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Abstract— in muscle dystrophy studies, registration of
histological image with MRI image volume enables cross
validation of MRI biomarkers using pathological result.
However, correlation of 2D histology slice with 3D MRI
volume is technically challenging due to the potentially
non-orthogonal slice plane and incomplete or distorted
histological slice. This paper presents an efficient
method to directly perform the 2D-3D registration. The
method is unique in that it uses smart phone as a
navigation tool for initial alignment followed by an
overlap invariant mutual information-based refinement.
Experimental results using animal muscle samples
images from a 3T MRI and HE stained histological
images show that the proposed method is capable of
aligning the histological slice with an oblique slice in MR
volume.

I. INTRODUCTION

Muscle dystrophy is a disorder that affects both human
and animals [2]. MRI has been an effect noninvasive tool for
imaging in muscle dystrophy studies for longitudinally
tracking the natural progression of the disease or the
responses to therapies. Although many biomarkers are
volume-averaged quantities such as muscle volume, length
or average relaxation parameters, previous studies show
heterogeneity in muscle may be import quantitative maker
[2]. In order to understand the structural as well as the
pathological heterogeneities, it is important to be able to
register MRI images or measurements with pathological test
results shown on histological slices.

Three general methods have been tested to align
histology slices with MRI volume. First one is to use 3D
histology and 3D MRI volume registration [3]. In this
approach, reconstruction of histology volume using a large
number of slices is required. It is proposed that deformations
during histology sample slicing can be overcome by such
volume registration. However, to create 3D volume of
histology, large numbers of histological slices with known
inter-space are needed and the required preparation by
pathologists is time consuming in practical applications. The
second kind of methods is based on 2D histological and 2D
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MRI slice registration. Due to deformations caused during
sectioning of tissue and preparation of histology image,
similarity between histology and MR slice may not be
always existed [4].

The last kind is based on 2D slice and 3D volume
registration [5-7]. In [5], Satish et. al. implement registration
between T2-weighted and dynamic contrast enhanced MR
images to assist detection of prostate cancer. In [8], Xiao et.
al. propose a 3-step registration method for slice to volume
registration in prostate cancer studies. The method first finds
MRI slices that are closest to the histology slice. Then it
performs 2D slice-slice registration before a final 3D-3D
refinement. There methods require multiple steps, which
could be time consuming and errors from early steps can
propagate to the final result.

In this paper, we propose a new direct 2D-3D registration
method. In the first step, an interactive alignment is applied
to determine initial orientation for MR slice using
smartphone as the navigation tool. At the second step
involves an automatic 2D slice and 3D volume registration
using mutual information. Preliminary results using a dog
muscle show that proposed algorithm can present good
spatial correlation between histology slice with oblique slice
in the MRI volume.

The paper is organized as follows: Section 2 explains the
method. Section 3 discusses the experimental results.
Section 4 summarizes the discussion.

Figure 1. Histology slice cut from the middle of the muscle
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II. METHOD

A. Acquisition of Histological Images and MR Images

Histological images are created from dog muscle. Sharp
knives are used to prevent movement of the tissue during
slicing but cutting surface has distortions caused by
changing pressure over knifes. After muscle is sliced, slice is
stained with Hematoxylin & Eosin dye. Histological slice
after staining is given in Figure 1. The Histological image
has 40X magnification and its resolution is 90084 X 67706

for 22.67mm X 17.64mm area. Pixel size is around 0.25um.

MR slices are acquired on a 3T Siemens Magnetom
Verio MR Machine. During T1-weighted acquisition, echo
time=12.7ms, repetition time=555ms, slice thickness=1mm
and echo sequence is spin echo. Field of view is calculated
as 49 mm for both x and y directions. A representative set of
MR slices are shown in Figure 2.

Figure 2. The set of MRI slices of muscle acquired on the axial
plane

B. Registration Procedure

One of the challenges for registration of MRI and
histology image is enormous difference between MR and
histology. The length of each MRI pixel is 0.1276mm, which
has lower resolution compared to the same length of
histology image that is 0.0180mm. Hence, there are 49
pixels in histology corresponding to every pixel in MRI
image. Voxel size of MR and histology should be adjusted to
obtain acceptable results on registration. For this purpose,

histology image is down sampled to reach voxel size of MRI.

After that, following steps are executed as in Figure 3.
During registration process, a 201px X 201px sized grid
is created using physical space value for each direction(x, y,
z) and orientation of the grid is changed at each step of the
refinement. After that the grid is used to generate oblique
MRI slice from 3D MRI volume with the aid of linear
interpolation. In here, the generated oblique slice is accepted
as registered MRI and MI is used to refine the registration

accuracy. Pixel size are defined as x = 0.1276mm, y =
0.1276mm and z = 1.050cm.
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Figure 3. Flow diagram of the proposed system

The spatial transformation of the MR slice that matches
with the histological slice can be defined as,

LT (GG) 0

where V,, is MR volume, 7,, is MRI slice that aligns with the
histology slice, T is the spatial transformation with p, 0, ¢,

rotation angles and x, y, z translation values, Grid( X,y )is a

2D spatial grid defined the same pixel size as histology slice
at the mass center of the V,, and in the axial plane.

B1. Interactive Alignment Using Smartphone as a
Navigation Tool

A smartphone application is implemented to ease
defining orientation parameters rotation angles and
translation values by user. Inertial Measurement Unit (IMU)
existing inside smartphone is used to define orientation of
MR slice. An application is created to be able to read
orientation and position data of any android smartphone
with IMU sensors. Afterwards, they are sent to the server
run on Matlab® through user defined protocol in real time.
App interface is shown in Figure 4.

After the data is received, the position and rotation
values are interpreted to use during interactive alignment.
MR slice with new orientation, result of histology and MR
slices alignment are presented in GUI (Figure 5).
Orientation values are showed as live for defining initial
position of the MR slice during iterative slice to volume
registration to increase user’s intuition.
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Figure 4. User interface of controller app running on android smartphone

Rotation and translation values defined at the end of
this process are used as initial for iterative registration.

B2. Interpolate MR slice on the grid

As mentioned in [9], we’re losing valuable 3D integrity
of the tissue during slicing process and orientation of slicing
plane is not known. Hence, we do not receive reasonable
similarity between MRI and histology slice. We create an
MR slice with new orientation obtained from user’s intuition
to be able to overcome this problem.

Utilizing from interpolation techniques is used for
various purposes in medical imaging. Obtaining new slice
with interpolation is accepted as accurate. In our
implementation, 3D linear interpolation is used for that
purpose because texture is not changing very fast in tissue.
During interpolation method, the user defines required
orientation parameters. An interface is created to show
results of the manual registration as seen in Figure 3.

B3. Iterative 2D-3D Registration Using MI as Similarity
Metric

After determining of reference orientation by user
interaction, we refine parameters for rotations and
translations. While maximizing the correspondence between
MR and histology slice, mutual information (MI) is used as
similarity metric [11].

Throughout the iterative registration, slice orientation is
changed and oblique slice is created using linear
interpolation. After that, MI between oblique MRI and
histology slice is calculated using histology information and
recorded for all possible orientation of MR slice. The
orientation of oblique slice is accepted as candidate
parameter set for rigid transformation. During calculation of
MI, we created 64 bins to group intensity of slices and
exhaustive search algorithms are applied as similarity
maximizing procedure.

0=0°,y=0

p=0°, x=0

Figure 5. User interface utilized during interactive allignment

III. EXPERIMENTAL RESULTS

During implementation of our procedure, we used 52
T1-weighted MR slices to reconstruct 3D volume, and
inter-slice is defined as used during MR imaging which is
Imm. Our slice thickness is 1 mm and resolution in axial
direction is 0.1276mm for each pixel. Resolution is
calculated by utilizing from MRI dicom header file. At first
step, field of view is measured and after that voxel size is
calculated. During reconstruction linear interpolation is
used since the change in muscle tissue is not changing very
fast. During real-time manual registration, linear
interpolation takes less time than more complex techniques
and increase the frame rate per second. In our
implementation, each iteration takes nearly 0.5 seconds due
to required computational burden during obtaining new MR
slice with desired orientation parameters. Throughout the
experimentation, a Windows® 7 pc which has Intel® i7-920
processor, 1.8GB graphic card and 9GB DDR3 memory is
used and Matlab® software is utilized for implementation.

Histological slice has higher resolution than MR; hence,
it needs to be down-sampled to reach resolution of MR
slices. Our histological slice has 40x magnification and its
sizes are nearly 90k pixels for each directions in space for
nearly 4 cm area. Image software is used for viewing our
large file. Obtaining a lower resolution histology image is
the first step of down sampling, and resampling in both
directions follows it. After first step, resolution of
histological slice is 0.0180mm and it is scaled nearly 1/90
of original scale image. After down-sampling process
manual segmentation is started.

An interface, that shows new slice whose orientation is
controlled by the user in 3D MR volume, and combination
of MRI and histology slice is prepared to ease manual
registration by supporting user intuition. Orientation
parameters for each axis are given in figure for informing
user. In the left part of the interface, combined slices are
shown for result of registration. Due to narrow intensity
histogram of histological slice, which is related to type of
dye and textural structure, fusion of these slices are not
defined as very clearly.
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After concluding interactive alignment, determined
orientation values (p=-10°, 6=-10°, ¢=3° and x=-6.38mm,
y=-6.38mm, z=21mm) are stored and boundaries for each
parameter are measured with predefined constraints. Later,
optimization process is processed with exhaustive search
algorithm to maximize similarity parameter in which mutual
information is used in our implementation. Due to looseness
of exhaustive search algorithm and complexity of 6D space,
optimization process is continued nearly 4 hours. The
obtained results show highest MI value is measured with
following rotation angles and translation values, p=7°, 6=7°,
p=-2° and x=6.38mm, y=6.38mm, z=3 Imm respectively.

In Figure 6, we present three MR slices and three
alignment results for them. In Figure 6.a, slice is selected
from MR data and rigid transformation is applied and
results is shown in 6.d. Figure 6.b shows oblique slice
created after interactive alignment and results after
transformation is applied is shown in 6.e. Figure 6.c shows
oblique slice created after iterative alignment and 6.f shows
that the result of registration.

Figure 6. The registered MRI slices showing on top row and with the
histological image slice (in red) overlapped. (a-d) initial slice, (b-e) oblique
MRI slice after interactive alignment, (c-f) oblique MRI slice after-mutual
information based refinement

IV. DISCUSSION

This paper presented a novel method that directly registers
the 2D histology slice with the 3D MRI volume within two
steps. First step of the method includes user-based
interactive alignment using smartphone as navigation
device for initial alignment. At the second step, an iterative
2D-3D registration process is implemented using MI as
similarity metric. Throughout execution of the method,
orientation of the MRI grid is changed and oblique slice is
created. Moreover, similarity between an oblique MRI slice
and histology image is tried to maximize inside the defined
parameters boundary. The presented method is efficient by
using a smartphone as navigate device initial alignment and
the registration accuracy is improved by using mutual
information-based iterative refinement. The preliminary
results shown that the method can be correlated oblique MR
slice with the histology slice. This will be useful for muscle

dystrophy study or other studies that involve registering 2D
histological image with 3D volumetric images.
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