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Radiation Exposure to the Orthopaedic Surgeon during Fracture Surgery
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Table 1. Annual Recommended Limits for Occupational and Nonoccu-
pational Radiation Exposure

Maximum permissible

R annual dose (mSv)
Occupational
Total (whole body) dose 20 or 50*
Dose to the eye 150
Dose to the thyroid gland 300
Total dose to an individual organ 500

(excluding the eye)

Dose to the skin or extremity (eg, hands) 500
Minor (aged <18 years) 10% of adult
Dose to embryo or fefus 5 over 9 months
Nonoccupational
Individual members of the public 1 per year
Unrestricted area 0.02/hr

*The international Commission on Radiological Protection recommends
a maximum of 20 mSv/yr; the National Council on Radiation Protection
and Measurements recommends a maximum of 50 mSv/yr.

Figure 1. Photograph showing the location of TLD (thermo luminescent
dosimeter). One TLD is placed at the left chest (in and out of the apron).
The radio-protective apron is a half apron.
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Table 2. The Equivalent Dose (mSv) Exposure Measured with TLD

) Equivalent dose Cglculated annual
(mSv) equivalent dose (mSv)
Doctor 1 Outside 5.22 20.88
Inside 1.83 7.42
Doctor 2 Outside 434 17.36
Inside 0.71 2.84

TLD, thermo-luminescent dosimeter.

Table 3. Estimates of Exposure Time during Surgical Procedure

Case  Total time LS

per case
External fixation 6 7m 22s 1m 14s
MIPO 14 28m 38s 2m 3s
Intramedullary nail 19 64m 3s 3m 22s
Pelvic or acetabular fracture 5 9m 21s 1m 52s
ORIF 15 22m 31s 1m 30s
Removal of implant 5 1m 31s 18s
Others 12 26m 39s 2m13s
Combined procedures 5 10m 29s
Total 81 170m 34s

MIPO, minimal invasive plate osteosynthesis; ORIF, open reduction and
internal fixation; m, minute; s, second.
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Table 4. Distribution of Annual Radiation Exposure of Korean Doctors
in 2007

Average annual

0,

FHIE L), equivalent dose (mSv)
<0.1 4,474 (45.4) 0.05
0.1<—<0.2 1,942 (19.7) 0.15
0.2<—<0.3 1,002 (10.2) 0.25
0.3<—<0.4 594 (6.0) 0.35
0.4<—<0.5 416 (4.2) 0.46
0.5<—<0.6 325 (3.3) 0.55
0.6<—<0.7 181 (1.8) 0.65
0.7<—<0.8 121 (1.2) 0.75
0.8<—<0.9 83(0.8) 0.85
0.9<—<1.0 69 (0.7) 0.96
1.0<—<2.0 269 (2.7) 1.4
2.0<—<5.0 221 (2.2) 3.13
5.0<—<20.0 134 (1.4) 8.97
20.0<—<50.0 13(0.1) 25.56
>50.0 0(0.0) 0
Total 9,844 (100.0) 0.44
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Figure 2. C-arm fluoroscopy with x-ray
tube and image intensifier. (A) Typical
C-arm fluoroscopy. (B) Inverted C-arm
fluoroscopy.

Figure 3. Stray radiation fields for lateral
projection. (A) 100 cm and (B) 150 ¢m
above the floor (Reprinted, with permission,
from reference 25).
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Radiation Exposure to the Orthopaedic Surgeon during
Fracture Surgery

Ji Wan Kim, M.D.*, and Jung Jae Kim, M.D.
Department of Orthopedic Surgery, Asan Medical Center, Uiversity of Ulsan College of Medicine, Seoul,
*Department of Orthopedic Surgery, Haeundae Paik Hospital, Inje University College of Medicine, Busan, Korea

Purpose: To assess the risk of radiation exposure by measuring the equivalent dose during fracture surgery.

Materials and Methods: Two orthopedic trauma surgeons were enrolled in this study from April to June 2009. The equivalent dose
was measured using thermoluminiscent dosimeters placed at the left (in and out of the lead apron).

Results: The equivalent dose measured from the apron over the 3 month period were 5.22 mSy, 4.34 mSv(outside), and 1.83 mSv and
0.71 mSv(inside). The rate of radiation reduction was 64.9% and 83.6% respectively.

Conclusion: The estimated annual equivalent dose outside the apron was close to or higher than the maximum limit of radiation
exposure. These findings highlight the need for surgeons to be more cautious about radiation exposure during fracture management
and take active steps to minimize radiation exposure, such as wearing a radio-protective apron.

Key words: fracture surgery, fluoroscopy, radiation exposure, equivalent dose
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