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1. Introduction

Since the introduction of intraoperative fluoroscopy few de-
cades ago, orthopedic surgeons have been exposed to direct or
scatter radiation during many different procedures. The amount of
the radiation exposed during the distal locking of the femur and
tibia with intramedullary nailing (IMN) is particularly higher.1

Although the use of magnetic nails has lowered the amount of
this exposure recently, there is still extreme exposure in percuta-
neous pinning of the pediatric supracondylar humerus fractures
and closed titanium elastic nailing of pediatric fractures, where the
surgeon stands closer to the fluoroscope. Particularly in closed
reduction of fractures, the radiation beam is directly cast on the
hand. The hand exposed to the beam directly (when the hand en-
ters the imaging field) receives 100 times more radiation compared
to standing 15 cm away from the fluoroscope.2,3

The International Commission on Radiological Protection (ICRP)
determined that the acceptable annual limit of intake for radiation
is 20 millisieverts (mSv) for the body, 150mSv for the eyes and the
thyroid and 500mSv for the hands.4

In this study, we aimed to measure the amount of radiation
orthopedists were exposed to during IMN surgeries of lower
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extremities using the new-generation optically stimulated lumi-
nescence (OSL) dosimeters throughout a two-month period and
compare our results to both those of the old-generation thermo-
luminescent dosimeters and the acceptable annual limit of radia-
tion intake set by ICRP. In addition, we aimed to investigate the
statistical differences of fluoroscopic measurements of mA (milli-
ampere) and kV (kilovolt) for each case between different IMN
surgeries and between the operated and the non-operated sides.
2. Patients and methods

The amount of radiation exposed from the fluoroscope to the
surgeon during a total of 40 adult IMN surgeries that took place in
our clinic between March and April 2014 (the two-month period)
were retrospectively investigated. The same two OSL dosimeters
were used in all surgeries. One of the dosimeters was placed on the
protective apron, close to the shoulder, and the other underneath it.
The same protective apron and neckband was used in all cases.
Attention was paid to keep the surgeon's body behind the source
tube at all times. The patients were not exposed to additional ra-
diation throughout the study. As the optimal operating time of the
dosimeters is two months, the locked IMN surgeries of lower ex-
tremities over a two-month period were included in the study.

In all of 40 surgeries, including 13 femoral fractures (sub-
trochanteric or diaphyseal), 12 tibial diaphysis fractures and 15
intertrochanteric fractures (ITFs), OSL dosimeters were used. One
distal locking screw was used in ITFs whereas two screws were
inserted in the tibial diaphysis, femoral diaphysis and sub-
trochanteric femoral fractures. No vertical screw insertion was
performed in the femoral diaphysis and subtrochanteric fractures.
No fluoroscopy was necessary as the distal locking screws of the
short proximal femoral nails (PFNs) used in ITFs were locked using
the external guide. However, fluoroscopy was used for check
purposes.

Five of the fractures in our group with 13 patients (sub-
trochanteric or diaphyseal fractures) were subtrochanteric femur

mailto:ymd61@hotmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcot.2018.07.017&domain=pdf
www.sciencedirect.com/science/journal/09765662
www.elsevier.com/locate/jcot
https://doi.org/10.1016/j.jcot.2018.07.017
https://doi.org/10.1016/j.jcot.2018.07.017
https://doi.org/10.1016/j.jcot.2018.07.017


S. Çaglar et al. / Journal of Clinical Orthopaedics and Trauma 10 (2019) 733e737734
fractures and eight were femoral diaphysis fractures. Nine of these
patients were male and four were female, with a mean age of 53.
According to the AO classification, three of the subtrochanteric
fractures were Type A1-1, one was B2-1 and one was A3-1, and four
of the femoral diaphysis fractures were Type A2, one was B1, two
were B2 and one was C1. The tibial fracture group (12 patients)
comprised of seven male and five female patients with a mean age
of 34. According to the AO classification, six patients had Type A,
four had Type B and two had Type C fractures. The intertrochanteric
patient group comprised of nine male and six female patients and
had a mean age of 67. According to the AO classification, nine pa-
tients had A2-1, three had A2-2, one had A2-3 and two had A3-1
fractures. All patients had closed fractures and traction table was
used in femur surgeries. Nomagnetic nail locking was performed in
our cases. All surgeries were performed by the same surgeon. The
surgeon was right-handed. The fractures were on the left side in 21
and on the right side in 19 patients.

Ziehm Imaging Vision (Germany) fluoroscopy device was used
for intraoperative imaging. The postoperative measurements (in
mA, kV and time spent in minutes) of this device was recorded by
an assistant blinded to the cases. The fluoroscopy device auto-
matically sets its mA and kV values according to the thickness of the
soft tissue.
Table 1
Anatomic region of femur fracture, postoperative fluoroscopy measurements, total time

Diaphyseal femur fracture Kilovolts (kV) M

Case 1 71 3.
Case 2 62 2.
Case 3 85 2.
Case 4 73 2.
Case 5 68 3.
Case 6 70 3.
Case 7 89 3.
Case8 60 2.
Case 9 72 3.
Case 10 97 3.
Case 11 63 3.
Case 12 72 3.
Case 13 56 2.
Intertrochanteric femur fracture
Case 14 81 4
Case 15 70 3
Case 16 80 3
Case 17 71 3.
Case 18 80 2.
Case 19 71 3.
Case 20 69 3.
Case 21 62 3.
Case 22 63 3.
Case 23 100 4.
Case 24 89 3.
Case 25 78 3.
Case 26 60 3
Case 27 62 3
Case 28 70 3.
Diaphyseal tibia fracture
Case 29 51 1.
Case 30 70 1.
Case 31 55 0.
Case 32 47 1.
Case 33 57 2.
Case 34 63 1.
Case 35 62 3.
Case 36 58 2
Case 37 50 1.
Case 38 53 2.
Case 39 52 2
Case 40 54 2.
3. Results

The fluoroscopewas used for a total of 16min and 35 s for the 15
ITFs. The device ran on amean of 73 kV and 3.3mA. The fluoroscopy
device was used for 15min in total. For the 13 diaphyseal femur
fractures, the device was operated on a mean of 73 kV and 3.1mA.
The total time for fluoroscopy was 36min and 30 s. For the 12 tibia
fractures, the device was operated on a mean of 56 kV and 1.8mA
for 22min (Table 1). The total time of fluoroscopy in all cases (for all
groups) was 75min and 5 s.

The OSL dosimeter results of the two-month period were; ac-
cording to the dosimeter on the lead apron, the dose of radiation
was 1.61mSv on the eye, 1.59mSv on the skin and 1.53mSv on the
body. No significant dose of radiation was detected on the dosim-
eter underneath the lead apron (below 0.09mSv).
3.1. Statistical methods and results

Mean, standard deviation, median, minimum, maximum, fre-
quency and percentage values were used in descriptive statistical
analysis of the data. Distribution of the data was evaluated with the
Kolmogorov-Smirnov test. The ANOVA (Tukey's test) and inde-
pendent samples t-tests were used in the analysis of quantitative
and side of surgery.

illiamperes (mA) Minutes (min) Side

6 3 Left
1 2.1 Left
7 3.1 Right
8 2.3 Left
2 1.3 Right
1 3.2 Right
2 3.2 Right
6 4.09 Right
6 3.01 Right
5 3.52 Left
3 2.2 Right
6 3.3 Right
5 2.2 Left

1.03 Left
1 Left
0.50 Left

6 1.47 Left
2 1.23 Right
5 1.23 Left
5 1.31 Right
1 0.54 Left
2 0.5 Left
2 1.2 Left
2 1.2 Left
9 0.36 Left

1.4 Right
1.08 Right

5 1 Right

8 1.3 Right
5 1.5 Left
7 1.5 Right
2 2.224 Left
5 2 Right
1 0.5 Right
1 1.09 Left

2 Left
6 1.58 Left
1 2.51 Left

2 Right
3 2.31 Right



Table 2
Amount of the radiation exposed in femoral diaphysis fracture.

Dependent Variable: miliamper_mA_

Diaphyseal femur fracture Intertrochanteric femur fracture Diaphyseal tibia fracture

Diaphyseal femur fracture 0.4161 <.0001
Intertrochanteric femur fracture 0.4161 <.0001
Diaphyseal tibia fracture <.0001 <.0001

Table 3
Radiation distribution among anatomic regions.

Fluoroscopy milliamperes P

Min-Max Median Mean± SD

Type of Surgery
Diaphyseal femur

fracture
2.1 e 3.6 3.2 3.1 ± 0.5 0.000

Intertrochanteric femur
fracture

2.2 e 4.2 3.2 3.3 ± 0.5

Diaphyseal tibia
fracture

0.7 e 3.1 1.9 1.8 ± 0.7

Side Right 0.7 e 3.6 3.0 2.7 ± 0.8 0.434
Left 1.2 e 4.2 3.1 2.9 ± 0.9

ANOVA (Tukey's test).

Table 4
Correlation of radiation dose with fluoroscopy kV.

Duration (min) Fluoroscopy kV (Kilovolt)

Fluoroscopy milliamperes r �0.104 0.680
p 0.524 0.000

Spearman's correlation.
Positive correlation was found between radiation dose and fluoroscopy kV.
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data. Correlation analysis was performed with the Spearman's
correlation analysis. The SPSS v.22.0 software was used in all
analyses.

The amount of the radiation exposed in the femoral diaphysis
fracture and ITF surgeries was significantly higher than that
exposed in the tibial diaphysis fracture surgeries (p< 0.05). The
difference in the amount of the radiation exposed in femoral
diaphysis fracture and ITF fracture surgeries was not significant
(p¼ 0.41610.05) (Table 2).

The amount of the radiation absorbed by the right and the left
side showed no significant difference (p¼ 0.434) (Table 3).
Graphic 1. Disribution of radiation dose with fluoroscopy kV.
No significant correlation was detected between the amount of
the radiation absorbed and duration of the surgery (p> 0.05).
However, the amount of the radiation absorbed showed positive
correlation with the fluoroscopy kV (p< 0.05) (Table 4, Fig. 1).

Conclusively, according to the dosimeter on the lead apron, the
dose of radiationwas 1.61mSv on the eye, 1.59mSv on the skin and
1.53mSv on the body. No significant dose of radiation was detected
on the OSL dosimeter underneath the protective lead apron (below
0.09mSv).

4. Discussion

Fluoroscopy is often used in orthopedic surgeries as it provides
the real-time images of the skeletal system. Originally intended for
the imaging of fracture reduction and placement of orthopedic
implants, fluoroscopy has found itself new areas of application
today with the employment of minimally invasive surgeries.5

However, the widespread use of this technique leaves not only
the surgeon but also the anesthetists, nurses, assistant staff and the
patient prone to the harmful effects of ionized radiation.6,7 Ionized
radiation is emitted in all directions from the tube during
fluoroscopy.2

In orthopedic trauma surgeries, the studies on exposure to ra-
diation were conducted using thermoluminescent dosimeters.8e13

The OSL dosimeter, developed after the year 2000, was used in
our study.14e18 We preferred this type of dosimeter as it is not
affected by heat or humidity and it can provide information about
the radiation exposed to the eye and the skin by using custom
distance calculations.19 Re-readability of the OSL dosimeter makes
it a better choice over the thermoluminescent dosimeters in
medical procedures. The device enables access to the previously
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stored radiation exposure data.20 Inside the OSL dosimeter, an
A12O3:C crystal layer is sandwiched between two 0.3mm-thick
layers of polyester sensitive to radiation. These dosimeters can
measure the gamma, X-ray and beta radiation between the 5 keV
and 40MeV energy range and unlike thermoluminescent dosime-
ters, they are not affected by heat or humidity. The aluminum oxide
(A12O3:C) used in OSL dosimeters is produced by the crystal
growth division of Landauer Inc. in the US. The optimal operating
time of OSL dosimeters is two months.21 In addition, these do-
simeters are used by ICRP to identify the effects of external irra-
diation on the human body, taking the characteristics of the body
into account. The personal dose equivalents of Hp(10) for whole
body, Hp(0.07) for the skin and Hp(0.03) for the lens of the eye can
be individually measured.

In our study, the fluoroscopy device was run at 1.8mA and 56 kV
for tibia fractures, at 3.3mA and 73 kV for ITFs and at 3.1mA and
73 kV for subtrochanteric femur and femoral diaphysis fractures.
These values support the hypothesis that the radiation exposure
with high mA and kV in femoral fractures is four times higher than
that in tibial fractures.3 Lower operating values in mA and kV is
suggested for protection from radiation.

According to a study, the hand of an orthopedic surgeon who
performs 75 IMN operations with proximal and distal locking each
year receives one tenth of the radiation exposure recommended for
the hand.22 In our study, after 40 IMN operations, the dosimeter
placed on the apron and close to the left shoulder read 1.53mSv,
which may be accepted a low amount considering that the hand
receives 30 to 40 times more radiation than the body.3 Without the
use of protective gear for the eye and hand, the recommended limit
for radiation exposure is exceeded after 300 cases per year, a
finding compatible with ours.23

In a study performed using thermoluminescent dosimeter, the
amount of radiation exposed to when standing 40 cm away from
the fluoroscopy device for 7min was 0.17mSv and when the dis-
tance was 80 cm, the exposure decreased to 0.02mSv.18 Our results
with the OSL type dosimeter is about 1.5 times more based on
minute count and regardless of the distance. Senior surgeons are
exposed to lower amounts of radiation during the same surgical
interventions in comparison to resident surgeons.19,24

The hand is themost exposed part of our body to radiation. It is a
fact that the radiation emission is inversely related to the distance
squared. Accordingly, it is known that the hand is exposed 30 to 40
times more radiation than the body.3 Measurements on multiple
parts of our body (eyes, fingers, thyroid, wrists, toes… etc.) is costly
and not convenient for the surgeon; however, it provides us with
better results regarding spatial dose distribution.25 Radiation doses
measured with a single dosimeter underneath the apron may not
be reliable. The use of two dosimeters; one underneath the lead
apron and the other on the left shoulder or over the neckband or on
the hand has been recommended.26,27

All radiation doses should be kept at the minimum possible
during surgeries. To achieve this, optimization rules, known as
ALARA (as low as reasonably achievable), have been introduced.28

The aim with this optimization is not to zeroize the irradiation
but to lower the risks to an acceptable level under given conditions.
ALARA requires the knowledge and implementation of the rules to
receive the minimum dose possible throughout the professional
life29 and includes guidelines about the distance to the fluoroscope
and the importance of fluoroscopy use time, use of dosimeter,
maintaining and using all protective gear, positioning the X-ray
tube, etc.30,31

The weakness of the study is the short duration of the study
with small number of cases. A multi-center, prospective study with
a longer duration and more number of cases could reaffirm the
findings of this study.
5. Conclusion

A threshold value for harmless radiation was not defined in the
literature20 and currently it is believed that such a value does not
exist.32 In addition, severe adverse effects of high doses of radiation
is well known; including cancer, cataract, birth defects, etc.33

In our study, we observed that the amount of radiation exposed
during IMN surgeries of femur fractures had a higher statistical
significance than IMN surgeries of tibia fractures. On the other
hand, the side of the fracture did not have any statistically signifi-
cant effect on the amount of radiation absorbed. We recommend
orthopedists to use OSL dosimeters for repetitive measurements.
Our results with the OSL type dosimeters were about 1.5 times
higher than those of thermoluminescent dosimeters, based on
minute count and regardless of the distance. In addition, we would
like to reiterate that the radiation exposed during IMN surgeries of
femur fractures was higher than IMN surgeries of tibia fractures.

Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.jcot.2018.07.017.
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