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Abstract: Introduction: Alzheimer’s disease is a chronic neurodegenerative disease that is being diagnosed more and more 
commonly in neurology clinics. Physicians are familiar to see brain atrophy definition in the MRI reports of these patients. To 
aid physicians in the diagnosis, we aimed to find a novel radiological diagnostic index for Alzheimer’s disease by making 
MRI-based specific measurements. Materials and Methods: Fifty-three patients diagnosed with typical Alzheimer’s disease 
and fifty-five healthy control cases were enrolled in our study. Demographic data containing age, gender, and medical history 
were recorded. Non-contrast 1.5T brain magnetic resonance images of all participants were collected. Measurements of the 
prefrontal and precentral sulcus cortical gray matter thickness, as well as the area of the pons, were done by a radiologist. The 
cortical thickness to the pontine area ratio was calculated and compared between the two groups. Finally, a ROC curve analysis 
was done to find a certain index value. Results: In the patient group, prefrontal and precentral gray matter thicknesses were 
significantly lower than in the control group. Also, the ROC curve analysis revealed a crucial ratio of prefrontal gray matter 
thickness to the pontine area. This novel radiological index ratio distinguished Alzheimer's disease atrophy from healthy 
variances with a sensitivity of 21% and a specificity of 97%. Conclusion: The radiological ratios that we found in our study 
can not be caught by the human eye. Calculating and reporting our suggested index ratio in brain MRI reports may provide 
additional information for physicians diagnosing Alzheimer's disease. 
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1. Introduction 

Alzheimer’s disease is a progressive chronic condition in 
which the acquired abilities fade slowly, usually starting 
from cognitive functions. Other vital functions like breathing 
and swallowing keep their integrity until the very last stages 
of the disease. These functions mostly rely on brainstem 
structures. No doubt, having efficient functionality means 
that there should be healthy neural structures. This relative 
sparing of brainstem functions and clinical deterioration 
order during brain atrophy in Alzheimer’s disease brings the 
opportunity of using pons as a reference point in determining 
the value of cortical atrophy seen in Alzheimer’s patients. 

In many local studies carried out in Turkey, prevalence 
rates of dementia were calculated to be around 15-20% 
which of whom composed mainly of Alzheimer’s disease 

(AD) [1, 2]. Other studies from developed countries state 
similar rates for Alzheimer’s disease and estimations of 
future rates are increasing [3]. Neuropathologic and 
histopathologic diagnosis of the disease relies on the 
presence of neurofibrillary tangles and beta-amyloid plaques 
(amyloid-β (Aβ)) in brain specimens [4]. The deposition of 
these substrates results in cellular dysfunction and final 
neuronal loss. Clinical manifestation depends on the degree 
and localization of this involvement. The findings may vary 
from mild cognitive impairment to complete cognitive loss 
and immobility. In the end, it is well known that the death of 
a patient with severe Alzheimer’s disease is mostly expected 
to be from infectious diseases. Thus, death reports usually 
don’t contain AD as a cause of death. Researches prove this 
dilemma right. Many studies reveal higher mortality rates 
due to AD than officially reported [5, 6]. Eventually, this 
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uptrend in disease prevalence and mortality rates also 
increases the significance of early diagnosis and disease 
management. We think that the early diagnosis of the disease 
may be possible with a new radiological indicator. 

In our study, we tried to catch a diagnostic clue from a novel 
perspective by looking into pontine and cortical imaging 
measurements of Alzheimer patients. With our findings, we 
hope to increase early diagnosis rates of the disease. 

2. Materials and Methods 

2.1. Case Selection and Procedures 

Fifty-three patients diagnosed with typical Alzheimer’s 
disease and fifty-five healthy control cases were enrolled in 
our study. All of the patients were considered new patients 
and the diagnosis of Alzheimer’s disease was re-established 
through clinical interviews and neuropsychological testing. 
The standardized mini-mental test (SMMT) was used for this 
purpose. Their medical history, medication usage information, 
and demographic data were collected. Also, brain magnetic 
resonance images were taken from the hospital database. 

On the other hand, we enrolled fifty-five healthy cases into 
the control group. They were chosen from the patients who 
applied to our neurology clinic with complaints like 
extremity pain or headache indicating temporary insignificant 
situations other than chronic neurodegenerative diseases. The 

SMMT applied to all the healthy participants as well. 
Individuals who failed in the SMMT were excluded from the 
study. We looked up all the healthy participants’ medical 
history to be sure that these participants had no 
neurodegenerative disease or condition interacting with 
cerebral volume. Also, the medication usage information, 
magnetic resonance images, and demographic data 
containing age, gender, and medical history were collected. 

2.2. Exclusion Criteria 

The patients and control cases having various causes of 
brain atrophy were excluded from the study. Structural 
abnormalities like gliosis, cerebrovascular disease, or 
encephalomalacia were considered reasons for exclusion. 
Fazekas staging was used for the classification of the MRIs 
containing gliosis. The patients having gliotic foci more than 
the Fazekas 0 stage were not enrolled in the study. Other 
causes of dementia (Parkinson’s disease, frontotemporal 
dementia, vascular dementia, etc.) and other 
neurodegenerative diseases were considered exclusion 
criteria. All of the cases were assessed with the hospital 
anxiety and depression scale, and the cases having depressive 
symptoms were excluded to eliminate pseudodementia. 
Additional attention was paid to match the patient and the 
control group as gender and age-similar as possible. 

2.3. MR Image Processing and Device Specifications 

 

Figure 1. Measurement areas of the study. 

An experienced radiologist performed measurements of 
mainly prefrontal and precentral cortical gray matter 
thickness as well as pontine and medulla oblongata area. 
During this procedure, non-contrast 1.5 Tesla, T2, T1, and, 

Flair sagittal and axial brain MRI sequences were all 
interpreted together. Bilateral hemispheric measurements 
were averaged to get a single value for each location. Echo 
time (TE) and repetition time (TR) were 79,0 ms and 4590,0 
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ms, respectively. Measurement locations are shown in Figure 
1. From these raw values, prefrontal cortical gray matter 
thickness to pontine thickness (anteroposterior and 
lateromedial thickness) ratio (FCT/P1-2 ratio), and precentral 
cortical gray matter thickness to pontine thickness ratio 
(PCT/P1-2 ratio) were generated. Also, these ratios were 
calculated again for the pontine area which was calculated as 
anteroposterior thickness multiplied by the lateromedial 
width of the pons. The nomination of these ratios will be 
called Pa/FCT and Pa/PCT, respectively. Putting pons to 
calculations as a value of the area was aimed to get a more 
consistent estimation of pontine condition. As stated before, 
pons develops far before the brain cortex, and as the clinical 
progress of an Alzheimer’s disease patient shows us, its 
functions fade at the very last stages of the disease. So, this 
area may be taken as a reference point in interpreting cortical 
atrophy and the disease progress. 

2.4. Statistical Analysis 

The measurements and all the collected data were 
transferred to the IBM SPSS Statistics v25 program. 
Analyzes were done to reveal whether there were statistically 
significant differences between the patient and the healthy 
control group. While doing calculations, bare measurement 
values like prefrontal gray matter thickness, and pontine 
thickness and ratios like prefrontal cortical gray matter 
thickness to pontine area were compared separately. In 
summarizing the data, continuous variables were mean ± 
standard deviation, while categorical variables were age, 
gender, and disease severity. Independent Samples T-test was 
used for the comparison of the groups in terms of measured 
values and suggested ratios. In the examination of the 
relationships between categorical variables, Pearson chi-
square or Likelihood ratio tests were used depending on the 
distribution of the data, and the Pearson correlation 
coefficient was calculated for continuous variables. ROC 
(Receiver Operating Characteristic) analysis was done to 
detect a cut-off value for any measured value. A p-value 
equal to or lower than 0.05 was considered statistically 
significant. 

3. Results 

The summary of the demographic data of the participants 
are listed in Table 1. 

Comparisons of prefrontal cortical thickness (FCT), 
precentral cortical thickness (PCT), pontine area (Pa), and 
bulbus area (Ba) means by gender revealed no significant 
differences among healthy cases (males and females) and 
patients (males and females). 

We expected to find relatively minor or no atrophy in the 
pons rather than heavy atrophy in the prefrontal cortex. To 
clarify this suggestion we analyzed the raw pontine values. 
Pontine anteroposterior measurement value (P1) was similar 
(p=0,327) between the patient (20,90 ± 1,37) and the control 
group (21,17 ± 1,49). However, we found a significant 
difference (p=0,022) in pontine lateromedial measurement 

value (P2) between the patient (27,86 ± 3,89) and the control 
group (29,30 ± 2,40). This finding supported our idea of 
using pontine area rather than anteroposterior or lateromedial 
measurement alone. Performed raw measurements and 
generated areas of pons and bulbus are stated in Table 2. 
Area calculations are made by multiplying anteroposterior 
and lateromedial measurements of the pons and the bulbus. 
All values and generated ratios were compared between the 
patient and the control group, as well as the mild and severe 
disease groups. 

In the pontine area to prefrontal cortical thickness ratio 
(Pa/FCT) calculation, in other words, while creating this 
novel index, we expected to find higher values in the patient 
group since the pontine area would be divided by smaller 
cortical thickness value of the patient due to cortical atrophy 
in Alzheimer’s disease. Table 3 summarizes the statistical 
comparison of measurements and generated index values 
between the patient and the control group. According to these 
data, there were significant differences between these groups 
in the measurements of the prefrontal cortical thickness, 
precentral cortical thickness, pontine area, and bulbus area. 
Since we aimed to determine the relative atrophy of the 
cortex to the pons, we calculated the Pa/FCT ratio, our 
suggested new index for the early diagnosis of Alzheimer’s 
disease. We showed that there was a statistically significant 
difference between the patients and the healthy cases. 
Although the precentral cortical thickness and pontine area 
were statistically different between the groups, there was no 
statistically significant value in Pa/PCT. This finding directed 
us towards using FCT as a part of the index rather than PCT. 
Also, another significant result of the calculations was to find 
a similar pontine area to bulbus area ratio in the patient and 
the healthy control group. 

In addition to analyzing all the patients as a single patient 
group, the patient group was divided into mild and severe 
disease groups so that other calculations could be made to see 
the difference within the patient group itself. For this purpose, 
DSM 5 criteria and the clinical findings of the patients were 
taken into consideration. Practically, the patients using one or 
no medication for Alzheimer’s disease and its behavioral 
changes were taken into the mild disease group and the other 
patients were listed under the severe disease group. 

Comparison of the ratios between the mild and severe 
disease groups revealed no statistically significant differences 
except the slight difference in the pontine area to the bulbus 
area. This difference in Pa/Ba was considered meaningless 
since there was no statistically significant difference in Pa/Ba 
between the patient and the control group. The summary of 
these calculations is listed in Table 4. 

ROC analysis revealed a cut-off value of 3900 mm for the 
Pa/FCT index with a sensitivity of 21% and a specificity of 
97% for the early diagnosis of Alzheimer’s disease. This 
finding suggested that, if present, this index value is 
significantly related to Alzheimer’s disease. On the other 
hand, FCT itself may be more practical to use in daily 
practice since it has a cut-off value of 0,187 mm with a 
sensitivity of 75% and a specificity of 82%. (Table 5) 
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Table 1. Demographic data of the patient groups and the healhty control groups. 

Variable 
Patient Group (Overall) 

(Mean ± SD) n=53 

Mild Disease Group 

(Mean ± SD) n=23 

Severe Disease Group 

(Mean ± SD) n=30 

Healthy Control Group 

(Mean ± SD) n=55 

Age 70,57 ± 11,33 67,78 ± 13,58 72,70 ± 8,91 64,55 ± 8,63 

Gender 
Male 64% Male 78% Male 53% Male 36% 

Female 36% Female22% Female 47% Female 64% 

Table 2. Measured raw values and generated estimated area values. 

Variables Measurements 
Patient Group 

(Mean ± SD) n=53 

Mild Disease Group 

(Mean ± SD) n=23 

Severe Disease Group 

(Mean ± SD) n=30 

Healthy Control Group 

(Mean ± SD) n=55 

Prefrontal Cortical Thickness (FCT) 0,180 ± 0,034 mm 0,187 ± 0,030 mm 0,176 ± 0,036 mm 0,208 ± 0,027 mm 
Precentral Cortical Thickness (PCT) 0,179 ± 0,026 mm 0,179 ± 0,025 mm 0,178 ± 0.027 mm 0,197 ± 0,025 mm 
Pontine Anteroposterior Thickness (P1) 20,90 ± 1,37 mm 21,04 ± 1,28 mm 20,79 ± 1,45 mm 21,17 ± 1,49 mm 
Pontine Lateromedial Thickness (P2) 27,86 ± 3,89 mm 29,47 ± 3,91 mm 26,64 ± 3,46 mm 29,30 ± 2,40 mm 
Pontine Area (Pa) 583,07±93,29 mm2 619,22 ± 84,18 mm2 555,36 ± 91,64 mm2 621,62±75,28 mm2 
Bulbus Anteroposterior Thickness (B1) 11,86 ± 1,00 mm 12,06 ± 1,09 mm 11,71 ± 0,92 mm 12,23 ± 1,23 mm 
Bulbus Lateromedial Thickness (B2) 15,29 ± 0,91 mm 15,18 ± 0,92 mm 15,38 ± 0,91 mm 15,62 ± 1,19 mm 
Bulbus Area (Ba) 181,64±20,81 mm2 183,22 ± 21,46 mm2 180,43 ± 20,58 mm2 191,08 ± 24,17 mm2 

Table 3. Suggested ratios and statistical analysis between the patient and the control group. 

Ratios Patient Group (Mean ± SD) n=53 Healthy Control Group (Mean ± SD) n=55 P Value 

FCT 0,180 ± 0,034 mm 0,208 ± 0,027 mm 0,000 
PCT 0,179 ± 0,026 mm 0,197 ± 0,025 mm 0,000 
Pa 583,07±93,29 mm2 621,62±75,28 mm2 0,020 
Ba 181,64±20,81 mm2 191,08 ± 24,17 mm2 0,032 
P1/FCT 119,24 ± 21,87 103,42 ± 15,86 0,000 
P2/FCT 158,34 ± 32,51 143,43 ± 24,89 0,008 
Pa/FCT 3305,24 ± 683,66 3040,68 ± 577,89 0,032 
P1/PCT 119,30 ± 20,49 108,90 ± 16,84 0,005 
P2/PCT 158,65 ± 31,84 150,66 ± 23,60 0,141 
Pa/PCT 3318,37 ± 716,70 3197,68 ± 579,14 0,337 
Pa/Ba 3,24 ± 0,58 3,22 ± 0,60 0,903 

Table 4. Comparison of means between the mild disease and the severe disease group. 

Ratios Mild Disease Group (Mean ± SD) n=23 Severe Disease Group (Mean ± SD) n=30 P Value 

P1/FCT 115,02 ± 17,73 122,48 ± 24,38 0.221 
P2/FCT 160,55 ± 29,46 156,65 ± 35,07 0,669 
Pa/FCT 3373,45 ± 629,58 3252,95 ± 728,61 0,530 
P1/PCT 119,73 ± 21,88 118,97 ± 19,74 0,896 
P2/PCT 167,20 ± 34,01 152,10 ± 28,94 0,087 
Pa/PCT 3516,71 ± 751,02 3166,30 ± 661,85 0,077 
Pa/Ba 3,42 ± 0,63 3,10 ± 0,51 0,045 

Table 5. ROC analysis of measured parameters. 

 Value Sensitivity Specificity Likelihood Ratio AUC 95% CI 

FCT 0,167 mm 36% 97% 9,85 0,770 0,675-0,866 
FCT 0,172 mm 43% 93% 5,96 0,770 0,675-0,866 
FCT 0,187 mm 75% 82% 4,15 0,770 0,675-0,866 
PCT 0,147 mm 11% 92% 6,22 0,685 0,586-0,785 
Pa/FCT 3911 mm 19% 99% 10,37 0,610 0,503-0,717 
Pa/FCT 3900 mm 19% 97% 5,18 0,610 0,503-0,717 
Pa/FCT 3841 mm 21% 95% 3,80 0,610 0,503-0,717 

 

4. Discussion 

Alzheimer’s disease is a chronic neurodegenerative disease. 
As stated in the definition of the disease, we expect a 
developed neural structure to be destroyed progressively in 
time. From this aspect, the developmental stages of the 
human brain become even more significant. A typical 

Alzheimer’s patient shows mild cognitive impairment at the 
first clinical stage and then progresses slowly to a complete 
cognitive decline stage in which the patient becomes 
confined to bed. Until the very last stages of the disease, the 
patient keeps vital primitive functions like chewing and 
swallowing intact. This clinical clue tells a lot about the 
possibility of different involvement areas of the brain and 
variable degeneration speed. Starting from this point, we 
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aimed to use these relative degenerations and involvements 
of the brain areas in favor to create an MRI-based novel 
diagnostic index. 

Dating back to the 1950's we already knew that the 
swallowing function of the fetus starts far before the cortical 
structural development. [7]. Recent studies reveal that 
substantial swallowing occurs by the 22-24 weeks of 
gestation [8]. There is no doubt that complex preparation 
phases like myelination of the corresponding cranial nerves 
take place earlier. The cranial nerves participating in chewing 
and swallowing are mainly trigeminal, facial, 
glossopharyngeal, vagus, and hypoglossal [9]. Most of the 
nuclei of these nerves are located in the brainstem, which 
was one of our measurement locations in the study. Not only 
these cranial nerves but also lots of vital functions rely on the 
health and integrity of the pons and brainstem [10]. Thus, this 
important area keeps its functionality and volume till the very 
last stages of life. 

Apart from primitive tasks of the brain, cognition is a kind 
of learned ability. It is believed that cognitive development 
has many aspects like memory, representational competence, 
attention, and processing speed [11]. All these domains 
maturate in a step-by-step manner after birth. They are all 
needed for competent cognition. 

If we consider cognition and functions of the brain a 
pyramid of developments, the first brick to fall would be the 
acquired intellectual abilities like attention, language skills, 
and memory utilization. Other vital abilities like breathing 
and swallowing would be the last ones to disrupt. Looking 
from this perspective, it is no surprise that memory loss 
rather than swallowing is the most common finding in the 
early stage of Alzheimer’s disease [12]. The clinical findings 
come from the pathological changes in the brain. Substance 
accumulation like neurofibrillary tangles and beta-amyloid 
plaques and consequent loss of neurons are responsible for 
the outcome. 

Atrophy, especially in the prefrontal cortex, is widely 
reported in studies [13]. To our best knowledge, all the 
studies of dementia in the literature focus on the cerebral 
cortex and thalamus rather than the brainstem structures. 
Specifically, in Alzheimer’s disease, it has long been known 
that the mesial temporal limbic cortex and thalamus are 
affected [14]. Another volumetric study carried out with 
dementia syndromes revealed different patterns of grey 
matter volume loss in temporoparietal and medial temporal 
regions. [15]. Vascular dementia and Alzheimer’s dementia 
showed a similar cerebral and medial temporal atrophy 
pattern in a huge sample study [16]. Another study pointed 
out that the severity of atrophy seen in Alzheimer’s dementia 
might be related to the factors like education level other than 
the disease itself. This makes the significance of atrophy 
level individual for each patient and supports our efforts for 
finding a personalized reference value while interpreting the 
volume loss in Alzheimer’s dementia [17]. In dementia with 
Lewy body, a study reported caudate nucleus sparing atrophy 
of the whole brain. [18]. Medial temporal lobe atrophy on 
MR images was found to have significant discriminatory 

power for distinguishing Alzheimer’s disease from Lewy 
body dementia [19]. 

On the other hand, pontine atrophy has been a research 
topic of a few studies about spinocerebellar ataxia [20]. 
Another study further examined the atrophy patterns of the 
posterior fossa in patients with ataxia and suggested using 
these imaging patterns to aid the diagnosis [21]. 

Our study proved significant cortical grey matter 
degenerations in prefrontal and precentral cortical thickness 
comparisons. These findings were listed in Table 3. 

In a brain volumetric study looking into brain atrophy in 
Alzheimer’s disease, hippocampal atrophy was reported in 
presymptomatic and mild cases. In that study, prefrontal 
atrophy was suggested to occur in the later stages of the 
disease [22]. In our study, we found increased atrophy in the 
prefrontal region. However, unlike the aforementioned study, 
statistical analysis revealed no statistically significant 
differences between the mild and severe disease patient 
groups. [Table 4] This difference may be due to our age-
matched groups rather than the younger control group of the 
other study. 

Another study about brain atrophy in Alzheimer’s disease 
showed a biphasic pattern of atrophy in which accelerated 
atrophy in mild cases and decelerated atrophy in severe cases 
were noted [23]. Our findings of statistically similar cortical 
thickness values in mild and severe disease cases may be 
compatible with decelerated atrophy rates in transition stages 
from mild to severe disease. 

Unlike intellectual abilities, movement ability is expected 
to be a rather protected area of functionality in the means of 
degeneration. Some studies suggest precentral cortical area 
(primary motor cortex) decrement is a supportive but not a 
statistically significant indicator for Alzheimer’s disease 
diagnosis [24]. Our data and analysis showed a statistically 
significant difference in precentral cortical thickness (PCT) 
between the patient and the control group [Table 3]. Yet, 
Pa/PCT (estimated pontine area to precentral cortex) ratio 
difference between these groups was not statistically 
significant. This finding directed us to use the prefrontal 
cortical thickness value as a part of our index rather than 
using the precentral thickness value. 

5. Conclusion 

Increasing awareness of the disease and prolonging lifetimes 
will result in increasing numbers of patients with Alzheimer’s 
disease in the coming years. Brain MRI will undoubtedly keep 
its steady place in supporting physicians during the diagnostic 
stages. More to add, this precious modality presents us with 
further information than reporting only gross atrophy. Here, an 
FCT value of 0,187 mm and a Pa/FCT ratio index of 3900 mm 
are valuable in the early diagnosis of Alzheimer’s disease. 
With this supportive data, it may be possible to start treatment 
earlier, which in turn may elongate the physically and 
functionally self-competent period of the patients. At this 
period, the patients may still work and live without any 
financial or physical support. Our index values may contribute 
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to the prevention of the socioeconomic burden on the patients 
and their families to some extent by facilitating early diagnosis 
and treatment, postponing the late stages of the disease that 
demands heavy physical and financial support. Applying this 
methodology to other dementia syndromes and Alzheimer 
subtypes (hippocampal sparing AD, limbic predominant AD, 
posterior occipital variant, etc.) in large-scale multicenter 
studies would reveal specific index values for each dementia 
syndrome. 

Abbreviations 

AD: Alzheimer’s disease, MRI: Magnetic Resonance 
Imaging ROC: Receiver Operating Characteristic. 

FC/P1-2: Prefrontal cortical gray matter thickness to 
pontine thickness ratio. 

PC/P1-2: Precentral cortical gray matter thickness to 
pontine thickness ratio. 

Pa/FCT: Estimated pontine area to prefrontal cortical gray 
matter thickness ratio. 

Pa/PCT: Estimated pontine area to precentral cortical gray 
matter thickness ratio. 

Pa/Ba: Estimated pontine area to estimated bulbus area 
ratio. 

Strengths of the Study 

The research is a pioneer study, the first study in the 
literature to our knowledge, in the field of rationalization of 
cortical thickness values to pontine values. Sex and age-
matched groups make the statistical findings more powerful 
since Alzheimer's disease is strongly related to aging. Also, 
the groups are homogenous in every parameter within 
themselves. 

Limitations of the Study 

Other dementia syndromes and AD subtypes could not be 
included in the study due to the small number of specified 
cases. At this point, multicenter studies with our 
methodology and a huge number of cases may establish 
specific index ratios for each dementia entity. 

Statement of Ethics 

This study was approved by Acibadem University Clinical 
Research Ethics Committee with the decision number 2021-
24/14 on 17.12.2021. Also permission was taken from the 
chief physician of the hospital in which the data were stored. 
Written informed consent was obtained for participation in 
this study. 

Data Availability Statement 

All data generated or analysed during this study are 
included in this article. Further enquiries can be directed to 
the corresponding author. 

Consent Statement 

All human subjects provided informed consent for the use 
of MRI and other data. 

Conflicts of Interest 

The authors declare that they have no competing interests. 

 

References 

[1] Gurvit H, Emre M, Tinaz S, Bilgic B, Hanagasi H, Sahin H, 
Gurol E, Kvaloy JT, Harmanci H. The prevalence of dementia 
in an urban Turkish population. Am J Alzheimers Dis Other 
Demen. 2008 Mar; 23 (1): 67-76. 

[2] Şentürk İA, Başar HM, Soykök GU, et al. Prevalence of 
Dementia and Mild Cognitive Impairment in a Rural Area of 
Sivas, Turkey. Cureus. 2021; 13 (2): e13069. 

[3] 2021 Alzheimer's disease facts and figures. Alzheimers 
Dement. 2021 Mar; 17 (3): 327-406. 

[4] Perl DP. Neuropathology of Alzheimer's disease. Mt Sinai J 
Med. 2010; 77 (1): 32-42. 

[5] James BD, Leurgans SE, Hebert LE, Scherr PA, Yaffe K, 
Bennett DA. Contribution of Alzheimer disease to mortality in 
the United States. Neurology. 2014; 82 (12): 1045-1050. 

[6] Stokes AC, Weiss J, Lundberg DJ, et al. Estimates of the 
Association of Dementia With US Mortality Levels Using 
Linked Survey and Mortality Records. JAMA Neurol. 2020; 
77 (12): 1543–1550. 

[7] Hooker D. Early human fetal behavior, with a preliminary 
note on double simultaneous fetal stimulation. Res Publ Assoc 
Res Nerv Ment Dis. 1954; 33: 98-113. 

[8] Miller JL, Sonies BC, Macedonia C. Emergence of 
oropharyngeal, laryngeal and swallowing activity in the 
developing fetal upper aerodigestive tract: an ultrasound 
evaluation. Early Hum Dev. 2003; Feb; 71 (1): 61-87. 

[9] Erman AB, Kejner AE, Hogikyan ND, Feldman EL. Disorders 
of cranial nerves IX and X. Semin Neurol. 2009; 29 (1): 85-92. 

[10] Nicholls JG, Paton JF. Brainstem: neural networks vital for 
life. Philos Trans R Soc Lond B Biol Sci. 2009; 364 (1529): 
2447-2451. 

[11] Wilks T, Gerber RJ, Erdie-Lalena C. Developmental 
milestones: cognitive development. Pediatr Rev. 2010; Sep; 
31 (9): 364-7. 

[12] Corey-Bloom J. The ABC of Alzheimer's disease: cognitive 
changes and their management in Alzheimer's disease and 
related dementias. Int Psychogeriatr. 2002; 14 Suppl 1: 51-75. 

[13] Larson EB, Kukull WA, Katzman RL. Cognitive impairment: 
dementia and Alzheimer's disease. Annu Rev Public Health. 
1992; 13: 431-49. 

[14] Stout JC, Bondi MW, Jernigan TL, Archibald SL, Delis DC, 
Salmon DP. Regional cerebral volume loss associated with 
verbal learning and memory in dementia of the Alzheimer 
type. Neuropsychology. 1999; Apr; 13 (2): 188-97. 



 International Journal of Psychological and Brain Sciences 2024; 9(1): 1-7 7 
 

[15] Harper L, Bouwman F, Burton EJ, et al. Patterns of atrophy in 
pathologically confirmed dementias: a voxelwise analysis. 
Journal of Neurology, Neurosurgery & Psychiatry. 2017; 88: 
908-916. 

[16] Logue MW, Posner H, Green RC, Moline M, Cupples LA, 
Lunetta KL, Zou H, Hurt SW, Farrer LA, Decarli C. MIRAGE 
Study Group. Magnetic resonance imaging-measured atrophy 
and its relationship to cognitive functioning in vascular 
dementia and Alzheimer's disease patients. Alzheimers 
Dement. 2011; Sep; 7 (5): 493-500. 

[17] Persson K, Eldholm RS, Barca ML, Cavallin L, Ferreira D, 
Knapskog AB, Selbæk G, Brækhus A, Saltvedt I, Westman E, 
Engedal K. MRI-assessed atrophy subtypes in Alzheimer's 
disease and the cognitive reserve hypothesis. PLoS One. 2017; 
Oct 16; 12 (10): e0186595. 

[18] Khadhraoui, E., Müller, S. J., Hansen, N. et al. Manual and 
automated analysis of atrophy patterns in dementia with Lewy 
bodies on MRI. BMC Neurol 2022; 22, 114. 

[19] E. J. Burton, R. Barber, E. B. Mukaetova-Ladinska, J. Robson, 
R. H. Perry, E. Jaros, R. N. Kalaria, J. T. O’Brien. Medial 
temporal lobe atrophy on MRI differentiates Alzheimer's 

disease from dementia with Lewy bodies and vascular 
cognitive impairment: a prospective study with pathological 
verification of diagnosis. Brain. 2009; Volume 132, Issue 1, 
January: 195–203. 

[20] Bang OY, Lee PH, Kim SY, et al. Pontine atrophy precedes 
cerebellar degeneration in spinocerebellar ataxia 7: MRI-
based volumetric analysis. Journal of Neurology, 
Neurosurgery & Psychiatry. 2004; 75: 1452-1456. 

[21] Mascalchi, M. MRI CNS Atrophy Pattern and the Etiologies 
of Progressive Ataxias. Tomography. 2022; 8, 423-437. 

[22] Scahill RI, Schott JM, Stevens JM, Rossor MN, Fox NC. 
Mapping the evolution of regional atrophy in Alzheimer's 
disease: unbiased analysis of fluid-registered serial MRI. Proc 
Natl Acad Sci U S A. 2002; 99 (7): 4703-4707. 

[23] Sabuncu MR, Desikan RS, Sepulcre J, et al. The Dynamics of 
Cortical and Hippocampal Atrophy in Alzheimer Disease. 
Arch Neurol. 2011; 68 (8): 1040–1048. 

[24] Wu, BS., Zhang, YR., Li, HQ. et al. Cortical structure and the 
risk for Alzheimer’s disease: a bidirectional Mendelian 
randomization study. Transl Psychiatry. 2021; 11, 476. 

 


