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Background: The purpose of this study was to compare different techniques
for the estimation of spleen volume and surface area using magnetic resonance
imaging (MRI) images, ultrasonography (USG) images and cadaveric specimen,
and to evaluate errors associated with volume estimation techniques based on
fluid displacement.

Materials and methods: Five newborn cadavers, aged 39.7 + 1.5 weeks, weighted
2.220 = 1.056 g, were included in the present study. Three different methods
were used to assess the spleen volume. The vertical section technique was applied
using cycloid test probes for estimation of spleen surface area in MRI.

Results: The mean + standard deviation of spleen volumes by fluid displace-
ment was 4.82 + 3.85 cm?. Volumes determined by the Cavalieri's principle
using physical section and point-counting techniques were 4.45 = 3.47 cm? and
4.65 + 3.75 cm’, respectively, volumes measured by USG and cadaver using
ellipsoid formula were 4.70 + 3.02 cm? and 5.98 + 4.58 cm?, respectively. No
significant differences were found among all methods (p > 0.05). The spleen surface
area was calculated as a 32.3 + 20.6 cm? by physical sections using cadaver and
also it was determined on axial, sagittal and coronal MR planes as 24.9 + 15.2 cm?,
18.5 + 5.92 cm? and 24.3 + 12.7 cm?, respectively.

Conclusions: As a result, MR images allow an easy, reliable and reproducible vo-
lume and surface area estimation of normal and abnormal spleen using Cavalieri’s
principle. We consider that our study may serve as a reference for similar studies
to be conducted in future. (Folia Morphol 2014; 73, 2: 183-192)
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INTRODUCTION Changes in human spleen size and morphology

The spleen is an important lymphoid organ with take an important place in clinical diagnosis and treat-
both immunological and haematopoietic functions ment. It is possible to reach an overall idea about the
and also the largest of the secondary lymphoid or- size of the spleen through palpation and percussion,

gans [16].

however, these methods may sometimes become in-
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adequate, because spleen is not usually palpable till
it enlarges 2 to 3 times its own size [4, 14]. The size
and weight of the spleen may vary according to an
underlying pathology or age. In certain pathological
situations, such as leukaemia, the spleen assists in the
reformation of blood. Due to blood formation in areas
outside of the bone marrow, the spleen is exposed to
myeloid metaplasia. This leads to the development of
splenomegaly. Splenomegaly is an important clinical
sign for diagnosing many diseases such as malaria,
collagen tissue diseases, portal hypertension, glyco-
gen storage disorder, neoplastic blood diseases and
other disorders [4, 16].

The aetiology of newborn splenic size enlargement
is unclear. The foetal spleen has immunological and
haematological functions, so mechanisms in the-
se both categories should be considered [6]. Foetal
splenomegaly could also result from haematological
mechanisms. Erythropoiesis in the spleen normally
ceases before birth, but may resume in some patho-
logical conditions, such as haemolytic anaemia [35].

Different techniques, which are used for the esti-
mation of spleen volume by ultrasonography (USG)
[13, 17, 32], magnetic resonance imaging (MRI) [34],
and computed tomography (CT) [36] have been pre-
sented in literature. In addition, Asghar et al. [4]
used surface rendering technique of 3-D-Doctor by
analyses of CT images, and then calculated the volume
and the surface area of the spleen. Mazonakis et al.
[21] estimated splenic volume using random marking
technique on MR images. Splenic volume had been
estimated by USG, however, some studies showed
that it can be inaccurate because of the variable and
irregular contour of spleen and overlapping of splenic
outline by bone, bowel gas, or left kidney [4, 15].

The acquisition and analysis of medical images in
accordance with the rules of modern design-based
stereology [27, 30] enable precise and unbiased esti-
mates of geometric quantities, such as volume and
surface area, to be obtained in a moderate workload.

Using the Cavalieri’s principle, the estimation of an
organ volume can be performed with mathematical
unbiasedness and free from any systematic error [11,
25]. The mentioned method was first described by
an ltalian mathematician Bonaventura Cavalieri. He
proposed that volume of the irregular shaped obje-
cts could be estimated from a set of 2-dimensional
(2D) slices through the object, provided that they are
parallel, separated by a known distance, and begin
randomly within the object. These criteria are met
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by standard CT and MR images [36]. The relevant
method has been refined and applied in a series of
studies using different scanning techniques [11, 17].
Some studies have proven this estimator to be as ac-
curate as digitisation-based methods and to correlate
closely with displacement volume measurements [2].
Few studies were found in literature on estimation
of spleen volume and surface area in newborns’ cada-
vers based on MR and USG measurements [4]. There
is no study which investigated the spleen volume
using gold standard method in newborn cadavers.
The aim of this study was to estimate the spleen vo-
lume by Archimedes’ principle, point-counting method,
and ellipsoid formula using USG, MRI, and cadaver
specimens, and also to estimate the surface area of the
spleen using vertical section technique from newborn
cadavers, and thereby to determine the differences in
measurement observed among these methods.

MATERIALS AND METHODS

Five newborn cadavers, kept for practical anatomy
education, from the Erciyes University Medical Faculty
Department of Anatomy laboratory, were used in this
study. Erciyes University Medical Faculty Ethics Com-
mittee approval was obtained prior to commencing
the study. Cadavers with no morphological spleen
defects were included in the study. Full abdomen
USG and MRI procedures were performed to obtain
spleen images from cadavers before the dissection
of the spleen.

First, cadavers were fixed by neck vessels perfu-
sion according to their sizes and then kept in 10%
formalin solution during the study period (approxi-
mately 6 months). Each spleen was extracted from
the abdomen, examined, and photographed exter-
nally with a digital camera. The following 3 methods
were used for the estimation of spleen volume.

Archimedes’ volume as a reference volume

By placing the removed spleen into beakers con-
taining water, the actual spleen volumes were cal-
culated according to the Archimedes’ principle (i.e.
according to the amount of water displacement).
Archimedes’ principle was used to obtain an inde-
pendent determination of the spleen volume. Water
displaced by spleens was measured using a gradu-
ated cylinder to determine the spleen volume. The
measurements were compared to the other methods
and the mean and standard deviation (+ SD) of the
measurements were calculated.
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Volume estimation with USG measurements

USG imaging was performed according to the
following protocol: with the sonosite M-Turbo por-
table USG device, measurements were performed
using the HFL 38%/13-6 MHz linear transducer or
C60x/5-2 MHz convex transducer probes.

All USG examinations were performed by a single
radiologist (AC). The measurements were performed
on the coronal plane that included the splenic hilum,
with the cadaver maintained in the slight right lateral
decubitis.

The length, width and thickness of each spleen
were measured using USG. The largest longitudinal
distance between the dome and the tip of the spleen
(the distance between the posterior extremity and
anterior extremity) was measured. This value was
considered as a measure of length. The thickness (the
distance between visceral surface and diaphragmatic
surface) and the width (the distance between inferior
border and superior border) were measured in the
coronal plane USG image. Additionally, the length,
width and thickness of each spleen were measured
using a caliper on cadaver specimen (Fig. 1A, B).

Volumes were calculated according to the ellipsoid
formula using USG images and caliper measurements.
The ellipsoid formula is shown below:

Volume = Lenght x Widht x Thickness x 1/2 (1)

Volume estimation using stereological method

Using the Cavalieri’'s method, an estimate of the
volume of a structure of an arbitrary shape and size
may be obtained efficiently and precisely. The volume
estimation using Cavalieri's method can be expressed
as a following equation (Eq. 2) [30]:

V=Tx 3V, (2)
i=1

where V; is the total volume of tissue slice (which may
comprise several slice profiles) in the ith slab and T is
the slice thickness.

We have estimated spleen volume using MR im-
ages and cadaver slices of spleen. MRI was performed
according to the following protocol: morphometric
MRI evaluation was performed using a 1.5 T magnet
(Philips, Interna, Bes) device. On the T1 weighted axial
plan, 2D FLASH (Fast Low Angle Shot) sequence was
obtained for the surface area measurement, and the
following technical factors were employed: TR (rep-
etition time) = 168 ms, TE (echo time) = 4.1 msn,
FOV (field of view) = 25 cm, matrix = 128 X 256,
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Figure 1. Measurement of length (A—A) of the spleen with ultraso-
nography (USG) (a); measurement of thickness (A—A) and width
(B-B) values of the spleen with USG (b).

flip angle = 90 degrees, voxel size = 8 X 8 X 8 mm,
slice thickness = 1.6 mm, and gap = 0.

The obtained images were viewed on a computer
using the Hipax Patient CD Viewer V.1.6.6 program.
MR images of 1.6 mm thickness for the 3 planes (axial,
coronal and sagittal) were examined by a radiologist.

Point-counting method

Point-counting method is based on the Cavalieri’s
principle. According to this method, the MR images
of a section series of 1.6 mm thickness were used to
estimate the volume of the structures. The films were
saved on a computer and the transparent square grid
test system with d = 2.5 mm between test points
was superimposed, randomly covering the entire
image frame.

In addition, the spleens were sliced at 0.5 cm
intervals using a special slicing device. Volume cal-
culations were performed on each individual spleen
slice by using the transparent square grid test system
with d = 2.5 mm between test points (Fig. 2A, B).

Figure 2. Sections which were sliced by fractitioner knife (a); ran-
dom section taken on the point-counting grid (b).
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The points hitting the structure sectioned surface
area (MR images and cadaver slice of spleen) were co-
unted for each section and the volume of the spleen was
estimated using the following formula for both of the
specimens (MR images and cadaver slice of spleen) [1]:

V(PO =T x [d2 x 3 p 3)

where T is the section thickness, d is the distance
between the test points of the grid, and p is the total
number of points hitting the sectioned sliced surface
areas of the structure. According to this volumetric
technique, a square grid of test points was positio-
ned on each MR image, and all points covering the
structure were counted.

Estimation of spleen surface area using
vertical section method

The stereological method of surface area estima-
tion using vertical sections produces unbiased esti-
mates of surface area. In this technique, the surface
is sampled at systematic random positions in 3-D.
The method combines the Cavalieri’s principle with
vertical sectioning [5].

The vertical section techniques generally use the
cycloid test probes for estimation of the surface area.
The relevant formula for estimating the surface area
from an exhaustive series of vertical sections was
calculated using equation 4 [1, 30]:

S=2xTxall x| (4)

We have calculated the surface area of spleen on
MR images and cadaver slice of spleen using vertical
sections.

The equation 4 was used for the surface area esti-
mations of spleen on cadaver slices. Then, we have
modified the above formula (Eq. 4) for the surface
area estimations of radiological images shown below:

al/l x SU )

5 X | (5)

5=%><T><(

where n is the number of random systematic orien-
tation, a/l is the ratio of the test area to the cycloid
length, T is the distance between serial sections, SU is
the scale unit of the printed film, SL is the measured
length of the scale printed on the film and / is the
number of intersections on all sections.

We have used 3 orientations to calculate the a//
using d = 0.55 cm. In our experiment, cycloid test
lines were found to give a 1.727 cm ratio of area as-
sociated with each cycloid for a// according to Eq. 6
(Fig. 3):

all = x d/2 (6)
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Figure 3. Cycloid probe.

The coefficient of error (CE) is given in Eq. 7 [10].
The CE of volume is calculated as follows. It can be
shown that:

CE2(V) = CE2,, (V) + CE2,, @)

where CE? (V) is CE of the volume estimate, CE2,(V)
is true mean variability due to point-counting within
sections, CEZCAV(V) is true contribution of the varia-
bility among sections. In Eq. 7, CE? (V) is the square
coefficient of error of the estimator of V when the
areas are measured exactly. The CE value is acceptable
lower than 5% according to the literature [33]. The
CE of the surface area is computed as follows:

0oy n n-2 n-1 12
CE=(3) % [{562A +2AA.-434A)] ®
In this study, we have calculated the CE values
as predictive, using the R program. First, by using
the statistical package R, codes were developed to
calculate the contribution to the predictive CE.

Statistical analysis

To assess the agreement between the volume
measurements of Archimedes’ method and other
methods, statistical agreement measures, including
concordance correlation coefficient (CCC), intraclass
correlation coefficient (ICC), Pearson’s correlation
coefficient (r), p values obtained from paired-t test
and least square analysis (ppt, p,) and coefficient of
variation, were calculated. For the complete agre-
ement, CCC, ICC and r values should be maximised
and Potr Pis and coefficient of variation (CV) values
should be minimised. Details about these measures
can be found in reference No. 18 [18]. The analyses
were conducted using R 2.15.0 software.

To assess the agreement between physical sec-
tion and other surface areas, statistical agreement
measures, including CCC, ICC, 1, p,, p; and coef-
ficient of variation, were calculated. For the com-
plete agreement, CCC, ICC, and r values should be
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Table 1. Measurement of the spleen using ultrasonography (USG) and caliper

Cadaver No. USG [cm] Caliper [cm]
Length Width Thickness Length Width Thickness
1 4.74 3.06 1.23 5.20 1.10 2.60
2 2.9 0.95 1.48 2.40 1.30 1.20
3 2.31 2.38 1.03 2.60 2.50 1.20
4 2.31 2.40 0.98 2.80 1.50 1.30
5 414 2.83 1.02 4.10 3.10 2.00
Mean + SD 3.29 = 1.09 2.32 £ 0.82 1.15 £ 0.21 342+1.19 2.16 = 0.81 1.42 +0.35

Table 2. Comparison of magnetic resonance imaging (MRI) volumes with the principle of Archimedes (gold standard). Values in pa-
rentheses indicate the differences among the volumes obtained by Archimedes (gold standard) and the estimated MRI volumes by

using point-counting technique

Cadaver No. Archimedes MRI volumes [cm?]
Axial Sagittal Coronal

1 9.00 6.69 (-2.21) 1.22 (-1.78) 10.1(1.10)

2 1.60 1.80 (0.20) 1.60 (+0.00) 2.58 (0.98)

3 2.90 213 (-0.77) 2.91(+0.01) 1.88 (-1.02)

4 1.60 2.30 (0.70) 0.63 (-0.97) 1.70(0.10)

5 9.00 1.78 (-1.12) 10.50 (1.50) 10.0 (1.00)

Mean + SD 4.82 = 3.85 414 +286(-068 =1.19) 457 =4.16(-0.25 = 1.13) 5.25 = 4.39(0.43 = 0.91)

maximised and Potr Pis and CV values should be
minimised. Details about these measures can be
found in reference No. 18 [18]. The analyses were
conducted using R 2.15.0 software.

RESULTS

In our study, size measurements were performed on
the spleen from newborn cadavers by using USG and
calipers, after stereological measurements were per-
formed on the MR images and cadaver slices of spleen.
USG and caliper measurements are shown in Table 1.

We have estimated that the mean SD
spleen volumes obtained with Archimedes were
4.82 + 3.85 cm3. Mean volumes determined by the
point-counting using MR images and physical sec-

+

tion of cadaver specimen were 4.66 = 3.76 cm? and
4.45 + 3.46 cm3, respectively. Three plane MR images
(axial, coronal and sagittal) were used in the calcula-
tion of the mean spleen volume obtained by point-
counting, and these volumes are shown in Table 2.
Volumes estimated by ellipsoid formula using USG
and caliper measurements were 4.70 + 3.02 cm?® and
5.98 =+ 4.58 cm?, respectively (Table 3). According to
the 3 methods, our results were correlated with each
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other. There were no significant differences among
these methods (p > 0.05) (Table 4).

Spleen volumes estimated by point-counting us-
ing axial, sagittal, and coronal MR images and fluid
displacement (the gold standard) differed by between
-2.21 and 0.70 cm3, -1.78 and 1.50 cm?3, -1.02 and
1.10 cm?, respectively. We have determined under-
estimation of spleen volume for axial and sagittal
MR images and overestimation for coronal MR im-
ages. The mean = SD decreases in spleen volume for
axial and sagittal MR images were 0.68 = 1.19 cm?3,
0.25 + 1.23 cm? and the mean increase for coronal
MR image was 0.43 + 0.91 cm? (Table 2, Fig. 4).

There was an increase in 2 of 5 subjects for spleen
volume estimations obtained by using physical sec-
tion, although there was a slight decrease in 3 cadav-
ers. The mean + SD decrease in splenic volume for
all the subjects was 0.37 + 0.45 cm? (Table 3, Fig. 4).

Spleen volumes which were obtained by ellipsoid
formula using USG and caliper measurements and flu-
id displacement (the gold standard) were compared
with each other and they differed between -2.76
and 1.22 cm3, —-1.27 and 4.20 cm?3, respectively. We
have determined underestimation of spleen volume
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Table 3. Comparison of other methods with the principle of Archimedes (gold standard). Values in parentheses indicate the differen-
ces among the volumes obtained by Archimedes (gold standard) and other methods (MRI, USG, physical section, caliper)

Cadaver No Archimedes Point-counting Ellipsoid formula
MRI Physical section USG Caliper
1 9.00 8.00 (1.00) 8.16 (-0.84) 9.31(0.31) 1.73 (-1.27)
2 1.60 1.99 (-0.39) 1.71(0.11) 2.19(0.59) 2.10(0.50)
3 2.90 2.30 (0.60) 2.36 (-0.54) 2.95 (0.05) 4.05 (1.15)
4 1.60 1.54 (-0.06) 1.71(0.11) 2.82 (1.22) 2.83(1.23)
5 9.00 9.42 (-0.42) 8.31 (-0.69) 6.24 (-2.76) 13.2 (4.20)
Mean = SD 4.82 = 3.85 4.65 = 3.75 4.45 =347 4.70 = 3.02 5.98 = 4.58
(-0.17 = 0.62) (-0.37 + 0.45) (-0.12 + 1.54) (+1.16 = 1.97)

Table 4. Statistical agreement measures for axial, sagittal, coronal magnetic resonance imaging (MRI), ultrasonography (USG), physi-
cal section, caliper and Archimedes volumes

Agreement MRI [cm?] USG Physical section Caliper
Measures Axial Sagittal Coronal [em’] [em’] [em’]

CCC (95% ClI) 0.92 (0.69-0.98)  0.95(0.64-0.99)  0.97 (0.82-1.00)  0.90(0.48-0.98)  0.99 (0.94-1.00)  0.85(0.26-0.98)
ICC (95% CI) 0.94(0.53-0.99)  0.95(0.62-1.00)  0.98(0.79-1.00)  0.90(0.33-0.99)  0.99(0.93-1.00)  0.89(0.29-0.99)
r (95% ClI) 0.98 (0.73-1.00)  0.96 (0.47-1.00)  0.98(0.76-1.00)  0.93(0.25-1.00)  0.99 (0.97-1.00)  0.90(0.11-0.99)
Pot 0.269 0.675 0.347 0.872 0.140 0.258

Pis 0.003 0.011 0.002 0.023 < 0.001 0.035

CV (%) 19.90 16.98 12.90 20.53 8.35 21.67

CCC — concordance correlation coefficient; CI — confidence interval; ICC — intraclass correlation coefficient; r — Pearson's correlation coefficient; p , — p value obtained from
paired-t test; p,, — p value obtained from least square analysis; CV — coefficient of variation; maximum CCC, ICC and r values and minimum Por Pis and CV values indicate best
agreement between physical section and gold standard volume
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Figure 4. Scatter plots displaying the volume estimates of Archimedes principle versus (A) axial magnetic resonance imaging (MRI), (B) sa-
gittal MR, (C) coronal MRI, (D) ultrasonography, (E) physical section, (F) caliper.
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Table 5. Comparison of magnetic resonance imaging surface area estimates with physical section (gold standard)

Cadaver No. Gold standard* Magnetic resonance imaging [cm?]
[em?] Axial Difference Sagittal Difference Coronal Difference

1 13.24 10.50 -2.74 11.32 -1.92 10.77 -2.47
2 16.69 15.19 -1.50 14.36 -2.33 16.30 -0.39
3 22.45 16.02 -6.43 18.51 -3.94 19.89 -2.56
4 52.96 40.61 -12.35 22.93 -30.03 33.15 -19.81
5 56.41 42.27 -14.14 25.69 -30.72 41.72 -14.69
Mean 32.35 24.92 -1.43 18.56 -13.79 24.37 -1.98
SD 20.69 15.24 5.64 5.92 15.16 12.73 8.69

*The surface area which is calculated by the physical section of the spleen was accepted as the gold standard; SD — standard deviation
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Figure 5. Scatter plots displaying the surface area estimates of gold standard versus (A) axial magnetic resonance imaging (MRI), (B) sagittal

MRI, (C) coronal MRI.

in USG measurement and overestimation in caliper
measurement. The mean = SD decrease in spleen
volume for USG measurement was -0.12 + 1.54 cm?
and the mean increase for caliper measurement was
1.16 = 1.97 cm? (Table 3, Fig. 4).

We have found that volumes calculated by us-
ing physical section were closest to the gold stan-
dard (ICC = 0.99). In addition, volumes calculated
in coronal MR planes showed closest values to the
gold standard (ICC = 0.98). Pearson’s correlation and
p values seem to support our results. Results for all
methods are reported in Table 4.

We have estimated the mean = SD spleen sur-
face area using cycloid probe on slices of cadavers
as a 32.3 = 20.6 cm?. The surface area, which is
calculated by the physical section of the spleen, was
accepted as the gold standard. The surface areas
estimated by cycloid probe using axial, coronal
and sagittal MR images were 24.9 + 14.36 cm?,
24.3 = 12.7 cm? and 18.5 = 5.9 cm?, respective-
ly. There were no differences among all methods
(p > 0.05) (Table 5).

We have determined underestimation of spleen
surface area for axial, sagittal and coronal MR images.
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The mean =+ SD differences in spleen surface area for
axial, sagittal and coronal MR images were —-7.43 *
+ 5.64 cm3, -13.79 = 1 5.16 cm3 and -7.98 =
+ 8.69 cm?3, respectively (Table 5, Fig. 5).

According to Figure 5, we have compared the
surface areas obtained by physical section and MRI
images (axial, sagittal and coronal). As a result,
the axial MRI based surface area calculation pro-
vided significantly closer values to the gold standard
(CCC = 0.86, ICC = 0.95) than sagittal or coronal
MRI based surface area calculation. The spleen
surface area CCC statistics obtained with axial, sag-
ittal, and coronal MRI were 0.86%, 0.33%, 0.77%
in subjects, respectively. Pearson’s correlation and
p values support our results (Table 6). Moreover,
the mean CE of the spleen volumes and surface
area are given in Table 7.

DISCUSSION
Organ volume measurement plays an important
role in the clinical diagnosis and follow-up of dis-
eases. Many diseases present changes in size and
morphology of the organs. Therefore, determining
normal parameters of the organs bears great impor-
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Table 6. Statistical agreement measures for axial, sagittal and coronal magnetic resonance imaging

Agreement measures Magnetic resonance imaging [cm?]
Axial Sagittal Coronal

CCC (95% ClI) 0.86 (0.52-0.97) 0.33 (0.00-0.61) 0.77 (0.33-0.93)
ICC (95% CI) 0.95 (0.62-0.99) 0.50 (0.00-0.93) 0.87 (0.21-0.99)
r(95% Cl) 0.99 (0.95-1.00) 0.95 (0.44-1.00) 0.98 (0.68-1.00)
ppt 0.042 0.112 0.109

pls < 0.001 0.012 0.004

CV (%) 22.19 53.72 21.79

CCC — concordance correlation coefficient; Cl — confidence interval; ICC — intraclass correlation coefficient; r — Pearson’s correlation coefficient; ppt — p value obtained from
paired-t test; pls — p value obtained from least square analysis; CV — coefficient of variation; maximum CCC, ICC and r values and minimum ppt, pls and CV values indicate best

agreement between axial MRI and gold standard surface area

Table 7. The coefficient of error (CE) values for point-counting (CEy), Cavalieri (CE,,) and total (CE,,,) for spleen volume and surface area

Magnetic resonance imaging CE volume [%] CE surface
. - - area [%]
Cavalieri Point-counting Total
Axial 2.57 =213 257 =118 3.76 = 2.20 2.94 = 0.50
Sagittal 1.83 + 1.62 251 +0.32 3.30 = 1.55 341 +1.76
Coronal 1.59 = 0.98 271 £ 0.44 317 £ 1.86 3.16 £ 0.84

tance in terms of accurate evaluation of pathologic
changes [7].

In the literature, there are numerous studies on
measurement of organ volumes by CT [2, 26] and MRI
[10]. Those studies have used Cavalieri's principle,
a stereological method for organ volume measure-
ment [1, 2, 9]. The volumes of organs such as heart
[27], liver [33], prostate [3], ventricle [22], brain [24],
and also the volume of foetus [29], have been mea-
sured using MR imaging and Cavalieri’s principle.

There are many imaging methods used for spleen
volume measurement. Among them, USG [4, 32], CT
[26], MRI [21], nuclear scintigraphy [17], and conven-
tional radiography [19] are the commonly applied
ones. Most of these modalities have certain advan-
tages and disadvantages concerning accurate volume
measurement [21]. There are many studies about the
sonographic evaluation of the spleen.

Ishibashi et al. [15] developed a splenic index
based on 2 linear sonographic measurements and
found a relationship between the volumes of the
removed spleens and this index.

Rosenberg et al. [32] measured splenic length
using USG in 230 infants and children. Accordingly, the
mean splenic length in the 0-3 month group (n = 28)
was 4.5 cm, with an upper range of 6 cm. There was

no difference in splenic length between the 2 genders
until 15 years of age, however, males were reported
to have a slightly larger spleen after that age. Megre-
mis et al. [23] evaluated the relationship of splenic
length measured by USG with age, gender, and so-
matometric parameters in 512 healthy children aged
0-17 years. Statistical analyses revealed that splenic
length was correlated with the parameters of age,
height, weight, and body surface area. The highest
correlation was between splenic length and height,
whereas there was no significant difference between
the 2 genders with regard to splenic length. The mean
splenic length was 4.40 = 0.50 cm in the 0-3 month
age group. In our study, the mean splenic length
measured by USG was 3.29 = 1.09 cm, whereas the
mean splenic length measured by dividers on dis-
sected spleens was 3.42 = 1.19 cm. The low values
found in our study can be attributed to the lower
number of cases or mean age.

Ashgar et al. [4] aimed to establish normative data
for splenic dimensions in North Indian population.
They enrolled 21 patients (12 male and 9 female)
aged 20-70 years with no spleen-related pathology.
Splenic volume was measured by 2 methods. These
methods are volume and surface rendering technique
of able 3-D-Doctor software and ellipsoid formula. In
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our study, we have estimated splenic volume by USG
based on ellipsoid formula as well.

Hidaka et al. [13] conducted a study on 30 healthy
volunteers and 30 patients with cirrhosis, in which
they calculated estimates of splenic volume using 3D
USG and CT. USG measurements were performed by
2 experienced radiologists and the estimated values
were calculated by using virtual organ computer-aided
analysis (VOCAL). The mean splenic volume values ob-
tained by USG were reported to be close to the ones
obtained by CT. In this study, 3D USG measurement
using VOCAL technique was reported to be a reliable,
fast, and valid method for estimating splenic volume.

Yetter et al. [36] estimated splenic volume in
142 liver patients using helical CT and USG. In the
end, USG measurements of spleen volume based on
the ellipsoid formula were found to be more reliable.
Downey [8] and Rodrigues et al. [31] also applied el-
lipsoid formula for the estimation of splenic volume.
In our study, we have estimated splenic volume by
USG based on ellipsoid formula as well.

Thayyil et al. [34] estimated the weight of inter-
nal organs by post-mortem MRI using non-invasive
3D volumetric reconstruction method in foetuses,
newborns and children. They determined a strong
correlation between the actual and estimated weights
of the organs. The estimates of foetuses younger than
20 weeks and lighter than 300 g were observed to
show a decreasing trend of accuracy.

Mazonakis et al. [21] estimated splenic volume
using random marking technique on MR images. They
enrolled 16 adult patients (10 male and 6 female)
with no spleen-related pathology. The images were
transferred into computer environment and 2 read-
ers separately calculated volumetric estimates using
random marking and manual planimetry techniques.
The random marking technique was found to be a re-
producible and fast technique with a higher accuracy
rate in the estimation of spleen volume.

In gold standard volumetric studies, which new
volume estimation methods such as stereology, seg-
mentation methods etc., were compared to fluid
displacement technique, cadaveric specimens were
reported to be necessary. The supply of cadavers is
difficult, so many researchers, as we have mentioned
below, used a limited number of cadaveric specimens.
Similar to other studies, we have used 5 newborn
cadavers. Sahin et al. [33] studied the liver volume
using fluid displacement technique and stereological
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methods in MR images. They used 5 normal cadaveric
livers. In addition, they did not find any significant dif-
ferences between the estimation results of 2 methods
(p > 0.05). Emirzeoglu et al. [9] investigated liver volume
using CT scans. In their study, 5 normal livers obtained
from cadavers were scanned using a Spiral CT Scanner
in the horizontal plane. They compared results, which
were obtained by the fluid displacement technique and
stereological method. Acer et al. [3] performed volu-
metric measurements on the prostate glands, obtained
after radical prostatectomy, of 5 adults using USG and
Archimedes’ principle. They employed ellipsoid formula
for the volumetric calculation by USG.

A CE of 5% is regarded as appropriate for many
organ measurements based on Cavalieri’s principle
[31]. In the literature, it is noted that at least 6-7
sections should be obtained from an organ and that
the total number of points corresponding to the
entire sections should not be below 100-200. As
a result of this procedure, the coefficient of error is
expected to drop below 5% [12, 28]. By applying such
a procedure, the coefficient of error is maintained at
or even below the desired values. In our study, the
coefficient of error values obtained from the volume
and surface area measurements were found to be
below 5%.

CONCLUSIONS

In the present study, the spleen volumes of the
newborn cadavers were measured using USG, MRI,
Archimedean, and slicing methods. In conclusion,
we believe that the results of our study will con-
tribute to the clinical evaluation and preoperative
surgical planning of diseases that would change
the spleen size.
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