
Lasser et al.45 have recommended two oral doses of
methylprednisolone 32 mg given at 12 and 2 hours before the
procedure.
Gadolinium chelates have been used successfully in place of
iodinated contrast media for image-guided spine interventions
and have become an alternative to iodinated contrast agents in
patients with known contrast allergy.
It may cause nephrogenic systemic fibrosis and should not be
used in patients with renal insufficiency.

