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Abstract
Purpose There is a need for methods which enable precise
correlation of histologic sections with in vivo prostate
images. Such methods would allow direct comparison
between imaging features and functional or histopatho-
logical heterogeneity of tumors. Correlation would be par-
ticularly useful for validating the accuracy of imaging
modalities, developing imaging techniques, assessing image-
guided therapy, etc. An optimum prostate slicing method for
accurate correlation between the histopathological and med-
ical imaging planes in terms of section angle, thickness and
level was sought.
Methods Literature review (51 references from 1986–2009
were cited) was done on the various sectioning apparatus
or techniques used to slice the prostate specimen for accu-
rate correlation between histopathological data and medi-
cal imaging. Technology evaluation was performed with re-
view and discussion of various methods used to section other
organs and their possible applications for sectioning prosta-
tectomy specimens.
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Results No consensus has been achieved on how the prostate
should be dissected to achieve a good correlation. Vari-
ous customized sectioning instruments and techniques work-
ing with different mechanism are used in different research
institutes to improve the correlation. Some of the methods
have convincingly shown significant potential for improving
image-specimen correlation. However, the semisolid consis-
tent property of prostate tissue and the lack of identifiable
landmarks remain challenges to be overcome, especially for
fresh prostate sectioning and microtomy without external
fiducials.
Conclusions A standardized optimum protocol to dissect
prostatectomy specimens is needed for the validation of med-
ical imaging modalities by histologic correlation. These stan-
dards can enhance disease management by improving the
comparability between different modalities.
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Introduction

The histopathology information remains the gold standard
for prostate cancer diagnosis. To date, it provides the most
comprehensive information for therapy decision making.
Although imaging modalities such as magnetic resonance
imaging (MRI) and ultrasound scanning (US) can provide
useful anatomic and physiological information in vivo, their
value for disease diagnosis and prognosis is still limited
in terms of specificity and sensitivity. Precise correlation
(probably on a pixel-by-pixel basis) between histopatholo-
gical sections and imaging sections is important since prac-
titioners rely more and more on image-guided technologies.
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Accurate correlation also allows the evaluation of the imag-
ing techniques and promotes the development of new imag-
ing modalities that allow more accurate cancer detection and
localization. However, histopathology-medical image corre-
lations are limited by surgical distortion, tissue shrinkage
during fixation or processing, and difficulties in obtaining
consistent section thicknesses and angles. Whilst surgical
distortion and tissue shrinkage may be reduced by careful
handling and correction factors [1–3], obtaining precise sec-
tion thicknesses and angles remains a challenge.

To address the challenge of the latter, a number of new
techniques have been proposed. The majority of these stud-
ies [4–12], still adopt the traditional free hand specimen dis-
section method. These mainly focus on the pre-processing
steps before the histopathological and image plane compari-
sons, and can be categorized into two main streams of work:
(a) based on registration techniques to correct the tissue dis-
tortion during image processing [9,13–17] and (b) based on
customized sectioning apparatus to reduce the tissue distor-
tion during the process of specimen orientation, embedment
and sectioning [13,18–27]. Registration methods, especially
three-dimensional (3D) registration, usually can correct the
angle and thickness differences by translation and rotation.
Some authors that perform 3D registration methods claim
that these do not require precise correlation of the image
section thickness and angle [28]. However, the registration
methods are often laborious and a number of issues must be
considered [16]. Firstly, the accuracy relies largely on the
available landmarks due to the high complexity of defor-
mation during the tissue preparation. Secondly, the inherent
differences of the imaging characteristics between the histo-
pathology and the imaging modalities further raise the dif-
ficulty of registration. Since the accuracy of these methods
remains unsystematically quantified, the feasibility and reli-
ability of the registration methods for clinical applications
remain unclear. This accentuates the need for optimum tis-
sue sectioning techniques and tissue processing methods that
will result in minimal deformation and distortion.

In this paper, in order to investigate an optimum slic-
ing method for radical prostatectomy specimens, a compre-
hensive review is included on the different methods used
in research and clinical applications. Issues in achieving a
good correlation between histopathology and medical images
without compromising the diagnosis accuracy will also be
discussed.

Comparison of pathologic sections and in vivo prostate
images

From previous research, various issues regarding obtain-
ing accurate correlation between histopathology and in vivo
medical images of prostate have been raised. To summarize,

these can be categorized into five key issues as discussed
below:

ISSUE 1: Difficulty in obtaining good histopathology-
image correlation whilst maintaining the consistency and
reproducibility of diagnosis quality for clinical practice.
Radical prostatectomy specimens give the most precise

and comprehensive information about the histological grade,
margin status, tumor extent and cancer stage. These patho-
logical data are critical for determining the adjuvant ther-
apy and predicting the patient out-come. In order to achieve
consistent and reproducible tumor observations from pro-
statectomy specimens, a standardized routine for tissue sec-
tioning and processing is required and the issue has been
addressed with consensus by different groups of research-
ers and societies [29–33]. At present, however, there is still
no consensus on how the prostate specimen should be sec-
tioned and prepared for accurate correlation with medical
images. This has precluded the effective comparison of the
study results between different researchers and raises ques-
tions to the study outcomes. To maintain a balance between
the research interest in acquiring accurate correlation and the
diagnosis quality and work efficiency for routine pathological
practice, an optimum tissue sectioning protocol is required.
This method should be able to produce an acceptable quality
for diagnosis in clinical applications, yet is cost effective and
simple to use.

ISSUE 2: Should the prostate be sectioned in its fresh or fix-
ated state? The fixation of the prostate specimens before
sectioning is usually recommended in routine pathological
practice. Adequate fixation before the sectioning does not
only preserve the surgical margins but also enhances subtle
characteristics of the tumor foci such as firmness and dis-
coloration. The fixation, however, inevitably causes tissue
shrinkage which leads to errors in section angle and thickness
correlations. With increasing interest in obtaining fresh tissue
for research, many pathologists also section the prostate
before fixation [34]. The sampling of fresh prostate speci-
men remains challenging [32]. Firstly, the semisolid consis-
tency of the fresh prostate gland makes it difficult to slice
evenly with uniform thickness and this poses difficulties for
embedding, processing and consistent histological section-
ing. Secondly, as soon as a scalpel nicks the capsule of the
fresh prostate to slice it, the tissue within the gland emerges
through this cut because of the high pressure of any hyper-
trophic nodules. As a result, the prostate is deformed and its
orientation is disturbed. Lastly, the time taken to store the
fresh tissue appropriately may increase and this affects the
maintenance of the molecular profile. With these concerns,
an optimum method which could facilitate and regulate such
correlations has yet to be unified.
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ISSUE 3: Insufficient landmarks for orientation of the pros-
tate during pathological dissection. The prostate is a donut-
shaped gland that surrounds the curved urethra tract. It has a
broad and flat base and a narrower apex. The seminal vesicles
and vasa deferentia enter the gland at the posterior aspect of
the base. The anterior surface of the gland is rounded and con-
vex while the posterior surface is broad and flat. The position
of the seminal vesicles, vasa deferentia and the contour of
the gland may serve as landmarks for quick identification of
the base, apex, posterior and anterior surface of the gland
for gross orientation during routine pathological dissection.
For precise orientation, the landmarks available are unfortu-
nately insufficient as the surface of the gland is usually three-
dimensionally irregular and the urethra usually retracts after
the prostatectomy.

ISSUE 4: Dilemma between correlating the medical images
with whole-mount prostate slide versus prostate biopsy.
The multiple prostate biopsies serve as the gold standard
for diagnosis of prostate cancer before the prostate is taken
out of the body. Although this is one of the main streams of
methods for correlating the medical image with histopathol-
ogy, it is unable to provide accurate estimation of tumor sizes
and the grade due to the sampling error [35]. It has also been
reported that the prostate biopsy can miss up to 20-30% of
cancers even with recent advances in biopsy techniques [36].

ISSUE 5: Is the use of medical images with 2D pathological
slices or 3D reconstructed pathology better? The verifica-
tion of radiological methods with cross-sectional histopathol-
ogy is difficult due to the poor correlation of slice thickness
and orientation. Two-dimensional (2D) data as determined
in histological slices often differs from the non-invasive
images which parameterize the information in volumetric
units. This further reduces the significance of the correlation
[37–39]. Therefore, several researchers [40–42] attempted
three-dimensional (3D) approaches for a more accurate
match slice geometry. The details of the methods used in 3D
reconstruction of histology for image correlation is beyond
the scope of this review. Even though the 3D approach is a
more accurate representation, the accurate matching of his-
tology and radiology nonetheless also highly dependent on
the section registration technique, quality of tissue, effects of
tissue processing and sectioning, as well as the large amount
of data that needs to be generated [43].

Prostate sectioning techniques

Traditional surgical pathology prostate dissection

As early as the beginning of the 1980s, the researchers began
to study prostate medical images by correlation with the

pathology of the entire prostate gland. To date, the free hand
whole-mount prostate specimen dissection remains the most
common tissue dissection methods [4–12]. The traditional
sectioning of the prostate specimen includes the following
procedures: orientating the prostate, inking the prostate sur-
face, trimming the margin, and dissecting the prostate main
body. The prostate is orientated by locating the seminal vesi-
cles and vasa deferentia which insert into the posterior aspect
of the base of the gland, as well as distinguishing the rounded
and convex anterior from the broad and flat posterior surface
from the contour of the gland. After orientation, the pros-
tate is inked with different colors on the surface for proper
orientation and margin identification. Subsequently, the mar-
gin is trimmed for examination, then the prostate main body
is manually sectioned transversely or sagittally at 3–5 mm
intervals perpendicular to the rectal surface as illustrated
in Fig. 1.

In the conventional dissecting, the specimens are grossly
orientated and sectioned perpendicular to the rectal sur-
face. Although the quality of the sections obtained with this
method is adequate for routine pathological diagnosis, it is
not sufficient for precise correlation. Firstly, there is poor
correlation of section angle between the pathological section
and the medical image section. This is because the posterior
surface of the prostate gland is usually irregular after pro-
statectomy. Thus, perpendicular cutting to the posterior sur-
face actually is not achieved. The angle and location of the
histopathologic sections can differ with MR imaging sec-
tions by 5–15◦ [5]. Besides, the transrectal ultrasound or
the endorectal MR imaging planes are not obtained ideally
transversely or sagittally as assumed [10,45–47]. The rec-
tal filling of the transrectal ultrasound probe or the endo-
rectal coil with endorectal balloon inflated with 40–100 ml
air can unavoidably compress the prostate through the rectal
and cause and distinct shape deformation. I.e. an increase at
transverse dimension for whole gland, a decrease at anterior–
posterior direction, and no statistically change at supe-
rior–inferior direction; and relatively greater decrease for
peripheral zone than for central gland (including central zone
and transition zone). Secondly, there is poor correlation of
section thickness. The thickness of the section is usually mea-
sured with eye without calibration and the fresh prostate can
be easily deformed with blades nicked on the surface during
sectioning. This has added the difficulty to obtain the even
thickness of the section. Thirdly, the shrinkage after fixation
may have changed the size, the shape and the orientation of
prostate; making it difficult to orientate the prostate exactly
perpendicular to posterior surface and hence obtain an iden-
tical section thickness for correlation.

Due to the poor correlation in section angle and thick-
ness, the extents of correlations vary in different studies
and are limited to region basis [5–8,10,11,45] or large
tumor size [12]. Although the image registration techniques
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Fig. 1 Conventional prostate
surgical pathology dissection
[44]

or some other methods such as introducing a reference plane
to predefine angle of the medical imaging plane, an accurate
point to point correlation unfortunately is not available [8,9].
Besides, the accuracy of correlation is usually not systemat-
ically evaluated. At present, due to the inconsistence of the
techniques and extents of image correlation, a valid compar-
ison between different studies and a reliable validation of the
imaging modalities are not achievable.

Customized sectioning device facilitated dissection

With the development of imaging techniques, as well as
the application of image guided therapy for prostate can-
cer, an imaging modality with validated accuracy is required
for accurate cancer localization. In order to improve the
correlation between the histopathology and radiology (some-
times on a pixel-by-pixel basis), customized specimen dis-
section methods are investigated by different institutions and

different slicing apparatus or methods are proposed recently.
However, none of slicing devices has been widely accepted.

The CIMIL slicing apparatus

Ma et al. from the Computer Integrated Medical Intervention
Laboratory (CIMIL) at the Nanyang Technological Univer-
sity (NTU) Singapore [18] developed a slicing apparatus that
allows orientating and slicing the prostate specimens accu-
rately according to the MRI plane. The section thickness was
3.5 mm as shown in Fig. 2. The slicing box consists of five
main parts: (i) a chamber, (ii) a cutting slits, (iii) a dispos-
able blade attached to a handle, (iv) two transparent linear
scales at the ends, and (v) a moveable stopper. The chamber
is for orientating placement of the prostate specimen. Cutting
slits is placed at fixed distance of 3.5 mm apart, allowing a
sharp blade to pass through to trim the tissue block. The sharp
trimming blade is used to minimize tissue distortion. At the
ends of the chamber, there are two linear scales sharing the
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Fig. 2 a Prostate slicing box
for sectioning the prostate
accurately according to
orientation to MRI, b technical
drawing of the prostate slicing
box [18]

Fig. 3 a Sagittal view of the
prostate inside the prostate
slicing box; b transverse view of
the prostate, with positioning of
vas deferens to determine
orientation inside the prostate
slicing box [18]

common horizontal datum. The scales enable the pathologist
to position the apex and base of the prostate according to the
measurement of the vertical dimension of the urethra entry
and exit sited.

The orientation of the specimen is taken in three dimen-
sions. The rotation of the specimen about the X axis is corre-
lated by matching the vertical distance between the entry site
of the urethra at the base and the exit point of the urethra at
the apex with MR images as shown in Fig. 3a. The rotation
of the specimen about the Y axis is correlated by measuring
the angle between the MR planes with the prostate vertical
plane as shown in Fig. 4. The rotation about the Z axis is
correlated by using the vas deferens as a reference as shown
in Fig. 3b. After positioning the specimen in the chamber, the
specimen is sectioned serially of equal thickness as shown in
Fig. 5.

The accuracy of the slicing device was studied with three
phantoms and 11 patients by calculating the overlap of the
nodule areas between the MRI and the pathological slices.

An overall accuracy of the prostate slicing box for section by
section direct correlation is 79.6% combined with prostate
boundaries and urethral as registration landmark during cor-
relation. This is the first study with systematic evaluation of
the slicing accuracy for prostate pathology MR imaging sec-
tion correlation. The method differs with the conventional
method by using the special relations of the limited land-
marks to orientate the prostate and using parallel uniform
slits to guide the sectioning. However, there are several draw-
backs. Firstly, the rotation about the X , Y and Z axis are
done manually without accurate calibration which are not
stable and not accurate. Secondly, holding the prostate in
position during sectioning is technical demanding. For one
hand, there is a dilemma to hold the prostate in position with
considerable pressure and to hold the prostate in its nature
state without deformation which leads to inconsistent section
thickness during sectioning. For another hand, the prostate
specimen is held in place with one dimensional pressure act-
ing the slidable stopper. It is possible that the prostate can
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Fig. 4 a The axial view of
X − Y plane inside the MRI
field; b the angular displacement
between the prostate vertical
plane and the MR image plane
reported by radiologist [18]

Fig. 5 a the prostate specimen
is sliced with equal thickness;
b equal thickness tissue slabs
with some orientation as MR
image scanning planes [18]

rotate during the sectioning and the angle of sectioning may
have been changed. Thirdly, the section surface may be dam-
aged due to the resistance and the heterogeneous property of
the prostate. Improvements on the slicing box were proposed
by the authors to use the gelatin to secure the specimen and to
use multi-blades to minimize the damage to the tissue so as to
improve the consistency and reproducibility of uniform sec-
tions. Nonetheless, further report with the improvement for
this method is not found. Even with the improvement as men-
tioned above, how well the gelatin can be secure the prostate
from movement and how well the multi-blades can section
the prostate while it is held in gelatin remain as concern.

The UK patented slicing apparatus by Institute of Cancer
Research, London

Jhavar et al. [19] in Institutes of Cancer Research, London,
developed a prostate slicing apparatus to obtain fresh tis-
sue for research and for correlating diagnostic and molecular
results with preoperative imaging. The tissue slicer consists
of a series of juxtaposed planar stainless steel blades linked
to a support and a cradle adapted to grip the tissue sample
and receive the blades as shown in Fig. 6. After the seminal
vesicles are transected and the margins are shaved, the whole

gland is held in the cradle and cut in a plane perpendicular
to the posterior surface of the gland with the multi-blades of
equal 4- mm intervals.

An alternative cradle of the slicing apparatus was also
developed under the same patent as shown in Fig. 7. The cra-
dle comprises a base having rows of holes therein, series of
brass rods with grooves surrounding the surface and located
in the holes at 4 mm interval and two end plates located
between opposing end rods. The rods are to be located in the
holes with straight or curved lines to account for the contours
of the tissue sample and grip the specimen without deforming
the specimen. The ending plate is located at a 4 mm interval
to the ending rods that allows at least one end section of the
prostate to be the same thickness with the middle sections.

There have been several studies [20,21,48] using this
slicing apparatus to section the fresh prostate for pathol-
ogy-medical image correlation. A systematic evaluation of
the accuracy for the slicing protocol is not available. The
way that the specimen is orientated notably is similar to
the conventional prostate dissection which is inaccurate as
discussed previously. Nonetheless, the slicing device differs
from others by providing the cradle to hold the prostate in
position during the dissection and using the multi-blade for
sectioning which is obviously more efficient. This method
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Fig. 6 Slicing of radical
prostatectomy specimens [20]

Fig. 7 An alternative cradle holding the specimen in house and sec-
tioned by multi-bladed knife [21]

although is promising, has some deficiencies too. Firstly, it
does not allow image correlation with any orientation. The
images taken are required to be perpendicular to the poster-
ior surface. Secondly, the two versions of cradle as presented
actually denote the conflicts between holding the specimen
firmly in position and holding it without deformation. The
tong shape cradle can hold the specimen firmly (tong shape
cradle) for even sectioning. It is not adaptable for any size
of prostate specimen and the gripping force may inevitably
distort the specimen and lead to a different section thickness
and level compared with the medical imaging planes. The
alternative version of the slicing device is adjustable to the
size and shape of the prostate, causes less deformation to
tissue and allows acquisition of identical section thickness
and level of end sections with medical imaging plane. How-
ever, it cannot hold the specimen in place without movement

or rotation during sectioning. In summary, these two slicing
apparatuses may be used to section the prostate with same
thickness and possibly with the same section level with med-
ical imaging planes, but it does not provide a good way to
orientate the prostate and it is not applicable for any imaging
planes taken at any angle.

The PlaneFinder device by Mayo Clinic US

Rouvière et al. [22] in Mayo Clinic US developed a method to
cut the histological specimens along the MR imaging plane
by using the same system of coordinates used on MR scan-
ners. The method included two major steps. The first is to use
three acrylic paint markers to define the MR imaging plane.
The second is to use a device called “PlaneFinder device”
(PFD) to rotate the specimen in three dimensions under the
guidance of the MR scanner to find the predefined imag-
ing plane for dissection as shown in Fig. 8. The PFD is an
18.5-cm mobile polycarbonate and acrylic platform that can
rotate in the horizontal plane and tilted along two axes. An
acrylic cylinder measuring 55 mm in height and 82 mm in
diameter is sealed onto the center of the platform to hold
the specimen. The device is not visible on MR images.
A small cylindrical vial measuring 5 cm in diameter and
2 cm in height contains a 1 g/l CuSO4 solution to mark the
bottom of the surface. This serves as an internal reference for
distance calculation.

The principle of the method is illustrated in Fig. 9. Three
MR-visible and macroscopically visible fiducial markers are
injected in the tissue ex vivo to define the imaging plane.

123



478 Int J CARS (2010) 5:471–487

Fig. 8 The top view and side
view of the PlaneFinder Device
[22]

Fig. 9 Schematic diagrams illustrating the working principle of the
method [22]

The MR images are then taken parallel to the defined plane.
After the MRI study, the specimen is fixed in formalin. After
fixation, the specimen is placed in the PFD within the central
cylinder for MR scanning again to identify the same orienta-
tion for sectioning. After the specimen is tilted in the cylinder
with the predefined plane horizontally, the specimen is then
embedded with double layer wax to make sure the top sur-
face is horizontal. The wax cylinder is then removed and cut
with 5–10 mm thickness paralleling to the top surface.

The accuracy of the method was evaluated by assessing the
pyramidal central-hole-area in the markers’ plane of the pork
muscle. The error of angle was estimated to be ≤3 degree in
88–95% of the cases. A recent application of the method was
done by Kimm et al. [23] in Stanford University in the study
to correlate the ex vivo MR to human prostate specimens with
the PFD to orientate the specimen for sectioning. In this study,

an improvement was made by using small rods to anchor the
prostate to the desired position during MR scanning. After
the fixation in formalin, the prostate was orientated at iden-
tical position under MR guidance. The accuracy of the cor-
relation was determined by the degree of the alignment of
30 registration points including injected fiducials, anchoring
rods, and the internal anatomic structures. A final result of
an average displacement of 0.86 ± 0.19 mm (mean ± SD)
was obtained.

This method improves the correlation of angle between
the histopathological and MR imaging sections by intro-
ducing a predefined plane and using the ex vivo MRI to
facilitate the orientation. This method promises to provide
good correlation between the histopathological and imaging
planes, however, it has some limitations too. Firstly, the fidu-
cial markers are needed to define the imaging plane. The
application of fiducial markers is invasive and technically
demanding in vivo. The acrylic fiducial markers are useful
when used in animal or ex vivo experiments, but their safety
for use in in vivo is unclear [28]. Thus, without a suitable
marker, the application of the method for in vivo study is
limited. Secondly, the method uses MRI to guide the orien-
tation of the specimen which requires the application of MR
compatible materials that may be technically demanding and
costly. Thirdly, orientation, embedding and sectioning of the
specimen are taken after the specimen is fixed. The tissue
shrinkage again presented as a distortion which may reduce
the reliability of the section level correlation. Fourthly, the
sectioning of the prostate when it is fresh was not discussed in
the study. The sectioning while the prostate is fresh remains
unclear.

Other sectioning methods

The customized apparatus by Case Western Reserve
University Cleveland

Breen et al. [13,24,25] in Case Western Reserve University
Cleveland developed a 3D method which requires both com-
puter registration methods and tissue handling techniques to
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Fig. 10 Tissue-slicing
apparatus and process [13]

align medical scanner data with histological sections in ani-
mal experiments. To obtain a volume of tissue section images,
a customized apparatus was used to slice and photograph the
tissue as shown in Fig. 10. The tissue-slicing apparatus con-
tains a digital camera, a sliding tissue platform (indicate by
the upward arrow), and a linear displacement device (indi-
cate by the downward arrow) to advance the platform in a
precise stepped fashion.

In this study, the in vivo MR data and histological mea-
surement of the thermal ablation in rabbit thighs was cor-
related. After performing the radio-frequency (RF) ablation
procedure under MR guidance, two MR-compatible fiducial
needles were inserted in the lesion vicinity with one fiducial
approximately parallel and a second fiducial at an angle of
approximately 45◦ to the RF electrode with the guidance of
MR again. Following the placement of the fiducial needles,
a MR scan perpendicular to the RF electrode was taken. The
rabbit was sacrificed after imaging and the tissue was fixed
in formalin. The sectioning of the tissue was then done using
the special cutting apparatus. To fix the tissue, the tissue was
embedded in wax and positioned in styrofoam block which
was secured to the platform. After the tissue position was
fixed, a brain autopsy knife was used to slice the tissue per-
pendicular to the fiducial needle which was oriented parallel
to the RF electrode. The section thickness was controlled at
3- mm intervals as it was advanced by the linear displace-
ment device. The tips of the fiducial needles were exposed
at the tissue block face and highlighted by ink and photo-
graphed with digital camera. This process was repeated until
the entire sample is sliced. To calibrate the macroscopic tis-
sue images, a ruler was placed in the plane of the tissue slice
as seen above the knife.

The histological and the 3D medical images were corre-
lated using a semiautomatic registration algorithms and the
registration accuracy was validated by an ellipsoid model
which however is out of the scope of the review. In this study,
a registration accuracy of 0.96 ± 0.13 mm was obtained.
This method as claimed by the authors can be used for accu-
rate tissue typing to relate the 3D medical images to tissue

features including tumor. The methodology nonetheless has
several limitations. Firstly, the corrections of the tissue move-
ment tearing and shrinkage during dissection and processing
rely largely on the registration techniques which are also
technically challenging for prostate medical-histopatholo-
gical images correlation as discussed previously. Secondly,
the placement of the fiducial needles is error-prone and the
sectioning perpendicular to the needles is difficult in case of
inadvertent displacement of the needles. Thirdly, this dissec-
tion taken after the specimen was fixed although facilitates
the dissection, it raises problems for obtaining identical sec-
tion thickness and level due to the tissue shrinkage of the tis-
sue especially for prostate of heterogeneous property. Lastly,
this method requires the input of fiducial needles to orientate
the specimen and guide the sectioning which however are
too invasive and not applicable for practicing in vivo human
prostate.

The slicing machine for oriented sectioning of irregular
tissue block by Denmark

Sørensen et al. [26] in University of Aarhus Denmark
designed a method that allows direct comparison between
present digital scanning modalities with histological data.
The method involves orientating the specimen with the aid
of the angle protractor, embedding of the specimen with
alginate, and cutting with a special slicing machine as illus-
trated in Fig. 11. The experimental subject was a pig brain
which was fixed for 14 days before the embedding and the
sectioning. Alginate polymer from HistO-tech ApS (Århus,
Denmark) was used as the embedding medium. During the
embedding, the angle protractor as shown in Fig. 12a was
used to orientate the specimen via the anatomical landmarks
of the pig brain. An alginate mould on the top and bottom
of the tissue was used to support the tissue during the cut-
ting procedure and avoid the tissue deformation as Fig. 11b.
The tissue and alginate bottom was then placed on a suc-
tion pad of the tissue slicer and centered in relation to the
knife frame with the aid of a laser pointer as Fig. 11c. With
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Fig. 11 Illustration of the
method to orientate, embed and
section the specimen [26]

the alginate and tissue block fixed by activating a vacuum
valve, parallel oriented knives positioned in a frame with
equal intervals were steady lowered through the alginate and
tissue block by vibrating the frame. A set of alginate and
tissue slabs which were of equal section thickness and ori-
ented to corresponding pre-operation medical images was
obtained.

This method presents a systemic way to improve the cor-
relation of pathology-medical imaging by improving the
orientation, securing the position during sectioning, and
better sectioning procedures. It varies from other studies
by using alginate polymer as an embedding medium and a
pneumatic vibrator to secure the sectioning direction. This
alginate polymer is soft and deformable to begin with while
cutting and allows orientation of the specimen during embed-
ding. The vibration of the knife frame set diminishes fric-
tion as the knives move through the alginate polymer and

the tissue. The special embedding and dissection techniques
allow the acquisition of uniform regular sections from irreg-
ular tissue blocks which fulfils the requirements for quan-
titative stereological analysis. Nonetheless, the method is
primarily designed for mammalian brains which has many
landmarks for orientation and may not applicable for the
human prostate. Firstly, the prostate does not have suffi-
cient identifiable landmarks for orientation such that the
angle protractor is not applicable for the prostate gland.
Secondly, the measuring of the angle is taken manually and
is error prone. This further prevents the accurate orienta-
tion of the specimen for correlation. Thirdly, although the
embedding medium can secure the brain at a certain po-
sition; however, the semisolid consistency of the prostate
specimen differs largely from the brain, so that the embed-
ding medium may not be able to secure the prostate as well
during sectioning.
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Fig. 12 Techniques to obtain
the isotropic uniform random
brain sections [27]

The HistOtech Vario slicer and tissue orientator
for isotropic random orientated dissection of small
brain specimen by Denmark

Other than the slicing machine discussed above, Bjarkam
and Sørensen et al. [27] also developed a slicing machine
and technique for fresh or fixed brain tissue from small lab-
oratory animals. This method allows orientation of brain tis-
sue in any given position with optimal thickness between
0.5 and 20 mm. The technique includes the application of
a specific embedding medium HistOmer, a tissue orientator
and a Vario Slicer. The HistOmer is actually an alginate cold
polymer that can polymerize into a “rubber-like solid’ and
has buoyancy that can hold the brain specimen in place after
positioning. The tissue orientator actually includes making
two hemispheric embedding chambers to embed the spec-
imen and making the embedding block in a ball shape for
isotropic orientation during sectioning as shown in Fig. 12.
The Vario Slicer is composed of a cylindrical embedding
chamber for oriented HistOmer embedding of the tissue and
a cutting stage where the embedded block can be placed, ori-
entated and sectioned uniformly with the guidance of parallel
guiding plates as illustrated in Fig. 13.

The method is quite similar with previous method by
Sørensen et al. for sectioning large irregular tissue. Both of
the studies used the special embedding media HistOmer. The
method designed for isotropic orientation of brain tissue from

small laboratory animals was able to slice the tissue serially
with identical section thickness and is capable of isotropic
orientation. However, it may not be applicable for sectioning
and orientating the human prostate. There is a lack of discus-
sion regarding the accuracy of the method in the given stud-
ies. It requires identifiable landmarks for orientation which
are not available for the prostate as previously discussed.
Although the method may obtain a desired uniform section
thickness, sectioning at similar section levels as in medical
imaging remains problematic. Further improvement for sec-
tioning at the same section level is needed. Unfortunately,
there are no further studies addressing this issue.

The commercially available rotary slicer
with agar-embedding

In the study by Dahele et al. [49] to correlate PET-CT
images with histopathology of lung cancer and the study by
Zarow et al. [50] to correlate brain MRI to pathology, the
specimens were both embedded in agar and sliced by com-
mercial rotary slicers. In the study done by Zarow et al, the
brain was embedded in the agar and the fiducial rods were
fitted into the agar to make holes for registration as shown in
Fig. 14. It was claimed by the authors that the agar embedding
methods can minimize the distortion during the handling and
slicing of the specimens, allow tinting to enhance the contrast

123



482 Int J CARS (2010) 5:471–487

Fig. 13 The use of HistOtech
Vario Slicer and the embedding
medium (HistOmer) to obtain
the oriented rat brain sections
[27]

Fig. 14 An example of brain
embedded in the agar with
fiducial rods fitted into the agar
that makes holes for
registrations [50]
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Table 1 A summary and comparison of different methods for orientating the specimen for correlation

Methods Studies Advantage Disadvantage

Gross orientation by
identifiable anatomic
landmarks (seminal
vesicles and vasa
deferentia contour of
prostate)

Jhavar et al. [20]
Jackson et al. [21]
Other various studies

using traditional prostate
dissection [4–12]

Easy to perform in routine
practice

Limited accuracy: up to
5–15◦ of difference in
section angle

Matching measurements of
the spatial distance or
angle between identifiable
anatomical landmarks
with measurements taken
during in vivo imaging

Ma et al. [18]
Sørensen et al. [26]
Bjarkam et al. [27]

Allow 3D orientation;
Achieve accuracy of 79.6%

matching area under
ROC curve

Require special
measurement during the
in vivo image scanning;

Technically demanding and
error prone to perform

External landmark as orientation reference

Needle Breen et al. [13] Facilitate visible landmarks
for orientation and
registration

Invasive and technically
demanding to perform;

Air-filled Teflon rods Humm et al. [51] More convenient to inject
the fiducial marker;

Error prone due to
inadvertent movement;

Cannot shrink and distort
with adjacent tissue

Acrylic fiducial markers Rouvière et al. [22] Stable and no inflammatory
reaction;

Act as internal markers that
can shrink and distort with
adjacent tissue

The toxicity of the markers
is not clear for applying in
human study, this

precludes
its application in in vivo
human study

Combination of using
acrylic fiducial markers to
predefine imaging plane
and orientate specimen
under the guidance of
imaging modality

Rouvière et al. [22]
Kimm et al. [23]

Achieve a mean maximum
angle error of ≤3 degree
in 88–95% of the cases

Costly, invasive, and technically
demanding to perform;
Need to define the imaging plane
with fiducial markers;
No suitable fiducial markers for
in vivo human study yet

between tissue and matrix, and facilitate image registration
by incorporating external fiducial markers in the agar. The
commercial rotary slicers were used to produce consistent
regular space slices. In the study by Dahele et al. [49], the
combination of electric rotary cutter and agar embedding was
compared to the freehand knife and customized sectioning
box for sectioning to find a best way to cut the lung tissue
for correlation. It was suggested that the combination of agar
embedding and electric rotary provided the most consistent
sections. In these two studies, the agar may help to minimize
the geometrical distortion during the handling and slicing the
fatty specimen (brain and lung) and may facilitate the input
of external reference “landmarks” to align the serial images.
However, it is not applicable for the prostate as the prostate
presents as a semi-solid consistency gland that requires cer-
tain force for sectioning while the agar is soft and fragile and
may not provide good support to the specimen. In addition,
the agar needs to be heated to 50–60◦C which may cause
damage to the fresh tissue. Although the commercial rotary
slicer can possibly produce consistent regular section for

correlation, the possibility of orientating the prostate at a
desired angle remains unclear.

Discussion

Among all the studies of pathology-medical imaging corre-
lation, the improvements to the tissue dissection methods can
be summarized from three different aspects: how the spec-
imen may be orientated before sectioning; how the speci-
men may be secured from movement during the sectioning;
and how the specimen may be sectioned to obtain the tissue
sections of equal thickness and desired section level. The
ways that the specimens are orientated includes the gross
identification of the anatomical landmarks of the prostate
[4–12,20,21], the matching of the measurements of the spa-
tial distance or angle between identifiable anatomical land-
marks [18,26], the introduction of external landmarks such
as needles or air-filled Teflon rods to guide medical image
scanning and specimen orientation[13,51], as well as the
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Table 2 A summary and comparison of different methods for securing the position of the specimen for during sectioning

Methods Studies Advantage Disadvantage

Free hand holding Various studies using
traditional prostate
dissection [4–12]

Easy to perform The prostate, especially fresh
prostate may be deformed and
the orientation is distorted;

Technically challenging to
obtain even sections;

The section surface may be
damaged

Secured by embedding media

Agar Zarow et al. [50]
Dahele et al. [49]

Secure specimen especially
the fatty tissue in position
during sectioning;

No quantitative studies comparing
embedding media (in terms of
composition, toxicity, PH,
temperature, oxygenation, and
lubricating properties) are
available yet;

Wax Rouviere et al. [22]
Kimm et al. 2009 [23]
Breen et al. [13]

Allow tinting the
embedding medium to
provide contrast between
tissue and matrix;

A suitable embedding
medium for embedding
the fresh prostate is not
available

Alginate Sørensen et al. [26]
Bjarkam et al. [27]

Facilitate the introduction
of fiducial markers for
registration

Cradle

Tong-shape cradle Jhavar et al. [20] The position of the prostate
is well fixed from three
dimensions during
sectioning;

The prostate may be deformed due
to the gripping force;

Can obtain identical section
thickness for middle
sections

Section quality may vary
between different users;

Correlation of section level is not
achieved;

Not adjustable for different size of
prostate;

The thickness of end
section is not secured

Rows of brass rods Jackson et al. [21] Less gripping force cause
less deformation;

The prostate is secured only in two
dimensions, rotation may still
occur during sectioning

Can obtain identical section
thickness for end sections;

Can cope with different size
of prostate;

May obtain identical
section level

Positioned in the slicing
box with force acting on
one sliceable wall

Ma et al. [18] Easy to perform The force acting on the specimen
during sectioning may deform
the prostate and lead to different
thickness of section;

Technically demanding to hold the
prostate in position, the prostate
may rotate during the sectioning

application of fiducial landmarks such as acrylic paint mark-
ers to define the medical imaging plane and orientate under
the guidance of the medical scanner [22,23] as listed and
compared in Table 1. The ways that the specimen are held
in position during sectioning can be categorized into four

types: (i) to hold it with free hand [4–12], (ii) to hold it in
a box with stress acting on one side of the wall [18], (iii)
to use the embedding medium (wax, agar, alginate polymer)
[13,22,23,26,27,49,50], and finally, (iv) to use a holding cra-
dle (cradle resembles tongs, cradle with rods of brass and side
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Table 3 A summary and comparison of different methods for sectioning the specimen with correlated section thickness, section angle

Methods Studies Advantage Disadvantage

Cutting slits of equal space
to guide the sectioning

Ma et al. [18]
Jhavar et al. [20]
Jackson et al. [21]

The direction of cutting
blade is guided, the error
due to manual handing is
reduced

Gap between slits cannot be
adjusted

Parallel multi-blade with
equal thickness for one
time sectioning

Jhavar et al. [20]
Sørensen et al. [26]

Quicker and easier than
sectioning with single
blade

Need to adjust the size of
the multi-blades for
different interval
dissection

Linearly displacement
device

Breen et al. [13]
Bjarkam et al. [27]

Can obtain desired section
thickness more easily

The specimen needs to be
embedded before
sectioning

Commercial rotary meat
slicer

Dahele et al. [49]
Zarow et al. [50]

Easy to perform; Not applicable for accurate
orientation;

May obtain equal thickness
section

Section angle and section
level are not correlated

walls) to grip the specimen while sectioning [20,21] as listed
and compared in Table 2. The ways to section the specimen
with equal thickness and section level involves using a se-
ries of cutting slits of equal interval to guide the cutting [18],
parallel multi-blades of equal intervals [20,26], and linear
displacement devices [13,27] as illustrated and compared in
Table 3.

Conclusions

This paper summarizes the various techniques used to
correlate histopathological data and medical images. The
pros and cons of different methods have been presented and
discussed. To summarize, the lack of standardization of the
sampling and sectioning methods induces unknown variables
between different studies on histopathological medical image
correlation for medical image validation or studies, etc. This
precludes the reliable comparison between different stud-
ies and an exact evaluation of a specific imaging modality.
Unfortunately, a unifying agreement on an optimum speci-
men sectioning technique which allows correlation of either
section thickness, section angle or section level has not been
obtained. To satisfy the increasing need to quantify and qual-
ify the ability and accuracy of the emerging imaging modal-
ities for better disease management, as well as to promote
the comparability between different studies, a standardized
optimum protocol to dissect the specimen is demanded and
is achievable in the near future.
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