DOI: 10.7860/JCDR/2015/10520.5672

(Orthopaedics Section )

Original Article

Occupational Radiation Exposure
from C Arm Fluoroscopy During
Common Orthopaedic Surgical

Procedures and its Prevention

ANUPAM MAHAJAN', SUMANT SAMUEL?, ATUL K SARAN?, M K MAHAJAN*, M K MAM?®

ABSTRACT

Background: Image intensifiers have become popular due
to the concept of minimally invasive surgeries leading to
decreasing invasiveness, decreased operative time, and less
morbidity. The drawback, however, is an increased risk of
radiation exposure to surgeon, patient and theatre staff. These
exposures have been of concern due to their potential ability to
produce biological effects. The present study was embarked
upon to analyse the amount of radiation received by orthopedic
surgeons in India using standard precautionary measures and
also to bring awareness about the use of image intensifier safety
in everyday practice.

Materials and Methods: Twelve right-handed male orthopedic
surgeons (4 senior consultants, 5 junior consultants and 3
residents) were included in a three month prospective study
for radiation exposure measurement with adequate protection
measures in all procedures requiring C Arm fluoroscopy. Each
surgeon was provided with 5 Thermo Luminescent Dosimeter
(TLD) badges which were tagged at the level of neck, chest,

gonads and both wrists. Operative time and exposure time of
each procedure was recorded. Exposure dose of each badge
at the end of the study was obtained and the results were
analysed.

Results: Mean radiation exposure to all the parts were well within
permissible limits. There was a significantly positive correlation
between the exposure time and the exposure dose for the left
wrist (r=0.735, p<0.01) and right wrist (r=0.58, p<0.05). The
dominant hand had the maximum exposure overall.

Conclusion: Orthopaedic surgeons are not classified radiation
workers. The mean exposure doses to all parts of the body were
well within permissible limits. Nothing conclusive, however,
can be said about the stochastic effects (chance effects like
cancers). Any amount of radiation taken is bound to pose an
additional occupational hazard. It is thus desirable that radiation
safety precautions should be taken and exposures regularly
monitored with at least one dosimeter for monitoring the whole-
body dose.
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INTRODUCTION

The use of fluoroscopy has increased tremendously in field of
orthopedics. The image intensifiers have enabled orthopedic
surgeons to become technically more proficient and decrease the
morbidity of the patient by minimizing area of operative field and
decreasing operative time [1].

Fluoroscopy has been used and abused. Some overuse it forgetting
the principles of radiation protection while others underuse it due to
unfounded fears. In general, orthopedic surgeons lack awareness
about the radiation exposure they are getting and its effects on health
and are callous with protection [2]. Surgeons and assistants are at
maximum risk among all OT personnel due to proximity to exposure
area. Some studies concluded that whole body dose received is
well within recommended levels but have emphasized caution due
to long term effects of even low dose radiation [3]. It is pertinent that
any amount of exposure to ionizing radiation leading to secondary
occupational risk should be avoided or maximal caution exercised
to minimize the exposure.

There have been few studies evaluating the dose of radiation
received by orthopaedic surgeons worldwide [4-8] and none from
the Indian subcontinent. The present study was embarked upon to
analyse the amount of radiation received by orthopedic surgeons
in India using standard precautionary measures and also to bring
awareness about the use of image intensifier safety in everyday
practice.
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MATERIALS AND METHODS

A three month prospective study (Level Il) was conducted at
our institute from January 2002 to March 2002 with prior ethical
committee approval. Twelve right-handed male orthopedic surgeons
(4 senior consultants, 5 junior consultants and 3 residents) were
included for the study.

All procedures requiring C Arm fluoroscopy were included in the
study while those done only under radiographic control were
excluded. The portable C-Arm fluoroscope with image intensifier
used for the procedures was Stenoscope Plus 9000 (GE).

Each surgeon was provided with 5 Thermo-luminescent Dosimeter
(TLD) badges [Table/Fig-1] obtained from Department of Radiological
Physics, Bhaba Atomic Research Centre (BARC), Mumbai, India
after approval of their personal data from the agency. The 1%t badge
was worn anteriorly over the neck under the thyroid guard and
measured radiation exposure to the neck and thyroid region. The
2" pbadge was placed at the chest level under the lead apron of
0.5mm lead equivalent thickness and measured exposure to chest,
body organs and approximately 80% of active marrow [4]. The
3 badge was worn over the gonads and measured the gonadal
dose. The 4" and 5" badges were worn over the dorsum of left
and right wrist in between two gloves for measuring the exposure
to hands [Table/Fig-2]. After the surgical procedure was over, the
TLD badges were stored in small boxes (with formalin tablets for the
wrist) in lockers away from the operating room. Control TLD badge
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[Table/Fig-1]: TLD Badges used were obtained from Bhaba Atomic Research Centre

[Table/Fig-2]: Positioning of the TLD Badges

was stored in a similar box and kept in the same locker to estimate
the environmental radiation.

A record was kept for duration of surgery and fluoroscopy exposure
time. TLD badges were sent to BARC for measurement of radiation
exposure.

The results were analysed using the student t-test and correlation
coefficients.

RESULTS

Average age of the subjects was 36.83y. There were 147 procedures
where C arm was used. Senior consultants on an average operated
in 9 cases per subject where C arm was used, junior consultants
operated or assisted in 12.8 cases per subject and residents
assisted in 15.67 cases per subject. Most common procedure
was interlocking nailing femur, which also had the maximum
mean operative time (02:32:33 h/case) as well as maximum mean
exposure time (0:04:09). There was a significant positive correlation
between the mean operative time and mean exposure time for all
procedures (r-value = 0.8083, p-value<0.05). Closed reduction and
interlock nailing had significantly higher exposure times than open
procedures and percutaneous procedures [Table/Fig-3].

The mean exposure doses (in mMSV) are given in [Table/Fig-4] which
when extrapolated is well within permissible limits of International
Council for Radiation Protection (ICRP) [9]. Right wrist (dominant
hand) had the maximum mean exposure dose followed by left wrist,
neck, chest and gonads.

Mean exposure time t-value p-value
per case (hh:mm:ss)
Closed reduction 0:03:31 Closed vs open — 2.27 p< 0.05 (S)
and nailing
procedures
Open procedures 0:02:29 Closed vs percut — 3.85 | p<0.005 (S)
Percutaneous 0:01:47 Open vs percut — 1.5 p<0.1 (S)
procedures

[Table/Fig-3]: Difference between exposure times of closed versus open versus

percutaneous procedures

Neck Chest Gonads Right Left

wrist wrist

Mean exposure per subject 0.328 0.17 0.15 0.73 0.58

(mSv)

Extrapolated mean annual 1.312 0.68 0.60 2.92 2.32

exposure per subject (mSv)

ICRP limits (mSv) 150 20 20 500 500

[Table/Fig-4]: Cumulative mean exposure dose to various body parts of all the

surgeons
mSv = milli Sieverts, ICRP = International Council of Radliation Protection

www.jcdr.net

There was a significantly positive correlation between the exposure
time and the exposure dose for the left wrist (r=0.735, p<0.01)
and right wrist (r=0.58, p<0.05) while it was not significant for the

Mean Mean Mean t-value p-value

right wrist left wrist difference of

Exposure Exposure exposure of

(mSv) (mSv) right vs left

wrist (mSv)
Senior Consultants 0.637 0.37 0.267 1.703 | p>0.1 (NS)
Junior Consultants 1 0.838 0.162 0.849 | p>0.1 (NS)
Residents 0.401 0.435 -0.143 -1.639 | p>0.1 (NS)

[Table/Fig-5]: Comparison of right and left wrist dosage for senior consultants

VErsus junior consultants versus residents
mSv = milli Sieverts, ICRP = International Council of Radiation Protection

neck, chest and gonads. There was no significant difference in the
exposures to the dominant and nondominant hand of the surgeons
and assistants [Table/Fig-5].

DISCUSSION

Orthopaedic surgeons and assistants are at the maximum radiation
risk among all OT personnel due to proximity to exposure area [10].
This study was conducted in an attempt to analyse the radiation
doses received by orthopaedic surgeons in an Indian setup as no
such study has been done previously. An attempt is also being
made to promote radiation protection awareness and the safe use
of radiation in the operation theatre.

There was a significantly positive correlation between operative time
and exposure time. In general, closed reduction and interlocking
nailing procedures were associated with a higher exposure time in
comparison to open procedures and percutaneous procedures/
closed reductions and cast. This was similarly highlighted by other
authors [6,11]. This is not surprising considering that in closed
reduction and interlock nailing of long bone fractures the soft tissue
mass is more and poses greater difficulty for reduction. Added
exposure time is also required for the locking procedure as well
[12].

The importance of ionizing radiation stems from its ability to produce
biologic damage. The effects of radiation can be divided into dose-
dependent (non stochastic) or dose-independent (stochastic) [2].
Our study indicates that the greatest exposure to the surgeon is
in the areas of the extremities and the head and neck as was also
reported by others [4,5]. In terms of radio biologic effects, it would
pertain to development of cataracts, alteration of thyroid function
and induction of skin cancers. The amount of radiation received at
level of chest and gonads was found to be negligible. The protection
offered at the level of the chest documents the effectiveness of the
standard lead apron (5mm thick). It provides good shielding to
approximately 82% of active bone marrow [4]. The gonadal dose
received was also very less thereby allaying the fears of potential
adverse effects to progeny. It was estimated by Theocharopoulos
N et al., that the genetic risk for orthopaedic surgeon after 10 y of
occupational exposure to be 16,000 times lower than the natural
frequency of heritable disease [8].

Right (dominant) wrist received the maximum exposure out of all
the body parts where badges were attached. This may be due to
increased exposure to the dominant hand of the surgeon which
is closer to the image intensifier during a procedure and thus is in
more proximity to the radiation. There was no significant difference
in the exposures to the dominant and nondominant hand of the
surgeons and assistants as was the case in the study by Sanders
R et al., [6].

There was a significantly positive correlation between exposure time
and exposure doses for the left wrist and right wrist. Sanders R et
al., too found an increase in the exposure dose of the extremities
with exposure time [6]. In his series, Miller [5] found more exposure
to the head and neck area, possibly because the subjects received
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more scatter radiation, or the dosimeter to measure the neck dose
was outside the thyroid shield (not mentioned).

The exposure to the surgeons and assistants in our series was well
within ICRP limits as was the case with other series [1,3,5,13]. This
willonly reduce the non stochastic effects. On the other hand nothing
conclusive can be said about the stochastic or chance effects like
cancers. Many authors have suggested a significantly increased risk
of cancer incidence among orthopedic surgeons [4,7,14].

The amount of radiation received cannot be made nil but can be
minimized by using the ALARA (As low as reasonably achievable)
principle [15]. The amount of radiation exposure depends on the
following variables which can be modified to minimize radiation
exposure.

a. Personal Protection

a. Shielding — All personnel should wear protective gear
[1,4]. Lead aprons help in reducing the exposure by a
factor of 4 in lateral view and a factor of 16 in postero-
anterior view. Thyroid guards decrease the exposure
2.5 times the normal. Eye protection is essential and is
the first determinant of workload in all procedures. Lead
apron should have at least 0.5mm equivalent thickness
of lead and the goggles should be at least 0.15 mm lead
equivalent thick [7].

b. Distance — The intensity of radiation at a point is inversely
proportional to the square of distance.

i.  Gachiano et al., [16] had shown that average amount
of radiation received at 18 inches from primary beam
was only 0.1% of that measured directly over femoral
head [Table/Fig-6]. The surgeon and his team must
maintain a minimum distance of 18 inches from this
zone of primary beam to avoid ill effects of direct
beam radiation.

B Camera
Primary Radiation Bearr|
B X-ray Source

[Table/Fig-6]: Zone of Primary Beam radiation: adapted from Gachiano et al., [16]
who had shown that average amount of radiation received at 18 inches from primary
beam was only 0.1% of that measured directly over femoral head

B Camera
Scatter Radiation
B X-ray Source

=

2m cicumierence oround Xeray source.

[Table/Fig-7]: Zone of Scatter radiation is at the back of the X-ray tube: Alonso et

al., [17] concluded that the scatter radiation outside 2 meter zone of a C Arm unit is
less than 1 mSv
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ii. Alonsoetal.,[17]concluded that the scatter radiation
outside 2 meter zone of a C Arm unit is less than 1
mSv [Table/Fig-7]. Within 2 metre of the C Arm unit,
the lead protection is a must.

Personnel related factors

Technical proficiency — Surgeons should be familiar with
the procedure, the technique and the instrumentation.
Effort should be to supplement image to the clinical
knowledge and not vice versa [2]. Some studies have
reported that more the experience lesser is the exposure
[13,18].

Adequately trained operator — will avoid unnecessary
exposures.

Personnel monitor — Routinely radiation dose meters
should be worn by all persons working in or near radiation
fields.

Staff training — Many of the surgeons and staff are
callous towards radiation protection. It has been a
personal experience that many persons do not wear
thyroid shields. Theocharopoulos et al., [7] concluded
that the use of thyroid protection leads to a further 2.5-
fold decrease of radiation dose than without thyroid
protection. All staff should undergo a regular orientation
programme towards radiation protection.

Procedure related factors

Duration of Exposure — The lesser the exposure time,
the lesser the exposure dose and the radiation side
effects.

i. Well-planned procedure — The procedure should
be well planned with job descriptions clearly marked
out prior to surgery so as to minimize the time of
exposure.

i. Intermittent Fluroscopy — 3 sec burst with ‘long
off’ interval is preferable. Continuous fluoroscopy
should be avoided [6,11].

ii. Pulse Mode - decreases radiation dose by 70%
[2].

iv. Image Capture and Memory Storage - allows
study of the image by the surgeon without re-
exposure to the patient.

Avoid direct handling of x-ray tube while in operation and
placement of the hand directly in the radiation beam.

Position of the C Arm - The intensity of scatter radiation
is the maximum in backward direction in orthopaedic
procedures. The amount of scatter radiation to the
surgeon is maximum in horizontal fluoroscopy and that
is why it was proposed that the beam should be directed
from medial to lateral direction [16,19]. This is not what
the norm is due to the construction of the C Arm. We
suggest a change in design of the C Arm interchanging
the positions of the X-ray tube and the camera unit. In the
postero-anterior imaging, the beam should be directed
from posterior to anterior [16].

Collimation - reduces the beam area and enhances
contrast, thereby decreasing the radiation dose to the
surgeon and other staff [1].

Exposure Time Alarm —would warn the surgeon and the
operator of the amount of radiation exposure received.

Equipment related factors

Quality of machine — the whole assembly of the unit
should meet CRP/AERB/BARC recommendations [2].
Mini Carm Units may produce lesser radiation hazard
than normal C Arm Units [1].
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C. Maintenance of equipment and protective
shields -

i. A decrease in efficiency of the C Arm unit is
compensated by increased exposure to get similar
brightness and contrast of imaging. Amount of
radiation delivered varies by more than a 100% in
more than 30% of the machines at one year interval.
It is therefore desirable to have a half yearly quality
assurance with regards to the output of radiation and
system resolution of all units.

ii. Protective shields should be properly stored (not
folded as it breaks the lead in it). They should also be
routinely checked and faulty pieces either repaired or
discarded.

ii. TLD badges used for monitoring may be stored in
Lead Boxes [20].

CONCLUSION

To summarize, the total amount of radiation exposure during
fluoroscopy does not exceed the recommended levels. It implies
decreased chances of dose dependent effects, but stochastic
(chance) effects like cancers can still occur. Orthopaedic surgeons
are not classified radiation workers. Radiation exposure is thus
an additional secondary occupational hazard in addition to the
hazards of other surgical fields. It should hence be a concern for
orthopedic surgeons. Radiation safety precautions should be taken
and exposures regularly monitored with at least one dosimeter for
monitoring the whole-body dose. Radiation safety programs should
be routinely conducted.
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