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Abstract Purpose The purpose of this experimental study, carried out in 2002, was to investigate the effectiveness of lead shielding during three scanning protocols for Computed Tomography (CT) head examinations. During CT, the thyroid is irradiated via scattered radiation outside the primary beam. Scientists have proved a definite link between thyroid cancer and radiation but have struggled to quantify the risks from low doses such as those in medical exposures. Children are known to be at higher risks from the effects of radiation than adults. Method An anthropomorphic phantom was used to simulate the patient. Shielding in the form of a standard lead thyroid shield was used due to the nature of the rotating X-ray beam involved with CT. Thermoluminescent detector chips were used to measure the approximate dose to the thyroid with and without the application of the shield. Results The effectiveness of shielding varied with scanning technique, as did the thyroid dose due to scattered radiation. The lead shield significantly reduced the dose to the thyroid by 46e58% at the surface of the thyroid and by 37e44% within the thyroid tissue at 1 cm depth. Conclusion In light of the increasing number of CT scanners, and the fact that head scans account for 50% of all CT examinations and 25% of the collective dose from CT to the UK population, it is important that all methods of dose reduction are
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L. Williams, C. Adams considered. The use of shielding is a simple yet effective method of dose optimisation that has not been extensively investigated. ª 2005 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.



Introduction In 1989 the National Radiological Protection Board (NRPB) conducted a UK survey involving 80% of the CT scanners in service. The results demonstrated an increase in population radiation dose as a result of CT over a 20-year period. It was determined that CT examinations provided approximately 20% of the annual collective dose of about 20,000 manSv from all medical and dental X-rays.1 This represented a ninefold increase since 1983.2 The study proved that CT was the largest source of exposure from diagnostic X-rays to the UK population. In 1998, Shrimpton and Edyvean3 estimated that with the number of CT scanners in the UK rising from 200 to 370 since the NRPB survey, and taking into consideration increased scanner workload, CT may now contribute 40% of the total annual collective dose to the UK population (from medical radiation exposures) whilst representing only 4% of the total number of examinations As a result of the NRPB survey1 17 general recommendations were made to ensure better control of patient dose from CT by promoting a more systematic approach to the justification and optimisation of exposures.4 Guidance on clinical practice, equipment and staff training were included, however, the report did not include the use of shielding. The rise in the number of CT scanners and the increasing importance of trying to reduce the high contribution to the population dose has been the subject of many articles during the 1990s. In 1992 the average effective dose equivalent per CT examination was 5.3 mSv5 and more recently, Golding and Shrimpton6 suggest that this figure has risen. This rise could be attributed to changes in CT practice.7,8 Surveys have demonstrated that patients receive different doses for the same examination; due to the array of different scanner types in use, and also due to operator dependant factors such as techniques and exposure settings on the same scanners.9e13 CT head scans are one of the most frequently requested examinations. Early studies concluded that head scans accounted for 50% of all CT scans and 25% of the collective radiation dose from CT.1 Dose reduction has been achieved by improvements in scanner design, Quality Assurance (QA)



techniques and patient dosimetry (i.e. development of reference levels). Yet it is surprising that with the current emphasis upon dose reduction techniques in CT, the possibility of shielding radiosensitive organs from scattered radiation has not been extensively investigated. Regardless of all the current dose reduction techniques, scattered radiation results in organs outside the primary beam being irradiated. The benefit of shielding to radiosensitive organs has been acknowledged,14 yet relatively few studies on the benefits of shielding during CT examinations have been published. Hopper et al.15 reported a 60% dose reduction during preliminary tests upon shielding the thyroid during C-spine examinations. A study by Price et al.16 investigated the effectiveness of shielding the male gonads during pelvic CT and reported a 77e93% dose reduction. Hein et al.’s17 use of a bismuth/latex shield was reported to reduce skin radiation by 40% during CT scanning of paranasal sinuses. More recently, McLaughlin and Mooney’s18 results demonstrate that the use of shielding significantly reduces the dose to the thyroid during CT scanning of the chest, whilst Brnic et al.,19 Iida et al.20 and Fujibuchi et al.21 also acknowledge the use of shielding. In 1998, a study that addressed the possibility of shielding the thyroid during CT failed to convince scientific bodies into recommending this method of dose reduction.22 A particular shortcoming to this study was that it failed to address the issue of patients receiving different doses, for the same examination due to the array of scanner types, and due to different techniques and exposure settings on the same scanner. Although Shah et al.23 currently recommend that further studies should measure radiation doses from different scanners, there have previously been many studies investigating the dose variation received by patients during head CT. A United States National Survey into the radiation doses associated with standard head CT in adults including 252 scanners, reported dose variations varying by a factor of 2 or more for identical CT scanners.10 These differences were reportedly due to difference in technique selection, or alternatively from differences in system performance and calibration. Similarly, a study in New Zealand reported variation in doses from routine head



CT Head: An experimental study using lead shielding scans due to both technical differences between scanners and also variation in clinical techniques.11 A nationwide survey in Australia reported a variation in dose owing to choice of scan parameters including baseline, slice thickness and spacing, and current time product.12 In 1998, Smith et al.13 reported that the variation in absorbed dose in head CT scans is dependant on the combination of both operator dependant and equipment related variables. Spiral CT techniques enable the radiologist to increase image quality by reducing artifacts in the posterior fossa. Spiral techniques can also be used to reduce acquisition times whilst scanning seriously ill patients or paediatric patients prone to movement. Little has been published with regards to patient dose during spiral CT.24 In 2001, Hidajat et al.25 investigated the radiation dose for conventional and spiral CT during different CT examinations at different hospitals. Unfortunately, because only 1 of the 26 hospitals included in the study used a protocol incorporating the spiral technique, statistical comparisons could not be made. The potential dose reduction achieved by wearing a thyroid shield during CT head scans has not been extensively investigated. Beaconsfield et al.22 only used a sequential scanning technique. No research has been conducted as to the effectiveness of lead shielding using different scanning protocols and with the newer techniques possible with spiral scanners. This project endeavours to extend the research conducted by Beaconsfield et al. to include three scanning protocols of the head.



145 (3) To estimate the dose reduction achieved at the surface and 1 cm within the thyroid gland using a circumferential lead shield.



Method and materials An experimental study design was used in order to investigate the effectiveness of lead shielding. As radiation in CT is multi-directional, a standard circumferential thyroid shield was used to protect the thyroid. The experimental condition was the dose to the thyroid when lead shielding was applied to the subject (shielded dose). The control condition was the thyroid dose measured with no lead shielding applied to the subject (unshielded dose). The two conditions were compared to find out if there was a significant difference between them i.e. that there was a significant dose reduction, using a statistical t-test. This was conducted for the three different scanning techniques. A same-subject design was used as according to Hicks,26(p67) ‘‘the advantage of this design is that it eliminates the distorting effects of individual subject differences’’. The radiation dose was measured on an anthropomorphic phantom both with and without the lead thyroid shield (i.e. in both conditions), the phantom standardising the patient build. As a result patient-to-patient variability was eliminated. All measurements were conducted on the same scanner, a Siemens SOMATOM Plus 4.



The anthropomorphic head phantom Aim of the study To investigate the effectiveness of lead shielding at reducing dose to the thyroid during three scanning protocols for CT examinations of the head.



Objectives For three clinically relevant scanning protocols and using an anthropomorphic head phantom: (1) To measure the dose to the skin overlying the thyroid gland and hence to estimate the dose to the surface of the thyroid due to scattered radiation. (2) To measure the glandular dose at 1 cm depth within the tissue due to scattered radiation



The phantom (Rando; Alderson Research Laboratory, Stamford, Connecticut, USA) was designed such that radiation absorption was similar to that in real patients. It contained a human skeleton adjusted within a mould to normal relations with body contours. The phantom material had a density of 0.985 g/ cm3 and an effective atomic number of 7.3, identical to those of various human tissues and contents i.e. muscle, fat, lung, bone, air. Subsequently, the phantom would absorb radiation in a manner similar to the human body. The phantom was sectioned transversely (each section of the head measuring 2.5 cm) making it possible to insert dosimetry systems such as TLDs, photographic film and ionisation chambers (Fig. 1). For the purpose of this experiment (i.e. CT head examinations), only the top 13 slices were necessary, a clamping device and adhesive tape were
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L. Williams, C. Adams during this study. Subsequently, it was only necessary to irradiate the head phantom once in order to obtain a measurement instead of several times as in other experiments, for instance, Price et al.16 TLDs, enclosed in opaque numbered sachets to exclude dirt and light, were applied to the phantom at marked sites to detect the scattered radiation. Five TLDs were also used to measure the mean background radiation value which was then subtracted from each dose measurement.



Scanning protocols



Figure 1



The anthropomorphic head phantom.



used in order to hold all the slabs firmly together and minimise the air gaps between slices as much as possible (Fig. 2). A square radiolucent pad (25 cm, 30 cm, 15 cm) with a concave indentation on the upper surface was used to support the head. To avoid constant errors, patient position, gantry angle table height and volume of head irradiated were all controlled.



Radiation dose measuring device Radiation dose to the thyroid was recorded using TLD-100H High Sensitivity Lithium Fluoride (LiF) chips, which were able to detect a wide range of doses from 1 mGy to 10 Gy. Being small (1/8, 1/8, 0.6 mm), they were approximately 15 times more sensitive than standard LiF chips making them ideal to detect the low energy radiation involved



The protocols used were based on those recommended by the manufacturer of the CT scanner as described by Maatsch and Knapheide.27 The scanning parameters for each protocol are displayed in Table 1. This sequential scanning technique consisted of 5 mm contiguous slices through Region 1 (the posterior fossa) followed by 10 mm contiguous slices through Region 2. The Volume Artifact Reduction (VAR) Technique combines two thin slices to form a single CT image featuring both the low noise characteristics of thick slices and the artifact reduction common to thin slices.27 The VAR technique can only be utilised with spiral scanners. This scanning technique incorporated a spiral scan through Region 1 using a slice thickness of 2 mm, a pitch of 1.25 and reconstruction interval of 4 mm. This was followed by a sequential scan conducted through Region 2 with 10 mm contiguous slices. The spiral scanning technique incorporated a spiral technique through Regions 1 and 2 using an 8-mm thick slice and a pitch of 1.5.



Calculations Mean absorbed dose measurements were calculated from the TLD readings both at the surface and at 1 cm depth, with and without the thyroid shield for each technique. The mean dose reduction for each technique was calculated by subtracting the mean shielded dose from the mean unshielded dose (for both surface and 1 cm depth measurements). The percentage dose reduction was then calculated as follows: DR %Z



Figure 2



Positioning arrangement of the phantom.



DU ÿ DS 100 DU



where DR Z mean absorbed dose reduction; DU Z mean absorbed dose without shielding; DS Z mean absorbed dose with shielding; and DR% Z percentage dose reduction.



CT Head: An experimental study using lead shielding Table 1
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Scanning parameters Techniques Sequential



VAR



Spiral



Region 1 (posterior fossa) Slice thickness (mm) Feed/rotation (mm/rot) Rotation time kV mA Direction



5 e 1.5 140 171 Caudo-cranial



2 2.5 1.5 140 159 Caudo-cranial



8 12 1.0 120 170 Caudo-cranial



Region 2 (the rest of the cranium) Slice thickness (mm) Feed/rotation (mm/rot) Rotation time kV mA Direction



10 e 1.5 140 146 Caudo-cranial



10 e 1.5 140 146 Caudo-cranial



8 12 1.0 120 170 Caudo-cranial



Therefore, it must be noted that tabulated dose factors are adjusted.



Statistical tests



position of the upper and lower halves of the left lobe of the thyroid. TLDs were positioned on the surface of the thyroid as follows: Upper half of left lobedat the base of slice 10, 1.5 cm to the left of the median sagittal plane, 2.5 cm below the level of the thyroid eminence (2.5 cm above the lower TLD); , Lower half of left lobedat the base of slice 11, 1 cm above the manubrium of the sternum, 1.5 cm to the left of the median saggital plane. ,



In order to assess whether shielded and unshielded dose measurements were significantly different, the independent t-test was performed, a 5% confidence level being considered significant.



TLD measurements Beaconsfield et al.’s study22 took one dose measurement at the surface and one at 1 cm depth at a level of C5/6. Hopper et al.15 placed four TLDs over the thyroid and acknowledged that the spatial distribution of the scattered radiation may differ over the whole organ. During this study, there were a limited number of TLDs available and so a compromise was reached in using two TLDs instead of four in order to obtain a more accurate and realistic dose description. Initially, two TLDs were placed at identical levels in the approximate position of the left and right lobes both at the surface and at 1 cm depth. A small number of pilot measurements were taken to investigate how dose varied along the transverse plane of the phantom. The preliminary results were indicative that the dose to each lobe would be very similar and representative of the average dose over the whole thyroid. Chopp et al.28 indicated that dose would vary over the long axis of the patient i.e. the dose falling gradually with increasing distance from the head. Therefore, TLDs were placed in the approximate



TLDs were also positioned at 1 cm depth within the thyroid tissue: ,



Two TLDs were positioned at 1 cm depth adjacent to the superficial TLDs in the region of the left lobe of the thyroid, in between slices 10 and 11 and in between slices 11 and 12.



Experimental procedure For each of the three scanning techniques: Four TLDs were placed at marked sites upon the phantom. , The phantom was positioned on the scanner table and a topogram was performed. , A scan was performed using one of three scanning techniques. , The identification number and position of each TLD were noted before being removed. New unexposed TLDs were then placed in identical positions. ,
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The above steps were repeated three times with shielding and three times without for each technique. Eighteen scans was performed, each scan resulted in four dose measurements. A total of 72 dose measurements were obtained. Five background TLDs remained outside the scanner room at all times. All TLDs were sent to a medical physics laboratory to be read, five background TLDs accompanied each batch. The background dose was automatically subtracted from the TLD measurements shown in the Results.



Results Effectiveness of lead shielding using sequential, VAR and spiral scanning techniques The largest unshielded dose measured at the skin surface overlying the thyroid, due to scattered radiation, was measured during head scans using the sequential scanning technique (0.69 mGy). The smallest unshielded thyroid dose measured at the skin surface due to scattered radiation was measured during head scans using the spiral scanning technique (0.21 mGy). The largest unshielded thyroid dose due to scattered radiation measured at 1 cm depth was measured during head scans using the sequential scanning technique (0.71 mGy). The smallest unshielded thyroid dose was measured during the spiral scanning technique (0.21 mGy).



t-Tests showed that unshielded and shielded dose values measured at the surface differed significantly with shielded dose measuring significantly lower than unshielded dose. These results suggest that the thyroid shield significantly reduces dose to the skin overlying the thyroid during head scans performed using all three scanning techniques (Table 2). A statistically significant decrease in dose was also seen when measurements were taken at 1 cm depth in tissue. Table 2 also summarises the results obtained during the scanning techniques. Mean dose measurements were calculated from the raw data to obtain a mean unshielded dose value (DU) and a mean shielded dose value (DS) for TLDs placed on the surface of the phantom and at 1 cm depth within the phantom in the approximate position of the left lobe of the thyroid. The mean percentage dose reduction (DR%) was then calculated. The results in Table 2 indicate that lead protection is more effective at reducing thyroid dose due to scattered radiation at the surface than at 1 cm depth. Fig. 3 illustrates the percentage dose reduction of the unshielded dose measured at the surface and at 1 cm depth for all three scanning techniques. It can also be seen from Table 2 that dose measurements at 1 cm depth are higher than the corresponding measurements at the skin surface. Fig. 3 illustrates that during all techniques the minimum dose reduction at the surface was 46.1% and the maximum was 57.6%. Similarly, the minimum dose reduction at 1 cm depth was 37.1% and the maximum was 43.7%.



Table 2 Mean (Gstandard deviation, range, n) unshielded and shielded thyroid dose, dose reduction and percentage dose reduction at surface and 1 cm depth during the three scanning techniques and statistical comparisons TLD position



DU (GSD,range,n)



df



pa



DS (GSD,range,n)



DR



DR%



t



Sequential scanning Surface 0.69 (G0.04,0.63e0.73,4) 1 cm Depth 0.71 (G0.14,0.58e0.83,4)



0.29 (G0.09,0.20e0.37,6) 0.40 (G0.14,0.26e0.54,6)



0.39 0.31



57.6 43.7



ÿ9.64c ÿ3.50b



7.95 8.00



0.00 0.008



VAR technique Surface 0.56 (G0.03,0.52e0.60,6) 1 cm Depth 0.60 (G0.10,0.49e0.70,6)



0.29 (G0.06,0.21e0.35,6) 0.36 (G0.11,0.26e0.49,6)



0.27 0.23



48.9 39.4



ÿ10.03c ÿ3.958b



8.025 10.00



0.00 0.003



Spiral scanning Surface 0.21 (G0.02,0.19e0.23,5) 1 cm Depth 0.23 (G0.06,0.17e0.31,6)



0.11 (G0.02,0.09e0.15,6) 0.15 (G0.04,0.10e0.21,6)



0.10 0.09



46.1 37.1



ÿ7.784b ÿ3.169b



9.00 10.00



0.00 0.01



DU Z Mean Unshielded Dose (measured in mGy); DS Z Mean Shielded Dose (measured in mGy); DR Z Mean Dose Reduction (measured in mGy); DR% Z Mean Percentage Dose Reduction; SD Z Standard Deviation; n Z number of TLD measurements; df Z degrees of freedom (NB adjusted dose factors). a Two tailed significance value is presented. b Levene’s test for Equality of Variances was not significant (p O 0.05), therefore results of Equal variance formula reported. c Levene’s test for Equality of Variances was significant (p ! 0.05), therefore results of Unequal variance formula reported.



MEAN % DOSE REDUCTION



CT Head: An experimental study using lead shielding 60 50



of the head phantom yield higher dose measurements (at surface and 1 cm depth) than those positioned on slice 11. For unshielded dose values:



57.6 48.9 43.7
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SPIRAL



SCANNING TECHNIQUE



Figure 3 Percentage dose reduction measured at surface and 1 cm depth for each scanning technique.



During head scans conducted with all three techniques, the dose reduction achieved at 1 cm depth was less than at the surface.



Further statistical analysis of TLD dose measurements obtained at surface and 1 cm depth TLD measurements were taken at four points on the upper and lower halves of the left lobe of the thyroid on phantom slices 10 and 11. t-Tests were conducted on all four sets of TLD measurements at each position on the thyroid gland. A p value of !0.05 was considered significant. All t-tests showed that unshielded and shielded dose measurements differed significantly suggesting that the thyroid shield significantly reduced the dose to the thyroid during all three scanning techniques.



Measurements on slice 10 indicate that the thyroid dose due to scattered radiation at 1 cm depth is higher than that at the surface. Measurements on slice 11 indicate that the thyroid dose at 1 cm depth due to scattered radiation is less than that at the surface. For surface measurements: During the sequential, VAR and spiral scanning techniques, the percentage dose reduction achieved at slice 11 was greater than that at slice 10. For 1 cm depth measurements: During the sequential and VAR scanning techniques, the percentage dose reduction at slice 11 was greater than that at slice 10. During the spiral scanning technique, the percentage dose reduction at slices 10 and 11 was very similar.



Anomalous results Four TLD measurements were eliminated from the study during the sequential scan technique. Evidently, these measurements differed in that they were consistently lower than all other measurements for that scan technique. In fact, the results were very similar to values obtained during the .90



Percentage dose reduction calculated for each scanning technique



S10/SURF Z TLD positioned on surface of slice 10 S11/SURF Z TLD positioned on surface of slice 11 S10/1CM Z TLD positioned at 1 cm depth on base of slice 10 S11/1CM Z TLD positioned at 1 cm depth on base of slice 11 It is evident from Figs. 4e6 that during all scanning techniques, TLDs positioned on slice 10



MEAN DOSE (mGy)



The mean unshielded and shielded dose values were used to calculate the percentage dose reduction. Figs. 4e6 express the results in graphical form where:



.80 .70 .60 .50 .40 .30 .20



UNSHIELDED



.10



SHIELDED



0.00 S10/SURF



S11/SURF



S10/1CM



S11/1CM



TLD POSITION



Figure 4 Mean unshielded and shielded thyroid dose measured at each TLD position during sequential scanning technique.
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Discussion



TLD POSITION



Figure 5 Mean unshielded and shielded thyroid dose measured at each TLD position during VAR scanning technique.



VAR technique. It is possible that manual error resulted in the VAR scanning technique being conducted instead of the sequential scanning technique whilst these four TLDs were in position. Other possibilities include: the operator incorrectly selecting any one of the scanning parameters, or segments of the phantom not being positioned in line with the others. There is a possibility that these dose measurements were not anomalous. The performance of the scanner may have varied, its output (number of X-ray photons) changing considerably during the three head scans, resulting in a wider range of scattered radiation measurements. The dose measurements obtained therefore, might not be representative of the typical performance of the CT scanner i.e. the amount of scatter may have differed if more scans were taken. Unfortunately, the number of measurements .30
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taken during this experimental study was governed by both scanner access and TLD constraints (this included cost of TLDs and time taken to process them). Subsequently, this resulted in mean dose measurement being calculated from TLD measurements made during two scans. The reliability of the results could have been improved if more scans had been conducted. A repeat study would incorporate Quality Assurance (QA) techniques to reduce the likelihood of inconsistencies.
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Figure 6 Mean unshielded and shielded thyroid dose measured at each TLD position during spiral scanning technique.



Thyroid dose due to scattered radiation Emphasis has been placed on the optimisation of dose through the appropriate choice of exposure settings and scan volume, improvements in scanner design and QA techniques.29 This study and others16,19 provide evidence that minimising patient dose due to scattered radiation by shielding can further reduce dose to radiosensitive organs outside the primary beam without affecting the image quality. The results of this study support the findings of Beaconsfield et al.22 in that a definite dose reduction at the thyroid gland due to scattered radiation was achieved during all three techniques. Unshielded radiation doses measured at the surface and at 1 cm depth were different for each protocol indicating that the amount of scattered radiation arising from each head scan varied with examination technique. The results of this study were therefore consistent with those of Shrimpton et al.,1 Conway et al.,10 Poletti,11 Smith and Shah12 and Smith et al.13 This study has shown that in addition to all other current optimisation methods, lead shielding would also be a plausible dose reduction technique. The results indicated that during all three scanning protocols, the lead shield significantly reduced the amount of scattered radiation irradiating the thyroid. The amount of scattered radiation detected at the thyroid varied with each head scan technique. Results indicated that most scatter was generated during the sequential scanning technique, followed by the VAR technique and finally the least with the spiral technique. In retrospect, a repeat study would exclude the spiral technique since in practice it is not used for standard head scans due to problems with image reconstruction when the gantry is angled. This study demonstrates that in comparison to the sequential technique, the spiral



CT Head: An experimental study using lead shielding technique can result in lower patient doses due to scattered radiation. There is a lack of published data comparing patient dose resulting from sequential, VAR and spiral scanning techniques. Phantom measurements upon the thyroid indicated that head scans using the sequential technique resulted in a mean absorbed dose of 0.69 mGy at the surface and 0.71 mGy at 1 cm depth. The VAR technique resulted in a mean absorbed dose of 0.56 mGy at the surface and 0.6 mGy at 1 cm depth. Upon application of the thyroid shield, mean absorbed dose at the surface was 0.29 mGy during both techniques and 0.4 mGy and 0.36 mGy at 1 cm depth for the sequential and VAR techniques, respectively. The implications of this are: - Patients undergoing a head scan with either technique will benefit significantly through wearing a thyroid shield; - The variety in patient dose due to technique is greatly reduced through wearing a thyroid shield The effectiveness of lead shielding varied with scan technique. The greatest dose reduction was achieved during the sequential scanning technique (58%dsurface, 44%d1 cm depth) followed by the VAR technique (50%dsurface, 39%d1 cm depth). The smallest dose reduction was achieved during the spiral scan technique (46%dsurface, 37%d1 cm depth).



Conclusion Specialists are working hard to try and minimize the doses associated with CT examinations and to try and reduce the variation of doses received by patients. A partial solution to both of these problems would be to give patients lead protection. Thyroid shielding would be especially beneficial to patients who receive larger doses whilst undergoing many CT examinations due to long-term illness or injury. This study has proved that for three scanning techniques, shielding the radiosensitive thyroid will significantly reduce the dose from scattered radiation. As a consequence, the risks of developing cancer will also be reduced. Although the risks are difficult to quantify, Picano30 stresses that any radiation may be detrimental to the health of the patient, and Picano,30 Brenner et al.,31 Golding and Shrimpton6 and Frush et al.32 advise that we all become more aware of the long term risks of exposure to radiation.



151 Perhaps Beaconsfield’s advice now needs to become practice: ‘‘We feel strongly that it is time to include the simple precaution of ‘tucking’ patients in with a collar and bib, particularly those in the paediatric and young age groups’’ (Beaconsfield et al.22(p666)).



Acknowledgements The great expertise and invaluable help in the area of dosimetry from Stephanie Rose and Allun Woodward of the Medical Physics Department at Singleton Hospital, Swansea, Wales. Also thanks to staff at Nevill Hall Hospital, Abergavenny, Wales for access to the CT Scanner and for all their help and support.



References 1. Shrimpton P, Hart P, Hillier M, Wall B, Faulkner K. Survey of CT practice in the UK. Part 1. Aspects of examination frequency and quality assurance. NRPB-R248. London: HMSO Bookshops; 1991. 2. Shrimpton P, Jones D, Hilliar M, Wall B, Le Heron J, Faulkner K. Survey of CT practice in the UK. Part 2. Dosimetric aspects. NRPB-R249. London: HMSO Bookshops; 1991. 3. Shrimpton P, Edyvean S. Commentary: CT scanner dosimetry: report on a round table meeting establishing a survey of standard dosimetric measurements on CT, held at St George’s Hospital, London, 18 April 1997. The British Journal of Radiology 1998;71:1e3. 4. National Radiological Protection Board. In: Patient dose reduction in X-ray CT, vol. 3, No. 4. London: HMSO Bookshops; 1992. 5. National Radiological Protection Board. In: Protection of the patient in computed tomography, vol. 3, No. 4. London: HMSO Bookshops; 1992. 6. Golding S, Shrimpton P. Radiation dose in CT: are we meeting the challenge? British Journal of Radiology 2002; 75:1e4. 7. Reiser M, Takahaslin M, Modic M. Multislice CT. 2nd ed. Germany: Springer; 2004. 8. Rehani M, Berry M. Radiation doses in computed tomography. British Medical Journal 2000;593e4. 9. National Radiological Protection Board. In: Patient dose reduction in diagnostic radiology, vol. 1, No. 3. London: HMSO Bookshops; 1990. 10. Conway B, McCrohan J, Antonsen R, Rueter F, Slayton R, Suleiman O. Average radiation dose in standard CT examinations of the head: results of the 1990 next survey. Radiology 1992;184(1):135e40. 11. Poletti J. Patient doses from CT in New Zealand and a simple method of estimating effective dose. British Journal of Radiology 1996;69:432e6. 12. Smith A, Shah G. A survey of routine head CT protocols in Australia. The British Journal of Radiology 1997;70:372e4. 13. Smith A, Shah G, Kron T, Hamberg L, Blake M, Shepard J. Variation of patient dose in head CT. The British Journal of Radiology 1998;71:1296e301.



152 14. Kalra M, Maher M, Toth T, Hamberg L, Blake M, Shepard J, et al. Strategies for CT radiation dose optimisation. Radiology 2004;230:619e28. 15. Hopper K, King S, Lobell M, TenHave T, Weaver J. The breast: in-plane X-ray protection during diagnostic thoracic CTdshielding with Bismuth Radioprotective Garments. Radiology 1997;205(3):853e8. 16. Price R, Halson P, Sampson M. Dose reduction during CT scanning in an anthropomorphic phantom by the use of a male gonad shield. The British Journal of Radiology 1999; 72:489e94. 17. Hein E, Rogalla P, Klingebiel R, Hamm B. Low-dose CT of the paranasal sinuses with eye lens protection: effect on image quality and radiation dose. European Radiology 2002;12(7): 1693e6. 18. McLaughlin D, Mooney R. Dose reduction to radiosensitive tissues in CT. Do commercially available shields meet the users’ needs? Clinical Radiology 2004;59(5):446e50. 19. Brnic Z, Vekic B, Hebrang A, Anic P. Efficacy of breast shielding during CT of the head. European Radiology (Germany) 2003;13(11):436e40. 20. Iida H, Chabatake M, Shimizu M, Tamura S. The radiation protection devices for interventional procedures using computed tomography. Nippon Hoshasen Gijutsu Gakkai Zasshi (Japan) 2002;58(1):101e8. 21. Fujibuchi T, Kato H, Hashimoto M, Ochi S, Yanagawa N, Morita F. Shielding effects of protective seats during CT examination. Nippon Hoshasen Gijutsu Gakkai Zasshi (Japan) 2004;60(12):1730e8.



L. Williams, C. Adams 22. Beaconsfield T, Nicholson R, Thornton A, Al-Kutoubi A. Would thyroid and breast shielding be beneficial in CT of the head? European Radiology 1998;8:664e7. 23. Shah R, Gupta A, Rehani M, Pandey AK, Mukhopadhyay S. Effects of reduction in tube current on reader confidence in paediatric computed tomography. Clinical Radiology 2005; 60(2):224e31. 24. Zoetelief J, Geleijns J. Patient doses in spiral CT. The British Journal of Radiology 1998;71:584e6. 25. Hidajat N, Wolf M, Nunnemann A, Liersch P, Gebauer B, Teichgraber U, et al. Survey of conventional and spiral CT doses. Radiology 2001;218(2):395e401. 26. Hicks C. Research methods for clinical therapists. 3rd ed. London: Churchill Livingstone; 1999. 27. Maatsch K, Knapheide C. Scan protocols: SOMATOM Plus 4. Munich: MCD Werbeagentur GmbH; 1997. 28. Chopp M, Ewald L, Hartson M. The contribution of internal scatter to radiation dose during CT scan of the head. Neuroradiology 1981;22:145e50. 29. Shrimpton P. Patient dose in CT and recommendations for reduction. Radiography Today 1994;60(683):9e11. 30. Picano E. Sustainability of medical imaging. British Journal of Radiology 2004;328:578e80. 31. Brenner D, Elliston C, Hall E, Berdon W. Estimated risks of radiationdinduced fatal cancer from pediatric CT. American Journal of Roentgenology 2001;176:289e96. 32. Frush D, Donnelly L, Rosen N. Computed tomography and radiation risks: what pediatric health care providers should know. Pediatrics 2003;112(4):951e7.



























des documents recommandant













Bayesian Computed Tomography 

http://www.lss.supelec.fr. NIMI, Gent, Belgium, Mai 2010. A. Mohammad-Djafari,. NIMI Workshop on medical imaging, Gent, Belgium, May 29, 2010. 1/41 ...










 








The Metatron: an experimental system to study dispersal and 

Jul 15, 2012 - 5Department of Evolutionary Biology, Evolutionary Biology Centre, Uppsala University, Uppsala,. Sweden. ..... survival, dispersal and metapopulation dynamics. We studied two ... occur any time in an individual's life24.










 








experimental study for the 

Dec 15, 2004 - analysis by chromatography and mass spectrometry was not reliable, while it is ... adsorption at 77K using the multipoint method. The samples ...










 








experimental study for the optimisation of 

Dec 15, 2004 - The good stability of the catalytic activity under reaction conditions suggests that, .... balance to calculate the maximum hydrogen yield that can.










 








Bayesian 3D X-ray Computed Tomography image 

The main forward problem of the tomography is the Radon transform. .... only the values of the estimates at previous iterations are used without accounting for.










 








Wallach (1941) An experimental analysis of the 

The results of Experiment I are presented in Table I. Rewarded responses ..... and the test has shown no actual basis in the memory of these subjects for either ...










 








An Experimental Investigation of the Aerodynamics ... - Contrails 

Turbo. West. Corporate. Aircraft. Center. Broomfield,. Colorado. Prepared for ...... turbo- supercharging, the same four power settings were obtainable at all ...... b.I 0.09. O/. 










 








Image Reconstruction in Computed Tomography From deterministic to 

Unknown quantity: f (r) = k2. 0 (n2(r) âˆ’ 1). Intermediate quantity : Ï†(r) Ï†d (ri ) = âˆ«âˆ«D. Gm(ri ,râ€²)Ï†(râ€²) f (r. â€²) drâ€², ri âˆˆ S Ï†(r) = Ï†0(r) + âˆ«âˆ«D. Go(r,râ€²)Ï†(râ€²)f ...










 








Fluttering flags_ An experimental study of fluid forces - Emmanuel Virot 

Oct 17, 2013 - Similarly, observations of sailors removing veil flutter to speed up their race suggested to use ... and the force measurement system is detailed.










 








an experimental study of the ocular reactions of the insane from 

212. 155. 273. 218. 240. 343. 155. (4) DEMENTIA PR^COX. Marked. 36. 37. 39. 40. 41. 42. Average. High. Low. A. R.. M. B.. Moderate. A. Mel. G. L.. M. F.. Slight.










 








An Experimental and Theoretical Study of Fast Adaptive Priors in 

Jul 6, 2011 - We used an arrow-field paradigm to guide their finger to the start location without .... (1). In experiment 3, we estimated the mean angular error, MV target, .... (7) where determines the spread of input activation across the populatio










 








Bayesian 3D X-ray Computed Tomography image 

back-projection operators paralleled on many core processors like GPU [2]. ... 1 China Scholarship Council ... For Î² = 2 a Gauss-Markov model is obtained.










 








An experimental approach to adverbial ... - Emmanuel Chemla 

*The data presented in this paper come from an experiment which main topic ... (5) â€œMonday, John asked a very good question and insulted a fellow student.â€�.










 








Monodimensional modeling and experimental study of the dynamic 

Feb 21, 2007 - temperature, both experimentally and by simulation. ..... law and an ideal gas mixture is considered. ... And according to ideal Gas law: PO2 =.










 








Experimental study of the Ultra High T ... - Christian Nicollet 

The reason for this dichotomy is not yet understood. In order to bring new elements to this discussion, we conducted experiments in an internally-heated ...










 








Experimental and theoretical study on the spontaneous formation of 

May 10, 2004 - The reactivity of HNCO embedded in NH3/H2O mixtures in astrophysical ratio (1/10) is investigated using FT-IR spectroscopy between 10 and ...










 








Experimental study of elastic wave propagation through 

The main utility of metamaterials is to better control the propagation of waves. ... are composed of a fluid or solid matrix containing periodic or random distribution ...










 








A Nervous Tic Motion of the Head to the Left 

A Nervous Tic Motion of the Head to the. Left. Andrew Bird. Dm. Over prescribed. G. Under the mister. C. We had sur. Em7/B vived to. A. Turn on the history. Dm.










 








Proof-Guided Testing: an Experimental Study - Page personnelle 

tally assessed using the example of a flawed group member- ... in terms of inference rules of a basic calculus, e.g. sequent ... Note that the analysis approach is much lighter than formal reworking, and would not allow us to establish the cor-.










 








An experimental approach for dynamic investigation of the trapping 

Feb 6, 2003 - their electron irradiation in a scanning electron microscope (SEM) to be studied and the ... electron microscope to be done but also to bring new.










 








Pose reconstruction with an uncalibrated Computed 

Jun 26, 2003 - 1 Introduction. Image guided medical and surgical procedures are fast growing in today's hospitals. Computed Tomography (CT) and MRI are ...










 








Computed Tomography: From analytical and ... - Ali Mohammad-Djafari 

Inverse problem: Image reconstruction ... Forward and Inverse problems in Computed Tomography ..... Errors are considered implicitly white and Gaussian.










 








Ultrasonic computed tomography based on full ... - Dimitri Komatitsch 

Aug 9, 2017 - Bone diseases such as osteoporosis affect bone remodeling, which results in ... the most commonly-used predictor of bone fracture risk (StrÃ¶m et al 2011). ... methods commonly used in USCT of soft tissues (Li et al 2009, Lavarello and 










 








Bayesian 3D X-ray Computed Tomography image reconstruction with 

Implementation: We have used the synthetic volume â€�Shepp and Loganâ€�. (256Ã—256Ã—256 voxels), and we compare the image reconstructed after. 200 iterations.










 














×
Report Computed tomography of the head: An experimental study to





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



