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Abstract 

Background: Major depressive disorder (MDD) is one of the most frequently diagnosed mental 

disorders in the world today and poses a higher risk in women (roughly double) than in men. Despite 

this, there is a lack of substantial knowledge about both the underpinnings of MDD and the physio-

morphological consequences it might bring to anatomical brain regions. There are some clinical 

reports suggesting hippocampal shrinkage in patients with MDD, while there also exist other studies 

that, in contrary, have failed to find this hippocampal variation when comparing MDD patients with 

healthy subjects. The mechanisms underlying MDD, especially the gender-related difference in 

hippocampal volumetric-metabolic alteration of MDD patients, remain not fully understood. This 

study aimed to investigate the hippocampal morphometry and metabolite concentration alteration in 

female MDD patients compared to healthy controls. 

Methods: In this study 27 female individuals were recruited, in which 15 were MDD subjects and 12 

were healthy controls. The data used was acquired using a 3.0T Siemens Verio MRI scanner at the 

Shanghai Mental Health Center, China. The morphometric analysis was performed by employing two 

different magnet resonance imaging analysis approaches by using the following software: Voxel 

Based Morphometry (VBM) toolbox and FreeSurfer. Furthermore, the left and right hippocampal 

volumetric results achieved from these mentioned software were analyzed in units of hippocampal 

absolute volume (H-AV) and hippocampal grey and white matter volumes ( H-GMV and H-WMV, 

respectively). The statistical comparisons were further performed on both the following packages: 

Statistical Parametric Mapping (SPM) and Statistical Package for the Social Science (SPSS). The 

analysis of metabolic concentration was done using LCModel software and the followed hippocampal 

volumetric-metabolic correlation investigation was performed using SPSS. 

Results: In the volumetric study no significant volumetric differences were found between female 

MDD patients and healthy controls. On the other hand, in the metabolite concentration alteration study 

a significant positive correlation (R = 0.576, p= 0.05) between the right hippocampal absolute volume 

and its metabolite Choline (Cho) concentration was found.  

Conclusion: Our results showed that the hippocampus did not adopt a morphological change in female 

MDD patients. Regarding other studies showing the opposite, we can not entirely discard the 

possibility that the hippocampus may change as an effect of MDD. This volumetric change might be 

related to several factors such as the time taken for onset of the disease, recurrence and periodicity of 

depression, in which gender may also played an important role. The positive correlation between right 

hippocampus absolute volume and Cho concentration showed an association of neurodegradation or 

cellular membrane turnover with the structural alteration of hippocampus in female MDD patients. To 

our knowledge, this is the first findings of a volumetric-metabolic correlation of the hippocampus 



 
 

alteration in female MDD study. The detailed underpinnings of female MDD anatomical and 

metabolic variations merit further investigations. 

Keywords: Major depression disorder, Hippocampus, Neuroimaging, MRI, MRS, Voxel Based 

Morphometry, FreeSurfer, Metabolite, Volume.  
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Chapter 1. Introduction  

Depression has been characterized as one of the most common mental disorders worldwide 

nowadays. According to the World Health Organization (WHO), approximately 350 million people 

were diagnosed with depression1, which assuming a world population of approximately 7.3 billion 

people that constitutes 4.7 % of the entire population. The word depression is a general term 

comprising a diverse array of various forms of depression. The daily usage of this generalization leads 

in some cases to confusions as each kind of depression has an unequal effect on the depressed 

individual. Depression is a complex illness that can be expressed in many emotionally different ways, 

predominantly as sadness, loss of pleasure and interest, feeling guilty and worthless, disturbed 

appetite or sleep routines and concentration difficulties. 2  Likewise, depression could be long-term or 

recurrent, substantially affecting the subject’s daily life at work, school, social relations, etc.2 

As mentioned earlier, several kinds of depression have been mapped - some of the most 

commonly seen types of depression among patients are Major Depressive Disorder (MDD) or 

Unipolar Depression, Persistent Depressive Disorder, Bipolar Disorder, Psychotic Depression and 

Postpartum Depression.3 In addition, depression can be further subdivided in terms of severity (mild, 

moderate or severe), requiring an extensive medical examination in order to diagnose a depressed 

subject. For mild depression, independently of the containment of the word mild on its name, patients 

with this level of depression should be concerned. These individuals are characterized by the regular 

presence of less interest in things that they previously liked to do, as well as exhibiting an unusual 

peevishness and reduced motivation affecting his/her daily life. Effective treatment of this level of 

depression prevents the illness from escalating to more severe conditions. On the other hand, moderate 

depression more noticeably causes the subject difficulties that drastically affect work, social life and 

even domestic activities. By definition, moderate depression is a severe increase of the symptoms 

present in mild depression followed by high reduction of “self-esteem and self-confidence, large 

deficiency of interest, motivation and productivity” (http://depressionet.org.au/). For those last 

mentioned patients trivial daily chores are no longer effortless actions and are often ignored. In severe 

depression the characteristic symptoms are significantly amplified compared to previous levels. The 

rigorousness of this condition normally sets stop for the ability of a regular life and restricts the patient 

from working or having a regular social and/or domestic life. A person with severe depression is most 

likely to experience almost all the symptoms categorized for depression (if not all of them) and suicide 

becomes a major risk.3   

Depression characterizes a rigorous condition that highly influences the affected individual in 

many ways.  Another curious property of depression is that it expresses itself differently when it 

comes to biological characteristics such as gender. Compared to men, women have exhibited to be 

more prone to depression. Women also usually present unequal causes of depression and thereby 

http://depressionet.org.au/
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different patterns of depression symptoms. The likelihood of depression in women is higher than men 

and according to National Mental health Association one of eighth of women would experience some 

kind of depression during some point in their life. Some reasons of these unique mechanism of 

depression in female subjects are thought to be due to their biological hormonal activity, social- and 

stress response.4 Symptoms in depression such as periodicity, emotional sensitiveness to seasons, 

sleeping -, eating- and weight disturbances seem to be different to some extent in female subjects, 

causing normally higher recurrence, larger recurrence of emotional deep downs and excess of both 

sleepiness, food consumption and weight gain.4 

Nevertheless, even if depression presents an illness affecting so many individuals we still do not 

fully know its underlying cause, and as such we do not know exactly what is required in order to fight 

it.  That is partly due to its high complexity in general but particularly due to the complexity that is 

presented and covered beneath the interlace of depression relevant parameters such as 

psychopathology, cognitive insufficiency and structural volumetric variations. 5 Based on the lack of 

information during the past decade, the awareness for depression related consequences has become 

stronger, resulting in a diversity of research within the area. Though, even if a positive wave of studies 

within this area has been noticed, there is still much to be done. Plenty of today’s already existing 

studies suggest that depression is associated with neuroplasticity dysfunction and morphological 

changes of diverse brain structures.6 However, in order to state that, globally more support is still 

required as discrepancies exist.  

A wide range of imaging studies in depression patients have been focused in brain structural 

changes that might be caused by the presence of the disorder. Some of these studies have observed in 

depressed individuals a significant amygdala increase whilst some other studies have claimed other 

brain structural abnormalities such as volumetric reduction of the frontal cortex including some of its 

subregions and orbitofrontal cortex. Considering the facts offered by these studies it seems that 

depression may cause a complex alteration in the brain mechanism but how this takes place has yet to 

be solved. The significance of these studies remains unclear due to the lack of both reproducibility 

consistent results. Another brain region that has been extensively studied in patients presenting 

depressive disorders is the hippocampus.7 The reason for targeting the hippocampus is due to its 

involvement in episodic learning, as well as in declarative, contextual and spatial learning and 

memory, which are properties that have often been noticed as amiss in patients with depression.8,9 

Detailed information about hippocampus is presented in Figure 1. Furthermore, several PET and MR 

studies have localized hippocampal abnormality in depressed patients. Hippocampal functional 

activity is evaluated by PET analysis while MRI studies reveal volumetric properties, water density 

and water content of the hippocampus.8 
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In patients with MDD, MRI analysis of the hippocampus has been performed since 1993.8 Some 

of the studies suggested that there was a significant “bilateral volume decrease” ( P. Videbech and B. 

Ravnkilde, 2009)10,11,12, whilst others claimed that there was a decreased volume in the right13,14 or left 

hippocampal hemisphere15,16 . In contradiction, a large amount of other scientific work did not indicate 

any significant hippocampal difference between depressed subjects and healthy controls17,18,19,20. There 

are many factors thought to intensively affect the incoherence of these clinical results, such as the 

onset of depression, duration of depressed episodes and medications which were believed to largely 

inflate the results.8 This is principally due to the inaccuracy and differences presented contained by 

these factors among works and thus their unified/quantified denotation can vary slightly among works. 

It is also important to point out that the individual subject responsiveness to medication and depression 

is also a factor difficult to accurately quantify which might also bias the results. 

For many years brain structural research has been tough to perform due to the requirement of 

invasive procedures. In order to overcome this limitation, many objectively oriented tools have been 

technically advanced for in vivo and non-invasive brain structural analysis using data collected by 

Magnetic Resonance Imaging (MRI).21 Two of these techniques that have been widely used are the 

Voxel Based Morphometry (VBM, http://dbm.neuro.uni-jena.de/vbm/ ) and FreeSurfer 

(http://surfer.nmr.mgh.harvard.edu/ ). VBM has been proven to automatically and efficiently compare 

groups of brains on a voxel-by-voxel level using normalized MR images. One particular property of 

VBM is that it unbiasedly operates on the entire brain rather than on single structure.21 For single 

structural analysis, the “manual tracing approach” is still the golden rule, but VBM can be applied by 

incorporating ROI analysis. Additionally, the VBM is specialized to sense small regional and 

structural differences in gray or white matter.21 The FreeSurfer on the other hand is also an automated 

neuroimaging software for both segmentation of the whole brain and parcellation of cortical regions.22 

The major advantages of using automated approaches are the non-mandatory requirement of an expert 

in anatomy and time efficiency, though the validity of their results is still under discussion compared 

with manual tracing.23   
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Besides the brain structural analysis, the MRI modality has also offered recourses for assessment 

of biochemical metabolites in the brain by applying Magnetic Resonance Spectroscopy (MRS). The 

MRS approach doesn’t require any radioactive markers and is completely non-invasive. It has also 

been efficiently proven in studies of molecular pathophysiology for different neural disorders, 

including MDD. Previous MRS studies in MDD patients were done by following the medication 

history of the individuals and the metabolites of interest for the investigation were principally N-Acetyl 

Aspartate, Glutamate/Glutamine, g-Amino Butyric Acid, Choline and Myoinositol.24 

Figure 1. Anatomical structure of the hippocampus. A. The hippocampus is located in the medial temporal lobe under 

the cerebral cortex.57 B. The human brain comprises two identical halves positioned on the right and left side of 

brain.57 C. Simplified visualization of the hippocampus.38 D. The hippocampus is found on the middle arc of the 

limbic system. It is located in the medial temporal lobe inferior to both the temporal horn and Choroidal fissure. The 

hippocampus can be subdivided into three different parts: head, body and tail. In terms of gray and white matter, the 

hippocampal gray matter (GM) is principally an extension of the Subiculum of the Parahippocampal-gyrus (please 

note, 1. between the Subiculum and Parahippocampal-gyrus is the Presubiculum which is not displayed in picture 

1.D, 2. CA1-CA4 and Subiculum are also used on the FreeSurfer in order to extract the hippocampal GM 

concentration). On the other side the major sources of hippocampal white matter (WM) are the Alveus and Fimbria. 

The hippocampus itself is frequently described by only including the Cornu Ammonis (contained of CA1-CA4) and 

the Dentate Gyrus.58 

D. C. 

B. A. 
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The first and principal aim of this present study was to compare the left and right hippocampal 

volume of female MDD patients with a matched (by age, gender and marriage) healthy control group. 

The VBM toolbox was firstly applied but in order to better justify the results the FreeSurfer was also 

employed. The volumetric results were statistically compared in terms of the hippocampal absolute 

volume (H-AV), hippocampal gray matter volume (H-GMV) and hippocampal white matter volume 

(H-WMV) by using SPM (in Matlab 2014b) and SPSS software. Additionally, the hippocampal 

segmentation with the FreeSurfer provides the user with volumetric hippocampal subfield quantities. 

Each subfield was also compared between patients and controls. It is important to notice that unlike 

the FreeSurfer, the VBM doesn’t automatically offer quantified measurements of specific brain 

regions, which were retrieved by using other additional software. The toolboxes WFU PickAtlas 

(http://fmri.wfubmc.edu/software/pickatlas) and Region Extraction (REX, 

https://www.nitrc.org/projects/rex/) were employed to extract the volumetric quantities of right and 

left hippocampus from the VBM results. Secondly, in cooperation with the master student Xiaoliu 

Zhang, the main author of  Study of Spontaneous Neural Activity Alteration in Female Patients with 

Major Depression Disorder, this work became extended to analyze for possible correlations between 

hippocampal metabolites and either H-AV, H-GMV and/or H-WMV. The correlation analysis utilized 

the regional hippocampal metabolic concentration information of the following metabolites: Choline 

(Cho), N-acetyl aspartate (tNAA) and Creatine (Cr).  
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Chapter 2. Methodology for structural image analysis  

The advent of the Magnetic resonance imaging (MRI) has significantly impacted various modern 

research fields nowadays. From the aspect of medical imaging, it has led to a revolutionary and deeper 

investigation of cerebral morphology, functionality, nature and pathology. The technical development 

of this modality has increased the ability to scientifically answer clinical discoveries that have 

remained unclear for decades. MRI studies are typically divided into two different classes: structural 

and functional. The former is related to the study of local brain tissue’s biophysical characteristics, 

while the latter is involved in neural activity changes along a time course.25  The combination for these 

two processes results into a powerful tool for non-invasive anatomical and functional brain 

assessment. In the current study, only the structural MRI analysis was of interest. 

In order to further analyze the data provided by the MRI scans, several automated imaging tools 

have been developed. Two of these software that have quickly grown in popularity are the Voxel 

Based Morphometry (VBM) toolbox and FreeSurfer. The VBM toolbox’s main task is to statistically 

identify regional brain differences between distinct populations. This toolbox normally uses T1 

weighted MRI images and the statistical procedure across the dataset is done voxel-wisely.26 The 

FreeSurfer on the other hand is a powerful Linux based software developed for the analysis of 

neuroimaging information which contains a broad range of mathematical algorithms to determine the 

structural connection and functional nature of  human brain.27 The next chapter will present how to 

handle these two software. 

This Chapter comprises the main methods behind the principal software (VBM and FreeSurfer) 

employed in this study in order to accomplish the aim of this project.  

 

2.1. Voxel Based Morphometry (VBM) 

VBM is a method that is these days widely applied and well known in the neural imaging area for 

structural brain analysis among different populations. VBM’s principal aim is to locally identify brain 

tissue composition differences while disregarding large scale differences along gross anatomical 

structures and position.28 Furthermore, this method has demonstrated a high applicability to brain 

disorder research such as schizophrenia, autism, dyslexia, turner syndrome29 and depression in 

particular. It is efficiently fitted for analysis of “unambiguous structures” such as hippocampi or 

ventricles, 29 but this method is still applicable for smaller brain regions. VBM offers the user the 

capability of non-invasively analyzing the brain. A strong advantage of using VBM is its structural 

unbiased and flexible assessment of anatomical differences along the brain.29 



7 
 

As shown in figure 2 application of VBM to MRI data involves the following steps: image spatial 

normalization, gray and white matter segmentation of the normalized images, smoothing and finally 

the statistical analysis depicting significant group differences.29 These conceptual steps are introduced 

in a general manner below, but for deeper understanding the reader is recommended to read the whole 

description elsewhere, preferably Voxel-Based Morphometry by Friston JA and KJ.29 

 

 

 

 

 

 

 

 

 

 

 

 

 

                

 

2.1.1. VBM Process 

Spatial Normalization 

The main aim of this step is to convert all the subjects’ data into the same stereotactic space.29 

This is achieved by registering all the subjects' MR images to the same template image. An 

appropriate template is created by averaging a large number of perfectly aligned MR image into the 

same stereotactic space.28   

The spatial normalization comprises several sub-steps including: 

 “Optimum 12 parameter affine transformation”( A. Mechelli*, C J. Price, K J. Friston, J. 

Ashburner), which registers each single MRI image to the template.30  

Figure 2. Voxel Based Morphometry processing overview.36 
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 “Linear combination of smooth basis function” ( A. Mechelli*, C J. Price, K J. Friston, J. 

Ashburner), accounting for global non-linear shape differences.28 

In order to not limit further image processing (e.g. image segmentation), the resultant spatially-

normalized images are of relatively high resolution (1 or 1.5 mm isotropic voxels).28 

Segmentation 

The resultant images after spatial normalization are then segmented into GM, WM, cerebrospinal 

fluid (CSF) and three non-brain partitions.28 This is performed by having prior knowledge of the 

spatial distribution of brain tissues in normal subjects as template and by further combining it with a 

mixture model of cluster analysis, voxel values presenting intensities corresponding to each tissue is 

provided.  

In order to compensate for intensity uniformities and intensity smoothness that may appear for 

different tissues along the MRI image as product of orientation in the magnetic coil, the segmentation 

process is also makes use of image intensity non-uniformity correction.29 

Modulation 

The modulation step is optional and it has two major advantages:  

1.      The spatial normalization can cause (not always the case) several critical effects there one 

of the most known negative consequence of it is undesired enlargement of brain region in 

patients presenting smaller volume than the template for the same anatomical brain area. 

Incorporation of modulation makes it possible to compensate for that misleading process.28 

 

2.      VBM is principally aimed for concentration difference analysis between groups. However 

it is sometimes useful to work with the absolute volumes of a particular tissue (GM/WM 

within a specific tissue) rather than with its particular concentration.  Modulation provides the 

environment for volumetric analysis.28   

The modulation process involves multiplying the spatially-normalized GM and WM (or other 

kind of tissue) images by its relative volume pre- and post-spatial normalization, taking care at the 

same time of both points 1 and 2 mentioned above.28 Thus without the modulation adjustment the 

VBM will be dealing with the relative concentrations of GM and WM whilst by employing the 

modulation step VBM will be working the absolute tissue volumes. This is normally known as non-

modulated VBM and modulated VBM respectively.28 
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Smoothing 

All the segmented gray and white matter images are then smoothed by applying an isotropic 

Gaussian kernel. The kernel size should be selected in accordance with the desired regional brain 

analysis, meaning that the size itself needs to be comparable to the expected regional brain difference 

between the groups being analyzed. For standard human brain analysis in VBM the Full With at Half 

Maximum (FWHM) use to be 8-12 mm. The major principal reasons of smoothing images before 

doing the statistical analysis are 1) to make the whole data set more normally distributed; 2) to assure 

that each voxel contains the gray and white matter average of its neighboring voxels; 3) to help to 

correct for irregularities and abnormalities that might appear during the spatial normalization 4) to 

reduce the number of processes and statistical comparisons.28 

Statistical analysis 

This is a voxel-wise operation, employing the general linear model (GLM), which allows for a 

variety of well-established statistical tools for group comparison and correlation analysis. Well-known 

standard parametric procedures such as t- and F tests are also used here and the data is assumed to be 

normally distributed.28  

As this procedure involves several tests for each pixel individually, it also applies a multi 

comparison voxel correction evaluating the significance of an effect in any single voxel. For this 

reason, Theory of Random Field is applied, which is principally based on “the maxima of the t-

statistics”.28,31 The resultant output of the standard parametric events are “statistical parametric 

maps”.  

 

2.1.2. VBM additional information 

There is mainly two different classes of VBM procedures - the standardized and optimized. 

Besides their results, the key contributor for their dissimilar names are differences of the chronological 

order in the procedures described above. The order displayed above (Spatial Normalization   

Segmentation  Modulation  Smoothing  Statistical Analysis) correspond to the standard VBM 

approach. The optimized version on the other hand employs an additional segmentation before the 

spatial normalization is done.32 To see the flow diagram of these approaches see Figure 3. The 

optimized VBM process was created in order to minimize possible structural group differences that 

could erroneously appear as a result of the initial normalization and thereby not being directly related 

to any regional GM and/or WM volume.32 This problem is minimized by performing the normalization 

on the segmented GM and WM images rather than on the original structural MR images. This is 

because if all the statistical analysis is based on data only derived from either GM or WM then all 

significant differences found can only be related to them.  
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Figure 3. Flow diagram for the standard- and the optimized VBM approaches.32 
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2.2. FreeSurfer 

FreeSurfer is a powerful automated toolbox that provides a wide-spread range analysis of regional 

brain areas. It operates on the Linux platform and comprises a series of command demanding the 

execution of a wide range of operations. These operations run in the background and are highly 

computational and time demanding. What follows is an example of the principal operation included in 

the FreeSurfer process:  

 Volumetric segmentation of several key brain structural region.27 

 Hippocampal subfield segmentation.33 

 Inter-subject alignment considering folding patterns.34  

 Fascicles GM segmentation using diffusion.27 

 Mapping of cortical GM thickness.35 

 “Construction of surface models of human cerebral cortex”( B. Fischl, FreeSurfer).27 

Interestingly, this last point was the main reason for creation of what we know today as 

FreeSurfer. 

FreeSurfer consist of numerous amount of tools that together offers the user a powerful 

workspace for analysis and monitoring of structural and functional MRI data of the brain.29 A general 

view of the main processes employed by the FreeSurfer are presented below. For deeper and more 

detailed information the reader is suggested to visit other sources such as FreeSurfer by B. Fischl, 

2012.36  

 

2.2.1. Surface deformation and thickness estimation 

In order to achieve accurate anatomical models of MRI using FreeSurfer, surface-deformation 

techniques have been employed. Though, to achieve the desired accuracy the surface–deformation 

techniques cannot be directly applied for several reasons such as:27 

      Direct application implies assumption of isointensity surfaces, meaning that the GM - , 

WM - and pial surface interfaces’ intensity in MRI images are constant along the entire data 

set.27 That is not the case due to several reasons making the intensity vary over space e.g. 

position in the magnetic field, histological compositions, artifacts, tissue adjacency, resonance 

phenomena, imaging apparatus, etc. This problem is commonly solved by incorporating 

additionally Eulerian methods.27  

 

      Surfaces corresponding to a different region could in some cases intersect with each other, 

thereby creating a misrepresentative topological model. That normally occurs to adjacent 
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banks of the sulcus. For that reason it is highly important to constrain surfaces deformations. 

This is commonly attained by integrating the so called curvature minimization method but 

unfortunately it isn’t efficient for regions containing too many curvatures such as the cortex.27 

In order to resolve these problems mentioned above FreeSurfer employs its own surface 

deformation method independently of regularly used solutions, which adaptively determines MR 

intensities of boundaries by default. In contrast to “curvature minimization” (usually implemented to 

solve the second point) the FreeSurfer’s surfaces were modeled with local quadratic patches, in which 

by including geometrical plane limitations by applying second order polynomials the FreeSurfer could 

deliver constrained and well modeled surfaces. Fast triangle interception are also used to discriminate 

intersection.  

The mentioned methods tailored together create a well-established base permitting FreeSurfer to 

offer a well elaborated GM and WM model and also automatically taking care of artifacts and tissue 

variability.   Other important achievements of the FreeSurfer by employing its own methodology are: 

high reliability, accurate modeling, truthful thickness measurements of GM and WM of the human 

cortex and pathology detection relying on variation of less than ¼ mm.27 It is also good to have in 

mind that the surface models described in this section are only useful tools of analysis for 

morphological and functional properties of the cerebral cortex.27 

 

2.2.2. Complete Brain Segmentation 

As mentioned above the surface models described previously are extraordinary tools for laboring 

cerebral cortex, but unfortunately they do not share the same efficiency for subcortical analysis and 

ventricular structures. Segmentation, which roughly said is parting apart a compound into its (main) 

components denotes a computationally heavy process due to major difficulties it might present. A 

typical example of these difficulties are histological composition of tissues and variability of 

structures.27 That means that having two different structures being composed of GM doesn’t seldom 

(or almost never) imply a short range of intensities which is principally a mathematical representation 

of tissue composition. Neighboring tissues and the position of these structures within the scanner may 

affect the range of intensities of each structure separately. Further modeling under such conditions 

makes the whole process more demanding. To solve this problem a Bayesian approach was used, 

capable of decomposing the problem into a probability based system/image composed of likelihoods.27  

Furthermore in order to deal with the different tissues and structures, FreeSurfer use a different 

and specific model “for each structures for each point in space” (B. Fischl, FreeSurfer). This brings 

the advantage of accounting for heterogeneity within a structure that normally occurs in anatomical 

regions such as thalamus, hippocampus etc. To recognize specific brain regions different kind of 
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templates are used that take into account structural characteristics and position in space. The Markov 

Random Field (MRF) is ones of the main contributor approaches used for this region recognition.27  

This two methodologies described above represent the main methods behind the two imaging 

software employed in this study. How these toolbox were technically applied and set-up is presented 

in the following chapter.  
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Chapter 3. Hippocampal Volume analysis 

3.1. Subjects 

The subjects included 15 female MDD patients and 12 female healthy controls aged 34.6±10.53 

and 34.1±7.03, respectively. Patients and controls were recruited from Shanghai Mental Health Center. 

All patients were interviewed by an experienced psychiatrist to provide the tenth revision of 

International Classification of Diseases (ICD-10) diagnosis of MDD. Prior to the study, each 

participant signed the written informed consent that has been approved by Shanghai Mental Health 

Center Ethics Committee. The clinical symptom severity was evaluated using Hamilton Depression 

Rating Scale (HAMD), Hamilton Anxiety Rating Scale (HAMA) and Zung Self-Rating Depression 

Scale (SDS). For more detailed patient information please go to Table 1.  

 

Properties Depressed Patients 

(n=15) 

Healthy Controls 

(n=12) 

Sig 

Gender 15 females 12 females - 

Age 34.60 ± 10.53 34.08 ± 7.03 .51 

Educational Status 12.20 ± 3.44 14.00 ± 2.22 .13 

HAMD 33.13 ± 10.11 .33± 1.15 .00 

HAMA 16.60 ± 5.21 .42 ± 1.00 .00 

SDS 41.80 ± 11.39 23.83 ± 4.20 .00 

Handedness Left(1)/Right(14) Left(1)/Right(11) - 

     Table 1. Detailed patient information covering gender, age, education, HAMD, HAMA SDS and handedness. 

 

3.2. MRI data acquisition 

The MRI scans were conducted at the Shanghai Health Center and the data used for this study 

were T1-weighted MRI images acquired from a 3.0T Siemens Verio MRI scanner. The equipment was 

configured using the following settings: FA= 7 o, pixel bandwidth= 179 Hz/pixel, TE=3.65 ms, 

TR=2530 ms, TI= 1100 ms, slice thickness= 1 mm, number of slices per patient=224 and Percent 

Phase-FOV= 68.75.  

Technical Terms Parameter 

Field 3T 

FA 7 o 

Pixel bandwidth 179 Hz/pixel 

TE 3.65 ms 

TR 2530 ms 

TI 1100 ms 

Slice thickness 1 mm 
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number of slices per patient 224 

Percent Phase-FOV 68,75 

                             Table 2. Specified equipment details.  

 

3.3. Structural analysis  

From the very beginning the aim of this work was to analyze both the left and right hippocampus 

by only using Voxel Based Morphometry. However, as the usage and validity of automated software 

has been very debated, it was decided that in order to strengthen the trustworthy of this work the 

complete study would be performed by implementing two different automated imaging tools (VBM 

and FreeSurfer) in the following manner: 

1.      VBM - SPM volumetric analysis:  

The VBM results were analyzed using the statistical tool provided by SPM.  

 

2.      VBM - SPSS volumetric analysis: 

     Quantified left and right hippocampal volumes in terms of GM and WM were extracted 

from VBM results and statistically analyzed on SPSS.  

 

3.      FreeSurfer - SPSS volumetric analysis:  

     The FreeSurfer hippocampal segmentation results in volumetric quantities of the left and 

right hippocampus in terms of absolute volume, GM and WM. These quantities were 

statistically analyzed on SPSS.  

 

4.      Hippocampal subfield analysis on SPSS: 

     Additional hippocampal subfield quantities gathered by the FreeSurfer Hippocampal 

Segmentation were analyzed in SPSS. 

These mentioned points are presented below following the same chronological order.   

The software used for the coming procedures were: Matlab R2014b, SPM12, VBM8, WFU 

PickAtlas, REX, SPSS and FreeSurfer 5.3.  

 

3.3.1. VBM Volumetric Analysis 

The first attempt of hippocampal structural analysis was performed by using VBM. The 

implementation itself was done by using the eighth edition of VBM toolbox (VBM8) on SPM12 

(http://www.fil.ion.ucl.ac.uk/spm/) by using Matlab 2014. The VBM toolbox was designed and 

http://www.fil.ion.ucl.ac.uk/spm/
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developed by Christian Gaser (http://dbm.neuro.uni-jena.de/vbm/) and its use is permitted for the 

scientific community under the terms established by the GNU General Public License.37 

 

3.3.1.1. Alignment 

In MRI scans corresponding to different subjects it is sometimes quite difficult to obtain the 

precise spatial position for each scan. This is easily biased by human factors (in this case the personnel 

assisting the scan) but also on patient topology and volume, movements and position within the 

scanner. Compounding this is the fact that the temporal resolution on MRI scans is not sufficiently 

high enough to discriminate effects such as patient motions occurring during the scan which also 

complicates the MRI images alignment.    

Previous implementations of VBM required MRI image alignment to one specific anatomical 

brain area prior to the factual voxel based morphometric process.  Today’s automatic process of the 

VBM toolbox includes features for handling the data without this mentioned manual image alignment 

unless the process fails. The alignment itself is very simple (described below) however a large amount 

of time may be required if the user has a large archive of data stored. Although in order to help the 

VBM process and also to hold a more controlled study it is recommended to manually perform this 

alignment by setting the origin of the image to Anterior Comissure (AC) (Figure 4). 

 

 

Figure 4. Anterior Commissure, dashed blue mark.38 

 

http://dbm.neuro.uni-jena.de/vbm/
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This is done by firstly opening the SPM and for each image (e.g. .nii images) selecting the 

Display button. A window as displayed in Figure 5 (F5.A) will appear from SPM12. Figure 2 (F5.B) 

shows an example of a misaligned MRI image where the origin at (0.0 0.0 0.0) presented in the mm 

field, isn’t by default centered to the AC. This is easily corrected by localizing the AC by drawing in 

the cross hair on the MRI image and using its spatial coordinates. Please note that you should target 

the approximate point of the AC so the capture of the AC’s specific position will not be too strict. For 

instance if the position of the AC is (2.3 -13.2 28.2) which will be shown in the mm field the first 

attempt to correct for that is to is to put its negative coordinate values on the right, forward and up 

fields respectively. In this specific case the correction to the AC is: right (mm): -2.3, forward 

(mm):13.2 and up (mm): -28.2. Furthermore use pitch, roll and yaw if the images your largely 

disoriented in term of size, rotation and orientation. Once you feel finish with the parameter inputs, 

press the Set Origin button and save by pressing the Reorient button.  In the current example, the 

aligned image is visualized in Figure 6. In this study the alignment procedure was performed to all 

the .nii images acquired from all the control and patient groups. In Appendix A: Alignment, you may 

see some of the subjects MRI images before and after the manual alignment.   

 

 

Figure 5. SPM Display window. A. First appearance. B. Origin by default. 

 

A B 
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Figure 6. Aligned image. 

 

 

3.3.1.2. Preprocessing 

Estimate and Write 

This first VBM preprocessing step was performed by selecting on SPM12 the VBM toolbox and on 

the upcoming window further selecting the “Estimate and Write” option. See Figure 7. 

 

 

 

 

 

 



19 
 

 

 

 

Figure 7. VBM (left) and Estimate and Write (right). 

 

 

The Estimate and Write step comprises a series of events chronologically including spatial 

normalization, segmentation and modulation (see Figure 2, Chapter 2).  It also contains a sequence of 

parameter inputs that were set following the VM8-Toolbox Manual by Florian Kurth, Eileen Luders 

and Christian Gaser.39  

Volumes:  

This process was applied to all the patients and healthy controls aligned “.nii” 

images.  

Estimation Options: 

The default parameters for the fields Tissue probability map, Gaussian per class, 

Bias regularization, Bias FWHM and Warping Regularization were hold as default. The 
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“Affine Regularization” was changed to “ICBM space template- East Asian Brain” due 

to the origin of the subjects, China. 

Extended options: 

The “High-dimensional: Dartel” including its corresponding template option was 

selected to “Spatial normalization”, which is one particular integration of VBM8. 

Thus a “Light Cleanup” was chosen rather than a “Thorough Cleanup” as it was 

thought that the latter could compromise the prevalence of the original data. 

Both the normalization and clean-up done by the VBM toolbox is documented to 

be in accordance with the optimized VBM methods.40  

Writing options: 

For both Gray and White mater the “non-linear only” modulation was selected. 

This step is optional and incorporating it allows the use of volumetric analysis rather 

than concentration, which is one of the main objectives of this study. So, if your study 

is intended for regional volumetric analysis ”non-linear only” modulation should be 

used. Oppositely if you are analyzing concentrations, it’s not needed, which is also 

known as non-modulation. 

 Two additional features possessed by modulation are: firstly it provides 

possibility of scaling by the number of contractions, which accounts for the 

preservation of the total amount of GM and WM after the processing as in the original 

images. Secondly modulated data is corrected by head size meaning that it is no longer 

necessary to be used as the covariance. 

Many recent scientific articles using VBM have been applying this “non-linear 

only” option and additionally its usage is highly recommended by the C. Gaser (head 

of VBM development).41 This particular VBM method is supposed to be an 

improvement of the inbuilt writing procedure on SPM. Other parameters within this 

field were held at their default values as recommended by the VBM manual. 

The other parameter field corresponding to “Bias corrected image volume”, “Partial volume 

effects”, “Jacobian determinant” and “deformation fields”   were held at their default values as their 

effects were not required for this study. Thereby keeping them as default it was possible to save some 

storage space and time due to theirs computational overhead.  

This first VBM step, named as “Estimate and Write”, provides a certain output corresponding to 

modulation, warping, dartel warping, segmentation, GM and WM, CSF, etc. Though, in order to proceed 
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with the “non-linear only” modulation the output of interest were those starting with “m0” for both GM 

and WM, e.g. m0wrp1xxx and m0wrp2xxx, respectively (there xxx is the name of the original data). 

 

Check for the quality of the data 

If the preprocessing (the Estimate and Write) procedure finished without errors, that is already a 

good sign. Nevertheless, it is recommended to have a look into the results before further proceeding. 

VBM provides two different ways of doing this. In the VBM windows choose “Check Data Quality” 

and in the roll window select either “Display one slice for all images” or ”Check sample homogeneity 

using covariance”. See Figure 8. 

 

 

Figure 8. Check of the preprocessing step. 

 

The prior one offers a good overview both of the segmentation and normalization. As a user you 

can appreciate how reasonable the results look like and discriminate abnormalities that could appear. 

The latter option allows you the same by terms of covariates.  

  

3.3.1.3. Smoothing  

 

The smoothing is provided by the SPM itself (outside the VBM toolbox). See Figure 9. The 

images to smooth are the normalized-modulated-segmented GM and WM. As mentioned in the 

previous chapter the size of the kernel should be comparable to the expected difference between the 

groups being analyzed. For this study a FWHM of 8 mm was chosen in accordance to previous 
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hippocampal scientific works using VBM.42,5,6   For hippocampal analysis this size 8 mm is 

appropriate. All other parameters were held at their default values.  

Smoothed normalized modulated GM and WM pictures having the prefix “s” in front of their 

original name.  

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Smooth option. 

 

3.3.1.4. Specify 2nd-level, Review and Estimate 

This step is used previous to the final statistical analysis by SPM. Figure 10 displays the position 

of these three options. 

 

Specify 2nd-level 

The first part of this step is to build a statistical model, which is used for comparison between two 

different groups. Please see Figure 10. The parameter input of this section was gathered from the 

VBM manual39 in accordance with the purpose of this study. Here below are the principal parameters 

used: 

      Two sample t-test, where group 1 and 2 were patient and controls respectively.  

      Covariates, only the age and education of the subjects were used as covariates.  
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      Threshold masking was chosen to absolute with a threshold of 0.2. What this option 

principally does is to decide the voxels that will be included in that analysis by sorting out 

pixels (e.g. background pixels). Pixels below 0.2 won’t be comprised in that analysis. 

      Overall grand mean scaling set to no.  

      Normalization was set to none, indicating that no global correction would be done. 

 

The rest of the parameters were held at default values. The output of this step is a “SPM.mat” file. 

 

Review 

It is thus easy to observe what has been specified in the previous step. In case of errors, 

corrections can be easily done by repeating the previous step with the desired parameters.  

 

Estimate 

The Estimate is what set the analysis in process by selecting resulted “SPM.mat”.  

Figure 10. Chronological order of this step, 1) Specify 2nd-level, 2) Review and 3) Estimate. Obs* the right hand is the 

application windows corresponding to point 1. 

 

3 1 

2 

1 
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3.3.1.5. SPM-VBM Result Field 

This step is reached by pressing the result button on the SPM window and there after selecting the 

SPM file that has been processed until now. In order to perform group comparisons (depressed 

patients versus healthy control), SPM requests the user to create at least one contrast matrix, several 

can be also designed. Due to only involving two sample groups and the covariates age and education, 

two contrast vectors were implemented: 

      -1 1 0 0: meaning that group 1 (depressed patients) is smaller than group 2 (healthy 

controls). The zero stand for the covariates. So what this matrix is  saying is: 

Group Patients <  Group Healthy 

 

      1 -1 0 0: this vector was used to observe, contrarily to above, if the hippocampus could be 

enlarged rather than shrink in depressed patients. So what this matrix is saying contrary to 

above is: 

Group Patients >  Group Healthy 

 

 

 

 

Figure 11. Contrast matrix for two groups, where “Patient < Control” corresponds to -1 1 0 0 and 

contrary “Patient > Control” assigns to 1 -1 0 0. 
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As this statistical analysis do assess the whole brain rather than specific regions, ROI analysis 

was applied focusing on the left and right hippocampus. The ROIs were obtained by using WFU 

PickAtlas Toolbox (developed in the ANSIR Laboratory at the Wake Forest University School of 

Medicine)43. The WFU PickAtlas is described below. Further none p value adjustment to control was 

used and the thresholds for {T or p value} and {voxels} were kept to 0.001 and 10 respectively. 

Without incorporating any ROI data, these results in an anatomical brain map visualize significant 

group differences of brain regions in accordance to the contrast vector. When the ROI analysis is 

applied only significant regional difference within that specified area (hippocampus in this study) will 

be displayed. It is important to know that this result doesn’t provide a volumetric quantification of the 

hippocampus. It only visually presents volume differences between the groups. 
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3.3.2. VBM Volumetric Quantification Analysis 

In an endeavor to quantitatively evaluate the absolute volume of the right and left hippocampus in 

terms of GM and WM, additionally to VBM and SPM three other toolboxes were included in this 

analysis: 

1.      WFU PickAtlas, is a collection of anatomical atlases for generation of various ROI masks. 

This toolbox was developed in the ANSIR Laboratory at the Wake Forest University School 

of Medicine and is normally operated through the SPM. (www.ansir.wfubmc.edu).43  

 

2.      Region-of-interest Extraction (REX) Tool is a tool for voxel-wise extraction of either 

image values, clusters of voxels and/or collections. REX also allows for quantification of 

specific anatomical regions by supplying it with both sample images and ROI.44 

(http://www.alfnie.com/software). 

 

3.      SPSS, is mathematical statistical tool given by IBM. 

(http://www-01.ibm.com/software/analytics/spss/). 

The first two toolboxes are executed in Matlab while the third one is totally independent.  

The VBM procedure is the same as described in the previous section. To see the VBM procedure 

please visit VBM Volumetric Analysis. VBM’s normalized-modulated GM and WM data output were 

used and the WFU PickAtlas provided the ROI mask for both the left and right hemisphere (Figure 

12). Once the right and left hippocampal ROI (for simplicity let us call them ROIright and ROIleft) were 

obtained, they were re-sliced in accordance to the MRI images being evaluated and thereby adjusted 

for voxel size (-1.5, 1.5, 1.5). Subsequently, in order to quantify the right and left hippocampus of both 

groups (patients and healthy controls), the REX toolbox was incorporated. The GM and WM VBM-

outputs and ROIrigh and ROIleft were used as input parameters in REX. This provided an output file 

(.txt) corresponding to the mean voxel value within the ROI for each subject. Later by multiplying 

these mean values by the number of voxels within each ROI the seek volume was obtained.   

To assess volumetric differences between groups, SPSS was employed. Analysis of covariance 

was setup by selecting on SPSS window: Analyze  General Linear Model Univariate. The 

covariates used were age and education. Head size is normally used but as modulation is applied, the 

VBM output data is already corrected for that.  In such statistical evaluation procedure it is important 

that the covariates do not vary across the different levels of independent variables. For that reason the 

covariates (age and education) were evaluated confirming similarities between covariates for each 

group. Additionally homogeneity of regression test was performed approving for the suitability of the 

covariates. Subsequently the ANCOVA was performed both for hippocampal GM and WM between 

patients and healthy controls. 

http://www.ansir.wfubmc.edu/
http://www.alfnie.com/software
http://www-01.ibm.com/software/analytics/spss/
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Figure 12  



28 
 

3.3.3. Volumetric analysis by using FreeSurfer 5.3 

3.3.3.1. Volumetric analysis using absolute volume 

In contrast to the VBM, the FreeSurfer is operated in Linux (specifically Ubuntu in this study). 

This part comprises a numerous amount of predefined “commands” put into the command line in 

Ubuntu. The following description presents commands accompanied by supplementary explanation (if 

required). For simplicity the description contains an example using Pat1 as sample data. 

 It is important to mention that the software installation may seem complicated if the user is not 

familiar with Linux but following the official FreeSurfer webpage 

(http://surfer.nmr.mgh.harvard.edu/) and the FreeSurfer mail archive (https://www.mail-

archive.com/freesurfer@nmr.mgh.harvard.edu/), answers could be found if needed. Moreover, the 

FreeSurfer live support is very efficient and helpful.  

 

I. Importing dicom files into FreeSurfer suitable data. 

Command line: 

recon-all -s <subjid> \ -i <path_to_dicoms>/initial_dicom_file.dcm 

Ex: 

recon-all -s Pat1 \ -i /Directory/TYY-Ndyx802a/34783624 

 

Description: Takes the individuals structural dicom files and converts them into .mgz 

format.45  

 

II. Processing subject data 

Command line: 

recon-all -s <subjid> -all 

Ex: 

recon-all -s Pat1 –all 

 

Description: Performs all or optionally any specific part of the FreeSurfer cortical 

reconstruction process.46 This step is very computationally demanding. For that reason a 

good computer is highly recommended. For instance using a regular PC (featured with an 

Intel Core i7 2630QMprocessor, 6GB of Ram) required approximately 18-19 h for a single 

subject.  

http://surfer.nmr.mgh.harvard.edu/
https://www.mail-archive.com/freesurfer@nmr.mgh.harvard.edu/
https://www.mail-archive.com/freesurfer@nmr.mgh.harvard.edu/
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III. Data observation 

As in VBM it is recommended to check the quality of the data processing. That was easily 

done by applying the following three command. This check is principally completed by ocular 

observation but having some experience in the field makes it possible to detect abnormalities 

that may affect the final results.  

III.1. Volume and surface viewer 

Command line: 

freeview -v $SUBJECTS_DIR/Pat1/mri/brainmask.mgz -v 

$SUBJECTS_DIR/Pat1/mri/aseg.mgz:colormap=lut:opacity=0.2 -f 

$SUBJECTS_DIR/Pat1/surf/lh.white:edgecolor=yellow -f 

$SUBJECTS_DIR/Pat1/surf/rh.white:edgecolor=yellow -f 

$SUBJECTS_DIR/Pat1/surf/lh.pial:annot=aparc:edgecolor=red -f 

$SUBJECTS_DIR/Pat1/surf/rh.pial:annot=aparc:edgecolor=red 

Comment: Please see, Figure 13 for visual observation of this command line. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Volume and surface view, FreeSurfer. 
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III.2. Volume view  

Command line: 

tkmedit Pat1 orig.mgz 

Comment: Please see, Figure 14 for visual observation of this command line. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III.3. View of  segmentation results  

Commando line: 

tkmedit Pat1 norm.mgz -segmentation aseg.mgz 

$FREESURFER_HOME/FreeSurferColorLUT.txt  

Comment: Please see, Figure 15 for visual observation of this command line. 

 

Figure 14. Volume View from two different axis. 
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IV. Hippocampal subfield segmentation  

As a result from step 2 it is already possible to obtain the seek hippocampal volume, though 

for accuracy reasons it is recommended to apply one more extra step, Hippocampal 

Segmentation. It has been noticed the hippocampal segmentation provides a more accurate 

quantification of the hippocampus by segmenting it into its principal subfields. The 

segmentation commando for the segmentation:  

recon-all -s Pat1 -hippo-subfields 

 

 

 

 

Figure 15. Subcortical segmentation from two different axis. 
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V. Hippocampal extraction and quantification  

V.1. Right Hippocampus volumetric extraction  

Command line: 

cd $SUBJECTS_DIR/Pat1/mri 

kvlQuantifyPosteriorProbabilityImages 

$FREESURFER_HOME/data/GEMS/compressionLookupTable.txt \  

posterior_right_* posterior_Right-Hippocampus.mgz 

 

V.2. Left Hippocampus volumetric extraction 

Command line: 

cd $SUBJECTS_DIR/Pat1/mri 

kvlQuantifyPosteriorProbabilityImages 

$FREESURFER_HOME/data/GEMS/compressionLookupTable_left.txt \ 

posterior_left_* posterior_Left-Hippocampus.mgz 

 

VI.  Hippocampal visualization  

The command line below reveals the resulted segmentation of the hippocampus. Figure 16 

and 17 display the results for Pats 1 in two different ways. 

Commando line: 

cd $SUBJECTS_DIR/bert/mri 

freeview nu.mgz \ -p-labels posterior_left_* posterior_Left-

Hippocampus.mgz \  -p-labels posterior_right_* posterior_Right-

Hippocampus.mgz \  -p-prefix posterior_ -p-lut 

$FREESURFER_HOME/FreeSurferColorLUT.txt 
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Figure 16. Right (right picture) and left hippocampus (left picture). 

Figure 17. Right and left hippocampal view. 
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Comment: The answer is in terms of number of voxels and contains separately the 

hippocampal subfields: CA1, CA2_3, CA4_DG, Fimbria, Fissure, Presubiculum, Subiculum 

and Hippocampus. The absolute hippocampal volume (mm3) can then be achieve by summing 

up all the subfields and multiplying it by 1.5x1.5x1.5, which is the voxel volume in units of 

mm3. 

Once both the left and right hippocampus was completed the statistical analysis was implemented 

in SPSS in the same way as described above in the VBM Volumetric Quantification Analysis, however 

the head size in addition to the age and education were used as covariate. The reason to correct for 

head size is that in contrast to VBM the FreeSurfer output is in native space.  

 

3.3.3.2. Volumetric analysis using segmented hippocampal GM and WM 

From the FreeSurfer hippocampal segmentation a volumetric quantification of its subfields are 

achieved rather than an absolute value representing an entire volume. From the subfields both GM and 

WM corresponding to each subject’s left and right hippocampus were obtained by only accounting for 

the subfields containing each of the substance. The GM = sum (CA1, CA2_3, CA4, Presubiculum, 

Subiculum, Hippocampus*) and WM= Fimbria. The GM and WM were later also multiplied by 

1.5x1.5x1.5 in order to convert the results into units of mm3. The GM and WM were then statistically 

analyzed on SPSS having age, head size and education as covariates. 

 

3.3.3.3. Hippocampal subfield analyses 

The subfields mentioned above for both the left and right hippocampus (CA1, CA2_3, CA4_DG, 

Fimbria, Fissure, Presubiculum, Subiculum and Hippocampus) were separately used as input 

parameters in the SPSS. Then similar to previous procedures, ANCOVA was performed correcting at 

the same time for age, head size and education.  
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3.4. Results 

The study comprised 27 female participants in total, 15 depressed patients and 12 healthy control. 

The two groups presented statistical similarities on age, education level and head size (using VBM and 

FreeSurfer, sigVBM=.302 and sigFreeSurfer=.636); and differences on depression related quantities such as 

HAMD, HAMA and SDS. Please see table 1 (at the beginning of the chapter) for detailed numerical 

values.  

 

3.4.1. VBM-SPM results 

As figure 18 and 19 displayed no significant difference exists on either the left or right 

hippocampus.  

 

 

 

 

 

Figure 18. SPM results of two sample t-test between patients and healthy control. 
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3.4.2. VBM-SPSS results 

The ANCOVA analysis showed no volumetric significant difference on either the left or right 

hippocampus between the depressed patients and healthy controls. Table 3 shows the statistical results. 

 

 

 

Figure 19. SPM results of two sample t-test between patients and healthy control. 

 A. The arrows shows an approximated position of the Left hippocampus. B. Approximate position of 

the right hippocampus. No colored spots were found on those places meaning that no significant 

difference between groups is present. 

A. B. 

Brain Region Non Cov Sig. GM Non Cov Sig. WM Cov* Sig. GM  Cov* Sig. WM Comment. 

L. Hippocampus 0.567 0.622 0.970 0.883 No significant 

difference  

R. Hippocampus 0.262 0.847 0.548 0.638 No significant 

difference  

  Table 3. GM and WM results of the VBM-SPSS approach. * Age and education as covariate.  
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3.4.3. FreeSurfer-SPSS results 

3.4.3.1. Results on absolute hippocampal volume.  

The ANCOVA analysis showed no volumetric significant difference on either the left or right 

hippocampus between the depressed patients and healthy controls. Table 4 shows the SPSS results for 

this section. 

 

 

 

 

 

3.4.3.2. Results based on GM and WM hippocampal volume 

The ANCOVA analysis showed no GM or WM volumetric significant difference on neither the 

left or right hippocampus between the depressed patients and healthy controls. Please see Table 5 for 

the statistical results. 

  

 

3.4.3.3. Results based on volumetric quantities of hippocampal subfield 

The Ancova analysis performed on each of the subfields between depressed patients and control 

subjects did not display any statistical significant difference. Please see Table 6. 

   

 

 

 

 

 

Brain Region Non Cov Sig. Vol  Cov** Sig. Vol Comment 

L. Hippocampus 0.838 0.743 No significant difference between groups 

R. Hippocampus 0.698 0.961 No significant difference between groups 

  Table 4.  Absolut volume results of the FreeSurfer-SPSS approach. **Age, head size and education as covariate. 

 

Brain Region Non Cov Sig. 

GM 

Non Cov Sig. 

WM 

Cov** Sig. GM Cov** Sig. 

WM 

Comment 

L. Hippocampus 0.816 0.668 0.758 0.589 No significant 

difference  

R. Hippocampus 0.685 0.220 0.973 0.130 No significant 

difference  

   Table 5. GM and WM results of the FreeSurfer-SPSS approach. **Age, head size and education as covariate. 
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Table 6. Ancova analysis of left and right hippocampal subfields. ** Covariates used were age, head size and education.  

 

 

 

 

 

 

 

 

 

 

3.5. Conclusion 

Analyzing the results achieved by both using the VBM and FreeSurfer approaches we can draw 

the conclusion that the hippocampus volume may not be different in female MDD patients compared 

Hippocampal Region Non Cov Sig. Cov** Sig. Comment 

Left Hippocampal CA1 0,742 0.448 No significant difference 

Left Hippocampal CA2_3 0.989 0.625 No significant difference 

Left Hippocampal CA4_DG 0.842 0.733 No significant difference 

Left Hippocampal Fimbria 0.668 0.589 No significant difference 

Left Hippocampal Fissure 0.890 0.938 No significant difference 

Left Hippocampal Presubiculum 0.459 0.734 No significant difference 

Left Hippocampal Subiculum  0.580 0.745 No significant difference 

Left Hippocampal Hippocampus subfield 0.882 0.502 No significant difference 

Right Hippocampal CA1 0.899 0.797 No significant difference 

Right Hippocampal CA2_3 0.934 0.592 No significant difference 

Right Hippocampal CA4_DG 0.807 0.454 No significant difference 

Right Hippocampal Fimbria 0.220 0.130 No significant difference 

Right Hippocampal Fissure 0.196 0.171 No significant difference 

Right Hippocampal Presubiculum 0.399 0.661 No significant difference 

Right Hippocampal Subiculum  0.327 0.384 No significant difference 

Right Hippocampal Hippocampus subfield 0.625 0.855 No significant difference 
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to healthy controls. These results differs from previous studies that claim to have found hippocampal 

differences (hippocampal shrinkage in depressed patients )5,12,15,16,47 in MDD patients. However, the 

majority of the aforementioned studies that found a hippocampal morphological variation involved 

mostly male subjects which could be an important factor behind the results. Unlike our study, in which 

all subjects were female, there are several other research papers that also performed hippocampal 

volumetric analysis between MDD patients and healthy controls and found no hippocampal volumetric 

difference17–20,48. We found eight different studies in MDD female patients, of which only half of them 

claimed to have found hippocampal morphological abnormalities in the MDD subject. As both the 

underpinnings for depression and anatomical processes that may be correlated with it are still not 

completely known, it can be slightly difficult to pinpoint which factors may be behind these 

contradictory results. Though, it can be assumed that one of the principal contributors of this 

difference in results is mainly due to the variation in depressed populations used for these studies, 

including gender distribution, time taken for onset of the disorder, recurrence and periodicity of 

depression. Other factor that should be mentioned for biasing the different results are inconsistency of 

quantifying onset of depression, recurrence of depression and effects of medication. These mentioned 

factors normally varied between studies, which effect results and reproducibility.  

In accordance to several sources, especially with J. Posener et al. it could be said that 

hippocampal degradation might be strongly related to recurrence of depression. Based on that 

hippocampus with decreased morphological properties could be found in MDD patients experiencing 

continuously repeated depressive events rather than in those subjects that conversely only had a few 

major depressive incidents. Though it may be tempting to claim this point globally more research in 

this field is necessary.  

There are also many ongoing debates about both the reproducibility and reliability achieved by 

implementing automated software for medical imaging. We were fully aware about how that could 

affect the trustworthiness of our results, which was one of the principal reasons of adopting two 

different imaging approaches (VBM and FreeSurfer). The consistency achieved by using those tools 

makes us believe that factors that could influence our result shouldn’t for any reason be related to 

software reliability though the manual tracing is still the golden standard. Nevertheless, it is also 

important to recognize that methodologies employed in this work compared to other works will also 

bias the result in different ways that could also account for mentioned volumetric inequalities.  

This study was limited to female MDD patients with a relatively small amount of participants (15 

patients and 12 healthy controls). We also derived from the MDD groups two different depressed 

groups on the basis of HAMD ratios and achieved interesting result suggesting for hippocampal 

volumetric changes between MDD patients and controls. However, due to the fact of having a small 

sample size we decided not to include that in this report. A larger sample set is needed in order to 
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statistically accept the significance of such results. Any work specifically focusing on the severity of 

MDD has not been found, which may be of interest for future studies within this medical field.  
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Chapter 4. Metabolic Analysis  

The metabolite study was performed by applying the software LCModel on the Magnet 

Resonance Spectroscopy (MRS) data. This chapter provides introduction about data used, the 

LCModel itself and achieved results. This entire section was formed as a combination of this present 

study with a second independent research named as “Study of Spontaneous Neural Activity Alteration 

in Female Patients”, in which the master student Xiaoliu Zhang worked as the main contributor. The 

second study provided relevant hippocampal metabolite concentration information whilst this current 

study was in charge of further correlation analysis. As a result of this some information has been 

omitted. For more detailed information refer to article by Xiaoliu Zhang. 

 

4.1. Data and acquisition setup 

The MRS data were acquired at Shanghai Mental Health Center using a 3 Tesla Siemens Verio 

MRI scanner applying the following setup: Magnet Field Strength = 3.0T, TE= 30 ms, TR= 2000 ms.  

 

4.2. Introduction to the LCModel  

The LCModel is a software developed for automatic modeling and quantification of in vivo MR 

spectral data by voxel-wisely processing the MRS data set.49,50 The proton spectra provides the user 

with in vivo metabolite concentration information. This quantification normally presents a wide range 

of difficulties pertaining to both complexity of the “spectral mapping” (S W. Provencher, 2001) 

caused to multiple appearance of resonance peaks and “unpredictable shapes of the baseline” (S W. 

Provencher, 2001).51 Additionally, this complexity is also strengthened by a high degree of overlaps 

that may occur between detected spectral peaks, which further complicates recognition of single 

metabolite.  

In order to overcome or minimize such errors, the LCModel applies a linear combination of the 

found metabolite signals with an arbitrarily selected line shape ruled under limitations accounted for a 

global baseline.52 By applying this analogy on each metabolite, implying that the entire spectral 

landscape will be placed over a definite spectral range, it becomes possible to offer the analysis 

maximal metabolic information and uniqueness, there also accounting for spectral overlaps due to 

strong couplings and fractional proton numbers.52 The LCModel has exhibited a powerful tolerance 

and sensitivity for both short TE and for metabolites that are commonly well-known for their intensely 

coupled resonances, such as glutamine, glutamate and myo-inositol.52 Nevertheless this approach is 

also well applied for analysis of other metabolites. Furthermore, the one typical advantage of using the 
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LCModel is that it uses experimental data rather than relies on assumptions and theoretical 

conventions.52  

The LCModel is optimized to work with data from scanners featuring a field strength of 2.0 Tesla 

or higher. It has an inbuilt library of metabolite concentrations that is calibrated on a standard of 

concentrations, in order to improve the correctness and sensitiveness of the software to different 

metabolites.52 For this study LCModel 6.3-0D (developed by S W. Provencher) was used and the 

focus lied on the hippocampus areas, both left and right. The metabolites extracted and of relevance to 

this entire study included Choline (Cho), N-acetyl aspartate (tNAA) and Creatine (Cr). Brief 

information about these metabolites is shown in Table 7. Additionally, ratios such as Cho/Cr, 

tNAA/Cr were also taken into account for normalization purpose. 

 

Metabolite Brief Description 

Cho This metabolite is believed to be an indicator of cellular membrane turnover and 

active neurodegradation due to its increase in concentration intercellularly along 

such pathological procedures.53 

tNAA Amino acid found in the neurons, thought to be an indicator of neuronal density 

and integrity.53 

Cr This metabolite is highly involved in both transportation and store of phosphate 

bound energy. It is created in the liver and pancreas but is actively used in the 

nerve and muscle tissues.54 

Table 7. Short introduction to used metabolites 

 

4.3. Results 

Table 8 displays the metabolic results of the LCModel that are relevant for this study. For more 

information, the reader is suggested to visit the original article which includes more detailed 

information. These results were used in the correlation analysis described in the next chapter.  
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Hemisphere Metabolites  MDD patients’ 

Metabolite 

Concentration 

Healthy Control 

Metabolite 

Concentration  

Left Hippocampus    

 Cho 3474.67 ± 669.32 3051.67 ± 521.95 

 tNAA 7428.00 ± 3605.85 6530.83 ± 1615.55 

 Cr 11086.00 ± 2041.25 10195.00 ± 2371.76 

 Cho/Cr 0.31 ± 0.03 0.31 ± 0.07 

 tNAA/Cr 0.67 ± 0.27 0.65 ± 0.12 

    

Right 

Hippocampus 

   

 Cho 3641.33 ± 686.27 3548.33 ± 625.33 

 tNAA 8562.00 ± 3357.45 7788.33 ± 2418.30 

 Cr 11751.33 ± 1791.91 11687.50 ± 1603.29 

 Cho/Cr 0.31 ± 0.03 0.31 ± 0.06 

 tNAA/Cr 0.73 ± 0.25 0.66 ± 0.18 

Table 8. Results of the LCModel. 
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Chapter 5. Correlation Analysis  

The analysis of correlation was performed in SPSS 22 by separately correlating the left and right 

hippocampal metabolite concentration with either corresponded:   

1. VBM’s GM and WM hippocampal volumes or, 

2. FreeSurfer’s absolute-, GM- and WM hippocampal volumes.  

 

The metabolites analyzed included right and left hippocampal Cho, tNAA and Cr concentrations. 

The metabolite concentration ratios such as Cho/Cr, tNAA/Cr were also analyzed in the same manner 

as the single metabolites.  

 

5.1. Subjects  

Equally to the volumetric analysis the data used also corresponded to 15 MDD female patients 

and 12 female healthy patients. For more detailed information about the subject please refer to Chapter 

3.  

 

5.2. Process 

The metabolite concentration achieved from LCModel were with units of mmol/liter. More 

description about the LCModel to be found in Chapter 4.  

The correlation analysis itself was, as mentioned previously, performed in SPSS 22 by selection 

of: Correlate  Bivariate  Pearson Approach. Figure 20 displays the interface of the selected 

option on the SPSS.  

 

 

 

 

 

 

 

 

Figure 20. Analysis of covariance, setup. 
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5.3. Results 

No significant correlation was observed between left and right hippocampus metabolite 

concentration with neither of the GM and WM hippocampal volumes given by VBM or FreeSurfer. 

This procedure was performed on both groups of patients and healthy controls to perceive any possible 

difference but no such was found.   The same procedure was also implemented on the absolute 

hippocampal volumes achieved by the FreeSurfer, which showed a positive correlation of the right 

hippocampus total volume with the right hippocampal Cho concentration (Pearson correlation: R = 

0.528; p= 0.05) only for depressed patients. Upon the same analysis, healthy controls didn’t show the 

same correlation characteristics between the right hippocampus and Cho concentration. 

 

5.4. Conclusion  

Looking at the achieved results rises the suggestion of smaller Cho concentration in MDD 

patients with the smaller hippocampal volume and vice versa. Different sources were fetched in order 

to justify these results but no match was found. To our knowledge this study is the first one in MDD 

patients controlling the correlation of the hippocampal volume with its inherited metabolites.  

Cho serves as a precursor to the neurotransmitter acetylcholine and it is mostly found in two most 

prominent phospholipids of neural membrane layers i.e. sphingomyelin and phosphotidylcholine.55 

Furthermore, it is thought that Cho is released from storages found within the neuronal cell 

membranes as a result of membrane breakdown causing a regional increase of Cho level. This could 

be used as a marker of pathological neural-degradation and membrane turnover in the cells.53 Our 

findings didn’t show any consistency with other researches suggesting that hippocampal changes in 

volume between MDD patients and healthy controls but we still do support the possibility of 

hippocampal interference in MDD patients. One possible reason for not finding hippocampal 

differences could be that the changes were too small to be detected. Thereby we consider it rational to 

speculate that this observed correlation with Cho may reflect an active degradation and/or stress of the 

right hippocampus.  Although, in order to prove this we require further research that could support our 

final conclusion.  
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Chapter 6. General Conclusion and Discussion. 

This chapter gives a generalized conclusion and discussion of the present study. For more specific 

conclusions regarding each of the subdivisions included in here, the reader is kindly recommended to 

visit corresponding chapters.  

 

6.1. Hippocampal volumetric analysis 

This part of the study proceeded generally very well. The only problem that presented itself was 

the lack of a perfect method to be followed, and the level of inconsistency among published works in 

this field. But these mentioned irregularities are, at the same time basic reasons for continued interest 

in this field, thereby generating more studies like this one. By looking at the results, both groups’ 

(MDD patients and healthy controls) left and right hippocampus seem to be statistically from the same 

population, meaning that no significant difference was detected. Currently, there is a wide range of 

published literature within this area that contributes to the knowledge we have in regards to 

hippocampal volume. Despite a vast amount of research being done in this area, to our knowledge, no 

concrete statement about depression related morphological changes in the hippocampus has been 

made. Some of the researchers suggest that there are hippocampal morphological changes in MDD 

patients, but there are also ongoing discrepancies that prevent this from being the same result across 

the board. Other studies, such as this current study we performed did not find any significant 

hippocampal deviation from its regular morphology. Based on both our results and mentioned sources, 

we do not abandon the possibility that the hippocampus might be effected as a result of MDD. 

Though, it is reasonable to speculate that this effect objectively enlarged the hippocampus in some 

MDD populations rather than others. Specific reasons as to why that might happen remain still not 

fully known, but there are some theories suggesting that onset, recurrence and periodicity of 

depression could be important factors behind hippocampal abnormalities in MDD patients. 

Unfortunately, this study could neither correct nor account for these three factors, as that information 

was unknown. For that reason, we highly recommend further research be conducted in this area that 

consequently accounts on these factors.  

This research paper focuses solely on female MDD subjects. It is important to recall the factual 

biological difference caused by gender. It is scientifically proven that human males and females differ 

in several cerebral related characteristics such as brain size, emotional behavior, hormonal- and brain 

activity.56 This raises the argument for the necessity of separating males and females into different 

classes of research in studies of mental disorders, including MDD. There are few studies in the field of 

depression focusing on female depression, and none were found that employed our setup and could 

support our results. We only found eight publications that placed emphasis on the study of MDD in 
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female subjects. Four of these studies suggested that there are morphological changes associated with 

MDD but the remaining four failed to find this abnormality. This inconsistency is primarily due to 

differences among studies such as family and medication patient history, age, social status, diet and 

different stages of MDD. The inequality of these variables among various works may affect the result 

in several unpredicted and yet not completely known ways.  

Furthermore, relevant patient historical background in medication, family life, education and 

athletic activity is also of interest to control as this factor may both directly and indirectly affect the 

hippocampus, and thereby bias the final results.  

 

6.2. Correlation analysis of metabolites with hippocampal volume 

From the result of MDD patients we can observe the existence of a positive correlation between 

the Cho and the absolute volume of right hippocampus (positive correlation: R =0.576, p= 0.05). The 

correlation itself is just above borderline, but this significant result becomes empowered as healthy 

subjects did not present the same correlation characteristics. To our knowledge, this study is the first 

one controlling for correlation between hippocampal morphology with its metabolites. For that reason, 

similar studies should be carried out to scientifically validate our results in terms of consistency.  

Cho is thought to be a marker of active neural degradation and cellular membrane turnover. 

Considering that fact, our results could be explained as follows: the hippocampus in MDD patients is 

actively changing, and consequently there is degradation or abruption of the hippocampal cell 

membrane. Based on both the marker utility of Cho in degrading cellular membranes and our findings 

of positive correlation between right hippocampus volume and its Cho metabolite concentration, it is 

reasonable to believe that this degradation is elevated with increased hippocampal size. With an 

increase of cellular membrane degradation/turnover which may be the case for larger hippocampus, 

there is an associated increase in metabolite concentration. In order to make a generalized statement on 

this basis, further research is required.  

This work can be further extended by comparing hippocampal Cho concentrations between MDD 

patients and healthy controls. We suspect that Cho concentration may be higher in MDD patients more 

so than in healthy controls. Active hippocampal degradation is thought to be associated with MDD in 

female individuals, and as a result of the degradation we anticipate an increase in the Cho 

concentration. 
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Chapter 7. Future Works 

For volumetric analysis of the hippocampus it is highly recommended that a survey on a wider 

range of both MDD patients and healthy control individuals would be conducted. The larger sample 

set justifies the validity of the results and gives more confidence for further claims and generalizations. 

It is also highly recommended to analyze the groups with the same quantity as such dissimilarity might 

bias the statistical analysis in favor of the group of higher quantity. Furthermore, future researchers are 

encouraged to have a closer look into the different levels of severity in MDD patients and sort the 

participants in accordance to this characteristic within depression. Due to the limited sample size, we 

failed to document any changes that might occur between groups with regard to that differentiation. 

Difference could be seen between severe patients and matched control individuals (by age, education 

and marriage), but due to small number of individuals (7 severe MDD patients vs. 7 healthy control 

individuals), the statistical analysis did not provide sufficient scientific value to be included in this 

study. For that reason we leave this possibility open for further research in this field.  

Even if both approaches (VBM and FreeSurfer) applied have showed reliable results, it would be 

of interest to compare the results with the manual tracing. That will require experience and anatomical 

knowledge but at the same time it could also provide powerful justification to the achieved results. 

 Other factors that could be considered and included in future studies are both the onset and 

recurrence of depression.  It is well recognized that it might be complicated due to the difficulties 

accompanying the tracking of these kind of randomized events in patients, worsening the 

reproducibility and replicability of other researches.  Although, according to a few published works 

those two last mentioned factors are the major contributors behind the possible morphological 

rearrangement of the hippocampus in MDD patients. For the further research it is recommended to 

refer to these factors during the sample selection. 

Medication time and periodicity of use is the last but not the least factor to oversee when 

conducting any further research. There are some speculations that anti-depressive medication could 

have some minor effect on anatomical rearrangement of the hippocampus. It is important to keep in 

mind that patients with chronic depression are often being prescribed with various anti-depressive 

medications, which might affect the final results of the study. 

In general for the metabolite concentration study we require more research to justify our findings. 

We also believe that it could of interest to do a comparison of hippocampal Cho concentration 

between MDD female patients and healthy controls as we suspect that as result of a possible active 

degradation of hippocampal cellular membranes the Cho concentration might be increased in MDD 

patients compared to healthy controls.  
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Appendix 

1. Appendix A: Alignment 

Below we see five different examples of image alignment done to improve the VBM procedure. 

This images correspond to 5 different patients. The left column correspond to the default alignment 

of SPM whilst the right column correspond to the manual alignment.  

Non-Aligned Images Alined images 
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