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Better HOT
than NOT







Gaudsen et al.  J Bone Joint Surg Am. 2017;99:1324-9
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Underestimation of fluoroscopic exposure 
among orthopedic residents

Kelly D. Carmichael & Lattisha L. Bilbrew
Skeletal Radiology (2020) 49:383–385

19 residents 13 PGY 1-2 6 PGY 4-5

2056
57%

898

108 images per case

19 proximal femur / femur ORIF cases

How many images were taken?





• Invisible

• Odorless

• Colorless

• No immediate effects

• First effect is too late

Cummulative



How much radiation is too much?

(5 rem)

Says who?

.05 Sv



August 6, 1945 Hiroshima
August 9, 1945 Nagasaki

Life-Span Study

120,000 exposed survivors and unexposed resident of all ages
Over 70 years of follow up



Gray (Gy) Sievert (Sv)

Energy absorbed Biologic effect

=rad
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CAK 
Cumulative Air Kerma

9.10

.09



kVp mA



Seconds of Fluoroscopy time



ICRP
International Commission on 

Radiologic Protection

NCRP
National Council on Radiation 

Protection and Measurements

.02 Sv whole body .05 Sv whole body

.02 Sv eye .05 Sv eye

0.5 Sv skin / hands 0.5 Sv skin / hands

Annual Guidelines
NCRP Commentary 26 (2016)ICRP 103 (2007)  118 ( 2012)

Guidelines





10 %

Diabetes

Corticosteroids

Trauma

UV radiation

Ionizing Radiation





NCRP:      5% risk of death from cancer  

1.0

LSS:    1.6 x risk of cancer at any age 4 Sv

100 mSv

50mSv

1.0

Cancer 
Risk

Dose



ALARA
(as low as reasonably achievable)



Reduction in Operating Room 

Radiation Exposure with Manual 

Fluoroscopy Technique

Timothy Keenen MD, Shaban Demeril PhD, Angelica Gheen MHP 

Benjamin Casabarro CRT, Daniel Fleischman BA

AAOS AANS SRS NASS WOA

AORN AST ASRT HPS

OITE



Protocol







MODE B µSv C µSv D µSv E µSv F µSv H µSv

FLOURO 1 LAT LRG 7.29 0.945 0.675 0.44 0.045 0.02

AEC ON LAT SML 3.795 0.545 0.86 0.515 0.07 0.005

LD OFF AP LRG 0.185 0.025 0.135 0.04 0.055 0

AP SML 0.12 0 0.06 0.015 0.205 0

2 LAT LRG 4.22 0.495 0.355 0.25 0.025 0.005

AEC ON LAT SML 1.635 0.225 0.37 0.255 0.02 0

LD ON AP LRG 0.06 0.005 0.05 0.01 0.02 0

AP SML 0.065 0 0.025 0.005 0 0

3 LAT LRG 2.775 0.35 0.235 0.145 0.01 0

AEC OFF LAT SML 1.395 0.155 0.285 0.195 0.015 0

LD OFF AP LRG 0.055 0 0.04 0.005 0.01 0

AP SML 0.085 0 0.055 0.005 0 0

4 LAT LRG 2.815 0.32 0.29 0.17 0.015 0.005

AEC OFF LAT SML 1.41 0.16 0.27 0.185 0.02 0

LD ON AP LRG 0.055 0.005 0.04 0.005 0.015 0

AP SML 0.08 0 0.05 0.01 0 0

320 

images

2,240 

dosimeter readings



7.5 x less6.7 x less

10.9 x less69.2 x less



200 images

34 cases to reach .05 Sv

14 cases to reach .02 Sv



What can you do next time in the OR 
to reduce radiation exposure?



Is the Auto button still on?

How many images have I taken?

Who is next to the emitter?

What is CAK?

Do I need this image?









Bill

Count CAK

Better HOT
than NOT

Image Count?

CAK?



BMI





Thank you



keenent@ohsu.edu

Discussion

mailto:tkeenenmd@gmail.com
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