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ABSTRACT

The neurological process in diabetes is not limited to peripheral nerves but also affects the central nervous
system (CNS). In addition, magnetic resonance images (MRI) showing that this condition can occur early in the
neuropathic process are also available. This study was conducted to investigate whether peripheral sensory
nerve dysfunction causes changes in thalamus volume in patients with diabetic polyneuropathy (DPNP) who
experience sensory loss. Our study is a retrospective study consisting of diabetes mellitus (DM), DPNP and a
healthy control group, where brain MRI of 204 individuals aged between 20-90 with no neurological disorder
that might affect thalamus. Morphometric measurements for thalamus and cerebrum volumetry were
performed in conventional MRI. In order to measure the microstructural changes of thalamus, the apparent
diffusion coefficient (ADC) was calculated by the diffusion-weighted imaging method. In conclusion of our
measurements, it was found that individuals with DM and DPNP had a decrease in volume of both
thalami(p<0.05) and cerebrum(p<0.05). However, no significant difference was found in ADC values(p>0.05).
According to the results of research, DM and DPNP affect not only the peripheral nervous system but also the
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Introduction

Diabetes Mellitus (DM) is a very common disease in
the world and it is estimated that 629 million people will
be affected by this disease by 2045 [1]. DM prevalence is
constantly increasing with factors such as a rapidly rising
population, aging, urbanization, increasing obesity, and
sedentary life. One of the most important complications
in patients with diabetes is diabetic neuropathy. 50% of
patients with diabetic neuropathy have diabetic
polyneuropathy [2-4].

Diabetic polyneuropathy is caused by an imbalance
between destruction and repair of nerve fibers. Damage
to the nerves affects autonomic and distal sensory fibers
more. After the disease affects the nerve endings,
symptoms first begin in the distal of the lower extremities,
and then progress to the proximal. After exceeding knee
level, it first affects the distal of the upper extremities,
then the proximal and the distal sensory nerve fibers of
the intercostal nerves. In rare cases, with the influence of
the trigeminal nerve, there are complaints with regard to
head region as well. Almost all sensory messages, such as
heat and pain, are lost if the progression of the disease is
not prevented [5-7].

The afferents of all these sensory messages end up in
nuc. ventralis posterolateralis (VPL) core of thalamus
before being transmitted to the cortex. Thalamus
organizes the information to be transmitted and sends it
to the relevant parts of the cortex [8].
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CNS. This effect caused atrophy of thalamus and cerebrum in patients of all age groups.
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Scientific studies in the literature on the effects of
sensory nerve dysfunction on thalamus volume in adult
diabetes and diabetic polyneuropathy population are
quite limited. In this regard, our purpose is mainly to
detect thalamus volumes belonging to diabetes, diabetic
polyneuropathy and healthy adult population and to
investigate whether sensory nerve dysfunction causes
changes in thalamus volume, especially in patients with
diabetic polyneuropathy who experience sensory loss.

Material and Method

Ethics Committee Approval

Prior to starting the study, permission was obtained
from Sivas Cumbhuriyet University Non-invasive Clinical
Research Ethics Committee with decision No. 02/30 dated
20th February 2019.

Study Group

The patient group in the study is composed of 74 (45
females, 29 males) adult individuals with diabetes and 57
(29 females, 28 males) adult individuals with diabetic
polyneuropathy, aged between 20 and 90, diagnosed with
diabetes mellitus and diabetic polyneuropathy at Sivas
Cumhuriyet University Faculty of Medicine between
January 2013 and April 2019, who applied to Radiology
Department of our hospital to have brain MRI.
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The control group in the study is composed of 73 (44
females. 29 males) adult individuals aged between 20 and
90, not diagnosed with diabetes mellitus and diabetic
polyneuropathy, whose MRI images are archived in the
hospital and who do not have any psychological or
neurological disorders.

Four hundred patient files were screened in order to
form groups of the study we conducted retrospectively.

Patients with a diagnosis of infarction, lesions that
occupy space in the brain, bleeding, etc. other than
microinfarcts contained in MRI reports in screened files,
were excluded from the study. Images of patients who did
not have any pathology other than microinfarts in MRI
reports or were considered normal were included in the
study. Similarly, patients with psychological disorders,
neurological deficits, or neurological examination
positives were not included in the study.

MRI Protocol

The same imaging protocol was applied to all
individuals included in the study. Morphometric MRI
analysis; Routine brain MRI analysis was performed using
20 channel coils in 1.5 Tesla MRI devices

(Magnetom Aera, Siemens, Germany). Parameters in
MRI images; T1 SE axial images; Slice thickness: 5 mm, TE:
5.6, TR: 402, FOV: 220, FA: 150, Matrix: 300x512, NSA: 3
T2 SE axial images; Slice thickness: 5 mm, TE: 102, TR:
4350, FOV:220, FA: 150, Matrix: 320x1024, NSA: 2 FLAIR
axial images; Slice thickness: 5 mm, TE: 92, TR: 9000, FOV:
230, FA: 150, Matrix: 320x1024, NSA: 1

DAG was performed using an echo-planar (EP) imaging
sequence (TR: 5000ms; TE: 130 ms; FA: 90/180; NEX: 1;
FOV: 270 x 320 mm; matrix: 128 x 128; slice thickness: 5
mm; slice spacing: 2 mm; b value: 0 and 1000 s/mm2) To
measure diffusion on three axes (x, y and z), diffusion
gradients were applied in three orthogonal plans.

Image Analysis

T2-weighted MRI sequences were used for
morphometric measurements of thalamus. In Coronal
sections, measurements were performed on T2-weighted
images passing through ventriculus lateralis and tertius.
The vertical length of the thalamus was measured in
Coronal sections, while the transverse length was
obtained from sections in the axial plane [9]. The upper
limit of thalamus in the coronal section was determined
as the lateral ventricle and the lower limit was determined
as the substantia nigra (Figure 1) [10]. For measurements
in the axial section, the largest diameter image of the
cranium containing the cornu anterior and cornu
posterior of the ventriculus lateralis was used. The
anterior border of the thalamus in the axial section was
determined as the posterior of the foramen
interventricularen, the posterior border was determined
as the pulvinar thalami, the medial border was
determined as the 3rd ventricle, the lateral border was
determined as the crus posterior of the capsula interna
[11]. Thalamus volume was obtained by multiplying the
anteroposterior diameter, transverse diameter, vertical

diameter of the thalamus, and the number mn/6
(T1xT3xT5x1/6).

As for thalamus morphometry, the following
measurements were made on T2-weighted axial and
coronal MRI images (Figure 1).

T1: anteroposterior length of the left thalamus

T2: anteroposterior length of the right thalamus

T3: transverse length of the left thalamus

T4: transverse length of the right thalamus

T5: vertical length of the left thalamus

T6: vertical length of the right thalamus

TI: volume of the left thalamus

Tr: volume of the right thalamus

Tt: total volume of the thalamus

Figure 1. Measurement reference points for thalamus
diameters in axial and coronal section

In T1 midsagittal sections, anteroposterior diameter of
cerebrum (C1) was found by measuring the distance
between polus frontalis and polus occipitalis, cerebrum
height (C3) was found by measuring the distance between
corpus mamillare and the peak point of cerebrum for
cerebrum morphometry. In T2 axial sections, cerebrum
transverse diameter (C2) was determined by measuring
the distance between the two furthest points of the
cerebral hemispheres [12]. Cerebrum volume was
calculated by multiplying anteroposterior diameter,
transverse diameter, height of cerebrum and the number
/6 (C1xC2xC3x1/6).

As for cerebrum morphometry, the following
measurements were made on T2 axial and T1 sagittal MRI
images (Figure 2).

C1: anteroposterior diameter of cerebrum

C2: transverse diameter of cerebrum

C3: cerebrum height

Ct: volume of cerebrum

Figure 2. Measurement reference points for cerebrum
in axial and coronal section
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ADC maps were used to measure mean ADC value of
thalamus quantitatively. In order to prevent
contamination of other tissues with ADC value of
thalamus, the capsula located in the lateral of both
thalami were taken far enough from the interna and from
the ventriculus tertius in medial, and in the central part,
as wide a size as possible of the thalamus was selected.
Stardardized ROIs (ROI: region of interest) were placed in
thalami by considering circular area of analysis 0.5 cm? in
order to determine mean ADC values of thalamus (Figure
3).

Figure 3. ADC map on thalamus in axial section

Statistical Analysis

The data obtained from our study were evaluated
using SPSS 23.0 program. The normality of the data was
evaluated using the Kolmogorov-Smirnov test. If the data

met parametric conditions, it was analyzed using the
independent sample t test for two independent groups
and the F test (ANOVA) for more than two groups.
Whereas ANOVA was used for comparison of more than
two groups, Tukey test was used in those providing
homogeneity hypothesis, and Tamhane's T2 tests were
used in those, not providing homogeneity hypothesis, to
determine which group was different from the others.
Mann Whitney U test was used for two independent
groups and Kruskal Wallis test was used for more than two
independent groups, in groups not providing parametric
test hypotheses. Level of significance was considered
0.05.

Results

A total of 204 individuals between the ages of 20 and
90 were included in the study, 118 (57.3%) of whom were
female and 86 (42.3%) were male. Mean age of females
was found to be 58.32+15.29; mean age of males was
found to be 58.63+17.01; and total mean age was found
to be 58.45+16.00.

Of the individuals included in the study, 73 were in
healthy control group, 74 had DM, and 57 had diabetic
polyneuropathy. The mean age was 60.89 in individuals
with diabetic polyneuropathy, 59.00 in individuals with
DM and 55.93 in healthy controls.

In our study, the size and volume of thalamus of DPNP,
DM and healthy control group were divided into age
groups and compared. According to the results obtained
from the study, patients with DM and DPNP in all age
groups had a decrease in left, right and total thalamus
volume compared to healthy individuals (p<0.05) (Figure
4).
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Figure 4. Thalamus volumes of all age groups in the Diabetic Polyneuropathy, Diabetes Mellitus and control; data were expressed
as mean %SD. In all groups; a comparison of thalamus volumes (mm3) in individuals age 20-40, 41-60, 61 plus. a; p < 0.05 20-
40 age (DPNP, DM, Control), b; p < 0.05 41-60 age (DPNP, DM, Control), ¢; p < 0.05 61 plus (DPNP, DM, Control) (Tl;volume of
the left thalamus, Tr; volume of the right thalamus, Tt; total volume of the thalamus, DM, diabetes mellitus, DPNP; Diabetic

polyneuropathy).
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In our study, it was found that thalamus anteroposterior
and transverse lengths in all age groups were smaller in
individuals with DM and DPNP (p<0.05) (Figure 5). The fact
that diseases caused neuronal and axonal loss in thalamus
resulted in atrophy in thalamus volume.

Size and volume of thalamus of DM, DPNP and healthy
individuals were compared by gender. Left, right, and total
thalamus volumes in males and females of all ages were
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negatively affected by DPNP and DM (p<0.05). DM and
DPNP similarly affected both genders, causing a decrease
in thalamus volume.

Morphometric measurements of thalamus of DPNP,
DM and healthy individuals were compared by age
groups. According to these results, the size and volume of
thalamus of each patient and healthy person decreased
with the effect of aging (p<0.05).
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Figure 5. Thalamus dimensions of all age groups in the Diabetic Polyneuropathy, Diabetes Mellitus and control; data were
expressed as meantSD. In all groups; Comparison of thalamus dimensions (mm) in individuals age 20-40,41-60,61 plus. a; p <
0.05 20-40 age (DPNP, DM, Control), b; p < 0.05 41-60 age (DPNP, DM, Control), ¢; p < 0.05 61 plus (DPNP, DM, Control)(T1;
anteroposterior length of the left thalamus, T2; anteroposterior length of the right thalamus, T3; transverse length of the left
thalamus, T4; transverse length of the right thalamus, T5; vertical length of the left thalamus, T6; vertical length of the right
thalamus, DM; diabetes mellitus, DPNP; Diabetic polyneuropathy).

In our study, size and volume of cerebrum of DM,
DPNP and healthy individuals were analyzed based on
ages. In our results, volume, anteroposterior and
transverse diameter If cerebrum of individuals aged 2 to
40 years are smaller in patients compared to the healthy
individuals (p<0.05). There is a significant difference in C3
and Ct parameters in 41-60 age group and C2, C3 and Ct
parameters in individuals 61 and above age group
(p<0.05). According to these results, it was concluded that

patients with DM and DPNP in the all age groups had a loss
in cerebrum size and volume (Figure 6, Figure 7).

When we examined cerebrum sizes of individuals with
DM and DPNP based on age groups, it was found that
there was a decrease in C3 and Ct parameters of
individuals with DPNP and all parameters of individuals
with DM, as age increases (p<0.05). Similarly, a decrease
in cerebrum volume was found in healthy individuals, as
age increases (p<0.05).
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— | b
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S 800000 I I '|' + DM (41-60)
E g } l ® DPNP (41-60)
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3 E DM (61+)
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Groups

Figure 6. Cerebrum volumes of all age groups in the Diabetic Polyneuropathy, Diabetes Mellitus and control; data were expressed
as meanzSD. In all groups; Comparison of cerebrum volumes (mm3) in individuals age 20-40,41-60,61 plus. a; p < 0.05 20-40
age (DPNP, DM, Control), b; p < 0.05 41-60 age (DPNP, DM, Control), c; p < 0.05 61 plus (DPNP, DM, Control). ( DM; diabetes

mellitus, DPNP; Diabetic polyneuropathy).
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Figure 7. Cerebrum dimensions of all age groups in the Diabetic Polyneuropathy, Diabetes Mellitus and control; data were
expressed as meanzSD. In all groups; Comparison of cerebrum dimensions (mm) in individuals age 20-40,41-60,61 plus. a; p <
0.05 20-40 age (DPNP, DM, Control), b; p < 0.05 41-60 age (DPNP, DM, Control), c; p < 0.05 61 plus (DPNP, DM, Control).(C1;
anteroposterior diameter of cerebrum, C2; transverse diameter of cerebrum, C3; cerebrum height, DM; diabetes mellitus,

DPNP; Diabetic polyneuropathy).

In our study, mean ADC values of thalamus of DPNP,
DM and healthy individuals were examined using the DAG
method, which reflects the structural and dynamic
properties of brain tissue. In conclusion of our results, it

was found that the mean ADC value of thalamus in all age
groups was higher in DPNP and DM compared to healthy

ones, but was not statistically significant (p>0.05) (Figure
8).
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Figure 8. Thalamus ADC values of all age groups in the Diabetic Polyneuropathy, Diabetes Mellitus and control; data were
expressed as meanzSD. In all groups; Comparison of thalamus ADC values (mm2/snx10-3) cerebrum dimensions (mm) in
individuals age 20-40,41-60,61 plus. a; p < 0.05 20-40 age (DPNP, DM, Control), b; p < 0.05 41-60 age (DPNP, DM, Control), c;
p < 0.05 61 plus (DPNP, DM, Control) (DM; diabetes mellitus, DPNP; Diabetic polyneuropathy).

Discussion

Diabetic neuropathy, one of the most common
complications in diabetes, is observed in almost half of
diabetic patients [2, 13].

Recent studies have shown that the neurological
process in diabetes is not limited to peripheral nerves but
also affects the central nervous system. In addition, MRI
images showing that this condition can occur early in the
neuropathic process are also available [14]. Therefore,

researching whether cerebral structures are affected by
neuropathic process, assists to have more comprehensive
information about the disease.

Selvereajah et al. found grey matter volume of
patients with painful diabetic peripheral neuropathy
(DPN) to be 585.4 cm? and grey matter volume pf patients
with painless diabetic peripheral neuropathy (DPN) to be
599.6 cm? and peripheral grey matter volume of healthy

573



Ozturk et al. / Cumhuriyet Sci. J., 43(4) (2022) 569-576

control individuals to be 626.5 cm? in the study that they
examined cerebral volume. In this study, it was found that
the gray matter volume of both the painful and painless
DPN group decreased at similar rates compared to the
healthy control individuals. [15].

As for thalamus, grey matter structure of cerebrum,
they stated that volume of thalamus of individuals with
painful and painless distal symmetric polyneuropathy
(DSP) is less than that of healthy individuals [15].

In their study, Gustin et al. [16] stated that neuropathic
pain leads to changes in brain structures. In this study,
individuals with trigeminal neuropathic pain (TNP) were
compared with individuals with temporomandibular pain
(TMP) and healthy volunteers. In conclusion of the study,
they found significant volume loss in the nucleus
accumbens and thalamus of individuals with TNP, while
they reported no volume loss in individuals with TMPD.

Our results are also similar to those in the literature.
Accordingly, DM and DPNP lead to atrophy in volume of
thalamus. Unlike other studies, these diseases were found
to be effective in all age groups.

In their thalamic morphometric measurements,
compared with regards to age factor of healthy
individuals, Mohammadi et al. [9] stated that
anteroposterior, transverse, and vertical length of
thalamus of individuals aged 31 to 40 was the highest,
while individuals aged 51 and above had the shortest
thalamic length. In conclusion of their study, they showed
that thalamic sizes slowly increase until the age of 31 to
40 and increasingly decrease after the age of 51.

In their study with regard to age groups in healthy
individuals, Sen et al. found no difference in terms of
thalamic size and volume [11].

According to the conclusion of our study, thalamic
morphometric measurements of DPNP, DM, and healthy
individuals were found to decrease as age increases .

In their study with regards to gender, Mohammadi et
al. found anteroposterior, transverse, and vertical lengths
of thalamus of males to be longer than those of females
[9].

In their study that they compared thalamic sizes by
gender, Sen et al. [11], reported that transverse diameter
of thalamus was longer in males, however vertical and
anterposterior diameters were similar in both genders.

In our study, anteroposterior and vertical diameters of
thalamus in individuals with DM aged 20-40 years,
transverse and vertical diameter sizes of thalamus in
individuals with DPNP were longer in males compared to
females, while in individuals aged 41-60 and 61 years and
older, there were no significant differences between the
genders. In healthy individuals in all age groups, the
thalamus transverse diameter and volume were
statistically greater in males than females.

Cerebral volumetric measurements cannot identify
tissue properties, i.e. cellular components, but help to
measure the extent and magnitude of disease effects.
Volumetric measurements of cerebral structures provide
valuable information about the pathological mechanisms
of diseases. In this context, MRI measurements of volume

of cerebrum provide reliable and strong inferences about
the disease, providing information about clinical status
and progress [17].

In their study, Musen et al. [18] stated that grey matter
volume in the cerebellar region and occipital and temporal
lobe of patients with Type 1 diabetes was reduced by
4.5%.

In their study, Selverajah et al. [15] found brain volume
in painful DPN to be 1470 cm?3, in painless DPN to be 1470
cm? and in healthy individuals to be 1510 cm?3. In general,
cerebral grey matter volume of patients with DPN
decreased by 5.4% compared to healthy controls. This
study also showed that the regions first affected by the
neuropathic process were the primary somatosensory
cortex, supramarginal gyrus, and cingulate cortex.

Ge et al. [19] examined the effects of aging on cerebral
grey matter, white matter, and total volume in healthy
individuals. In their results, it was stated that the loss of
grey matter volume began at the age of 20 and decreased
at a constant rate, while the volume of white matter
increased until the age of 40, and then decreased rapidly.
As a result of changes in the volume of white and grey
matter, they reported that the total cerebral volume did
not change until the age of 40-50, and the loss of volume
began after this age.

In their study, in which they compared the cerebral
volume of females and males associated with aging, Gut
et al. [20], compared the age group below and above the
age of 55. According to these results, they stated that
there was a negative correlation between aging and
cerebral volume (r=-0.2) and cerebral volume loss occurs
as a result of neuronal atrophy.

In their study, in which they examined the white
matter volume of healthy individuals, Liu et al. [21] found
that there was a significant difference (p<0.05) between
young (20-40 ages), middle-aged (41-59), and old
individuals (60-78). In conclusion of the study, they
reported that the volume of white matter gradually
increased until the age of 40, was at its highest level
around the age of 50, and decreased rapidly after the age
of 60.

In our results, it was concluded that size and volume of
cerebrum of healthy individuals aged 20-40, 41-60, 61
years and older decreased depending on age. A decrease
in cerebral volume can be caused by structural changes
such as myelin loss and axonal destruction [22, 23, 24],
increased perivascular spaces [25, 26], and dilatation of
gliosis [27,28].

Conventional MRI cannot provide sufficient
information about local perfusion changes in structures,
and biochemical and microstructural differences.
Therefore, various MRI methods (Diffusion Weighted
Imaging (DWI), perfusion MRI, magnetization transfer
imaging, and MRI spectroscopy) are used to obtain
guantitative information about the data.

In their study, in which they used MRI spectroscopy to
measure the change of cerebrum metabolites in diabetic
neuropathic pain, Sorensen et al., found the amount of
thalamic NAA (N-Acetylaspartate) in healthy individuals to
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be higher than that of patients with diabetic neuropathy
[29]. The decrease in NAA resonance is thought to be
associated with neuronal/axonal loss, neuron viability,
and dysfunction [30].

In their study they conducted with MRI spectroscopy
in individuals with type 1 diabetes, diabetic neuropathy,
and healthy individuals, Selvarajah et al. found the same
voxel in two different TE (echo time) (short TE, long TE).
Decreased NAA signal obtained in short TE indicates
irreversible neuronal loss/contraction, and a decrease in
the NAA/creatine ratio in long TE indicates a state of
reversible neuronal damage/dysfunction. According to
the study’s conclusion, the NAA/creatine ratio in long TE
decreased in Type 1 diabetes and diabetic neuropathy
compared to healthy individuals however, there was no
significant difference in NAA resonance in short TE. They
reported that this condition reflected thalamic neuronal
dysfunction in patients with DPN rather than neuron
death [31].

In their MRI perfusion study, Selvarajah et al. [32],
measured cerebral blood volume (rCBV), one of the
markers of cerebral microvascular perfusion, in
individuals with painful and painless diabetic peripheral
neuropathy (DPN) and healthy individuals. According to
the conclusion of the study, amount of rCBV of individuals
with painful and painless DPN is higher compared to the
healthy individuals. They stated that this situation might
be caused by high thalamic neuronal activity. In another
study conducted on experimental diabetes, it was
similarly reported that increased neuronal activity caused
neuropathic pain [33]. Studies conducted have shown that
thalamic neurons can act as central generators or
amplifiers of pain in diabetes.

Detection and evaluation of differentiation in brain
tissue that occurs in the aging process is possible by the
DAG method [34].

Karasu et al. [35] reported that the mean ADC values
of corpus callosum, a white matter mass in the brain,
increased significantly with the effect of aging. Mean ADC
value of individuals aged 60 and below was found to be
730+44 mm?/snx1073, and that of individuals aged 60 and
above was found to be 758+26 mm?/snx1073.

Chun et al. [36] stated that the increase in diffusion
with aging may be caused by the decrease in myelin fibrils
in white matter. Therefore, the decrease in the myelin
layer facilitates the diffusion ability of water [37].

Engelter et al. [37], in their study in which they
examined the ADC values of the thalamus, found that the
mean ADC value of the thalamus of individuals aged 60
and above increased significantly compared to the mean
value of the thalamus of individuals aged 60 and below.
According to this result, mean ADC values of thalamus
increase as age increases.

In our study, the mean ADC values of thalamus of
individuals were compared based on the age variable.
While the mean ADC value of thalamus increased due to
aging in individuals with DM and healthy individuals, no
difference  was found in individuals with DPNP.

Differences in the structural properties of tissues are
suggestive that they might also cause diffusibility of water.

Conclusion

In conclusion the results obtained from our study, it
was shown that diabetes mellitus and diabetic
polyneuropathy are not limited to peripheral nervous
system involvement, but also affect the central nervous
system. Besides, DM and DPNP can negatively affect
volume of thalamus and cerebrum in individuals of all age
groups, leading to atrophy. In this direction, we believe
that clinical and laboratory results as well as MRI results
can be useful in determining DM and DPNP diseases.

Besides thalamic nuclei are associated with motor
activity, limbic system, pain, and visceral activity. A
decrease in size volume of the thalamus in diabetes
mellitus and diabetic polyneuropathy might cause
dysfunctions in these activities. Therefore, we believe that
regular patient follow-up is necessary to prevent
complications that will negatively affect the lives of
individuals with these diseases.
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