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Introduction: In this study, we intend to determine the correlation between the thickness of the 
cerebral cortex and the severity of the cognitive disorder in Alzheimer disease (AD).

Methods: A total of 20 (14 women and 6 men) patients diagnosed with AD with a Mean age of 
72.95 years, and 10 (7 women and 3 men) cognitively normal (CN) subjects with a Mean age of 
70.50 years were included in the study. Of the AD patient and CN subjects, 70% were female, and 
30% were male. All individuals underwent 1.5 T Magnetic resonance imaging (MRI). The MRI 
scanning protocol included 3D MPRAGE (3D-T1W) sequence. All images were analyzed using 
Freesurfer v5.3, and then the brain cortical thickness in 7 cortical areas (inferior temporal, middle 
temporal, superior temporal, parahippocampal, pars triangularis, rostral middle frontal, and superior 
frontal) was calculated.

Results: The analysis of covariance (ANCOVA) was conducted to compare the mean thickness of 
each region between the patient and the control group. There was a significant difference in the mean 
cortical thickness in all regions. In all cases, the mean cortical thickness in CN subjects was greater 
than in AD patients. However, the mean thickness of pars triangularis left hand in CN subjects 
was not significantly greater than that in AD patients. The receiver operating characteristic system 
(ROC) was designed to evaluate the predictive power of the patients and the healthy people. We 
have selected a thousand cut-off points from 1.5 to 3.5 mm for cortical thickness. When the cut-off 
points were within 2.276878–2.299680 mm in the left hemisphere, Youden’s index was maximum. 
The sensitivity and specificity, in this case, were 80%. Also, when the cut-off points were within the 
range of 2.263278–2.282278 mm in the right hemisphere, the sensitivity and specificity were 90% 
and 80%, respectively.

Conclusion: This study demonstrates the importance of quantifying the cortical thickness changes 
in the early diagnosis of AD. In addition, examining the pattern of changes and quantifying the 
reduction in the thickness of the cortex is a crucial tool for displaying the local and global atrophy 
of the brain. Also, this pattern can be used as an alternative marker for the diagnosis of dementia. 
Finally, to the best of our knowledge, our study is the first to report finding on the cortical thickness 
that would help the clinician have a better differential diagnosis. Also, this study has checked the 
possibility of early diagnosis of the disease.
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1. Introduction

he neurodegenerative disorder Alzheimer 
disease (AD) is a fast-growing epidemic 
in aging populations worldwide. AD is the 
most prevalent type of dementia in people 
over 65 (Korolev, 2014). In 2017, one new 
case of AD developed every 66 seconds, 
but by 2050, this time is estimated to in-
crease up to every 33 seconds (Alzheim-

er’s Association Report, 2017). So the diagnosis of AD in 
the early stage considerably decreases the progress of de-
mentia and helps identify an accurate treatment approach 
(Mucke , 2009).

Regarding the highly folded pattern of the human 
brain’s cerebral cortex, the characterization of cortical 
brain structure changes is essential in normal aging and 
neurodegenerative disorders (Fischl and Dale, 2000). 
The cortical thickness measured by structural neuroim-
aging has received a significant surrogate biomarker that 
could provide powerful tools for the early diagnosis of 
AD (Querbes et al., 2009). 

Gray matter atrophy extending to the medial tempo-
ral lobe, parietal lobe, and prefrontal cortices is a mor-
phometric feature of neurodegenerative changes (Ming, 
Harms, Morris, Beg, & Wang, 2015). 

Structural neuroimaging, such as magnetic resonance 
imaging (MRI) and computerized tomography (CT), of-
fers essential advantages for identifying brain atrophy 
patterns. MRI has no ionizing radiation and provides 
higher resolution images of the gray-white matter bound-
ary. MRI also reflects its value in assessing the temporal 
lobe region because it has no beam hardening artifacts. 
So, because of all these criteria, the sensitivity and speci-
ficity of MRI (80% to 94% sensitivity; 60% to 100% 
specificity) are higher than CT (63% to 88% sensitivity; 
81% specificity) for AD diagnosis (Mueller et al., 2005).

Functional neuroimaging, including brain glucose me-
tabolism and beta-amyloid imaging with single-photon 
emissions computed tomography (PET) and single-pho-
ton emission computed tomography (SPECT), might 
be better for early detection of dementia because of the 
higher sensitivity (PET: 94%; SPECT: 70% to 89%) 
(Mueller et al., 2005; Querbes et al., 2009). Moreover, 
clinical examination and functional neuroimaging are 
affected by the cognitive reserve. Therefore, structural 
neuroimaging has given promising results while being 
less affected by this factor than other modalities in de-
tecting the early onset of dementia (Querbes et al., 2009). 

Today, measuring brain cortical thickness and mak-
ing surface brain models in MRI are used to distinguish 
subtle changes in cortical brain structure better. Further-
more, quantitative measurement is sensitive to changes 
in neurodegenerative diseases (Ming et al., 2015). The 
manual cortical thickness measurement methods are 

Highlights 

● The correlation between the thickness of cerebral cortex and the severity of cognitive disorder in Alzheimer's dis-
ease was determined. 

● The cortical thickness change is an important factor in early diagnosis of Alzheimers disease.

● The pattern of reduction in the thickness changes is a crucial tool for displaying the local and global atrophy of the brain.

Plain Language Summary 

The neurodegenerative disorder Alzheimer's disease (AD) is a fast-growing epidemic in aging populations world-
wide. In 2050, one new case of AD is estimated to increase up to every 33 seconds. So the diagnosis of AD in the 
early stage considerably decreases the progress of dementia and helps identify a correct treatment approach. The corti-
cal thickness measured by structural neuroimaging has received a significant surrogate biomarker that could provide 
powerful tools for the early diagnosis of AD. Since the sensitivity and specificity of MRI are higher, it offers essential 
advantages for identifying brain atrophy patterns. The manual cortical thickness measurement methods are time-con-
suming and require experienced anatomists compared with automated methods. In this regard, Freesurfer software, 
which is a freely available program and provides information for quantifying the functional and structural features of 
the brain, is used. The current study demonstrates examining the pattern of changes and quantifying the reduction in the 
thickness of the cortex. This can also be used as an alternative marker for the early diagnosis of dementia using cortical 
thickness measurment that would help the physicians.
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time-consuming and require experienced anatomists 
compared with automated methods (McCarthy, Rampra-
shad, Thompson, Botti, Coman, & Kates, 2015).

Freesurfer (https://surfer.nmr.mgh.harvard.edu/) is a 
freely available software and can provide information for 
quantifying the functional and structural features of the 
brain. Freesurfer is a fully automated corticometry meth-
od. Besides, creating surface brain models and the ability 
to inflate the brain cortex lead to the superior efficiency of 
this method compared to other software (Fischl, 2012).

Ultimately, assessing cortical brain properties and 
white matter atrophy has given complementary informa-
tion about the AD process (Ming et al., 2015). In this 
study, we emphasized the role of corticometry in the ear-
ly detection of AD and hypothesized that measurement 
of cortical thickness would increase the power of differ-
ential diagnosis of AD from normal brain aging changes. 

2. Materials and Methods

A total of 20 (14 women and 6 men) patients with AD 
with a Mean age of 72.95 years and 10 (7 women and 
3 men) healthy individuals as the control group with a 
Mean age of 70.50 years were included in our study. A 
neurologist examined all AD patients, and all control 
subjects had normal MRI and no intracranial pathology. 
All individuals gave written informed consent and then 
underwent MRI. The participants from all groups with 
a history of neurologic or psychiatric disease were ex-
cluded from the study.

MRI examination protocols:

All MRI studies were collected on a 1.5 Tesla GE explor-
er 360 MRI scanner. The MRI scanning protocol included 
3D MPRAGE (3D-T1W) sequence (TR=9.7 ms, TE=3.7 
ms, flip angle=12°, NEX=1, Matrix size=256×256, and 
FOV=25.6). Finally, the expert radiologist checked the 
quality and probable artifacts of all images.

Image شnalysis

All images were analyzed using Freesurfer v5.3, and 
then the brain cortical thickness in 7 areas of 3 brain re-
gions (inferior temporal, middle temporal, superior tem-
poral, parahippocampus, pars triangularis, rostral middle 
frontal, superior frontal) was calculated.

At first, DICOM images were converted to .nft format. 
The images processing steps included skull stripping 
(removing skull and other structures from brain tissue), 

intensity normalization (normalizing the white matter in-
tensity values all around 110), white matter segmentation 
(the segmentation of white matter from other structures), 
surface atlas registration (inflation of brain hemisphere 
and creates a map of brain sulcus), and surface extraction 
(separating brain hemisphere and creating surface brain 
model). Finally, thickness measurements were mapped 
on the inflated surface map. 

Statistical analysis

Statistical analysis of data considering particular char-
acteristics (cortical thickness) was performed in SPSS 
software v. 23. The analysis of covariance (ANCOVA) 
was performed based on a vertex-by-vertex procedure 
to determine if there is a significant difference between 
regional cortical thickness variations of patients with 
AD and cognitively normal (CN) subjects; age and gen-
der were adjusted. The homogeneity of gender and age 
between groups was examined with the Chi-square and 
independent t test, respectively. The significance was set 
as P<0.05. 

Two receiver operating characteristic (ROC) curves 
were plotted to compare sensitivity versus specificity 
across a range of cortical thickness values for the ability 
to predict a dichotomous outcome (AD and CN). 

3. Results

Ten cognitively normal (CN) subjects and 20 patients 
diagnosed with AD from Athari Medical Imaging Cen-
ter were included in the study between December 2016 
and May 2017. The Mean age of CN subjects and patients 
with AD were 70.50 and 72.95 years, respectively. Of the 
AD patient and CN subjects, 70% were female, and 30% 
were male (Table 1). The cortical thicknesses (Mean±SE) 
for each hemisphere and region are presented in Table 2. 

A 1-way ANCOVA was conducted to compare the 
means of each region between the groups after control-
ling for age and gender as covariates. Levene’s test and 
normality checks were carried out, and the ANCOVA as-
sumptions were met. There was a significant difference 
in the Mean cortical thickness in regions such as inferior 
temporal left hand (P<0.001), inferior temporal right 
hand (P<0.001), middle temporal left hand (P=0.006), 
middle temporal right hand (P=0.001), superior tem-
poral left hand (P=0.006), superior temporal right hand 
(P<0.001), parahippocampal left hand (P=0.026), para-
hippocampal right hand (P=0.049), pars triangularis 
right hand (P=0.041), rostral middle frontal left hand 
(P=0.003), rostral middle frontal right hand (P=0.003), 
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superior frontal left hand (P=0.023), and superior fron-
tal right hand (P=0.008) between the study groups (CN 
subjects vs AD patients). In all cases, the Mean cortical 
thickness in CN subjects was greater than those in the 
AD patients. However, the Mean thickness of pars tri-
angularis left hand in CN subjects was not significantly 
greater than that in AD patients (Table 3). 

In the current study, sensitivity (“positivity in health”) 
refers to the proportion of subjects who have the target 
condition (CN subjects) and give positive test results. 
Specificity (“negativity in health”) is the proportion of 
subjects without the target condition who gives negative 
test results.

We have selected a thousand cut-off points from 1.5 
to 3.5, and depending on the cut-off point selected, the 
sensitivity and specificity of the test changed. When the 

cortical thickness of a sample was less than the cut-off, 
we considered it a negative point (AD patients).

Sensitivity and specificity varied with the cut-off cho-
sen. When the cut-off points were within the 2.276878–
2.299680 range in the left hemisphere, Youden’s index 
was maximum. The sensitivity and specificity, in this 
case, were 80% (Figure 1A). Also, when the cut-off 
points were within the range of 2.263278–2.282278 in 
the right hemisphere, the sensitivity and specificity were 
90% and 80%, respectively (Figure 1B).

4. Discussion

Because of the fast-growing rate of dementia, especial-
ly AD, all over the world, the promotion of diagnostic 
approaches at an earlier stage of the disease has an im-
portant role (Mucke , 2009). The measurement of brain 

Table 1. Demographic statistics

Variables
Mean±SD/No.(%)

Cognitively Normal Subjects Alzheimer Disease Patients

Age (y) 75.50±5.74 72.95±6.87

Gender
Male 3(30) 6(30)

Female 7(70) 14(70)

Total 10 20

Table 2. Cortical thickness (Mean±SE) for each hemisphere and region

Regions

Mean±SE

Cognitively Normal Subjects Alzheimer Disease Patients

Left Right Left Right

Inferior Temporal 2.72±0.13 2.77±0.22 2.35±0.21 2.35±0.23

Middle Temporal 2.52±0.17 2.46±0.18 2.18±0.31 2.22±0.23 

Superior Temporal 2.52±0.12 2.57±0.14 2.24±0.25 2.27±0.18

Parahippocampal 2.72±0.56 2.48±0.35 2.27±0.35 2.18±0.32

Pars triangularis 2.06±0.19 2.23±0.26 1.98±0.21 1.95±0.32

Rostral middle frontal 2.13±0.14 2.15±0.22 1.96±0.14 1.94±0.16

Superior frontal 2.37±0.15 2.34±0.15 2.20±0.16 2.15±0.18
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Table 3. Result and comparison of mean cortical thickness for each hemisphere and region between groups

Regions Groups Mean Difference (µCN-µAD) P

Inferior temporal. LH
CN

0.37 <0.001
AD

Inferior temporal. RH
CN

0.42 <0.001
AD

Middle temporal. LH
CN

0.34 0.006
AD

Middle temporal. RH
CN

0.31 0.001
AD

Superior temporal. LH
CN

0.28 0.006
AD

Superior temporal. RH
CN

0.30 <0.001
AD

Parahippocampal. LH
CN

0.45 0.026
AD

Parahippocampal. RH
CN

0.30 0.049
AD

Pars triangularis. LH
CN

0.08 0.290
AD

Pars triangularis. RH
CN

0.28 0.041
AD

Rostral middle frontal. LH
CN

0.17 0.003
AD

Rostral middle frontal. RH
CN

0.21 0.003
AD

Superior frontal. LH
CN

0.17 0.023
AD

Superior frontal. RH
CN

0.19 0.008
AD

RH, right hemisphere; LH, left hemisphere.
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cortical thickness can demonstrate the subtle changes in 
cortex thinning. 

In this study, the main goal was to determine the cor-
relation between the thickness of the cerebral cortex 
and the severity of the cognitive disorder in AD. So, the 
amount of cerebral cortex thickness was measured using 
Freesurfer software.

These changes can be revealed quantitatively by mea-
suring the thickness of the cortex and studying the pattern 
of its changes. Moreover, it is possible to provide addi-
tional information about the process of AD.

The ability to diagnose in early stages of AD increases 
parallel with the differential diagnostic power between 
patients with mild Alzheimer and healthy people. So, 
AD progression can be stopped with the early diagno-
sis of the disease. Because of the structural nature of the 
cerebral cortex, which is twisted in several layers, man-
ual methods for determining the thickness of the cortex 
are problematic, time-consuming, and require a trained 
anatomist (Fischl & Dale, 2000). That is why automatic 
Freesurfer software in measuring the thickness of the 
cortex and quantifying structural properties has the ad-
vantage of inflating brain hemispheres and building a 
surface model (SBM) from the cerebral cortex. Thus, it 
is possible to get sensitive cortex measurements in mm 
in neurodegenerative diseases.

Data achieved from Freesurfer software were studied 
for statistical analysis. The results of our study were 

in agreement with the results of studies by Salat et al. 
(2004), Ridway et al. (2012), and Jing Ming et al. ( 
2015). Reducing the thickness of the cerebral cortex was 
observed in all studies.

The study results showed that changes in the thickness 
of the cortex were correlated with the severity of AD. In 
other words, in all the seven cortical areas studied, the 
Mean cortical thickness of the brain in Alzheimer patients 
was significantly lower than that of the control group ex-
cept for the pars triangularis cortex in the left hemisphere 
of the brain. The difference between the Mean cortex 
thickness in healthy subjects and AD patients was very 
small and not statistically significant in this area.

That is the only difference between our study and oth-
ers. This slight difference in the thickness of the pars tri-
angularis cortex can be due to the small sample size. To 
investigate the possibility of early diagnosis of AD, there 
was no significant difference in the Mean brain cortex in 
three patients in the control group with the AD patients. 
In these three people, the thickness of the cortex has been 
reduced so much, which is close to the thickness of the 
cortex in people with AD. It can be concluded that this 
reduction in thickness is due to the normal process of ag-
ing. Then, if they had symptoms of AD in clinical trials, 
they must be considered as a susceptible person to the 
disease, which must undergo more clinical examination.

The receiver operating characteristic system (ROC) was 
designed to evaluate the predictive power of the patient 
and the healthy person. According to the ROC curve, if 

Figure 1. Receiver Operating Characteristic (ROC) Curve for Various Cut-off Levels, (A) of Left Hemisphere Regions, (B) of 
Right Hemisphere Regions

(A) (B)
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the thickness of the left hemisphere cortex is less than 
2.27–2.22 mm, with a sensitivity of 80%, we can say that 
the person has AD. The specificity is also 80%. Sensitivi-
ty and specificity were 90% and 80%, respectively, when 
the average thickness of the cortex was about 2.28–2.26 
mm in the right hemisphere of the brain. In most previous 
studies, the sensitivity and specificity based on the thick-
ness of the cortex for predicting a healthy or AD person 
have not been calculated. However, our study, in addition 
to determining the thickness of the cortex in the normal 
and AD patients, compared them and calculated the sen-
sitivity and specificity of the procedure.

This study has several limitations. The first is the insuf-
ficient collaboration of the patients with AD during the 
imaging and also 3D-T1w images collection, which may 
affect the software analysis. However, images with motion 
artifacts were excluded from the study. The second limita-
tion is the software errors. Because Freesurfer is automatic, 
there may be errors during the analysis, but we did the 
three-step quality check as far as possible to optimize the 
software analysis stage. Thirdly, the sample size was small.

According to the study results, it is suggested that fu-
ture studies be carried out in a wide range of samples 
to obtain better and more accurate results. Also, consid-
ering that this study was performed on 7 cortical areas 
of the brain, it is recommended that subsequent studies 
be performed on other cortical areas. In further studies, 
patients in the mild cognitive impairment (MCI) stage 
with a high sample volume could be considered. Using 
three Tesla MRI devices makes it easier to measure a 
few changes in the thickness of the cerebral cortex, espe-
cially in patients with MCI.

5. Conclusion

To the best of our knowledge, our study is the first one to 
report finding on the cortical thickness that would help the 
clinician have a better differential diagnosis, and also, this 
study has checked the possibility of early diagnosis of the 
disease. This study demonstrates the importance of quanti-
fying the cortical thickness changes in the early diagnosis 
of AD. In addition, examining the pattern of changes and 
quantifying the reduction in the thickness of the cortex is an 
important tool for displaying the local and global atrophy 
of the brain. Also, this pattern can be used as an alternative 
marker for the diagnosis of dementia (Pini et al., 2016).
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