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Abstract

The present report highlights the difficulties of particle shape characterizations of multiparticulate systems obtained using different
image analysis techniques. The report describes and discusses a number of shape factors that are widely used in pharmaceutical research.
Using photographs of 16 pellets of different shapes, obtained by extrusion—spheronization, we investigated how shape factor estimates
vary depending on method of calculation, and among different software packages. The results obtained indicate that the algorithms used
(both for estimation of basic dimensions such as perimeter and maximum diameter, and for estimation of shape factors on the basis of
these basic dimensions) have marked influences on the shape factor values obtained. These findings suggest that care is required when
comparing results obtained using different image analysis programs.

© 2007 Elsevier B.V. All rights reserved.

Keywords: Image analysis; Granulation; Shape analysis; Extrusion; Spheronization; Morphology; Pellets

1. Introduction

Particle morphology is a key determinant of the behav-
iour of bulk solids and multiparticulate systems: many of
the physical and chemical properties of such systems
depend on particle shape and surface geometry [1]. Thus
the morphological characterization of particles is of great
importance in pharmaceutical technology. In the field of
granulation and pelletization this characterization will be
critical for some production steps like filling capsules,
and specially the coating of pellets. Due to this great prac-
tical importance, we want to consider a new perspective of
this problem like the lack of homogenization in formulae
or the different programs of image analysis (IA) that can
be used.
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Early approaches for characterizing particle shape and
size distribution were based on the combination of sieving
and microscopy. Subsequently, techniques based on image
analysis have come into wide use. In 1996, Barber [2] pub-
lished an excellent review of technical aspects of particle
morphology characterization by IA. Briefly, an IA system
comprises at least the following components: some sort
of microscope connected to a photographic or video cam-
era, connected in turn to a computer processing system
which (a) converts the analogue image into digital form
(i.e. a pixel matrix) in accordance with user-specified crite-
ria for definition of the colour or grey-shade of each pixel,
and (b) applies other algorithms to characterize the size
and shape of the particles identified in the image. Particle
perimeter is estimated by any of various procedures. Parti-
cle area is typically estimated simply by counting the num-
ber of pixels within each particle. Particle diameter is
determined: [2] (a) on the basis of the coordinates of each
pixel forming part of the particle boundary, (b) on the basis
of a series of radial chords drawn from the particle centre
to the boundary, or (c) on the basis of measurement of a
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series of diameters drawn as the particle image is rotated
(callipering), which permits a greater number of measure-
ments than radial chords.

As noted by Barret [3] basically the morphological char-
acterization of a particle requires three different aspects to
be taken into account (Fig. 1). First, the particle projection
must be assigned to that geometric shape category (e.g. cir-
cle) by which it is best described. Second, the morphologi-
cal analysis should include assessment of the particle’s
roundness, and of the sharpness/roundedness of the parti-
cle’s vertices, edges and sides. Third, surface texture must
be evaluated, understood as minor roughness and irregu-
larities affecting the particle surface at local level. Although
these authors fail to further address surface texture. Any-
way we think this is an important point of view in pharma-
ceutical field because this characteristic will affect
properties like flow particles, or important manufacturing
steps like coating. So, in Pharmaceutical Technology there
are different articles [4-6] where the surface texture is stud-
ied. Morphological analysis that considers these three
aspects, in conjunction with determination of particle size,
will provide an approximate but useful idea of the particle’s
real morphology.

Up to this point most authors would agree; disagree-
ment arises regarding the selection and means of calcula-
tion of the geometric parameters defining these three
morphological aspects. This problem is not exclusive of
pharmaceutical technology, but it is a common problem
in others areas that need a exhaustive morphological
characterization of particles and granules (Table 1). For
this purpose different authors have proposed diverse
shape factors, but considerable confusion exists as
regards precise definitions and terminology. A general
view of the Table 1 contents is sufficient to emphasize
the difficulty to establish standardized criteria in the field

SURFACE TEXTURE

Fig. 1. Factors to be taken into account in the morphological character-
ization of a particle from its two-dimensional projection [3].

of the evaluation of particle morphology. In this sense
there are two fundamental questions: which is the more
accurate shape factor for describing the shape of phar-
maceutical particles? and once we choose the shape fac-
tor, which is the definition that must be used by us?
The first question was treated in our previous articles
[7,8]. For the second question we want to show some dif-
ficulties that are associated with this high number of
variations in the equations for determinating the same
shape factor, or going further, we want to show the lim-
its of different Al programs, because they can limit the
definition of the shape factor selected for our analysis.

In addition, the problems are complicated if we bear in
mind that one common feature of most shape factors used
to date is their close dependence on the method used by
each particular IA program to estimate the basic dimen-
sions of the particle (notably diameter and perimeter). This
problem was noted by Barber [2], who states that “each size
measure satisfies the concept of size as stated classically,
illustrating the need to precisely state each concept for a
clear operational definition”. In addition, the great major-
ity of shape factors have been proposed with the aim of
comparing the shape of a particle with a perfect sphere.
Without entering into the utility of this approach, most
shape factors are poorly suited for identifying or character-
izing particles of non-spherical shape.

In view of these considerations, the aim of the present
study was to compare pellet morphology characterizations
obtained with three widely used image analysis programs,
and to argue that there is a need for standardization shape
factor algorithms and terminology, to enable meaningful
comparison of results between different studies and differ-
ent laboratories.

2. Materials and methods
2.1. Image analysis

For the morphological characterization of particles we
used three different IA programs: PCImage VGA 24 (Foster
Finlay Ass.), ImagePro Plus v4.5.0.29 (Media Cybernetics
Inc.), and SigmaScan Pro Image Analysis 5.0.0 (SPSS
Inc.). In all cases, binary images were obtained from digita-
lized images using a relative grey-level threshold of 60% [4].
The pixel size selected was 4.26 pm, so we are under maxi-
mum pixel size as we defined in our previous papers [4,5].

2.2. Image obtention

Particle images were acquired with an Olympus SZ-
CTN stereomicroscope equipped with a JVC TK-S350
video camera and an Olympus Europe Highlight 2000 cold
light illuminating the sample perpendicularly from above
against a black background [9] employing the optimal val-
ues established by Almeida and colleagues [7,8]. The
images were digitalized with a Matrox Comet video card,
using PCA Image VGA 24 software.
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Table 1
Some geometrical shape factors that have been used in the characterization of particle morphology
Definitions commonly Modifications introduced in the previous definition Name Reference
used
4;,‘{’ A: area, P: perimeter CIRCULARITY [10,23]; PCImage
user’s guide
SHAPE FACTOR [18]
FACTOR SPHERICITY [24]
SHAPE FACTOR SigmaScapro and
ImageProPlus user’s
guide
APPEARANCE FACTOR [25]
ROUNDNESS [26,27]
%100 ROUNDNESS [28]
Inverse SHAPE FACTOR [29,30]
SPHERICITY INDEX [31]
ROUNDNESS FACTOR [24]
SURFACE FACTOR [32]
L% 0.9399; 2 x Tl B ROUNDNESS [13-17]
%7 COMPACNES SigmaScanPro user’s
guide.
Lﬁ max. Maximum Feret diameter ELONGATION [10]
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min: Minimum Feret diameter

max. Maximum Feret diameter

min: Feret diameter perpendicular to Dpax

Ri/R, R, maximum radius or largest diameter
R, minimum radius or smallest diameter

i/b I: length — maximum distance between two points
on the perimeter
b: breath — distance between the two points
crossed by a line perpendicular to length at the
long-axis midpoint

b/l I: length — maximum distance between two points
on the perimeter
b: breath — maximum distance between two
perimeter points linked by a line perpendicular to
length

alb a, b side lengths of a rectangle drawn around of
the projection of the particle

Re: mean distance between centre of mass and perimeter,

measured every 1°

Re: mean distance between centre of mass and perimeter,

measured every 5°

/2 1.008 — 0.231[1 — (b/1)]

P: perimeter

cP: convex perimeter

AR: aspect ratio

DSOS L

Dinax: maximum diameter or 2 X max radius
Dax: maximum diameter and D,,;, minimum diameter
Also —4 x max radius X min radius

cArea: convex area

. mean radius of each of the n vectors between the centre
of mass and the perimeter coordinates

r,,: mean radius, P: perimeter

Pgrootn 18 the perimeter measured with 72 points on the
outline of the granule at 5° intervals and Pqygp is
measured with 360 points

ASPECT RATIO
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Fig. 2. Projections of 10 different particles of diverse shapes, obtained by
extrusion—spheronization. Images were obtained by the image capture and
digitalization procedure described in Section 2.

2.3. Pellets

Pellets with widely differing morphologies were obtained
using various mixtures of excipient and wetting agent. Par-
ticles A, B, C in Fig. 2 were fabricated using a mixture of
75% of corn starch and 25% of white dextrin; particles D
to H in Fig. 2 were obtained with a mixture of 85% of corn
starch and 15% of waxy corn starch, and for pellets I and J,
in Fig. 2, the mixture of powders used was 75% of corn
starch and 25% of waxy corn starch. Powders were mixed
in a Turbula T2C mixer for 15 min. Kneading was per-
formed for 15 min with a Kenwood Chef Classic orbital
mixer using distilled water as wetting agent. Extrusion
was done with a Caleva model 10 extruder (extrusion sieve
diameter 1 mm, 6 rpm). Spheronization (of 100 g of extru-
date) was done with a Caleva model 120 spheronizer
(2000 rpm, 15 min). Finally, the pellets were dried to con-
stant weight in a Heraeus oven at 40 °C.

3. Results
3.1. Circularity estimation

Table 1 lists and defines some of the numerous IA-based
particle shape factors used to date in pharmaceutical tech-
nology. At first sight these shape factors seem to be very
diverse, in fact many are closely related variants. This wide
variety of factors and names is evidently confusing, and
makes it difficult to compare results from different labora-
tories. Thus for example one of the most widely used
parameters, circularity = 4nd/P? (A = area, P = perime-
ter), appears in the literature under 6 or 10 different terms

if we include identical variants such as [100 x 4nA/P?] and
the inverse [P?/4nA]. Conversely, some terms are used with
various meanings: thus for example the term “roundness”
is defined by different authors in diverse ways: in some
cases it means circularity (i.e. 4tA/P? or variant thereof),
in some cases it means aspect ratio (i.e. ratio of maximum
diameter to minimum diameter), in some cases with
entirely different meaning [7]. Similar usage inconsistencies
were seen by us with other terms, including elongation and
aspect ratio.

In view of these problems, the first important question
in the use of image analysis techniques for morphological
characterization of particles is the selection of the most use-
ful parameter(s) in the given context. Thus for example our
choice of parameter will differ depending on whether our
aim is to assess proximity to perfect sphericity, or to assess
the particle’s basic shape (spherical or otherwise). Likewise,
our choice of shape factor may be affected by the type of
pellets to be characterized. Thus for example one study
[11] shows that circularity is ineffective for discriminating
different particle shapes, while [12] concluded that circular-
ity is not effective for characterizing spherical particles
because errors in image recognition can strongly influence
the calculated value. Clearly, this type of error will likewise
affect all factors based on the ratio of perimeter to area (see
Table 1). For spherical particles, some authors [12] suggest
the use of shape factors like AR (aspect relation) or e, [9]
(parameters defined in Table 1).

However, the selection of the most appropriate shape
factor is only one among several problems. Once a shape
factor has been selected, it is necessary to define the mea-
sured dimension used for its calculation, and the precise
formula for this calculation. To illustrate the difficulties
that may arise in this connection, we characterized the
morphology of 10 individual extrusion—spheronization pel-
lets, selected for their differences in shape, on the basis of
dimensions measured with three different IA programs.
The digitalized projections of each pellet (see Fig. 2) were
obtained by the procedure described in the Section 2. Table
2 shows various dimensions of the 10 pellets (A-J) as mea-
sured by each program. These measured dimensions were
then used to calculate various shape factors.

Estimates of circularity and related factors likewise vary
markedly among different IA programs, despite the fact
that these factors are calculated simply on the basis of
perimeter and area. These among-program differences are
basically attributable to differences in the method of esti-
mation of perimeter, since area is determined in similar
ways by the different programs. Specifically, area is deter-
mined from a black-and-white image, simply by counting
all black pixels and multiplying by a scale factor; thus if
the threshold value for conversion of the grey-scale image
to a black-and-white image is the same (as in the present
study), the area estimates obtained with different programs
will be very similar (maximum variability of 0.1% for pellet
J). This lack of variation among methods can be seen in the
area estimates for our 10 pellet projections (Table 2). As
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Table 2
Basic dimensions of the 10 particles (A-J) shown in Fig. 2, as obtained using the three image analysis programs
Parameters Outlines
A B C D E F G H 1 J
Area® (mmz) SigmaScan 1.106 0.755 1.576 0.676 0.724 0.899 0.847 0.804 1.006 2.131
PCImage 1.106 0.756 1.578 0.673 0.725 0.900 0.848 0.805 0.997 2.127
ImagePro 1.106 0.756 1.578 0.677 0.725 0.900 0.848 0.805 1.008 2.131
Mean 1.106 0.756 1.577 0.675 0.725 0.900 0.848 0.805 1.004 2.130
SD 0.000 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.006 0.002
% variation 0.000 0.076 0.073 0.308 0.080 0.064 0.068 0.072 0.584 0.108
Perimeter (mm) PCImage® 3.823 3.202 4.644 3.037 3.167 3.561 3.502 3.375 3.869 6.198
SigmaScan® 4.013 3.377 4.907 3.164 3.295 3.718 3.665 3.543 4.091 6.439
ImagePro
14 3.723 3.103 2.975 3.101 3.489 3.419 3.301 3.788 6.056 3.301
2°¢ 4.001 3.363 3.155 3.283 3.696 3.646 3.536 4.037 6.427 3.536
Mean 3.89 3.26 3.92 3.15 341 3.59 3.50 3.69 5.11 4.87
SD 0.14 0.13 1.00 0.10 0.23 0.13 0.15 0.29 1.32 1.68
% variation 3.63 4.05 25.41 3.33 6.78 3.58 4.30 7.84 25.78 34.51
Length (mm) SigmaScanh 1.231 1.051 1.510 1.013 1.044 1.190 1.180 1.151 1.437 2.375
PClmagefA 1.227 1.047 1.518 1.010 1.043 1.189 1.176 1.147 1.428 2.373
ImagePro’ 1.203 1.044 1.491 0.910 0.933 1.141 1.011 1.141 1.430 2.364
Mean 1.22 1.05 1.51 0.98 1.01 1.17 1.12 1.15 1.43 2.37
SD 0.02 0.00 0.01 0.06 0.06 0.03 0.10 0.01 0.00 0.01
% variation 1.24 0.34 0.92 6.00 6.34 2.39 8.59 0.44 0.33 0.25
Breath (mm) SigmaScan' 1.184 0.921 1.317 0.988 1.045 1.173 1.147 0.847 0.852 1.201
PCImage® 1.180 0.914 1.328 0.979 1.039 1.168 1.133 0.809 0.809 1.048
ImagePro® 1.163 0.917 1.303 0.843 0.908 1.126 0.912 0.802 0.815 1.040
Mean 1.18 0.92 1.32 0.94 1.00 1.16 1.06 0.82 0.83 1.10
SD 0.01 0.00 0.01 0.08 0.08 0.03 0.13 0.02 0.02 0.09
% variation 0.95 0.38 0.95 8.67 7.76 2.23 12.39 2.96 2.82 8.28
Mean Feret (mm) SigmaScan 1.198 0.991 1.430 0.938 0.982 1.095 1.066 1.038 1.190 1.165
PCImage 1.186 0.981 1.418 0.926 0.961 1.071 1.039 1.012 1.127 1.888
ImagePro 1.185 0.984 1.426 0.945 0.986 1.108 1.084 1.047 1.204 1.918
Mean 1.19 0.99 1.42 0.94 0.98 1.09 1.06 1.03 1.17 1.66
SD 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.04 0.43
% variation 0.61 0.52 0.43 1.03 1.38 1.72 2.13 1.76 3.49 25.73
Riax (mm) PCImage' 0.624 0.526 0.766 0.507 0.532 0.598 0.594 0.581 0.721 1.190
ImagePro™ 0.614 0.526 0.765 0.507 0.534 0.602 0.596 0.575 0.719 1.192
Ruin (mm) PCImage1 0.564 0.442 0.610 0.407 0.417 0.464 0.429 0.378 0.380 0.430
ImagePro” 0.564 0.447 0.613 0.410 0.417 0.472 0.434 0.388 0.386 0.439
Dpax (mm) ImagePro® 1.216 1.043 1.505 1.006 1.035 1.185 1.173 1.143 1.428 2.368
Dpyin (mm) ImagePro® 1.151 0.904 1.280 0.824 0.840 0.962 0.88 0.782 0.791 0.915

% Defined as the total number of pixels included in the outline of the pellet, and multiplied by a scale factor as function of the magnification.

® PCImage estimates perimeter by applying a smoothing algorithm (not defined in the user’s guide) to the pixel image, and calculating the length of the

resulting smoothed outline (see Fig. 5b).

¢ SigmaScan estimates perimeter by summing distances along the outside of the projection, though “‘cutting the corners” (see Fig. 5c).

9 ImagePro “perimeter 17 estimates summing the distances between the centres of those pixels constituting the particle outline (see Fig. 5a).

¢ ImagePro “perimeter 2” calculated by a similar procedure to that used by PCImage employing a smoothing algorithm (see Fig. 5b).

! PCImage calculates length as the maximum chord length of the particle (passing through the centre of gravity) regardless of orientation.
& PCImage calculates breadth as the maximum projection of the particle onto an axis orthogonal to the long axis (see Fig. 3b).
" SigmaScan calculates length as the maximum distance between two points on the perimeter.

! SigmaScan calculates breadth as the maximum distance between perimeter points linked by a line perpendicular to length (see Fig. 3a).

J ImagePro program calculates length as the Feret diameter along the major axis (see Fig. 3e).
X ImagePro program calculates breadth (in this program termed “width”) as Feret diameter along the minor axis (see Fig. 3e).
! PCImage calculates min max and mean radius but these are not defined in the user’s guide.
™ ImagePro calculates R, as the maximum distance between each object’s centroid pixel position and its perimeter.
" ImagePro calculates Ry, as the minimum distance between each object’s centroid pixel position and its perimeter.

© ImagePro calculates Dy, as the length of the longest line that can be drawn to pass through the centroid position and join two points on each object’s

perimeter.

P The ImagePro calculates Dy, as the length of the shortest line that can be drawn to pass through the centroid position and join two points on each

object’s perimeter.
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a b

Fig. 3. Schematic representations of the procedures used for particle
perimeter determination by the three image analysis programs: (a)
ImagePro perimeter 1; (b) PClmage and ImagePro perimeter 2; (c)
SigmaScan.

noted, however, perimeter estimates show greater variation
(most than 25% for pellets C, I and 34.5% for J), reflecting
the different procedures used by the different programs:
indeed, the ImagePro program offers various perimeter
estimates. Fig. 3 schematically illustrates the ways in which
the three IA programs estimate perimeter. Briefly, Image-
Pro estimates perimeter (‘“perimeter 1) by summing the
distances between the centres of those pixels constituting
the particle outline (Fig. 3a); SigmaScan estimates perime-
ter by summing distances along the outside of the projec-
tion, though “cutting the corners” (Fig. 3c); PCImage
estimates perimeter by applying a smoothing algorithm to
the pixel image, and calculating the length of the resulting
smoothed outline (Fig. 3b), probably applying a correction
factor in the same way as other works [13-17]. ImagePro
likewise offers a second perimeter estimate (perimeter 2),
calculated by a similar procedure to that used by PCImage
but using different smooth factor. SigmaScan perimeter
tends to be larger than ImagePro perimeter 1, the magni-
tude of the difference increasing with increasing ratio of
pixel to particle size.

The importance of these differences in the method of
perimeter calculation is clear from Fig. 4, which shows that
for a pellet with near-circular projection (pellet A), the cir-
cularity estimate varies from 0.87 to 0.99. Similar differ-
ences are observed for markedly non-circular projections:
for example, circularity estimates for pellet I range from
0.62 to 0.88. Then we can affirm that differences observed
in the circularity measurements are due to the next two rea-
sons: (a) First of all, we have the discrimination problem of
the pellet shape, because a shape factor like circularity
identify as the same shape circular and square pellets with
rounded edges (A and E in Fig. 2). But this was already dis-
cussed in a previous article [8]. (b) The second reason for
the circularity values is basically attributable to differences

I PCI

[ SScan

1 1P perimeter 1
[P peremeter 2

Cirucularity

B C D E F G H J
outlines

Fig. 4. Circularity values of the 10 particles (A-J) shown in Fig. 2, as
calculated using perimeter measurements obtained with the three image
analysis programs.

in the method of estimation of perimeter with the IA pro-
gram, independently of the definition used for the circular-
ity. And this is a consideration that has never been studied
before in the characterization of spherical pellets. So we
want to emphasize its importance on the final results of
the IA.

Concerning the limits for the circularity parameter, as
noted, a critical analysis was carried out [12] about the limits
of circularity values proposed by different authors as the cri-
teria for classifying a pellet as being spherical; namely the
value of 0.88 [10], the value of 0.93 [18], or the reciprocal cir-
cularity value of 1.2 (equivalent to a circularity value of 0.83)
[14]. Podczeck et al. [12] concluded that most of the pro-
posed threshold values are low restrictive. However, the val-
ues shown in Fig. 4 strongly suggest that much of the
among-study variation in circularity values (and corre-
sponding thresholds for consideration as spherical) must
be attributable to variation in the method of estimation of
perimeter by different IA programs, not to genuine disagree-
ment about which pellets should be considered “‘spherical”
and which not. Therefore, as demonstrated in this work,
as significant differences among the available image analysis
system algorithms exist that result in differing values for
commonly calculated pellet characterization descriptors, at
this time the focus should be directed to, first resolving these
differences before beginning the debate on what should be
the numerical limits of circularity that should serve as the
criteria for considering a pellet as being spherical.

3.2. AR estimation

A shape factor for which there is a clear need for stan-
dardization of criteria is aspect ratio, or elongation, i.e.
the ratio of maximum to minimum diameter. However,
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the value obtained is very sensitive to the way in which the
IA program determines these diameters (Fig. 5). Fig. 6
shows AR values for the pellet projections shown in
Fig. 2, as determined by each of the three IA programs,
and Fig. 7 as determined by one of the programs using dif-
ferent values for maximum and minimum diameter. As can
be seen, the results obtained are highly dependent on both
pellet morphology and calculation method. We see that for

a b c
I 1 Dinax
b b D
d e f é
R Feret ., Feret .,
R Feret,, Feret .,

Fig. 5. Schematic representations of six different procedures for determi-
nation of the shape factor commonly denominated “aspect ratio” or
“elongation”: (a) length / is the maximum distance between two points on
the perimeter, and breadth » the maximum distance between two
perimeter points linked by a line perpendicular to the long axis
(SigmaScan); (b) length / is the maximum distance between two points
on the perimeter, and breadth b the distance between the two perimeter
points linked by a line perpendicular to the long axis at its midpoint (PC
Image); (¢) Dmax is the maximum distance between two points on the
perimeter, and D.y;, the minimum distance between two points linked by a
line crossing the centre of mass of the particle; (d) Ryax is half Dy, as
defined for (c), and R,;, the minimum distance between the midpoint of
the long axis and the perimeter; (¢) Feret,,,, is maximum Feret diameter,
and Feret,,;, the Feret diameter determined perpendicular to the long axis
at its midpoint (ImagePro); (f) Feret,,., is the maximum Feret diameter,
and Feret,,;, the minimum Feret diameter.
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pellets with circular, elliptical or even squarish projections,
AR values obtained by the different programs scarcely dif-
fer. However, for pellets with more elongated and/or irreg-
ular shapes (i.e. pellets G-J), the different programs give
markedly different AR values. These differences are largely
attributable to differences in the way in which the different
programs measure breadth (i.e. minimum diameter), since
although the way of estimating length (i.e. maximum diam-
eter) varies from program to program, the values obtained
are very similar in the case of spherical pellets. The Sigma-
Scan program calculates length as the maximum distance
between two points on the perimeter, and breadth as the
maximum distance between perimeter points linked by a
line perpendicular to length (Fig. 5a); the ImagePro pro-
gram calculates length as the Feret diameter along the
major axis, and breadth (in this program termed “width”)
as Feret diameter along the minor axis (Fig. 5¢); PCImage
calculates length as the maximum chord length of the pellet
(passing through the centre of gravity) regardless of orien-
tation, and breadth as the maximum projection of the pel-
let onto an axis orthogonal to the long axis (Fig. 5b). If the
pellet projection is of regular shape (with similar maximum
and minimum Feret), these three programs will give similar
measures of breadth, and thus similar estimates of AR, but
if the pellet is more irregular, however, the measures of
breadth (and thus the estimates of AR) will differ. The var-
iation in AR increases with increasing pellet irregularity.
In fact, these calculation-method-dependent differences
in the value of AR are even greater if we apply some of
the other methods proposed in the literature. For checking
these theoretical considerations we proceeded to measure
the shape factor AR in mind the possibilities offered by
the different programs cited before, and the literature stud-
ied. The results presented in Fig. 7 show the values
obtained for this shape factor using such methods, on the
basis of pellet dimensions determined with ImagePro. As
can be seen, AR estimates thus obtained are similar for
near-circular projections, but show considerable among-
method variation in the case of non-circular pellets.
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Fig. 6. Aspect ratios of the 10 particles (A-J) shown in Fig. 2, as calculated by the different procedures used by the three image analysis programs.
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Fig. 7. Ratios of the different max/min pellet dimensions obtained for the 10 pellets (A-J) shown in Fig. 2, using ImagePro.

The marked differences in AR estimates provided by the
different IA programs are clearly of sufficient magnitude to
cause significant confusion. In this connection, the differ-
ences found in the AR and circularity estimated values
may be the origin of the highly different threshold values
proposed by different authors as the sphericity criterium.
For example Podczeck et al. [12] suggest that the maximum
AR value should be 1.1, in contrast with 1.2 as proposed by
other authors [11,19-22] or 1.55 as proposed by [10]. All
these authors use different formulae to calculate AR: thus
some authors [11,19,20] calculated “roundness index” (“E
value™) as the ratio of maximum to minimum radius mea-
sured with a ruler from photographs, while other investiga-
tors [21,22] used the same terms to refer to the ratio of
maximum to minimum diameter measured using a projec-
tion microscope and finally the AR was defined as the ratio
of length to breadth (breadth = the longest distance per-
pendicular to the long axis) [9,12] basically as in Sigma-
Scan. Clearly, then, AR estimates depend heavily on the
procedure used: this needs to be taken into account when
evaluating different studies, and is a strong argument in
favour of procedural standardization.

3.3. e, V, and V, estimation

We have also investigated among-program differences in
the estimation of three other shape factors recently intro-
duced, the factor e, proposed by Podzeck et al. [12], the
variant of e, proposed by Junila et al. [13], and the factors
V: and V,, [8]. The formulae for the calculation of these
shape factors are defined in Table 1.

Values of e,, V. and V}, for the pellet projections in Fig. 2
are shown in Figs. 8 and 9. For calculation of e, values, we
used three different measures of perimeter (ImagePro
perimeter 1, ImagePro perimeter 2, SigmaScan perimeter,
PCImage perimeter; see Fig. 3), and in each case the length
and breadth measurements obtained with the program in
question; mean radius was determined for the ImagePro
and SigmaScan calculations as mean distance between

perimeter pixels (every 5°) and the pellet’s centre of mass,
and for the PCImage calculations as the mean of 64 radial
chord measurements each obtained after a pellet rotation.
For calculation of V; and V}, values, we used the coordi-
nates of all pixels constituting the perimeter obtained using
a SigmaScan constructed macro (with automatic edge
tracking of multiple pellets), or the coordinates of the ver-
tices on the object outlines if the outline option of the
ImagePro software is used. The SigmaScan perimeter 2
was calculated starting from the sum of the existent dis-
tances between each one of the border pixels of the pellet’s
outline, recognized by the image analysis program. Evi-
dently, PCImage could not be used for the calculation of
V', because this software is not able to provide each coordi-
nate of the pellet perimeter. For this reason, it has not been
included in the comparison of results of V; in function of
the program used in Table 1. As can be seen from Fig. 8,
e, values estimated using these different programs and pro-
cedures vary considerably, with significant practical impli-
cations. For example, if we consider the value of 0.6
proposed as the minimum value for sphericity [12], it can
be seen that some pellets (e.g. E and H) will be classified
as spherical or non-spherical depending on the IA program
used (see Fig. 8). Furthermore, and as we have pointed out
previously [8], e, values are — independent of the calculation
procedure used — very sensitive to differences in aspect
ratio, so that values drop rapidly with increasing ellipticity.
Conversely, e, is insensitive to shape differences of pellets
with AR close to one: indeed, it may show higher values
for squarish projections (e.g. E and F) than for circular
projections (e.g. A). The modified e, calculation procedure
[13] gives systematically higher values than Podczeck’s e,
though again the magnitude of the difference depends on
the program used.

Values of V; and V), calculated are likewise shown in
Fig. 9. As can be seen, V, values estimated with ImagePro
and SigmaScan were very similar for the most spherical
pellets like A, B or C, but show important differences for
highly irregular pellets such as J. It is necessary to keep
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Fig. 8. Values of the shape factor e, for the 10 particles (A-J) shown in Fig. 2, as calculated using basic particle dimensions obtained by the different image
analysis programs. (a) Calculated using the SigmaScan perimeter estimate; (b) calculated using ImagePro perimeter 1; (c) calculated using ImagePro
perimeter 2.
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Fig. 9. Values of the shape factors, V. and V},, obtained for the 10 particles (A-J) shown in Fig. 2, as calculated using basic particle dimensions obtained
by the different image analysis programs. Calculated using ImagePro perimeter 1 (IP 1), calculated using ImagePro perimeter 2 (IP 2), calculated using the
SigmaScan perimeter estimate (SScan 1) and calculated from pixel centre to pixel centre, in the same way as ImagePro perimeter 1, but using the
coordinates obtained with SigmaScan (SScan 2).

in mind that V; is expressed as a percentage variation, soin  30. For this reason, even the biggest variations observed
theory it can adopt values between 0 and 100 [8]. In prac-  represent a reduced variability in the case of spherical pel-
tice, the value of this parameter typically lies between 0 and lets (as the pellet E). In both cases pellet radii were deter-
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Fig. 10. Pixels used for estimation of the edge of particle J (a) by
SigmaScan and (b) by ImagePro.

mined on the basis of the coordinates of all pixels constitut-
ing the perimeter: the accuracy of this approach depends
above all on image quality and the grey-scale threshold val-
ues used, and in the present analysis the same image was
used in both cases. The observed differences in the V; esti-
mates obtained using these two programs probably origi-
nate from the different number of coordinates used for
the radius determinations: thus SigmaScan uses all pixels
(about 1400 in the example shown in Fig. 10), while Image-
Pro excludes from its analysis all pixels judged to lie on a
straight line between other pixels named as vertices (leaving
about 500 pixels in the example shown in Fig. 10).

In contrast to V., V, shows marked differences
depending on the method used for calculation of the
perimeter (Fig. 9), though strictly only two of the proce-
dures used (SigmaScan method 2, and ImagePro using
perimeter 2) follow the formula given in our original
proposal of this shape factor [8]. However, it is interest-
ing to see how this shape factor is affected when different
measures of perimeter are used. As can be seen from
Fig. 9, similar values of V, were those obtained using
SigmaScan and ImagePro perimeter 2, except in the case
of highly irregular pellets with high aspect ratio. The
minimal differences between V), values determined with
the two SigmaScan perimeters are attributable to the fact
that we used high-resolution images (i.e. pixel size small
with respect to pellet size), so there are little differences
between pixel-to-pixel distances measured centre-to-centre
or edge-to-edge. In the case of ImagePro, marked
differences were observed between V|, values for irregular
pellets, depending on the type of perimeter estimate used:

this reflects the smaller number of coordinates used to
determine pixel perimeter (while for more regular pellets
this effect is not important). Finally, PCImage and
ImagePro perimeter 1 give very different V), values to
the other procedures, reflecting the very different algo-
rithm for perimeter determination.

4. Conclusions

The present study confirms the lack of standardization
of shape factors in pharmaceutical particle analysis, with
different image analysis programs supplying markedly dif-
ferent shape factor values. This is an important question
if we bear in mind the limits founded in the bibliography
for considering a particle as spherical. Clearly, this is
potentially confusing and hinders meaningful comparison
of results among studies and laboratories. Very interesting
studies are currently being published on relationships
between particle shape and diverse particle properties,
but at present the non-standardization of shape factor esti-
mation methods means that these studies cannot be evalu-
ated and compared.

Furthermore, it is noteworthy that various studies have
investigated important technical aspects of image analysis
for particle characterization in pharmaceutical technology
(image capture, light, and digitalization), but that there
have been no serious attempts to develop standardized pro-
cedures for shape factor estimation.

So, we would suggest that there is a need for efforts to
develop some sort of consensus standardization of shape
factor algorithms and nomenclature, involving both phar-
maceutical researchers and image analysis software design-
ers, with the aim of facilitating research using this very
useful tool. But it is highly improbable that IA system man-
ufacturers will rewrite their code, then our fundamental
recommendations could: always include adequate system
information to allow interested researchers to study the
acquisition of algorithm details.

References

[1] M. Bergeron, P. Laurin, R. Tawashi, Effect of particle morphology in
selecting pharmaceutical excipients, Drug Dev. Ind. Pharm. 12 (1986)
915-926.

[2] T.A. Barber, Image Analysis (Automated Microscopy) for Particle
Analysis in Liquid and Surface Borne Particle Measurement Hand-
book, Marcel Dekker, New York, 1996, pp. 61-112.

[3] P.J. Barret, The shape of rock particles, a critical review, Sedimen-
tology 27 (1980) 291-303.

[4]J. Vermen, P. Rombaut, R. Kinget, Shape and surface smoothness
of pellets made in a rotary processor, Int. J. Pharm. 146 (1) (1997)
21-29.

[5] C. Cavallari, L. Rodriguez, B. Albertini, N. Passerini, F. Rosetti, A.
Fini, Thermal and fractal analysis of diclofenac/Gelucire 50/13
microparticles obtained by ultrasound-assisted atomization, J.
Pharm. Sci. 94 (5) (2005) 1124-1134.

[6] N. Passerinia, B. Albertinia, M.L. Gonzdlez-Rodriguez, C. Cavallar-
ia, A.L. Rodriguez, Preparation and characterisation of ibuprofen—
poloxamer 188 granules obtained by melt granulation, Eur. J. Pharm.
Sci. 15 (2002) 71-78.



776 S. Almeida-Prieto et al. | European Journal of Pharmaceutics and Biopharmaceutics 67 (2007) 766-776

[7] S. Almeida-Prieto, J. Blanco-Méndez, F.J. Otero-Espinar, Micro-
scopic image analysis techniques for the morphological characteriza-
tion of pharmaceutical particles: influence of process variables, J.
Pharm. Sci. 95 (2006) 348-357.

[8] S. Almeida-Prieto, J. Blanco-Méndez, F.J. Otero-Espinar, Image
analysis of the shape of granulated powder grains, J. Pharm. Sci. 93
(2004) 621-634.

[9] F. Podczeck, J.M. Newton, A shape factor to characterize the quality
of spheroids, J. Pharm. Pharmacol. 46 (1994) 82-85.

[10] L. Hellén, J. Yliruusi, Process variables of instant granulator and
spheroniser: III. Shape and shape distributions of pellets, Int. J.
Pharm. 96 (1993) 217-223.

[11] L. Baert, H. Vermeersch, J.P. Remon, J. Smeyers-Verbeke, D.L.
Massart, Study of parameters important in the spheronisation
process, Int. J. Pharm. 96 (1993) 225-229.

[12] E. Podczeck, S.R. Rahman, J.M. Newton, Evaluation of a standar-
dised procedure to assess the shape of pellets using image analysis,
Int. J. Pharm. 192 (1999) 123-138.

[13] R. Junnila, J. Heindmaiki, J. Yliruusi, Effects of surface-active agent
on the size, shape and hardness of microcrystalline cellulose/maize
starch pellets prepared by an extrusion/spheronization technique,
STP Pharma Sci. 8 (1998) 221-226.

[14] G.A. Hileman, S.M. Upasdrashta, S.H. Neau, Drug solubility effects
on predicting optimum conditions for extrusion and spheronization
of pellets, Pharm. Dev. Technol. 2 (1997) 43-52.

[15] S.H. Neau, M.Y. Chow, G.A. Hileman, J. Durrani, Fabrication and
characterization of extruded and spheronized beads containing
Carbopol® 974 P NF resin, Int. J. Pharm. 131 (1996) 7-55.

[16] S.H. Neau, M.Y. Chow, G.A. Hileman, J. Durrani, F. Gheyas, B.A.
Evans, Formulation and process considerations for beads containing
Carbopol® 947 P, NF resin made by extrusion-spheronization, Int. J.
Pharm. 199 (2000) 129-140.

[17] H.A. Rashid, J. Heindmaiki, O. Antikainen, J. Yliruusi, Effects of
process variables on the size, shape, and surface characteristics of
microcrystalline cellulose beads prepared in a centrifugal granulators,
Drug Dev. Ind. Pharm. 25 (1999) 605-611.

[18] L.S.C. Wan, P.W.S. Heng, C.V. Liew, Spheronization conditions on
spheroid shape and size, Int. J. Pharm. 96 (1993) 59-65.

[19] L. Baert, D. Fanara, J.P. Remon, D. Massart, Correlation of
extrusion forces, raw materials and sphere characteristics, J. Pharm.
Pharmacol. 44 (1992) 676-678.

[20] L. Baert, J.P. Remon, P. Knight, JJM. Newton, A comparison
between the extrusion forces and sphere quality of a gravity feed
extruder and a ram extruder, Int. J. Pharm. 86 (1992) 187-192.

[21] C. Vervaet, J.P. Remon, Influence of impeller design method of screen
perforation and perforation geometry on the quality of pellets made
by extrusion—spheronization, Int. J. Pharm. 133 (1996) 29-37.

[22] C. Vervaet, L. Baert, P.A. Risha, J.P. Remon, The influence of the
extrusion screen on pellet quality using an instrumented basket
extruder, Int. J. Pharm. 107 (1994) 29-39.

[23] E.H. Exner, E. Link, Image analysis for characterization of size and
shape distribution of load powders, Powder Metall. Int. 9 (1977)
131-133.

[24] P.B. Deasy, M.F.L. Law, Use of extrusion-spheronization to develop
an improved oral dosage form of indomethacin, Int. J. Pharm. 148
(1997) 201-209.

[25] G.A.S. Awad, C.A.A. Charrueau, P. Allain, J.C. Chaumeil, Formu-
lation and evaluation of bioadhesive pellets containing different
carbomers made by extrusion-spheronization, STP Pharma Sci. 12
(2002) 157-162.

[26] E.P. Cox, A method of assigning numerical and percentage values to
the degree of roundness of sand grains, J. Paleolimnol. 1 (1927)
179-183.

[271J.S. Wu, H.O. Ho, M.T. Sheu, A statistical design to evaluate the
influence of manufacturing factors on the material properties and
functionalities of microcrystalline cellulose, Eur. J. Pharm. Sci. 12
(2001) 417-425.

[28] H. Linder, P. Kleinebudde, Use of powdered cellulose for the
production of pellets by extrusion/spheronization, J. Pharm. Phar-
macol. 46 (1994) 2-7.

[29] R.D. Shah, M. Kabadi, D.G. Pope, L.L. Augsburger, Physico-
mechanical characterization of the extrusion—spheronization process.
Part II: rheological determinants for successful extrusion and
spheronization, Pharm. Res. 12 (1995) 496-507.

[30] M.A. Ramadan, R. Tawashi, Effect of surface geometry and morphic
features on the flow characteristics of microsphere suspensions, J.
Pharm. Sci. 79 (1990) 929-933.

[31] R.M. Iyer, L.L. Augsburger, D.G. Pope, R.D. Shah, Extrusion/
spheronization-effect of moisture content and spheronization time
on pellet characteristics, Pharm. Develop. Technol. 2 (1996)
325-331.

[32] H.H. Hausner, Characterization of the powder particle shape,
Planseeber. Pulvermet. 14 (1966) 75-84.

[33] P. Kleinebudde, Use of a power-consumption-controlled extruder in
the development of pellet formulations, J. Pharm. Sci. 84 (19995)
1259-1264.

[34] C. Schmidt, H. Linder, P. Kleinebudde, Comparison between a twin-
screw extruder and a rotary ring die press 1. Influence of formulation
variables, Eur. J. Pharm. Biopharm. 44 (1997) 169-176.

[35] M. Eriksson, G. Alderborn, F. Podczeck, J.M. Newton, Com-
parison between and evaluation of same methods for the
assessment of the sphericity of pellets, Int. J. Pharm. 148
(1997) 149-154.

[36] O.M.Y. Koo, P.W.S. Heng, The influence of microcrystalline cellulose
grade on shape and shape distribution of pellets produced by extrusion—
spheronization, Chem. Pharm. Bull. 49 (2001) 1383-1387.

[371 K. Lovgren, P.J. Lundberg, Determination of sphericity of
pellets prepared by extrusion/spheronization and the impact of
some process parameters, Drug Dev. Ind. Pharm. 15 (1989)
2375-2392.

[38] P. Schneiderh6hn, Eine vergleichende studie iiber methoden zur
quantitativen bestimmung von abrundung und form an sandkornern,
Heidelb. Beitr. Miner. Petrogr. 4 (1954) 172-191.

[39] AM. Bouwman, J.C. Bosmaa, P. Vonkb, J.A. Wesselinghc, H.-W.
Frijlink, Which shape factor(s) best describe granules? Powder
Technol. 146 (2004) 66-72.



	Microscopic image analysis techniques for the morphological characterization of pharmaceutical particles: Influence of the software, and the factor algorithms used in the shape factor estimation
	Introduction
	Materials and methods
	Image analysis
	Image obtention
	Pellets

	Results
	Circularity estimation
	AR estimation
	er, Vr and Vp estimation

	Conclusions
	References


