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Orthopaedic surgeons are routinely exposed to intraoperative
radiation and, therefore, follow the principle of “as low as reasonably
achievable” with regard to occupational safety. However,
standardized education on the long-term health effects of radiation
and the basis for current radiation exposure limits is limited in the field
of orthopaedics. Much of orthopaedic surgeons’ understanding of
radiation exposure limits is extrapolated from studies of survivors of
the atomic bombings in Hiroshima and Nagasaki, Japan.
Epidemiologic studies on cancer risk in surgeons and interventional
proceduralists and dosimetry studies on true radiation exposure
during trauma and spine surgery recently have been conducted.
Orthopaedic surgeons should understand the basics and basis of
radiation exposure limits, be familiar with the current literature on the
incidence of solid tumors and cataracts in orthopaedic surgeons, and
understand the evidence behind current intraoperative fluoroscopy
safety recommendations.

F

luoroscopy is a useful adjunct for
certain orthopaedic procedures
and has become routinely used
for minimally invasive techniques,
such as intramedullary nailing (IMN)
during trauma surgery and percutaneous pedicle screw insertion during
spine surgery.1-6 Despite the increase
in radiation exposure associated with
the increased use of fluoroscopy, orthopaedic surgeons often are underinformed of the risks of radiation
exposure. In a recent survey of 91
practicing orthopaedic surgeons,
Saroki et al7 reported that 92.3% of
the orthopaedic surgeons were unaware that real-time fluoroscopy
exposes patients to a greater amount
of ionizing radiation than still imaging
modalities and that 91.2% of the
orthopaedic surgeons believed that
most surgeons needed additional education on radiation exposure.
Very little direct evidence links
adverse health effects to orthopaedic

occupational radiation exposure.
However, this lack of direct evidence
should not be reassuring because
fluoroscopy use has increased and the
effects of radiation exposure may not
be observed for decades after exposure. More substantial evidence has
resulted from the combined knowledge of the health risks associated
with radiation exposure and recent
orthopaedic studies on intraoperative
radiation exposure. The occupational
radiation exposure associated with
various orthopaedic surgical procedures has been quantified, and measures to decrease radiation exposure
have been well studied. These orthopaedic studies often compare radiation exposure levels to regulated
annual radiation exposure limits but
do not translate the studied radiation
exposure levels into quantified health
risks.1,2,5 Attempts to quantify the
actual health risks of radiation exposure for orthopaedic surgeons create a
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more practical context for studies
on minimizing radiation exposure.

Radiation Fundamentals
X-radiation (x-ray) is electromagnetic radiation with a lower wavelength than ultraviolet radiation and
a higher wavelength than gamma
radiation. X-rays pass through, are
absorbed, or scatter when they strike
tissue, depending on the energy of the
x-ray and the attenuation coefficient
of the tissue. The absorption of photons predominates when x-rays strike
bone because of the high attenuation
coefficient of calcium, which results
in the desired negative image. Higher
energy x-rays pass through soft tissues without any interaction or
undergo Compton scattering, which
results in a lower-energy scattered
photon and an ionized atom. A single
scattered photon has the highest
probability of continuing with a low
angle of deflection as forward scatter;
however, photons scatter in all
directions and may undergo multiple
interactions with atoms, creating an
overall predominance of backscatter.8
Because surgeons rarely are in the
direct path of the x-ray beam, scatter
radiation is the predominant source
of occupational radiation exposure.
Scatter radiation exposure depends
on several factors, including the
exposure time, the distance from the
body part being imaged, the mass of
the body part being imaged, and the
kilovoltage setting of the emitter. The
effect of distance on radiation exposure follows the inverse-square law,
in that the radiation exposure
decreases proportional to the square
of the distance from the source to the
surgeon.8 Therefore, small increases
in distance from the source result in
exponential reductions in radiation
exposure. The mass of the body part
being imaged affects radiation exposure because larger masses, such
as the torso, are more likely to

Table 1
International Commission on Radiological Protection Recommended
Tissue Weighting Factors
Tissue Weighting
Factorb

Tissuea
Bone marrow (red), colon, lungs, stomach, breasts,
remainder tissuesc
Gonads
Bladder, esophagus, liver, thyroid
Bone surface, brain, salivary glands, skin

0.12
0.08
0.04
0.01

a

Sensitivity based on risks of cancer induction and heritable disease.
Larger number indicates greater sensitivity
Remainder tissues include adrenals, extrathoracic region, gall bladder, heart, kidneys,
lymphatic nodes, muscle, oral mucosa, pancreas, prostate, small intestine, spleen, thymus, and
uterus/cervix.
Adapted with permission from The 2007 Recommendations of the International Commission on
Radiological Protection: ICRP publication 103. Ann ICRP 2007;37(2-4):1-332.

b
c

interact with an increased number of
x-rays, resulting in increased scatter.
Increasing the energy of x-rays by
increasing the kilovoltage setting of
the emitter allows more photons to
penetrate tissue but also directly
increases scatter.
The effects of radiation exposure
are categorized as deterministic
effects and stochastic effects.9 Deterministic effects occur after a certain
threshold of photons is absorbed by
tissues and include cataracts, reddened skin, hair loss, and infertility.
Deterministic effects may occur after
a single high-dose exposure or after
multiple low-dose exposures. Each
photon absorbed contributes to tissue
damage until the threshold necessary
to produce a health effect is reached.
Conversely, stochastic effects occur
randomly. Each additional photon
increases the risk of stochastic effects,
but no threshold exists beyond which
a health effect definitely occurs.9
Cancer is the prototypical example
of a stochastic effect because every
incremental increase in radiation
damage to DNA increases the likelihood of an oncogenic mutation.
Depending on the context, two
International System of Units are used
for ionizing radiation. The gray (Gy) is
the actual physical quantity of 1 joule

of radiation energy per kilogram of
matter. The Gy is used to express an
absorbed dose but does not reflect the
type of energy or the type of tissue
exposed. The Gy is most appropriately
used in discussions that do not address
the biologic effects of radiation exposure; however, the biologic effects of a
single high-dose exposure can be expressed in the Gy if tissue damage is
certain.9
Discussions on the stochastic or
deterministic effects of low-dose
exposure must consider the type of
energy and the type of tissue exposed.
The sievert (Sv) represents the biologic equivalent or effective dose of 1
joule of radiation energy per kilogram of matter. An equivalent dose
(Sv) represents the biologic effects on
a specific tissue. Conversion from an
absorbed dose (Gy) to an equivalent
dose (Sv) requires unitless weighting
factors for the type of energy and the
type of tissue exposed. The radiation
weighting factor for all photon radiation, including x-rays, is 1. Tissue
weighting factors are fractions that
summate to 1 for the entire body
(Table 1). An effective dose (Sv)
refers to the summation of all the
equivalent doses throughout the
body.9 The two International System
of Units used for ionizing radiation
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exposed survivors and unexposed
residents of all ages from both cities.12
Individual radiation exposure has been
estimated based on distance from the
hypocenter and individual shielding
conditions. Current published followup of survivors of the atomic bombings exceeds 50 years.12 Survivors of
the atomic bombings who sustained
radiation exposure on the lower end
of the spectrum are of interest with
regard to occupational radiation exposure limits. Approximately 50,000
survivors located within 3 km
from the hypocenter of the atomic
bombings sustained an estimated
radiation exposure of ,500 mSv13
(Figure 1).

Figure 1

Cancer Risk

Aerial photograph of Hiroshima, Japan, showing the approximate radiation effect
radius of the atomic bombing. The white circle indicates the area of damage. The
red circle denotes a radius of 3 km, in which the survivors of the atomic bombing
sustained radiation doses ranging from 5 mSv to 2 Sv, which is the basis for
current occupational radiation exposure limits.

are a considerable source of confusion
and inconsistency in the literature.
With regard to orthopaedic discussions on x-ray scatter radiation to the
entire body, both weighting factors
are equal to 1, with 1 Gy of an absorbed dose being equal to 1 Sv of an
effective dose.

Basis of Current Radiation
Exposure Limits
Although most orthopaedic studies
on radiation compare their results to
current radiation exposure limits, an
understanding of the basis of current
radiation exposure limits is necessary
for more meaningful comparisons.1-5
Multiple organizations, including the
International Commission on Radiological Protection (ICRP) and the US
National Council on Radiation Pro-
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tection & Measurements (NCRP), set
radiation safety standards. The ICRP
recommends an occupational radiation exposure maximum of 20 millisievert (mSv) per year, whereas the
NCRP recommends an occupational
radiation exposure maximum of 50
mSv/yr.9,10 These radiation exposure
limits are largely based on linear
extrapolations from the ongoing
Radiation Effects Research Foundation Life-Span Study, which follows
survivors of the atomic bombings in
Hiroshima and Nagasaki, Japan.11
The single high-dose exposure of an
atomic bomb is not ideal for determining the risk of multiple low-dose
occupational radiation exposure, and
the statistical validity of the Life-Span
Study has been called into question.11
However, the dataset of the Life-Span
Study is the largest available, consisting of a fixed cohort of 120,000

Based on the Life-Span Study, the
Radiation Effects Research Foundation reports a relative risk of 1.6 for
solid cancer after 1 Sv of radiation
exposure13 (Figure 2). Therefore, 1
Sv of cumulative radiation exposure
increases an individual’s risk of
developing solid cancer at any age by
60%. Based on the same dataset, the
ICRP estimates that 1 Sv of cumulative radiation exposure increases a
person’s absolute risk of mortality
from cancer later in life by 5%.9
Therefore, 1 Sv of cumulative radiation exposure is the basis for radiation exposure limits. In a person
who is exposed to the ICRP radiation exposure limit of 20 mSv/yr, 50
years would be required before he or
she is exposed to 1 Sv of radiation
and incurs an additional 5% absolute
risk of mortality from cancer. Radiation exposure among orthopaedic
surgeons varies considerably; however, based on single-case radiation
exposure, 20 mSv/yr of radiation
exposure is readily attainable without
lead protection.1,2 For context, the
Centers for Disease Control and Prevention report that 20% to 25% of
fatalities in the United States are
attributable to cancer;14 however, this
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comparison does not account for age
of mortality and years of life lost.
The tissue weighting factors recommended by the ICRP indicate the
sensitivity of various tissues to cancer
induction and heritable disease based
on the survivors of the atomic
bombings.9 Although the orthopaedic literature on radiation exposure
commonly focuses on exposure to the
waist and neck, the gonads and thyroid are not the tissues most sensitive
to radiation exposure. The tissues
most sensitive to radiation exposure
include the bone marrow (red), colon,
lungs, stomach, and breasts9 (Table 1).

Figure 2

Cataract Risk
Data on radiation-induced cataracts
also were obtained from the atomic
bombing survivor cohort.9 Radiationinduced cataracts were believed to
result from exposure to a single dose
of 2 Sv or exposure to multiple doses
that summate to 5 Sv; however, recent
studies suggest that the radiationinduced cataract threshold is lower.
Ainsbury et al15 conducted a review
of studies on radiation exposure in the
survivors of the atomic bombings and
recent studies on clinical radiation
exposure, as well as radiation exposure in Chernobyl clean-up workers,
astronauts, and airplane pilots. The
authors reported that 0.5 Sv is a more
accurate radiation-induced cataract
threshold based on a deterministic
model for cataracts. Recent studies
suggest that radiation-induced cataracts may result from failure of DNA
repair pathways rather than tissue
damage.16 Therefore, a stochastic
model may be more accurate with
regard to radiation-induced cataracts,
with the risk of cataracts doubling at
approximately 2 Sv.15 In 2011, in
response to these newer data, the
ICRP decreased the ocular radiation
exposure limit from 150 mSv/yr to 20
mSv/yr, which currently matches the
radiation exposure limit for the entire
body.17

Dose-response graph shows the relative risk of solid cancer associated with
radiation exposure. Based on the atomic bomb survivor dataset, 1 Sv of radiation
exposure is associated with a 1.6 relative risk of developing solid cancer later in life.
The curved grey solid line represents the estimated relative risk based on the data
points (gray dots). The dotted curved lines represent 61 standard error. The straight
black line is the linear risk estimate for the same interval (0 to 2.0 Sv). (Reproduced
with permission from Pierce DA, Preston DL: Radiation-related cancer risks at low
doses among atomic bomb survivors. Radiat Res 2000;154[2]:178-186.)

Risk to Offspring
Prenatal radiation exposure poses the
highest risk to a fetus during the first
trimester (organogenesis), potentially
contributing to prenatal death, malformation, or central nervous system
impairment. Based on the atomic
bombing survivor cohort, the thresholds for these deterministic effects
are .100 milligray (mGy).18 Below
these thresholds, any increased risks of
potential harm to a fetus are undetectable. For orthopaedic surgeons,
occupational radiation exposure is
predominantly x-ray scatter radiation;
therefore, the occupational radiation
exposure limit of 20 to 50 mSv/yr
converts to 20 to 50 mGy/yr. A pregnant orthopaedic surgeon would have
to be exposed to radiation doses in
great excess of the general occupational
radiation exposure limit for these prenatal deterministic effects to occur.
The stochastic effect of increased
fetal cancer risk is more relevant to
pregnant orthopaedic surgeons. Based

on studies of prenatal diagnostic
imaging exposure, a relative risk of 1.4
for childhood cancer may be attributable to prenatal radiation exposure of
10 mGy, which is more likely to occur
with regard to orthopaedic occupational radiation exposure.18 For context, the absolute risk of childhood
cancer after 10 mGy of radiation
exposure is approximately 0.3% to
0.4%, whereas the baseline absolute
risk of childhood cancer is approximately 0.2% to 0.3%.18 Prenatal
radiation exposure is associated with
a relative risk of lifetime cancer similar to that for young children who are
exposed to radiation (at most threefold that of the adult population).9
Gonadal radiation exposure prior to
conception has not been associated
with an increased risk of malignancy
or malformation in offspring.18
Despite limited evidence for increased
risks of potential harm to a fetus from
prenatal radiation exposure below
the current occupational radiation
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exposure limits (20 to 50 mSv/yr), an
understandable desire exists to protect
this patient population. The ICRP and
NCRP recommend a prenatal radiation
exposure maximum of 1 mSv during
pregnancy.18,19 In addition, the NCRP
recommends a prenatal radiation
exposure maximum of 0.5 mSv/mo
during pregnancy.19

Epidemiologic Data
Very little epidemiologic data exists
on radiation exposure among orthopaedic surgeons.20-23 Epidemiologic
data collection is difficult for several
reasons. Based on data from the LifeSpan Study, the risks associated with
low-dose exposure are low; therefore,
large sample sizes are required.13
Furthermore, dosimeter use, which
often is required, typically is inconsistent.20 In addition, although the use
of fluoroscopic imaging has increased,
any effects of this occupational radiation exposure may not be observed
for decades after exposure.13,24

Cancer Risk
The most concerning epidemiologic
data on cancer risk and radiation
exposure was reported in a retrospective cohort study conducted at
an Italian orthopaedic hospital with
self-reported poor radiation safety
practices.20 Fluoroscopy without radiation protection and the performance of postoperative imaging in
crowded hallways were commonplace during the period studied. The
study compared cancer occurrence
during a 25-year period in 158
workers who were routinely exposed
to radiation, including 31 orthopaedic surgeons, and a cohort of 158
age- and sex-matched workers who
were not exposed to radiation. The
authors reported a 29% incidence of
cancer among the orthopaedic surgeons who were exposed to radiation
and a 4% incidence of cancer among
the workers who were not exposed
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to radiation.20 Colorectal and lung
cancers, which did not occur in the
workers who were not exposed to
radiation, were the most common
cancers reported in workers who were
exposed to radiation, which is consistent with the ICRP recommended
tissue weighting factors.9,20 Because
the study included a small sample of
surgeons at a single hospital, did not
match for other risk factors, and was
unable to quantify radiation exposure, it reported a loose correlation
between cancer risk and radiation
exposure but not causation.
In a larger study, Chou et al21 surveyed female orthopaedic, urologic,
and plastic surgeons on their history
of cancer, use of fluoroscopy, and
relevant medical history. Based on
the responses of the 505 orthopaedic
surgeons, 341 urologic surgeons, and
357 plastic surgeons who completed
to the survey, the authors reported a
significantly higher rate of cancer
(4.8%) than expected (2.6%) among
the orthopaedic surgeons, with breast
cancer being reported at a 2.9-fold
greater rate than that expected. Conversely, the authors reported no difference between the observed and
expected prevalence of cancer in the
urologic and plastic surgeons. This
study improved on the findings of
previous studies22 by comparing the
rate of cancer among orthopaedic
surgeons with the rate of cancer
among other surgeons and by
accounting for other risk factors
for breast cancer, including age at
first birth and socioeconomic status. Although the orthopaedic surgeons and urologic surgeons reported
the same frequency of intraoperative
fluoroscopy use, the proximity and
duration of intraoperative fluoroscopy use between orthopaedic surgeons and urologic surgeons likely
differs substantially.21
No other studies in the literature
to our knowledge have correlated an
increased risk of cancer among
orthopaedic surgeons with the use of

fluoroscopy. However, the occupational risks associated with procedural
fluoroscopy also are of interest to interventional radiologists and cardiologists. These proceduralists likely have
a higher risk for cancer than orthopaedic surgeons have, with Picano
et al25 reporting that interventional
cardiologists sustain twofold to threefold more radiation exposure than
orthopaedic surgeons sustain. A review of the literature on cancer risk
among proceduralists who are exposed to radiation, which also is limited to case series, survey studies, and
large database studies, is likely as valid
as extrapolations from studies of survivors of the atomic bombings.13,25
A small but growing body of literature exists on proceduralists’ risk of
malignancies of the head and neck,
which are regions exposed even with
the use of lead aprons for radiation
protection. In a recent case study of
31 proceduralists with head and
neck cancer, 23 of whom were interventional cardiologists, 6 of whom
were interventional radiologists, and
2 of whom were electrophysiologists,
Roguin et al26 reported that the
median latency period, or period of
exposure before diagnosis, was 22
years. The authors reported that
glioblastoma multiforme, which is a
malignancy associated with radiation
exposure, was the most common
malignancy. Extrapolating a relative
risk for head and neck cancer associated with performing interventional
procedures from this case series is not
possible because the study was based
on unsolicited letters to the editor
rather than survey responses. However, glioblastoma multiforme is an
exceedingly rare type of cancer,
occurring in 2 to 3 per 100,000
individuals in the general population. In addition, the laterality
of the neoplasms reported in the
study indicates a strong association
with radiation exposure, with 85%
of the malignancies being left sided,
which is the side closer to the source
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of radiation and scatter during most
interventional procedures.26
In a recent survey of 746 Italian
cardiac catheterization personnel,
Andreassi et al27 reported higher
prevalence of cancer among staff who
were exposed to radiation (2.6%)
compared with those who were not
exposed to radiation (0.7%), but the
prevalence was not statically significant (P = 0.09). However, the findings
of this study are limited by the biases
intrinsic to survey studies. In a study
of 542 interventional cardiologists,
Ho et al28 reported that, after
accounting for confounding risk factors, interventional cardiologists who
performed the greatest numbers of
procedures had a higher risk for cancer
than did those who performed the
fewest number of procedures (hazard
ratio, 4.04; P , 0.05). Although these
studies focus on radiation exposure
in proceduralists rather than
orthopaedic surgeons, they represent the largest body of epidemiologic data on the occupational risks
associated with fluoroscopy.

Cataract Risk
Despite a growing link between occupational radiation exposure and cataracts, no studies have linked cataracts
in orthopaedic surgeons to intraoperative radiation exposure. However, multiple studies have reported an
increased risk of cataracts among interventional cardiologists.29,30 Centrally located posterior lens opacities,
which can be distinguished from nuclear and cortical lens lesions associated with aging, are specifically
associated with radiation exposure.30
In a retrospective cohort study of the
medical and radiation histories and eye
examinations of 58 interventional cardiologists who were exposed to radiation and 93 control subjects who were
not exposed to radiation, Vano et al29
reported posterior lens opacities in
38% of the cardiologists and 12% of
the control subjects, resulting in a rel-

ative risk of 3.2 (P , 0.005) for posterior lens opacities associated with
interventional procedures. In a retrospective cohort study of 106 interventional cardiologists who were exposed
to radiation and 99 control subjects
who were not exposed to radiation,
Jacob et al30 reported that the cardiologists had an increased risk of posterior lens opacities (odds ratio, 3.85;
P = 0.015) but no increased risk of
nuclear or cortical lens opacities (odds
ratio, 0.60 and 0.58, respectively).

Risk to Offspring
No epidemiologic studies specific to
pregnant orthopaedic surgeons have
been performed; however, Zadeh and
Briggs23 surveyed 216 British orthopaedic surgeons (3 of whom were
female) and 714 British obstetricians
and gynecologists to determine if
differences existed in the rate of congenital anomalies or malignancies in
their offspring. The authors reported
a higher rate of congenital anomalies
in the children of both groups surveyed compared with that of the
normal population; however, the
authors concluded that factors other
than radiation exposure were responsible for that finding. The rate of
malignancy was not higher in the
children of either group surveyed
compared with that of the normal
population.

Intraoperative Radiation
Exposure
Accurate quantification of annual
intraoperative radiation exposure
among orthopaedic surgeons is a
challenge because of poor compliance with dosimeters, low sensitivity
of older film badges, and variability
in case distribution. Traditional filmbased dosimeters are not sufficiently
sensitive to consistently detect lowdose scatter radiation and fade over
time.24 Recent widespread use of
thermoluminescent or optically

stimulated luminescence dosimeters
has facilitated more reliable tracking
of radiation exposure.1,2,5,24 Although
the ideal study of a large number of
orthopaedic surgeons consistently
wearing a dosimeter for a year has
never been completed, annual radiation exposure estimates can be
extrapolated from studies on specific
surgeries.
Several studies have investigated
occupational radiation exposure
associated with femoral IMN. In a
study of orthopaedic surgeons who
used case-specific dosimeters during
IMN of diaphyseal fractures, Blattert
et al1 reported mean surgeon chestlevel radiation exposure that ranged
from 0.080 to 0.108 mSv/procedure
without lead protection, depending
on surgeon experience and total
fluoroscopy time. Tsalafoutas et al2
used fluoroscopy time and settings to
determine surgeon radiation exposure during IMN of peritrochanteric
fractures and reported radiation
exposure of 0.10 mSv/procedure.
These amounts of radiation exposure per procedure without lead
protection are approximately equivalent to those sustained during a
single chest radiograph. In general,
femoral IMN and pelvic fracture
fixation are associated with the
greatest amount of scatter radiation
exposure for orthopaedic trauma
surgeons.3 The high doses of scatter
radiation exposure associated with
these procedures are the result of a
combination of factors, including
large mass of the body part being
imaged, proximity to the body mass
being imaged, and longer fluoroscopy times.3 In general, procedures
such as ankle fixation, tibial IMN,
and upper extremity fixation are not
associated with these factors and,
therefore, result in much less scatter
radiation exposure.3 An orthopaedic
trauma surgeon would need to perform approximately 200 femoral
IMN procedures per year without lead
protection before he or she is exposed
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to the ICRP radiation exposure limit of
20 mSv/yr.9
The aforementioned studies reported
that mean surgeon eye radiation exposure ranged from 0.04 to 0.05 mSv/
procedure without leaded eyeglasses.1-3
The eye radiation exposure for an
orthopaedic trauma surgeon who
performs approximately 200 femoral IMN procedures per year without
leaded eyeglasses would be approximately 10 mSv/yr, which is one-half of
the ICRP annual ocular radiation
exposure limit.17

Special Considerations
Mini C-arm
Although several studies have reported
that the mini-C-arm results in minimal
scatter radiation exposure for surgeons, this decrease in scatter radiation
exposure is not intrinsic to the size of
the C-arm.31-33 The relative safety and
decreased scatter radiation exposure
associated with a mini-C-arm is the
result of imaging smaller body parts,
which are held directly against the
image intensifier at lower kilovoltage
settings. Singer et al34 reported that
a mini C-arm, if used for imaging
identical body parts and in identical
configurations as a standard C-arm, is
associated with 53% to 70% greater
scatter radiation exposure than a
standard C-arm. The use of a mini
C-arm rather than a standard C-arm
for a given case should not alter a
surgeon’s vigilance with regard to
radiation safety.

Intraoperative CT
Intraoperative CT is used to guide
accurate placement of instrumentation during spine surgery and
assist in intra-articular fracture
reduction. Studies have evaluated
patient and surgeon radiation
exposure during CT-guided spine
surgery. 4,35 In a study of 73
patients who underwent fluoro-
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scopic- and CT-guided spine surgery and 73 control subjects who
underwent
fluoroscopic-guided
spine surgery, Mendelsohn et al 4
reported a mean radiation exposure of 5.69 mSv in the patients
who underwent fluoroscopic- and
CT-guided spine surgery, which
was 2.77-fold more radiation
exposure than that sustained by
the control subjects. However, the
surgical team that performed
fluoroscopic- and CT-guided spine
surgery was exposed to 2.5-fold
less radiation than the surgical
team that performed fluoroscopicguided spine surgery because the use
of intraoperative CT decreased the
use of fluoroscopy, which requires
the surgical team to be inside the
operating room. For context, surgeon chest-level scatter radiation
exposure without lead protection
during freehand, three-level, sixscrew, open lumbar surgery is
approximately 0.250 mSv.36 In a
study of 107 patients who underwent CT-guided spine surgery, Costa
et al35 reported a mean radiation
exposure of 5.15 mSv in the patients
and 0.005 mSv in the scan operators.
The authors reported no radiation
exposure in members of the surgical
team who were outside the operating
room. Both studies concluded that
intraoperative CT increases radiation exposure in patients by
approximately 7.5 mSv, which is less
than that sustained during a routine
lumbar CT.4,35 The risk of intraoperative radiation exposure to surgeons is negligible given that they are
outside the operating room during
the CT scan (Figure 3).

Methods to Minimize
Radiation Exposure

the thorax, with the degree of radiation protection often expressed as the
thickness of the lead or its equivalent.8,24 The exact amount of radiation
attenuation depends on kilovoltage
settings and apron material. In general,
the most commonly used 0.25-mm
and 0.5-mm lead aprons attenuate
90% and 99% of radiation, respectively1,24 (Table 2). Appropriate use of
a 0.5-mm–thick lead apron during
femoral IMN should decrease thoraxlevel radiation exposure from 0.10
mSv per procedure to 0.001 mSv per
procedure, which essentially negates
the risks associated with thoracic-level
radiation exposure.1,2,24 Lead aprons
should be circumferential if a surgeon does not always face the body
part being imaged and should
always include a thyroid shield.8,34

Leaded Eyeglasses
Typical leaded eyeglasses reduce surgeon ocular radiation exposure by
90%.37 A surgeon would need to
perform approximately 400 femoral
IMN procedures (0.05 mSv per procedure) without leaded eyeglasses
before he or she is exposed to the
ICRP ocular radiation exposure limit
of 20 mSv/yr.1-3 Given the typical
radiation exposure associated with
orthopaedic procedures, consistent
use of leaded eyeglasses decreases
radiation exposure by one order
of magnitude and, theoretically,
eliminates any additional risk of cataracts. Jacob et al30 reported that the
risk of posterior lens opacities was
lower for interventional cardiologists
who more often used leaded eyeglasses
(odds ratio, 2.17) than for those who
did not use leaded eyeglasses (odds
ratio, 3.87); however, the difference
was not statistically significant.

Radiation Shields

C-arm Positioning and
Management

Lead aprons, which most states
require during fluoroscopy, effectively diminish scatter radiation to

To avoid backscatter with the use of
a C-arm in the horizontal position,
the surgeon and operating room
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staff should stand on the intensifier
side of the C-arm, if possible. A surgeon standing on the emitter side of
a C-arm in the horizontal position
during hip fracture surgery or spine
surgery sustains fourfold to eightfold more scatter radiation exposure
than does a surgeon standing on the
intensifier side of a C-arm in the
horizontal position during hip fracture surgery or spine surgery.5,38
The literature available on the ideal
position of the emitter of the C-arm in
the vertical position is less consistent.
Using upper extremity mannequins,
Tremains et al39 reported significantly
decreased radiation exposure in surgeons and patients with the emitter
positioned above the extremity being
imaged. Conversely, using whole body
mannequins for spine surgery, Lee
et al6 reported decreased scatter radiation with the emitter positioned below
the torso. Hsu et al40 reported conflicting findings when surgeon radiation exposure measurements were
obtained at the waist versus the neck.
The seemingly conflicting results reported in these studies are likely the
result of dependence on too many
variables, including the mass of the
body part being imaged, the distance
of the body part being imaged from
the emitter and intensifier, and the
presumed distance of the surgeon
from the body part being imaged.
Educated C-arm management also
may decrease scatter radiation exposure in surgeons.41 Collimation of
the x-ray beam; the use of low-dose
radiation options, if available; and
the reduction of fluoroscopy time
directly decrease the amount of radiation emitted and, therefore, decrease
potential scatter radiation.24 Positioning the image intensifier as close as
possible to the body part being imaged
limits forward scatter.

Distance
The risk of radiation exposure in
operating room staff can be

Figure 3

Illustration of an operating room showing scatter radiation associated with
intraoperative CT (isodose curves). Scatter radiation doses are unavailable.
(Reproduced with permission from Costa F, Tosi G, Attuati L, et al: Radiation
exposure in spine surgery using an image-guided system based on
intraoperative cone-beam computed tomography: Analysis of 107 consecutive
cases. J Neurosurg Spine 2016;25[5]:654-659.)

Table 2
Effectiveness of Radiation Protection Strategies
Radiation Protection
Strategy
Lead apron

Leaded eyeglasses
C-arm positioning

Distance

Fluoroscopy time

Effectiveness
Determined by thickness: 0.25-mm apron absorbs 90%,
0.35-mm apron absorbs 95%, 0.5-mm apron absorbs 99%
0.35-mm aprons and 0.5-mm aprons weigh 40% and
100% more, respectively, than 0.25-mm aprons
weigh1,24
Reduces exposure to the eyes by 90%37
Determined by horizontal versus vertical positioning:
standing on the intensifier side of a C-arm in the
horizontal position reduces exposure fourfold to
eightfold; ideal vertical positioning is case
specific5,6,38-40
Standing 1 ft from the beam reduces exposure by
approximately 1,000-fold compared to the beam itself40
Standing 2 ft from the beam reduces exposure by 25%8
Judicious use of fluoroscopy and maximizing the use of
landmarks decreases fluoroscopy time, which
proportionally reduces scatter exposure

April 15, 2018, Vol 26, No 8

Copyright ª the American Academy of Orthopaedic Surgeons. Unauthorized reproduction of this article is prohibited.

275

Radiation Exposure and Health Risks for Orthopaedic Surgeons

considerably reduced by increasing
the distance between the x-ray
beam and the body part being
imaged. 2,5,6,38 A surgeon’s hands
are at the highest risk for exposure
to direct radiation doses from the
x-ray beam.5,40 Scatter radiation
exposure 1 ft away from the x-ray
beam is ,0.3% of that directly in
the x-ray beam.40 Based on the
inverse-square law, increasing the
distance between the surgeon and
the x-ray beam further decreases
radiation exposure.8 The NCRP
recommends that all operating
room staff stand $2 m from the
direct path of the x-ray beam, if
possible.8,24
Baumgartner et al41 reported that
real-time visualization of personal
dosimeter readings intraoperatively
reduced overall mean radiation
exposure in surgeons by 60%. The
authors reported that real-time
feedback altered surgeon behavior,
resulting in an increased distance
between the surgeon and the body
part being imaged, if possible, and
decreased overall mean fluoroscopy
time (1.95 min versus 1.38 min; P =
0.084).

Summary
Orthopaedic surgeons are routinely
exposed to intraoperative radiation.
Although limited direct evidence links
adverse health effects to orthopaedic
occupational radiation exposure, the
indirect evidence extrapolated from
historical and proceduralist literature
indicates that orthopaedic surgeons
should continue to follow the principle of “as low as reasonably
achievable” to minimize occupational
radiation exposure. If feasible, orthopaedic surgeons should consider
C-arm positioning relative to operating
room staff and maximize the distance
between themselves and the body part
being imaged. Lead protection, ideally
leaded eyeglasses and a circumferential

276

apron that includes a thyroid shield,
should be worn for all except possibly
the briefest fluoroscopic procedures.
Efforts to study and minimize radiation exposure are warranted given the
latency period associated with most of
the health effects associated with
radiation exposure and the recent
increase in the use of intraoperative
fluoroscopy. Understanding the order
of magnitude associated with typical
intraoperative radiation exposure relative to current radiation exposure
limits and the basis for current radiation exposure limits provides orthopaedic surgeons a framework for
interpreting existing and future studies in this field.
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