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Chapte rr  2 

Feasibilit yy  of geometrica l verificatio n of patien t setu p 
usin gg bod y contour s and compute d tomograph y data 

Lennertt S. Ploeger, Anja Betgen, Kenneth G.A. Gilhuijs and Marcel van Herk 

In:In: Radiotherapy & Oncology 66, 225-233 (2003) 

Abstrac t t 

Backgroundd and Purpose: Body contours can potentially be used for patient 
setupp verification in external-beam radiotherapy and might enable more 
accuratee setup of patients prior to irradiation. The aim of this study is to test 
thee feasibility of patient setup verification using a body contour scanner. 
Materiall and Methods: Body contour scans of 33 lung cancer and 21 head-
and-neckk cancer patients were acquired on a simulator. We assume that this 
datasett is representative for the patient setup on an accelerator. Shortly 
beforee acquisition of the body contour scan, a pair of orthogonal simulator 
imagess was taken as a reference. Both the body contour scan and the 
simulatorr images were matched in 3D to the planning CT scan. Movement of 
skinn with respect to bone was quantified based on an analysis of variance 
method. . 
Results:: Setup errors determined with body-contours agreed reasonably well 
withh those determined with simulator images. For the lung cancer patients, the 
averagee setup errors (mm) + 1 standard deviation (SD) for the left-right, 
cranio-caudall and anterior-posterior directions were 1.2  2.9, -0.8 + 5.0 and -
2.33  3.1 using body contours, compared to -0.8  3.2, -1.0  4.1 and -1.2
2.44 using simulator images. For the head-and-neck cancer patients, the setup 
errorss were 0.5  1.8, 0.5  2.7 and -2.2  1.8 using body contours compared 
to-0.44  1.2, 0.1 +2.1,-0.1  1.8 using simulator images. The SD of the 
setupp errors obtained from analysis of the body contours were not significantly 
differentt from those obtained from analysis of the simulator images (F-test, 
p<0.05).. Movement of the skin with respect to bone (1 SD) was estimated at 
2.33 mm for the lung cancer patients and 1.7 mm for the head-and-neck cancer 
patients. . 
Conclusions:: Measurement of patient setup using a body-contouring device is 
possible.. The accuracy, however, is limited by the movement of the skin with 
respectt to the bone. In situations where the error in the patient setup is 
relativelyy large, it is possible to reduce these errors using a computer-aided 
setupp technique based on contour information. 
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2.1.2.1. Introduction 

Inn radiotherapy, accurate setup of patients is important because deviations in 
deliveredd beam geometry may lead to decreased tumor control. In addition, 
irradiationn of adjacent normal tissue can cause complications. The severity of 
complicationss depends on the volume of irradiated tissue, the treatment dose 
andd the anatomy that is affected. It is therefore important to accurately 
reproducee both the machine setup and the setup of the patient. As delivery 
proceduress become more complex and treatment machines more advanced, 
carefull treatment verification becomes even more necessary. 

Typically,, the patient setup in external beam radiotherapy is based on ink 
markss on the surface of the skin. This setup is usually verified by comparing 
portall images acquired during treatment delivery with reference images 
acquiredacquired during treatment planning. The reference images show the planned 
positionn of bony structures in relation to the radiation field, which is compared 
withh their actual position during treatment [9]. When used with a formal 
verificationn protocol, portal imaging is very efficient to eliminate large 
systematicc errors [2]. In some cases, setup verification based on portal 
imagingg of the treatment fields is difficult. Intensity modulated radiotherapy 
(IMRT)) [20], for instance, often renders only a limited amount of bone 
structuress visible in the portal images. Methods were described to deal with 
multiplee small fields for verifying the patient setup. These employ large 
localizationn fields [12] or combine several small fields into a single image [5]. 

Mostt verification imaging is performed using megavoltage x-ray beams, 
limitingg the verification to bone, but systems are also being developed that 
havee a kilovoltage x-ray source integrated in the linear accelerator. These 
systemss allow acquisition of diagnostic quality images and cone-beam 
tomographicc imaging [13]. The latter technique greatly improves soft tissue 
resolution.. Another technique employs marks that are implanted in the tumor 
andd visualized using kilovoltage or megavoltage imaging [15]. Both techniques 
directlyy estimate the tumor position, rather than bone or skin surrogates. 
Nonetheless,, the techniques require either a complex treatment machine or 
ann invasive procedure that is not practical for all treatment sites. 

Besidess these radiographic methods, body contours can potentially be used 
forr patient setup verification in external-beam radiotherapy and might enable 
moree accurate setup of patients prior to irradiation (i.e., computer-aided 
setup).. Skin-based setup verification, if proven useful, is non-invasive, 
potentiallyy fast and relatively easy to implement, and requires no radiation [3]. 
Besidee for setup verification and patient positioning, a contour-scanning 
devicee can be used to monitor patient movement during treatment. 

Patientt positioning using surface data was studied by MacKay era/. [14], 
Hadleyy et al. [10,11] and Soete et at. [17]. In the study of MacKay et a/., 
surfacess of twenty patients with prostate cancer were derived from the CT 
scann to estimate the possible advantage of using a "real" body contour 
scanner.. They showed that corrections based on surface data can be as 
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effectivee as those derived from bone, especially in the lateral direction. Hadley 
etet al. used video cameras that were calibrated to the beam coordinate system 
off a radiation therapy machine, using the surface patch correlation (SPC) 
technique.. Patient positioning errors were quantified by aligning a surface 
modell of the patient to the video images. It was found that the SPC technique 
hadd difficulty matching the surface along the patients' cranial-caudal direction 
inn the pelvic region, while showing better results in the lateral and anterior-
posteriorr directions. Soete etal. demonstrated, for 17 prostate cancer 
patients,, that patient positioning using infrared marks improves the setup 
accuracyy along the AP and lateral axes. 

Thee first aim of this feasibility study is to quantify the accuracy of registering 
bodyy contours for verification of the setup of patients with lung cancer or 
head-and-neckk cancer. Because setup verification based on x-ray imaging is 
thee established technique, it would be desirable that the accuracy of a setup 
errorr measured using contour information is comparable to the accuracy 
measuredd using portal images. The second aim is to evaluate the potential 
accuracyy of body contours for computer-assisted setup. The tumor sites in this 
feasibilityy study (lung and head-and-neck) were chosen because they are 
expectedd to be associated with extremes in patient stability. 

2.2.. Material and methods 

Inn this feasibility study, a simulator was employed to collect body contour and 
kilo-voltagee localization images. A simulator was used because a contour-
scanningg device had already been installed. The linear accelerators in our 
hospitall were not yet equipped with body contour devices. We assumed that 
resultss obtained on the simulator were representative for the patient setup on 
thee accelerator. Both the body contours and the set of simulator images were 
matchedd in 3D to the planning CT scan to estimate the setup error. Finally, the 
setupp errors determined with the body contour technique were compared with 
thosee obtained with the simulator images. In the next paragraphs, the 
proceduree is explained in more detail. 

2.2.1.. Acquisitio n of bod y contour s 

Bodyy contours were acquired on a simulator (BBC Dynaray TS), using a DCD-
11 scanning device (Par Scientific, Odense, Denmark). Two laser diode light 
sourcess positioned on the head of the gantry project a line on the patient's 
surfacee in the longitudinal direction. A 3D surface was scanned by rotating the 
gantry.. Two CCD cameras, also mounted on the head of the gantry 
(orthogonall to the laser sources), captured images at predefined gantry 
angless (from -180  to +180  at 2  intervals), and the gantry position was 
recordedd by a potentiometer mounted on the simulator. The curves as they 
appearr in the images were recorded. The coordinates of the points on these 
curvess were computed in 3D using the calibrated position of the cameras and 
thee lasers. Finally, a 3D contour was obtained. An example of a body-contour 
scann obtained with this device is shown in Fig. 2.1. 
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Figur ee 2.1 Example of a body contour scan of a lung cancer patient. The scanner acquires 
longitudinall contours by rotating the gantry. 

Qualityy assurance of the system was performed periodically by scanning a 
carefullyy positioned phantom. This phantom was constructed from PVC and 
hass a pyramid shape of 15 cm high with a 30x30 cm2 base (Fig. 2.2). Balls of 
aa different synthetic material (POM) were attached to the surface of the 
pyramidd using nylon screws for subsequent use of the phantom in the CT 
scanner.. A contour scan was made approximately biweekly during a 4-month 
period.. Matching the scanned contour to the expected position and shape of 
thee phantom gave estimates of deviations in the scanner, which were 
subsequentlyy used to correct the data. . 

Figur ee 2.2 Phantom applied for determining the accuracy of the body contour scanner and its 
regularr quality assurance. 
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2.2.2.. Patien t setu p procedur e 

Alll patients were positioned by aligning ink marks on the skin or on the 
surfacee of the mask to the room-mounted orthogonal lasers. For all 
participatingg patients, CT data was acquired (HiSpeed LX/i, General Electric, 
Fairfield,, USA). At the end of the simulator session, x-ray images were 
acquiredd in orthogonal directions (AP and lateral views). The body contour 
wass scanned immediately after acquisition of the simulator images. 

Thee lung cancer patients (33 in total) were not immobilized but the arms of the 
patientss were positioned in a reproducible way, either above the head or along 
thee body depending on the position of the tumor and the direction of the 
beams.. A planning CT scan was obtained prior to simulation (first 19 patients) 
orr after simulation (last 14 patients). For the first 19 patients, the average time 
betweenn acquisition of the CT scan and the simulator session was 8 days. For 
thee last 14 patients, the CT scan was acquired on the same day as the 
simulatorr session. The patients were tattooed with small marks, over which 
skinn marks were periodically redrawn. 

Thee head-and-neck cancer patients (21 in total) were immobilized during both 
thee CT scanning procedure and the simulator session using a thermoplastic 
maskk (Orfit Industries n.v., Wijnegem, Belgium). As a result, the body contour 
scannerr detected the mask instead of the patient itself. On average, the CT 
scann was acquired 9 days prior to the simulator session. The marks used to 
alignn the patients were drawn on the mask. 

2.2.3.. Determinatio n of setu p error s fro m th e bod y contour s 

Too determine the setup errors from the body contours, the scanned contours 
weree matched to the planning CT. Firstly, the skin surface (for the lung cancer 
patients)) or the mask surface (for the head-and-neck cancer patients) was 
automaticallyy extracted from the CT scan. For this purpose, the outer contours 
off objects exceeding a value of -500 Hounsfield units were located in each 
slice.. Next, in the body contour scans, the contour points corresponding to 
artifactss and the arms of the patient were manually erased. Finally, the 
alignmentt between the body contours and the CT surface was established 
automaticallyy using chamfer matching [19]. If the resulting match was 
consideredd inadequate because the contour was not entirely aligned with the 
CTT surface, the match was adjusted manually (10% of all cases). The result is 
aa transformation (3 translations and 3 rotations) indicating the displacement of 
thee patient at the simulator with respect to the CT scan. It was assumed that 
transformationss of a higher order did not occur. To verify the correctness of 
thiss procedure, it was also applied to the pyramid phantom. 

2.2.4.. Determinatio n of setu p error s fro m th e simulato r image s 

Too determine the setup errors from the simulator images, these images were 
matchedd to the planning CT. This reference procedure was based on 
alignmentt of digitally reconstructed radiographs (DRRs) in two orthogonal 
beamm directions with the corresponding simulator images [6]. A modified 
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versionn of the automated 3D/2D matching method of Gilhuijs et al. [8] was 
usedd for this purpose, based on grey value matching [16]. After matching, 3 
translationss and 3 rotations were obtained that again described the 
misalignmentt of the patient at the simulator with respect to the CT scan. 
Alignmentss established by automated matching were manually adjusted if 
thesee alignments were rejected based on visual assessment (in 20% of the 
lungg cancer cases and 0% of the head-and-neck cancer cases). 

Forr all match results, the axes are defined as follows: the X-axis corresponds 
withh the left-right direction, the Y-axis with the cranio-caudal direction, and the 
Z-axiss with the anterior-posterior direction of the patient. The positive X-axis 
extendss towards the left side of the patient, the positive Y-axis towards the 
craniall side, and the positive Z-axis towards the anterior side. Translations in 
X,, Y and Z-direction are denoted by Tx, Ty and Tz, and rotations are denoted 
byy Rx, Ry and Rz. 

2.2.5.. Data analysi s 

Ann analysis of variance was performed using the method presented by 
Gilhuijss et al. [7] for assessing the magnitude of the components that 
contributee to the overall accuracy. The setup errors were assumed to be 
normallyy distributed. The following model was used: 

SS = b + Sbs+5S. 

BB = b + 3B, (2.1) 

DD = Sbs+Ss-SB, 
wheree vectors s and ê denote the measured position of the skin (using the 
bodyy contour scanner) and that of the bone (using thee simulator images), 
respectively.. The true, unknown position of the bone is given by t>. Movement 
off skin with respect to bone is represented by sbs. The accuracy of the skin 
registrationn procedure is given by ss, and the accuracy of registering the bone 
byy sB. The difference between s and B is denoted by b. Note that the true 
setupp of bone is eliminated in b. The following equations for the variances 
correspondd with this model: 

0- .%=s\W. VV (2-2) 

wheree «is a placeholder for the X, Y, and Z-coordinate. The standard 
deviationn of the skin registration procedure was estimated to be 0.5 mm and 

,, for the translations and rotations, respectively [19]. The remaining 
individuall standard deviations were solved from Eq. 2.2. Outliers were 
iterativelyy excluded from the analysis of variance, where an outlier was 
definedd as a measurement that exceeded 3 times the standard deviation. To 
assesss the reliability of the analysis of variance, a Monte Carlo study based 
onn this model was performed. In this Monte Carlo study, random samples 
weree taken for the unknown variables in Eq. 2.1 from normal distributions with 
standardd deviations as solved from Eq. 2.2. The number of samples was set 
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too the number of patients in each group. Next, the standard deviations were 
estimatedd again and compared with the input standard deviations. 

2.3.2.3. Results 

Thee measured position (translation) and orientation (rotation) of the pyramid 
phantomm fluctuated as a function of time (Fig. 2.3). For the rotation around the 
Z-axiss a time-trend was observed. The mean absolute translations were 
largestt along the Y and Z-axes. The measured rotations were small, but 
rotationss around the X and Y-axis show a systematic deviation. The mean 
(mmm or )  1 SD are: Tx=0.9  0.3, Ty=-1.5  0.3, Tz=-1.1  0.3, and Rx=-0.2
0.1,, Ry=0.1 , Rz=0.0 , for the quality assurance data over the four-
monthh period. These data include both setup errors of the phantom and errors 
inn the body-contouring device. In an experiment where the phantom was 
repositionedd on the treatment couch six times, we found that the 
reproducibilityy of setting up the phantom was better than 0.4 mm (SD) for the 
translationss and better than 0.1 degree (SD) for the rotations. 

Figur ee 2.3 Position and orientation of the pyramid phantom in 3D over a period of 20 weeks. 
Translationss in X, Y and Z-direction are denoted by Tx, Ty and Tz, and rotations are denoted 
byy Rx, Ry and Rz. For visual purposes, the points are connected. 

Thee setup deviations in translationn found from the simulator images correlated 
withh those found from the body contour scans, for both patient groups (Fig. 
2.44 and Fig. 2.5). The standard deviations of the translations were 
comparable,, but some of the means differed (Table 2.1 and Table 2.3). The 
resultss for rotations were similar (Table 2.2 and Table 2.4). The standard 
deviationss of setup errors derived from the body contours and the setup errors 
derivedd from the simulator images were not found to be significantly different 
(usingg p<0.05) for the translations, given the result of an F-test (p>0.10). For 
thee lung cancer patients, the difference of the standard deviations of the 
rotationss around X measured using both techniques was significant (p=0.03). 
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Furthermore,, for both patient groups, the means of the translations in the Z-
directionn measured using both techniques differed significantly (p<0.02 in a 
Student'ss t-Test). For the lung cancer patients, this was also the case for the 
translationss in the X-direction (p=0.0O1). In clinical application, it is possible to 
correctt for these systematic deviations once their magnitude is known. 
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Figur ee 2.4 Comparison of the translation component of setup errors determined for lung 
cancerr patients (n=33), in the X (LR)-direction, the Y (CC)-direction, and the Z (AP)-direction. 
Thee horizontal axis denotes the setup error measured using simulator images, while the 
verticall axis denotes results using the body contour scan. The straight line is for visual 
comparisonn only. 
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Figur ee 2.5 Comparison of the translation component of setup errors determined for head-
and-neckk cancer patients (n=21) by the two different methods, in the X (LR)-direction, the Y 
(CC)-direction,, and the Z (AP)-direction. Note that the scale of this figure is not the same as 
thee scale used in Fig. 2.4. The straight line is for visual comparison only. 

Thee accuracy of body contours for computer-assisted setup was evaluated by 
assessingg the standard deviation of the measured difference in setup using 
thee simulator images and the setup measured using the body-contouring 
device.. For both patient groups and in almost all directions the standard 
deviationn of the differences was similar to the standard deviation of the 
measuredd setup deviations. The only exception was observed for the lung 
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cancerr patients in the Y-direction, showing a possible reduction of the setup 
error. . 

Tablee 2.1 Means  1 standard deviation (SD) of the translation component of setup errors 
foundd for lung cancer patients measured using either the simulator images or the body 
contouringg device. The third column shows the means  1 SD of the pair-wise difference of 
bothh measurements. The smaller value for SD of the difference in the Y direction (third 
column)) indicates that the measurements based on the simulator images are correlated with 
thee measurements based on the body contours. 

(mm) ) 

TranslationTranslation measured Translation 
usingusing simulator 
images images 

MeanMean  SD 

measuredmeasured using body 
contouringcontouring device 

MeanMean  1 SD 

1.22 9 

-0.88  5.0 

-2.33 1 

DifferenceDifference of 
translations translations 
measuredmeasured using both 
techniques techniques 
MeanMean  SD 

X(LR) ) 

Y(CC) ) 

Z(AP) ) 

-0.88  3.2 

-1.00 1 

-1.22 4 

-2.00 1 

-0.11  2.9 

1.11 5 

Tablee 2.2 Means  1 SD of rotational components of setup errors found for lung cancer 
patients. . 

) ) 

RotationRotation measured Rotation measured Difference of 
usingusing simulator images using body contouring rotations measured 

devicedevice using both techniques 
MeanMean  1 SD Mean  1 SD Mean  1 SD 

X(LR) ) 

Y(CC) ) 

Z(AP) ) 

-0.22 1 

0.44 1 

0.55 1 

-0.22  0.8 

0.11 2 

0.66 1 

0.00 2 

0.33 6 

0.00 7 

Tablee 2.3 Means  1 SD of the translation component of setup errors found for head-and-
neckk cancer patients. 

(mm) ) 

TranslationTranslation measured Translation 
usingusing simulator images measured using body 

contouringcontouring device 

MeanMean  SD MeanMean  SD 

DifferenceDifference of 
translations translations 
measuredmeasured using both 
techniques techniques 
MeanMean  SD 

X(LR) ) 

Y(CC) ) 

Z(AP) ) 

-0.44 2 

0.11 1 

-0.11 8 

0.55 8 

0.55 7 

-2.22 8 

-0.99  2.2 

-0.55  2.8 

2.11 2 



28 8 Chapterr 2 

Tabl ee 2.4 Means  1 SD of rotational components of setup errors found for head-and-nec k 
cancerr patients. 

C) ) 

RotationRotation measured Rotation measured Difference of 
usingusing simulator images using body contouring rotations measured 

devicedevice using both techniques 
MeanMean  1 SD Mean  1 SD Mean  SD 

X(LR) ) 
Y(CC) ) 

Z(AP) ) 

-1.11 0 
0.30.3  1.1 

0.88 4 

-1.00 7 
0.00 8 

0.44 3 

-0.11  1.1 
0.44  2.3 

0.44 1 

Basedd on the Monte Carlo experiment, the accuracy of the individual standard 
deviationss determined using analysis of variance is in the order of 1 mm (1 SD 
translations)) and 0.5  (1 SD rotations), for both lung cancer patients and 
head-and-neckk cancer patients. Given the accuracy of the method, the 
standardd deviations of the true setup (ob), the match based on the simulator 

imagess (crSg), and the bone to skin movement {oShs) are comparable (Table 

2.55 and Table 2.6). Some values could not be computed because the analysis 
off variance yielded a negative estimate. These invalid values occurred 
becausee the estimated standard deviations differed from the real standard 
deviationss of the population because data was obtained for a small number of 
patients. . 

Tablee 2.5 Standard deviations (SD) due to setup inaccuracies and due to matching 
inaccuraciess for lung cancer patients, separated using analysis of variance. The standard 
deviationn of registering the bone structures is given by O5B . The standard deviation of 

movementt of skin with respect to bone is represented by <JS^ and the standard deviation of 

thee setup error of the bone structures by a . Translations in X, Y and Z-direction are denoted 

byy Tx, Ty and Tz, and rotations are denoted by Rx, Ry and Rz. The standard deviations are 
comparable,, given the estimated reliability of 1 mm and . *This value could not be 
computed. . 

SDD Lung 

aassB B 

aasshs hs 

Tx x 

1.9 9 

1.5 5 

2.0 0 

Ty y 
(mm) ) 
1.5 5 

1.6 6 

2.4 4 

Tz z 

1.0 0 

2.3 3 

1.6 6 

Rx x 

0.9 9 

0.3 3 

0.5 5 

Ry y 

n n 
1.2 2 

0.8 8 

0.2 2 

Rz z 

0.4 4 
* * 

0.9 9 

Tablee 2.6 Standard deviations (SD) due to setup inaccuracies and due to matching 
inaccuraciess separated for our group of head-and-neck (H&N) cancer patients. The symbols 
inn this table are the same as in table 2.5. *This value could not be computed. 

SDH&N N 

aas. s. 
aasshs hs 

a a 
b b 

Tx x 

1.1 1 

1.7 7 

0.4 4 

Ty y 
(mm) ) 

1.5 5 

1.5 5 

1.5 5 

Tz z 

1.4 4 

1.0 0 

1.0 0 

Rx x 

0.7 7 
* * 

0.2 2 

Ry y 

H H 
1.3 3 

0.7 7 
* * 

Rz z 

1.0 0 

0.5 5 

0.9 9 
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2.4.2.4. Discussion 
Thee accuracy of using body contours for setup verification was found to be 
limited,, possibly by movement of the skin with respect to bone. More 
specifically,, when the bone match is used as a reference, two sources of 
inaccuracyy limit the overall accuracy of the use of body contours for setup 
verification.. Firstly, the body contours were measured and matched to the 
referencee contour with finite accuracy. We estimated that the standard 
deviationn of this skin registration procedure, aSs, was 0.5 mm and . 

Secondly,, movement of the skin with respect to the bone limits the overall 
accuracy.. Estimates for the standard deviation of this movement were 
obtainedd using the analysis of variance technique and are listed in tables 2.5 
andd 2.6. The use of body contours is advantageous for reduction of setup 
errorss only when the variance of the errors of the patient setup is larger than 
thee combined variances of the two sources mentioned above. Because the 
standardd deviation of the differences of the setup deviations found from the 
simulatorr images and the setup deviations found from the body contour scans 
iss assumed to contain only these two sources (see Eq. 2.1), the standard 
deviationn of the difference is an indication of the achievable gain using contour 
information.. The initial accuracy of patient setup in this study was found to be 
high.. This could explain why only a reduction of the standard deviation of the 
differencess was observed for the lung cancer patients in the Y-direction. 

Whenn bone is considered to be the most accurate reference of the target 
volume,, movement of the skin relative to the bone will reduce the setup 
accuracyy achievable with body contours. Thus, movement of the skin with 
respectt to the bone has an important contribution to the overall inaccuracy. In 
aa study where various immobilization devices were compared, no reduction in 
overalll patient movement was noted [18]. Similar results were found in an 
unpublishedd study performed in our hospital. It is likely that this outcome is 
alsoo caused in part by movement of the skin with respect to the bone. To 
minimizee the role of movement of the skin with respect to the bone, 
immobilizationn devices that attempt to fixate on bone rather than skin are 
preferred. . 

Usingg contour information for patient setup verification implicitly assumes that 
thee shape of the patient does not change dramatically during the period of the 
treatment.. In this study, only a single contour scan was acquired for each 
patientt (shortly before or after the CT scan) and few problems with matching 
weree encountered. However, weight loss may be more severe over the full 
periodd of treatment. One can expect that weight loss results in changes in 
shapee that become apparent when parts of the contour fit well to the reference 
contourr (e.g., parts close to the ribs), while a mismatch is observed for other 
partss (e.g., at the abdomen). Such an observation may indicate the necessity 
too select a new reference contour or to re-plan the treatment. 

Anotherr potential problem to accurately register the contours of the patient is 
respiratoryy motion, especially in the lung area. This motion causes 
deformationss in the CT scan, which are mostly in transversal direction, as a 
resultt of the slice-by-slice scanning (Fig. 2.6a). The body contour scan is 
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acquiredd using a different scanning technique, namely by rotating the gantry. 
Ass a result, respiratory motion causes deformations of the body contour scan 
inn the left-right direction (Fig. 2.6b). Matching the CT scan to the body contour 
scann might be hampered by these distortions. 

(a)) (b) 

Figur ee 2.6 Motion deformations in CT and body contour data. In (a) a sagittal reconstruction 
off a CT scan is shown. Because the patient breathes freely during scanning, slices are 
acquiredd at an arbitrary phase between inhalation and exhalation. In (b) a surface rendering 
off the body contours of the same patient shows elevations on the surface in the cranio-caudal 
directionn because the 3D surface is obtained by rotating the gantry. The accuracy of matching 
thee contours may be influenced by these distortions. 

Otherr discrepancies in the patient setup derived from the body contours and 
derivedd from the portal images may be caused by the equipment used in this 
study,, i.e., the CT scanner, the body contour scanner, and the simulator. An 
attemptt was made to minimize the systematic deviations of the body contour 
scannerr by correcting for the results found from the phantom calibration 
measurements.. After such a correction, only random variations in this 
equipmentt are included. A measured series of body contour scans showed 
thatt the random variation of the body contour scanner is smaller than 0.4 mm. 
Thee systematic deviations of the means of the patient setup errors in the Z-
directionn apparently are caused by other sources, probably related to a 
transferr error in the setup procedure of the patient on the simulator. A possible 
explanationn for the relatively large average deviation between the translation 
measuredd using the simulator images and the translation measured using the 
body-contouringg device for the head-and-neck cancer patients in the Z-
directionn is that the mask is not always correctly extracted from the CT scan. 
Inn that case, the acquired body contour is not matched to the mask surface, 
butt to the more dorsally located skin. The large average deviation in the X-
directionn for lung cancer patients is possibly caused by elasticity of the skin 
withh respect to bone. 



Chapterr 2 31 1 

Thee standard deviation of the movement of the skin with respect to the 
internall anatomy is smaller than the combined random and systematic setup 
errorr as measured by Erridge et al. [4] (respectively 4.1, 5.1, and 2.8 mm in X, 
Y,, and Z-direction for lung cancer patients) and Bel et al. [1] (respectively 2.3, 
2.0,, and 2.6 mm for head-and-neck cancer patients). Two factors contribute to 
thiss difference. Firstly, inaccuracies in redrawing the ink marks will lead to 
systematicc errors. By using tattooed marks, this inaccuracy can be avoided. 
Secondly,, the body contour scan provides more information about the patient 
setupp than a few ink marks hence allowing a more accurate patient setup, 
providedd that there are no dramatic changes in the contours of the patient. 
However,, because the skin is mobile, the mark is more likely to move more 
thann the overall patient contour (relative to the internal anatomy). 

Ourr results do not agree with the results found in earlier studies [10,14,17]. 
Thesee studies showed reduction of standard deviations of the setup error by 
incorporatingg surface information for prostate cancer patients, especially in the 
laterall and AP direction. However, no gain was achieved in cranio-caudal 
directionn in these studies. In contrast, we found that only in cranio-caudal 
directionn the standard deviation of the differences of the setup errors is 
smallerr than the standard deviation of the setup error (for our group of lung 
cancerr patients). Although it is not possible to transfer the results for prostate 
cancerr patients directly to lung and head-and-neck cancer patients, a higher 
degreee of correspondence was expected. One possible explanation for this 
differencee is that the benefit of inclusion of contour information depends on 
thee magnitude of the existing setup errors. The standard deviations of the 
setupp errors in the populations used in our study are considerably smaller 
thann those reported in the previously mentioned studies. For the lung cancer 
patients,, the standard deviation in cranio-caudal direction is largest (4.1 mm), 
andd therefore only for this group of patients and in this direction the standard 
deviationn of the differences was smaller than the standard deviation of the 
setupp errors. The standard deviations of the setup errors found in this study 
correspondd with the setup deviations found in our hospital by Erridge et al. for 
lungg cancer patients and by Bel et al. for head-and-neck cancer patients. 

AA second explanation for the difference is that we used a high-resolution 3D 
bodyy contour scan in longitudinal direction (covering 511 points over a length 
off 50 cm). In the study of MacKay et al. the body contour was derived from CT 
data,, which often encompassed only 10 cm in the longitudinal direction. As a 
result,, the resolution of the contour scan in this direction is as low as the 
longitudinall resolution of the CT scan, i.e., 5 mm, while the resolution of our 
contourr scanner is 1 mm in this direction. In the study of Soete et al., only a 
limitedd amount of contour information was used. Furthermore, localization of 
thee patient in longitudinal direction was imprecise because the cameras were 
locatedd caudal to the foot end of the patient. 

Soetee et al. suggest a third cause for deviations that may occur. It is possible 
thatt pelvic rotation around a lateral axis as a result of breathing motion is not 
noticedd by their infrared system, while a relatively large shift of the patient in 
longitudinall direction is observed in the portal (or simulator) image. Using the 
infraredd system, the rotation cannot be measured because the marks that are 
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usedd are roughly configured within a single plane. Similarly, the matching 
proceduree in the study of MacKay et al. did not include rotations. Possibly, 
includingg rotations during matching improves the measurement accuracy for 
translations. . 

Ourr study complements the patient groups in the studies mentioned above 
withh results for lung cancer and head-and-neck cancer patients. The main 
technicall differences are the use of a specialized body contour scanner for 
acquisitionn of the surface data, instead of surfaces derived from a series of CT 
scanss or partial surfaces, and the inclusion of rotation in the analysis. 
AdvancedAdvanced scanners, as suggested by MacKay et al., will allow for shorter 
acquisitionn times of the body contours, and potentially less artifacts remain. 
Therefore,, it is possible that the reported accuracy will improve with more 
advancedd scanners. Furthermore, the authors believe that a scanner that 
requiress a gantry rotation for the acquisition of the body contours, as the one 
thatt was used in our study, is not practical for use on the accelerator due to 
thee time required per patient. A scanner of this type also rules out any real-
timee measurements. Consequently, it is advantageous if the scanner is not 
mountedd to the head of the gantry. Apart from the differences in scan time, we 
assumee that our measurements are representative for different types of 
scanners,, i.e., our observations are not restricted to our particular hardware. 

Itt is clear that verification based on portal imaging and verification based on 
patientt contours both are indirect techniques because neither directly provide 
informationn about the location of the tumor. Portal imaging quantifies the 
positionn of the bone structures, whereas the surface techniques quantify the 
positionn of the skin. The advantage of portal imaging is that the treatment 
beamm itself is used for acquiring the images; while the advantage of surface 
techniquess is that these are potentially fast, and do not deliver any dose to the 
patient.. In portal imaging, motion of the tumor relative to the bone limits the 
accuracy,, while for the surface technique the accuracy is limited by motion of 
thee tumor relative to the skin. 

2.5.2.5. Conclusions 

Verificationn of patient setup by using patient contours is feasible, but the 
accuracyy is limited with respect to the bone structures to 3 mm (1 SD) for lung 
cancerr patients and head-and-neck cancer patients. For cases where a higher 
accuracyy is desired, other techniques such as portal imaging or cone-beam 
tomographicc imaging should be employed. An important prerequisite for the 
accuratee use of a body contour scanner is a quality control program for the 
equipmentt by phantom measurements. 
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