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ABSTRACT

Objective: Functional neurosurgery is one of the fastest-growing areas of neurosurgery. However, complications are encountered that are not negligible during 
the operations. In this study, we measure and compare the volume of the lentiform nucleus using magnetic resonance imaging (MRI) and anatomical sections.
Methods: Thirteen adult brain cadavers were used in this study. First, 2-mm-thick MRI sections were obtained, and the volume of the lentiform nuclei was mea-
sured on the obtained images. Then, agar-embedded brain specimens were cut into 4-mm-thick coronal sections using a microtome. The sections were scanned, 
and the volume of the lentiform nuclei was calculated using image processing software. The MRI-based and anatomical section-based metrics were compared.
Results: The mean right and left lentiform nucleus volumes on MRI were 5821.4 ± 590.5 mm3 and 5781.8 ± 723.5 mm3, respectively. The corresponding mean 
volumes calculated from the cadaveric sections were 5503.4 ± 595.5 mm3 and 5332.3 ± 599.7 mm3, respectively. There was no significant difference between 
the volume calculated from MRI and that obtained from the cadaveric section (P < .001). On MRI, the volumes of the right and left lentiform nuclei were not 
significantly different (P = .681). Similarly, the volumes of the right and left lentiform nuclei measured from cadaveric sections were not significantly different 
(P = .069).
Conclusion: This study showed a correlation between the measurement of the lentiform nucleus volume based on MRI and that calculated from anatomical sec-
tions. Our findings support the reliability of using MRI for stereotactic functional neurosurgical procedures.
Keywords: Anatomy, functional neurosurgery, lentiform nucleus, magnetic resonance imaging, stereology

INTRODUCTION
The lentiform nucleus (also referred to as the nucleus lentiformis) is a large, cone-shaped mass of gray matter that forms the central nucleus of the 
cerebral hemisphere, the convex base of which consists of the putamen and the apical part of the globus pallidus. The lentiform nucleus is divided 
into two parts. The inner part is called the globus pallidus, and the outer part is called the putamen. Globus pallidus appears lighter than the putamen 
because it contains a large amount of myelinated nerve fibers. The lentiform nucleus is bounded by the anterior limb of the internal capsule from 
the caudate nucleus and the posterior limb of the internal capsule from the thalamus.1The putamen is believed to play an additional role in memory 
formation, specifically muscle memory. For example, activities such as learning to ride a bicycle involve the use of putaminal nuclei. Globus pal-
lidus, on the other hand, is involved in the execution of fine movements and preventing abnormal movements.1

The putamen and globus pallidus are more enriched in mitochondria, vascular nutrition, neurotransmitters, and chemical content compared to the 
other areas of the brain. Therefore, these have higher metabolic activity, leading to a higher rate of utilization of glucose and oxygen. Due to this 
feature, the lentiform nucleus is more vulnerable to systemic and metabolic disorders.2

Pathologies affecting the putamen and globus pallidum can lead to Parkinson’s disease (PD) and other movement disorders. It is relatively easy to 
describe the clinical manifestations of the involvement of the internal capsule. However, it is relatively difficult to distinguish the patterns of clini-
cal presentation resulting from the involvement of the putamen and globus pallidus.3 Girround et al described two clinical syndromes occurring 
due to brain involvement limited to the lentiform nucleus: (i) behavioral disorder due to infarction of the globus pallidus and cognitive function 
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disorders and (ii) motor (dystonia) and cognitive dysfunction due to the 
involvement of the putamen.4 Bhatia and Marsden published a series 
of 240 patients with focal lesions in the basal ganglia. Dytonia and 
abulia (loss of the ability to make conscious decisions and move) were 
found to be the most common motor abnormalities with lentiform and 
caudate nuclei lesions in this investigation. Other behavioral problems 
are also common in lesions of the specified nucleus.5 

Similarly, concomitant involvement of the putamen, caudate nucleus, 
thalamus, and parietal cortex may cause acute and subacute posthe-
miplegic focal dystonia or hemidystonia.6 However, in most cases, the 
involvement of the internal capsule is due to the enlargement of the 
lesion, which affects the neighboring structures. Other motor disorders 
such as unilateral chorea,7 hemic​horea​–hemi​balis​mus, asterixis- acute 
motor stereotypes,8 acute focal dystonias, and subacute parkinsonism,9 
have been reported after unilateral lesions of the lentiform nucleus. 
Globus pallidus lesions can cause behavioral and speech disorders. In 
most cases, motor disturbances may occur several months or years after 
the onset of the acute lesion.4

According to the published literature, putaminal lesions typically occur 
after head trauma. Ischemic stroke due to pure lesions of the putamen 
has rarely been reported.4 Putaminal infarct usually progresses to adja-
cent tissues, creating a wider clinical picture.4 

Apart from ischemic or hemorrhagic strokes and trauma, some neu-
rodegenerative diseases can cause serious neurological pictures by 
affecting the basal nuclei. Among these, the best known are Wilson’s 
disease,10 Hallervorden–Spatz disease,11 and Fahr’s syndrome.12 

Radiological methods are used for the diagnosis of both ischemic and 
hemorrhagic strokes as well as post-traumatic lesions in the brain, 
including basal nuclei. Although computed tomography is a practi-
cal and inexpensive method, it may not adequately demonstrate the 
changes in brain tissue, especially ischemic changes. Magnetic reso-
nance imaging (MRI) is much more sensitive to brain parenchymal 
changes and is superior in terms of showing tissue-level changes.

Stereotactic surgery is an important minimally invasive neurosurgi-
cal method. It involves the localization of anatomical targets in the 
brain using an external, three-dimensional (3D) reference system. 
Stereotactic surgery allows access to deep-seated and small lesions 
without extensive craniotomy and damage to normal brain tissue. The 
value of stereotactic biopsy in neuro-oncology is undisputed, as it 

enables sampling of the required tissue without damaging the normal 
tissues, enabling accurate diagnosis and treatment. Although there are 
nuanced differences in the applied systems, the main underlying prin-
ciple is always the same, i.e., accessing the target tissue by stereotac-
tic methods based on geometric planning using radiological imaging 
(without direct visual access).

However, there are some pertinent unresolved issues related to the 
localization of the basal nuclei with stereotactic methods using cranial 
MRI. To what extent is it possible to accurately detect these target tis-
sues anatomically? To understand this, it is instructive to compare the 
morphometric measurements of basal nuclei in cadaveric specimens 
with the morphometric measurements made in cranial MR images.

Functional neurosurgery and deep brain stimulation (DBS) are prob-
ably one of the fastest-growing areas of neurosurgery. Although these 
procedures (ablative or nonablative) are minimally invasive, they have 
many complications and side effects, such as infection, system mal-
function, intracerebral hemorrhage, skull fracture, skin erosion, and 
foreign body reaction.13-17 Among these complications, the inability to 
properly place the system (malposition) is related to the inability to 
accurately localize the target anatomical point. Therefore, in this study, 
we calculated and compared the volumes of lentiform nuclei stereolog-
ically by making radiological and then anatomical sections in cadaveric 
specimens and evaluated the results in terms of functional neurosurgi-
cal procedures.

Many published studies have measured brain basal nuclei volumes 
using MRI or CT. In most of these studies, volume changes in basal 
nuclei were performed for comparison in some disease states.18-21 
However, there are no in-depth studies involving the calculation of the 
lentiform nucleus volume in cadaver samples. In particular, we could 
not find any study that compared lentiform nucleus volumes by mea-
suring them first in MRI and then in cadaver samples and emphasizing 
the importance of this in terms of functional neurosurgical procedures. 
In this respect, we believe that our study makes an important contribu-
tion to contemporary literature.

Purpose: To measure and compare the volume of the lentiform nucleus 
using MRI and the anatomical sections. 

METHODS
This study was approved by the Clinical Ethics Committee of Recep 
Tayyip Erdoğan University (approval no. 2022/173, dated October 6, 
2022). The study was conducted using brain specimens removed by 
autopsy from 15 adult human cadavers. The age, sex, and disease status 
of the cadavers were unknown. These cadaver specimens were approx-
imately 10 years old and were fixed in 10% formaldehyde. Two of the 
cadaver samples were excluded from the study because they were not 
of suitable quality. For the remaining 13 cadaver specimens, firstly, 
MRI images were obtained (section thickness: 2 mm; intervals of 1 
mm) (Figure 1). These specimens were then embedded in agar. Then, 4 
mm-thick sections were prepared with a microtome.

Magnetic Resonance Imaging Procedure
Imaging of the cadavers was performed using a 36-channel 1.5T MRI 
device (Discovery MR 750w, GEM-70, General Electric Company, 
USA). Turbo spin echo (T1 FLAIR) images with a section thickness of 
2 mm were obtained in the coronal plane using a head coil (Figure 2). 
Imaging parameters were as follows: repetition time (TR): 2310; time 
to echo (TE): 8.1/Ef, EC: 1/135.7 kHz; inversion time (TI): 974; Head 

MAIN POINTS

•	 Functional neurosurgery is one of the fastest growing areas of neuro-
surgery. However, complications are encountered which are not negli-
gible during the operations.

•	 Among these complications, the inability to place the system properly 
(malposition) is related to the inability to accurately localize the target 
anatomical point.

•	 Therefore, in this study, we calculated and compared the volumes of 
lentiform nuclei stereologically by first making radiological and then 
anatomical sections in cadaveric specimens.

•	 This study shows a correlation between measurement of lentiform 
nucleus volume based on MRI and those calculated from anatomical 
sections. Our findings support the reliability of functional neurosurgi-
cal procedures using MRI and stereotactic method.
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24/FL: a; field-of-view (FOV): 24 × 21.6, 2.00 thk/1.00 sp, 60/06:25, 
and 320 × 224/2.00 number of excitations (NEX). The number of sec-
tions on which the lentiform nucleus appeared on MR images was 
calculated. Onis 2.5 [Onis Free Edition 2.5 Download—Onis.exe] 
and Image J (https://imagej.net/Downloads) software were then used 
to calculate the lentiform nucleus volume from the MR images. Onis 
2.5 is an analytical program that rapidly converts images into DICOM 
format serially (Figure 3). Image J software is used for image analysis, 
processing, and surface area calculation in clinical and scientific stud-
ies (Figure 4).

Preparation of Cadaver Specimens
Agar (Trypticase Soy Agar, Merck) was prepared for the detection 
of the samples. For this process, 1.5% powdered agar was mixed in 
distilled water to prepare a solution. The solution was dissolved in a 
boiling water bath. Subsequently, it was sterilized in an autoclave at 
121℃ and then cooled to 50℃. The samples were placed in plastic 
boxes. The agar was poured so that it overflowed 2 cm at the edges 
of the samples. It was left to freeze for 6 hours at room temperature. 
A Bosch MAS9454M bslicing machine was used for cutting the 
cadaver specimens. Then, 4 mm-thick coronal sections were prepared 
(Figure 5). Sections thinner than 4 mm could not be obtained because 
they led to sample fragmentation. The obtained sections were scanned 

Figure 1.  Obtaining TSE (T1 FLAIR) images with a section thickness of 2 
mm by skipping 1 cm by segmentation method on coronal plane MRI. FLAIR, 
fluid-attenuated inversion recovery; MRI, magnetic resonance imaging; TSE, 
turbo spin echo.

Figure 2.  Sections in which lentiform nuclei are seen in the frontal plane in a sample cadaver on MRI. MRI, magnetic resonance imaging.

https://imagej.net/
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using a scanner (Xerox, Workcentre 7428, USA), and the images were 
uploaded to a desktop computer (HP, ProDesk 600, G2, MT, USA) 
(Figure 6). The total number of sections obtained from each cadaver 
and the number of sections with lentiform nuclei were noted (Table 1). 
The Image J image program was used to set the scale and calculate the 
surface area on these images (Figure 7).

Calculation of Volume According to the Cavalieri Principle
The volumes of the lentiform nuclei were calculated using the Cavalieri 
principle and the planimetry technique on MRIs and cadaver cross-
sectional images. For volume calculations, the surface areas of the len-
tiform nuclei on the MRIs converted to Cadaver and DICOM formats 

were calculated by the planimetry method using the Image J program 
(Figure 4). Each measurement was performed in a blinded fashion by 
the same researcher at least three times, and the average values were 
taken. The volumes of the lentiform nuclei were calculated by enter-
ing the sum of the surface areas in the following formula, based on the 
literature.22,23 

V = t x ∑A

where t represents the thickness of the successive sections and ∑A 
represents the total surface area of the thalamus found in the section 

Figure 3.  Evaluation of MR image in Onis 2.5 analysis program. MR, magnetic resonance.

Figure 4.  Evaluation of MR image in J image analysis program. MR, 
magnetic resonance. Figure 5.  Sectioning 4 mm thick in a cadaver sample.
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images. All data were entered into a pre-prepared Microsoft Excel 
spreadsheet containing the above formula, and the calculation was 

automatically performed. The volumes of the lentiform nuclei in each 
cerebral hemisphere were calculated separately.

Figure 6.  The appearance of lentiform nuclei for the fifth cadaver on coronal plane. 

Table 1.  Sections Numbers of MRI and Cadaveric Specimens (n = 13)

Cadaver No.

The Total 
Section 

Number on 
MRI

The Total 
Section 

Number on
Cadaver

The Number of 
Sections of the Right 
Lentiform Nucleus 

on MR

The Number of 
Sections of the Left 
Lentiform Nucleus 

on MR

The Number of 
Sections of the Right 

Lentiform Nucleus on 
Cadaver

The Number of 
Sections of the Left 
Lentiform Nucleus 

on Cadaver
 1  58  42  14  13  9  9
 2  56  38  12  13  8  8
 3  55  38  14  13  8  9
 4  51  36  11  11  7  7
 5  52  37  12  13  9  9
 6  54  36  12  12  7  8
 7  52  35  11  11  7  7
 8  50  36  12  13  6  7
 9  59  39  15  15  8  9
 10  60  36  14  14  9  10
 11  45  37  12  13  8  8
 12  60  37  14  15  8  7
 13  58  41  13  12  9  9
Mean 54.61  37.53  12.69  12.92  7.84  8.23
Minimum–maximum 45-60  36-42  11-15  11-15  6-9  7-10
Total number  710  488  166  168  103  107
MRI, magnetic resonance imaging; n, number of cadavers.
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Statistical Analysis
Results are presented as mean ± standard deviation, or median (max-
min) for continuous variables. Comparisons between right- and left-
sided measurements were made using the paired t-test. First, the 
relationship between MRI, and cadaver measurements was examined 
using the Pearson correlation coefficient, and the results were presented 
as r(P). Then, reliability analysis was performed using a two-way 
mixed effects model in which human effects were considered random 
and measurement effects were fixed. The model was used to calculate 
the Absolute Agreement Intra-Class Correlation Coefficient (ICC). P 
values < .05 were considered statistically significant. Statistical analy-
ses were performed using IBM SPSS v 19 software (IBM Software, 
NY, USA).

RESULTS
The total number of MRI and anatomical sections of each cadaver and 
the number of sections in which the lentiform nuclei were seen are 
shown in Table 1. In MRI, the total number of cadaver sections was 
710; the mean number of sections was 54.61 (range: 45-60); the total 

number of sections with the right lentiform nuclei was 166; the average 
was 12.69 (range: 11-15); and the total number of sections with the 
left lentiform nuclei was 168; the mean was 12.92 (range: 11-15). The 
total number of sections obtained from cadaver specimens was 488, 
mean 37.53 (range: 36-42); the total number of sections with the right 
lentiform nuclei was 103, mean 7.84 (range: 6-9). The total number 
of sections with the left lentiform nuclei was 107, mean 8.23 (range: 
7-10). The mean volumes of the right and left lentiform nuclei on MRI 
were 5821.4 ± 590.5 mm3 (range: 4820-6755) and 5781.8 ± 723.5 mm3 
(range: 4232-7064), respectively. In cadaveric specimens, the right, and 
the left lentiform nucleus volumes were 5503.4 ± 595.5 mm3 (range: 
4336-6532) and 5332.3 ± 599.7 mm3 (range: 3940-6444), respectively 
(Table 2). For the right lentiform nucleus, there was a statistically sig-
nificant agreement between the two measurement techniques (P < .001; 
ICC ρ = 0.619). Similarly, for the left lentiform nucleus, the agreement 
between the two measurement techniques was statistically significant 
(P < .001; ICC ρ = 0.714) (Table 3).

DISCUSSION
In this study, we measured the lentiform nucleus volumes in coronal 
sections of 13 human cadaver brains using a 1.5T MRI device. Then, 
the lentiform nucleus volumes were measured in the anatomical cor-
onal sections of the same cadaver samples using a microtome. The 
results obtained with the 2 methods were compared, and the impor-
tance of these results in terms of functional neurosurgical procedures 
was investigated.

Figure 7.  Calculation of the surface area of lentiform nuclei in cadaveric 
sections with image J program.

Table 2.  MRI and Cadaver Lentiform Nucleus Volumes (mm3) (n = 13)

Cadaver No. 
MRI Cadaver Sections

 Right Left Right Left
 1 5605.0 5413.0 5396.0 5040.0
 2 5279.0 5362.0 4824.0 5212.0
 3 6755.0 6692.0 6532.0 6444.0
 4 6053.0 5745.0 5924.0 5532.0
 5 4872.0 5132.0 4828.0 4976.0
 6 6019.0 5553.0 5420.0 5164.0
 7 5969.0 5581.0 5844.0 5100.0
 8 6034.0 6062.0 5632.0 5684.0
 9 6288.0 6408.0 5908.0 6004.0
 10 4820.0 4232.0 4336.0 3940.0
 11 6516.0 7064.0 6116.0 5644.0
 12 6044.0 6108.0 5504.0 5532.0
 13 5424.0 5812.0 5280.0 5048.0
Mean ± SD 5821.4 ± 590.5 5781.8 ± 723.5 5503.4 ± 595.5 5332.3 ± 599.7
Medyan 6019.0 5745.0 5504.0 5212.0
Minimum–maximum 4820.0-6755.0 4232.0-7064.0 4336.0-6536.0 3940.0-6444.0
MRI, magnetic resonance imaging; n, number of cadavers.

Table 3.  Volume of the Lentiform Nuclei with Different Measurement 
Techniques (MRI and Cadaveric Section)
Measurement Technique

Cadaveric Section MRI r(p)**

Right lentiform nucleus 5503.4 ± 595.5 
5504.0 (4336.0-6532.0) 

5821.4 ± 590.5
6019.0 (4820.0-6755.0)

.95 (<.001

Left lentiform nucleus 5332.3 ± 599.7
5212.0 (3940.0-6444.0) 

5781.8 ± 723.5 
5745.0 (4232.0-7064.0) 

.89 (<.001)

P* .069  .681

MRI, magnetic resonance imaging. 
*Paired samples test for right and left. **Correlation between cadaver and MRI sections.
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Understanding the brain structures in 3D and performing volumetric 
measurements is of great importance for the correct diagnosis and 
treatment of brain diseases. Two-dimensional tools (for example, anat-
omy books) or traditional 3D tools (e.g., plastic models) are not suffi-
cient to understand the 3D structures of the brain. For this purpose, the 
availability of high-resolution MRI methods is important. MRI-based 
volume measurement is now increasingly used to investigate neuro-
anatomical structures in patients with neurological and psychiatric 
disorders such as PD, schizophrenia, Alzheimer’s disease (AD), and 
epilepsy.23-25 

Automated segmentation methods using MRI have been described in 
many studies. Calmon and Roberts reported a segmentation method 
for lateral ventricles on coronal plane MRI.26 Stokking et al developed 
morphology-based brain segmentation using T1-weighted MRI for 
fully automated segmentation.27 Webb et al reported an automatic par-
titioning method for the detection of hippocampal atrophy.28 Each of 
these methods is based on the fragmentation of the target object in each 
MRI, obtained in different indexes.

Wang et al published a study of 1000 patients (age range, 18-70 years) 
to investigate various diseases related to the lentiform nucleus in the 
Chinese population. The patients were divided into 5 age groups (18-
30, 31-40, 41-50, 51-60, and 61-80). Each group consisted of 100 men 
and 100 women. All volunteers underwent MRI examination using a 
T1-weighted 3D magnetization-prepared rapid acquisition gradient 
echo array. The relationship of the lentiform nucleus volume with age 
and sex was analyzed. The mean left and right putamen volumes were 
4811.59 ± 588.99 mm3 and 4763.11 ± 587.59 mm3, respectively, and 
the volume of the left putamen was greater than that of the right puta-
men. The mean left and right globus pallidus volumes were 1591.31 
± 226.81 mm3 and 1627.28 ± 235.06 mm3, respectively, and the right 
globus pallidus volume was larger. The mean volumes of the left and 
right putamen and left and right globus pallidus in men were 4962.72 
± 598.49 mm3, 4909.83 ± 600.54 mm3, 1623.24 ± 234.16 mm3, and 
1663.18 ± 243.56 mm3, respectively. In women, these measurements 
were 4663.65 ± 540.49 mm3, 4619.28 ± 537.59 mm3, 1560.00 ± 215.04 
mm3, and 1592.09 ± 221.06 mm3, respectively. The putamen and glo-
bus pallidus volumes were larger in men. The volumes of the left and 
right putamen, as well as the left and right globus pallidus, showed 
a decrease with age. The lentiform nucleus volume was found to be 
larger in men than in women. In addition, the lentiform nucleus vol-
umes were found to decrease with aging.18 

Ertekin et al measured and compared the lentiform nucleus volumes in 
healthy people and people with PD using both volumetric and semiau-
tomatic segmentation methods. In the control group (healthy people), 
the mean lentiform nucleus volume calculated by the point counting 
method using a control object in MRI was 7.52 ± 1.14 cm3. In the PD 
group, the corresponding mean value was significantly smaller (6.40 ± 
1.55 cm3, P ˂ .05). Based on the semiautomatic segmentation results, 
the mean lentiform nucleus volume in patients with PD (6.52 ± 1.38 
cm3) was also significantly smaller than that in healthy humans (7.43 ± 
0.87 cm3; P ˂ .05).19 

Derrek et al conducted a study enrolling 706 patients with AD and 639 
young healthy volunteers to investigate the relationship between the 
lentiform nucleus volume and genome-wide. They measured the vol-
ume by taking 58 images with the segmentation method in a 1.5T MRI. 
In patients with AD, the lentiform nucleus volume was 6422.2 ± 723.9 
mm3 on the left and 6450.9 ± 686.9 mm3 on the right, and they found a 

strong correlation between the two. In healthy young people, the cor-
responding volume measurements were 6554.4 ± 744.8 mm3 on the left 
and 6729.5 ± 765.4 mm3 on the right, with a strong correlation between 
the left and right lentiform nucleus volumes. Although the lentiform 
nuclei of patients with AD were smaller than those of healthy individu-
als, the difference was not statistically significant.20 

In his doctoral thesis, Ekiz compared the volume ratio of the basal 
nuclei to the whole brain on the left and right sides in individuals aged 
20-40 years. The mean volumes of the right and left globus pallidus 
in women were 1471 ± 161.7 mm3 and 1447.4 ± 157.7 mm3, respec-
tively. The corresponding values in men were 1611.1 ± 119.0 mm3 and 
1571.7 ± 120.4 mm3, respectively. The right and left putamen volumes 
in women were 4056.0 ± 328.5 mm3 and 4343 ± 417.1 mm3, respec-
tively. The corresponding values in men were 4504 ± 278.9 mm3 and 
4817.5 ± 380.0 mm3, respectively.21 

The main aim of the present study was to compare the total volume 
measurement values in MRI sections with those obtained with ana-
tomical sections of cadaver samples prepared using a microtome. The 
mean lentiform nucleus volume measurements on MRI were 5821.4 ± 
590.5 mm3 on the right and 5781.8 ± 723.5 mm3 on the left. The cor-
responding measurements in cadaveric specimens were 5503.4 ± 595.5 
mm3 and 5332.3 ± 599.7 mm3, respectively (Table 2). On comparing 
the measurements in MRI and cadaver samples, there was no signifi-
cant difference between the right and left lentiform nucleus volumes, 
and there was a significant correlation between the two sides in this 
respect (Table 3).

Comparing the MRI-based volume measurements, these values are 
smaller than the values reported by Wang, Ertekin, Derrek, and Ekiz. 
This is likely attributable to the shrinking of the cadaver samples due to 
their storage in formaldehyde for 10 years, as seen in previous studies.29 

Since information regarding the cadaver samples’ age, race, and dis-
ease status was not available, it was impossible to make comparisons as 
in the previous studies. In any case, the purpose of our study was not to 
make comparisons between age, sex, and diseased and healthy groups.

On reviewing the literature, we found a comprehensive study that 
measured and compared the volumes of the thalamus by first using the 
segmentation technique in MRI and then making sections on cadavers 
using the planimetry technique.30 However, we did not find a similar 
in-depth study involving the lentiform nucleus volume measurements 
in cadaver samples. Only Sürücü et  al measured the dimensions of 
the lentiform nucleus in the horizontal and coronal planes in 3D CT 
in a human cadaveric brain but did not calculate the volume values.31 
Chung et al measured the dimensions of the lentiform nucleus in the 
horizontal and coronal planes at 0.04 mm intervals in a female cadav-
eric brain with 3T MRI and diffusion tensor MRI methods, but they did 
not measure volume either.32

In this study, the number of 2-mm sections obtained on MRI was higher 
than the number of anatomical sections obtained using a microtome. 
This was due to section fragmentation while attempting to prepare 
2-mm-thick sections in cadaver samples with a microtome. Therefore, 
we prepared 4-mm-thick sections. The total number of sections on MRI 
was 710; the total number of sections showing the lentiform nucleus 
was 166 on the right side and 168 on the left side (Table 1). The total 
number of sections obtained by cutting cadaver specimens with a 
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microtome was 488; the total number of sections showing the lentiform 
nucleus was 103 on the right and 107 on the left (Table 1). There was 
no significant difference between the right and left sides with respect 
to the number of sections obtained with the MRI and microtome. The 
anatomical and functional asymmetry between the right and left hemi-
spheres of the human brain is well documented. This asymmetry has 
been reported between the volumes of the right and left basal nuclei.33 
In addition, there may be measurement differences due to differences 
in the position of cadavers during MRI and superimposition during 
imaging.26 

Various stereological methods have been developed for the volumetric 
analysis of structures in the cadaveric brain. The Cavalieri method is 
one of the most reliable and frequently used methods. It is a highly 
sensitive and unbiased method for quantitative measurements.34,35 In 
this method, parallel and equal-thickness portions of a body are taken, 
and the volume is calculated based on the total number of cross-sec-
tional areas and the section thickness. Computed tomography, MRI, or 
ultrasonography cross-sectional imaging can be used to calculate the 
volume of an object using the Cavalieri principle.23 Due to these prop-
erties, the Cavalieri method was used for volumetric measurements 
of cadaver samples in this study. In this study, 13 adult cadaver brain 
samples were examined. The samples were segmented on 1.5T MR 
devices, and after measuring the lentiform nucleus volumes, cadaver 
sections were prepared, and the lentiform nucleus volumes were com-
pared stereologically.

Importance of This Study
Functional neurosurgical procedures, including ablative procedures and 
nonablative procedures (such as DBS), have many complications and 
side effects. These can be classified into 5 main groups: (i) Relatively 
rare natural side effects that may develop after the application of the 
system. These include unresponsiveness to DBS, stimulation-induced 
dyskinesia and dystonia, speech disorder, axial symptoms (gait distur-
bance, festination, freezing), ocular disorders (ocular deviation and eye 
opening apraxia), and psychiatric disorders (depression, anxiety, apa-
thy, aggressive behavior, manic episodes, and impulse control disor-
der). (ii) Natural complications of the surgical procedure. These include 
infection, system malfunction, intracerebral hemorrhage, skull frac-
ture, skin erosion, and foreign body reactions.13-17 (iii) Complications 
due to the surgical technique applied and the inadequacy of the system 
(electrode breakage, etc.). These are related to the experience or work-
ing methods of the surgical center.14 (iv) Factors related to the opera-
tor’s skill and experience: e.g., system malposition resulting in the 
inability to accurately localize the target anatomical point. (v) Wrong 
patient selection. These interventional methods are applied to patients 
who are resistant to medical treatment in the mid-advanced stage of the 
disease. Additional clinical improvement may not be observed if these 
interventional methods are applied in the early stages and in patients 
who respond positively to medical treatment. Among these complica-
tions, the inability to place the system properly prevents the accurate 
localization of the target point. From this perspective, our results are 
important.

Study Limitations 
Some limitations of this study should be considered while interpret-
ing the results: (i) The age and sex of the cadaver specimens were 
unknown. However, this was not a significant handicap, considering 
the purpose of this study. (ii) The history of any ischemic, traumatic, 
or neurodegenerative disease in the cadaver samples was not available. 

(iii) The samples used were not fresh cadaver samples. After the post-
mortem examination, the cadavers were stored in formaldehyde for 10 
years. This may have led to a progressive shrinking of samples over 
time, resulting in relatively smaller measurement values. However, the 
volume measurements obtained in previous studies using MRI were 
not significantly different from those in this study. (iv) Attempts to pre-
pare 3-mm-thick sections with a microtome led to section fragmenta-
tion. Therefore, 4 mm-thick anatomical sections were prepared, while 
the MRI sections were 4 mm thick. Although this did not affect the total 
volume values of the lentiform nuclei, it can be seen as a limitation of 
this study. (v) The MRI device used in this study was 1.5 Tesla. The 
use of an MRI device with a higher resolution would have provided 
better images. For example, it would be possible to better distinguish 
between the putamen and the globus pallidus on a higher-resolution 
MRI device. However, only the 1.5T MRI device was available at our 
institution.

According to the results we obtained from this study, a significant cor-
relation was found between the lentiform nucleus volumes measured 
using the MRI method and the volume measurements obtained by mak-
ing anatomical sections. Our findings support the reliability of the DBS 
procedure performed using MRI with stereotactic guidance.
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