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Quantifying Radiation Exposure From Intraoperative
Computed Tomography in Traditionally Safe Operating

Room Zones
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Objectives: To quantify the amount of radiation exposure from a
commercially available computed tomography surgical imaging
system that occurs in areas of the operating room that are generally
believed to be safe and to correlate these amounts with established
safety recommendations.

Design: Experimental in vitro study.

Setting: Standard hospital operating room at a Level 1 trauma
center.

Participants: Radiation survey instruments at specified distances
from an intraoperative computed tomography scanner. Represented
positions were the location of the anesthesiologist (80 cm), the
radiation technologist (180 cm), the substerile room (500 cm), the
operating room door (600 cm), the next-room nursing station (960
cm), and the hallway (1000 cm).

Intervention: Radiation survey instruments were systematically
exposed by a protocol intended to imitate expected radiation scatter
during operative room use.

Main Outcome Measurements: Radiation exposure readings
from radiation survey instruments.

Results: The mean radiation exposure rates are reported. The mean
exposure rate was highest at the anesthesiologist (2200 mrem/h),
followed by the door (25.33 mrem/h), the technologist (21.0 mrem/h),
the substerile room (8.2 mrem/h), the hallway (2.633 mrem/h), and
then the next-room nursing station (1.557 mrem/h). The mean
integrated doses per scan were 15.03 mrem for the anesthesiologist,
0.170 mrem for the technologist, 0.136 mrem at the door, 0.033 mrem
in the substerile room, 0.014 mrem in the hallway, and 0.005 mrem at
the next-door nursing station. The exposure was related both to
distance from the machine and to orientation from the machine.

Conclusions: These results indicate that although there is measur-
able radiation exposure outside of the operating room, the magnitude

is low enough to be clinically insignificant. This study provides data
that reinforce the need to wear a protective gear or leave the room
during the use of intraoperative computed tomography but unsus-
pecting surrounding staff need not worry about uninformed
exposure.
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INTRODUCTION
Intraoperative computed tomography (CT) has many

applications within orthopaedic surgery. Within orthopaedic
trauma, it may be used to ensure safe placement of
percutaneously placed pelvic screws or to confirm complex
periarticular reductions.1 Syndesmotic disruptions, for exam-
ple, have a notoriously high rate of malreduction based on
intraoperative fluoroscopy. Gardner et al2 demonstrated a
52% malreduction rate and noted that sensitivity of radio-
graphs was only 31% and specificity was 83% when com-
pared with CT. Even direct visualization of the syndesmosis
continued to lead to incongruence of the joint 16% of the time
so that various novel methods have been developed to assess
syndesmotic reduction.3,4 Intraoperative CT imaging allows
for immediate adjustments in clamp or screw placement with-
out requiring a return trip to the operating room after post-
operative imaging reveals the error. Three-dimensional
imaging technology also allows for navigation-assisted sur-
gery, which is commonly used in arthroplasty for posttrau-
matic deformity and spine surgery for safe placement of
pedicle screws.

An important consideration when using CT over
fluoroscopy is greater radiation emission. Musculoskeletal
CT scans vary in the amount of radiation exposure to the
patient based on the size of the body part being scanned, with
a CT scan of the pelvis exposing the patient to 485 mrem of
radiation, which is equivalent to the exposure of 60 chest
radiographs. An ankle and foot CT, on the other hand,
exposes the patient to 7 mrem of radiation, which is only 88%
of a single chest radiograph.5 The mobile intraoperative CT
has been shown to have lower radiation exposure than a
traditional 64-slice CT scanner, although the dose emitted is
still greater than that of routine fluoroscopy.6

In addition to considering the one-time exposure to the
patient, it is important to recognize the occupational hazard of
repeated radiation exposure to operating room staff.7

The National Council on Radiation Protection and
Measurements recommends a maximum occupational
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whole-body radiation exposure of 5000 mrem/y, with lower
limits of 100 mrem/y for the general public and a 100 mrem
prenatal total for pregnant women.8 During a scan, safety
measures may be taken to decrease exposure, including wear-
ing lead aprons and increasing the distance from the source.
Commonly, providers will move to the substerile room or
outside of the operating room, although it has not been well
defined what residual exposure exists in these locations dur-
ing intraoperative CT use.9 The purpose of this study is to
quantify the amount of radiation exposure that occurs in areas
of the operating room that are generally believed to be safe
and then to correlate these exposure measurements with
meaningful standards and maximum recommended radiation
exposure limits.

METHODS
The experiment was conducted in a standard operating

room at a Level 1 tertiary referral center. The Medtronic
O-arm surgical imaging system was used, and a phantom
comprised a Lucite block simulated a 70 kg body on a
radiolucent operating room table (Fig. 1). All scans were
performed in high definition on a large thickness setting,
which is the standard setting at our institution. Collimator

shutters were opened to maximum aperture settings. The stan-
dard protocol acquisition data were 120 kV, 64 mA, and 480
mAs. Inovision 451P-RYR radiation survey instruments were
used to measure exposure rate (millirems per hour) and inte-
grated dose per scan (millirem) (Fig. 2). The mean value and
SD of 3 measurements taken at each location were reported.

Six locations were assessed, which were chosen at a
variety of distances correlating with typical positions of

FIGURE 1. Setup of mobile O-arm and phantom Lucite block
(simulating 70 kg human) on the standard operating room
table. Editor’s Note: A color image accompanies the online
version of this article.

FIGURE 2. Radiation survey instruments, Inovision 451P-RYR.
Editor’s Note: A color image accompanies the online version
of this article.

FIGURE 3. Schematic setup of operating room with an intra-
operative CT scanner and vector of radiation scatter. Stars
represent locations tested with radiation survey instruments.
The mean integrated dose in millirems is shown at each
location. A. Anesthesia. B. Operating room door. C. Hallway.
D. Technologist. E. Substerile room. F. Next-door nursing
station. Editor’s Note: A color image accompanies the online
version of this article.
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operating room personnel, as well as positions both in line
with and perpendicular to the machine to account for
differences in radiation scatter. All measurements were taken
at a uniform height of 91.5 cm (approximately 36 inches) off
of the ground. Locations in line with the machine included the
position of the radiation technologist (180 cm), the substerile
room (500 cm), and the next-room nursing station (960 cm).
Locations perpendicular to the machine included the position
of the anesthesiologist (80 cm), the operating room door (600
cm), and the hallway (1000 cm). The distance and orientation
of these locations may be extrapolated to apply to any
standard operating room despite possible variations in layout
(Fig. 3).

RESULTS
The mean exposure rates and standard deviations are

reported in Table 1. The mean exposure rate was highest at
the anesthesiologist (2200 mrem/h), followed by the door
(25.33 mrem/h), the technologist (21.0 mrem/h), the subster-
ile room (8.2 mrem/h), the hallway (2.633 mrem/h), and then
the next-room nursing station (1.557 mrem/h).

The mean integrated doses per scan with SDs are also
reported in Table 1. The mean integrated doses per scan were
15.03 mrem for the anesthesiologist, 0.170 mrem for the
technologist, 0.136 mrem at the door, 0.033 mrem in the
substerile room, 0.014 mrem in the hallway, and 0.005 mrem
at the next-door nursing station.

DISCUSSION
Radiation exposure is an inevitable occupational hazard

for many orthopaedic surgeons due to the need for radiogra-
phy during surgery.10 The National Council on Radiation

Protection and Measurements has designated a recommended
occupational and nonoccupational maximum exposure limit
to avoid adverse medical effects. The use of intraoperative CT
has become commonplace in the fields of orthopaedic trauma,
spine, and arthroplasty, either as a method of confirming
reduction and safe placement of implants or as an essential
component of an image-guided navigation system. Although
CT has the capacity to generate substantially higher doses of
radiation than x-rays, intraoperative CT has actually been
shown to reduce overall radiation exposure to the surgeon
when compared with fluoroscopy. This is the result of fewer
overall exposures and having surgical staff leave the operat-
ing room while the machine is running.11 The belief that
leaving the room during scanning effectively minimizes radi-
ation exposure has not been verified in a scientific study until
now.

This study supports the idea that retreating to the
substerile room or the hallway is sufficient to reduce radiation
exposure to a negligible amount. Decreasing radiation
exposure is a function of both distance from the machine
and orientation relative to the machine. A fundamental
property of radiation exposure is the inverse square law,
which states that the amount of radiation exposure decreases
proportionally to the square of the distance from the radiation
source. This applies to all forms of radiation, from fluoros-
copy to CT, and to all measures of exposure, including rads,
sieverts, or rems. Being in a location that is parallel, or in line,
with the O-arm machine exposes the surgeon to much less
radiation than being perpendicular to the machine because of
the vector of radiation scatter. In our operating room model,
reaching the annual nonoccupational maximum would take 6
intraoperative CT scans at the anesthesiologist’s position, 588
scans at the technologist’s position, 735 scans at the door,
3030 scans in the substerile room, 7142 scans in the hallway,

TABLE 1. Mean Exposure Rate and Mean Integrated Dose of Radiation At the Different Locations

Location (Distance in Centimeters)
Mean Exposure
Rate (mrem/h) SD

Mean Integrated
Dose (mrem) SD

A. Anesthesia (80 cm) 2200.000 0.000 15.030 0.451

B. Door (600 cm) 25.330 2.082 0.136 0.010

C. Hallway (1000 cm) 2.633 0.208 0.014 0.000

D. Technologist (180 cm) 21.000 1.732 0.170 0.020

E. Substerile room (500 cm) 8.200 1.300 0.033 0.011

F. Next-door nursing station (960 cm) 1.557 0.143 0.005 0.001

TABLE 2. Number of Scans Needed to Reach the Recommended Occupational and Nonoccupational Annual Maximum At the
Different Locations

Location (Distance in Centimeters)
Mean Integrated
Dose (mrem)

No. of Scans to Reach Annual
Maximum (Occupational)

No. of Scans to Reach Annual
Maximum (Nonoccupational)

A. Anesthesia (80 cm) 15.030 333 6

B. Door (600 cm) 0.136 36,764 735

C. Hallway (1000 cm) 0.014 357,143 7142

D. Technologist (180 cm) 0.170 29,411 588

E. Substerile room (500 cm) 0.033 151,515 3030

F. Next-door nursing station (960 cm) 0.005 1,000,000 20,000
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and 20,000 scans in the adjacent operating room (Table 2).
Exposure at the operating room door is equivalent to 1.7%
that of a chest radiograph.

Although there is measurable radiation exposure out-
side of the operating room, the magnitude is low enough to be
clinically insignificant. For providers regularly using intra-
operative CT, this study provides data that reinforce the need
to wear protective gear or leave the room during the use of the
scanner but unsuspecting passersby or next-door operating
room staff need not worry about the occasional uninformed
exposure.
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