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is, 6 degrees off vertical, and two support bars 
(VersaRests™) were inserted between the magnet pole 
covers, one as a knee stop and one as an arm rest. 
Neglecting to also insert a support bar under the 
buttocks was a mistake since resting only the knees on 
the
support bar became uncomfortable for some 
volunteers
and resulted in unwanted motion during the 
scan. A picture
of one of the volunteers in the upright 
position is
shown in Figure 2. The knee and arm supports 
can be
seen in the photograph.

exported from MIM using a DICOM format and
were 
used to calculate several metrics to evaluate the

anatomical changes between the supine and upright 
orientations.
The anatomical landmarks identified in the

central sagittal plane are illustrated in Figure 3 for one
of 
the volunteers in the upright position with a semi-full

bladder.

2.2 Data analyses

2.2.1 Anatomical landmarks

The scans for all the volunteers were analyzed in several 
ways using the MIM Maestro V6.9.3 platform (www. mim-
software.com). Discrete anatomical landmarks for
all the 
volunteers using the sagittal and axial scans
were 
identified. The 3D coordinates of all the  landmarks
  were 

Anatomical landmarks along the spinal axis, that is, Tip

of S1, Tip of S2, Sacrum Point, and  the  Tip  of  Coccyx  
were used to calculate and correct for pelvic rotations 

between the different scans for each volunteer. The

alignment was  based on a least-squares optimization,

minimizing the distances between the corresponding

landmarks using rotations and translations in the 
sagittal
plane only.  The Y  and Z DICOM coordinates for 
some
of the anatomical landmarks for a randomly 
selected
volunteer are plotted  in Figure 4. The positive Y 
axis is
posterior to anterior, and the positive Z axis is 
superior
to inferior. Panel A in Figure 4 shows the data 
points
aligned to the  “Tip of S1”  for  all

2.2.2 Corrections for pelvic rotation
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Figure 1: T2-weighted sagittal MRI images in the pelvic region of Volunteer 1 (top row) and Volunteer 2 (bottom row) in each of the three
conditions.
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Figure 2:  A volunteer in the MRI scanner demonstrating the
upright position. Trans-polar VersaRests™ were positioned to support
the knees and arms.

specific
landmarks for the supine and upright 
orientations exist. More details about each of the metrics 
are described in
Appendix A.

The different metrics listed in Table 2 were calculated 
using the transformed anatomical landmarks to 
investigate
whether  significant   changes   between   the

 the  scan  conditions.
    The  data  points,  aligned  to the 
upright full bladder condition
for the same  volunteer,  
are shown in panel B of
Figure 4. The transformation 
parameters obtained during
the  alignment  of  the  
spinal axes were then applied
to the other anatomical 
landmarks for the supine full
bladder and upright empty 
bladder conditions. The transformed
landmarks relative 
to the upright full bladder
orientation were then used to 
calculate the required
metrics, listed in Table 2, to 
determine whether significant
changes occurred 
between the supine and upright
orientations.

2.2.3 Calculation metrics and
methodologies

The change in position of the prostate between the 
supine and upright positions was characterized by 
calculating
the vector lengths between the bladder neck 
positions in the supine and upright orientations with a
full 
bladder and the upright orientation with a full and
empty 
bladder respectively. The same calculations were
done 
for the prostate apex positions.

2.2.4 Changes in the prostate position
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With the scans aligned to the full bladder upright scans
it 
was possible to examine the rotation of the prostate in 
the sagittal plane between the scans. The bladder neck 
and apex positions were used to calculate the rotation 
angle of the prostate. The rotation angle was calculated 
using Equation (1) relative to the full bladder upright 
orientation which was used as the reference position.

The Y and Z coordinates for the supine full bladder
and 
the upright empty bladder were used in Equation (1)
for 
the YApex and ZApex parameters to calculate the rotation 
of the prostate relative to the full bladder upright 
position. A positive angle means an anti-clockwise 
rotation
relative to the upright full bladder position 
(viewed
from the volunteer’s right side).

2.2.5 Rotation of the prostate

Figure 4.  The coordinates for some of the anatomical landmarks in the sagittal plane of one of the volunteers. Three sets of points are
plotted for 
each volunteer, corresponding to the three conditions: circles: supine full bladder; triangles: upright full bladder; squares: upright empty
bladder. The 
left panel shows the coordinates aligned to the “Tip of S1” point for all three conditions. The right panel shows the coordinates after
rotation and 
translation of the supine full bladder and upright empty bladder points based on aligning the spinal axis points to the upright full
bladder points 
using a least-squares minimization technique. The specific landmarks are numbered according to the numbers and names
illustrated in Figure 3.

A few types of statistical tests were performed to assess 
the significance of observed changes as described by 
Rosner. 24 All measurements, differences, and vector 
changes were checked with a linear correlation 
between the sample quartiles and the corresponding 
normal
curve quartiles (Q-Q probability plot correlation 
coefficient),
and all cases had that correlation >90%. 
Even though this method of checking normality amounts 
to a
quantification of the Q-Q plot visual inspection, it is 
still
considered a valid check.25 With the  data  best   

described
  by   paired two-sample data, both a 2-sided 
standard
paired t-test (PTT) and a Wilcoxon Signed Rank 
Sum
Test were used with a Gaussian Approximation 
(WRGA)
for these paired data. The WRGA, is a 
calculation that
handles deviations from data 
distributed as a Gaussian
better than the standard PTT. 
These tests arrive at a p-value
in very different ways and 
serve to validate one
another. Technically, at least 16 
data entries would be
needed for the rank sum to be 
Gaussian distributed
in all cases. The p-values are 
presented according to
standards.26 The PTT uses a 
Gaussian data set directly,
and the WRGA uses the 
Gaussian distribution of the
sampling ranks, The same 
ranks as in the standard
Wilcoxon test. Therefore, the 
WRGA test will be valid
with N = 15. When the data is best 
described by a
single sample, then a one sample t-test 
(OTT) was performed,
2-sided. The vector position 
changes that are
all positive vector modulus values were 
checked for significance
above random chance with a 
Chi-squared test
(CHS).The Chi-squared test provides a 
right-sided probability
that the observed variations are 
just by chance
alone as one would expect for a normal 
distribution, or
whether something else other than 
chance is at play if
the test fails  and  the  variance   

2.2.6 Statistical analyses exceeds   an expectation
value that is based on chance 
from normal variations
alone. Hence, a small p-value 
here confirms the expectation
of the normal variation 
expectation of change.
All the other tests had a 
hypothesized change of zero
as the null hypothesis. 
Therefore, if a significance test
passes (0.05 was used for 
the significance parameter for all tests), then it means a 
change that is not expected from just measurement 
variations are observed. If a seeing evidence in these 
data for a significant change from the change in 
conditions. Two conditions were studied for significance: 
(1) bladder fill state: full versus empty, and (2) the patient 
position, upright versus supine.
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Figure 6.  Supine and upright sagital scans for a randomly selected volunteer showing the seminal vesicles – the yellow (supine) and orange (upright) dotted 
lines. The scans are 28 mm to the left and 28 mm to the right of the sagittal mid plane.  The cross hairs are aligned to the bladder neck position in the sagittal 
mid plane.

selected volunteer. The supine scans are shown
in the 
two top panels and the  upright  scans  in  the  two
 
bottom panels. The seminal vesicles are delineated—
just 
to guide the eye—with the yellow (supine -upper
panels) 
and orange (upright—lower panels) dotted lines.
The 
purple cross hairs in the figures are aligned to the

bladder neck position on the sagittal mid plane scan. 

supine and
upright positions than the shifts introduced 
because of
emptying the bladder in the upright position 
is easy
to understand bearing in mind the gravitational 
forces
exerted on the prostate by the bladder and 
abdominal
contents. The bladder neck points tend to shift 
more than
the apex points which is easy to understand 
since  the 
bladder  is  such  a  large  organ  and   moves  

4. Discussion
The finding that the distance between the tip of the S1 
vertebra and the top of the prostate (bladder neck) is 
significantly larger in the upright orientation than in the 
supine position, indicates that the gravitational forces on 
the prostate, in the upright position, pushes the prostate 
inferiorly—see Figure 5. The finding that the same 
distances
are not significantly different for the full versus 
empty bladder conditions in the upright orientation, 
indicates
that the SI position of the prostate, is not 
impacted
significantly by the bladder fill condition in the 
upright
orientation.
The finding that the shifts in both the 
bladder neck
and apex positions are larger between  the

significantly
in the AP direction. The apex of the prostate 
is further
away from the bladder and is therefore less 
impacted
by the bladder movement. This is confirmed by 
the rotation
of the prostate relative to the prostate angle 
in the
upright full bladder orientation calculated from the 
bladder
neck and apex points. The large rotations in the 
prostate angle between the supine and upright 
orientations
is mainly due to change in the force vector 
exerted
on the prostate as explained above since the 
data was
re-aligned to correct for the natural rotation in 
the pelvis
between the supine and upright positions. The 
change
in the prostate angle is primarily due to the shift 
in the
bladder neck point as discussed above.
The 
statistical analyses of the bladderneckand
prostate apex  

Anatomical Changes in the Male Pelvis Between the Supine and Upright Positions: 

A Feasibility Study for Prostate Treatments in the Upright Position.
p u b l i s h e d  pap e r
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aed`b^JVXdeU _aebNTKU aed^KIKJU KeJIK`JWK^U eJ`dLbWNU KTJU
G_e\JWUdXVIUeJaed\_SbWNUKTJUGHI\\JeULdH_`JUIKUKTJUKb`JU
dXU KTJU ZPV^SIWFYRVZdW^b\JebWNU KTJU XdeSJ^U dWU KTJU GHI\\JeU
IW\U^_G^JM_JWKHEVdWUKTJUaed^KIKJUI^U\b^S_^^J\UIGdLJcU bKU
b^U J]aJSKJ\U KTIKU SdWSJeW^U IGd_KU aed^KIKJU `dLJ`JWK^U
\_ebWNU KeJIK`JWKU bWU KTJU _aebNTKU ad^bKbdWU `bNTKU GJU
eJ\_SJ\VdeUJLJWUJHb`bWIKJ\FUDbWSJUWdU^bNWbXbSIWKUSTIWNJ^U
bWUKTJUaed^KIKJUad^bKbdWU[JeJUdG^JeLJ\UGJK[JJWUX_HHUIW\U
J`aKEU GHI\\JeU SdW\bKbdW^cU bKU b^U J]aJSKJ\U KTIKU KTJU
bWSeJI^J\U NeILbKIKbdWIHU XdeSJU dWU KTJU aed^KIKJU [bHHU IH^dU
eJ\_SJU KTJU b`aISKU dXU eJSKIHU SdWKJWKU STIWNJ^U dWU KTJU
aed^KIKJU ad^bKbdWFU PTJU XISKU KTIKU KTJU GHI\\JeU b^U `deJU
J]KJW\J\U dLJeU KTJU aed^KIKJU IW\U b^U IH^dU SHd^JeU KdU KTJU
^ISe_`UbWUKTJU_aebNTKUad^bKbdWUU`bNTKUUeJ\_SJUUKTJUUeb^CUUdXU
^`IHHU Gd[JHU NJKKbWNU bWKdVKTJU KeJIK`JWKU GJI`^FU PTJU
dG^JeLIKbdWUUKTIKUUKTJUJ]KJW\J\UVGHI\\JeUUbWUUKTJUU_aebNTKU
KTJU ^_abWJU ad^bKbdWFU OHKTd_NTU ^`IHHcU KTJU bWSeJI^J\U
^JaIeIKbdWVGJK[JJWU KTJU aed^KIKJU IaJ]U IW\U KTJU aJWbHJU
G_HGVSd_H\UeJ^_HKUbWUIU^`IHHUeJ\_SKbdWUdXUKTJUILJeINJU\d^JU
KdVKTJU aJWbHJU G_HGU [TJWU KeJIKJ\U bWU KTJU _aebNTKU
debJWKIKbdWFVBKU b^U dGLbd_^U KTIKU KTJU J`aKEU GHI\\JeU
SdW\bKbdWU [d_H\U WdKVGJU SHbWbSIHHEU ISSJaKIGHJU XdeU
KeJIK`JWKU \_JU KdU KTJU aed]b`bKEVdXU KTJU ^`IHHU Gd[JHU [TJWU
KTJU GHI\\JeU b^U J`aKEU I^U [JHHVI^U KTJU I`d_WKU dXU GHI\\JeU
[IHHU KTIKU [bHHU NJKU beeI\bIKJ\FVPTJU aeb`IeEU SdWSH_^bdWU
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This whitepaper was commissioned by the team at Leo Cancer Care to support the 
development of their upright radiation therapy products find out more at

www.leocancercare.com


