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Background:  

In basic and clinical neuroscience, the in vivo MRI-derived quantitative 

characterization of the human brain, such as subcortical brain volumes are beginning 

to demonstrate important potential applications. Alterations in subcortical brain 

volumes are manifested in normal aging [1-3], Alzheimer's disease [4,5], Huntington's 

disease [6-12], and schizophrenia [13-16]. Longitudinal and cross-sectional 

imaging-based biomarkers of disease will likely be of great utility in better 

understanding brain disorders and in evaluating therapeutic efficacy [17,18]. The 

previous report in structural imaging studies have revealed that experience plays a 

role in sculpting the structure of the brain. Relative enlargement of functionally 

relevant brain regions has been shown to correlate with improved or better 

performance in domains as diverse as second language acquisition [19,20], musical 

ability [21], spatial navigational ability [22], and specific motor skills [23]. Moreover, 

in the case of spatial navigation and juggling, regional brain volume appears to be 

modulated by experience in a behaviorally meaningful manner, as individuals with 

the greater volume show better performance [24]. Overall, the data suggest that 

experience can modify brain structure and that morphometry is a valuable tool for 

studying human brain plasticity in vivo [25]. It would follow that sustained biases in 

behavior such as those mediated by culture could influence brain structure or 

function. 

 

Age 
The effects of age on different brain volumes have been well documented. Among 

them total gray or cortical gray matter [26-37], white matter[27, 28, 32, 34,37,38], 

hippocampus [30,31,36,39], amygdale [30,39], thalamus[37], pons [37,40,41,42], 

caudate nucleus[30, 43, 44], putamen [44], globus pallidus [44], cerebellum [30, 40, 

41, 45,46], and ventricular spaces [37,39,44] were all well studied. While 

semi-automated techniques for the quantification of global gray and white matter 

are often used (e.g. [27,28]), exact measurements of specific subcortical structures 

are typically obtained by manually tracing their boundaries in MR images. This 



requires high technical and neuroanatomical skills, and is quite time consuming. Thus, 

morphometric reports are usually limited to one or a few such structures. Knowledge 

of the relative age decline of different brain volumes is, therefore, limited by the use 

of different samples, scanning protocols and volumetric techniques. 

With the advancement of computed technology, automated brain volume calculation 

is available.  

 

Gender 
The existence of sexual dimorphism in cerebral morphology has been reported. 

Many previous quantitative magnetic resonance imaging (MRI) studies of brain 

volume have shown that, while gray matter (GM), white matter (WM) and brain size 

are smaller in women than in men–even after statistical control for sexual 

dimorphism in body size[45-47], but the relative proportions of GM tissue volume 

were higher in women[48,49]. Such regional sexual dimorphism and higher GM/WM 

ratio in women in anatomical subregions have also been described with region of 

interest (ROI)-based methods [48,50,51]. Regions of significant sexual dimorphism in 

ROI studies have not been consistent because of intra- and interrater reliability issues 

and different ROI definitions. This may be due to time-consuming and also manual 

error. We can apply the computer aided automation measurement to verify the 

sexual dimorphism in Taiwanese people and compare to the western data. 

 

Machine 
Manual measurements are difficult, time consuming, and susceptible to rater bias  

in measurement of cerebral volume. The accurate and reliable measurement of 

subcortical brain volumes from MRI data is important factor and possible. It can take 

a trained anatomist several days to manually label a single high-resolution set of 

structural MR brain images. To facilitate efficient, operator-independent subcortical 

region-of-interest (ROI) quantification, several automated and semiautomated 

algorithms have been proposed, including atlas-based methods[52-57],  

tensor-based morphometry [58-59] and boundary shift integral methods [60-64].  

Although the accuracy validation of automated segmentation methods has been 

performed against regional manual measurements derived from both in vivo and 

post-mortem brain scans[65,66], the influence of image acquisition and data 

analyses parameters on the reliability of the derived measures has received relatively 

little systematic investigation [60,61,66,67]. Furthermore, the measurement of 

reliability also provides a means for assessing the impact of measurement error on 

sample size requirements. Defining the reliability of subcortical morphometric 

methods is therefore important.  



Reliability in MRI-derived automated morphometric measures can be influenced by 

several sources of variance, including subject-related factors, such as hydration status 

[68], instrumentrelated factors, such as field strength, scanner manufacturer, imaging 

magnetic gradients [69], pulse sequence, and data processing-related factors, 

including not only software package and version but also the parameters chosen for 

analysis [70,71]. All of these factors may affect the ability to detect morphometric 

differences between groups in typical cross-sectional studies (e.g., morphometric 

differences between two subject groups, where each subject is scanned once and all 

subjects are scanned on the same scanner). Longitudinal studies of normal 

development, aging, or disease progression face additional challenges associated 

with both subject-related factors as well as instrument related factors (e.g., major 

scanner upgrades, across-session system instabilities). For studies that combine data 

acquired from multiple sites it is critical to understand and adjust for 

instrument-related differences between sites, such as scanner manufacturer, field 

strength, and other hardware components. Thus, detailed quantitative data 

regarding the degree to which each of the factors outlined above contributes to 

variability in morphometric measures would be helpful for both study design and 

interpretation. Recent publications discuss such studies with regard to the 

reproducibility of cortical thickness measures [71] and tensor based-morphometry 

[66]. We shall compare the available data from different machine, different tesla, 

different acquisition pulse sequences, and also different timing, in order to 

understand the effect of such factors on the measurement of brain volume.  

 

Leukoaraiosis 
Cerebral small vessel disease (SVD) includes white matter lesions (WML) and lacunar 

infarcts and is a frequent finding on computer tomography (CT) and magnetic 

resonance imaging (MRI) scans of elderly people [72]. It is associated with vascular 

risk factors, such as hypertension, atherosclerosis, diabetes mellitus and atrial 

fibrillation[73-75]. In cerebral SVD symptoms are due to either complete (lacunar 

syndromes) or incomplete infarction (WML) of subcortical structures leading to 

accompanying complaints including the lacunar syndromes, cognitive, motor (gait) 

and/or mood disturbances [76]. The prevalence of WML and lacunar infarcts varies 

considerably across studies from 5-95% and 8-28% respectively, depending on the 

population studied and the imaging technique used [72,77]. There is evidence of an 

increased risk of cognitive decline, dementia, gait and balance disturbances and 

parkinsonism among individuals with SVD, although prospective studies are scarce 

[78-81]. 

However, individuals with a virtually identical WML burden on conventional Fluid 



Attenuated Inversion Recovery (FLAIR) imaging present with a wide variance in 

cognitive and motor performance ranging from no complaints at all to subjective 

cognitive complaints and mild parkinsonian signs to dementia and parkinsonism. 

Apparently there are other factors that determine whether identical appearing WML 

on FLAIR lead to for example cognitive or motor decline in one person, while leaving 

others unaffected. One of the other factors could be the presence the coexisting 

manifestations of cerebral SVD on conventional MRI such as lacunar infarcts and 

cerebral microbleeds which might influence the cognitive and motor performance 

[82]. As identical appearing WML on conventional MRI are actually 

histopathologically heterogeneous [83], it could be that only the WML with a high 

loss of microstructural integrity are related to cognitive and motor impairment. It is 

also important to realize that only a small proportion of the white matter (usually 

less than a few percent) is affected by SVD, even among individuals with severe SVD 

[84]. As conventional MRI is not sensitive to early loss of microstructural integrity in 

the normal appearing white matter (NAWM), possible changes in this largest part of 

the white matter cannot be assessed [85,86]. 

 

We propose that we shall collection data of brain images from our routine 

examinations to: 

1. Set up the effect of age on the brain in different cortical and subcortical regions 

with automated measurement of their thickness and volume. As well as the 

possibility set up the development of the different brain regions in time period. 

2. Set up the effect of gender on the brain in different cortical and subcortical 

regions with automated measurement of their thickness and volume. 

3. Set up the effect of different machine, imaging pulse sequences, aging of the 

machine, and different magnetic field in the measurement of the cortical and 

subcortical regions of brain. 

4. Set up the effect of leukoaraiosis in different grades in the measurement of the 

cortical and subcortical regions of brain and their correlation with clinical 

manifestation. 

5. Set up the effect of different neurodegenerative disease in the measurement of 

the cortical and subcortical regions of brain. 

6. Set up the effect of destructive brain disease such as infarction, traumatic and 

post-operative encephalomalacia in the measurement of the cortical and 

subcortical regions of brain. 

 

 

References 



1. Mueller, S.G., Stables, L., Du, A.T., Schuff, N., Truran, D., Cashdollar, N., Weiner, M.W. (2007). 

Measurement of hippocampal subfields and age-related changes with high resolution MRI at 4 T. 

Neurobiol. Aging 28, 719–726. 

2. Jack Jr., C.R., Shiung, M.M.,Weigand, S.D., O'Brien, P.C., Gunter, J.L., Boeve, B.F., Knopman, D.S., 

Smith, G.E., Ivnik, R.J., Tangalos, E.G., Petersen, R.C. (2005). Brain atrophy rates predict 

subsequent clinical conversion in normal elderly and amnestic MCI. Neurology 65, 1227–1231. 

3. Szentkuti, A., Guderian, S., Schiltz, K., Kaufmann, J., Munte, T.F., Heinze, H.J., Duzel, E., (2004). 

Quantitative MR analyses of the hippocampus: unspecific metabolic changes in aging. J. Neurol. 

251, 1345–1353. 

4. Kantarci, K., Jack Jr., C.R. (2004). Quantitative magnetic resonance techniques as surrogate 

markers of Alzheimer's disease. NeuroRx 1, 196–205. 

5. Anstey, K.J., Maller, J.J. (2003). The role of volumetric MRI in understanding mild cognitive 

impairment and similar classifications. Aging Ment. Health 7, 238–250. 

6. Douaud, G., Gaura, V., Ribeiro, M.J., Lethimonnier, F., Maroy, R., Verny, C., Krystkowiak, P., Damier, 

P., Bachoud-Levi, A.C., Hantraye, P., Remy, P. (2006). Distribution of grey matter atrophy in 

Huntington's disease patients: a combined ROI-based and voxel based morphometric study. 

NeuroImage 32, 1562–1575. 

7. Peinemann, A., Schuller, S., Pohl, C., Jahn, T., Weindl, A., Kassubek, J. (2005). Executive 

dysfunction in early stages of Huntington's disease is associated with striatal and insular atrophy: 

a neuropsychological and voxel-based morphometric study. J. Neurol. Sci. 239, 11–19. 

8. Kipps, C.M., Duggins, A.J., Mahant, N., Gomes, L., Ashburner, J., McCusker, E.A. (2005). 

Progression of structural neuropathology in preclinical Huntington's disease: a tensor based 

morphometry study. J. Neurol. Neurosurg. Psychiatry 76, 650–655. 

9. Kassubek, J., Juengling, F.D., Ecker, D., Landwehrmeyer, G.B. (2005). Thalamic atrophy in 

Huntington's disease co-varies with cognitive performance: a morphometric MRI analysis. Cereb. 

Cortex 15, 846–853. 

10. Kassube, J., Juengling, F.D., Kioschies, T., Henkel, K., Karitzky, J., Kramer, B., Ecker, D., Andrich, J., 

Saft, C., Kraus, P., Aschoff, A.J., Ludolph, A.C., Landwehrmeyer, G.B. (2004). Topography of cerebral 

atrophy in early Huntington's disease: a voxel based morphometric MRI study. J. Neurol. 

Neurosurg. Psychiatry 75, 213–220. 

11. Rosas, H.D., Koroshetz,W.J., Chen, Y.I., Skeuse, C., Vangel, M., Cudkowicz, M.E., Caplan, K., Marek, 

K., Seidman, L.J., Makris, N., Jenkins, B.G., Goldstein, J.M. (2003). Evidence for more widespread 

cerebral pathology in early HD: an MRI-based morphometric analysis. Neurology 60, 1615–1620. 

12. Thieben, M.J., Duggins, A.J., Good, C.D., Gomes, L., Mahant, N., Richards, F., McCusker, E., 

Frackowiak, R.S. (2002). The distribution of structural neuropathology in pre-clinical Huntington's 

disease. Brain 125, 1815–1828. 

13. Makris, N., Goldstein, J.M., Kennedy, D., Hodge, S.M., Caviness, V.S., Faraone, S.V., Tsuang, M.T., 

Seidman, L.J. (2006). Decreased volume of left and total anterior insular lobule in schizophrenia. 



Schizophr Res. 83, 155–171. 

14. Koo, M.S., Levitt, J.J., McCarley, R.W., Seidman, L.J., Dickey, C.C., Niznikiewicz, M.A., Voglmaier, 

M.M., Zamani, P., Long, K.R., Kim, S.S., Shenton, M.E. (2006). Reduction of caudate nucleus 

volumes in neuroleptic-naive female subjects with schizotypal personality disorder. Biol. 

Psychiatry 60, 40–48. 

15. Kuroki, N., Kubicki, M., Nestor, P.G., Salisbury, D.F., Park, H.J., Levitt, J.J., Woolston, S., Frumin, M., 

Niznikiewicz, M.,Westin, C.F., Maier, S.E., McCarley, R.W., Shenton, M.E. (2006). Fornix integrity 

and hippocampal volume in male schizophrenic patients. Biol. Psychiatry 60, 22–31. 

16. Shenton, M.E., Dickey, C.C., Frumin, M., McCarley, R.W., (2001). A reviewof MRI findings in 

schizophrenia. Schizophr Res. 49, 1–52. 

17. Dickerson, B.C., Sperling, R.A. (2005). Neuroimaging biomarkers for clinical trials of 

disease-modifying therapies in Alzheimer's disease. NeuroRx 2, 348–360. 

18. DeKosky, S.T., Marek, K. (2003). Looking backward to move forward: early detection of 

neurodegenerative disorders. Science 302, 830–834. 

19. Golestani, N., Molko, N., Dehaene, S., LeBihan, D., & Pallier, C. (2007). Brain structure predicts the 

learning of foreign speech sounds. Cerebral Cortex, 17, 575–582. 

20. Green, D. W., Crinion, J., & Price, C. J. (2007). Exploring cross-linguistic vocabulary effects on brain 

structures using voxel-based morphometry. Bilingualism (Cambridge, England), 10, 189–199. 

21. Gaser, C., & Schlaug, G. (2003). Brain structures differ between musicians and non-musicians. 

Journal of Neuroscience, 23, 9240–9245. 

22. Maguire, E. A., Gadian, D. G., Johnsrude, I. S., Good, C. D., Ashburner, J., Frackowiak, R. S., et al. 

(2000). Navigation-related structural change in the hippocampi of taxi drivers. Proceedings of the 

National Academy of Sciences, U.S.A., 97, 4398–4403. 

23. Draganski, B., Gaser, C., Busch, V., Schuierer, G., Bogdahn, U., & May, A. (2004). Neuroplasticity: 

Changes in grey matter induced by training. Nature, 427, 311–312. 

24. Draganski, B., & May, A. (2008). Training-induced structural changes in the adult human brain. 

Behavioural Brain Research, 192, 137–142. 

25. May, A., & Gaser, C. (2006). Magnetic resonance-based morphometry: A window into structural 

plasticity of the brain. Current Opinion in Neurology, 19, 407–411. 

26. Blatter DD, Bigler ED, Gale SD, Johnson SC, Anderson CV, Burnett BM, et al. (1995) Quantitative 

volumetric analysis of brain MR: normative database spanning 5 decades of life. AJNR Am J 

Neuroradiol 16:241–51. 

27. Courchesne E, Chisum HJ, Townsend J, Cowles A, Covington J, Egaas B, et al. (200) Normal brain 

development and aging: quantitative analysis at in vivo MR imaging in healthy volunteers. 

Radiology 216:672–82. 

28. Good CD, Johnsrude IS, Ashburner J, Henson RNA, Friston KJ, Frackowiak RSJ. (2001) A 

voxel-based morphometric study of ageing in 465 normal adult human brains. Neuroimage 

14:21–36. 



29. Jernigan TL, Archibald SL, Berhow MT, Sowell ER, Foster DS, Hesselink JR. (1991) Cerebral 

structure on MRI, part I: localization of agerelated changes. Biol Psychiatry 29:55–67. 

30. Jernigan TL, Archibald SL, Fennema-Notestine C, Gamst AC, Stout JC, Bonner J, et al. (2001) Effects 

of age on tissues and regions of the cerebrum and cerebellum. Neurobiol Aging 22:581–94. 

31. Murphy DG, DeCarli C, McIntosh AR, Daly E, Mentis MJ, Pietrini P, et al. (1996)Sex differences in 

human brain morphometry and metabolism: an in vivo quantitative magnetic resonance imaging 

and positron emission tomography study on the effect of aging. Arch Gen Psychiatry 53:585–94. 

32. Pfefferbaum A, Mathalon DH, Sullivan EV, Rawles JM, Zipursky RB, Lim KO.(1994) A quantitative 

magnetic resonance imaging study of changes in brain morphology from infancy to late adulthood. 

Arch Neurol 51:874–87. 

33. Raz N, Gunning FM, Head D, Dupuis JH, McQuain J, Briggs SD, et al. (1997) Selective aging of the 

human cerebral cortex observed in vivo: differential vulnerability of the prefrontal gray matter. 

Cereb Cortex 7:268–82.  

34. Resnick SM, Goldszal AF, Davatzikos C, Golski S, Kraut MA, Metter EJ, et al. (2000) One-year age 

changes in MRI brain volumes in older adults. Cereb Cortex 10:464–72. 

35. Salat DH, Buckner RL, Snyder AZ, Greve DN, Desikan RSR, Busa E, et al. (2004) Thinning of the 

cerebral cortex in aging. Cereb Cortex 14:721–30. 

36. Sullivan EV, Marsh L, Mathalon DH, Lim KO, Pfefferbaum A.(1995) Age related decline in MRI 

volumes of temporal lobe gray matter but not hippocampus. Neurobiol Aging 16:591–606.  

37. Sullivan EV, Rosenbloom M, Serventi KL, Pfefferbaum A. (2004) Effects of age and sex on the 

volumes of thalamus, pons and cortex. Neurobiol Aging 25:185–92. 

38. Guttmann CR, Jolesz FA, Kikinis R, Killiany RJ, Moss MB, Sandor T, et al. (1998) White matter 

changes with normal aging. Neurology 50:972–8. 

39. Mu Q, Xie J, Wen Z, Weng Y, Shuyun Z. (1999) A quantitative MR study of the hippocampal 

formation, the amygdala, and the temporal horn of the lateral ventricle in healthy subjects 40 to 

90 years of age. AJNR Am J Neuroradiol 20:207–11. 

40. Luft AR, Skalej M, Schulz JB, Welte D, Kolb R, Burk K, et al. (1999) Patterns of age-related 

shrinkage in cerebellum and brainstem observed in vivo using three-dimensional MRI volumetry. 

Cereb Cortex 9:712–21. 

41. Raz N, Dupuis JH, Briggs SD, McGavran C, Acker JD.(1998) Differential effects of age and sex on the 

cerebellar hemispheres and the vermis: a prospective MR study. AJNR Am J Neuroradiol 

19:65–71. 

42. Raz N, Gunning-Dixon F, Head D, Williamson A, Acker JD. (2001)Age and sex differences in the 

cerebellum and the ventral pons: a prospective MR study of healthy adults. AJNR Am J 

Neuroradiol 22:1161–7. 

43. Krishnan KR, Husain MM, McDonald WM, Doraiswamy PM, Figiel GS, Boyko OB, et al. (1990) In 

vivo stereological assessment of caudate volume in man: effect of normal aging. Life Sci 47: 

1325–9. 



44. Raz N, Rodrigue KM, Kennedy KM, Head D, Gunning-Dixon F, Acker JD.(2003) Differential aging of 

the human striatum: longitudinal evidence. AJNR Am J Neuroradiol 24:1849–56. 

45. Passe, T.J., Rajagopalan, P., Tupler, L.A., Byrum, C.E., MacFall, J.R., Krishnan, K.R., (1997). Age and 

sex effects on brain morphology. Prog. Neuro-psychopharmacol. Biol. Psychiatry 21, 1231– 1237. 

46. Peters, M., (1991). Sex differences in human brain size and the general meaning of differences in 

brain size. Can. J. Psychol. 45, 507– 522. 

47. Raz, N., Gunning-Dixon, F., Head, D., Rodrigue, K.M., Williamson, A., Acker, J.D. (2004). Aging, 

sexual dimorphism, and hemispheric asymmetry of the cerebral cortex: replicability of regional 

differences in volume. Neurobiol. Aging 25, 377–396. 

48. Allen, J.S., Damasio, H., Grabowski, T.J., Bruss, J., Zhang, W. (2003). Sexual dimorphism and 

asymmetries in the gray– white composition of the human cerebrum. NeuroImage 18, 880–894. 

49. Gur, R.C., Turetsky, B.I., Matsui, M., Yan, M., Bilker, W., Hughett, P., Gur, R.E. (1999). Sex 

differences in brain gray and white matter in healthy young adults: correlations with cognitive 

performance. J. Neurosci. 19, 4065– 4072. 

50. Goldstein, J.M., Seidman, L.J., Horton, N.J., Makris, N., Kennedy, D.N., Caviness Jr., V.S., Faraone, 

S.V., Tsuang, M.T. (2001). Normal sexual dimorphism of the adult human brain assessed by in vivo 

magnetic resonance imaging. Cereb. Cortex 11, 490– 497. 

51. Nopoulos, P., Flaum, M., O’Leary, D., Andreasen, N.C. (2000). Sexual dimorphism in the human 

brain: evaluation of tissue volume, tissue composition and surface anatomy using magnetic 

resonance imaging. Psychiatry Res. 98, 1– 13. 

52. Haller, J.W., Banerjee, A., Christensen, G.E., et al. (1997). Three dimensional hippocampal MR 

morphometry with high-dimensional transformation of a neuroanatomic atlas. Radiology 202, 

504–510. 

53. Collins, D.L., Zijdenbos, A.P., Barré, W.F.C., Evans, A.C. (1999). ANIMAL+INSECT: improved cortical 

structure segmentation. Proc. of the Annual Symposium on Information Processing in Medical 

Imaging. In: Kuba, A., Samal, M., Todd-Pokropek, A. (Eds.), vol. 1613 of LNCS. Springer, Berlin, pp. 

210–223. 

54. Fischl, B., Salat, D.H., Busa, E., Albert, M., Dieterich, M., Haselgrove, C., van der Kouwe, A., Killiany, 

R., Kennedy, D., Klaveness, S., Montillo, A., Makris, N., Rosen, B., Dale, A.M. (2002). Whole brain 

segmentation: automated labeling of neuroanatomical structures in the human brain. Neuron 33, 

341–355. 

55. Magnotta, V.A., Harris, G., Andreasen, N.C., O'Leary, D.S., Yuh, W.T., Heckel, D. (2002). Structural 

MR image processing using the BRAINS2 toolbox. Comput. Med. Imaging Graph. 26, 251–264. 

56. Fischl, B., Salat, D.H., van der Kouwe, A.J.W., Makris, N., Ségonne, F., Dale, A.M. (2004). 

Sequence-independent segmentation of magnetic resonance images. NeuroImage 22, 

1060–1075. 

57. Alemán-Gómez, Y., Melie-García, L., Valdés-Hernandez, P. (2007). IBASPM: toolbox for automatic 

parcellation of brain structures. Human Brain Mapping, 12th Annual Meeting; Florence, Italy. 



58. Studholme, C., Cardenas, V., Schuff, N., Rosen, H., Miller, B., Weiner, M.W. (2001). Detecting 

spatially consistent structural differences in Alzheimer's and frontotemporal dementia using 

deformation morphometry. MICCAI 41–48. 

59. Leow, A.D., Yu, C.L., Lee, S.J., Huang, S.C., Nicolson, R., Hayashi, K.M., Protas, H., Toga, A.W., 

Thompson, P.M. (2005). Brain structural mapping using a novel hybrid implicit/explicit framework 

based on the level-set method. NeuroImage 24, 910–927. 

60. Smith, S.M., De Stefano, N., Jenkinson, M., Matthews, P.M. (2002). Measurement of brain change 

over time, FMRIB Technical Report TR00SMS1, http://www.fmrib.ox.ac.uk/ 

analysis/research/siena/siena/siena.html. 

61.  Smith, S.M., Zhang, Y., Jenkinson, M., Chen, J., Matthews, P.M., Federico, A., De Stefano, N. 

(2002). Accurate, robust, and automated longitudinal and cross-sectional brain change analysis. 

NeuroImage 17, 479–489. 

62. Camara, O., Scahill, R.I., Schnabel, J.A., Crum, W.R., Ridgway, G.R., Hill, D.L., Fox, N.C. (2007). 

Accuracy assessment of global and local atrophy measurement techniques with realistic 

simulated longitudinal data. Med. Image Comput. Comput. Assist. Interv. Int. Conf. Med. Image 

Comput. Comput. Assist. Interv. 10, 785–792. 

63. Barnes, J., Lewis, E.B., Scahill, R.I., Bartlett, J.W., Frost, C., Schott, J.M., Rossor, M.N., Fox, N. C. 

(2007). Automated measurement of hippocampal atrophy using fluid-registered serial MRI in AD 

and controls. J. Comput. Assist. Tomogr. 31, 581–587. 

64. Anderson, V.M., Fernando, K.T.,Davies, G.R., Rashid,W., Frost, C., Fox, N.C.,Miller, D.H. (2007). 

Cerebral atrophymeasurement in clinically isolated syndromesandrelapsing remitting multiple 

sclerosis: a comparison of registration-based methods. J. Neuroimaging 17, 61–68. 

65. Fischl, B., Dale, A.M. (2000). Measuring the thickness of the human cerebral cortex from magnetic 

resonance images. Proceed. Nat. Acad. Sci. 97, 11044–11049. 

66. Leow, A.D., Klunder, A.D., Jack Jr., C.R., Toga, A.W., Dale, A.M., Bernstein, M.A., Britson, P.J., Gunter, 

J.L., Ward, C.P., Whitwell, J.L., Borowski, B.J., Fleisher, A.S., Fox, N.C., Harvey,D., Kornak, J., Schuff, 

N., Studholme, C., Alexander, G.E., Weiner, M.W., Thompson, P.M. (2006). ADNI Preparatory Phase 

Study. Longitudinal stability of MRI for mappingbrain change using tensor-based morphometry. 

NeuroImage 31, 627–640. 

67. Ewers, M., Teipel, S.J., Dietrich, O., Schonberg, S.O., Jessen, F., Heun, R., Scheltens, P., Pol, L., 

Freymann, N.R., Moeller, H.J., Hampel, H. (2006). Multicenter assessment of reliability of cranial 

MRI. Neurobiol. Aging 27, 1051–1059. 

68. Walters, R.J.C., Fox, N.C., Crum, W.R., Taube, D., Thomas, D.J. (2001). Hemodialysis and cerebral 

edema. Nephron 87, 143–147. 

69. Jovicich, J., Czanner, S., Greve, D., Haley, E., van der Kouwe, A., Gollub, R., Kennedy, D., Schmitt, F., 

Brown, G., Macfall, J., Fischl, B., Dale, A.M. (2006). Reliability in multi-site structural MRI studies: 

effects of gradient non-linearity correction on phantom and human data. NeuroImage 30, 

436–443. 

http://www.fmrib.ox.ac.uk/


70. Senjem, M.L., Gunter, J.L., Shiung, M.M., Petersen, R.C., Jack Jr., C.R. (2005). Comparison of 

different methodological implementations of voxel-based morphometry in neurodegenerative 

disease. NeuroImage 26, 600–608. 

71. Han, X., Jovicich, J., Salat, D., van der Kouwe, A., Quinn, B., Czanner, S., Busa, E., Pacheco, J., Albert, 

M., Killiany, R., Maguire, P., Rosas, D., Makris, N., Dale, A.M., Dickerson, B., Fischl, B. (2006). 

Reliability of MRI-derived measurements of human cerebral cortical thickness: the effects of field 

strength, scanner upgrade and manufacturer. NeuroImage 32, 180–194 

72. de Leeuw FE, de Groot JC, Achten E, Oudkerk M, Ramos LM, Heijboer R, Hofman A, Jolles J, van 

Gijn J, Breteler MM. (2001) Prevalence of cerebral white matter lesions in elderly people: a 

population based magnetic resonance imaging study. The Rotterdam Scan Study. J Neurol 

Neurosurg Psychiatry  70(1):9-14. 

73.  Ott A, Stolk RP, van Harskamp F, Pols HA, Hofman A, Breteler MM. (1999) Diabetes mellitus and 

the risk of dementia: The Rotterdam Study. Neurology 53(9):1937-1942.  

74. de Leeuw FE, de Groot JC, Oudkerk M, Witteman JC, Hofman A, van Gijn J, Breteler MM. (2002) 

Hypertension and cerebral white matter lesions in a prospective cohort study. Brain  125(Pt 

4):765-772. 

75. de Leeuw FE, de Groot JC, Oudkerk M, Kors JA, Hofman A, van Gijn J, Breteler MM. (2000) Atrial 

fibrillation and the risk of cerebral white matter lesions. Neurology  54(9):1795-1801. 

76. Roman GC, Erkinjuntti T, Wallin A, Pantoni L, Chui HC. (2002) Subcortical ischaemic vascular 

dementia. Lancet Neurol 1(7):426-436.  

77.  Vermeer SE, Koudstaal PJ, Oudkerk M, Hofman A, Breteler MM. (2002) Prevalence and risk 

factors of silent brain infarcts in the population-based Rotterdam Scan Study. Stroke 33(1):21-25. 

78. Vermeer SE, Prins ND, den Heijer T, Hofman A, Koudstaal PJ, Breteler MM.(2003) Silent brain 

infarcts and the risk of dementia and cognitive decline. N Engl J Med  348(13):1215-1222. 

79. Baezner H, Blahak C, Poggesi A, Pantoni L, Inzitari D, Chabriat H, Erkinjuntti T, Fazekas F, Ferro JM, 

Langhorne P, Scheltens P, Visser MC, Wahlund G, Wallin A, Hennerici MG, LADIS Study Group. 

(2008) Association of gait and balance disorders with age-related white matter changes: the LADIS 

study. Neurology  70(12):935-942. 

80. van Zagten M, Lodder J, Kessels F. (1998)Gait disorder and parkinsonian signs in patients with 

stroke related to small deep infarcts and white matter lesions. Mov Disord 13(1):89-95. 

81. de Groot JC, de Leeuw FE, Oudkerk M, van Gijn J, Hofman A, Jolles J, Breteler MM.(2000) Cerebral 

white matter lesions and cognitive function: the Rotterdam Scan Study. Ann Neurol 

47(2):145-151. 

82. Wardlaw JM, Lewis SC, Keir SL, Dennis MS, Shenkin S. (2006) Cerebral microbleeds are associated 

with lacunar stroke defined clinically and radiologically, independently of white matter lesions. 

Stroke 37(10):2633-2636. 

83. Matsusue E, Sugihara S, Fujii S, Ohama E, Kinoshita T, Ogawa T.(2006) White matter changes in 

elderly people: MR-pathologic correlations. Magn Reson Med Sci 5(2):99-104. 



84. Ikram MA, Vrooman HA, Vernooij MW, van der Lijn F, Hofman A, van der Lugt A, Niessen WJ, 

Breteler MM.(2008) Brain tissue volumes in the general elderly population. The Rotterdam Scan 

Study. Neurobiol Aging 29(6):882-890. 

85. Scheltens P, Barkhof F, Leys D, Wolters EC, Ravid R, Kamphorst W.(1995) Histopathologic correlates 

of white matter changes on MRI in Alzheimer’s disease and normal aging. Neurology 

45(5):883-888. 

86. Longstreth WT, Manolio TA, Arnold A, Burke GL, Bryan N, Jungreis CA, Enright PL, O’Leary D, Fried 

L.(1996) Clinical correlates of white matter findings on cranial magnetic resonance imaging of 

3301 elderly people. The Cardiovascular Health Study. Stroke 27(8):1274-1282. 

 

Methods: 

Cortical reconstruction and volumetric segmentation was performed with the 

Freesurfer image analysis suite, which is documented and freely available for 

download online (http://surfer.nmr.mgh.harvard.edu/). This software package used 

for a number of procedures.  

Briefly, this processing includes motion correction and averaging[1] of multiple 

volumetric T1 weighted images (when more than one is available), removal of 

non-brain tissue using a hybrid watershed/surface deformation procedure [2], 

automated Talairach transformation, segmentation of the subcortical white matter 

and deep gray matter volumetric structures (including hippocampus, amygdala, 

caudate, putamen, ventricles)[3,4] intensity normalization, tessellation of the gray 

matter white matter boundary, automated topology correction [5,6], and surface 

deformation following intensity gradients to optimally place the gray/white and 

gray/cerebrospinal fluid borders at the location where the greatest shift in intensity 

defines the transition to the other tissue class [7,8].  

Once the cortical models are complete, a number of deformable procedures can 

be performed for in further data processing and analysis including surface inflation 

[9], registration to a spherical atlas which utilized individual cortical folding patterns 

to match cortical geometry across subjects [10], parcellation of the cerebral cortex 

into units based on gyral and sulcal structure [11,12], and creation of a variety of 

surface based data including maps of curvature and sulcal depth.  

This method uses both intensity and continuity information from the entire three 

dimensional MR volume in segmentation and deformation procedures to produce 

representations of cortical thickness, calculated as the closest distance from the 

gray/white boundary to the gray/CSF boundary at each vertex on the tessellated 

surface [8] The maps are created using spatial intensity gradients across tissue 

classes and are therefore not simply reliant on absolute signal intensity. The maps 

http://surfer.nmr.mgh.harvard.edu/


produced are not restricted to the voxel resolution of the original data thus are 

capable of detecting submillimeter differences between groups.  

Procedures for the measurement of cortical thickness have been validated against 

histological analysis [13] and manual measurements [14,15]. Freesurfer 

morphometric procedures have been demonstrated to show good test-retest 

reliability across scanner manufacturers and across field strengths [16,17]. 
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Materials: 

Since the FreeSurfer software accept T1weighted images for processing, so the 

data available for our study will be done as retrospective process. Those qualified 

subjects received MR examinations in National Taiwan University Hospital since 2010 

will be recruited. The exclusion criteria included; poor quality imagines such as 

motion or metallic artifacts, significant imaging distortion due to in-homogeneity of 

the magnetic field, significant structural anatomic distortion due to remarkable 

diseases or operative change, no T1-weighted images available for processing, and 

the data that is not accepted by the software. All these will be double checked by 

experienced neuroradiologists. For every study mentioned above, minimum of 500 

subjects should be recruited for each group after evaluation and chart reviewed.  

  For the PC we used (16G ram, CPU Intel CoreDuo 2.8GhZ), it takes 8 to 24 hours for 

finishing the processing for 8 cases.  

Statistical analysis 

The relationships among cortical and subcortical measures (volume and thickness) 

and different parameters were examined with a vertex by vertex general linear 

model (GLM). A separate GLM was evaluated for each vertex to assess regional 

variation in each measure. The significance of contrasts of the regression parameters 

were computed using t-tests. In addition to p value maps, we created binarized maps 

demonstrating the unique and overlapping regional patterns of each effect 

measured. 


