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Abstract 

 
The ventral intermediate nucleus (Vim) of the thalamus is a brain lesion target for decreasing tremors in Parkinson’s disease 

patients. Determination of the location of the Vim is challenging because magnetic resonance imaging (MRI) cannot detect it. 

Several Vim targeting methods have been proposed, such as Coordinate-based targeting and Guiot’s methods. However, these 

methods are manually implemented by doctors based on MRI data, so the accuracy of the targeting depends on their memory 

and foresight. This paper proposes a method to automate Vim localization using Coordinate-based targeting and Guiot’s 

method. Firstly, this paper determines the plane of the anterior commissure (AC) and the posterior commissure (PC) because 

to enforce medical images and determine the centre as the middle of AC-PC. Secondly, the coordinates are converted from 

millimetres to voxels in determining the Vim location. The converter is needed because Coordinate-based targeting and Guiot’s 

method measure the Vim location in millimetres while the three-dimensional images are measured in voxels. This paper also 

calculates similarity percentages and averages of error results to determine the accuracy and the robustness of automatic 

Coordinate-based targeting and Guiot’s. The experiments verify Coordinate-based targeting is higher accuracy and more robust 

than Guiot’s.  

Keywords: brain lesion, comparison experiment, magnetic resonance imaging, Parkinson’s disease, ventral 

intermediate nucleus. 

1. INTRODUCTION 

Parkinson’s disease is a general neurological disorder that mostly afflicts elderly people [1]. 
Several studies have been conducted on treating Parkinson’s by brain lesion [2–4]. The ventral 
intermediate nucleus (Vim) is a brain lesion target for Parkinson’s disease to decrease tremors [3, 5, 6]. 
Long-term clinical patient outcomes, with a follow up of at least 5 years, have shown no tremors in the 
contralateral limbs. Moreover, contralateral rigidity improved in most of the patients [7]. However, the 
Vim cannot be identified with certainty, even by using 7 Tesla magnetic resonance imaging (MRI) [4, 
8].  

To deal with this problem, several methods, such as Guiot’s method [9, 10] and Coordinate-
based targeting [4, 11], have been developed to identify the location of the Vim. Coordinate-based 
targeting determines the coordinates of the Vim based on the human brain atlas data, i.e. Schatelbrand-
Bailey’s atlas [12]. Guiot’s method determines the y-coordinate of the Vim based on the real distance 
between the anterior commissure (AC) and the posterior commissure (PC) of the patient and the x-
coordinate based on the Coordinate-based targeting method. Several neurosurgical planning 
applications are available, such as [12–15]. All applications provide a three-dimensional view of the 
MRI; however, they cannot perform automatic Vim targeting. These applications need the memory and 
the foresight of a doctor to accurately determine the Vim location. 

This paper proposes an automatic Vim localization method based on the Coordinate-based 

targeting method and Guiot’s method. The first step of the proposed method is determining the plane 

of the anterior commissure (AC) and the posterior commissure (PC) to enforce medical images and 

determine the centre as the middle of AC-PC. Secondly, the coordinates are converted from millimetres 

to voxels in determining the Vim location. The converter is needed because both of Coordinate-based 

targeting and Guiot’s measure the Vim location in millimetres while the three-dimensional MRI are 

measured in voxels. The goal of the proposed method is Vim location based on automatic Coordinate-

based targeting and Guiot’s. 

The experiment of this paper will determine the correctness of the proposed method for 

automatic Vim localization by comparing the results of the proposed method and manual method that 



is implemented in an existing application, Inomed Planning Software [16]. This paper also measures 

the accuracy and verifies the robustness of automatic Coordinate-based and Guiot’s. The accuracy is 

obtained by similarity percentages between the results of the methods and the ground truth by using 

Euclidean Distance. The robustness utilizes the average of error results. A method is more robust if the 

average error results are smaller than the others. 

2. RELATED METHODS 

2.1. Vim 

The ventral intermediate nucleus (Vim) is commonly used in the surgical treatment of 

Parkinsonian and essential tremors [17]. The Vim is a nuclear part of the thalamus, which delivers 

signals from sensors, such as motor signals. The location of the Vim cannot be identified with certainty, 

even when using 7 Tesla magnetic resonance imaging. However, it can be detected by referring to 

surrounding parts of a brain. The Vim is located approximately 1.5 mm next to the corticospinal tract 

(CST), which can be observed in MRI (shown in the red circle in Figure 1). 

.  

 
Figure 1. Axial plane in brain magnetic resonance imaging (MRI) 

 

2.2. Methods of Vim Targeting 

There are two general methods for finding the location of Vim, i.e. Coordinate-based targeting 

and Guiot’s method. Coordinate-based targeting [4, 11] is a Vim localization method based on the 

human brain atlas data, i.e. Schatelbrand-Bailey’s atlas. The equations for locating the Vim are given 

in Theorem 1, whose symbols are explained in Definition 1. 

 

Definition 1. AC is the point of the anterior commissure and PC is the point of the posterior commissure 

in the anterior commissure-posterior commissure plane; 
 
are the x-coordinate and the y-

coordinate of the anterior commissure;  are the x-coordinate and the y-coordinate of the 

posterior commissure; 
 
are the x-coordinate and the y-coordinate of the right Vim in the 

MRI based on the method;  are the x-coordinate and the y-coordinate of the left Vim in MRI 

based on the method; 𝑑(𝐴𝐶, 𝑃𝐶) is the distance between the anterior commissure (AC) and the posterior 

commissure (PC). 
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Guiot’s method [9, 10] determines the y-coordinate of the Vim based on the real distance 

between the anterior commissure (AC) and the posterior commissure (PC) of the patient and the x-

coordinate based on the Coordinate-based targeting method. The equations for locating the Vim are 

given in Theorem 2, whose symbols are explained in Definition 1. 

 

Theorem 2. 
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2.3. Measurements of Accuracy and Robustness 

This paper measures the accuracy by using a similarity percentage and the robustness by using 

an average of error result. The similarity percentage in Equation (1) utilizes the division number 

between one with the addition of one and Euclidian Distance of Vim locations determined by a Vim 

targeting method and a ground truth. The ground truth is a Vim location of a brain lesion in a post-

operative medical image. The average error result is determined in Equation (2). The used medical 

images for calculating the error result are MRI of patients with several slopes, i.e. −10°, −5°, 5°, 10°  

toward X-plane, −10°, −5°, 5°, 10°  toward Y-plane, and −10°, −5°, 5°, 10°  toward Z-plane. 
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where: 𝑆𝑃 : a similarity percentage 

𝑛 : a number of patients 

 𝑥𝑀𝑛
 : a x-coordinate of Vim location determined by a Vim targeting method 

 𝑥𝐺𝑛
 : a x-coordinate of Vim location in a post-operative medical image as ground truth 

 𝑦𝑀𝑛
 : a y-coordinate of Vim location determined by a Vim targeting method 

 𝑦𝐺𝑛
 : a y-coordinate of Vim location in a post-operative medical image as ground truth 

𝑧𝑀𝑛
 : a z-coordinate of Vim location determined by a Vim targeting method 

 𝑧𝐺𝑛
 : a z-coordinate of Vim location in a post-operative medical image as ground truth 
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where: 𝐴𝐸𝑅𝑆 : an average of error results in a medical image with a certain slope 

 𝑛 : a number of patients 

 𝑥𝑀𝑆𝑛
 : a x-coordinate of Vim location determined by a Vim targeting method in a medical 

image with a certain slope 

 𝑥𝑀0𝑛
 : a x-coordinate of Vim location determined by a Vim targeting method in a medical 

image with 0° degree toward x, y, and z planes as ground truth 

 𝑦𝑀𝑆𝑛
 : a y-coordinate of Vim location determined by a Vim targeting method in a medical 

image with a certain slope 

 𝑦𝑀0𝑛
 : a y-coordinate of Vim location determined by a Vim targeting method in a medical 

image with 0° degree toward x, y, and z planes as ground truth 

 𝑧𝑀𝑆𝑛
 : a z-coordinate of Vim location determined by a Vim targeting method in a medical 

image with a certain slope 

 𝑧𝑀0𝑛
 : a z-coordinate of Vim location determined by a Vim targeting method in a medical 

image with 0° degree toward x, y, and z planes as ground truth 
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3. MATERIAL AND METHODS 

3.1. Material 

This research used post-operative MRI T2 Flair images of twelve Parkinson’s disease patients. 
The patients consisted of three women and eight men. The detail of patients as the data is shown in 
Table 1. One of the patients had a cyst related corpus callosum. Corpus callosum of patients with and 
without a cyst are denoted as red circles in Figure 2 and Figure 3. Because the cyst, the shape of corpus 
callosum (CC) in a patient with a cyst shrinks compared to a patient without a cyst. The small shape of 
CC complicates the determination of AC and PC, so the accuracy of the Vim location will decrease.   

The data used in this paper were obtained after ethical clearance 1619/KEPK/XI/2019 from Dr. 

Soetomo General Academic Hospital. The MRI images were acquired from 3T MRI scanners. The 

Leksell Surgiplan application [13] was used to semi-automatically determine the Vim location during 

surgery. The post-operative MRI data were collected as input data. 

Table 1. Details of Patients  

Patient Sex (Female or Male) Length of d(AC, PC)  

(mm) 

1 Male 26.520  

2 Male 25.530  

3 Female 23.431  

4 Female 25.713  

5 Male 23.902  

6 Male 23.571  

7 Male 24.573  

8 Male 29.317  

9 Female 22.758  

10 Female 23.374  

11 Male 23.892  

where : d(AC, PC) : a distance between a middle point of AC and a middle point of PC 

 

 
Figure 2. The example of Coronal and Axial Pslanes of Patients with Cyst (Patient 2). 

 



 
Figure 3. The example of Coronal and Axial Planes of Patients without Cyst (Patient 1). 

 

3.2. Method 

This paper proposes an automatic Vim location method. There are three steps in the proposed 

method: (1) define the anterior commissure (AC), posterior commissure (PC) and midline reference 

(MR) points in 3-vector coordinates; (2) redefine the plane passing through those points using 3 normal 

vectors that have been rotated by a quaternion; and (3) determine the Vim targeting location based on 

Coordinate-based targeting and Guiot’s method. 
 

3.2.1. Define AC, PC, and MR 

The anterior commissure (AC), posterior commissure (PC), and midline (mid-sagittal plane) 

reference (MR) are used to align the brain [18]. The location of the AC is in the anterior wall of the 

third ventricle at the upper end of the lamina terminalis. The location of the PC is in the posterior wall 

of the third ventricle. These points can be determined based on the sagittal plane and the axial plane. 

An example of AC-PC is shown in Figure 4. 
 

   

(a) Axial plane (b) Sagittal plane 

Figure 4.AC-PC in the axial plane and the sagittal plane 

 



After determining the points of AC-PC, the midline (mid-sagittal plane) reference (MR) is 

determined. The mid-sagittal plane divides the left and the right brain. The point of MR is obtained 

based on a point in a line that is perpendicular to the AC-PC line and splits the brain stem. MR is 

denoted as M2 (the yellow circle) in Figure 5. 

Based on the points of AC, PC, and MR, the plane for determining the Vim location is obtained 

(denoted as Plane A or Pa). A visualization of Pa is shown in Figure 6. The position of this plane is in 

the center of the brain. C in Figure 7 is the center point of the plane. Even though Pa has been obtained, 

the geometric calculation cannot be conducted on the plane; we must redefine Pa using 3 normal vectors 

that have been rotated by a quaternion. 
 

      

(a) Sagittal plane  (b) Coronal plane 

Figure 5.MR in the sagittal plane and the coronal plane 

 

 
Figure 6. Visualization of a plane that is inside a head 



 

Figure 7. The position of Plane A between normal Plane X, Plane Y, and Plane Z. 

 

3.2.2. Define AC, PC, and MR 

The redefinition of the plane is explained step by step in Algorithm 1. The inputs are the points 

of AC, PC, MR and 3 normal vectors. The result is 3 normal vectors that have been rotated by a 

quaternion [19]. 

 

Algorithm 1: Redefine The Obtained Plane 

Inputs: AC, PC, MR and 3 normal vectors that are determined by Equation (3) 

Outputs:  

1 
Calculate the quaternion 

 
between  and  based on Equations (4) and (5) 

2 Project AC  and MR  to Py based on Equations (6) to (13) [19] 

3 Calculate the angle of  and , then multiply it by 𝑄1 based on Equations (14) and (15) [19] 

4 Rotate the normal vector using 𝑄1 based on Equations (16) and (18) 
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3.2.3. Determine Vim Location 

The last step is determining the Vim location. The automatic Vim localization based on Guiot’s 

method is determined by Equations (19) to (21), while that based on Coordinate-based targeting is 

determined by Equations (22), (23), and (21). 
 

 
(19) 

 (20) 

 
(21) 

 

 
(22) 

 

 

(23) 

4. RESULTS AND ANALYSIS 

Firstly, the proposed application was compared with the existing neurosurgery planning 
application Inomed Planning Software (IPS). The comparison is shown in Figure 8. The locations of 
the Vim, AC, and PC were the same, so the point determination method of the proposed application 
was proved to be correct.  

Secondly, we compared the accuracy and robustness of the results of Coordinate-based 
targeting and Guiot’s methods. The accuracy is obtained by similarity percentages between the results 
of the methods and the ground truth by using Euclidean Distance. The robustness is obtained by average 
error results in each slope based on X plane, Y plane, and Z plane.  Based on the similarity percentages 
in Figure 9, there is same results on two patients, the higher similarity of results determined by 
Coordinate-based targeting (C) on five patients, and higher similarity of result determined by Guiot’s 
(G) on four patients. It can be concluded that Coordinate-based targeting has higher accuracy than 
Guiot’s. Figure 9 shows the lowest similarity percentages of both methods is on 2nd Patient who got a 
cyst. It proves that an inaccuracy of CC shape influences the accuracy of Vim locations.  

Thirdly, we determined the robustness of Vim localization methods, i.e. Coordinate-based 
targeting and Guiot’s. The smaller error results in each slope of medical images, the higher robustness 
of the method. Figure 10 shows that Coordinate-based targeting has the smallest average of error results 
on mostly slope of medical images. However, Guiot’s has the smallest average of error results if the 
slope towards X-plane. It can be concluded that Coordinate-based targeting is more robust then Guiot’s.    
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Figure 8. Comparison between the proposed application (above) and the existing neurosurgery 

application (below). 
 

 
Figure 9. Similarity Percentages for Determining Accuracy (C: Coordinate-based targeting, G: 

Guiot’s) 



 
Figure 10. Average of Error Results for Determining Robustness (C: Coordinate-based targeting, G: 

Guiot’s) 
 

5. CONCLUSION 

This paper proposed a method for automatic VIM localization based on Coordinate-based 

targeting and Guiot’s method. There are several steps in the proposed method. The first step is 

determining the plane of the anterior commissure (AC) and the posterior commissure (PC) because this 

paper presents the centre of the MRI image as the middle point of the AC-PC plane. Then, the proposed 

automatic method converts the coordinates from millimetres to voxels to determine the Vim location. 

This is because Coordinate-based targeting and Guiot’s method measure the Vim location in millimetres 

while three-dimensional images are measured in voxels. 

This paper determines the correctness of proposed automatic Vim localization methods by 

comparing the proposed application and the existing application, Inomed Planning Software (IPS). By 

using the same method, the Vim location is same in both of those applications. It shows that the method 

of automatic Vim localization is correct. Then, this paper also measures the accuracy and the robustness 

of Coordinate-based targeting method and Guiot’s method. The result shows that Coordinate-based 

targeting has higher accuracy and more robust than Guiot’s. 
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