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Natural sources, such as radon gas and cosmic rays,
account for about 85% of background radiation (2.4
milliSieverts per year (mSv/year)).1–3 Man-made sources
derived from industrial output and the military contribute to
less than 1% of background radiation. The remaining pro-
portion comes from medical practice. The potential clinical
and biological harmful effects of ionising radiation expo-
sure are well documented.3–5 However, there are deficien-
cies in the understanding of the risks in clinical practice
and in approaches to reducing radiation exposure.6,7 The
range of operative procedures requiring image intensifier
screening has led to an interest by orthopaedic surgeons in
their exposure to ionising radiation.8–11 Studies have considered
exposure during experimental operation set-ups on phantom
patients,12 during common trauma operations,13–15 for different
locations and personnel in the operating theatre,16–18 for

different parts of the body,19 and also investigating methods
to reduce exposure.20,21 There is evidence, however, that
actual practice of basic ionising radiation protection varies
widely.22

This study sought to investigate actual practice in a non-
experimental, non-selective orthopaedic theatre environ-
ment in a medium-sized district general hospital (DGH). We
used the most commonly available monitoring systems
(dosimeter film badges) to assess radiation exposure. The
specific aims were to: (i) monitor the monthly operative
total case load requiring image intensifier screening under-
taken by orthopaedic registrars in our department, using film
badges to monitor their radiation exposure; (ii) compare the
surgeons’ and radiographers’ radiation exposure for the cases
performed; and (iii) assess the effect of sub-specialisation in
orthopaedic training on radiation exposure.
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ABSTRACT

INTRODUCTION We monitored image intensifier use by orthopaedic trainees to assess their exposure to ionising radiation and to
investigate the influence of sub-specialty training.

MATERIALS AND METHODS Five different orthopaedic registrars recorded their monthly image intensifier screening times and expo-
sure doses for all cases (trauma and elective), for a combined total of 12 non-consecutive months. Radiation exposure was mon-
itored using shoulder and waist film badges worn both by surgeons and radiographers screening their cases.

RESULTS Registrars in spinal sub-specialties were exposed to significantly higher doses per case and cumulative doses per month
than non-spinal trainees (P < 0.05), but significantly lower screening times per case (P < 0.05). There were no significant dif-
ferences in cumulative screening times per month (P > 0.05). Regression analysis for all surgeons showed a significant relation-
ship between shoulder film badge reading and cumulative dose exposed per month (P < 0.05), but not for cumulative screening
time. Shoulder film badge recordings were significantly higher for spinal compared with non-spinal registrars (P < 0.05), although
all badges were below the level for radiation reporting. Only one radiographer badge recorded a dose above threshold.

CONCLUSIONS Whilst the long-term effects of sub-reporting doses of radiation are not fully understood, we consider that this
study demonstrates that trainees should not be complacent in accepting inadequate radiation protection. The higher doses
encountered with spinal imaging means that sub-specialty trainees should be alerted to the risk of their increased exposure. The
principle of minimising radiation exposure must be maintained by all trainees at all times.
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Materials and Methods

For the purpose of the study, a Theatre Screening Unit
(TSU) was defined as one orthopaedic registrar and a
radiographer screening for that surgeon’s cases over one
calendar month. In practical terms, five different
orthopaedic registrars monitored their theatre image
intensifier usage during all cases (elective in-patient, day-
surgery and trauma; surgeon or assistant) during 4 non-
consecutive months between August 2003 and April 2004.
Image intensifiers available for theatre screening consisted
of two identical Siemens Siremobil Compact and one
Siemens Siremobil 2000. The image intensifiers set the
potential difference in kilovolts (kV) and current in milli-
amps (mA) automatically. The details of the cases
performed and the image intensifier output were recorded.
The TSU consisted of each registrar during a 1-month
period who controlled four film badges, each with the
ability to record a radiation exposure above a threshold of
0.1 mSv. The surgeon wore two film badges, one
underneath a 0.25-mm thick lead apron at waist level, and
one outside the apron on the shoulder closest to the image
intensifier. Each surgeon also gave a collar and waist badge
pair to the radiographer controlling the image intensifier
during screening, who wore them in addition to their own
personal badges. Between cases, each surgeon stored all
four film badges in theatre lockers away from the image
intensifier. A control film badge was kept in the same locker
area to control for background radiation. All film badges
were sent for reading at the Personal Dosimetry Service in
the regional clinical physics department.

Operation data collected included case type, screening fac-
tors (kV and mA), screening time (min) and dose output from
the image intensifier in centiGrays.square centimetres
(cGy.cm2). Operations were assigned to one of twelve summa-
ry categories (Table 1). The grouped spinal category included
the use of the image intensifier for all spinal cases consisting
of spinal facet joint and nerve root injections and localising
spinal levels for discectomy, and instrumented fusion and
prosthesis insertion . Category ‘Miscellaneous’ consisted of
infrequent and varied non-spinal screening cases, such as
locating metal for removal and arthrography. No attempt was
made to measure the surgeon- radiographer-source distances,
since these can vary significantly during the course of a case.

Data were analysed using SPSS for Windows v. 10.1. Data
were tested for normality using the Kolmogorov-Smirnov
test. A Kruskal-Wallis test and pair wise Mann-Whitney U-
tests were performed to determine differences in the case
comparisons and between surgeons. A Mann-Whitney U-
test was used to test between cumulative data and film
badge reading. Regression analysis was tested for signifi-
cance using Spearman’s correlation coefficient. Differences
were considered significant at the P < 0.05 level.

Results

A total of 210 cases required screening during the 4 months
studied. The five different registrars contributed to 12 TSU
months (assigned names ‘Surgeon 1–12’), although film
badge readings were processed for only 11 months, and the
potential 8 other TSU months were not used for the analysis

Operation Cases (n) Median dose (range) Median time (range)
(cGy.cm2) (min)

MUA upper limb 18 4.50 (0.10–100.00) 0.20 (0.10–0.90)
MUA lower limb 4 23.00 (5.00–58.00) 0.20 (0.20–0.60)
Reduction dislocation 2 16.00 (10.00–22.00) 0.10
ORIF upper limb 14 5.00 (1.00–78.00) 0.20 (0.10–1.80)
ORIF lower limb 17 10.00 (0.10–65.00) 0.30 (0.10–1.60)
ORIF hip 20 245.00 (27.00–1103.00) 0.80 (0.10–2.70)
K-wire upper limb 15 7.00 (1.00–48.00) 0.50 (0.10–1.40)
External fixator 1 23.00 0.70
IM nail femur 5 641.00 (551.00–945.00) 3.70 (1.50–3.80)
IM nail tibia 6 63.50 (6.00–159.00) 1.25 (0.70–4.10)
Spinal 95 131.00 (19.00–865.00) 0.20 (0.10–0.70)
Miscellaneous 13 3.00 (0.10–262.00) 0.12 (0.10–0.20)

MUA, manipulation under anaesthesia; K-wire, Kirschner wire fixation.

Table 1  Case summary and image intensifier dose outputs and screening times
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due to incomplete records, badge loss or contamination.
Surgeons 2, 6, 8 and 11 were spinal sub-specialty registrars
who also participated in the trauma rota. Overall, 98.6% of
cases (207/210) were screened using the two identical
Siemens Siremobil Compact image intensifiers and 1.4%
(3/210) used the Siemens Siremobil 2000.

All data were non-normally distributed (Kolmogorov-
Smirnov P < 0.05). The median (range) for the voltage and
current for the image intensifier were 68.00 kV
(44.00–110.00 kV) and 2.45 mA (0.30–12.10 mA), respective-
ly. The categories of operations performed during the study
period and the median (range) for the dose and time per
case are shown in Table 1. The data per surgeon for cases
performed are shown in Table 2.

The Kruskal-Wallis test showed that between different
surgeons, both the dose output and the screening times
were not from the same population distribution (P < 0.05).
Pair-wise Mann-Whitney U-tests showed that open reduc-
tion and internal fixation (ORIF) of hip fractures, femoral
and tibial intramedullary nailing (IM nail), and grouped
spinal cases all had significantly higher median screening
doses compared with the remaining groups from the same
population distribution (P < 0.05). Hip fracture fixation and
both femoral and tibial intramedullary nailing had signifi-
cantly longer screening times compared with the remaining
groups from the same population (P < 0.05).

The film badges for the surgeons’ shoulder were the only
site which consistently recorded a dose reading above the
detection threshold of 0.1 mSv (Table 2). The only waist

badges to record levels above the detection threshold were
those of Surgeon 4 (0.21 mSv), and Surgeon 11 (0.10 mSv).
The only radiographer badge to record a level was the radi-
ographer shoulder badge for Surgeon 8 (0.11 mSv).
Regression analysis showed that there was a significant
relationship between surgeon shoulder badge level and
cumulative dose output screened per month (P < 0.05; Fig.
1), but not for the cumulative screening time (P > 0.05).

Registrars in spinal sub-specialties (Surgeons 2, 6, 8, 11)
screened per month at significantly higher median [range]

Shoulder film 
Median dose Cumulative Median time Cumulative badge (surgeon/

Cases (range) dose (range) time radiographer)
Surgeon (n) (cGy.cm2) (cGy.cm2) (min) (min) (mSv)

1 9 4.00 (0.10–11.00) 37.30 0.20 (0.10–1.20) 2.60 0.00/0.00
2 (S) 33 57.00 (0.10–945.00) 2924.00 0.10 (0.10–3.80) 11.70 0.29/0.00

3 13 65.00 (3.00–945.00) 2736.00 0.40 (0.10–4.10) 14.00 0.28/0.00
4 17 17.00 (0.10–641.00) 1968.00 0.40 (0.10–3.30) 11.90 0.56/0.00
5 16 22.50 (4.00–628.00) 1445.00 0.55 (0.10–3.00) 12.00 0.00/0.00

6 (S) 28 180.00 (1.00–865.00) 5913.00 0.20 (0.10–0.70) 6.20 0.96/0.00
7 2 398.50 (10.0–787.00) 797.00 0.75 (0.30–1.20) 1.50 0.16/0/00

8 (S) 32 101.50 (1.00–608.00) 4275.00 0.30 (0.10–1.80) 12.10 0.46/0.11
9 6 17.50 (4.00–209.00) 400.00 0.45 (0.10–0.70) 2.50 0.00/0.00

10 7 20.00 (1.00–563.00) 845.00 0.30 (0.10–3.70) 6.20 –/–
11 (S) 33 106.00 (1.00–1103.00) 6041.00 0.30 (0.10–2.70) 12.40 0.21/0.00

12 11 9.00 (1.00–633.00) 1493.00 0.10 (0.10–1.30) 4.60 0.16/0.00

(S) Spinal sub-specialty.

Table 2 Summary of image intensifier dose outputs, screening times, and shoulder film badge readings per TSU

Figure 1 Scatter plot showing cumulative dose output versus surgeon
shoulder film badge reading.
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doses per case (100.00 cGy.cm2 [0.10–1103.00 cGy.cm2]), and
were exposed to a significantly higher median (range) cumu-
lative dose per month (5094.00 cGy.cm2 [2924.00–6041.00
cGy.cm2]) than registrars in non-spinal specialties (12.00
cGy.cm2 [0.10–945.00 cGy.cm2] and 1145.00 cGy.cm2

[37.30–2736.00 cGy.cm2], respectively; P < 0.05). The median
[range] time per case was significantly lower for spinal sub-
specialty registrars (0.20 min [0.10–3.80 min] versus 0.35 min
[0.10–4.10 min]; P < 0.05). There were no significant differ-
ences for the cumulative time per month between the
spinal (11.90 min [6.20–12.40 min]) and non-spinal regis-
trars (5.40 min [1.50–14.00 min]; (P > 0.05). The median sur-
geon shoulder film badge readings were significantly higher
for the spinal registrars (0.38 mSv) compared with non-spinal
registrars (0.16 mSv) for badge readings within the 95% confi-
dence intervals (P < 0.05; Fig. 2).

Discussion

This study investigated actual theatre practice and ionising
radiation exposure in a DGH for 5 registrars over a 12 TSU
month screening period. No attempt was made to restrict
the cases screened or select radiographer or image
intensifier. Herscovici and Sanders3 considered that to limit
radiation exposure, three variables could be controlled –
mechanical (amount, duration and direction of beam),
barriers (protective devices), and span (working distance
between surgeon and image intensifier).

The standard local radiation protection available consist-
ed of off-the-shelf 0.25-mm lead aprons of various styles,
thyroid lead shields if selected by the surgeon and applica-
tion of the ‘as low as reasonably achievable’ (ALARA) prin-
ciple for dose reduction.1,7 Barry23 measured his annual total
exposure to ‘gonads and internal organs as close to zero’
and considered the lead apron to be effective in limiting the
dose to the trunk, as well as shielding approximately 82% of
the active bone marrow in the adult. In this study, two sur-
geons did record exposure at waist level below the lead
apron, a finding we feel may reflect the different styles of
apron available (side fastening versus wrap-round).
Maruthainar et al.22 examined the availability and use of
thyroid shields by orthopaedic registrars in UK hospitals
and showed that only 14% of trainees routinely used protec-
tion whilst screening in theatre, and that 16% of hospitals
did not provide shields for use.

The standard radiation exposure monitors in our hospi-
tal are film badges and they were used in this study. Film
badges work by the exposure of photographic film to radia-
tion,10 have a threshold for detection of 0.1 mSv and for
screening p.d. settings of less than 100 kV are accurate to
within 20%.15 For the purposes of statistical analysis in this
study, a below-detection threshold badge (< 0.1 mSv) was
given a zero value, the limitation of which is recognised.

Some studies have employed more sensitive thermolumi-
nescent dosimeters (TLD) and electronic personal dosime-
ters (EPD), with the latter having a sensitivity for detection
of 1 µSv).18 Despite their limitations, film badges have been
employed successfully in the majority of contemporary
studies in this field and remain the ‘gold standard for per-
sonal radiation monitoring in hospitals’.17

No consistent exposure level was detected with the radi-
ographers’ film badges which concurs with work by Alonso
et al.18 who showed that for hip fracture fixation, the scat-
tered dose outside a 2-m zone is less than 1 µSv. Although
they question the necessity of personal lead protection out-
side this area, they do recommend that lead aprons and thy-
roid shields be worn by surgeon and assistants.

Rampersaud et al.24 studied radiation exposure to spinal
surgeons during in vitro pedicle screw insertion in six
cadavers. They concluded that the dose rates were up to
10–12 times greater than for other non-spinal muscu-
loskeletal procedures requiring screening. In this study,
registrars in training in spinal sub-specialties were exposed
to significantly higher median doses per case, cumulative
doses per month and recorded significantly higher shoulder
film badge readings compared with other non-spinal regis-
trars. We have shown a statistically significant relationship
between the cumulative screening dose output from the
image intensifier and the detection of ionising radiation
using a film badge. However, all badges fell below the
monthly reporting limit for this badge (providing an esti-
mate of eye dose) of 1.25 mSv. The annual equivalent dose
(eye lens) is 150 mSv, and the annual total body effective
dose is 20 mSv in accordance with the Ionising Radiation
Regulations 1999.25 Use of a lead apron, thyroid shield and
radiation attenuating glasses would result in exposure to

Figure 2 Box and whiskers plot showing median, inter-quartile
range, and extremes (95% confidence interval) for surgeon shoul-
der film badge reading. *P < 0.05 Mann-Whitney U-test.

*
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skin would being the dose limiting factor, with a monthly
reporting level of 4.17 mSv and an annual equivalent dose
of 500 mSv.

Since the image intensifier sets the dose output automat-
ically according to the density of the tissue being penetrat-
ed, the exposure per case will, therefore, depend on both
the duration of screening, and also on the nature of the tis-
sue being imaged. It is not surprising that imaging of the
spine through the trunk is associated with an exposure
higher than that for extremity imaging. It has already been
described that whilst hip fracture fixation and tibial and
femoral nailing were also associated with screening doses
significantly higher than the rest of the population of cases
by group, they were also associated with significantly high-
er screening times, and this differentiates them from the
shorter screening times noted for the spinal cases.

We have not considered the effect of surgeon grade on
exposure but appreciate that this is a factor which might
affect screening times. A further study would be required to
investigate this variable.

Conclusions

We consider that whilst the long-term effects of sub-
reporting doses of ionising radiation are not fully
understood, although the radiation doses recorded in this
study were within legal requirements for doctors using
ionising radiation, sub-specialty trainees should be aware
of their increased exposure compared with other trainees
who are only exposed during trauma cases. Inadequate
personal radiation protection should not be accepted, and
thyroid shields and lead attenuating glasses should be more
readily available; however, trainees should equally strive to
keep screening to a minimum, applying the ALARA
principle at all times.
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