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Abstract

:

The degree of hippocampal dentation, a morphologic feature of the inferior surface of the human hippocampus, has been positively associated with episodic memory performance in healthy adults. This study examined hippocampal dentation in healthy children and adolescents. The Cincinnati MR Imaging of NeuroDevelopment (C-MIND) dataset was used to examine the relationship between age and hippocampal dentation in 90 healthy children, age < 1 to 18 years old, using T1-weighted MPRAGE scans. Hippocampal dentation was assessed by counting the number of dentes for the left and right hippocampi. Participants had slightly more left than right hippocampal dentes, on average. Dentation did not differ significantly between males and females. Correlational analyses revealed that the numbers of left, right, and total dentes were positively associated with age in this sample. Interestingly, these data highlight the wide variability of dentation in older age groups. While younger children tended to have absent or few dentes, a range of dentation was present in older children and adolescents (ranging from absent to numerous, bilaterally). This is consistent with previous research in a healthy adult cohort, where a range of dentation was also observed. This study is the first to examine hippocampal dentation in children.
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1. Introduction


Human hippocampal anatomy is particularly complex, given its unique shape and layered cellular structure. A large portion of this structural development occurs during gestation, and by 34 weeks gestational age, hippocampal subfields (i.e., subiculum, CA1, CA2, and CA3) are distinguishable and the dentate gyrus has developed an adult-like appearance [1,2]. Postnatal change includes decreases in cell density [1] and myelination of the hippocampal formation, continuing well into adulthood [3]. Regarding volume, several studies indicate a non-linear relationship between hippocampal volume and age in children [4,5,6], with increases early in childhood followed by relative stability later in childhood [6] and during adolescence [6]. Despite reported changes in volume, no significant morphological changes are known to occur from childhood into adulthood [1].



Hippocampal dentation is an aspect of hippocampal morphology that has not been previously examined in children. Hippocampal dentation, present on the inferior surface of the hippocampus (primarily CA1/subiculum layer), has been described in few existing studies in adults [7,8,9,10], and has been mentioned only briefly in anatomical references [11,12,13]. This region has only recently been the target of morphological measurement via high-resolution neuroimaging techniques [14]. Hippocampal dentation has been referred to variously as “folds of CA1” [11], and “digitations” or “digitationes hippocampi” [8,12]; however, we differentiate hippocampal dentation, which is a ridged contour on the inferior aspect of the hippocampus that varies considerably across individuals [7], from digitation, which is seen ubiquitously on the anterior superior aspect of the hippocampal head [15]. Research has shown that healthy adults exhibit wide variability in the quantity and prominence of hippocampal dentation, including the complete absence of any observable dentation in 9% of a healthy adult sample. Hippocampal dentation has also recently been shown to be asymmetrically associated with hippocampal sclerosis in temporal lobe epilepsy (TLE), with 70% of the affected hippocampi showing nearly complete loss of dentes [10]. Interestingly, loss of dentation was associated with the epileptic hippocampus, even after correcting for volume loss, suggesting that loss of dentation in TLE is part of the pathologic process and not simply a secondary effect of hippocampal volume loss. Additionally, hippocampal dentation was associated with aspects of both verbal and visual memory performance in a healthy adult cohort, highlighting the functional significance of this structural feature [7]. The present study is the first to examine the development of hippocampal dentation in children and adolescents. Given that (1) postnatal change has been documented within the hippocampus and (2) an increase in cortical gyrification has been observed during childhood and adolescence [16], we hypothesized that hippocampal dentation would increase during this developmental period (i.e., birth to 18 years old).



In addition, given that previous research has shown gender differences in the total volume and developmental trajectory of the hippocampus in males and females [5,17,18], and that males had a greater degree of dentation than females in a healthy adult cohort [7], this study also examined whether hippocampal dentation differs between males and females in a younger age group.




2. Materials and Methods


2.1. Data Acquisition (C-MIND)


The data presented in this work were obtained from the Cincinnati MR Imaging of NeuroDevelopment (C-MIND) database, provided by the Pediatric Functional Neuroimaging Research Network at https://research.cchmc.org/c-mind/ (accessed on 16 March 2017). This Network and the resulting C-MIND database were supported by a contract from the Eunice Kennedy Shriver National Institute of Child Health and Human Development (HHSN275200900018C). Participants were native English speakers with no history of neurological or psychiatric disease in the child or first-degree relatives. Exclusionary criteria included the following: gestation outside 37 to 42 weeks, birth weight less than the 10th percentile, body mass index outside the 5th to 95th percentiles, chronic illness, a school grade average of D+ or below, special education placement based on ability or behavior, previous head trauma, abnormal neurological examination, head circumference outside the 5th to 95th percentiles, and abnormal MRI findings. Please see the C-MIND User Manual, available online at https://research.cchmc.org/c-mind/manual-project-overview (accessed on 16 March 2017), for more information on the study protocol and data collection, which were approved by the Institutional Review Board at Cincinnati Children’s Hospital Medical Center (CCHMC). Data were used in the current study with permission from the Pediatric Neuroimaging Research Consortium, as well as the Institutional Review Board at the University of Alabama at Birmingham.




2.2. Sample Demographics


Ninety healthy, right-handed children, between birth and 18 years old were randomly selected from the C-MIND database (age rangesample: 0 years, 9 months to 18 years, 10 months). Scan quality was rated 0–3 by researchers at the C-MIND Consortium (0 = perfect and 3 = poor). For this study, only scans of quality 0 (“perfect data”) or 1 (“good image quality and contrast”) were considered for inclusion in order to adequately visualize hippocampal dentation (see Section 8: Quality Assurance Procedures of the C-MIND User Manual at https://research.cchmc.org/c-mind/8-quality-assurance-procedures (accessed on 16 March 2017) for more information).



The sample size was based on feasibility and scan quality, with up to five participants selected at each age, from birth to 18 years old. Scan quantity and/or quality were limited in several age groups, including less than one year of age (2 scans available), 17-year-olds (4 scans), and 18-year-olds (4 scans). For all other age groups, random selection was used to identify five participants for inclusion. The sample included 50 females (56%) and 40 males. Of note, the database uses the term “gender” and does not differentiate gender from biological sex, therefore the data and results are presented using the term gender. Parent race was reported as follows: 66% of mothers in the study were Caucasian, 29% were African American, 1% were Asian, 1% were biracial, and 3% were not reported; fathers’ race included 62% Caucasian, 32% African American, 1% Asian, and 4% not reported. Participant ethnicity included 6% Hispanic or Latino. Annual household income was reported in ranges ($0–5000 to over $150,000) and median household income was $50,000–75,000 in this sample. For more information on sample household income as well as parental education level, see Table A1 and Table A2.




2.3. Neuroimaging


Neuroimaging data included an anatomical MRI scan (acquisition time: approximately 38 min). The protocol included a desensitization period to acclimate participants to the scanning environment, described previously [19,20] and outlined online at https://research.cchmc.org/c-mind/visitors/preparing (accessed on 16 March 2017). A Philips 3T Achieva scanner with 32-channel head coil was used to acquire 3D T1-weighted anatomical MPRAGE scans (1 × 1 × 1 mm3). Scans were visualized using 3D Slicer software, Version 4.5.0.




2.4. Dentation Assessment


Hippocampal dentation, present in the CA1/subiculum of the human hippocampus, was assessed in this study by counting the number of hippocampal dentes for the left and right hippocampus of each participant individually (Figure 1, Figure 2 and Figure 3). Hippocampal dentation was visualized in the sagittal plane, using all available sagittal slices to determine the total number of dentes for each hippocampus. Hippocampal dentation was described previously in adults using ultra high-resolution structural neuroimaging (HR-MICRA technique with 0.5 × 0.5 × 0.75 mm3 resolution) [7]. While a previous study described hippocampal dentation in terms of both quantity and prominence, in this study, dentation was measured by quantity only, adapted due to the reduced visibility of dentation and the SRLM layer (stratum radiatum, lacunosum, and moleculare) in this scan resolution. See Beattie and colleagues (2017) for more detailed methodology on the previous study. In the current study, right and left hippocampal dentes were counted for all participants by a researcher trained in hippocampal anatomy (J.F.B.). The main analyses were conducted using these results. Approximately 25% of scans (n = 24) were counted by two additional trained researchers (T.A.C. and R.Q.J.) to assess inter-rater reliability. All raters were blinded to participant variables, including age, while counting dentation.




2.5. Experimental Design and Statistical Analysis


Visual inspection of bivariate scatter plots revealed a linear trend between the number of dentes and age. Independent and dependent variables had skewness and kurtosis values less than the absolute value of 2.0. No multivariate outliers were found for the relationships between demographic variables (i.e., age, height, and weight) and left, right, or total number of dentes (Mahalonobis’ Distance of less than 15.0 and Cook’s Distance less than 1.0). The independence of residuals was observed, based on a Durbin–Watson test statistic close to 2. Normality of residuals was assessed for the relationship between age and number of left, right, and total dentes using the Kolmogorov–Smirnov test for normality. Normality was violated for the relationship between age and number of left dentes, but the null hypothesis of a normal distribution was retained for the relationship between age and number of right dentes and number of total dentes. Visual inspection of bivariate scatter plots of the residual and predicted data points revealed mild heteroscedasticity in the data. Square root and logarithmic transformations were explored; however, homoscedasticity was not achieved with these transformations, therefore, the data were analyzed in their original form to preserve interpretation. Implications were considered. Statistical analysis was performed in SPSS.



There were no missing data for the primary variables of interest, including hippocampal dentation (right, left, and total) and participant age. Birth weight, current height, and current weight were not available for a small number of individuals (see Table 1); however, the number of individuals with missing data points was small and scattered among age groups (<3% of individuals with missing data; see Table 1); therefore, the impact of these missing data was considered minimal [21].



Reliability of dentation assessment at this age and scan resolution was measured using an intra-class correlation coefficient ICC (3,1) to assess the absolute agreement for two additional raters (T.A.C. and R.Q.J.) with the dentation counts used in the main analyses (J.F.B.), according to methods reported elsewhere [22]. The analysis included left and right dentes, considered together. Agreement between all three raters was 0.53, with a 95% confidence interval (CI) (0.29, 0.70), and was considered fair. When considered individually, ICCs between rater J.F.B. and raters T.A.C. and R.Q.J. were 0.62 and 0.70, which is considered to be a good reliability [23].





3. Results


A range of dentation was observed for left (range: 0–8,   x ¯  = 2.82, s = 1.79), right (range: 0–7,   x ¯   = 2.44, s = 1.69), and total dentes (range: 0–14,   x ¯   = 5.27, s = 3.17). Two-tailed Pearson correlational analyses were conducted to examine the relationship between hippocampal dentation and age in this sample. Analyses revealed a significant positive association between age and number of left (r = 0.34, p = 0.001), right (r = 0.31, p = 0.003), and total dentes (r = 0.36, p = 0.001) (Figure 4 and Figure 5). The means and standard deviations for number of hippocampal dentes by age group are included in Table A3.



Visual inspection indicated that variability in dentation appeared to increase with age, such that there was more variability in number of dentes in older children and adolescents when compared with infants and young children. Given the increasing variability in the number of dentes with participant age noted in bivariate scatter plots (Figure 4), an additional analysis was conducted to determine whether there was a significant relationship between variability in hippocampal dentation (i.e., standard deviation) and age group. This analysis, consisting of a two-tailed Pearson correlation, revealed a significant positive association between the age group and standard deviation of the number of total hippocampal dentes (r = 0.56, p = 0.01) (Figure 5).



A paired samples t-test was conducted to determine whether there was a significant difference between the number of left and right hippocampal dentes in the sample. Individuals in this sample tended to have more left than right dentes (difference score (L–R):   x ¯   = 0.38, s = 1.44), t(89) = 2.49, p = 0.02 (Figure 6).



Two-tailed Pearson correlations were conducted to examine the relationship between the number of hippocampal dentes and demographic variables, including birth weight, current height, and current weight. Analyses revealed significant associations between the number of left, right, and total dentes with height (p < 0.05), but not with current weight or birth weight (p > 0.05) (Table 1).



Independent samples t-tests were conducted to determine whether hippocampal dentation differed between males and females. No significant differences were observed between groups, including the number of left dentes between males (  x ¯   = 3.05, s = 1.77) and females (  x ¯   = 2.64, s = 1.80); t(88) = 1.08, p = 0.28, number of right dentes between males (  x ¯   = 2.75, s = 1.79) and females (  x ¯   = 2.20, s = 1.58), t(88) = 1.55, p = 0.13, or number of total dentes between males (  x ¯   = 5.80, s = 3.17) and females (  x ¯   = 4.84, s = 3.13) in this sample, t(88) = 1.44, p = 0.15 (see Figure 7).




4. Discussion


4.1. Hippocampal Dentation and Age


Based on a sample of healthy children and adolescents (age 9 months to 18 years old), hippocampal dentation showed a small positive correlation with age, such that older children had a larger number of dentes, on average. This does not appear to directly mirror volumetric changes, which broadly exhibit relative stability following early childhood [17,24]. This differential developmental pattern between hippocampal dentation and volume appears to be generally consistent with past research in adults, which found no association between hippocampal dentation and hippocampal volume [7]. Overall, hippocampal dentation describes shape of the hippocampus rather than the size, and does not appear to be a redundant or surrogate measure of volume. In addition, this finding of a greater number of hippocampal dentes with age introduces a potential form of morphological change that occurs during childhood and adolescence, previously believed to be minimal in the human hippocampus [1]; however, conclusions here are limited by a cross-sectional study design. Given the functional significance of hippocampal dentation in adults, it is important to describe the typical developmental trajectory of dentation—that is, describing when dentation first develops and whether this continues throughout the lifespan. At the same time, there seems to be a significant degree of individual variability, such that not all adults show visible dentation.




4.2. Variability of Hippocampal Dentation by Age


While primary analyses revealed a significant positive association between age and number of hippocampal dentes, visual inspection of the data (see Figure 4) indicated that while younger children tend to have fewer hippocampal dentes, older children and adolescents display wide variability in the number of hippocampal dentes. This was supported by a post-hoc analysis, which revealed a positive association between age group and variability in hippocampal dentation (i.e., standard deviation). The observed degree of variability found in our current study is consistent with a previous finding in a healthy adult cohort, where a wide range of hippocampal dentation was observed [7]. In a study examining volume, substantial variability in hippocampal volume was observed in healthy children aged 4–18 years old; however, the results did not indicate whether the distribution of hippocampal volume varied with age [17].




4.3. Hippocampal Dentation and Gender


Previous research varies in both methodology and reporting when analyzing sex and/or gender differences [5,17,18]. No gender differences were observed between males and females in the right, left, or total number of hippocampal dentes in this sample. Gender differences were previously observed in healthy adults, with males having a greater degree of right and left hippocampal dentation [7]. Observed differences in the two studies could be attributable to age, with gender differences emerging during adulthood. Alternatively, both prominence and quantity were examined in the previous study, thus it is possible that males have a tendency to have more arciform (prominent) dentes, where females have a higher rate of sinusoidal dentes, leading researchers to detect gender differences using one methodology (i.e., the rating system in the previous study) and not the other (i.e., counting dentes used in the present study). More research is needed to elucidate sex and gender differences in hippocampal dentation across the lifespan.




4.4. Hippocampal Dentation and Demographics


In addition to showing a positive relationship with age, the quantity of hippocampal dentes (right, left, and total) was associated with height in this sample. This is not surprising given the strong correlation between age and height in children. No significant correlation was found with weight (current nor birth weight).



Interestingly, prematurity and extremely low birth weight have been associated with memory difficulties during childhood [25,26], which may persist into adulthood [27], justifying an investigation of hippocampal dentation related to birth weight or gestational age. In our study sample, there was no relationship between birth weight and hippocampal dentation; however, due to the study aims of investigating typical development, children with birth weight less than the 10th percentile, as well as those born prematurely (<37 weeks), were excluded from the study. The resulting data were therefore truncated in these parameters. This could lead to limited power to detect an effect related to hippocampal dentation. Future research may examine this relationship in a sample of individuals who were born prematurely and/or at a very low or extremely low birth weight.




4.5. Reliability of Dentation Assessment


Reliability analysis was conducted to determine the consistency of counting dentes at this resolution and in this age range. In a previous study with healthy adults [7], reliability was excellent, ICC (3,1) = 0.94, 95% CI (0.89–0.96). Based on non-overlapping confidence intervals, we can deduce that the ICC in the previous adult study was higher than the current study. While the reliability in this study was good, the ICC values may be relatively lower when compared to the previous study due to the decreased scan resolution and contrast, as well as the younger age range. Given that dentation is associated with age, it is possible that dentation “emerges” during childhood. That is, the prominence of dentes may increase over time (although the current study did not address this hypothesis), making it difficult to distinguish when to “count” a dente (i.e., a threshold). This could contribute to less absolute agreement between raters when counting hippocampal dentation. Additionally, a fixed voxel size appears relatively larger compared to overall hippocampal size in a smaller brain (e.g., infants), making visualization of hippocampal dentation more difficult, assuming the size of the dentes is proportional to the overall hippocampal size. Finally, the methodology differed between the two studies (counting dentes vs. rating quantity and prominence). Reliability in this study was classified as “fair” to “good” and was considered acceptable for measuring this construct; however, the lower reliability in this sample provided support for developing more objective techniques to measure hippocampal dentation.




4.6. Limitations


The limitations of this study included a lower scan resolution compared to previous work examining hippocampal dentation. This presented methodological challenges; however, this scan resolution was determined to be acceptable for viewing the quantity of hippocampal dentes and provided significantly more generalizability for studying hippocampal dentation. Scan acquisition time for an ultra-high resolution neuroimaging session may present substantial barriers, particularly in studying a population of infants and young children. Examining dentation in this image resolution also allows for more readily available clinical use and the interpretation of this construct, in addition to larger sample sizes in research.



Although this study had a relatively large sample size and was well-powered to detect a main effect of age, this sample included a relatively small number of individuals in each age group, particularly in very young children (i.e., less than 12 months of age). Due to rapid brain development during the first years of life, it would be interesting to study additional individuals in this age range so as to better describe characteristics of hippocampal dentation in the early years of life. Sample diversity was generally representative of the region; however, increasing the sample diversity would help detect potential differences in development across groups. The cross-sectional design of this study limits conclusions about developmental trajectory over time.



Participant gender was one of the demographic variables collected in the data set utilized in this study, but was not differentiated from biological sex. As sex (biological descriptive term) and gender (socially-defined construct) are not synonymous, we were unable to explore the nuances of these relationships as part of this study. While we saw no significant gender differences in hippocampal dentation, we cannot definitively rule out sex differences within this sample. This should continue to be explored in future research.




4.7. Future Directions


Future work should examine the development of dentation in longitudinal samples to better assess stability and/or development of this construct over time within individuals. Furthermore, the quantity of hippocampal dentation was related to age in children and adolescents, but not in adulthood, when focusing on early to middle adulthood [7]. It would be interesting to examine this relationship in older adults to determine whether loss of hippocampal dentation occurs during healthy aging, or whether this construct is stable after initial development early in life.



Thus far, hippocampal dentation has been examined primarily in healthy populations to describe the typical development and course of this morphological feature. Important future directions include examining this construct in individuals with neurological conditions, including those where memory impairment is pronounced (e.g., temporal lobe epilepsy, Alzheimer’s disease), such as the work recently established by Ramaniharan and colleagues [10]. Additionally, the examination of this feature in individuals with neurodevelopmental differences may shed light on whether this feature plays a role in neurodevelopmental disorders.



Future work should also explore genetic and/or environmental contributors to the development of dentation, including factors such as family socioeconomic status, parent educational attainment, and variables exploring quality of education, as well as parental dentation.



Finally, future directions include the development of a more objective and less time-intensive method to assess hippocampal dentation. Ideally, this measure would incorporate both quantity and prominence, and would be available for use in a relatively accessible scan resolution (e.g., MPRAGE). Recent work towards this effort has been reported [14]. The lower ICCs in this study, while still acceptable, suggests that objective methods would be particularly beneficial for infants and young children, where hippocampal dentation could be more subtle and voxel size appears to be relatively larger.





5. Conclusions


This study provides the first examination of hippocampal dentation in children and adolescents, to the best of our knowledge. The aim was to describe the development of hippocampal dentation in this age range. The results revealed that there is a significant positive association between age and number of hippocampal dentes (left, right, and total). Hippocampal dentation was not related to gender in this sample. Individuals had slightly more left than right dentes. Interestingly, variability in the number of dentes increased significantly with age, such that older children and adolescents displayed a wide range in number of hippocampal dentes, ranging from absent to numerous in both the left and right hippocampi. These results are consistent with a description of hippocampal dentation in a sample of healthy adults, which indicated wide variability in the degree of hippocampal dentation.
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Table A1. Parents’ educational attainment.






Table A1. Parents’ educational attainment.










	
	Mothers
	Fathers





	Less than high school
	4% (n = 4)
	7% (n = 6)



	High school
	17% (n = 15)
	23% (n = 21)



	Some college
	19% (n = 17)
	24% (n = 22)



	College
	30% (n = 27)
	27% (n = 24)



	Some graduate level
	6% (n = 5)
	(n = 0)



	Graduate level
	21% (n = 19)
	13% (n = 12)



	Not reported
	3% (n = 3)
	6% (n = 5)
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Table A2. Annual household income.






Table A2. Annual household income.









	
	Percent of Sample





	$0–$5000
	12%



	$5000–$10,000
	1%



	$10,000–$15,000
	6%



	$15,000–$25,000
	8%



	$25,000–$35,000
	8%



	$35,000–$50,000
	10%



	$50,000–$75,000
	14%



	$75,000–$100,000
	21%



	$100,000–$150,000
	11%



	Over $150,000
	4%



	Not reported
	4%
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Table A3. Descriptive statistics: hippocampal dentation by age group.






Table A3. Descriptive statistics: hippocampal dentation by age group.





	

	

	
Number of Dentes




	
Age Group (Years)

	
Frequency

	
Left

	
Right

	
Total






	
<1

	
2

	
0.50 (0.71)

	
1.00 (0.00)

	
1.50 (0.71)




	
1

	
5

	
2.40 (0.55)

	
1.80 (0.84)

	
4.20 (1.10)




	
2

	
5

	
2.00 (0.71)

	
1.80 (0.84)

	
3.80 (1.10)




	
3

	
5

	
2.00 (1.00)

	
1.40 (1.14)

	
3.40 (1.95)




	
4

	
5

	
2.40 (1.82)

	
1.80 (0.84)

	
4.20 (2.39)




	
5

	
5

	
2.60 (1.67)

	
2.00 (1.87)

	
4.60 (3.29)




	
6

	
5

	
1.80 (1.30)

	
1.60 (1.67)

	
3.40 (2.88)




	
7

	
5

	
3.00 (1.22)

	
3.20 (1.64)

	
6.20 (2.77)




	
8

	
5

	
2.60 (1.52)

	
2.60 (1.95)

	
5.20 (2.59)




	
9

	
5

	
3.20 (2.68)

	
3.00 (1.73)

	
6.20 (3.90)




	
10

	
5

	
3.40 (0.89)

	
3.00 (1.58)

	
6.40 (2.07)




	
11

	
5

	
3.20 (2.59)

	
2.60 (2.51)

	
5.80 (4.92)




	
12

	
5

	
3.40 (1.82)

	
2.80 (1.30)

	
6.20 (3.11)




	
13

	
5

	
2.40 (1.14)

	
2.00 (0.71)

	
4.40 (1.52)




	
14

	
5

	
1.80 (1.92)

	
1.80 (1.79)

	
3.60 (3.51)




	
15

	
5

	
3.60 (3.05)

	
3.40 (2.19)

	
7.00 (4.64)




	
16

	
5

	
4.20 (1.30)

	
2.80 (2.28)

	
7.00 (3.08)




	
17

	
4

	
4.75 (0.96)

	
4.50 (1.73)

	
9.25 (1.26)




	
18

	
4

	
3.50 (3.00)

	
3.00 (2.45)

	
6.50 (5.32)
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Figure 1. Hippocampal dentation visible in a 7-year-old participant. (A) Sagittal view, with the left hippocampus shown in the black box. (B) Coronal view, with corresponding sagittal placement of the viewing panes in (A,C). A larger image of the hippocampus is visible in (C), with black arrowheads indicating three dentes visible in this sagittal slice. All available sagittal slices were used to count the dentes for each hippocampus. 
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Figure 2. (A) Sagittal view of the left hippocampus of a 9-month-old participant. The black box highlights the location of the hippocampus in this view. (B) Coronal view indicating the lateral placement of the sagittal plane seen in (A,C). (C) A more detailed view of the left hippocampus for this participant, with no visible dentes and the smooth contour of the inferior aspect of the hippocampus traced. 
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Figure 3. Both (A,B) show sagittal views of left hippocampi from two different 18-year-old participants. (A) A hippocampus with multiple dentes (indicated by black arrowheads), and (B) a relatively flat hippocampus, with the inferior surface traced by the black dotted line. This highlights the variability in hippocampal dentation observed among healthy individuals of the same age. Hippocampal dentation is pictured here in a single representative sagittal slice for each participant. 
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Figure 4. The relationship between total number of hippocampal dentes and age (n = 90), with a linear trend line (p = 0.001). Of note, the variability in number of dentes is high, particularly in older age groups. Individuals with few or no dentes are also seen across the age range. 
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Figure 5. Scatter plot showing the correlation between standard deviation of the number of total hippocampal dentes and age group. The larger standard deviation among older age groups indicates greater variability in the number of hippocampal dentes among older children/adolescents. A significant positive association was found between age group and standard deviation (p = 0.01). The range in variability for older age groups may be observed due to the small sample size in each age group. 
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Figure 6. Association between number of left and right dentes individually with age, displayed with linear trend lines. Paired samples t-test revealed a greater number of left dentes for participants, on average. 
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Figure 7. The range of hippocampal dentation among males and females. No significant gender differences were observed (p > 0.05). 
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Table 1. Pearson correlations: hippocampal dentation and demographics.
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Number of Hippocampal Dentes




	

	
Left

	
Right

	
Total






	
Birth weight (lb) A

	
0.07 (p = 0.54)

	
−0.10 (p = 0.36)

	
−0.02 (p = 0.89)




	
Height (cm) B

	
0.29 (p = 0.006) **

	
0.27 (p = 0.01) *

	
0.31 (p = 0.004) **




	
Weight (kg) B

	
0.21 (p = 0.052)

	
0.13 (p = 0.23)

	
0.19 (p = 0.08)








Note: statistics reflect r-value (p-value), * denotes significance at p < 0.05, ** denotes significance at p < 0.01, A n = 89; 1 unreported birth weight, B n = 87; 3 unreported height and weight.
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