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Review of disease diagnosis research based on brain diffusion tensor imaging data processing
technique
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Abstract: The development of the diffusion tensor imaging (DTI) technology is introduced in the paper, including the
development of the most commonly used method of the brain DTI data processing and application in disease diagnosis.
Three most commonly used DTI data processing methods are summarized, including voxel- based analysis, tract- based
spatial statistics, and white matter fiber tracking method, in which the achievements of various methods applied to disease
research are listed, and the research results are analyzed, and the advantages and disadvantages of various analysis methods
are summarized. Finally, the perspectives on the future research direction of DTI are offered. DTI is playing an increasingly
important role in scientific research and clinical application. Especially, many important achievements are made in scientific
research. In clinic, DTI can be used in the diagnosis and treatment of various diseases, and plays a more and more important
role in some disease diagnosis.
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Tab.1 Abnormal brain structure research on DTI based on VBA
Reference Subject Result
Compared with HC, regions with FA decreased, and MD increased in the early blind (blindness onset
. was within 1 year for all blind subjects): bilateral lingual gyri, and temporal-occipital regions,
Shu (2009)"" Early blind (17); HC (17) . ) ) o ] o
including middle occipital gyrus, cuneus, and sub-gyral of temporal lobe. No region with higher FA
in the early blind was found.
ADHD (24);
Li (2010)" He (2(0) ) Compared with HC, regions with FA increased in ADHD was right frontal lobe.
For adult patients with ADHD, reduced FA as well as higher MD present bilaterally in orbitomedial
Konrad ADHD (37); o . . . .
prefrontal WM, and in right anterior cingulate bundle, while elevated FA was present bilaterally in
(2010)* HC (34)
temporal WM structures.
. . Compared with ADHD patients and HC, schizophrenia patients had uniquely low FA in bilateral
Schizophrenia (15); . . . : . .
Davenport ADHD (14) cerebral peduncles, anterior and posterior corpus callosum, right anterior corona radiata, and right
(2010)™ HC (26) ' SLF. ADHD patients had uniquely high FA in left inferior and right superior frontal regions. Both
clinical groups had lower FA than HC in left posterior fornix.
Using voxel-wise analysis, fractional anisotropy was found to be significantly increased in the ADHD
Peterson ADHD (16); . . . . L L
2012y HC (16) group in right superior frontal gyrus, posterior thalamic radiation, left dorsal posterior cingulate gyrus,
lingual gyrus, and parahippocampal gyrus. No regions showed significantly decreased FA in ADHD.
Qiu (2011)" ADHD (43); Compared with HC, ADHD patients had significantly decreased FA in forceps minor, internal
iu
HC (43) capsule, corona radiata, splenium of corpus callosum, and bilateral basal ganglia.
Compared with HC, monocular amblyopic group showed reduced GMV in left inferior occipital
. gyrus, bilateral parahippocampal gyrus, and left supramarginal/postcentral gyrus, and increased GMV
Monocular amblyopic . . . . . .
. . in lingual gyrus. Meanwhile, WMV of monocular amblyopic group reduced in left calcarine, bilateral
Li (2013)"* children (20); L . o o . . .
HC (20) inferior frontal, and right precuneus areas, while increased in right cuneus, right middle occipital,
and left orbital frontal areas. Diminished FA values in optic radiation and increased FA in left middle
occipital area and right precuneus were detected in amblyopic patients.
. . Compared with HC and relatives, regions with reduced FA and increased MD were observed in
Bipolar I disorder (19); . . .
Emsell ) cingulum, SLF, callosal splenium, and ILF of patients.
Unaffected first-degree . L
(2013)"4 In the tractography study, WM microstructural abnormalities in limbic, temporal and callosal

Nir (2013)™

Yang
(2015)[1e]

Chaim
(2014)“”

relatives (21); HC (15)

Alzheimer's disease (23);

MCI (88), including early-

MCI (62), late-MCI (26);
HC (44)

Patients with ischemic
stroke during
convalescence (54),
dividing into apathy (31)
and non-apathy (23)

ADHD (22); HC (19)

pathways were detected in patients.

Compared with HC, Alzheimer's disease patients showed pervasive deficits in fiber integrity (lower
FA). The higher mean RD, AD and MD values were found in Alzheimer's Disease patients, and the
effects were larger and even diffuser than for FA.

No significant difference was detected between early-MCI and late-MCI groups in any of the DTI
measures. No significant difference in the anisotropy or diffusivity measures was found between HC
and MCI as a whole, or HC and the early-MCI group. However, significant difference were found
in the RD, AD and MD of left hippocampal part of cingulum between HC and late-MCI group.

Significant FA reduction was detected in four clusters with peak voxels at callosum, left anterior
corona radiata, splenium of the corpus callosum, and right inferior frontal gyrus.

Compared with HC, ADHD patients showed reduced GMV in right angular gyrus, and increased
GMV in right supplementary motor area and superior frontal gyrus, and higher FA in WM of bilateral
superior frontal gyrus, right middle frontal left gyrus, left postcentral gyrus, bilateral cingulate gyrus,
bilateral middle temporal gyrus, and right superior temporal gyrus. Compared with HC, some higher
diffusive parameters (mean diffusivity and axial diffusivity) in ADHD patients were also found in
fronto-striatal-parieto-occipital circuits, including right superior frontal gyrus, bilateral middle frontal
gyrus, right precentral gyrus, left middle occipital gyrus and bilateral cingulate gyrus, as well as the
left body and right splenium of the corpus callosum, right superior corona radiata, and right SLF and
fronto-occipital fasciculi.
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Reference Subject Result
Allen Adults with amblyopia No significant difference was found in the diffusion properties in cortico-cortical pathways of
(2015)™ (10); HC (10) patients with amblyopia who exhibited increased MD in thalamo-cortical visual pathways.

DTI: Diffusion tensor image; VBA: Voxel-based Analysis; HC: Healthy control; FA: Fractional anisotropy; MD: Mean diffusivity; ADHD: Attention-deficit/
hyperactivity disorder; WM: White matter; SLF: Superior longitudinal fasciculus; GMV: Grey matter volum; WMV: White matter volume; ILF: Inferior
longitudinal fasciculus; RD: Radial Diffusivity; AD: Axial Diffusivity; MCI: Mild cognitive impairment
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Tab.2 Abnormal brain structure research on DTT images based on TBSS

Reference Subject Result
Aliott POMS (16); Compared with POMS, widespread cortical and deep WM area differences characterized by
iotta
(2014 AOAMS (23); increased FA values were seen in AOAMS. Significantly increased FA values of posterior WM
AODMS (22) areas were also detected in AODMS.

Liu (2013)"

Schizophrenia (17);
HC (17)

First-episode

Schizophrenia patients showed significant FA reduction in left ILF and left IFOF, and no
difference in MD, AD or RD as compared to HC.

Compared with HC, First-episode patients with schizophrenia showed lower FA values in the
genu and body of corpus callosum, internal capsule, external capsule, fornix, superior or inferior

Lee (2013)"* schizophrenia (17); fronto-occipital fasciculus, cingulum, and uncinate fasciculus.
HC (17) Increased MD and RD were shown in virtually all white matter regions. No significant difference
in AD was observed between the two groups.
Medicated-naive chronic . . . . .
. . . . Schizophrenia patients possessed lower FA values in left IFOF and left ILF, along with smaller
Liu (2014)® schizophrenia patients

(17); HC (17)

GMV and cortical thinning in temporal lobe than HC.

CD adolescents had significantly lower FA and AD values in frontal lobe and temporal

Haney-Caron CD (17); . . . . . . .
lobe regions, including frontal lobe anterior/superior corona radiata, ILF and fronto-occipital
(2014)™ HC (24) Lo .
fasciculi passing through the temporal lobe.
ADHD (170); Individuals with ADHD showed decreased FA and decreased MD in several widespread, non-
Hanneke N overlapping brain regions. In contrast, higher ADHD symptom count was consistently associated
Unaffected siblings (80); o ) o L
(2014)™! HC (107) with increased FA and decreased MD in ADHD group. Unaffected siblings resembled individuals
in the ADHD group with regard to decreased FA but had MD similar to that in HC.
In comparison to controls, participants with ADHD showed reduced FA in corpus callosum,
Onnink Adult ADHD (107); bilateral corona radiata, and thalamic radiation. Higher MD and RD were found in overlapping
(2015)" HC (109) and even more widespread areas in both hemispheres, also encompassing internal and external
capsule, sagittal stratum, fornix, and superior lateral fasciculus.
WD (35) including . L . .
B . The entire cohort had significant improvement in all the four parameters (MD, FA, AD and RD)
treatment-naive patients o . ) . .
Lawrence . indicated by a decrease in MD, AD and RD values and increase in FA values. Comparison of
(18) and patients already ) . .
(2015)"" . whole-brain white matter DTI measures between pre- and post-treatment did not show any
on decoppering therapy o .
significant difference.
7
Li (2015 Amblyopic children (20); In contrast to the controls, significant decreases in FA values were found in right optic radiation ,
i
HC (20) left ILF/IFOF and right SLF in the amblyopia.
. . The FA of cingulum, hippocampus, corticospinal tract, and IFOF significantly reduced in
Chen Alzheimer's disease (12); . .
Alzheimer's patients than that of HC.
(2015)" HC (12) . . . .
On the other hand, the FA of other encephalic regions had no discrepancy compared with that of HC.

TBSS: Tract-based spatial statistics; AOAMS: Age-matched adult-onset patients with multiple sclerosis; AODMS: Disease duration-matched adult-

onset patients with multiple sclerosis; POMS: Pediatric-onset multiple sclerosis; IFOF: Inferior fronto-occipital fasciculus



9 TR, 25 PR TR ALK RS AL B BORTEBR IS W5 F ) 1 FH o J - 917 -

B, TGS JE VBA JT LIS & TBSS ik, & &4 1
Tl s, B P R 2 5 SR G — B R —
R F U T X PR 5 2 i Al SR

4 R E5RE

YE Sk B i —— P SR 0 MR AT 2 OB Y
3, DTIE 2 I TR, (A&7 I R 5 1 A BE
BARRAE SR — I ] SEFE AR, X R B DT 5T i # rh )58k
FEAE—LER)E, DTIEHG AR 73 HE AR 50 L
ANfm XARY JE A i Ok TARZ ), DTIER )G
AbEE VBA 7 IE R HE R, HOV I B OA 4
Bt s i H] TBSS J5 i), 47 52 FA A BRI il 1) 27
AL A4, HE B 2R ) e B 2 A R iR
L B S n) B LAl — B A S i o £F 2 G
BRI AR ) ) S R R SR R X
I, FLIER SR I A AT ARAE I, 38 SUEF 4k A it —
B —XE LI )R, 32 ] SR T 25T
EECNGIES [ DIb S (20

DTI 7E B 12 Wi Flia I 7 1A AR KIS ZE M (8 .
B4R, AT LICKS DTS FH TR B R 7K i b8 0 E
RNGLEAG IO IR o A 585 15 S (I A e () T
TR AR B R . i DT AT A 3] i 40 i
S5 R R 5 B 1 AR T BB 5| A 18 7K BRI R ]
PRSI | BT LK DT T8 e i P2 — MR
UFFAIESE 7 1) =, AE A — 2] B2 5 SO G F 5T
SRR RN ST AT A v, 491 a0 b S e B E Y i
IRZEMFERNG L ADHD 5510 RS #il o 240E 45, DTI 8 b5
FA Ft 5 .MD T B AT LU 2 W RUE 7 i —Fh i Bl
FBt, —BIBNT , A RS 4Rk i3 0578 AT B S 5k
FA BAK . MD % i5, JIT LA DT FE b5 1 S5 I R
S DTN R AN B i H AT 9 L
Tl 8 2 X6 R G P15 7 A 5 W 1) 5, FRATT AR 47
1 B (RIS AN PRI, DT AT LR FH T 5 2950
MIZIT -

(5% 3iK]

[1] BASSER P J, MATTIELLO J, LEBIHAN D. MR diffusion tensor
spectroscopy and imaging[ J]. Biophys J, 1994, 66(1): 259-267.

[2] COLELLA P, GLAZ H M. A simplified method to measure the
diffusion tensor from seven MR images[J]. Magn Reson Med, 1998,
39(6): 928-934.

[3] BIHAN D L, MANGIN J F, POUPON C, et al. Diffusion tensor
imaging: concepts and applications[ J]. J Magn Reson Imaging, 2001,
13(4): 534-546.

[4] HUIES, CHEUNG M M, CHAN K C, et al. B-value dependence of
DTI quantitation and sensitivity in detecting neural tissue changes[J].
Neuroimage, 2010, 49(3): 2366-2374.

[5] SOARESJ M, MARQUES P, ALVES V, et al. A hitchhiker's guide to

diffusion tensor imaging [J]. Front Neurosci, 2013, 7: 31.

[6] PESTILLI F, YEATMAN J D, ROKEM A, et al. Evaluation and
statistical inference for human connectomes[J]. Nat Methods, 2014,
11(10): 1058-1063.

[7] SHUN, LI J, LI K, et al. Abnormal diffusion of cerebral white matter
in early blindness[J ]. Hum Brain Mapp, 2009, 30(1): 220-227.

[8] LIQ,SUNJ, GUO L, et al. Increased fractional anisotropy in white
matter of the right frontal region in children with attention-deficit/
hyperactivity disorder: a diffusion tensor imaging study[J]. Neuro
Endocrinol Lett, 2010, 31(6): 747-753.

[9] KONRAD A, DIELENTHEIS T F, EI MASRI D, et al. Disturbed
structural connectivity is related to inattention and impulsivity in adult
attention deficit hyperactivity disorder[J]. Eur J Neurosci, 2010, 31
(5): 912-919.

[10] DAVEENPORT N D, KARATEKIN C, WHITE T, et al. Differential
fractional anisotropy abnormalities in adolescents with ADHD or
schizophrenia [J]. Psychiat Res, 2010, 181(3): 193-198.

[11] PETERSON D J, RYAN M, RIMRODT S L, et al. Increased
regional fractional anisotropy in highly screened Attention- Deficit
Hyperactivity Disorder (ADHD)[J]. J Child Neurol, 2011, 26(10):
1296-1302.

[12] QIUMG, YE Z, LI QY, et al. Changes of brain structure and function
in ADHD children[J]. Brain Topogr, 2011, 24(4): 243-252.

[13] L1 Q, JIANG Q, GUO M, et al. Grey and white matter changes in
children with monocular amblyopia: voxel-based morphometry and
diffusion tensor imaging study[J ]. Br J Ophthalmol, 2013, 97(4): 524-
529.

[14] EMSELL L, CHADDOCK C, FORDE N, et al. White matter
microstructural abnormalities in families multiply affected with
bipolar 1 disorder: a diffusion tensor tractography study|[J]. Psychol
Med, 2013, 44(10): 1-12.

[15] NIR T M, JAHANSHAD N, VILLALON- REINA J E, et al.
Effectiveness of regional DTI measures in distinguishing Alzheimer's
disease, MCI, and normal aging[J]. Clin Neuroimage, 2013, 3: 180-
195.

[16] YANG S R, SHANG X Y, TAO J, et al. Voxel-based analysis of
fractional anisotropy in post-stroke apathy[J]. PLoS One, 2015, 10(1):
€116168.

[17] CHAIM T M, ZHANG T, ZANETTI MV, et al. Multimodal magnetic
resonance imaging study of treatment-naive adults with attention-
deficit/hyperactivity disorder[J]. PLoS One, 2014, 9(10): e110199.

[18] ALLEN B, SPIEGEL D P, THOMPSON B, et al. Altered white matter
in early visual pathways of humans with amblyopial J]. Vision Res,
2015, 114: 48-55.

[19] SMITH S M, JENKINSON M, JOHANSEN-BERG H, et al. Tract-
based spatial statistics: voxelwise analysis of multi-subject diffusion
data[ J]. Neuroimage, 2006, 31(4): 1487-1505.

[20] ALIOTTA R, COX J L, DONOHUE K, et al. Tract-based spatial
statistics analysis of diffusion-tensor imaging data in pediatric-and
adult-onset multiple sclerosis[ J]. Hum Brain Mapp, 2014, 35(1): 53-
60.

[21] LIU XY, LAI'Y, WANG X, et al. Reduced white matter integrity and
cognitive deficit in never-medicated chronic schizophrenia: a diffusion
tensor study using TBSS[J]. Behav Brain Res, 2013, 252: 157-163.

[22] LEE S H, KUBICKI M, ASAMI T, et al. Extensive white matter
abnormalities in patients with first-episode schizophrenia: a diffusion
tensor iimaging (DTI) study[J]. Schizophr Res, 2013, 143(2-3): 231-
238.

[23] LIU XY, LAI'Y, WANG X, et al. A combined DTI and structural MRI
study in medicated- naive chronic schizophrenia[J]. Magn Reson



- 918 -

Hh [ R A B A RS %i33%

Imaging, 2014, 32(1): 1-8.

[24] HANEY-CARON E, CAPRIHAN A, STEVENS M C. DTI-measured
white matter abnormalities in adolescents with conduct disorder[J].
J Psychiatr Res, 2014, 48(1): 111-120.

[25] HANNEKE V E, HESLENFELD D J, ZWIERS M P, et al.
Different mechanisms of white matter abnormalities in attention-
deficit/nyperactivity disorder: a diffusion tensor imaging study[J].
J Am Acad Child Psy, 2014, 53(7): 790-799.

[26] ONNINK A M, ZWIERS M P, HOOGMAN M, et al. Deviant white
matter structure in adults with attention-deficit/hyperactivity disorder
points to aberrant myelination and affects neuropsychological
performance[J]. Prog Neuro-Psychopharmacol, 2015, 63: 14-22.

[27] LAWRENCE A, SAINI J, SINHA S, et al. Improvement of diffusion
tensor imaging (DTI) parameters with decoppering treatment in
Wilson's disease[ J]. JIMD Rep, 2015, 21(1): 1-7.

[28] LI Q, ZHAI L, JIANG Q, et al. Tract-based spatial statistics analysis
of white matter changes in children with anisometropic amblyopia[J].
Neurosci Lett, 2015, 597: 7-12.

[29] CHEN H, WANG K, YAO J, et al. White matter changes in Alzheimer's
disease revealed by diffusion tensor imaging with TBSS[J]. World J
Neurosci, 2015, 5(1): 58-65.

[30] QUJR, QIN L, CHENG S, et al. Residual low ADC and high FA at
the resection margin correlate with poor chemoradiation response and
overall survival in high-grade glioma patients[ J]. Eur J Radiol, 2016,
85(3): 657-664.

[31] ASSAF Y, PASTERMAK O. Diffusion tensor imaging (DTI)-based
white matter mapping in brain research: a review([J]. J Mol Neurosci,
2008, 34(1): 51-61.

(. TAmE)

( F4E91271)

[23] EPSHTEIN A M, DUBERMAN B L, DYN'KOV S M, et al.
Endosonography in diagnosis of choledocholithiasis[J]. Eksp Klin
Gastroenterol, 2014(10): 33-37.

[24] WONG H P, CHIU Y L, SHIU B H, et al. Preoperative MRCP to detect
choledocholithiasis in acute calculous cholecystitis[J]. J Hepatobiliary
Pancreat Sci, 2012, 19(4): 458-464.

[25] KUMMEROW K L, SHELTON J, PHILLIPS S, et al. Predicting

complicated choledocholithiasis[ J]. J Surg Res, 2012, 177(1): 70-74.
[26] LU J, CHENG Y, XIONG X Z, et al. Two-stage vs single- stage
management for concomitant gallstones and common bile duct stones
[J]. World J Gastroenterol, 2012, 18(24): 3156-3166.
[27] ALEXAKIS N, CONNOR S. Meta-analysis of one- vs. two-stage
laparoscopic/endoscopic management of common bile duct stones[J].
HPB (Oxford), 2012, 14(4): 254-259.

(%4 R IFA)



