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Abstract

The hazards of ionising radiation are well known and precautions, such as lead aprons and thyroid shields are routinely used. Orthopaedic
surgeon’s hands are at particular risk from direct and scatter radiation, when manipulating forearm fractures, due to the proximity of the
image intensifier. The use of lead gloves has been recommended in the literature but are seldom employed. Proguard RR-2 gloves provide
similar tactile sensitivity to double gloves and are claimed by the manufacturer to provide up to 55% protection in vitro at a direct beam
energy level of 60kV. This claim was tested in a clinical setting. The gloves were worn during forearm manipulations and the radiation
dose measured using thermoluminescent dosimeters (TLDs). The results demonstrated a radiation attenuation of 60—64%.

These gloves appear to achieve a good compromise between protection and sensitivity and should be included in routine protection
against ionising radiation during MUA.
© 2003 Elsevier Science Ltd. All rights reserved.

1. Introduction 2. Materials and methods

The image intensifier is an essential tool in the trauma The Proguard RR-2 gloves are manufactured using a
orthopaedic surgeon’s trade. The danger from radiation ex-combination of lead, bismuth, tungsten and tin. They are
posure is well appreciated and measures have been em0.012-0.2mm thick and come in a range of sizes (6.0-9.0
ployed to reduce excessive radiation doses to the surgeon’dn half sizes). The gloves are packed sterile, may be reused
body. and retail at £30.00 per pair. Following in vitro studies,

It is common practice to wear lead aprons during fluo- Cook (UK) Ltd. claim 55% radiation reduction from a
roscopy and many surgeons use thyroid shields and lead prodirect beam energy value of 60kV.
tective glasses routinely. During the manipulation of fore-  During two 6-week periods the same surgeon (PC) ma-
arm fractures the surgeon’s hands are at risk from ionising Nipulated consecutive forearm fractures wearing the Pro-
radiation both directly from the primary beam and indirectly guard RR-2 gloves. The surgeon was right handed. The
via scatter radiation deflected from the patient. Lead gloves first period was at the Princess Alexandra Hospital (PAH),
are not, however, routinely used by orthopaedic surgeons.Harlow, Essex and the second at Whipps Cross Hospital
The Proguard RR-2 radiation reducing gloves (Cook (UK) (WCH), London. In both hospitals, the image intensifiers
Ltd., Monroe House, Letchworth, Hertfordshire) have been used varied between a Siemens Siremobile and a Phillips
developed to allow dexterity, comfort and tactile sensitivity. BV25. The kV and mA were recorded following each pro-

The aim of this study was to evaluate both radiation ex- cedure.
posure to the surgeon’s hands, during forearm manipulation Thermoluminescent dosimeter (TLD) sensors were at-
and radiation attenuation provided by the Proguard RR-2 tached to the distal phalanges of both index fingers of the
gloves in a clinical setting. surgeon. One set of sensors were attached under the gloves

on the skin and a second set were attached superficial to
the glove, slightly offset so not to impede the X-ray beam
* Corresponding author. Present address: 92 Sketty Road, Enfield ENl(Flg' 1)' \_Nhen_nOt in use the TL_DS were stored in an en-
3SF, UK. velope with a fifth TLD attached in order to measure back-
E-mail address: peterandsam@calderp.freeseve.co.uk (P.R. Calder). ground radiation.
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Inner TLD Table 1
Proguard RR-2 glove Doses and percentage attenuation for Proguard RR-2 gloves during MUA
Outer TLD Right hand Left hand
Outside glove 0.464 mSv 0.181 mSv
Inside glove 0.184 mSv 0.066 mSv
Attenuation of glove 60% 64%

In the corresponding 12-month period, 11 surgeons per-
formed 95 forearm manipulations at PAH (mean 8.6 cases
Fig. 1. Arrangement of the TLD and Proguard RR-2 gloves during testing. per surgeon per year) and 13 surgeons performed 154 fore-

arm manipulations at WCH (mean 11.8 cases per surgeon
per year).

Fracture reduction was confirmed using the image inten-  The cumulative radiation dose for both study periods and

sifier. Dyripg quorospopy the forearm was held in position attenuation provided by the radio-protective gloves is shown
shown inFig. 2 The image was coned down whenever pos- in Table 1

sible to reduce the risk of the surgeon’s hands entering the

primary beam. The cumulative radiation dose both to the

surgeon’s hands and attenuation provided by the gloves way|. Discussion
calculated following each 6-week period.

The number of forearm manipulations performed per sur- - The effect of radiation to the hands of orthopaedic sur-
geon per year at both PAH and WCH were obtained from geons has been dramatically shown in the literafara].

the theatre logbooks. _ __The total radiation dose required to cause malignant change
Statistical analysis was performed using the Student's jg however, unknown. The aim should, therefore, be to en-
t-test. sure minimum exposure to ionisation radiation. Hynes et al.

[3] proposed recommendations to reduce ionising radiation
with reference to whole body radiation. These include as-
3. Results sessment of staff doses, the use of up-to-date X-ray equip-
ment, which undergoes regular quality assurance and main-
Twenty forearm fractures were manipulated over the two tenance and staff training in order to protect the patient from
study periods. Eight cases were performed at PAH and 12unnecessary radiation and also to minimise the dose to staff.
cases at WCH. The surgeon reported no subjective difficulty, When using an image intensifier a surgeon’s hands can
during the procedures, whilst wearing the gloves. be exposed both directly from the primary X-ray beam and
In study period 1 (PAH), the mean kV was 58 (50-80) and secondly from scattered radiation reflected from the patient.
mA 0.8875 (0.3-5.0). In study period 2 (WCH), the mean The scattered radiation dose is determined by the distance
kV was 52 (45-70) and mA 0.625 (0.3-2.7). There was no from the sourcd4] and increases as the area irradiated in-
statistical difference between the two groups. creases. Arnstein et 4] showed the dose to the surgeon’s

Fig. 2. Position of the surgeon’s hands in relation to the image intensifier during forearm manipulation.
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hands in the primary beam was 100 times that measured athe beam directly, coning down to minimise the amount of
15cm from the source. They, therefore, recommended con-radiation dose, allowing maximum distance of the surgeons
ing down of the image, removal of the antiscatter grid, avoid- hands from the source and the use of radio-protective gloves.
ance of the primary beam and the use of a remote-positioningThe use of Proguard RR-2 gloves has been shown to reduce
device. Barry[5] expected the surgeon’s hands to have the the surgeon’s hands to scatter radiation exposure.
highest exposure due to the close proximity of the opera- No benefits in any form have been received or will be re-
tive field. Miller et al.[6] indicated that the head, neck and ceived from a commercial party related directly or indirectly
hands were at greatest risk to radiation and reported surgi-to the subject of this article.
cal gloves that should block 15-25% of radiation dosage.
Noordeen et al[7] recommended the control of the image
intensifier by the operating surgeon using a foot pedal, this References
significantly reduced radiation doses. They also advised the
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