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DoseDose wall histograms for the rectum 

Abstract t 

Purpose: : 
Too develop an accurate method to generate a dose-volume histogram of the 
rectumm wall, solely based on the outer contours of the rectum wall. 

Material ss and methods: 
AA mathematical model for the rectum wall is developed, incorporating the 
stretchingg of the rectum wall due to variable rectal tillin g and neighboring 
structures.. The model is based on the assumption that the amount of cross-
sectedd rectum wall tissue normal to the central axis of the rectum is constant. 
Thee main objective of the model is to determine the thickness of the rectum 
walll  in each wall element. 
Twoo approaches are described, yielding both a DVH of the rectum wall, only 
basedd on the delineated outer contours of the rectum. In the first approach, the 
modell  is used to create a set of inner contours out of the axial outer contours. 
Bothh sets of contours are used to derive a dose-wall histogram (DWH) of the 
rectum.. In the second approach, the model is used to generate a normalized 
2DD sampling space, which is subsequently binned into a normalized dose-
surfacee histogram (NDSH). 
Thee model is verified using 20 sets of CT data (5 patients x 4 scans) in which 
bothh outer and inner contours of the rectum are carefully delineated. The 
DWHss and NDSHs are compared with DVHs of the rectum wall, which 
requiree contouring of the outer and inner surfaces of the rectum wall and with 
DVHss of the total rectum (including rectal filling) . The variation between 
DWHs,, NDSHs and DVHs is investigated using normal tissue complication 
probabilityy (NTCP) calculations. 

Results: : 
(A)) The local wall thickness of the rectum as outlined on CT data is in 
conformityy with the described rectum model. (B) The amount of rectum wall 
tissuee per unit length rectum varied considerably between patients (27%, 
1SD).. (C) In all analyzed patients, the DWHs and NDSHs correspond well to 
thee DVHs of the rectum wall. (D) Much more discrepancies are observed 
betweenn the DVHs of the total rectum and the DVHs of the rectum wall. 

Conclusion: : 
Thee applied methods yield accurate dose distributions of the rectum wall, 
withoutt delineating the inner surface of the rectum. This reduces both the 
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workloadd and variations due to inaccurate delineation of the rectum wall. The 
DWHH and NDSH are effective tools to evaluate 3D-dose distributions of the 
rectumm wall and to estimate the complication probability of the rectum in high 
dosee conformal radiotherapy. 

Keyy Words: 
Dose-surfacee histogram, Rectal complications, Conformal radiotherapy, 
Prostatee cancer 
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DoseDose wall histograms for the rectum 

Introductio n n 

Dose-volumee histograms (DVHs) are widely used in conformal radiotherapy 
too evaluate the normal tissue complication probabilities (NTCPs) and 
moreoverr to optimize the 3D-dose distribution in 3D-treatment plans. The 
predictivee value of a DVH highly depends on the accuracy by which the 
volumee of the organ is delineated. The delineation of a hollow organ, like the 
rectum,, presents special difficulties. The rectum is the terminal portion of the 
intestinall  tract, about 12 cm in length and extending from the sigmoid colon 
too the pelvic diaphragm (1-3). For most of its length, the rectum presents on 
itss inner wall a number of longitudinal folds of submucosa covered with a 
layerr of fast dividing mucosal glands. The submucosa is lined with an outer 
coatt of circular smooth muscle (4, 5). 
Forr a correct evaluation of DVHs, both the outer and inner surface have to be 
delineatedd (6-8). but this is difficult for two reasons. First, the CT numbers of 
thee rectum wall are often very similar to the CT numbers of the filling , 
makingg it hard to distinguish the submucosa and mucosal glands from the 
lumen,, even with optimal settings for window and level. Secondly, the rectum 
walll  can be extremely thin (< 2 mm) at some places (9), making a careful 
delineationn of the wall volume a difficult task. The delineation of the outer 
boundss of the muscularis is in general less problematic. For that reason the 
rectumm is often delineated as a solid organ resulting in less meaningful DVHs. 
Thuss the wall surface of the rectum can be accurately determined, but 
problemss occur for the delineation of the local wall thickness. 
Becausee the wall thickness is hard to delineate and since the vast majority of 
rectumm tissue is located near the surface of the rectum. Lu et al. (10) 
introducedd the concept of binning surface elements as an alternative for 
binningg volume elements. In their study, surface elements were generated by 
dividingg the rectum (and bladder) contours on each CT slice into segments of 
0.55 cm in length. This implies a linear relationship between the length of the 
contourr segment in a slice and the amount of wall tissue represented by this 
segment.. Ting et al. (11) investigated a similar approach, by sampling volume 
elementss in a rectum shell with a constant thickness of 0.125 cm. MacKay et 
al.al. (12) pointed out that this may not be valid for the rectum wall. They 
introducedd the normalized DSH (NDSH), by keeping the number of dose 
pointss fixed in each contour to ensure that all outlined sections of the rectum 
contributee equally to the DSH. This approach, however, does not account for 
thee curving nature of the rectum. Another problem is that NDSH in this 
conceptt is dependent on the orientation of the CT slices. 

65 5 



ChapterChapter 4 

Thee first goal of this study is to develop a mathematical model for the rectum, 
whichh specifies the local wall thickness for each surface clement. The 
underlyingg assumptions of the model are verified using anatomical 
informationn obtained from CT data, in which both outer and inner surfaces of 
thee rectum wall arc carefully delineated. The second goal is to use the model 
too generate an accurate DVH of the rectum wall, based on the delineated outer 
surfacee without the necessity of delineating the inner surface. Finally, the 
resultingg DVHs are compared with DVMs of the manually delineated rectum 
walll  and with DVHs of the total rectum (including filling) . 

(a)) (b) (c) 

Figuree 4-1: Schematic representation of the rectum; each square represents a fixed amount of 
rectall  wall tissue: The shape of the rectum is in principle cylindrical (a). The rectum wall 
stretchess because of variances in filling , hut the rectum length is conserved; only the width ol 
thee squares changes, the height remains constant (b). Due to neighboring organs, the central 
axiss is curved (c), but the additional stretching is assumed to be negligible. 
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Materialss and Methods 

Too create a rectum wall volume out of delineated contours of the outer surface 
off  the rectum, a mathematical model is developed, which specifies the relative 
locall  thickness of the rectum wall for each position on the rectum surface. 
Thiss model is based on some physiologic characteristics of the smooth 
circularr muscularis of the rectum. The length o\~ the libers within the 
musculariss rectum max increase without a concomitant increase in tension, 
i.e... receptive relaxation (5.13). This viscoelastic length-tension characteristic 
makesmakes it possible for the muscularis to elongate firmly, but as the muscularis 
andd vascular submucosa are stretched, the rectum wall narrows. In the model 
discussedd below it is assumed that this narrowing compensates the elongation 
inn such a way that the rectum wall volume is preserved. 

RectumRectum model 

Inn the description of the anatomy of the rectum wall three assumptions are 

(a)) (b) 

Figuree 4-2: A cylindrical rectum wall segment perpendicularly (a) and obliquely (b) cross-
sected.. L, d and s denote die circumference, wall thickness perpendicular to the 
circumference,, and the tangent to the circumference respectively. The superscript ' " refers 
too their equivalents in cross-sections perpendicular to the central axis. /  denotes the local 
radiuss in perpendicular cross-sections, v and n are vectors denoting the direction of the central 
axiss and the direction normal to the cross-section, respectively. 

67 7 



ChapterChapter 4 

made: : 
1.. The basic shape of the rectum is a hollow cylinder (Fig. 4-la). 
2.. Rectal fillin g only stretches the rectum wall transversely, i.e., 

perpendicularlyy to and symmetrically around the central axis of the rectum. 
Displacementss of wall elements along the rectum axis are neglected . 
Consequently,, the rectal fillin g does not affect the length of the rectum 
(Fig.. 4-lb). 

3.. Due to the presence of neighboring organs, the central axis of the rectum is 
curved.. The additional stretching imposed by these structures is assumed to 
bee negligible with respect to the stretching due to variances in rectal filling 
(Fig.. 4-lc). 

Summarizing,, we assume that; 
TheThe total amount of cross-sected rectum wall tissue in every cross-section 

perpendicularperpendicular to the central axis is constant throughout the entire rectum ' 
Iff  we consider every cross section perpendicular to the central axis to be 
cylindrical,, with a local radius r ' {Fig. 4-2a), then: 

A-=JTA-=JT r*~ -7t(rL-d'- ) " , (1) 

a nd d 
LLll = 27rr\ (2) 

with/ff  the rectum wall area in every cross-section perpendicular to the 

centrall  axis, d" the thickness of the rectum wall perpendicular to the central 
axiss and//, the outer circumference perpendicular to the central axis. Since 
d^<r',d^<r', this results in the single solution : 

L-L-  { r~toF) 
d-=—d-=— 1 - , 1  (3) 

Thee minimum value of L is ^4m4L , which occurs if locally the rectum fillin g is 

zero.. If the local rectum filling  increases, the rectum may lose its cylindrical 

shape.. However, for large amounts of fillin g (Z/" »4xAL), d  ̂ is approximated 

byy A11Lr{first-order Taylor series expansion), which is a good measure for all 

loop-shapedd surfaces with small width. Therefore, Eq. 3 is not limited to 

cylindricall  rectum walls only. 

Forr oblique cross-sections,^ is equal to the projection of the wall area A upon 

thee plane perpendicular to the central axis: 

11 Various simulations using finite element analysis showed that the longitudinal stretching 
iss always less than 20% of the transverse stretching for Poisson ratios varying between 0.3 
andd 0.5'. 
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A-A- = >Jcos(v.n), (4) 

withh v, n vectors denoting the direction of the central rectum axis and the 
directionn normal to the cross-section (Fig. 4-2). The notation cos(v,n) denotes 
thee cosine of the smallest positive angle between v and n. Similarly; 

dsds =ds"cos(s",s) = dssin(v,s) (5) 

withh s and s1 vectors denoting the tangent to the in-plane circumference and 
thee projection of s to the plane normal the central axis. Consequently, 

LL = jds~=j ds = <jsin(v,s)ds\ (6) 
rr  / OS /. 

Thee wall thickness perpendicular to the circumference in oblique cross-
sections,, d, varies along the circumference (Fig. 4-2b). It is easy to show that, 
sincee éAL = d dsJ and dA = J -dv, t/can be expressed as, 

dAdA ds sin(v,s) 
a—aa—a = d , (7) 

dAdA11 ds cos(v,n) 

Substitutingg Eq. 6 into 3 and subsequently 3 into 7 yields d = d(A'\L,\,s,n), 

whichh indicates that the thickness of the rectum wall in an arbitrary cross-
sectionn can be expressed as a function of a rectum wall characteristic A^' and 

thee geometry of the 2D outer surface of the rectum. 
Inn this section, we use the above-described model to generate a DVH of the 
rectumm wall. Two distinct methods to construct a sampling space are 
presented,, both based on the delineated outer rectum contours. The first 
methodd uses Eqs. 3, 6 and 7 to construct a set of inner contours out of the 
outerr contours of the rectum. Subtracting the enclosed volumes of the inner 
surfacee from the enclosed volume of the outer surface yields the volume of 
thee rectum wall. This volume is subdivided into small voxels on a Cartesian 
grid,, which are subsequently binned to their dose in the conventional manner. 
Thee resulting histogram is addressed as a dose-wall histogram (DWH), to 
distinguishh the histogram from the standard DVH, in which the inner surface 
iss manually delineated. 
Inn the second approach, the model is used to subdivide the outer surface into 
smalll  normalized surface elements, each representing a fixed amount of wall 
tissue.. The surface elements are binned to their dose, yielding a normalized 
dose-surfacee histogram (NDSH). To subdivide the outer surface into small 
normalizedd surface elements, we derive a sample point density function 
£>(v,s)) for each axial contour of the rectum. The sample point density 

functionn describes the distribution of sample points on each contour. For 
reasonss of simplicity, it is assumed that in every CT slice a contour is defined. 
Thee sample point density function is then defined by: 
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dA dA 
p(v.s)) = — , (8) 

ds s 

withh N. the total number of'sample points on a contour. This can be rewritten 
by: : 

dvv dr 
p(v.s)) = — — , (9) 

dd I ds 
withh f7 the rectum wall volume within a slice. The derivative dA/dK represents 
thee volumetric sample point density and is constant. Since V = A-u\]w  ̂ with 
W'SIR-OO the slice width, Eq. 8 becomes, 

AA A 

(10) ) 

(11) ) 

01 1 

S S 

""  in terms of d-1 

neee d/\ /ds'/ds' = 

-/dv v 

p(\' p(\' 

A'A'  1 

P(v v 

p(v\s) ) 

, , 
,, 6N 

s)) = -— 
dV dV 

_dA A 

~~dV ~~dV 

" ' „ , ,,

. . 

dA' dA' 
LLLL,, substituting Eqs 

dAr r 

s)) = — 
dV dV 

M ; , U ..

1 1 

cos( ( 

dA dA 

d^ ^ 

dA dA 

dsds1 1 

ds ds 

dss ' 
.. 4 and 5 into 11 

v,n) ) 
sin(v v 

yi i 

s) ) 

elds, , 

(12) ) 

andd after substitution of Eq. 6, 
,, , n sin(v,s) 

p(p( v,s) = C  iviinuiui  y — — , (13) 
dsin(v,s)ds s 
/. . 

with,, M'ninU)ur=>vsijCC/cos(v,n), the distance between the centers of gravity of 
twoo subsequent contours. The constant C, C = dN/dVA\ represents the 
numberr of sample points per unit length rectum along its central axis. In this 
studyy C is set to 100 sample points per cm rectum, yielding a total number of 
samplee points of-1500 per rectum. 
Thee density function is used to generate a sample point distribution for each 
outerr contour of the wall. The sample points are subsequently shifted towards 
thee inner surface by half the wall thickness (Eq. 7). Finally, the NDSH is 
generatedd by binning each sample point to its dose. 
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Patients Patients 

Inn order to verity the hypotheses of the rectum model, five different T3 
prostatee cancer patients with three repeat scans were investigated. These 
patientt data were obtained from a previous study of the variation in volumes, 
DVHsDVHs and NTCPs of rectum and bladder (8). The patients were treated 
eonformallyy using a simultaneous boost technique (14). in this three field 
techniquee (one anterior-posterior and two lateral fields), boost fields and large 
fieldsfields were delivered simultaneously using partial transmission shielding 
blocks.. The dose to the prostate and seminal vesicles region and to the pelvic 
nodee region by the transmission blocks was 70 Gy and 46 Gy. respectively. 
Onee hour before the planning CT scan, the patients were instructed to drink 
5000 ml of contrast fluid. Apart from the initial planning CT scan, three 
follow-upp scans were made in week 2, 4 and 6 of the treatment. The CT scan 
forr treatment planning was made by scanning at an interval of 3 mm in the 
prostatee and seminal vesicles region and 5 mm in the remaining region of 
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Figuree 4-3: Enclosed areas of the outer and inner rectum contour per slice of the 2" scan of 
patientt A. The open circles denote the delineated rectum wall area in each slice, i.e.. the 
areaa between the outer and inner rectum contour. The dolled line denotes cosiv.n). The 

calculatedd values {'or A ' are denoted hv the diamonds. 
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interest.. To cut down scanning time and disk space the patients were scanned 
withh a 5 mm slice thickness over the whole region during the follow-up scans. 
Thee bony structures of the follow-up scans were automatically segmented and 
matchedd onto the first scan using 3D chamfer matching (15, 16). 
Thee outer wall as well as the inner wall of the rectum were contoured in each 
CTT slice by one of the authors (MvdB). The cranial border of the rectum was 
definedd as the location where the rectum turned horizontally into the sigmoid 
colon.. The caudal border was defined as 15 mm caudal to the apex of the 
prostate.. For all rectum structures (20 in total), the rectum wall was delineated 
inn each slice. The hypothesis that A1 is constant throughout the entire rectum 

iss verified and the variation of A~ among different patients was measured. 

Subsequently,, the variation between the DWHs, NDSHs and the DVHs is 
analyzedd by means of NTCP calculations based on different dose 
distributions.. The NTCPs were calculated using the model of Lyman (17) and 
tCuteherr et al. (18), with the following parameters: TD5() = 80 Gy. n = 0.12 
andd m = 0.15. All patients were treated with a simultaneous boost technique 
upp to a dose of 70 Gy, but to increase our data, additional histograms were 
generatedd based on a similar technique where the transmission shielding 
blockss were replaced by full thickness Cerrobend blocks (4% transmission 
insteadd of 65%). NTCPs were calculated for both techniques for both 70 Gy 
andd 80 Gy dose prescriptions. 

Results s 

RectumRectum wall contours 

Forr each patient the outer contours as well as the inner contours of the rectum 
weree delineated in every CT slice. There was considerable variation in the 
enclosedd area of both the outer and inner contours from slice to slice, Aaul and 
A-A-inin,, respectively, {Fig. 4-3 and 4-4). This variation was mainly caused by the 
variationn in rectum fillin g within a single scan. The relative {and absolute) 
variationn in the delineated rectum wall area, A, in each CT scan was much 
less,, as is indicated by the error bars in Fig. 4-4. The variation of (̂)Ul and A in 
aa single scan was on average 52% and 21% (1 SD), respectively. 
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outerr contour 
rectumm wall 

patientt A patient B patient C patientt D jatientt E 

Figuree 4-4: Mean enclosed area of the outer rectum contour, (A ,, and the mean 

delineatedd rectum wall area. (A) . tor the 20 CT scans. The error bars denote I SD. 

Thee direction of the central axis of the rectum is retrieved from the centers of 
gravityy of the subsequent contours in a CT scan. The cosine of the angle 
betweenn the central axis and the scan direction is used to obtain a value for 
AA in each slice (Fig. 4-3). No correlation between A and cos(v,n) was found. 

althoughh it was expected that more rectum wall intersects with a slice in the 
partss where the rectum is more obliquely cross-sected. A small positive 
correlationn (;-=0.43) between the delineated wall area and the circumference 
off  the rectum contour was demonstrated (no data shown). 

" ^ L L 

II = 1.3 cm" 

,11 - 2.7 cm2 

AA - 4.1 cm" 

X . . 

100 20 30 40 50 60 

Dosee (Gy) 

Figuree 4-5: DWH of the rectum in the 2nd scan of patient A for three different values of A 
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Thee daily fluctuations in rectum tillin g caused a variation between the repeat 
scanss of the mean enclosed area of the outer contours,{AM) , where the 

bracketss denote the average over all CT-slices of a single scan. The mean 
delineatedd wall area in a CT-slice, (A\ , was closely reproduced in the 

repeatt scans (7%, 1SD). This small variation is attributed to the drawing 
accuracy.. The mean delineated wall area for the individual patient. (A) 

rangedd between 2.2 cm" for patient B and 4.9 cm" for patient A, indicating a 
considerablee interpaticnt variation in rectum wall volume in a CT-slice. The 
overalll  mean delineated wall area, (A) , was 3.6 cm2. The calculated values 

forr (A1) ranged between 1.6 cm" and 3.3 cm" with an overall mean of 

2.77 cm" and an interpatient variation of 0.7 cm" (1SD). Fortunately, the 
deviationn of the resulting DWH due to the uncertainty in A is small, as is 

illustratedd in Fig. 4-5. Similar results are observed using other treatment 
techniques,, e.g. multi segmented IMRT (no data shown). This is because, 
independentt of the treatment technique, the dose difference between the inner 
andd outer wall surface is relatively small in relation to the total dose 
differencess in the anterior-posterior and cranio-caudal direction within the 
rectumm wall. 

00 10 20 30 40 50 60 

Dosee (Gy) 

Figuree 4-6: Cumulative DVH of the total rectum versus DVH of the rectum wall and DWH 
andd NDSII of the rectum (2nd scan patient A) 
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Figuree 4-7: Frequency distribution of the ratio of NTCP-values based on DWHs or DVHs 
off  the total rectum and NTCP-values based on the DVHs of the rectum wall 

DWHDWH and NDSH versus DVHs 

Fig.. 4-6 shows the DWH, NDSH. DVH of the rectum wall and the DVH of 
thee total rectum including fillin g as delineated in the 2" scan of patient A. 
Sincee the sampling space of both the DWH and the NDSH are based on the 
samee rectum model, these histograms should coincide over the entire dose 
domain.. Fig. 4-6 shows that indeed the choice of sampling space does not 
effectt the resulting histogram. The DWH and NDSH are mutual 
exchangeable. . 
Thee DWH (and NDSH) closely resembles the DVH of the rectum wall. The 
DVHH of the total rectum including filling,  however, clearly underestimates the 
highh dose fraction, in this example, since the latter histogram also accounts 
forr the dose distribution in the rectal filling,  which is mainly positioned 
outsidee the high dose region. 
Too analyze the differences between the DVHs of the rectum wall. DVHs of 
thee total rectum, and DWHs of the rectum. NTC'Ps were calculated based on 
fourr different dose distributions, yielding a total of 3 histogram types x 4 dose 
distributionss x 20 scans = 240 NTCP-values. The ratio of the NTCP based on 
thee DWH (and the DVH of the total rectum) and the NTCP based on the DVH 
off  the rectum wall are determined for all rectum-dose combinations. The 
frequencyy distribution of these ratios is plotted in Fig. 4-7. The average ratio 
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Figuree 4-8: A lateral view of a rectum contoured in an axial data set and in a data set that is 
rotatedd bv 30" 

off  the NTCP based on DWH and the NTCP based on the DVH of the rectum 
walll  was 0.98  0.11(1 SD). The average ratio of the NTCP based on DVH of 
thee total rectum and the NTCP based on the DVH of the rectum wall was 0.97 

 0.30(1 SD). 

OrientationOrientation of data sets 

Iff  a rectum and a dose distribution are defined in a 3D space, then the 
resultingg DVH should not be dependent on the orientation of the data set. In 
Fig.. 4-8. the contours of rectum o( the 2"v scan of patient A arc shown 
togetherr with the beam set up. Besides the original contours, the outer rectum 
iss also sliced into a data set that is rotated by 30". From both sets of contours 
ann NDSH is generated. If the number of sample points in each slice is fixed 
andd the mutual sample points are equally spaced in each slice (approach 
YlacKayy et a/. (12)). the two DSHs substantially differ (Fig. 4-9). If the 
numberr of sample points in each slice and its distribution is adapted to the 
anglee of intersection (Eq. 5). the influence of the orientation of the data set is 
drasticallyy reduced. 
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Discussion n 

Wcc described a method for generating a DVH oi' the rectum wall, based on 
thee outer contours of the rectum only. A mathematical model is used to 
specifyy the wall thickness for each contour segment. A measure for the 
averagee wall thickness is obtained from 20 sets of CT data of 5 patients. Two 
differentt approaches of volume sampling are presented. In the first approach a 
sett of inner contours is constructed, which is used for outlining the rectum 
walll  volume. This volume is used to create a DWH. Although there is a linear 
relationshipp between the average wall thickness and the wall volume, the 
resultingg DWH is not very sensitive to this parameter (Fig. 4-5). 
Inn the second approach, the model is used to subdivide the outer surface into 
smalll  normalized surface elements, each representing a fixed amount of wall 
tissue,, yielding an NDSH. Li et al. (19) pointed out that, due to partial volume 
effects,, a DS11 from an outer or inner rectum surface may considerably differ 
fromm a DWH of the rectum if high dose gradients over the rectum wall occur. 
Thesee differences are much reduced by shifting all sample points towards the 
innerr surface by half the wall thickness. The DWH and the NDSH are both 
basedd on the same rectum wall model and therefore, both curves coincide 
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Figuree 4-9: NDSHs of one rectum (2n scan patient A) defined in two different datasets. 
withoutt and with a correction for the angle at which the rectum is locally intersected. 
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overr the entire dose domain (Fig. 4-6). The DWHs (and NDSHs) correspond 
reasonablyy well to the DVHs of the rectum wall based on manual delineation 
off  both the outer and inner contours. This is shown in Fig. 4-7, where NTCP-
valuess of both histograms are compared. This result was also found for other 
dosee distributions from e.g. multi segmented irradiation techniques (no data 
shown). . 
DVHss of the total rectum including fillin g are not appropriate for analyzing 
thee complication probability of the rectum (Fig. 4-7). Differences up to a 
factorr 2 occur, when comparing NTCP calculations based on the DVH of the 
rectumm wall with NTCP calculations based on the DVH the total rectum. 
Especiallyy in cases where one or more beams graze the rectum wall, large 
differencess between the DVH of the total rectum and the DVH of the rectum 
wallwall occur. 
Itt is difficult and time-consuming to accurately outline the inner surface of the 
rectumm wall. Inaccuracies in a DVH of a manually delineated rectum wall are 
likelyy to occur, since the CT numbers of the rectum wall are often very 
similarr to the CT numbers of the filling,  making it hard to accurately outline 
thee inner surface. This is illustrated by the fact that no correlation was 
observedd between the delineated rectum wall area A and the angle of cross-
sectionn of the rectum. Thus, the variances in wall thickness in a single slice 
duee to oblique slicing cannot be observed in a single CT-slice. In addition, at 
positionss with large filling , the rectum wall becomes extremely thin {2 mm or 
less),, making it hard to accurately depict a rectum wall. It is therefore 
reasonablee to assume that the observed correlation between the local cross-
sectedd rectum wall A and the local circumference, i.e., local filling,  is an 
delineationn artifact. In addition, an observer usually restricts himself to the 
2D-imagee information of a single slice, when delineating the rectum wall, 
whilee the DWH (and NDSH) algorithm takes the full 3D-geometry of the 
rectumm surface into account for determining the wall thickness. Because of 
thesee delineation uncertainties of the inner surface, the dose distribution over 
thee rectum wall is probably better represented by a DWH or NDSH, than by a 
(conventional)) DVH of the rectum wall. DWHs and NDSHs have the 
additionall  advantage of a lower workload, since only one set of contours has 
too be delineated. 

Conclusions s 

AA new method of analyzing the dose distribution over the rectum wall is 
developedd based on solely the outer contour information defined in the axial 
CTT slices and the anatomical properties of the rectum wall. The dose-wall 
histogramss and normalized dosc-surfacc histograms of the rectum correspond 
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welll  to the DVHs of the rectum wall. They both have the advantage over a 
DVHH that only the outer contours of the rectum have to be delineated, 
resultingg in a lower workload and a reduction of variations due to delineation 
inaccuraciess of a thin rectum wall. The dose-wall histogram and normalized 
dose-surfacee histogram are useful dosimetric tools in clinical practice to 
estimatee the complication probability of the rectum in high dose conformal 
radiotherapy. . 
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