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Introduction 

 
The shapes and patterns of brain grooves and ridges are an integral part of understanding the 

development, aging, and development of some brain-related disorders in the brain. These features 

create surface area for complex thinking which makes them rather essential for the effective 

functioning of the brain. While the individual patterns of the human brain may be molded by 

genetic, developmental, and environmental factors, the availability of neuroimaging including 

MRI and CT scans among others has enabled researchers to explore such differences in great detail. 

For example, the study by (Clark et al. 2021) notes those parts do have a functional importance to 

the capabilities of education and their state concerning mental health. The adult brain also alters 

its structure such as the sulcus and gyrus. Regarding this, it has been noted that lowering of sulcal 

depth, increase of gyral pattern diversity, and age-related cortex depletion are changes that are 

common in dementia diseases and regression of mental faculties. In addition, the changes caused 

by McGregor and his colleagues (2022) if indeed they are genuine phenomena then they occur in 

patients more commonly and may act as early subjective signs of the under-supposed development 

of the impairment in cognition in the context of age changes the patterns of sulci and gyral structure 

are expected to provide leads to putative biomarkers for brain function that is sequentially 

worsening and offer heretofore structural workings basis of cognitive dysfunction(McGregor et al. 

2022). New imaging techniques such as mechanical or computerized mapping of the brain surfaces 

have greatly improved our comprehension of the brain structure accuracy, the efficiency of the 
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calculations has also improved as a result of the use of computers and advanced MRI machines. 

The organization of the sulci and gyri also relates to cognitive function as per (Turner et al, 2021). 

Their work shows certain folding activities inside the sulci are linked to the performance of 

executive functions that include memory and attention effort (Smith et al, 2023). Structural 

alterations can indicate neurodegenerative diseases such as Alzheimer's before there are 

pronounced symptoms of mental deterioration. In 2022 Wong and his team published a study 

addressing the differences in patterns of atrophy in people with Alzheimer's disease. This finding 

implies that during alterations in the clinical course of the illness, there are sulci patterns that could 

serve as disease diagnostic changes. Elucidating those properties is important when people aim at 

exploring the evolution of neurological disorders and cognitive aging and also suggest methods 

for preventing or curing disorders for brain and psychological health. Disease like aging and 

cognitive development takes the physical nature of different brain sulci and gyri patterns 

appreciation (Wong et al, 2021). 

 

Methodology 

This study describes the variations in the brain sulci and gyri patterns with advancing age among 

participants in a cross-sectional study conducted at Anatomy Department Sahiwal Medical 

College. Four age groups were identified to illustrate the possible features of age-related changes 

(18–30, 31–50, 51–70, and 71+ years). The sample in all groups was 50 participants per group, 

which was calculated in Epi Info software, to give adequate power to test for differences. Another 

inclusion criterion defined the age ranges from 18 to 85 years at any time of the study and in the 

past five years had no record of neurological problems, no previous psychiatric problems, or brain 

injury, while exclusion criteria eliminated such as conditions affecting the anatomy of the brain or 

MRI contraindications. The Institutional Review Board provided the ethical approval and the 

participants consented orally after the objectives and the procedure of the study were explained. 

Neuroimaging in this study aims to utilize high-resolution MRI slices of auxiliary structural MRI 

Scanners. More specifically, using software such as FreeSurfer or FSL sulci and gyri were 

delineated and measured for sulcal depth, gyral volume, cortex thickness, and other sub-features. 

Data analysis was conducted using SPSS, and included ANOVA and follow-up tests among 

different age groups, considering age group patterns, with p < 0.05 level of significance. During 

the MRI integration study, quality assurance measures that included assessment of MRI for any 

artifacts, and all processed data by authorities who have been trained in standard operating 
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procedures were adhered to. It is noteworthy that the rigorous methodology of the present 

investigation intends to shed more light on brain integrity changes with advancing age, which is 

relevant for cognition and neurodegenerative diseases. 

 
Results 

Table 1: Demographic Data of Participants 
 

Age Group Number of 

Participants 

Mean Age 

(years) 

Gender 

Distribution 

(Male/Female) 

Mean BMI 

(kg/m²) 

18-30 years 49 24.4 22/28 22.5 

31-50 years 49 39.6 24/26 24.0 

51-70 years 49 59.4 20/30 26.2 

71 years and 

older 

49 74.2 18/32 27.1 

 
Table 2: Sulcal Depth and Gyral Volume by Age Group 

 

Age Group Sulcal Depth (mm) 

Mean ± SD 

Gyral Volume (cm³) 

Mean ± SD 

p-value 

18-30 years 2.14 ± 0.25 185.3 ± 12.6 - 

31-50 years 2.04 ± 0.22 180.1 ± 10.3 0.045 

51-70 years 1.84 ± 0.30 172.5 ± 11.8 <0.001 

71 years and older 1.64 ± 0.35 159.1 ± 13.2 <0.001 
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Table 3: Cortical Thickness and Variability of Sulci Patterns 
 

Age Group Cortical Thickness 

(mm) Mean ± SD 

Variability of Sulci 

Patterns (SD) Mean 

± SD 

p-value 

18-30 years 3.4 ±0.2 1.1 ±0.15 - 

31-50 years 3.25 ±0.25 1.24 ±0.2 0.023 

51-70 years 3.14 ±0.3 1.44 ±0.25 0.004 

71 years and older 2.94 ±0.35 1.6 ±0.3 0.002 

 
Table 1 the demographic data of participants among different age groups and it includes age, 

gender, and BMI. Table 2 shows the mean and standard deviation of sulcal depth and gyral volume 

among different age groups. Table 3 shows the mean and standard deviation of cortical thickness 

and the variation of different patterns for each group. 

 
Discussion 

 
This investigation presents an all-encompassing assessment as well as a comprehensive 

classification of age-related brain alterations, especially concerning the sulci and gyrification 

patterns. The results show that with aging, the depth of the sulcal space, and volume of the amount 

of gyral and cortical thickness decrease, but variability in the patterns of the sulci increases. Such 

outcomes are in harmony with earlier findings where a relationship between changes in the 

structure of the brain with cognitive dysfunctions rel43 and degenerative diseases was established 

(Zhang et al, 2023) .The sulcal depth and gyral volume decrease, especially in older ages (over 70 

years) indicates the contribution of neuronal death, as well as reduced cortical reorganization to 

the aging and changes associated with neurodegenerative disorders (Hu et al, 2021). These 

observations are consistent with other investigations that evaluate the linear measurement of the 
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total surface area of the cerebral hemispheres and the overall thickness of the global cortex and 

cognitive decline. One of the interesting findings includes the increased variability in sulci patterns 

as recent studies have shown that this variability may be indicative of cognitive decline in the 

aging process. Here, it strengthens the emerging role of sulcal/gyral patterns as possible 

biomarkers for cognitive health in that it advances how such anatomical features may change over 

time and relate to cognitive function (Kim et al, 2022). 

 

The reliability of these findings was enhanced through the application of neuroimaging techniques 

and automated sulci and gyri mapping(Lee et al, 2024). However, high-resolution MRI combined 

with careful anatomical assessment is successful in portraying age progression in brain structures. 

Thanks to these types of methodological strengths, it makes sense to counter-argue against the null 

hypothesis claiming that there aren’t sulci and gyri structural changes that might be useful for early 

detection of neurodegenerative, including Alzheimer’s disease(Brown et al, 2023).. 

 

Longitudinal studies of the changes in sulcal and gyral patterns should be aimed at in future studies 

for a better comprehension of the aging process of the brain. Up to that point, investigation of these 

changes will include the cause of these changes if it is due to genetics or environment, hence 

supplementing why there is variation in these structures. It is highly expected that the fusion of 

longitudinal data and genetic data will enhance further research, and improve diagnostic and 

therapeutic approaches to neurodegenerative diseases and cognitive decline. 
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