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ABSTRACT

AIM: To investigate the surgical value of MER recordings and improve surgical technique by demonstrating the consistency between 
preoperative radiological STN volume and intraoperative neurophysiological STN length.   
MATERIAL and METHODS: Sixty-one patients with PD were enrolled. The volumes of the STN were measured using magnetic 
resonance images 3-dimensional volume reconstructions of stereotactic magnetic resonance images. MER were performed in all 
patient and the maximal electrophysiologic length of the STN was recorded each patient. In the postoperative period, the permanent 
electrode was modeled and reconstructed in 3D, and the longest distance traveled in the STN was calculated.    
RESULTS: A total of 61 patients who underwent surgery between 2012-2022 were included in the study. Thirty-six (59%) of the 
patients were male, and 25 (41%) were female. A total of 122 STNs were performed with 166 electrodes. The most common end 
alignment used was center with 86. STN length averaged 4.9 mm (0-10.5 mm). The mean STN volume was 0.11 cm3. The STN 
Volume of men were significantly higher than women. The STN Length, Volume, and the target MER length showed a positive 
correlation significantly.
CONCLUSION: With radiological advances, it is possible to better visualize the target points and define the boundaries better, and 
direct methods can be used more in making targeting plans. MER records obtained during surgery and STN dimensions in pre-
surgical planning show compatibility, and it is seen that there may be differences between the right and left sides because of brain 
shifting. Although radiology is increasingly providing better support, electrophysiological recordings provides real-time information 
on the electrodes’ locations and give the opportunity to surgical team choosing alternative target.
KEYWORDS: Subthalamic nucleus, Microelectrode recording, Parkinson’s disease, Deep brain stimulation
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CT: Computed tomography
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█   INTRODUCTION

Parkinson’s Disease (PD) is a chronic progressive neuro-
degenerative disease characterized by the early prom-
inent death of dopaminergic neurons in the substantia 

nigra pars compacta (SNpc). PD is the second most common 
neurodegenerative disease after Alzheimer’s Disease and its 
frequency has been increasing for the last three decades. PD 
prevalence is increasing with age and PD affects 1% of the 
population above 65 years (17). Dopamine deficiency in the 
basal ganglia causes the classic motor symptoms of PD such 
as bradykinesia, tremor, rigidity, and postural instability. In ad-
dition to motor symptoms, autonomic dysfunction and neuro-
behavioral problems are also seen. Levodopa (LD) is the main 
pharmacological treatment for PD. However, with the progres-
sion of the disease, LD response decreases, and LD-related 
dyskinesias begin to appear. Patients who cannot be treated 
with LD alone and are suitable for the surgical procedure can 
be operated on using the subthalamic nucleus (STN) and glo-
bus pallidus interna (GPi) as anatomical targets.

The STN is a basal ganglia structure that is subdivided into 
sensorimotor, limbic, and associative subdivisions according 
to the distribution of cortical projections (8,13). The dorsal 
part is under the control of the motor, and the ventral part 
is under the control of the limbic and associative systems. 
Most of the neurons originating from the STN are excitatory 
(glutaminergic) neurons and stimulate the GPi (7). GPi 
contains primarily inhibitory GABAergic neurons that project 
to the thalamus. And thalamus sends excitatory outputs 
to the cortex. STN plays a key role in the basal ganglia 
indirect pathway, which prevents unwanted movements by 
stimulating GPi. Stimulation of GABAergic neurons of the GPi 
results in decreased excitation of the thalamus and this leads 
to reduced movements (13). The medial portion of the STN 
also contains limbic connections with the nigral and ventral 
tegmental area. Because of these connections, chronic deep 
brain stimulation (DBS) in PD patients may cause symptoms 
related to the limbic system.

The STN is a small, biconvex and lens-shaped structure with 
a high functional capacity and is located at the intersection 
of important white matter pathways and close to important 
structures. For this reason, accurate determination of the 
position of the STN is very essential in surgical procedures. 
Small deviations in the position of the STN may cause side 
effects or unsuccessful surgeries. In DBS surgery, direct and 
indirect methods are used to determine the STN location 
where the electrodes will be placed. STN contains a high 
amount of iron and is therefore directly determined by high-
resolution magnetic resonance imaging (MRI). Indirectly, the 
target is determined using stereotactic atlas coordinates. 
In the first method, there is a margin of error, since not all 
boundaries of the STN are always visible on MRI, while in 
the second method, the coordinates of the atlas are not the 
patient’s STN coordinates. In addition, during surgery, there 
may be shifts in the coordinate plane due to reasons such 
as loss of cerebrospinal fluid (CSF), positional changes, and 
measurement techniques. For this reason, in most centers, 
the STN site is verified electrophysiologically for accurate 

targeting. This process is called microelectrode recording 
(MER).

Our aim in this study was to compare the length and volume of 
the radiological STN with the length in the electrophysiologically 
mapped MER recordings. In addition, it will be investigated 
whether age and gender variables are related to STN length, 
volume, and MER length. This data will show us whether the 
electrophysiological borders taken in the MER are compatible 
with the STN in high-resolution MRI.

█   MATERIAL and METHODS
This study was approved by the local ethics committee 
(KAEK/2022.03.92). A total of 61 idioptahic PD (IPD) patients 
were included in this study. All patients underwent Subthalam-
ic Nucleus Deep Brain Stimulation (STN-DBS) operation be-
tween 2012-2022. Demographic characteristics, clinical histo-
ry, family history, UPDRS, Schwab and England, Hoehn & Yahr 
scores, psychiatric status, PDQ-39 scale, and on-off medica-
tion examinations of the patients were recorded. Based on 
this information, surgery was planned by the decision of the 
local movement disorder council (neurosurgeon, neurologist, 
psychiatrist, psychologist).

Imaging and Planning Protocols

All participants underwent MRI examination 1-3 days before 
surgery with turbo spin echo T1 (TR 1060 ms, TE Shortest ms, 
slice thickness 1 mm with no gaps, matrix 252 × 240 pixels), 
T2 (TR 2500 ms, TE: shortest 260 ms, slice thickness 1 mm 
with no gaps, matrix 252X252 pixels), sagittal and double-
dose gadolinium-enhanced Turbo spin echo T1c (TR 1060 
ms, TE shortest ms, slice thickness 1mm with no gaps. Matrix 
252 x 240). All MRI scans were performed using a Philips 
MRI Ingenia 3.0 Tesla (Philips/Netherlands). The images were 
recorded parallel to the AC-PC line from the vertex to skull 
basis. The Integra CRW Stereotactic Frame (Integra, New 
Jersey, USA) or Leksell Frame (Elekta inc. Stockholm, Sweden) 
was mounted on the patients on the morning of the operation. 
Then, Computed Tomography (CT) was taken from the vertex 
to the base of the skull, showing the entire frame at 1 mm 
thickness (Healthcare Supria 64 Slice, Hitachi, Japan). We 
fusioned MRI and CT images via BrainLab Elements (Brainlab, 
Munich, Germany) software. We determined the AC-PC line 
and aimed indirectly at STN 12 mm lateral, 2 mm posterior, 
and 4 mm inferior to the mid-commissural point. Finally, we 
adjusted the trajectory and dorsolateral STN using T2 MR 
images directly. In addition, a CT image (1 mm thick) was 
taken 6 hours after surgery to confirm electrode placement 
and check complications.

Preoperative Planning and Surgery

All patients’ medications were stopped 12 hours before the op-
eration. Sedation was performed with remifentanil hydrochlo-
ride and dexmedetomidine in the operating room. The sterile 
stereotactic frame was mounted to the patient’s head after the 
sterile area was covered with the isolation drape. Afterward, 
Burr Hole points were determined and local anesthesia was 
provided with lidocaine hydrochloride. We usually start the 
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operation from the contralateral of the side where the findings 
are more severe. Often, the symptoms are more severe on the 
right side of patients. If symptoms are equal on both sides, 
left STN is preferred first. In this study, the first target was Left 
STN in all patients. After opening the Burr Hole, the Burr Hole 
cover was fixed to the bone. Then the MER probe was placed 
into the brain 10 mm above the target. Electrophysiological 
responses were recorded by moving the probe 1 mm at the 
first 5 mm distance and then 0.5 mm. MER regions compati-
ble with STN were noted. When the STN signal was finished, 
the MER was completed and macro stimulation was applied 
from the regions with the best signal. After macro stimulation, 
the lead was placed where rigidity, bradykinesia, and trem-
or improved best and the side effects were the lowest. The 
same procedure was applied to the contralateral side. Finally, 
we placed the neuro-generator in the left pectoral area under 
general anesthesia and the operation was finalized.

Image Processing

After fusing the patients’ T2w, T1, T1c, and postoperative CT 
images in the BrainLab Elements program, we calculated the 
borders and volumes of the STN by automatically segmenting 
the STN in the object segmentation module (14) (Figure 1). 
STN boundaries were checked on T2w images and were 
corrected in case of incorrect segmentation. We modeled 
the lead in 3D on the postoperative CT in the lead localizer 

module. We selected the image which included the widest 
STN boundaries on the T2w image and accepted this as the 
starting point for the axis of the electrode. In that image, we 
plotted the length from the center of the electrode to the STN 
boundaries. We considered this length to be the STN length 
(Figure 2). 

Electrophysiological Evaluation

In this study, we used insulated tube microelectrodes with 
3-mm tungsten tips and 1.1-mm outer diameters in all 
patients. We placed the electrodes on the Ben-Gun in the “+” 
orientation. We used five Ben-Gun apparatus with a spacing 
of 2 mm for each electrode (Anterior, Posterior, Lateral, Medial, 
Centre) (2). We tracked the electrophysiological signals as 
tone and wave using the software (Alpha Omega MER system, 
Israel). We recorded the STN-registered regions in 0.5-mm 
increments. We accepted the electrophysiological recording 
interval of the STN verifiable by at least two observers and the 
software (11). We noted the length of this region separately for 
each STN and each anatomic orientation (Figure 3). The Ben-
Gun alignment in which the lead electrode was placed was 
considered the target MER length.

Comparison of the Data

The relationship between target MER length and the STN 
volume and STN length as a function of age and gender was 

Figure 1: Segmentation of Left STN on T2 MR image. STN boundaries were determined in the automatic segmentation module of 
BrainLab elements software. Afterward, the errors were fixed manually. Finally, the STN volume was recorded.
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Exclusion Criteria

Of the 99 patients who underwent surgery between 2012 
and 2022 STN-DBS, patients whose data were not regularly 
retained, MER records could not be obtained for technical 
reasons, and those with damaged or missing radiological 
images were excluded from the study.

first examined for both STNs and then for the left and right 
STNs separately. Then, we compared STN length with target 
MER records from the final Ben-Gun alignment. Finally, we 
compared STN volume separately with all MER records from 
the available orientations.

Figure 2: Measurement of 
the length of the Left STN 
on the T2 MR image.
The lead was modeled in 
3D on the postoperative CT. 
Then, the 3D lead was fused 
to the T2-weighted image. 
The image was reconstruct-
ed with the lead as the axis. 
The widest view of the de-
marcated STN was selected 
(Green). Finally, the length 
of the STN was measured 
along the midline of the lead 
(Yellow).

Figure 3: Example of a MER, MER shows STN length. The MER area coherent with the STN is shown in the green square.
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Statistical Analysis

We analyzed the data using the SPSS 22 program. We 
analyzed the radiographic length and volume values of the 
STN and the MER length values in terms of skewness-kurtosis 
and decided to use nonparametric tests. We used the Mann-
Whitney U-Test of the comparisons for two separate groups, 
Spearman Correlation Analysis for relational analysis, and the 
Wilcoxon Signed Rank Test for tests with dependent samples. 
The confidence interval was set at 95% (p=0.05).

█    RESULTS
Comparison of Demographic Characteristics

Sixty-one patients (122 STNs) who underwent surgery between 
2012-2022 were included in the study. Thirty-six (59%) of the 
patients were male, and 25 (41%) were female. The mean 
age was 54.91 years (34-70 ± 8.92). We used a total of 166 
electrodes. We used an average of 2.67 (1-5) electrodes. The 
most common electrode orientation used was center with 86 
(center (86), anterior (20), lateral (5), medial (9), and posterior 
(2)). The mean STN length was 4.9 mm (0-10.5 mm). The mean 
STN volume was 0.11 cm3 (0.09-0.14 cm3).

The correlation between the age of the patients and whole 
STN Length (n=122), Volume, and the target MER length 
values were analyzed with Spearman Correlation Analysis. 
There was no significant correlation between the ages and 
values (p>0.05).

The Mann-Whitney U Test was applied to determine the differ-
ences between genders for STN Length, Volume, and target 
MER values. The STN volumes of men were significantly high-
er than those of women (p<0.05), and there was no significant 
difference in other comparisons (Table I).

The relationship between the age of the patients and right and 
left STN Length, Volume, and the target MER length values 
were analyzed separately by Spearman Correlation Analysis. 
There was no significant correlation between the ages and 
values (p>0.05).

The Mann-Whitney U-Test was applied to determine the 
differences between genders for the right and left STN Length, 
Volume, and target MER values separately. The right and left 
STN Volume values of men were higher than those of women 
at significant levels (p<0.01). However, STN Length values and 
highest target MER values did not differ between men and 
women (p>0.05) (Table II).

Comparison of Radiological Data and Electrophysiological 
Data

Spearman Correlation Analysis was applied to determine the 
relationship between 122 STN Length, Volume, and target 
MER length values. The STN Length, Volume, and the target 
MER length showed a significant positive correlation (p<0.05) 
(Table III).

Wilcoxon Signed Rank Non-parametric Test was applied to 
compare the right and left STN Length and target MER values. 

Table I: Relationship Between STN Length, Volume, Target MER 
Lenght and Gender Length 

Avg SD p

STN lenght
Male
Female

4.933
4.830

0.965
1.333 0.340

STN Volume
Male
Female

0.115
0.097

0.014
0.010 0.001*

MER (Target)
Male
Female

5.416
5.310

1.609
1.551 0.983

SD: Standard Deviation, p: Mann-Whitney U significance level.

Table II: Comparison of Right and Left STN Lengths and Volumes 
by Gender

 Gender n Avg. SD p

L STN Length
Male 36 4.958 0.753

0.691
Female 25 4.872 0.864

L STN Volume
Male 36 0.115 0.015

<0.000
Female 25 0.098 0.010

R STN Length
Male 36 4.908 1.148

0.347
Female 25 4.788 1.696

R STN Volume
Male 36 0.115 0.014

<0.000
Female 25 0.096 0.011

L MER (target)
Male 36 5.333 1.558

0.695
Female 25 5.360 1.747

R MER (target)
Male 36 5.500 1.677

0.980
Female 25 5.260 1.362

SD: Standard Deviation, p: Mann-Whitney U Test.

Table III: Relationship Between STN Lenght, Volume, and Target 
MER Lenght

  STN 
lenght

STN 
Volume

MER 
(Target)

STN Lenght
r 1   

p .   

STN Volume
r 0.373 1  

p 0.000* .  

MER (Target)
r 0.034 0.025 1

p 0.03* 0.032* .

p<.05, N: 122, r: Spearman Correlation Coefficient.
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(p<0.05). When the right and left STN volumes and MER values 
were compared separately, there was a positive correlation for 
all MER orientations (p<0.05) (Table V).

█   DISCUSSION
The exact detection of the correct target point defines the most 
critical point of the operation in neuromodulation surgeries for 
movement disorders. For PD, the primary goal is to confirm 
the location of the STN and its borders, especially the lateral 
and dorsal parts. The main purpose is not only to obtain a 
maximum motor response to determine the motor component 
of STN exactly but also to avoid complications because of 
electrodes close to the corticospinal tract, medial lemniscus, 
and oculomotor fibers. Small deviations in the determination 
of the STN location can result in undesirable side effects 
or unsuccessful surgeries. The first step in determining the 
target point is to make a radiologically correct calculation. 
Although the radiological determination of STN borders can 
be done better with the development of MR imaging, it is 
a common surgical technique to verify the possible shift or 
margin of error during the operation with other methods like 
neurophysiological evaluation (4,6,9,10,12,15,16). 

It is possible to use neurophysiological refinement to deter-
mine the location and size of the STN. At the same time, us-
ing intraoperative macro stimulation provides the opportunity 
to determine the correct target point and to detect important 
adjacent anatomical structures that may cause possible side 
effects (9,10,12,15). The most important monitored values 
during neurophysiological recording are changes in back-
ground activities and frequency changes of cell discharges. 
Simultaneous evaluation of both visual and auditory data is 
essential in monitoring these changes. It is essential for op-
timal electrode placement that the DBS electrode travels the 
longest STN line possible while passing through the motor 
component within the STN. It is possible to determine the 
length of the STN dimensions along the trajectory by detect-
ing the input and output characteristic data to the STN with vi-
sual and audio data. Rapid persistent increase in background 
activity is a characteristic entrance indicator to STN. On the 
other hand, a rapid decrease in background activity accompa-
nying regular and high-frequency cell discharges is character-
istic of the SNr penetration after the ventral border of the STN. 
It is possible to use some quantitative data from MER (15,19). 
The severity of PD is directly correlated with the volumetric 
number of cells that are degenerated and lost (5). Therefore, 
the firing frequency of cells will be quantitatively different in 
patients with severe PD accompanied by more cell loss. Using 
quantitative parameters will provide additional information for 
a more precise determination of STN location.

There are studies investigating the compatibility of radiological 
STN length according to MR images with MER. In our study, 
the radiological length and volume of the STN were calculated 
with the assistance of Artificial Intelligence and its relationship 
with MER was investigated (3,10,12,15,16). STN size and 
volume were found to be correlated, with males significantly 
larger volumes of STN than females. When the literature was 
reviewed, it was seen that there is no consensus on this issue, 

STN Length of the left side was significantly lower than the 
MER values (p<0.05). There was no significant difference for 
the values of the right side (p>0.05) (Table IV).

The Spearman Correlation Analysis was applied to investigate 
the relationship between STN Volume values and all MER 
values. There was a positive correlation for all MER orientations 

Table IV: Comparison of Right and Left STN Lengths and Target 
MER Lengths

 Avg. SD p

L STN Length 4.923 0.102
<0.017

L MER (target) 5.344 0.208

R STN Length 4.859 0.178
0.083

R MER (target) 5.401 0.198

SD: Standard Deviation, N: 61, p: Wilcoxon Signed Rank Test.

Table V: Comparison of Right and Left STN Volumes and MER 
Lengths

  n Avg. SD p

Left

STN Volume 60 0.108 0.0157 0.000

Center 60 4.575 2.164  

STN Volume 36 0.106 0.0136 0.000

Anterior 36 2.791 2.287  

STN Volume 27 0.109 0.0153 0.000

Lateral 27 3.148 2.065  

STN Volume 19 0.104 0.0146 0.003

Medial 19 3.421 2.714  

STN Volume 17 0.103 0.0145 0.013

Posterior 17 1.823 2.404  

Right

STN Volume 59 0.108 0.0158 0.000

Center 59 4.389 2.343  

STN Volume 36 0.107 0.0144 0.000

Anterior 36 3.333 2.501  

STN Volume 25 0.107 0.0130 0.001

Lateral 25 2.380 2.052  

STN Volume 25 0.105 0.0155 0.002

Medial 25 3.000 2.780  

STN Volume 18 0.104 0.0142 0.013

Posterior 18 2.000 2.294  

SD: Standard Deviation, p: Wilcoxon signed rank test.
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