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MEMORANDUM OF POINTS AND AUTHORITIES

I. INTRODUCTION.

In July of 2012 Plaintiff walked into a glass door and hit his head on the door. He then

started having symptoms of concussion. Plaintiff had a MRI scan which did not show any

evidence of a brain bleed or brain damage. Plaintiff then went to a neurologist, Dr. Chang. Dr.

Chang began treating him for his concussion symptoms with the hopes that the symptoms would

resolve in a few weeks like most concussions. However, Plaintiff's symptoms have continued to

last, so Dr. Chang diagnosed Plaintiff with post-concussive syndrome. Dr. Chang tried various

treatments and medications and was not having any luck treating Plaintiff s symptoms. Then Dr.

Chang had advanced neuroimaging studies performed on Plaintiff with the hopes that it would

provide some ideas of some different treatments that she could try. At the time the advanced

imaging studies were performed Dr. Chang had already diagnosed Plaintiff with post concussive

syndrome. She was not using the advanced imaging studies to diagnose brain injury. The

advanced imaging studies merely confirmed what Dr. Chang already diagnosed.

Defendant disputes that Plaintiff has a mild traumatic brain injury and is blaming his

underlying medical history and depression for the symptoms that Plaintiff is experiencing.

Defendant is seeking to exclude any and evidence relating to the advanced neuro imaging studies.

that were performed. Defendant cites to one article amidst the hundreds of articles on this issue to

support its' contention that advanced neuroimaging is unreliable across the board. This court

should not be persuaded.

~ II. ADVANCED NEUROIMAGING TECHNIQUES ARE RELIABLE AND

ACCEPTED IN THE SCIENTIFIC COMMUNITY TO DETERMINE THE

EXTENT OF PLAINTIFF'S TRAUMATIC BRAIN INJURY.

The federal courts have already determined admissibility of advanced neuroimaging. In

White v. Deere & Company, Slip Copy, 2016 WL46290, Defendant moved to exclude the

opinions of Plaintiff's expert Dr. Benson. Dr. Benson opined Plaintiff suffered a traumatic brain

injury and based that opinion in part on DTI (advanced neuro imaging). The Court denied

Defendant's motion to exclude Dr. Benson's opinions based on DTI because it found DTI to be
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reliable and relevant. The Court noted DTI finds have been admitted by multiple courts. Id. at 10-

12. "In df, the evidence submitted shows DTI has been tested and has a low error rate; DTI has

been subject to peer review and publications; and DTI is generally accepted method for detecting

TBI." Id. The Court also noted Dr. Benson's conclusion of TBI was not based solely on the DTI

findings but on other sources of data. Id. at 5. See Exhibit 1 to Taylor Rayfield's Declaration,

Slip Copy of Opinion.

Other federal courts ,have similarly concluded that DTI is a reliable tool, and that the

findings of DTI may be testified to by appropriate experts. See Andrew v. Patterson Motor

Freight, Inc. (W.D. La. Oct. 23, 2014) 2014 WL 5449732; Chiulli v. Newberry Fine Dining Inc.,

No. 10-10488-JLT (D. Mass. Sept. 30, 2013) 2013 WL 5494723; Ruppel v. Kucanin (N.D. Ind.

2011) 2011 WL 2470621 ("the evidence shows that DTI and analysis of white matter in DTI

images are generally accepted methods for determining mild TBI"); Booth v. Kit (D.N.M. Mar. 23,

2009) 2009 WL 4544743.

Here, Dr. Chang is not using the advanced neuro imaging solely to form her opinions about

Plaintiff's brain injury. Dr. Chang already formed the opinion that Plaintiff was suffering from

post concussive syndrome before she even did the advanced neuro imaging. This imaging simply

confirmed what Dr. Chang had already diagnosed, that Plaintiff has a brain injury

Advanced neuro imaging has been admitted in this very Courthouse. In fact Judge Feffer

allowed evidence of a functional MRI into evidence in 2014. In an unpublished California case,

Diao v. Southern California Gas Company, the Second District, Division 1, Court of Appeals

affirmed a lower court judgment which considered evidence of an abnormal fMRI for purposes of

proving mTBI caused by the blasting force of ignited natural gas. (Diao v. Southern CalifoNnia

Gas Company (Jan. 8, 2016) 2016 WL 110000 [not officially published].) While not specifically

deciding on the admissibility of the fMRI, the Court of Appeals concluded that the fMRI, along

with a SPECT scan, neuropsychological testing, constituted substantial evidence of TBI. (Id. at p.

8.) Judge Feffer allowed the fMRI into evidence in 2014 as evidence that the Plaintiff suffered a

TBI.

-2-
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Other State court too have determined that DTI is reliable and generally accepted in the

medical community. For example, New York has led the way in helping the legal community

recognize the reliability and accuracy of DTI that the medical community accepted years ago. In

Lamasa v. Bachman, a published opinion in which the New York appellate court held that DTI

evidence was properly admitted as it could not be characterized as novel science, but rather,

"objective medical tests." Lamasa v. Bachman, 869 N.Y.S. 2d 17, 18. As the trial court stated,

"DTI provides anatomical information about tissue structure and composition," the properties of

which can often by correlated with disease and traumatic brain injury. Lamasa v. Bachman, 2005

N.Y. Slip Op. 50882(U) (N.Y. Sup. Ct. April 13, 2005) 2005 WL 1364515, at fn. 3.

In an article entitled, A Decade of DTI I Traumatic Brain Injury: 10 years and 100 Articles

Later, the American Journal of NeuroRadiology (2013) reported the findings of Hulkower, et al.

who concluded that "A unifying theme can be deduced from this large body of research: DTI is an

extremely useful and robust tool for the detection of TBI-related brain abnormalities." See Exhibit

3 to Rayfield Dec, "Clarifying the Robust Foundation for and Appropriate Use of DTI in mTBI

patients."

Further studies support use of fMRI for traumatic brain injury patients. In the Journal of

Neurotrauma (July 15, 2016), "Is Resting State Functional Connectivity in Mild Traumatic Brain

Injury at the Acute Stage: Independent Component and Seed Based Analysis," fMRI is a viable

alternative in detecting injury related abnormalities that structural MRI's do not. Rayfield Dec.

Exhibit 4.

The Radiological Society of North America (October 2012), "Default Mode Network

Disruption in Mild Traumatic Brain Injury" utilized fMRI to measure reduced connectivity in the

PCC and parietal regions and increased frontal connectivity around the MPFC in patients with

mild traumatic brain injury. See Rayfield Dec., Exhibit 5.

The Journal of the American Medical Association, "Resting State Functional Magnetic

Resonance Imaging Activity and Connectivity and Cognitive Outcome in Traumatic Brain

Injury," discussed fMRI abnormalities in signal amplitude and brain connectivity at rest and their

- 3-
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1 CO3.A56

relationship to cognitive outcome inpatients with chronic and severe axonal injury. Rayfield Dec.

I I Exhibit 6.

The Journal of Neurotrauma (June 1, 2016), "Is Traumatic Brain Injury Associated with

Reduced Inter-Hemispheric Functional Connectivity? A Study of Large Scale Resting State

Networks following Traumatic Brain Injury" discussed resting state fMRI and how it was utilized

to display a specific pattern of aberrant FC following a traumatic brain injury. Rayfield Dec.

Exhibit 7.

Thus, as Plaintiff's experts will state, the advanced neuroimaging is like other imaging

modality where it does not reveal the etiology of a particular pathology all by itself In the case of

traumatic brain injury the advanced neuroimaging studies is used in conjunction with clinical data,

such as historical data., physical examination, and neurological examination. It is disingenuous to

assert that advanced neuroimaging should be, in and of itself, diagnostic of TBI or any other

pathology as no radiologic technique is used in isolation.

Functional MRI's are not a novel area of scientific inquiry as Defendants imply in their

moving papers. DTI/fMRI is widely and routinely used with their very own CPT insurance codes.

A set of CPT codes was assigned to fMRI by the AMA in 2007 (70554, 70555, 96020) allowing

radiology facilities to bill insurance companies. The following is from the Practice Guidelines.

published by the American College of Radiology concerning fMRI:

"The guidelines are an educational tool designed to assist practitioners in providing

appropriate radiologic care for patients. The ultimate judgment regarding the propriety of any

specific procedure or course of action must be made by the physician or medical physicist in light

of all the circumstances presented. Thus, an approach that differs from the guidelines, standing

alone, does not necessarily imply that the approach was below the standard of care. To the

contrary, a conscientious practitioner may responsibly adopt a course of action different from that

set forth in the guidelines when, in the reasonable judgment of the practitioner, such course of

action is indicated by the condition of the patient, limitations on available resources, or advances

in knowledge or technology subsequent to publication of the .guidelines. The practice of medicine

involves not only the science but also the art of dealing with the prevention, diagnosis, alleviation,

-4-
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and treatment of disease... all that should be expected is that the practitioner will follow a

reasonable course of action based on current knowledge, available resources, and the needs of the

patient to deliver effective and safe medical care."

Regarding qualifications of responsible personnel:

"The physician supervising and interpreting fMRI must be clinically informed and

understand the specific questions to be answered prior to the procedure in order to plan and

perform it safely and effectively. Additionally, physicians performing this procedure should have

experience or formal training in performing fMRI."

Dr. Randall Benson who presented at the U.S. Army Telemedicine and Advanced

Technology Research Command sponsored the "Diffusion MRI TBI Roadmap Development

Workshop", wherein the acknowledged purpose was, "DTI has detected abnormalities associated

with brain trauma at several single centers and the workshop seeks to identify and remove

barriers to rapid translation of advanced diffusion MRI technology for TBI... in order to expedite

getting the benefits of diffusion MRI to .reach those who need it most, especially injured soldiers

and veterans." As one of 50 or so "experts from academia, industry, government agencies and

several European nations," He also presented in a session entitled, "Experience in Neuroimaging

Translation to Clinical Use." His talk entitled, "Global and Voxel-based approaches to DTI in

TBI" included a comprehensive approach to imaging mild TBI, which was the culmination of over

six years of peer-reviewed published research on DTI and TBI. He used both group and single

cases to demonstrate the clinical validity and reliability of DTI in TBI. In addition to

demonstrating the excellent correlation between DTI and injury severity, he showed repeatability

of DTI for a single mTBI case scanned in two different cities, and for a different mTBI case

scanned twice 6 weeks between scanning sessions. He also used a third mtbi case to demonstrate

the excellent correspondence between hemorrhage location (using susceptibility imaging) and

abnormally low FA on DTI in these cases. Other speakers presented data showing the correlations

of DTI with neurocognitive outcome and experience using DTI on Iraq war veterans.

Finally, like Dr. Benson's DTI analysis of his database and known rate of error, Dr. Chang

also has a database for analysis with a known rate of error and standard deviation.

-5-
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1 CO3.A56

In conclusion it is generally accepted in the scientific community throughout the peer

review literature that advanced neuro imaging is a reliable and accurate tool to detect microscopic

damage done to the brain.

Defendant relies on an article authored by M. Wintemark, P.C. Sanelli, Y. Anzai, A.J.

Tsiouris, and C.T. Whitlow. These authors have been critiqued in their positions in an article

published in the American Journal of Bioethics Neuroscience April-June, Volumes, Number 2,

2014, the authors, Michael Lipton and Eric Bigler state, "The misleading and often entirely

unsubstantiated opinions and positions of Wortzel, Tsiouris, and Filippi (2014), in opposition to

diffusion tensor imaging (DTI) as a useful measure in mTBI, are at odds with the clear consensus

of the scientific literature regarding mild traumatic brain injury (mTBI), its clinical assessment,

and its natural history. The authors' critique contains numerous errors." Rayfield Dec, Exhibit 8.

Dr. Chang is a neurologist and expert in this matter. She is intimately familiar with the

field of advanced neuroimaging. She uses advanced neuroimaging in her medical practice as one

more piece of data to attempt to synthesize several independent lines of evidence. Dr. Chang has

been Plaintiff s treating physician since July of 2012. Based on the symptoms that Plaintiff was

having and his medical history Dr. Chang diagnosed Plaintiff with post concussive syndrome.

After this diagnosis was made, Dr. Chang used advanced neuroimaging which gave further

support to her opinions.

III. CONCLUSION.

For the reasons stated above, Defendants' motion should be denied in its entirety.

However, if the Court is not willing to deny this motion then Plaintiff requests a 402 hearing.

DATED: May 8, 2017 ;; ~; . ~
~; `. ~ ~ ~

Bruce A. Broillet, Esq.
Alan Van Gelder, Esq.
Taylor Rayfield, Esq.
Attorneys for Plaintiffs

I~laintitts' Opposition to uetendants' Motion m L►m►ne No. 3
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DECLARATION OF TAYLOR RAYFIELD

I, TAYLOR RAYFIELD, declare and say that:

I am an attorney at law licensed to practice before all of the courts of the State of

California, and am a member of the law firm of Greene Broillet &Wheeler, LLP, attorneys of

record for plaintiff. As such, I have personal knowledge of the facts surrounding the present

action and all facts herein stated. If called as a witness, I could testify competently to the

following:

1. Attached as Exhibit 1 is a true and correct copy of the slip copy of White v. Deere &

Company, Slip Copy, 2016 WL 46290.

2. Attached as Exhibit 2 is a true and correct copy of the Declaration of Dr. Benson, the

expert in the White v. Deere &Company matter. Dr. Benson's declaration is attached for the

purposes of providing the court with the data. Plaintiff s expert, Dr. Chang will explain.

3. Attached as Exhibit 3 is a trzxe and correct copy of the article "Clarifying the Robust

Foundation for and Appropriate Use of DTI in mTBI patients."

4. Attached as E~ibit 4 is a true and correct copy of an article published in the Journal of i

Neurotrauma (July 15, 2016), "Is Resting State Functional Connectivity in Mild Traumatic Brain

Injury at the Acute State: Independent Component and Seed-Based Analysis."

5. Attached as Exhibit 5 is a true and correct copy of an article published by the

Radiological Society of North American (October 2012), "Default-Mode Network Disruption in

Mild Traumatic Brain Injury."

6. Attached as Exhibit 6 is a true and correct copy of an article published in the Journal of

the American Medical Associated, "Resting-Stage Functional Magnetic Resonance Imaging

Activity and Connectivity and Cognitive Outcome in Traumatic Brain Injury.

7. Attached as Exhibit 7 is a true and correct copy of an article published in the Journal of

American Medical Association, "The Journal of Neurotrauma (June 1, 2016), "Is Traumatic Brain

Injury Associated with Reduced Inter-Hemispheric Functional Connectivity? A Study of Large

Scale Resting Networks following Traumatic Brain Injury" discussed resting state fMRI and how

it was utilized to display a specific pattern of aberrant FC following a traumatic brain injury.
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8. Attached as Exhibit 8 is a true and correct copy of an article published by American

Journal of Bioethics Neuroscience April-June, Volumes, Number 2, 2014 titled "Clarifying the

Robust Foundation for and Appropriate Use of DTI in mTBI Patients."

9. Attached as Exhibit 9 is a true and correct copy of the unpublished opinion Diao v.

Southern California Gas Company.

10. _Attached as Exhibit 10 is a true and correct copy of Lamasa v. Bachman, (N.Y. Sup.

Ct. A ril 13 2005 869 N.Y.S. 2d 17.~ ~ )

I declare under penalty of perjury under the laws of the State of California that the

foregoing is true and correct.

Executed this 8~` day of May, 2017, at Santa Monica, California.

TAYLOR RAYFIELD, ESQ.
Declarant

-8-
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White v. Deere &Company, Slip Dopy (2016)

2oi6 WL 462960

Only the Westlaw citation is currently available.

United States. District Court,

D. Colorado.

Miriam White, Plaintiff,

v.

Deere &Company, John Deere Limited,

and John Does i-5, Defendants.

Civil Action No. i3-cv-o2i73-PAB-NYW

Signed February 8, 2oi6

Ms. White has designated Randall Benson, a. board-

certified neurologist, as a medical expert. Docket No.

103 at 1. Dr. Benson opines that Ms. White suffered

a traumatic brain injury as a result of the August 17,

2011 incident. Docket No. 116-3 at 18. He bases his

opinion, in part, on results derived from a Magnetic

Resonance Imaging ("MRI") sequence called diffusion

tensor imaging ("DTI"). Id at 20-21. Defendants move

to exclude Dr. Benson's DTI findings on two grounds.

First, defendants argue that Dr. Benson's DTI findings are

unreliable. Docket No. 103 at 3. Second, defendants argue

that Dr. Benson's DTI findings will not assist the trier

of fact to determine whether Ms. White's alleged brain

injuries were caused by the August 17, 2011 accident. Id.

at 4.

Attorneys and Law Firms

Alejandro Daniel Blanco, Blanco Law Firm, PC,

Glendale, CA, Richard P. Poormon, Riggs, Abney, Neal,

Turpen, Orbison &Lewis, PC, Denver, CO, Stephen

Reed Morgan, S. Reed Morgan, P.C., Comfort, TX, for

Plaintiff.

Jacqueline Ventre Roeder, Charles L. Casteel, Jordan Lee

Lipp, Davis Graham &Stubbs, LLP, Denver, CO, for

Defendants.

ORDER

PHILIP A. BRIMMER, United States District Judge

*1 This matter is before the Court on defendants' Motion

to Exclude Randall Benson's Opinions Derived from

Neuroimaging [Docket No. 103].

II. FEDERAL RULE OF EVIDENCE 702

Rule 702 of the Federal Rules of Evidence provides that:

A witness who is qualified as

an expert by knowledge, skill,

experience, training, or education

may testify in the form of an

opinion or otherwise if: (a) the

expert's scientific, technical, or other

specialized knowledge will help the

trier of fact to understand the

evidence or to determine a fact in

issue; (b) the testimony is based

on sufficient facts or data; (c) the

testimony is the product of reliable

principles and methods; and (d)

the expert has reliably applied the

principles and methods to the facts

of the case.

I. BACKGROUND

This is a products liability action that arises out of an

accident that occurred on August 17, 2011 while plaintiff

Miriam White was operating her Deere Model 4600

compact utility tractor and Mode14601oader. Ms. White

claims that she suffered facial injuries and traumatic brain

injury ("TBI") as a result of a hay bale falling onto her

head while she was operating the tractor. Docket No. 103

at 1. Ms. White alleges that her tractor had design defects

that created an unreasonable risk of injury from falling

hay bales and that her injuries resulted fi•om these defects.

Docket No. 150 at 2-3.

Fed. R. Evid. 702. As the rule makes clear, while required,

it is not sufficient that an expert be qualified based upon

lrn~wledge, skill,_experience, h•aining, or education to give

opinions in a particular subject area. Rather, the Court

must "perform[ ] a two-step analysis." 103 b2vestoi~s I, L.P.

v. Square D Co., 470 F.3d 985, 990 (10th Cir. 2006). After

determining whether the expert is qualified, the specific

proffered opinions must be assessed for reliability. See id.;

Fed. R. Evid. 702 (requiring that the testimony be "based

on sufficient facts or data," be the "product of reliable

principles and methods," and reflect a reliable application

of "the principles and methods to the facts of the case").

z~s.,~~~~3 ,~13 a~ fci `~'{l~'[C3 I ~i IIi: -32t , ~~~;EIC_~C`; ~~fl ~;~e~siTl ~E) l~C~t£.yEtEt.s~ ~. ~, ~ ~1VasI€I~tC'I~iC iYT~€~si<_ ,

r" •y
~ `



White v. Deere 8~ Company, Slip Copy (2016)

Rule 702 imposes on the district court a "gatekeeper

function to ̀ ensure that any and all scientific testimony

or evidence admitted is not only relevant, but reliable.' "

United States v. Gabaldon, 389 F.3d 1090, 1098 (10th Cir.

2004) (quoting Daubert v. Merrell Dow Pharmaceuticals,

bzc., 509 U.S. 579, 589 (1993)). To perform that function,

the Court must "assess the reasoning and methodology

underlying the expert's opinion, and determine whether it

is both scientifically valid and applicable to a particular set

of facts." Dodge v. Cotter Corp., 328 F.3d 1212, 1221(10th

Cir. 2003) (citing Daubert, 509 U.S. at 592-93). Where an

expert relies on experience, the expert " ̀must explain how

that experience leads to the conclusion reached, why that

experience is a sufficient basis for the opinion, and how

that experience is reliably applied to the facts.' "United

States v. Medina-Copete, 757 F.3d 1092, 1104 (10th Cir.

2014) (quoting Fed. R. Evid. 702, advisory committee

notes).

*2 Although it is not always a straightforward exercise to

disaggregate an expert's method and conclusion, when the

conclusion simply does not follow from the data, a district

court is free to determine that an impermissible analytical

gap exists between premises and conclusion. Gen. Elec.

Co. v. Joiner, 522 U.S. 136, 146 (1997). In examining

an expert's method, however, the inquiry should not be

aimed at the "exhaustive search for cosmic understanding

but for the particularized resolution of legal disputes."

Daubert, 509 U.S. at 597. It is the specific relationship

between an expert's method, the proffered conclusions,

and the particular factual circumstances of the dispute

that renders testimony both reliable and relevant.

In addition to the expert having appropriate qualifications

and methods, the proponent of the expert's opinions must

demonstrate that the process by which the expert derived

his or her opinions is reliable. United States v. Crabbe, 556

F. Supp. 2d 1217, 1220 (D. Colo. 2008). When assessing

reliability, "the court may consider several nondispositive

factors: (1) whether the proffered theory can and has been

tested; (2) whether the theory has been subject to peer

review; (3) the known or potential rate of error; and (4)

the general acceptance of a methodology in the relevant

scientific community." 103 Investors I, 470 F.3d at 990

(citing Daubert, 509 U.S. at 593-94). These considerations

are not exhaustive. Rather, "the trial judge must have

considerable leeway in deciding in a particular case how to

go about determining whether particular expert testimony

is reliable." Kumho Tire Co. v. Carmichael, 526 U.S. 137,

152 (1999). Ultimately, the test requires that the expert

"employs in the courtroom the same level of intellectual

rigor that characterizes the practice of an expert in the

relevant field." Id.

While plaintiff, as the proponent of the challenged

testimony, has the burden of establishing admissibility,

the proffer is tested against the standard of reliability,

not correctness; she need only prove that "the witness has

sufficient expertise to choose and apply a methodology,

that the methodology applied was reliable, that sufficient

facts and data as required by the methodology were used

and that the methodology was otherwise reliably applied."

Crabbe, 556 F. Supp. 2d at 1221.

Once the standard of reliability "is met, the court will still

consider other non-exclusive factors to determine whether

the testimony will assist the trier of fact: (1) whether the

testimony is relevant; (2) whether it is within the juror's

common knowledge and experience; and (3) whether it will

usurp the juror's role of evaluating a witness'[ ]credibility."

United States v. Rodriguez-Felix, 450 F.3d 1117, 1123

(10th Cir. 2006).

In sum, assuming an objection is properly made, expert

testimony must be excluded if the expert is unqualified to

render an opinion of the type proffered, if the opinion is

unreliable, if the opinion will not assist the trier of fact, or

if the opinion is irrelevant to a material issue in the case.

III. ANALYSIS

Defendants do not challenge Dr. Benson's qualifications,

the application of MRI techniques other than DTI, 1

or the four sources of data other than DTI on which

Dr. Benson bases his conclusions. defendants' challenge

focuses squarely on Dr. Benson's use of DTI and his

opinions based on DTI. The Court's Practice Standards

regarding Rule 702 objections require that the party

seeking to exclude an opinion of an opposing expert

identify the opinion sought to be excluded. See Practice

Standards (Civil Cases), Judge Philip A. Brimmer, § IILG.

The only specific opinion that defendants identify in their

motion is Dr. Benson's fifth piece of evidence regarding

brain imaging, including DTI. Docket No. 103 at 2.

The' Court therefore assumes that the opinion defendants

seek to exclude is that finding in Dr. Benson's report

that states as follows: "DTI voxel-wise analysis revealed

a large number of white matter tracts with abnormally
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reduced FA." Docket No. 116-3 at 20. Dr. Benson also

refers to these findings later in his report in support

of his conclusion that the DTI "reveals axonal injury

predominantly in bilateral frontal lobes." Id. at 21-22.

In their reply, defendants appear to broaden their

argument to include Dr. Benson's conclusions drawn

from Susceptibility Weighted Imaging (SWI) and

Fluid Attenuated Inversion Recovery (FLAIR)

imaging. Docket No. 130 at 3. Defendants admit

that SWI and FLAIR are "methodologically sound."

Id. A party generally may not raise an issue for the

first time in a reply brief. See U[iban•i v. City &

Cty. of Denver•, No. 07-cv-01814-WDM-MTW, 2011

WL 1336388, at *2 (D. Colo. April 6, 2011) (citing

Hill v. Kemp, 478 Fad 1236, 1250 (10th Cir. 2007));

LNV Corporation v. Hook, No. 14-cv-00955-RM-

CBS, 2015 WL 5679723, at *3 (D. Colo. Sept. 25,

2015) (citing Conroy v. Vilsack, 707 Fad 1163, 1179

n.6 (10th Cir. 2013)). Accordingly, the Court will not

consider defendants' arguments related to SWI and

FLAIR imaging.

A. Reliability of DTI for Identifying a TBI

x3 Defendants argue Dr. Benson should be precluded

from presenting his opinions based on DTI because DTI

is unreliable as a means for diagnosing individual patient

injuries. Docket No. 103 at 3. Defendants cite a November

2014 research paper by Wintermark et al. that finds DTI

to be suitable only for research and concludes that there is

insufficient evidence to support its routine clinical use at

the individual patient level. Docket No. 103 at 3-4; Docket

No. 103-1 at 76.

Plaintiff responds that the non-exclusive Daubert

reliability factors establish that Dr. Benson's opinions

based on DTI are admissible. Docket No. 116 at 11-14.

While the Wintermark article may undermine the weight

of Dr. Benson's DTI findings, plaintiff cites articles that

support DTI's reliability. See, e.g., Docket No. 116-1

at 7, ¶ 10; Docket No. 116-6. The articles cited by

plaintiff appear to support the conclusion that DTI is

a generally accepted diagnostic measure for TBI. One

peer-reviewed article cited by plaintiff reviews the last

decade of research conducted on DTI and finds that

"[a] unifying theme can be deduced fi•om this large body

of research: DTI is an extremely useful and robust tool

for the detection of TBI-related brain abnormalities.

The overwhelming consensus of these studies is that low

white matter FA [fractional anisotrophy] is characteristic

of TBI." M.B. Hulkower et al., A Decode of DTI in

Truunzatic Brain Ifijury: 10 Years and 100 Articles Later,

34 AM J NEURORADIOL 2064, 2071(2013). This article

also found "an overwhelming consensus that imaging

abnormalities detected with DTI are associated with

important clinical outcomes. This further validates DTI

as a meaningful measure of clinically important brain

injury." Id. Another peer-reviewed article cited by plaintiff

states that the "overwhelming consensus of a substantial

body of scientific inquiry supports DTI for detecting

pathology in [mild TBI ("mTBI") ]patients," Docket No.

116-6 at 4, and directly challenges the criticisms of DTI

proffered by defendants' expert, Dr. Hal Wortzel. Id. at

2 ("The misleading and often entirely unsubstantiated

opinions and positions of Wortzel, Tsiouris, and Filippi

(2014), in opposition to diffusion tensor imaging (DTI)

as a useful measure in mTBI, are at odds with the clear

consensus of the scientific literature regarding [mTBI], its

clinical assessment, and its natural history."). The Court

notes that the November 2014 research paper cited by

defendants acknowledges that "there is evidence from

group analyses that DTI can identify TBI-associated

changes in the brain across a range of injury severity, from

mild to severe TBI. Evidence also suggests that DTI has

the sensitivity necessary to detect acute and chronic TBI-

associated changes in the brain, some of which correlate

with injury outcomes." Docket No. 103-1 at 78. Thus,

the Court finds that defendants have not shown that

the November 2014 research paper, or other evidence,

establishes that DTI is an unreliable technology to detect

mild TBI-associated changes in the brain.

In his affidavit, Dr. Benson discusses some of the testing

that he has conducted "to demonstrate the clinical validity

and reliability of DTI in TBI" as part of his work with

the U.S. Army Telemedicine and Advanced Technology

Research Command at a "Diffusion MRI TBI Roadmap

Development Workshop." Docket No. 116-1 at 11-12,

¶ 18. As part of his research for his presentation at

that workshop, Dr. Benson found "excellent correlation

between DTI and injury severity" and "repeatability of

DTI for a single mTBI case scanned in two different

cities." Id. Dr. Benson also notes that "[o]ther speakers

presented data showing the correlations of DTI with

neurocognitive outcome and experience using DTI on

Iraq war veterans." Id. Dr. Benson states the known rate

of error for DTI analysis is .4%, Docket No. 116-1 at 14,

¶ 28; however, he provides no support for this rate.
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~4 Application of the four non-diapositive 103 Investors

factors supports plaintiffs argument that DTI is a reliable

methodology. See 103 Investors I, 470 F.3d at 990 (citing

Dauber•t, 509 U.S. at 593-94). Regarding whether DTI can

be and has been tested, Dr. Benson's affidavit discusses the

testing he has conducted to confirm DTI results. Docket

No. 116-1 at 11-12, ¶ 18. The publications and workshops

cited by Dr. Benson support the conclusion that DTI has

been subjected to peer review and is generally accepted in

the medical community as a tool for detecting TBI. Id.

at 10-12, ¶¶ 16, 18. While plaintiff has not supported her

argument that DTI has a known error rate, no single 103

Investors factor is diapositive. See 103 Investors I, 470 F.3d

at 990 (citing Daubert, 509 U.S. at 593-94). The Court

notes that DTI findings have been admitted by multiple

courts. Andrew v. Patterson Motor Freight, Inc., 2014 WL

5449732, at ~`8 (W.D. La. Oct. 23, 2014) ("In sum, the

evidence submitted shows DTI has been tested and has

a low error rate; DTI has been subject to peer review

and publication; and DTI is a generally accepted method

for detecting TBI.") (citation omitted); Ruppel v. Kucanin,

2011 WL 2470621, at *6 (N.D. Ind. June 20, 2011) (finding

DTI to be a reliable method); Booth v. KIT, Inc. , 2009 WL

4544743, at '~3 (D.N.M. Mar. 23, 2009) (denying motion

to exclude expert testimony regarding findings from DTI).

Accordingly, the Court finds that plaintiff has carried its

burden of showing that DTI is a reliable technology and

that Dr. Benson applied a reliable methodology in arriving

at his challenged opinion.

B. "Fit" of Dr. Benson's DTI Findings

Defendants argue that Dr. Benson's opinions derived from

DTI do not "fit" this case. Docket No. 103 at 4; see

Bitler v. A.O. Smith Corp., 400 F.3d 1227, 1234 (10th Cir.

2004) ("A trial court must look at the logical relationship

between the evidence proffered and the material issue that

the evidence is supposed to support to determine if it

advances the purpose of aiding the trier of fact. Even if

an expert's proffered evidence is scientifically valid and

follows appropriately reliable methodologies, it might not

have sufficient bearing on the issue at hand to warrant a

determination that it has relevant ̀fit.' ") (citing Daubert,

509 U.S. at 591). Defendants assert that Dr. Benson's DTI

findings show that plaintiff has only one or two white

matter lesions and that Dr. Benson has not adequately

addressed other possible causes for such findings in light

of Ms. White's medical history, specifically, her injuries

after being kneed in the head by a horse. Docket No.

103 at 5-6. On June 10, 2012, Ms. White was hit on

the left side of her face by a horse's knee. Docket No.

81-3 at 6. After emergency medical services arrived and

evaluated Ms. White, they determined that she should

be transferred to the Medical Center of the Rockies.

Id. There, Chris Cribari, M.D., noted that Ms. White

was admitted with a diagnosis of a concussion and that

the EMTs said she was repeating herself, had retrograde

amnesia, and was slow to respond. Id. Defendants claim

that these are signs of brain trauma that Dr. Benson

ignores. Docket No. 103 at 5. Defendants also argue that

Dr. Benson does not "adequately consider or explain why

the white matter lesions are so definitively attributable

to the 2011 incident and not to [p]laintiffs psychiatric

issues." Id. at 6. The Court notes that both the June

10, 2012 incident and plaintiffs psychiatric history are

mentioned in Dr. Benson's report. See Docket No. 81-3

at 6, 8. Defendants also argue that "a fact-finder needs to

determine ...whether [p]laintiffs alleged brain injury was

caused by the 2011 incident at issue in this case" and claim

that Dr. Benson's DTI findings are not relevant to the issue

of causation. Docket No. 103 at 5.

In support of his conclusion that "[i]t is probable that [Ms.

White's] permanent cognitive, emotional, and physical

symptoms...are the direct result of the 8/17/11 injury and

not the subsequent injury of 6/10/12," Dr. Benson relied

on five sources of data: (1) the available biomechanical

information regarding the August 17, 2011 injury event;

(2) Ms. White's symptoms following the August 17,

2011 injury event; (3) findings from a neurobehavioral

examination; (4) findings from a neuropsychological

assessment; and (5) Ms. White's neuroimaging. Docket

No. 81-3 at 18-20. Thus, DTI is not the only source

of information Dr. Benson uses to diagnose TBI. The

neuroimaging he relies upon consists of FLAIR, SWI,

and Gradient Echo imaging in addition to DTI. Id.

at 20. Dr. Benson pairs the neuroimaging results with

the neuropsychological assessment, which notes impaired

processing speed and working memory and delayed

verbal memory, coding, and symbol search, to determine

the presence of brain damage. Id. at 21. The reasons

Dr. Benson articulates for identifying the August 17,

2011 incident as the source of plaintiffls traumatic

brain injury are not based on DTI, and Dr. Benson

readily admits that "[n]o standalone imaging technique

allows for unequivocal determination of etiology absent

clinical information." Docket No. 116-1 at 6. Dr.

Benson compares the imaging findings to the other data

sources and states that the "imaging findings match the
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biomechanics, chronic symptoms, neurobehavioral and 
of the alleged unreliability or irrelevance of DTI for

neuropsychological findings." Docket No. 116-1 at 9, 
identifying a TBI suffered by Ms. White.

Applying the differential diagnosis procedure, Dr. Benson

asserts that Ms. White's "injury/accident of 8/17/11 was IV. CONCLUSION
the much more significant injury and rendered her 

For the foregoing t•easons it is
vulnerable to the more mild[ ]concussion of 6/10/12."

Docket No. 116-4 at 6. He also states that the "injury ORDERED that defendants' Motion to Exclude Randall
of 6/10/12, while inducing a mild concussion, does not 

Benson's Opinions Derived from Neuroimaging [Docket
explain her clinical deficits that began when her head was 

No. 103] is DENIED.
crushed under the weight of a heavy hay bale on 8/7/11."

Id.

All Citations

*5 The Court finds that defendants present no basis to

exclude Dr. Benson's causation opinions on the grounds Slip Copy, 2016 WL 462960 

..............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
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2oi5 WL 1043916 (D.Colo.) (Expert Report and Affidavit)

United States District Court, D. Colorado.

Miriam WHITE, Plaintiff,

v.

DEERE &COMPANY, John Deere Limited, and John Does 1-5, Defendants.

No. 13-cv-02173.

July 13, 2oi5.

Affidavit of Randall Benson, MD in Support of Plaintiff White Opposition to

Defendant Deere's Motion to Exclude Dr. Benson's Opinions Re Neuroimaging

Case Type: Products Liability »Tools/Equipment/Machinery

Jurisdiction: D.Colo.

Name of Expert: Randall R. Benson, M.D.

Area of Expertise: Health Care-Physicians &Health Professionals »Neurologist

Representing: Plaintiff

I, Randall Benson, MD, declare and state as follows:

1. I have personal knowledge of the facts set forth in this affidavit and, if called upon to testify as a witness, I could and

would competently testify to them.

2. 1 am aboard-certified neurologist with fellowship training in Neuroimaging. I completed my Residency Training

in Neurology at Boston University School of Medicine in 1991. Thereafter, I completed Fellowship Training in both

Functional Neuroimaging and Behavioral Neurology in 1993. From 2001-20111 I served as an Assistant Professor of

Neurology at Wayne State University School of Medicine in Deri•oit, Michigan. I also served as voluntary faculty in the

Departments of Radiology and Neurology in 2011 and continue to collaborate with faculty in research at the Medical

School. I also served as the Co-Director for Traumatic Brain Injury Research at Wayne State University. A copy of my

Curriculum Vitue is attached as Exhibit 1. I conducted a full neuro-behavioral evaluation of Ms. White, which consisted

in a medical (neurological and neurobehavioral) exam, review of medical records, review of neuropsychological report

and assessment by Dr. James Berry, and review of MRI scan of the brain.

Attached as Exhibit 2 is a true and correct copy of my Comprehensive Medical Report, dated January 18, 2015. All of

these materials and medical examination pertain to Plaintiff Miriam White in the matter of White v. Deere & Co., et

ul., No. 13-cv-02173-PAB-NYW. I hereby incorporate by this reference and adopt all statements in the Comprehensive

Medical Report in this declaration.

Attached as Exhibit 3 is a true and correct copy of a Rebuttal report to Dr. Wortzel, dated May 20, 2015, 1 authored

in response to the report of Dr. Wortzel, dated May 20, 2015, after a careful review of Dr. Wortzel's report. All of these

materials pertain to the medical and scientific evaluation of Dr. Wortzel's opinions and basis in the matter of White v.

Deere & Co., et al., No. 13-cv-02173-PAB-NYW. I hereby incorporate by this reference and adopt all statements in the

Rebuttal Report to Dr. Wortzel in this declaration.

ri~~:a~E.,~u~" ~.~ _~.) 1T3 I €tf,tlY.;.lsl : -,'< tI ,€ >. Il Ci C,ICfEY3I rri C)ti('3is?<<~ .~.. <, ti:}V ~'iiYTif3iit ' t)E~: •.

~ ~~ ~~



Miriam WHITE, Plaintiff, v. DEERE &COMPANY, Jahn..., 2015 WL 10439167...

Attached as Exhibit 4 is a Region of Interest Analysis of Fractional Anisotropy showing the areas of interest in rebuttal

to Dr. Wortzel's report. All of these materials pertain to the medical evaluation of MRI evidence of the Plaintiff, Miriam

White in the matter of White v. Deere & Co., et al., No. 13-cv-02173-PAB-NYW. I hereby incorporate by this reference

and adopt all statements in the Region of Interest Analysis of Fractional Anisotropy in this declaration.

3. I have reviewed Deere's motion to exclude Dr. Benson's opinions derived from neuroimaging as well as the report of

defense expert, Dr. Wortzel. The motion references an article by a psychiatrist who does not perform DTI and has no

training or firsthand experience in imaging.

4. DTI is simply another MRI sequence type and has been used since the early 1990's. There are a growing number of

clinical facilities throughout the U.S., Asia, and Europe that are routinely relying on DTI to diagnose axonal injury

from TBI, multiple sclerosis, and hypoxic-ischemic encephalopathy. There are good scientific reasons for this. Since

1994, there have been 10,282 peer-reviewed articles published on DTI; 8,481 articles concerning DTI and the brain and

another 1,194 articles concerning DTI and the spinal cord; and 982 articles concerning DTI and head trauma. There

were 124 peer reviewed articles published concerning DTI and the brain in 2014 alone, compared with 58 in 2007 (113%

increase). These numbers reflect the exponential increase in scientific and clinical interest in an imaging method that

has repeatedly demonstrated the unique and clinically relevant ability to detect microscopic alterations in white matter

fibers (axons), reflecting injury to these same structures. In 2001, DTI was FDA approved for use on a clinical magnet

(Philips) and then, in 2003, General Electric followed suit. DTI was initially used clinically to locate white matter tracts

involved in motor function to help neurosurgeons avoid inducing paralysis during tumor and epilepsy surgery. This

began shortly after FDA approval throughout the country and I performed this, in addition to fMRI of language areas

in patients, which I had been performing since 1994. DTI is performed throughout the western world in all continents.

It is no different from any other imaging sequence in terms of its accessibility. A full explanation of the science behind

DTI is given below starting at paragraph 19.

5. The motion also suggests (pages 3 and 4) that DTI is inappropriate for use on single subjects and is not standardized.

This is misleading.

An analogous situation is functional MRI (fMRI) for presurgical mapping of brain tumors and epilepsy in patients. A

set of CPT codes was assigned to fMRI by the AMA in 2007 (70554, 70555, 96020) allowing radiology facilities to bill

insurance companies. The following is fi•om the Practice Guidelines published by the American College of Radiology

concerning fMRI (http:lli~~iviv.asfizr.orgldocsllMRl Clinical_Guidelines.pdf): "These guidelines are an educational tool

designed to assist practitioners in providing appropriate radiologic care for patients... The ultimate judgment regarding the

piropriety of any specific procedure or course of action must be made by the physician or medical physicist in light of all

the circumstances presented. Thus, afa approach that differs from the guidelines, standing alone, does not necessarily ifnply

that the approach ivas below the standnrd of care. To the contrary, a conscientious practitioner may responsibly adopt u

course of action different from that set forth in the guidelines when, in the reasonable judgment of the practitioner, such

course of action is indicated by the condition of t{ae patient, limitations on available resources, or advances in Icno~~ledge or

technology subsequent to publication of the guidelines... The practice of medicine involves not only the science but also the

art of dealing i~~ith the prevention, diagnosis, alleviation, and treatment of disease... all that should be expected is that the

practitioner will follow a r~eusonuble tour°se of action based on current knowledge, available resources, and the needs of the

patient to deliver effective and safe i~2edical care. "

Regarding qualifications of responsible personnel: "The physician supervising and interpreting fMR7 must be clinically

informed and understand the specific questions to be answered prior to the procedure in order to plan a~ad perform it safely

and effectively. Additionally, physicians per for»zing this procedure should have experience or formal truiiiing in per forming

fMRI. "
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A similar set of Guidelines is posted by the ASFNR regarding DTI (http:lliviviv.asfnr.orglwp-contentluploadslASFNR-

Guidelines for-DTl pdf.• "As for DTI acgarisition, the specifics of DTI post processing largely depend on t12e hardware/

softi~~crre configzn~ution available for image processing and the preferences and experience of the user. " It is evident that the

clinical governing bodies, the ACR, and ASFNR do not require strict standardization of methods. Regarding Findings

and Impressions, the ASFNR Guidelines continues: "Scalar parametric maps: Although these maps are inhei~e~itly

quantitative, they should be described qualitatively. Quantitative reporting (e.g. FA values in a region of interest) is

~liscoui~aged unless also provided is an estimate of the normal range to be erected for t{ae reportedparameter. "Note that

I follow this guideline and report both qualitative and quantitative results with normal ranges provided.

They include the disclaimer: "It is critical that physicians basing clinical decisions on DTI be familiar with the limitations and

potential pitfalls inherent to the technique... their results should be interpreted in conjunction with conventional anatomical

imaging as well as other clinical data inclz~ding physical examination... " I have been doing clinical research using DTI for

eleven years as well as publishing peer-reviewed articles on clinical methods regarding the use of advanced neuroimaging

for TBI. Furthermore, I routinely integrate "other clinical data" such as history, neurobehavioral examination, and all

other relevant medical records.

6. The motion states in page 4, "Dr. Benson seelcs to use DTI to diagnose an organic brain injury tied to a specific incident.

"This is not true. Imaging findings are used in conjunction with other sources of evidence. The diagnosis of a traumatic

brain injury is never made using imaging as definitive proof. This is not different from the use of a spinal MRI revealing a

disc herniation. The imaging finding is used in the context of other relevant facts. I used all of the relevant medical facts,

including other sequences of MRI, i.e. SWI, FLAIR and GE, as well as all medical facts obtained through my medical

evaluation of the patient in person and review of medical records in arriving at my conclusions to reasonable degree of

medical probability. No standalone ii~zaging technique allows for unequivocal determination of etiology absent clinical

information. This is why radiologists require historical information and usually conclude their reports with "clinical

correlation is advised." Again, all radiologic scans often result in differential diagnoses. DTI images reveal brain regions

showing significantly reduced directional diffusion. This is critically important information since it is quantitative and

objective. When white matter fibers (axons) are injured, DTI detects this change. We certainly feel that the probative

value of DTI for mTBI is high. There are no absolutes in medicine or science.

7. Fluid Attenuated Inversion Recover, FLAIR, is a MRI sequence, different than DTI, which is utilized to look for

macroscopic damage in the brain. These findings must be clinically correlated to the behavioral and neurological changes

shown by the patient. There are regions of typical distribution of lesions in Traumatic Brain Injury shown by FLAIR.

FLAIR is scientifically valid and reliable as an MRI sequence. In Ms. White's case, FLAIR/T2 imaging revealed two

areas of hyperintensity, which I concluded, to a reasonable degree of medical probability, to be brain abnormalities

resulting from the 8/17/11's farming incident.

8. Susceptibility Weighted Imaging, SWI, is an MRI sequence, different than DTI, utilized to detect bleeding residue,

hernosiderin, in the brain. These findings must be clinically correlated to the behavioral and neurological changes shown

by the patient. SWI is scientifically valid and reliable as an MRI sequence. In Ms. White's case, SWI imaging revealed

contusion (bleeding) on the left frontal lobe, which I concluded, to a reasonable degree of medical probability, to be a

brain abnormality resulting fi•om the 8/17/1 I's farming incident.

9. Diffusion Tensor Imaging, DTI, is an MRI sequence used to examine the microstructure of the white matter of the

brain, allowing for the detection of microscopic pathology or abnormality of the white matter (axons) in the brain. DTI

is an FDA approved, peer reviewed and approved, commercially marketed, and widely available MRI method, which

has been in clinical use for many years. DTI is scientifically valid and reliable as an MRI sequence.

10. The motion suggests that DTI is unreliable. DTI is not appropriately termed ̀ unreliable.' It has been used since

1994 and is FDA-approved with clinical guidelines issued by the clinical radiologists governing body. It is already being
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done clinically and is an add-on sequence for preoperative protocols. In a recent article entitled, A Decade of DTI in

Traumatic Brain Injury: 10 years and 100 Articles Later, the American Journal of NeuroRadiology (2013) reported the

findings of Hullcower, et al. who concluded that "A unifying theme can be deduced from this large body of research:

DTI is an extrei72ely useful and robust tool for the detection of TBI-related brain abnormalities. "

11. The motion states in page 5, "Dr'. Benson's findings derived from DTI would not assist a trier of fact, because they

only show, if anything, that Plaintiff has one or tivo small white mutter lesions. Thnt information is not relevant to a

fact finder' determination of whether Plaintiffs incident with the compact tractor caused an organic brain injury". This is

misleading. The FLAIR scan reveals two white matter lesions while the DTI reveals more. DTI is like any other imaging

technique. Imaging does not reveal the etiology of a particular pathology all by itself DTI reveals damage to axons.

DTI is used as other imaging modalities are used-to add important information regarding a differential diagnosis. In

the case of TBI, DTI is used in conjunction with clinical history, physical examination, and other MRI sequences/scans.

TBI abnormalities have a predilection for particular locations on DTI and on FLAIR/T2 and SWI. We apply the same

principles that are used routinely in the diagnosis of stroke, MS, degenerative disease, and other neurologic diagnoses.

Other pathologies have different patterns of abnormality on imaging, which are distinct from TBI. It is disingenuous to

assert that DTI should be, in and of itself, diagnostic of TBI or any other pathology. No radiologic technique is used

in isolation. Radiologic scans reveal intensity differences based on tissue contrast. Conventional MRI scans, CT, and x-

ray reveal imaging~atterns only. DTI should not be held to a different standard than other imaging techniques.

12. The motion further states in page 5, that "Dr. Benson's report fails to adequately address the possibility that the

white matter lesion visible on the DTI scan (although the lesions are seen on FLAIR) could have resulted fi•om a horse

knee to the head of plaintiff suffered in June of 2012". Again, this is misleading since DTI cannot address the etiology as

explained above. However, I. addressed this possibility in my Comprehensive Medical Report (exhibit 2), ruling out to a

reasonable degree of medical probability that the medical condition and findings on MRI were due to the horse incident.

I then more specifically addressed it in the rebuttal to Dr. Wortzel's report, Exhibit 3, pages one through three, inclusive.

13. The motion goes on to state on page 6 "Dr. Benson fails to explain other possible alternatives for the small white

lesions detected on DTI (again, FLAIR). For example, Dr. Benson admits that "a few white matter hyper-intensities on

FLAIR/T2 in a 60 year old is not unusual." (see Benson Rebuttal, at page 3) "But then, with no scientific backing, Dr.

Benson disregards the possibility that the white lesions are simply the result of age." This is untrue. On Exhibit 3, page

3, the Rebuttal report goes on to mention, right after the Motion chooses to end the quote, as follows: "However, there

are a number of reasons to consider these lesions as traumatic." I fully discuss the medical and scientific reasons why the

two hyperintensity lesions are more likely to be traumatically in nature than "other possible alternatives" which I ruled

out to a reasonable degree of medical probability (bottom of page 3 and top of page 4 of the Rebuttal report, Exhibit 3).

14. The motion also suggests that I failed "to adequately consider or• explain wlzy the white nz~~tter lesions are so definitely

attributable to the 2011 incident and not to Plaintiffs psychiatric issues, for' which she was diagnosed and treated in the

late 1980s". Again, this is simply untrue. I fully considered her history and upon review of the data and conclusions

of Dr. James Berry, neuropsychologist at Craig's Hospital. As reported in pages 5 through 6, Dr. Berry's conclusion

was that her psychiatric diagnosis was correctly not carried forward and was a misdiagnosis. Dr. Berry did not validate

the diagnosis of the late 1980s in his formulation but emphasized that her frontal-executive dysfunction and her altered

emotional processing were consequences of her traumatic brain injury o 201 1. Furthermore, the medical literature

does not conclusively suggest DTI abnormalities are associated with pure psychiatric diagnoses. Therefore, based upon

neuropsychological data and testimony, along with my training, education and experience, I concluded that the lesions

observed on MRI are attributable to the 2011 farming incident, again to a reasonable degree of medical probability.

15. My summary in rebuttal is that "Miriam White sustained a significant traumatic injury to her fi•ontal lobes bilaterally,

which has left her cognitively and emotionally permanently impaired. She was high functioning and active prior to

the injury. Her injury/accident of 8/17/1 1 was the much more significant injury and rendered her vulnerable to the
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mild concussion of 6/10/12. Her imaging findings match the biomechanics, chronic symptoms, neurobehavioral and

neuropsychological findings. The right parietal injury of 6/10/12, while inducing a mild concussion, does not explain her

clinical deficits that began when her head was crushed under the weight of a heavy hay bale on 8/17/11." 1 expressed

these opinions to a reasonable degree of medical probability under the pains and penalties of perjury, using my best

judgment, based upon my training, education, research, and clinical experience.

16. The motion indicates, on page 7, "As Dr. Wortzel notes, when used in the litigation context, DTI Imaging is subject

to interp~~etations that are subjective rather than evidence-based and tJzus unreliable in this context. " Dr. Wortzel has been

critiqued in the literature for the position and opinions he has taken. Recently, in an article published in the American

Journal of Bioethics Neuroscience April-June, Volume S, Number 2, 2014, the authors, Michael Lipton and Eric Bigler

state, "The misleading and often entirely unsubstantiated opinions and positions of Wortzel, Tsiouris, and Filippi (2014),

in opposition to diffusion tensor imaging (DTI) as a useful measure in mTBI, are at odds with the clear consensus of

the scientific literature regarding mild traumatic brain injury (mTBI), its clinical assessment, and its natural history.

The authors' critique contains numerous errors." (Please see Hulkower et al., A Decade of DTI in Traumatic Brain

Injury: 10 years and 100 articles later, paragraph 10 for the majority view) Attached as Exhibit 6 is a true and correct

copy of Lipton &Bigler, "Clarifying the Robust Foundation for and Appropriate Use of DTI in mTBI Patients" in AJOB

Neuroscience, 2014.

17. I have been actively involved in MR imaging research since 1992 and in Diffusion Tensor Imaging (DTI) since 2004.

I am afellowship-trained behavioral neurologist who has evaluated and treated hundreds of patients with head trauma

and have been engaged in brain imaging research using advanced MRI methods for 18 years. My focus has been TBI

imaging for 7 years at the MR Research Program at Detroit Medical Center together with an MR scientist, E. Mark

Haacke, Ph.D. My clinical and research activities are even more focused on TBI imaging since co-founding the Center for

Neurological Studies in 2011. I published a seminal paper in 2007 delineating the alterations in DTI parameters in TBI

and the correlation of DTI (FA) with injury severity, including mild TBI. Along with the members of my research group,

I have presented or published extensively on the use of DTI for TBI emphasizing proper methodology and precautions

to avoid misinterpretation. Atrue and correct list of my research in DTI and lecturing is included in my Curriculum

Vitae, Exhibit 1 to this declaration.

18. On June 2-3, 2010, in recognition of the already demonstrated importance of diffusion tensor imaging to diagnose

TBI, the U.S. Army Telemedicine and Advanced Technology Research Command (TATRC) sponsored the "Diffusion

MRI TBI Roadmap Development Workshop", wherein the acknowledged purpose was, "DTI has detected abnormalities

ussocinted with brain trauma at several single centers and the workshop seeks to identify and remove barriers to rapid

tra~islation of advanced diffusion MRI technology for TBI... in order to expedite getting the benefits of diffusion MRI to

reacl2 those who need it most, especially injured soldiers and veterans. " As one of 50 or so "experts from academia, industry,

government agencies and several European nations," I presented in a session entitled, "Experience in Neuroimaging

Translation to Clinical Use." My talk entitled, "Global and Voxel-based approaches to DTI in TBI" included a

comprehensive approach to imaging mild TBI, which was the culmination of over six years of peer-reviewed published

research on DTI and TBI. I used both group and single cases to demonstrate the clinical validity and reliability of DTI in

TBI. In addition to demonstrating the excellent correlation between DTI and injury severity, I showed the repeatability of

DTI for a single mTBI case scanned in two different cities, and for a different mTBI case scanned twice 6 weeks between

scanning sessions. I also used a third mTBI case to demonstrate the excellent correspondence between hemorrhage

location (using susceptibility imaging) and abnormally low FA on DTI in these cases. Other speakers presented data

showing the correlations of DTI with neurocognitive outcome and experience using DTI on Iraq war veterans.

19. A traditional MRI shows the structure of the brain. The majority of people who have sustained mild traumatic brain

injury ("mTBI") have normal MRI findings, even when they have significant impairment. An overwhelming majority

of people with mTBI have normal CT scans, even with significant impairments. In fact, I have personally been involved
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with patients in coma who have normal CT Scans. And so it appeared in the case of Ms. White after the initial recognized

bleed.

20. DTI examines the microstructure of the white matter of the brain, allowing for the detection of microscopic pathology

or abnormality of the white matter. DTI is a more sensitive technique that can reveal abnormalities that are not visible

on standard MRIs. In fact, a major drive in the research and development of DTI has been its ability to detect that which

is largely invisible to MRI and CT.

21. DTI measures the direction of movement or flow (known as diffusion) of water molecules through tissue. DTI is based

upon the basic biophysics of the flow of water. With no barriers to flow, water will move in an isotropic distribution,

which means it will move equally in all directions. If there are barriers to flow, it will move anisotropically or unequally

in all directions.

22. DTI has the ability to measure the dishibution of water throughout the brain by specifically measuring the flow

of water in the many voxels of the brain. Voxels are like the pixels in a digital camera. Unlike an image from a digital

camera, however, each of the MRI pixels has three dimensions, the left-right and up-down dimensions of the slice as

well as the thickness of the slice. When multiple slices are stacked atop one another, the result is the fl.l l l volumetric

representation of the brain.

23. DTI measures the distribution of water in each voxel with the degree of anisotropy (non-sphericity) expressed as

a fraction of the total diffusion, i.e. fractional anisotropy (FA), which can range between zero (completely isotropic

diffusion) and one (completely anisotropic diffusion).

24. White matter of the brain is comprised of axons, which are long processes extending from the nerve cells that

constitute the gray matter. Axons are organized into thick, tubular tracts that extend fi•om one brain region to another

similar to electrical cables. Water diffusion is much greater along the long axon than across it and, therefore, has

a relatively anisotropic distribution (higher FA). Closed head injury (or non-penetrating TBI), induced by sudden

acceleration or deceleration of the head, results in widely scattered damage to white matter fibers known as "diffuse

axonal injury." This damage includes segmental breakdown in the outer membrane of the axon, increasing diffusion in

the short axis dimension, leading to more isotropic distribution (decreased FA). In other words, in the white matter of

a normal/healthy brain, the direction of water diffusion is very uniform. Injury disrupts the normal structure of white

matter (axons) leading to a less uniform direction of diffusion.

25. Since microscopic traumatic injuries, which are not visualized on standard clinical MRI scans, cause a relatively

modest reduction in FA that cannot be seen by visual inspection, quantitative analysis of images is performed, whereby a

TBI patient's FA images are statistically analyzed using aset ofnon-TBI controls' brain images as the reference standard.

This method is performed in an automated fashion on the white matter globally, regionally and voxel-by-voxel after co-

registration of brain images or tracts into a standard space. Comparing TBI images against aset ofnon-TBI brain images

has been demonstrated by my group and other groups to be a sensitive, reliable, and objective means of distinguishing

TBI from non-injured brains.

26. We have described our methods along with malting our methods of analysis available by publishing them in peer

reviewed journals (See Curriculum Vitae). We have also published the scientific rationale and the basis for the choice of

using fractional anisotropy (FA) as the parameter to compare a patient's brain image to controls. This methodology has

been utilized by multiple imaging specialists and is well-described in the literature.

27. We use DTI in our medical practice as one more piece of data and attempt to synthesize several independent lines

of evidence including acute injury characteristics, chronic symptoms, neurobehavioral findings, neuropsychological

findings and imaging, including other scans. This is the age-old Differential Diagnosis procedure used in Medicine.
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The clinical history and examination helps by limiting the differential diagnosis. Imaging then functions to further limit

the possibilities. As most diseases and disorders do, TBI has a particular "profile" on imaging that emerges from the

biomechanics, pathology, and pathophysiology that are different from other disorders.

28. DTI analysis has a known rate of error. In fact it is 0.4°/o. We use 2 standard deviations, which represents 95%

of the normal values. We use a 1-tailed test since we are explicitly looking only for reduced FA in the patients. That

means our false positive rate would be 0.025. We additionally impose a post hoc correction (cluster analysis) to further

reduce the false positive rate by keeping only regions with reduced FA, which are significantly larger than observed in

the controls. The false positive (error) is 0.025 x 0.16 (one standard deviation) = 0.004 (0.4%). Finally, we do a second

statistical analysis using h•act-based statistical analysis (TBSS) and only keep voxels that are significant on TBSS (t >

2). The methods employed are conservative by design.

29. General acceptance-DTI is acknowledged to be the best method for imaging white matter injury

(see Defense Centers of Excellence Clinical Recommendation, July 2013, https:l/dvbic.dcoe.rnillsitesldefaultl

files/2013_NeuroimangingR#ecs_CR_070#81 #3_13 SO.pd fl It is generally accepted in the scientific community

throughout the peer reviewed literature that DTI is a reliable and accurate tool to detect microscopic damage done to

the white matter of the brain.

I declare under the penalty of perjury under the laws of the United States of America that the foregoing (including the

statements in the attached reports) is true and correct.
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Neuroimaging and the Courtroom

issues that concerned Wortzel and colleagues, such research
can be a valuable aid in dealing with the basic inverse
inference problem pertaining to DTI interpretation in medi-
colegal settings.
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Clarifying the Robust Foundation
for and Appropriate Use
of DTI in mT61 Patients

Michael L. Lipton, Albert Einstein College of Medicine and Montefiore Medical Center

Erin D. Bigler, Brigham Young University

As clinicians and scientists, we believe scientific evidence
and prudent clinical practice form the proper basis for de-
termining the utility of diagnostic measures, which should
subsequently inform forensic use. The misleading and often
entirely unsubstantiated opinions and positions of Wortzel,
Tsiouris, and Filippi (2014), in opposition to diffusion tensor
imaging (DTI) as a useful measure in mTBI, are at odds with
the clear consensus of the scientific literature regarding mild
traumatic brain injury (mTBI), its clinical assessment, and
its natural history. The authors' critique contains numer-
ous errors. We focus on four areas: (1) the clinical reality of
mTBI, (2) the true substance of the scientific evidence sup-
porting use of DTI in mTBI, (3) the authors' erroneous and
off-target opinions regarding DTI analysis, and (4) critical
appraisal and integration of clinical information for diag-
nosis of mTBI.

First, an underlying theme of the authors' arguments
claims that lasting sequelae from mTBI is not a clinical real-
ity. For example, "best available evidence does not support
notions that mTBI results in long-term cognitive impair-
ments" (12). mTBI is a reality that results in lasting sequelae
in a substantial minority (Bigler et al. 2013; McMahon et al.
2014). mTBI is modeled in animals, yielding reproducible
microstructural neuropathologicaland behavioral findings,

as well as with finite biomechanical models of human mTBI.
The impact of mTBI cannot be argued away by focusing
on the majority who recover. Clinical, scientific, and even
forensic focus must be on the affected minority. Moreover,
traditional neuropsychological approaches are problematic
in assessing the cognitive effects of mTBI; they were never
designed to assess subtle but important deficits.

Second, the authors' critique of DTI challenges the "be-
lievability ' of quantitative DTI findings, juxtaposing visual
detection of spinal disk herniation and detection of micro-
scopic mTBI pathology. They imply that because the mi-
crostructural abnormality cannot be "seen" without quan-
tification its existence is in question. This "straw man' ar-
gumentwould also imply that other neuroimaging findings
that cannot be seen without quantification, such as spectro-
scopic and perfusion-based detection of tumor infiltration
into normal-appearing white matter, are not real or reliable.
The substance and implications of the American Society for
Functional Neuroradiology (ASFNR) guideline are mischar-
acterized to support the authors' position: "the guidelines
...detailing the limitations in using DTI clinically, especially
at the individual level and when analyzed by voxel-based
techniques" (11). The guideline deals exclusively with
clinical use in patients and does not isolate single patient
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assessment for scrutiny. Important cautions are listed, but
the message is: When DTI is used in accordance with the
guideline, reliable clinical use can be achieved. Assessment
of DTI parameters is not singled out as most of concern;
greater attention is paid to limitations of tractography and
its misuse.

Third, the authors argue that method variance renders
DTI research studies and clinical assessments inconclusive.
Statements similar to "Numerous factors can influence re-
sults without current consensus as to the best parameters"
(10) recur throughout the article, often without supporting
citations, and imply that method variance across published
studies undermines reliability and leads to (even willful)
type 1 errors (i.e., false positives). The authors claim dif-
ferences in acquisition, analysis, and so on preclude salient
conclusions. This approach completely misses the point of
a very large literature, which speaks with essentially one
voice: Low fractional anisotropy (FA) is characteristic of
TBI patients, despite significant variability across studies (e.g.,
Aoki et al. 2012; Hulkower et al. 2013; Niogi and Mukher-
jee 2010; Shenton et al. 2012). Even if we assume that DTI
metrics, such as FA, vary across scanners and institutions,
we will not encounter bias in the identification of abnor-
malities in any individual; this issue is simply not germane
to a properly conducted analysis. What does matter is that
patient and control data are acquired, processed, and ana-
lyzed in the same manner and that temporal variation be
substantially less than the magnitude of the effect sought.
This latter requirement, of course, is out of concern for type
2 errors (i.e., false negatives). It is even more illogical to
expect that method variance would yield regionally local-
ized "abnormalities" that in fact represent type 1 errors.
Bias due to acquisition and processing variation across sub-
jects, if it were in fact a problem, would lead to a uniform
bias at all brain locations. This would be the result, not the
manufacture of lesions, if it were true that "technological pa-
rameters can be manipulated in ways that impact results"
(10). Digging deeper into the authors' case for fatal vari-
ability of DTI metrics, we again note a void of supporting
evidence. The authors conclude that "unlike traditional MR
sequences ...the very existence of a lesion ... in any given
single patient identified via DTI is fundamentally question-
able" (10). The only relevant citation (Vollmar et al. 2010),
however, is completely misconstrued by the authors; it in
fact documents the high degree of intra- and interinstitu-
tional fidelity of FA measurements, also reported by others
(Fox et al. 2012). Such misunderstanding of the science suf-
fuses the discussion of technical issues. Glib citations such
as "Not too surprisingly, when the same DTI data set was
provided for analysis to nine different research groups ...,
nine different results were obtained" (11) entirely misrep-
resent the substance of an unpublished abstract to suit the
authors' bias. The authors of the cited abstract actually con-
clude: "This serves as a reminder of what is being tested un-
der the null hypothesis, i.e. just because one method finds
a particular difference, it does NOT mean that there were
NO other differences—a fact that can be easily overlooked"
(Jones et al. 2007, 74). The concern is not that any of the find-
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ings are not "real", but that additional real findings may be
missed in any analysis.

Another methods-specific argument is that abnormali-
ties could occur simply by chance: "Statistical science also
portends problems for the analysis of DTI" (11). After exag-
gerating the typical number of simultaneous comparisons
by at least 50%and invoking a "typical5%chance of error,"
the authors conclude that "statistical realities represent yet
another potential avenue for abuse" (11). This rudimen-
tary analysis does not acknowledge that 5% is not a typical
threshold and that corrections should be and are made for
multiple testing (not just that they "fortunately exist").Most
glaring is the authors' omission of spatial clustering, which
dramatically reduces type 1 errors. DTI analyses do not
seek individual voxel abnormalities, but ask, "What is the
likelihood that hundreds of voxels comprising a contigu-
ous tissue volume several milliliters in size will all appear
abnormal by mere chance alone?" Along these lines, the
authors state, "Given that even carefully selected healthy
controls will feature areas of 'abnormality' ..., it should
be anticipated that most unselected patients/litigants will
feature areas of abnormality when compared to such nor-
mative databases" (11). This is a gross misrepresentation of
Kraus and colleagues (2007), in the same way that Wortzel
misused it previously (Wortzel et al. 2011). The criterion for
"abnormality' in the Kraus article (1SD) is well within all
concepts of normal. That some controls had some regions
of interest outside of 1SD is expected and does not bear on
the finding that patients had significantly more regions of
interest outside of 1SD (Kraus et al. 2007, Figure 5). This
citation provides no basis whatsoever for inferring that nor-
malswill have "abnormalities" when reasonable thresholds
for abnormality are employed. This sentence and especially
its italicized emphasis have no basis in the cited paper or
any scientific communication.

Fourth, diagnosis of mTBI, or any other disorder, is
based on integration of clinical information, not the result of
one diagnostic test. The authors offer another "straw man'
argument that insinuates DTI should not be used as a stand-
alone definitive diagnostic test, a use for which it has not
been proposed. The realities of DTI use in the clinic en-
tail weighing the strength of all clinical evidence. The au-
thors argue that "neuropsychiatric conditions are common
in the general population, and are often present in individ-
ual litigants. The potential impact of common psychiatric
conditions on DTI findings is well illustrated" (11). Placing
these two sentences back to back is blatantly misleading.
The authors cite White and colleagues (White et al. 2008),
who reviewed studies of psychiatric patients, not of healthy
people who unknowingly harbor as-yet-undiagnosed psy-
chopathology. No literature exists to support that such in-
dividuals can be identified with DTI. Moreover, the authors
do not consider that the literature on psychiatric diagnosis
is comprised of studies detecting modest group differences,
whereas TBI studies have specifically shown that individ-
uals, though not all individuals, can differ from popula-
tion norms to a degree that normals do not (see Hulkower
et al. 2013). It is not at all clear that DTI abnormalities in
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individuals with as-yet-undiagnosed psychiatric disease

can be detected in the way that such abnormalities may

be detected in TBI patients. Moreover, statements, such as

"early life stress and/or parental verbal abuse may result in

differences in white matter integrity as measured by DTI"

(11) give equal weight to single reports of small samples and

fail to assess subject/control overlap and whether any in-

ference at the individual level might even be supported. In

stark contrast, the overwhelming consensus of a substan-

tial body of scientific inquiry supports DTI for detecting

pathology in mTBI patients.
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Functional Magnetic Resonance
Imaging in Court

Lyn M. Gaudet, The Mind Research Network

Julia R. Cushing, The Mind Research Network

Kent A. Kiehl, The Mind Research Network

It was more than 30 years ago that neuroimaging evidence

was first presented in criminal court in the United States.

The charges included two counts of murder and one count

of attempted murder, and the defendant asserted the in-

sanity defense. Defense experts testified that the defendant

suffered from schizophrenia with prominent psychotic fea-

tures and was thus legally insane at the time of the crimes.

Prosecution experts testified that the defendant did not have

psychosis and was legally sane at the time of the crimes.

The defense presented acomputer-assisted tomography

(CAT) scan that revealed the defendant had widened sulci

and enlarged ventricles. These structural characteristics are

Address correspondence to Lyn M. Gaudet, The Mind Research Network,1101 Yale Blvd, AlUuquerque, NM 87106, United States. E-mail:
lkiehlQmrn.org
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Research tlri~ir~iine~esfipyation Restir~furctintrait,<.#tiinTraurnat~flraintni~rY

ognitive deficits after trauniaYirUraiii injttry ('TBl} ~trc a

majar ca~s~ afdaily iiP~ disal~itity.` Persistent elisablin~

seq~ielae are caused by the structural drain darna~e that

cc~curs r~clt only in the eaTl~ stage butalsc~ alter a }~ciad ofa~~ar-

entrecntnery.2TYaum~ticaxc~~~alinjurpisass~eiate~el~t~tti thAmost

severely impaired outcumesafterTl~I, ~eurapathn}ogic~i stud-

ics t~aae shown kt~at'I'~T affects structural brain aet4vazhs pro-

gressi~,°ely, Erc~m focal axon aiteratio~; to delayed axcrn~l

discui~nectiU~~: ~ [~ unctionat nia~netic resona~~ce imaging tt~viRi}

st~~clies surest that white matY~c damage alters structn rat c~n-

nectivity, tivhich in hjm cep ~~#'ect functional connectivit}; and

l~atk~ contribute ec~co~iitiv~ dys~'un~~Tions in'iBT.''°7

Resting-state fA3Ri studies have recently enlerg~d as a use-

fu1tact for investi~tingbrain functional ronn~ctivityafterse-

vete ̀TBI~1.x-" anci in subjects vrith mild TBI exan~ined during the

earlysta es.'~a''t't~esesfudiesprovideinfo~matianabortbrain

artfvity and connectivity in the absen c~ ot't~sk perTarmanc~, a

Grind ition that alini~,~s r~esearclters kc~ inv~s#igate p~tiei~t popuia-

tionswithbr~.adeiran~ scsPin~uryseverity,bacattsenosgeti~c

cognitive abiliky is required.. Advanced neurflinta~in~ proce:+s-

~rz~ Cools provide ipfoim~Firart about train a~nr9ty and functional

cnnn~ctivityduring resting-state flt~Rl. cow signal fttactiiations

that c~cx.-ur durixigrrst l~vcy been shown ►o reflect strua~,~couiaec-
~ivity b~twe~n ~'unciionalty related brain gegions.'~~'~

Although different functional connectivity net~wnrks cai~ be
idenCIfied during ther~tingstate,'Gthe mast ~ricleiy stitdiecl i~
thedeFaultmod~ netwtsrk{Dlv~,wlhicfi isrepnrteci tobeaffectc~i
in a bread range of bxain disQrd~rs ancf is eoratmonly retatcd to
cognitive pracesses.i7 '1'hespatial gaitern o~the UIvTRt includes
the ventrantedial }arefrontal cortex, the po~tetsac cingula{~ cflr-
tex, thel~keral parietal cortex; and the pre~un~us. ~'c~r t}~e main
c~cdes of the DRiN, t her►• fi~nctionat conn~c#iviiy is sugpc>rkec! b}~
an underlyir~stn~eture o~whice matter pathways,'vritl~ the rin~
~utum as the key #Tact#hai interconnects Yiie anterior and ¢c~s-
terror mre reg#ans o[Eh~ D1~I1V.s'

st~hi
s}~o
Tit,€n~prev+ousstudy,$kvefoundthatd s~~pteci~xnictural~n-
~~ec~ivityafier traumaticaxanal injury vas iesgflnsibte faralter~c3
ft~netion~l connectivity duiin~v; nrkin~ memory p~zfarmance.
In the current research, we used ne~v advances in resting state
relates] fhiRI methods to detet•n~ ne whether the amplitude of
spontaneous tow-t~~eyuency fluctuations in brain aetivit)~ ~ncl
DR~Nronn~ivritymapbe sensiti~~ebiomarkers #`orc~gnitivedyc;~
function after'T'Bi. ̀ I'o €his enel, v~re measured c1~e a~n~lititde ~f
resting-sta#ebio~,~i caxy~en level-degenc~entsignaI fIuctuaticns
in the ~.+hairbrain and the t7ri~~i, studying glnt~at:~nd neiwork-
based functianat coniieceivity, as Eireli as structu~~afi conneeeiv-
it~ tfthe maiq fasciculi kviehin the €~~iN.

~rrr~r~..
~IE~}lUCIS

Sficrd~r Participants
Tcdrenty p~cients with chronic and dif~use'T"ESF t+,•ere recruited
from die 3iead Injury Unit of the t~uiimann Instituie-ri°eutore-
habilitatian Haspikal.'1'hecriteria followed i`or ~in~ie selei:tian

Tabte t. Demographic and C ifr+~a! Chara~terist[cs of Patients
and Control Sub,~ec~s

Aattents Crm4ral
With7Cil Sub}ttt4

Cbarzcterfstic (o = IQJ {n = 37}
x9e. mean {5(~3. Y' 2?,SO t5.2~~ x5,29 {4.95j
Educational iev~t. mean (SDl, y" 15.20 {~,a6} 14.6 } {2.5~)
Sex, tdo.`

~a,~~ t ~ 10
rern26~ 9 7

GLS score. rr~an F541 5 {1.7~)
Tirr~ since ~r~jt~ry, man (SD}, Y 4.7 Q (l-1$}

~icrn~fee8s {TAi}
frontal ~tsL~?s
iernparat tolazs
C~rEsi~c calFaswn
asp! g~rrylla
f'~riatal lnt~s
f:erbxitwn
ittia!amus
hd3dhra;t~

Ca+tusturr, E~:1D•rnC YQ4~~m¢)
~n~1~1 toha_s
T~m¢csat [~bcs

;~ht~revizt;orr3. ACS, G?~sgaw eorrta Sr.'>'~: l.R~tf, ma~r,et~ resan~nce tfr i~g:
Trti. irawrk-s~ic xxarwl injury< ~Bt, traurtwi"sc bra<r~ iryirry.

ni-t351:p$,57
a = z.29; P = .82.

have Item described elsewhere, ~'l'his slac~y is part of a pr~jeet
tin lung-term impairment of c~rin~etivity isi diFfiis~'i`Hi, and
some resat#s already have been pub}isherl ~•~`' I~tie nts' demo-
graphic and ciinirai characteristics are summari~eci in 1'ab~ t.

sion recovery sequences:, T~tbte i ~ravicles rleiaited c:li»icat and
~~euroracliolagieal characierisTies 3`or each patient in the study,
The cause tsf`fBt evas moto~~ vehicle crashes ire at1 cases.

The rt~ntro3 group camp~~ised t7 heaEthy volunteers
matched by ale, se?€, anti edueatinnai level. intone Isad a his-
tory of neurnlogicai car psychiatric disuses. 'I`heir den~a-
~Caphic ehar~ct~ristics ire prra6 idcd in T-a~le i.

'i'he study coos a~proued ley the research ethics corni~~it-
tees ofi the Guttmann (nsEitute-Neuroreha6ilitatir~n Hospital
and the University caf Barcelo~}a. All ~articigants ~aee writfen
inFc~rriied conse~7t.

1ma~e Acquisition
Bata were acquired with a Siemens hFa~ietom'1'r3o Tint a~yngo
3=~'sysken~ at the Cea~tre cie Dial ostic per la Imatge ofthe Hcss-
pital Clinic, Barcelona. A hi~}i-re~Iution Ta•oveigiitecl struciucat
image eras obtained for each fickt~ydc~t with an ~~YRAGE (Tzuagne-
ti:~atian-~re~ared rapid acquisition gradient-echo) 3-dimen-
si~n~i ~rotace~i (r~getition tlzne [TR}, ~9can millisecand~; echo
time (`i'~:), 3 milliseconds; in~ersio4~ #ime, ~c~o millis~eonds;

8Q5 JAMA Pteurolo~y July mDi3 V~4u~r~e'/t~, hfuntfnes 7 j~m3rtt+tlrp~G$y.CP:11

Rntrntnar4er3 Frnm~ I~1fn:llnrr6nrur~_irniwneitr:irk.rn~nl Eii~ a 41nia'rrsit~~ n{"i alifnrnin - l.tta Anoelec I#¢cr tin i(Ifl1tI2(Ild

In additionYcrdisru~tedfunctionalcannecti~rity,st~xciies~if Patientsun~ierw~ntma~neticreson~neeintaging(P99RI}amean
to maCter integrity usil~~diffusion tensor imaging",'>~ hate {SIB} of ~.1(~ ~} Yeac~ aE'Yer inTttry, ~~~d all sii~svc:~ ~i;i~~ableeds as

rr~ n tltatstruciurai c~nnestiuity is also ~reaity aftect~d aRec a sign nt'cliffuse disease in the 7'2°and fluid-attenuated inuer-
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C~etd of view (~C3V~, aq~{ mm; anti t-mm isnirapic v~~xel} and a 5-

minute fPlil2l resting-state, singie-stxot, giadlent-echa, e~cl~o-~ia-
narimaging sequence tTR, 2tx7c~ Milliseconds, '~`E,16 mitlisec-
vnds; clip an~1e, 9oa; ~'CA; 2zt~ mm; and ~,~c~xei size, i.7 x 1.~ ~ 3
,t~ mi~~). Uit~'~asian-s~reEghied images weze sensitixec~ in 3a non-
eoHinear directions i~rith a i~ value bf ~Utt~o s(mm~ in an echr~-
pt~nar imapin~ sequence (`I`R, 9~OCa rrtiltisec~rstts; TE> 9q milli-
seconds; seccic~n ttiick~less, x.t~ mm, ijoxel size, 2.tt X 2.o x z.o
ram; ~ C3V, 2~a mr~i; and no gap). Fc~r the tesirsn de~criptinn> the
i~euraradinl~gist (N.B,) consideted T~-weighkec~, #Iuid•atkenu-
atect inversion rec~avery f'i'H, 9c~t~ mitliseconds;'i'E, 8~ miliisee-E 0

Ands; se~-tion thickness, 3.a mn~; voxel size, z.3 x p.9 ~ 3.o mm;
aiYd Ft~V, 2~~ snm), and 'i°~" ~tadient-echo seuucitcc E" , Sl$

milliseconds; TE, 20 milliseco~c3s; section thickness, 3.c~ mm;

voxel sire, 0.9 x a.8 x 3.b mm; and ~'t7V, 24~ mm} sequenrzs.
Alt the images va~eie uisuall~ iiu~cted to ensure that they did
nit contain htRl artifacts c~i exceesssive movement L~efore
analysis.

Neur~sYchoto~i~al Assessrr~nt
A trained neuropsyc~ologist masked Yathe din~caT data adm#n-
istexed tests tc~ assess the main cam ~itive functic~r~s in~paSred af`-
ter'I'ST.'I'heassessment included the fc~ilowrn~: letter-number
~.egi~en~ing; digicsp~n test (fc~rarard and backward measures);
Yh~ ̀ITail Makir~g'I'esk {arts 1~ anti B}; the Rey Auditory Verbal
Learning? est,the Re}-CYst~ rrieth mmple?~ ~igi~re; reeding, color
n~min~ anti re~adiixg word-cnio~~ conditions from the Straap Pest;
and ineasuaes c~€uerbal s~a~7anticand phcii~emic fluency.x~ Far

jart~a.~eurnto~r.cam

{i)~iu~te~bra~ anagsys cf the
?7i~7Uil:~e 4t Icw-trect~T~scy

Iiixtuatic~~stALFk7; (~~~'. r ;rt
co,~gr~n~i# ~alysis tiCA} arrti
cal-tegr€,szan ar~tyzis tai tfte
ri~fa~~ inoPse re-iw~nrk {(~Afd~: f3)
toru~ttivity actatycrs t~s~g ttie
prede4irte:l t~NiN rcguirts of ie~tefESt
(RO~s)c anti (4) c~ff~~inat ferisnE

irr~gmg (l}Ti~ lr3ttagra~tty+x'~afysa
Q~ tfiG Ci(l~7J~ili(! it'A:t ~i'4fri tFi£ D~~

h'Ok~i. {S2£ tCt@ ►I0.°thixi5 S£Ct»tl3fiil
tt~ eP,Aet1:Od5 itt Six{~l~tR~nt for
dLNdil3.~ Ff~ b3.~ICdtP:S ffdCll4fld~
a~sotr~{ry: ihSRl, fuxnci's~alina~met~
rzsar+.ance imagxiig.

for ~n~tysis ~,~~s used to obtain a single ~nea~ure that eras repr~-
sentative ctf c~ueralI cognitive outcoiit~.based;~ntesf~ in whit6
patients were si~ni~eanity impaired ec~n~pared with contiols
{eA~ethc~ds atld e't~ble in Supplement).

MRI: Image Processing any! Analysis
Amplitude 1~Aeasures caf Resting•State tk7ta
The anip)itude c~ftac~-frcque~lcy fluctuations (ALFEj ~v~ts mea-
suredusing amethod basedranthe fast courier transFc~rm ofthe
rt~tin~-state time series for each voicel.~' After indiuid~uxl tit,FF
maps bvere ohkained, they ~rere xegisterect Cothe Maniseal Ideu-
ralogieai Inscitt~t~ (flAR}I}standard space try means cif Finear reg-
ist~-atic~n {FLIRT' [~'IvF I2if3's Linear Finagc REgistzati~in TaolJ from
~'SL (http:/ffsnrib.ox.ae.uW~s1]).2'Voxet-evissk g~rup comparisoirs
t̂ .ire petf~r•rn~d on thesR mapabyusin~~ermt~tarion-baspc9 t~m~
parisnnswith general linear r~tvdelii~g. Differenc~swr~re cansid-
ea•ed significant at P < .c~5 (family-wise error ct~rrected; gee the
eMethod~ In Supplement and ~i~ure ~ fora full description of the
procedures tzs~d),

Independent Component Ar~iysis of Restin~•State Data
We entered pregracesseci resting f~TRi data into a~i independent
ea~nponent a nalysis {ICA} us4ng A+iEL~IJIC'~ software #~rom F5€„
This enabled t~s to obtain a sek of independent eutnpcsnents and
id~~jtifytheccmniot~resti~i~-sCatefunetioz~atnetwoiks3ga6,~q.~,
Aef~re group IGA decampositic~n, ai3 inclividu~i fA2RI data sets
were 1 in~arly r~~istered to the h4Ni standard s~~ace ~' FSnally, we
selected the incIepenc~ec~t componene rr~a~ ofthe D&1fId. The pro-

JaMA Neurotagy iuiy 2tIt3 Yr~&.urtc 70, hurnber z &i7

Ii.uvninniievt I~rnni~ h/in~Jtssrrhnrti~r.iamant?#ri'nrk.cnntJ l~v:t I1nil'CYSitV bI~C7AIiCOY/lt~ - L.OA:~ti£'CICS I.15C3` i)n lilli)112{S!~
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~igcrce2.iriereas~dampiitudeaftow-trequeruyfic~ct~ationsdiertngthe T~bte2,AANtb4aximuinCarrtlmates.Clurte~r5ize.andStatistisal

resting•sia#e in patients with trairrtratic brain injwy Significance of the increas~i Aetivity c9n Restirtg-5taie Spatial Miss

>~ ~S ~~~ Caorciinat~ ~

•. l~sain A[ea (Voxels}. X }+ z Value

a ~~ N y ̀ ;: Frantat~ote 273 -2? 4S 36 .A2

~̀  ~ ~eoMal pu{e 192 E5 45 33 .02

Cyrus
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Su~riorfra~~[at '~5 15 'b b~ .Q2

.
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:: 
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~..
xx-t8 ~ K~.'aj x=-25

Red-yeti xegions r~pre~ent a eas with siatistisaHy s~Yific.~t Uitferences
!~#m~En pati~rrts and canfrnt~ {c~rrect~r3 P < .05).

ccdtirefnr setectingihe llR~N within the ~v}i~ie setofro~~z~~oi~ents

v as teased nn fhe rnmpufatian of spatial cross-correlation ~e-

t~veen each independentcon~~~~entand aprevinusIy published

template corresponding to the D,~4N.'~

We il~eii nse:d a dual regression appraaeha=~" fb investigate

bet~+teen-group dif~ierences in the DMN naps.The significance

threshoklrifthevc~xel-~isediffertnces~vassetatP E.[~~,(fatnily_

~tise e[ror rnrrected) {eh4etl~ods in Supplement and Figure i}.

Seed•flasedAnalysisofthet7MN __ -- ----- - ___
The peak coordinates c~fthe ~MN identified uvitti ICA were a~sccl

tc~ create ~ sp}aerical regions ofinter~st {Rf~is} representing f tie

main ncuies of this network: medial pre€r4ntal eartca; tAAPF~),

~recuneusipasterior ci~3gttlate {PPG}, anr~ left anti ~ fight pari-

etalcortices (eri~etl3flds fn Supplement and Figure 1).

For each seed (or DNiA3 n«ie}, we created ~yhaie-brain func-

Yicina! connectivity n~a~s an~3 tested grc+u~ eiifferez~c~s of these

maps. r11I se2d•t~asecl connectiuicy analyses cuere performed

using the funckinnal data sets that had k~e~n ~reviocisly pre-

process~d aad registered to ttie IviNI standard space.

Analysis of MRI Diffusion Data

1.7ifCusion MRi images tivere anaiy zed with ~'1~"I` {f'I~iRI$'s Diftu-

sionTco3tsax} softe+rare frpnz N`SL. After first cxtraetingindivid~a~l

f'ractianaI anisatrQpy tFA}naps, vac then used ~1 it'Ctisios~ tei}sir

imaging data in a probabilistic tracking algorithm to estimate

848 JAtAANcurotogy tuIy~C113 Vc~:ume 70. h'umbx ~

Ahidtri~frpnta# 21 -~J lE 45 A3

P~raxingulate I4 -I~ 48 3 .4~

A~ibreva~tian= t~1tJ(. tAaEi2rea[ P~eu; al~ea3 insti+a;te.

white mat ter pathwa}~s eonnectin~; the 2IiNIN RC?7s (ie, M ~k`C ROl

attd k'P~ T~t7t} extraccted (rani thearsalysis nfthe reslin~,sYate fA'IRI

d~ia.'Phese Rt3Is tf'rom fMStianalysis?wereoriginally in I~NTstan-

dardspace. They were #lien moved to eaci~ subject's ciiffus can

space before we perfor;pied tractci~iaphy (using linear registra-

tiUn implenle~7ted u~itt~ FSLsof~~re).1'Individt~al iractswere

registered again tp MNi to compnt~ khe grQug-average snaps.

lNhit~ natter pathways were averaged ac~rass esntraIs and pa-

6ents separately. ~inatly, the aver.'y;e ~^onnt~tivirymapo~tl~cnn-

trolswas used, together~,vith the registered FA naps, to estirna#e

finer uite~-city oEthis connection in the who~~ san~p~ as the mean

FR ~^: ithin the paehway {Figurer}.

Cognitive tJutcome and Structural arsd Fcmtticmal Connectivity Data

&lean signa}amplitude (ALFF'seurE,s15}a~yd cr~nnertiyify (~unt2ional

canneetivit}~ anc~ structural connectivity} scoreswcre~xkiacted

~+rithin the areas that resulted significanily from the who}e-brain

ALFF analysis, the IC~i, and the seed-based functional eonnec-

tivity anc~ tractc~~ra~hy analyses. t~'e used ~'garson rnrre~atia~.s

rn SFSS soEicvare {1Bhi~ {ePviethuds in Suppleinentl to study ih

measures togetl~erwith the measure ofcag~titive ou#rnme.

R@SUItS

Amplitude o~ R~stirrg-5t-ate Fiu~kuat~ons

Campared 4uitlr eUnlrots, patients had Breaker ALFF in sev-

eral braiiyareas {corrected P < .o~?, inclue~in~ the frontal ~aote,

superior frontal gyms, midc~Ie frc~ntalgyrus, paracingulategy-

rtxs, and supiriaY ~erietal lobe (see Figure 2 and Taber x far Pt iii

c~avrdinates and cluster size}, Because the neap of itxcrea~ec2

n1~FF in the middle frontal areas shoured a large overlap witC~

tI~c E'ronkal ~ac~de aF fihe 17R~N, we anaiy-~ed the brain connec-

tivitycif this network.

independent Cosngcar~errt Analysis
[)sing IC:A with temgc~ra3 c~ancatenation,sue obtained a 52t of 37

independent components and idetrti~ed the main resting-state

rye€evori:~ teRest2lts and eFigure ~ iii Supplemei}t).4~iithin ibis se[

of net~vz~rks, v~re selected the 1~&4N fir further analysis.

{3MN ~c~nnettiv~ty
Group Comparisons of the iL~-Based t)MN
Using the c~uai r~gres~ir~tt a~~prt~acl~, patients with TBI hid

greater funcficanal cUnnectivity than Controls adrithin the L~TvTN

jamareuralay~ycnna

i)rnrninailyd Frnm~ htSn-lla crhncrie.ininanrti~~nrk.cr~nx( h~~ :~. llnivi~rsitt' of C'4lifnt'nife - C..uS ~nee~CS LtSCY hO IQ/f?i12l~1~
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i~t certain areas of the frontal lobe {Figure 3).'1'k3ese regions in-

eludedthe froutat pole, the anteris~r cis~gulate and ~aracingu-

late gyr~is, fhe superior frontal gyros, end a small part of the

prece«tratgyrus.

figure 3. increased tnnnecrivity tivithin tf~e default mods network
in paiiestts with traun~atit brain p~jury to coattro{4

R R OS

~ ~ +~
,~ ;~

g-St ~=15 s~-9 <.i~t

c~; rzcteA F

Red-yekbw re~ians ~epr~enk ~re~s x+are the rannectivity tt~ffered si~rcificantly

~tweer4 patients and canCrots (cwrettcd P < ,p5?.

Figure 4. Areas sl~owing irxrease+9 (unctio~ta! connectivity irttrauma2ic

brain injury and Iacations of the seeds

AreassFrow intreas~ci6wrdtionaicasriectivityintraumatich;a~nfn~~iry{Teri

end yetbshg and toe adorns of the s€etls {b[ue}, q, Increa=_eci cormectivity with the

rya! prefror~ta(tortex rc~g8on of interest used as a seed. ~, ~rcreasedar to
connectivity vrrth the 9efC p<;ri?ta) carte~t rc~;ion of interest used as a eed.
Stgn;fua~t ct P < .OS (farnily~~ise error corrected):

Seed-Based Connectivity Anatysis

Using the iCA-has~cl sgatsa] a~~ap of the ~AAN, we created q spheri-

cal R4Is t~rith which to compute geed-based connectivity maps

in the A,IPFC, PPC, and deft and right parietal rnttex Tt{~Is isee

eResuIts acid ei~ igur~ 2 in 5tiipplenient for exact RtJi 2ocatic~ns).

With the A+fPFC FtOT as a secKi, eve fcwnd increased firne-

tic~nat c-c~nt~ectivity of this regian writh other areas ofthe MPFC

in patients canipared with cantxr~ls (corr~eted P < :05~
(Figure 4). ?~orenver, with the left parietal cortex ROT, wte alscs

found a set of brain areas Frith inerease~l functional cannec-

[ivityin patienkstwith T$I {eorrecYed I' ~ .ff51(~igure~). These

areas s~rere located in the left taCeral occipital carte:c, angular

gyros, supramarginal ~,yrus, tempnro-arcipital areas, middle

and inf~rie~r temgnrai gyros, occipital fizsiform and lingt~at ggri,

end prect~neus. !ue found no differences in fnt~etie~t~al con-

nectivitpwhen using the remaining n€ades as seeds.

5iruct~~ra~ Canr~ctivity Aheastu'ed
With Diffusion Tensor imagi~rg
T1se MPFC and tine P~'C ROis were used to reconstruct the swhite

matter pathway connecting the 2 regions,'I~~ ~robabilistie trae-

tagF~phy map of each subject was nseci to create separate av-

tra~e naps fnr patients and conccols. Them mays indicate the

prnhability crf each ~+oxel heii3g sari of a vrhite mattez~ path-

way canneetingthe 2 regions. "fhe main t racts identified avere

the left end right buaadies of the cingulunY. Visual inspeetion

~f the average maps ~`c~reaeh groupshaw~d ihae the sire of the

cin~uluk~i vvas reduced in patients.
P̀lie a~~era~e neap for the control ~ronp ~a~as usedas a mask

to exfract mean ~A values within the eir~guium for eaeh suh-

jetf.'I'hesevalues were sign9ficantly decrras~cl in pa[i~~ts vrid t

TBI cemp~red with controls {mean, 0,35 far patients vs d.d2

POP COII[TOI5> t = 5.~: A < .t~Cti} {~'igurn S?. .

A,mptitucie o€ Ffurtuatons ~nd.~ognitive 47utcom~
In ~ratients, the a~nplilrsde c~frestin~-stakefluctuaEianswas posi-

tively carrelatecl with~agnitive performance {r = 4.4t3; P - .03);

Figure S. Resu{ts of tractography analysis shown as s{aatial maps of praU~bi[istic tratktng

)ama~xuro!ogycon~ JAMA Aleurology 1u1j~ 2413 Valvr~;~ 70, tdum~ r 3 $49

t)osvnfanticd Fr+~nt: htfn;ll~trtisneur,iarnan~i~vcirk.cun~i b~~ a f7ui~•e~•sity oFt"alit~rni~ - I_us ,#n~elex User ~n iQ/Q1Rt~14

Ye[towr~presentsliw2re~EansoiinE¢rest(ntetiial~re~rent~lcortexand anatoinScatMantFe~t~roh~getatinsti{utetemplate,fcrrcontzbls{ingreesi)

psecu~us/pasteriorcingulate)useai~ssez9cisfcxttxfib~r-traci:ingaigarithm. patientswit.Straumaticbr~anirip~ry{TBi}{inb~ue}.

Aveta~e probabi7isticccwmectivity maps are shown, with ti:e staruJard



Rez~arch f}s+ginai 1na~sti~.ttlnrt

ltie gteaEer the aeti~akicr,7~ the better ttae cognitive aut~me,
Thet~e arras szo signi~canE correlation betwc~cn ehese meas~ires
iii COntT41S (r = [3.35; P = .26).

6Vi[bin the patieut Rrou~, fuz~ctir~i~al cc~nnettivity scuGes
for the frontalTt{~Iwerene tivelyroi-re3atedti~ifhthe~'~valn
ues ofth~ cingutun~ #raet tr- -o.qS; P = ,sq}.

~15CUSStE)t1

'1'hepur~c}seotThis s[ti~ly ~~~as to Frav'sde fiir[h~rinsigltit into the

~S,E~ F an d t#~ei r connectivi€y in f he restingskate and iEie pa~sibte
rel~itinnship of these fit7clin~ w itli cognitl~re outcome after trau-
m~tie a:tnn~l itt~t~ry. Qtir main finding eves #hat higher Ai,FF at

re~i is assUCiated b~rith utter cognitiveonttnme in patients~vith
diffuse`TBI.Mores elfically,thesepatientsalsoha~3inereaseci
rnsting-st~te fiinctionai connectivity in eeginnJ surround ing ih~
frontal nndc c~f'ih4 DivIN. P~ic~recjv~ r, tY~e ine~ eased frontal Misr
nectivi[y mould be e~.~~}aaned by ciam~getc~ the cin~ilurrs,the key
tract cannet'tsn~; the anterior and posterior brain areas of the
T~AiN. ̀~'h~s~ Fu~~in~s surest that [ise ]oss c~fatruclara3 ccsnnc~-
tivity is tompensaYed for by an increase in tl~~ functional ca~-
nectivity €rf local rireuiis.

R~tircg Functiar~ b~f in Traamaf is 8satn trtjury

connectiviiy, fne<uured izi voxeT~surrnunding the DA~4Rinades,

~etleeis a diCt'iisian of the UMI~ nodes during r~ revery from'1'BI.

P̀his IaYter interpretation also may be suppatted b~~ the fact that

tl~e white mater ir~juty fou~~sd in the eznguh~en iii'TBI ~re~tud~s
th~tu~7ctioi~linhibitioa~a[`~eassurrQunciingthese~~odes. ~Ve

su esith~ttheint-~2ases3'~undinfrontalaurasmay~~rflettcc~m-

pensata~n beeause the amplitude of ~~e flnetuaticins i,~ these re-

~c~nstrorrEtat~d vrithperforrr~~nce, buttheinctersein thespre~ii
of conneciivity arc~tznd ttze PPG trz~y re#lect ~ iossc~fdirection-

ality i« ttae can~ectivity caused 6y thQ inj~~y: CAA the ether huzd,

t~Tayer~t al~deseriitrett a patferri ~fd~et~saseil lang-dittance func-

tiranal cdi~nectiviYybetween ttie n~de~ of tiie Dl~tt~ d {ie, betc~~ren

anterior and posterior noes),
Aithc~u~l, n~c direettp examining the DMN= otliee authors

Have Cs~unti alterations in resEing-state connectivity in THI in the

farm ofrc~ciuce~ in;erhemisph~xic ceni~eetivity of the hippo-.
campus and inrre~sed psilaterat connettivlty, and #hes~ sere

aesc~ciatect w9tli better ec~iiit iue c~ut~am~,° to addition, resting-

state fI+~RI sfuc3ies involving ma~~eLnenceph ~Sc~graphir record=

legs have ats~ grc~~ic3crl evidenn: s~f bi~in piasteity and nei-

~voz~C ieur~anizati~i~ ~nechanisins, specifiealiy increases ara
decr~a.~es in the extent ot'certain brain cc~nnections.3'

1"o find a passible expianatio~ f~c the r~bserued p~titern of

Feti~studiest~d<~lehayeconsicierer~the~'kat~~:standits augme~ifid#`unetit~nalcannectivityinthean#eriarandpixste-

impticatiansinterms~Fmgn tivedysfunttion.l~isnieast~rehay
&een found to t~ decreased in ~aaticnts with miic~ cQ~i~iiive it~i-
pairrn;~ittand r~:Ieheimerdis~ ." In re~arodc~encrati~~diseases,
these decr~a~s in amplitude}~ratk~st~ty reflect a E~ss afileurnT~.s
that consecutively provokes conalectiviEy de~rits and dis~rpa-
nizatiQn cir breakclflv~~~ c~~'t~rain tietwork5. In our study, when
c'~mpatin~whc~l~-brain Iti.~ I'in ttse restingstat~~ietF~~eer~grcntps,
the T}3i~roupsl~s~wec3 intrease~l amglituctcs zI~at+~verc pred~nii-

na~~Ely Cocused ~ri[hin frontal lota~ regions. A2oreav~r: the mea-
~ur~nE`h~;h~r amplitudes in these:~ieas predicted abettergen•
Brat ~~gni[i~~~au[came,su estu~gtI~atfunetiunal~~icte[iici+znt
brain recsr~n{rattan ncrtar~ed to arm~asate for acute brain dam-
a$e end im~rflve ~c gnitit~e gerforman~e. This finding, t«gether

wiil~ c}~anges i~~ stsurtur;~iccanneetivi[y, nay ct~nstiEuteanet~-
jective naeasur~ ~a~ lung-term cogntiue outcome aftex'fl3[.
'I$te s~~ec'if c anat~+ses of the DR~9N in the resting stag also

shoGved increased cosinectiv~ty in the frc~nt~l node Qithi~net•

work in patients wit~t ̀i'8I ~dmpared wiHa eontro3s. ~urt~er-

more, cc~iinecti~rit~r 3'iom eadi c~ae ofL~lvti~ nodes to the t~rhote

brain reveal~c# a ~ridespread pattern af'toca}Iy incre:~ed func-
tianal rnisn~rtivit~ surrounding tI» medial ftnntal and 3eft ~a-
rietal nudes of the f3h~iv'. Increase d functional connectivity h~r~

be2n found in Qther diseases ir~4r~Iving tirohite ~raat"ter damage,
such as nzuttiple sclerosis; subjects ~viFh rel~p,ing-remitk't~t~
~siultipTe scIerasi~ tfa~ e can~}~er~s~~rtn~~y increased cor7 nect3vity in
the pr~terinr cinmitate Dh9N ncx~P;~' and inpatients with early-
stage disease,. distinct. net~aerks exhibit incieasaas iii fiint-#ic~nal
~o~n~~tivity despite lame reductions in evliite natter integrity."

Prewious stradies inv~sti~atirYg the DivIN ti;trS n~ the resting
state i~ TBI have fi~u n~ alte~aPinns that retlecc both ~eereas~s"
and incr~as~s in funckio~3ai connectivity.12'i'tie increases have
been interpreted as eom~en~~tary c-~r adaptive mechas~is~ns ts~-
c~use tht~y vrer~ otte~i positively cc~rrel~ted with eo~nitiue
outcome ~:'~1~ncrtherpers~iblein[eipretatioi~i~lh~tthisinereased

850 JAk7A tleumlo(#y l3riy 2013 t~o`uarte 7th. humbef 7

ricer areas pf khe I~~a9 t~, we perfcarme~ tractography ofthe fit7€ rs
coni~ectii~g #tie core ref the antericir and pr~st~rinr regions of this

net~rork,'['t3is shau~ed reci~ecti~nswithif~ tt~e frbers cprrespond-
in~ Yo the ci~gulum~ anti the Ft~ of this bundle ~v~s rarrelated

~vitYe the increased conneetiaity afttz~: Cr~iila3 ii~e of the DhiTiT.

The cingulu~t is a toi~~;, medial associ~ltive bundle that runs

within the cin~ilaYe~yrusall art~vnd the rnrptts C~Il~sum; eon-

nectingthe ~nedlal Cionta] a~~d ~uietall+>bt~s~~Thisfindingsug-

gesYs tfiat c~an~ge tcs this fascicle I~acls to tunriiorta] reorgani- 

-~ition csnsist r,g of anereasect Ioeal cc~nrsecfivitp ~rrquttdinp
the nocfas of the netwgr~, pr+~baf~ly xesu2ting fresm dec4eased
int2rconnec:tiuity l~etvreen the ~'ronfal and parietal nodes.

l~ltagether, our results surest that increased frontal futYr-
tic~nalactivitiyatrest,measur~daStEi~~1:kP,isas:~sciater] with

I~2tterglc~b~! ecspttiCive~~rfc~rmanre anti that the a3#ered struc-

futal connectivity bft~vee:n related brain regions can be rom-

gensateci t'or by increased font#ic~nal eannectibity, Testa re-
cent stL~dies have acetjrately charactetizecl the changes in the

DA.3N c~nner_tiwitp aQ r~iiTer~ctE timt~ pc}in~. Iii[tary et al,,~ ex-

an3ining re~fing~siate DMN eianne~tivaty in a sample cif ~a-

tienE~ in the acute stage with predominant #°+~tal lesions, fbunei

increases iii the coeY~7ec~tivity of tTiis ne~nik during the first

5 mr~nihs after injury. ~ln the other l~and~ ~renivas et aI" ex-
amined ~rif~t functFe~nat c~nr~nestivicy ~n a eohart o~pati~nts 6
to a months otter TBI, using 3 meth~cic+togiral approaches,

they f"caunci rle~reased connectivity in the main nodes flf the
L1,' .Although thQirsamplecharacteristicst~teresamitartoc ur

own t~atients wiiti ~+t~ite rrtatier damage without significant
cnntus9~ns), ni3rpatsent~ v~ere studied ~ meaai ol'4 years after

Injury. Taus, out findings can t~ geneYat'tzed only to pati~nfs

in iheIatechr~n[c stage andare notdiF~ect3y comp;~rable lt~ fii~d-
ings in the early ehrart4c err posTaci~te stakes. #~a~~~ver, whereas

rtren[4~as et ~1' ̀shotvcd detrc~a~~s in the cove no+3es oFthe DMIY,
x'~ F'ougd difEvse incr~as~~ in roi~nec~iivity irtai~as s~zrrou~sd-

jan~z~euroiogycwn

{}nw•ninvdrd i~rainstrCtn:lTarr2~nm~r.i~tni~i~et~Ynrtc.crosil t~vx Ftnis'ertity n€CsslititrstSg - [.tss Rtt~elcs lEsez Ettt i4141l201~



F?es2h~$, Ftinetn~nat R~ctin itauinetit Era~n injury

ing I~AAN i3cx3es,'I'}ie ~pparcnt cgntradiction pan be explain+:d

by €he fa~~t that flteniv~s et al slid flot aFi~lyzc tlye rc gions utt~erc

we found iner~ases because they studied coanectiuity within

the nodes of the T]h4N,1Ve suggest that the increa~rd C~onncr-

tivity iri areas surrounding i3~:1N t~acies, val~ich tie fuund'[n tite

late ehr~nic stag, might re~refient tba brain's attempt to cone
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IP. t~', ~£3~i~ti~~ e~f7f~ ~7Z)SEt;UflGU3S3(}C)

s~ndr•~s:ie [I'CSj~.

I~da~l~cE3e, dir~.i~zc~ss. l~~ti~i~, rE~ritat~ilit},
iKis~~rzn~is~, ~~~ear c~nc~eritis~Ut~ti, ~txarrfai-~~
c~i~fieititx~. car ~n ir~t~lc~ra~~cc c~~' .stress,
e~~at~uo~~, tar tjtcr~lr~al} tlat~i Et<~w~e: kaste~zl pit
lE=<~st. 3 ~~Zotrti~s ((~), ~~s ivt~ll sis evicEe~ieE
ref rlc~fjrit~ ire ~ttPtition ajicl m~rl~sai•}~ {~}.
I'~S is ('r~c~tte~itJ}~ c~verl~~~eil aE. ttte tia~~~

~xf iniii<:1 iiij~i~• a~ud ~aci tlev~ta~}s :~r~d Ern~~-
~isL for ti=t+z•i,il~te Ner•i~~~l~ czC tiz~3~, t~1~~~4,_
ever, [Iie u~acdei•I}~iu~; ~~Eitl~a~lxssiola~ ref
1'G.S i~ soil ~~a~r~~r w+~les~siar~c~_

lea ~~ec~nt. }•~.a~~4, ~•esiiti~;-siate 1`ia~i~;-
[io~rtai ~u~~n~uc re~o~~~nce (~1db3j i~i~-
a~ix~~ h.s4 c~~sHt~lartc) evssl~.~atia;i c~C c~i~it-
iGal t,~t.air~ tietwc~r~4 t~t~ ttt~ I~.Et~is o('
1>as~kittE r_.ii~.:rg~' ~txp~izrlitu~~e i~t ac4•<a~:e

~ zat~tf i~csLiw~~ st~~tties of 'the E~fi•nn~. t~esz-
Iti~'.S~ilLf'. 174?\t't32"~i$ i)YE`. Gtlttl EJi}SC`t{ - C3f

!~r<`~i~t ~•c~~;`s~rks «fit4t k~i~}tilp r:ti~•relta~~cl
cirne t;z~t~t~~prt nl' ~-tif~sast laF~-Pr~~~t~ci~c~~
(-~:f),l 11z~ l~focxci c~r~}~en tevEi—cl~f~~~ia-
tleiit sF~ttHE Ilue:ti.fatiotis (i3j, ~1•fsicft Ki~-c:
1~e~ti~~t•~afI !n xrpresent. tfve sriirinti~uanc<~
A{ ~3ii5C~tYi4' ~Tt LiFU#f1 CiJ~till t[31i tli3(~ t13111.-

.{k~oiic ey~iiliIarituzi die=, ~w~ger~ Izt~[~~ric:c)
(~)~. '(`hese intrin4ic, s~~i~~~i.~i~eous ~tcsr-
resri<~l ;~c~i~`ities Eafz~•c= {~ec~ri cc~issiticr•~>ci
t.~ re~~re~s~~~3t ir~i~iortzz~~t 1`iEu4~li~)aiaf .~r-
cljitecttu~e ('of•. trtidersit~ridisig tl~e cn~;.
;U~IV4; ~Ut1C(lUF1S t1H{~ f:21F1 j1S' £;j L('!'k'.t~ ltl

weirious ~+E;i~r•~lo~ic: a€~t1 psv~.[~i~i~rie ~lis-
arders .(1(~). r`~;irz~ng tlres~ raettivo~°l:s.
t ti~ tleFaeili.-~~~enc~it rzi~t~4t>rk ~1~Yi(~'j is o['
~r~rtic:~d:ae• ii~te+•est. '1`ti~s 1)~1,f~~ i~ si ~~~e1(-
es[<il~lisEae~l ~~e~tti~~e~•k t#~~~t is r~i:ti~~. tit.
k~esb s~ricl st+~i~>4•essect during t:~sk~ t6a~t
i•Hc~i~ix~~; :~tiwrrtio~i aan~1 i€~cis;ivu a»eikisig
(.),ll}, '1`fie I)~~1T~ ip}>ic~al(y c:t~iix~~s•isti:s
the ~ac~steri~z• c:in~ulnte co~•Fex (Yf;t~~.
~xrecx~rt4tes, irifc~E•ias~• ~3~ic•ie1<~f, wtrti ~i~e-
~ii~l ~~r~=.iiro~it~t c:o~•te~; (fi~11'FC.:) no~tc.s
j72}, tltt~tc~ti~ic:~li~', ?}ttr ~c~~t~.+a•z~4rilet:~
fu~tic fxre<t5 vi` ~Ire~ t~11~ x~~c~ s~~~~;cestc~cI

~ t~tir i~esltlts csC tlsria~t~.tt I)~'ti
~1`rfc^izrana ~ttc~ ce~rzFZQc~ti~rit~' at4
I~~~~~~ StS~L'S1, f~1F1 (, 4'PS~,Si1~—~(tl~i'

fu~ic~i+~ra~~k ~t9lt itil¢a~i~~ c~~tt be.
i~c~~d ~s art acicliiic~n;~I ~liritcat tz~c~l
t'~t~ cSetectiEt~.~ttt>tit~ ia~•oiir~ ii:jur~
{~i~$ i.4"YYgI #[)[?N'P£'IlL t4`lt~( G€))41'~2T-

lip~:~! ai'if~ irri;~ti it~g ~~7d ft~r getter
~a~tcirrst~ti~id~~~,~ Lice uadcrlying
cliti~asa ~FatTro~Irysir~(~~~• ref d~C~_

Zltou et al

lu bc~ sti~crw~#}° i~~[_ercc~~inectrc! {~~}, ~r~E-
tE 3•eatio~r~ ixi ilt~IN {'~i:ictis~nal c:c~riz~ecti~-
~t~° 4~~vc 1rE~eit t'nur~d iii set•erai Ens}`ciiiat-
f•ii: clrsr~i•clr~~~s (I~1—17}. !t is.ilsq k~tc~tv~t
that. sc:~~c>.ral kf:}' c~c~gnitirc I't~iiciicros z~r~.
sEippc~t-tc~cl la}• this ~~ettti°urk (t8j, l~o~°
~~~r~r~a~te, t~hc~ ~r~aiia i~c~1e off` t13~~ ~'CC is
:i~ei~ras~~ twncociir~g, co»salid~~tio». ~nc3
cx~<<it~ci~amciatt~l ~ut3fiu4oru~~;, ~a9~rii~ #S~g
~i~'1~C }~~;~tie~i~~r~~i.~s. iii sa,IC-r~l~vta~iee,
~•a~ix1 ~~;~~~•oc iclE~iiiilic~~liu~~, a»c[ sc~ci~+t
fui~~;tip~t~ {~l~J. `I'11f~se (u~E~t~r-~rtle~t'
cc+g;raitive t~ia3~cti~~ars z~r~ ~~ftei~ clisl•~i}~teFi
iu ~S~atieri~s i~~i~lz ~1~`E'~3i ~'~U}, _

~e~~.i-€~l si~idies t~l' ~~atie~3~s tvstlr se-
ti~e.:x•c~ ('ui~~z~s-oi ta~at~~n:afie: I~~E+iEi i~ijir~•1r,
inci~~~iin~ ve~etszti~-e sFales, t~s~ve slsoti4~n
~lisrc~pte~{ I)R1~~ cc~iiiret:tivity iii tEtt~~s E>§'
e«Euatita~ ~z~xiiz.~u~ ~itii csa~~~eicrirsness
ii~iEsfiis•~neriE {?[—~4}. llc:spite cflt~sicler-
iFbh; it~i~~i•c>,st irr #tie t~3~9~ :~Y~c~ its ~r1H-
linnstiiji laitti cc~~;tu(ive iirnc:tic~r~, tithe is
kaa~+~~t ~U~i4t l3h~N c:orzu~~;6ivii.~ cfiziirg-
es iii 4~`!'~3~. r4 s•c~~~~i~~ sitrcly {y~• ~~:~~rrr
et it (2i) siiU~~~et( clec~x'c~~sec~ coiariectiv.
ity° i~=i~.liiit ll?~1:V iio~les Kintt iiicre€~setl

Pubitaiia6 orb
16,114~.12t2t~74& ttX~

Rad[n#6~y X12; 265:8$2-892

Ak~rrev ffns:
Iii =default-mode aelwatk
fSd m Fur~cs~.n~l t~agrt~e ~~anc~ ta~ytrt~ of Ute Arai

Sta' r~ t~rary
tC~i ~ u~ imtt ec~rNpp~nt
t~t047~ M ~4u~ver~et~ E zary txi~r t3p~~uzet[

Dc~um~.w~FtSon bru} In~~ra~nt Cwropc
t = a~e~v~at H i e Ca usevia
i G= rr~3taE pr~fra~s+~c
~i7~ = rro'td train kin Y
PCC = ~stenor~~ coed
PAS = ~~C~rr~ass~Gn sSn!r~o~

Ruttsar esn~3h;rNwss:
Guar~stc~s c~ Yrrti~itir ~ cnt~ sasdt YW.L> Y,6 : i
c~~s.'s~uci~ Sign ra data acq opn ~ data anatys~f
Imctpretat?on, ~1 s! ~ ~rrane~cr~st ~r81~ ~ m~vu-
su~4Pt to e f~ i~pwi~4 kH S~ ~t~tG micas:
aP~rov~ at Cuts s X143 3ubm~~d ~pL ~I
2acUuirs, li3~tat~e tz tch,YZ..4d.P.i6~.,Y.~L.. R:GG„Y.G.:.
~ st~+dies. Y2., L.R4., 3.R.; R:t.G.,X~i.; ~ipetftrt~tf~
st!~s,Y1..M.P.h~.,st~s~zi iy~s.°TX.,Y.~:end

nuurigt aliDYrg, Y.2, R~.P.M.,Y,4Y.L.. Y.G.

4~
71t'as r~atcfi ~s sap t1 GY the t~a~ratat ti~~QS of
Nta~t {grari'~ x{71 ~5D39135 ~1 stS439135.4~51}.
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e~n~aR_c~tiuit}` Exs~t~r~:~n [7t~9i~ ~~ad~~s =t~scl
[I~p laier~~ }~r~(i•s~nL~rl ~c~rtex iti ~r~'~t~t
8s1> u5ift~ s~htl-t>~EsYd aei~alv:~is, ivlyic~[~
is. ~r sirts~ie iit~rr--cs~tn~i~ ce~~•r-r~i~~idt~~t ~~r~
~~3•craei~ ~s~snci rax~ ~tr•~dt~iirjnci ~~rinr~s
t1~"a~rtc~res~. `fir ft~r~ ~E~si. af'cx~r ks7o~tl-
ed~;P, ~}fese fit~e9M1t~~s ~i;~vc~ nfrx- i~ec~r~
i~~slir•it~d I~}' usii3~ rYn~lti~rla~-r~~~•~^ti~icyn
r+~etl7<~cis, ~sacts t~~ inei~p~:ijde~nt r.rrrrs~~cx-
eier~t .~~ircai}sis (~C:t1}, whic(~ i~ s~ -tj~c~re
~rs~sutit ~Neiss~i~jue €~~v~il~it~~ i{~~ tilin~l
s~iurra se}Ft~i•~tiz~r~ asx~~tt~cr~t El~at c~zs~rEiires
ttac ~ss~aitiRl eo~r~~c~n~ni~c sal' ~X~€r1i.i>>at•i-
F3t€ re~tiarg-s~alc~ ~t~ttt.tic~t~nf Ili lt tiTt~iia~
<i~st~ {~~'t~: ̀ j`hE= If:~t ~~~~scl~~ is r~ ~~e>ti4•er~'t~i
tu€~I Ec~r i]M1c: ~xkractici~~ eC i~n~~i~ut~ ~~k-
(.t~t`tt [3F 9}'k1C~ii'Ctt)t%f~(~ Ii4!4FY13~ itCl.i VtlS'

I'rc~~~s ~rstia~•Stal,c. It~n~(ic~uai ~4•it~ ip~ti~-
iis~; ~ii~re st.rit*~. If~~~s t.~uE hel~a se~~ai~tt~
1h~ ~t~l~ale-~a~iii signal #locttt~IicY~is-C'rarr~
~~h}aic3legic n~aisas ~ir~~ k~~tiorr~eaticall~~
~apt~ti~e #f~Y er~~~•e t~~~Pd a~ a sii~~1~ ~nw-
jo~• c:»n~x~nuiit (27). 't"lris cief.~~ascs thc~
~3a~ic:~•c~~;~:r~c~i~~~ cat" 1)~~liV ~aMEte~~ts ~~~lu'»
tfsir~~ the r>~~cl-[>~i;;~zl ~s~~~l~s~cl (LBO= ltl'~

fz4~~+atli~sizc~c9 t.h~ik [Ire~~e dirt; ~h3~si~~Ya~~~~
a~etir~rral :icii~tttions oP i~~~i~ ~t~larc-
ginEls i~~ tT~~ ~~~:siiiig i~r[ii1~ iii ~it~tiet3ts
~+;it)~ ~~$'1"~'t, ~vleic%a ian tie tit~ttct~t! t3itlk
zis3t:ziaceci df`A t~rl~rti~~taa;~.

To vn3iciate c~tir #iiic3ings, ~vca uLcc~
tli~~e clil'fea~e~~t s[rate~ins t~f`tC:t1, r~aljie~}i
inrlt~tle~i ~ te-iri~l;~te-13z~s~*tl I~:~ E~ur~}ic~ct
(~~j. si ~i}fmi~{ iCA ~E~et#-i~asa:tl rate~t.husi

ire {~:~trcn~s svitt3 ~l`I`k3t c„cirn~~~ir~r~1 z~iitf
lie.~it(ay ineli~ic~Etrxts.'i'h~ ~itfl•~~c~sr t~P (1119
~kt~c(~F ~~ds ~~ ir~r~~~~lij~€at~ i~i~ ~ir~iF.ga•il~
hC ~f~~ 17f~9~ try e~si~i~ .iGs~ ~r~eflr~,~l~ izt
~~~atiE=r~~~ ~lic~i•it}- a~(i#.rt~ 1.1`('131 e~cfr~i~~a~~ctl
1Y1~~) {:UFi~I'U~ 511~]~CL:lS ltIl(~ LE) €:U t"E`f'~i#~.E'

I7I~•9£~~ s~c~naac=t~tivi~~' c:l~ari~es ~vit~t n<=us°n_
ea~nitiv~ tc~;:~_~ .a~trJ cii~aicr~3 s;~nt~itor~rw

P~rtICEp~~ts

Ti~i~ irjstiGuti~~~al ~4-c~ ietib• l~n~~rrl--,ip~rro~Y~ci
s~i~tl~~ c+•as pc~~°{'ca~•irieti bei~+kett ~}ulp '~€,#}f3
:it~i9 a~p~~r'i 2CYI] ~nt~i iu~~: ire <~cie7~~sli;~~~c~w
ctiii.l~ flit; flt~cvlE4~ lisstt:~tit~ce. 13nrt~~f>ility
siu~k 1crt~t~sris~(~iliLl~ r1et. r1 instil al' ZG
~~.~tii~rits avitl~ ~~'t`}31 (~-err~~itnil frrsa» :~
imiversii~-~]7ili<jtrzi te~•ei t ta~iaxnr~ cr~~gter
~~i~tt zi itt~ive=r~it.F~ !#ixs~~itzil) a~sc1 ~l i~raitlfl,

rtr~4[~•c~l ~u3~~e~is ~t~~~•~ iclentiii~tk aF~tl
rcct•~sitett C~•crn~ a 1~~i•g€~ tl~t€al~<~se in :itu•
t:c~a~ter c~i` se~r~~ <zl c~~t~zaiii~ ¢~i~i~e~ui~x~~~~;i~ag
~~i~~~~:k:ts, z1t4 intiiriito~als si~irEF<1 a c~~iseti~
~ornT f>e(`orc: ~~i~tl~~:;~oin~ It~lt~ ii~i~~nx~. ,1lt
Jxaiiee~[s ex~~e~~erscr:.~f tr ctc~se41 f~~c~zt irt-
,j{pry kti•ikh s~ijhe~• fici.~tti~~iurii~ttic_ ~~in~si~
cat [~*ss iisntx ~~ #actiu•s cltir.itsoi~ i~~~ Ic~~a ai

sa~»jsriaiis~~e~s ~rf a~x~ara~i~rt~tet4- ;~} trti-
nu~es ~rlcss, 4~ii1} Gt~~~~s~~ {;c~tts<~ S~~ia:
sef~t~3 ~~~i.~~~~t~ct lei a~iad ~~ ui~taif~~c~ bt~
i11~ ~i~ir~~~;csfsc~~~ zjr aunlrulflti»~• t:~re ~tf~it`
c~ttex~ in~}ife~y~ ir4 tI'sis strz~l~ cc~fic~F•t, ~i[ ~~a-
tit'.itt4 k:k~J4't'3~tiCei3 ~05.ti t~~i'E)t1S~'i~ti'.ii7P_SS

(n~i~iimuar3 ti~~at~ ~~' ]Q s~c;tan<Ls), a4r~ri sifil
~1Fi(~ iii i't(~k~5 ~)iSS1~.i'F3UIIli4ti1G 8ltllO1f3l1i5

rit tf~~ tune al` 1Et it~~~~iug, i~~4~l~zcliri~
~iektri,~f~}~c,~ iS~vot~tr~ia~~, E;t.i~~E~, sf~rrsitivit}
to ~igiit, ie~•it.ti~i~ity, ~tnrl sletii:it~ izs ~itte~l-
ti~3rx, rit~~~rc~F~~, ti~tcl e:~ectHiv~ E'~mctiozo:
ts~ei~asi~rz~ erpttri~a iii<~lutiec[ liistra~y oI`
~alc~tltta! ~f` t#4-~ig .~ltus~z Fie~it'r~}~syel~c~fzr}~i~~
clisc~sQ fae.!'ore~ ir~,j~~c}~, ti~~ti 1~ric~r 13r~iti
irajrtrl' cox` zitia~t• tietuz>l~}tic: tli~~s~e, it~-
e1e~~li~~~ ~tr~ke, ~~iiie~t•, c~~Fc€ sc~~~uafiic
ili~or~i~~s. £~~j thc~ t~<ssi~ n['tira~e crtitet-ir~,
i~f~•r~~ ~a~i€:nt,~; F~-~r~~c_ e~atu~l~ci ~ki~irag tcs
~»rtiis~us I~c~Fa~E it;~fa>~~', )~ri~fsisc~~~ cif r~tii~.r
i~i~ttt•c~~i~~;ic tlis~~s~. ter extti~~ts r'~:~ tot~~Eir~ti
~s•tif~icts.'1'I~iFs, ~3 {>triie~~ts ivit➢z c:lii~icnitt=
cir~~firtc=tL 't4S'~'BI ~32} (1? ~t~e~n~ sis t+~nic~~i;
~»rci;i ~~;~, 37.f~ y'a~car:~ = t~ {) Jstz~iatla~~ci
tictn.tfic>n~< f_~it~cetiicat~~ai .~ft,~i32~i~~u#, IS
ct~~t~'s -~- ~.~~ 4}erg inc:ttailntl its ~h#s sf.cid~~,
~vitli :~ ~~~~ati i~ttE:rtiz~E c~i" 2~ t1t~~s (r•t~s~~~>,
3-~3 il~ti~xj l~c:t~~f~e~ 1~•i~3ina.~ and A~Iit it~r•
ai~in~. {7~te. i_oxaa•ul aiiE~,jc~ci. ~r~s excfii~~e~i
f iu4= to ~n iat{~att:~~~1,~1 ti~~rli~~~ af' }rr~iri ~c=-
~io~r~ t~1 1~1lt itt~~~itt}~, at~tt giucrtktf3t' Yt4•~
x:t~K~tkY~l ~EEls~ec:Ts a~~~a~~ t=~t~Ii~~l~~~f1 ci~i4= iv
eA~:e~ssiti~c: xxiov~~~~~~f,~~t. ~igtst~c~~t kae~iltliy
s~c~ra~3~cri si~(.~jeeis ~ri~e~ii ~ig~, 32.ti ~~~±7~;~
v3~ ~4.Q, c;cl4~exriic~rrst ~;i4Faiurs7~rit, IG tivx~rs
~-  ~,~~ ~ver~ 6~7a11E~ i~lclEu.l~r~ fut~ cn~~i{a:~ri-
~a~r < a[x~ tIre~~ N,'cre c~e~iaFit~t~er,i tr.~ la;srif e~{r
t u~~it~ ttisr~ases ~c'cot•tlit~~; lu pr,~lie»i iu5-
#t~i~~~ ait~l it7i.~n+a~~. 7'I~~ tt~•c~ rr~~.~~z:: lia~ti
nt~ si~ni~re~+~;t tici~7tsg~ ipi~i<~ rliiTeE~z•rt~t~~
iii tt~m> s~;a, sir rtlt~c,cififzfi~ (}} :~ ~}.

€~R Imaging
~t111 iiYrtgiu~; fCt~t., tie~~r~r erl~t~i~~rct Fvitl~
~t 3=1` ~~~tieil~~-C~c~t!)° i11It i~~jGs~t:a~ (Sic>-=
~ ~y€~~is -'1"ii~4 `}~ir3: . ìi~atie~~~s ~•3~elic~tl
5}•stt~ms, t~.~~1a~~~~rr~, (,t;:•~j~e~~a1') E~~° tas-
1t7+~x, ti -l2-cfatutitrl lut:atl r~c7i1. ~[t~ncl~r-t{

t~~Qu ~t ai

~i ~clieiai-esrho r rl~o-~~l~~n,ar resta~~~-Mate
Ciirrctic~n;~1 ~<li~ i~«~~it~g (r~~~~etitic~~~ titr'}~
~~rst`.c~~el~c~ iie~~~ n~srz', jtM}~l/3(3; t~i~k azi-
~;Ic`-, ?:3c , fit~lcl nF 4~ic=Ec; ~2Q ~ b2t) Fti~xE:
m~~ei~, I~~k x I~£~: ~~:i valetines) tY~tis
~~~ri`csr~~fcstE itx E►~t~ ~r~i~f pfau~F ~rtr~•aslief ~~
~a li~i~= tiu~~~agi~ tie :intc~rias• rind ~~rastc..
I'1i3Y C`.(J27lplISS1}i'E',S ~SPC~lC7tf {,~11(: kil~'S:i~ J

rtiin~ sertic~rs g~~x, 1 nrr~~~ ~tEtl ~x~siti~n~~d
txt t~u~~t~ lire ~t3kia~e Cer~Eti•[~tr~ (3~r~Ti~1
r esrr►~ation, i.?2 X 1.?2 :C ti,(kt1 mtt~}
c~'i{I~ a~~~ aic~{~Eisi~in~~ ii~~~c; ~sf ~ ir~ii~t~tes
ti s€~cc,ascl~. I~icii~iiti~~►s ts•ct•e iriscreu~i~;e~
t c~ e~to~~ their ~~•k~~; fear t~etler z°efflx~tic~rt
t}€it t;r .;ta}• z~~e•~tk~~ rt~ie~ing f.lie_ ii~rt;gir~~,
~ ~restv<~~i, 1~rae c~csrf?};isl~~z~i.iu~t ~~t~t iis~r-
mEitix~ali«n «~' s~~ti~a~•~tt~(~ It~ns:~i«~ti~{
~'Itt iiu,~~iis~ tt~ai.i, 1[ir~;~-~ii~ttc t~tiic?x~al
7̀'I-s~-tai~ltittu! ~i«~~;~reti~.ritiaii-pit>~~~i~~c~sl .
r~i~id ~i<at~ieEi~-~et~~s in1~~~i~ag {r`~}xtit~c~ri
1, 3llit! Ii1Sf't'1~f?C;~ffS 111114' 471SPi.•~I f!!£°151t)il

~ ~~is~ ~i~~ec; ~3t1fJ12.J$ff)t?t); (liar ~rigie,
~°; s•~acal~~tir~n, t X 1 ~ I ui~ttj t~t~~
pr~i•fi~r~~~~~1. In :3cic~~tifar~, '!"~-weigFtEed
test s{airr-ceh« <riarl t~i~ir~pt~li~~l•r~~ar
I~tticarr si;sr~F~3i~~iiil.g-rvei;{t~1~~t i~rat~~ir~~;
s~•r~t~rr7r•r~, ~=tijzt11~C1f~: Ri~~ ~stglt, # i°:
resr~l~rlitin, ~.;~ X O.a~ X 2.(~ r~~rii, 5`~'
a;~if~l s~et.ipits~ ~~`4:~•c; Elsa ini~itet~~asi~(~~d
i n #~al~~ ct~•tec~k liPt~rrir~•ii~~ic fle trt}ies~
l t~tiit:>ns. `I~Itc a.t~~t4•eu4ior~ul '~'1- urtcl '!`2-
N~F~i~b~F~el itir~g~s ~~gatl~~r yvi4lr ~stis~.^~~s-
til~iGi~-ti~si~#~t.az( iiet~gps ts~i•e reviet+~er_[
s:~iaxx!"ul1~f Ea}' t~°o f?x~~~+~s>nc-e~tl t~itliclo-
~,ists; ~Y,4~V.I. <xs~tt ~:Cy.), aitt~ Iesinirs, iF
~j2•es~~~{~, tiF~re elssrY~~t~i~a~t~c~,

Weu~srp~yc~s~togic Ass~ssme~rt
1ic~f~ro~~s~~t~t;z~lr>gic [~s[s ~4>~F•~ ~~e~~~Cc~r~at~[~c!
irstl~iiY I~ itf~oe~ cif ~t'~l~ it~~~a~in~ fr~r ~at~~-
iini~t~ iEdeli s~~`~'131: '4"ttc~ r~4.ttrc~~>s~~l~uto~ir
tees uz{>rc~ ~~k-~•i~cx~~~neti I~ ~i ~~s~'(zholt~gist
([~1•t} ~tC~s~ #3~~ti ri~c~E•~ ~tiraaz 7 yera~-~ c~~'ex-
}~~~~'ieriee ~~tzt~ ietc~ Irii~~cieti ea ~~llt intta~_
i r~~ t~~s~El~i. fti€~in~cs~~s}~'h~lr~gie mt~~sttz~es
Utz ~~~~alE»tc~ ~:~i~isir.i~~e Ptiij~ki~nii~~ i~i-
chicletl ~~f kF~~ Spti~(~tzl Di~ii ~irscf~rl~
tins '~`est ~;3:',~ t~ a3~c~~~ztz-e. itiF~r•tts~atic~e~

l~r~ucessing s}~t~E~c~; (f~) t~lis~ t}i~;i~ 5~~:~r7
siEI~ttsst ~i~ th~a ~1'ei~3i41e~- ticla(t l~~t~lli-
~~Et~:c~ Scrsalk: Iii ~3=1J ta~aneasu~•~ v<Fi•~a~l
iltft'-ti~i~3[t :1 }i~~ ('Ut1L`k.'I7lt$i~lt)li, ifS ~4'E`~~ Art

s4~u~~ki~t~ ❑~eta~o~~r, ~c) tine `li•aiE ~Irykirt~
'li sl tl I.cs t~ss~.ss ~~~ac! tiritl 3~isu~l e3tter~-
liaci, ~r1J the ̀ it~~ii at4s~kin}; `li~~i~ t~ j3~~ t~~

+.ssc^ss itac~titt~i 41<~~~ilrililg. s~~ecitieally the

8$4 +a~ tYrvra.t~~ • fiatPio/»gY:~J~sY~ "<6`>:fa4:~ah~c3~-~C7 ~~~?t7t71?
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~~bi1ilr ick shiC't t~}~i~1t}• L~~tti1•eera t;og»itite
s~~s: ~~~ tlier ~~iiti3~y~iis~ 1pc~x~I~~t (.~s~rrtir~~
'lesi 1~ to ~+ssc>ss ver~~al i~<3t-~3iaK, as ~~~slk

~a~ i~1~~iieditile ~i~{t c{~#veil cer(aril a3~c~in•
~jr~° f3fi}; ~~~~~i ~f~ ~l~r~ f~e~°-f~s~~rrc~iclr
~'c~ars~atr~~ 3+igt~re ~~st t;r h:~sc:ss ~isito}»t~,
e:ep~~a~al til~a(~~r~ ~rrc} i~xrr~Ee~li€~~t~ Marc! c3~-

tageci vis~~~t tr~a~3n~f~ ~37~~ '1'Itt~s~ test.
f~sutts +~~ei•e re}soi'tec~ i~~ v seo~•es. i'c~s[.-
~i~z~Ki~€~tic:3~°~7i~att5ms, i~xc~~»~ir~~ nrisi~~.~:

tl,~~siwssic~~t, .a~i~t-1'~ti~;~i~~ ~vci~ <~a~s~e~t

dry «sink; si~tf ra>f~iaz°t t{ticstion~»i~~~s ~itul
senates, Psi• ~eliit:iz lai~;lie~• sr_tzi°es i~icii-
c~~~ ~~~i~i~t~f2e~# ~~'~~t}~iz~~Y~s. ~'!z~ t3ecl:
~7cE~:~rs~ir~r~ !nE'ent~~~•~~ (,38) ~v~s ia~cz4
~.Ci iiS4E'.55 S~t}~3l't'SSt4 it S~'ITt()~_C)FIiS~ ~tLi~?Ii#'.

cuts ~'r~ez~siirctt! tivitl~ then F~.Eti~tit~ ,~i~s~•er_
i[~<Su~IE~ (3~J}, i~rtd stiEr~~.ncite s}~~iiptot~~~s
e~*e;i°e ~ssea~~cl tip ir~itr~ tl~e t'r:su~s~~e4:s~s-
sf}n Sy~i~~~tcaii~~ Sc:~al~ (~!(}}, ̀I'iris ss°~il~r is
ii~e~i Ec~ 33s~se~-~ tGe ~~~c~~7gy c~~" 13 a;E~u3~_
tc~tt~s, such ~~~ cliztitte3s< t~sit~iic~e ~r~~pl}-
I~~n75, !'~e~tlaci3e, Ne~i~f s~~tsitivi~y° t.~z !i~#~E,
~vttit:d~i t3ir ~s~soeia#et1 cviElt !'(~, ~isit~l
cc~~;niFit~e i~~~}ittiE~t~reat. ur I~o~(i= tt€=at~s
€ire rated crn. ~i C.il~ert. scafc:, i~~c9ie~<~tit~~
~~~~~3tiin• ni'the s4E~k~N~in, I`rc~rta Q (zic~F3e}
~c~ ~r {se-4~_r~,l.. 1'~i~t ~-e-~~~~rcfi 13sr~ va1i~
dated 31t~=-fur crPst~t?Es aaiic~3~1a~-ic;s iu t~~e
usr, of asscssiit~ iRaciiuE~l~~~is uCirr at~i~rnr
l~eaad iirjee~i~s ~=11.~,

~r~age ~ra~eess%ng ar t ~~ia Anaty~is

r1}t c#t~ta ~>ir- F~rst~t ps~st~~~-ue~.~ssi~~~; x~~~•e
~~~r~~fc~~~tt~e,~l I:~° :art i=~~a~in~ sc~ierEtist
(Y,~.~ ~t`il~h 11 }•~+~a~s cat` c~x~sei•ir,~u;~: i~a
fi~~~c~~ic}r~R~1 s'4•i}3 i~tih~i~a~ t1.3Ers ~tat~ls•sis

sa~~d ic~~ei•pr-ei~tic~~~~
Y~~~rrnc:~~ssia3~.--`t'[s~ ihrer=..clur~ctr

sicxrtai tis~~;r~a~tirs~tic~n-t~t~c:~i~jt~ezi i~zt~rid
gradie~ei~-~r.}iei it~~a~iz~~; cisitai ~nc~r-~> f~i.~t
#~orie~i#t.cf, Skutt ::€ri~~~~ed, .iei~l sc,~;-
tt}Bilk~'C~ Ylltt3 ~1'~1" ITiii~li,l; ~Y~ttl~ Ytl~illt-t':

~ticl cercbzYasEaitial tiuicl ~•e~irstis. ̀ t'Ei~~~e-
i3~C{.t`~ ~.~Ifly' lt4'i'€' C;i3tY'~t&24,'. F~C',f~ iltlf~ itf21`'

rrSeilix~tt try ttzG A~airts•nr+t ~`t;urol~sgics Ir~-
s(itut+* (~i~dt~ lS`F'.•ta~z~i~t kc~ttpl,aE~: (2 ~t
x ~ ~ia~~~)D 1'r~~~rtY~<~es:~ia~ si~~r~ 1`ar r~c3sxe
irxg-si»~a~ !'ii~~F~~is~~tai ft~tll i:a~a~~i~r~ ~ <I~t~F

iGit:lc~<l~t! rexsii~rrez~e~gt~ sp=3t.i<at ~~~ussi~~}
si~~a~tlrir~~ ~.~itPi #'nll ti~~iclt.t~ of }raE!` zr~i,~xi-
fi~~t+nx ~~i rnre~), 1>sincl-~n~.~ir_~~ri~~r~xHl~iilcs~^
ink; cal #1.f~1~--~.IUU Ilz, t~~~z•e~i~ix<ntis~n tcx
i~~;~~nc~liz~ti~a~-p~~s~ttrnrl fr~~jid ~;rmt3ittrrt-

ert~o }~i~~~;ir~g si~xrl ~~_~no~<~t oC ~~Etist~f~z~~
Si~~sr~ls {r~ra5tic~~: }~.ar<~~~~eters. ~;Ic~l3aE

signaE, ~i~~c! si};rietis sl~~r~ti•<>tl !i•ois~ t~c~txr-

I~iY;s#>itial Cliiid ~~rld~~t~fuic~ tv~~t~~c}, ~~~el

trat~~l~ut~tis~titnE itq 11tl1 st€u~c#:trt[ ti~~ace,
'E'tir~ ,~t~at~rnif~ a~t~zi Pivaic~~itzi7al ~tafa s~~rc+

~e~~}~r~cess~+ti li}~ ~jsirr~ l~si~li t.l5~ l~ti~~c-
iic~n~~t ~i~r;n€~tii~ t~f~~~~irzas~t.c~ 13z~;~~iFti~; cal'

I[i~ t3rt~ux: or•l~i1~~l~tl~i, ~~~f~.~s~z~~ 1~i13r~3~~
(t'Sl,j (r~,. ~i~.4z~~ s~~~t~n~~~<ttian; E~~;is-
f~•e~~.icrr~, ~;~~rG~otlsi~jg, :~Essi reg~-e~io4M~ »i~ci

;~n~rlt~°~i~ ~C i°t~~tc~(i~rae~t ;~Ff>~.~ruir~arz~;cxs, ter•

~1H34(, prcz~i~ains jig, ~~cx~~ier[a€i~r~i, sk~iEi

sty°i}s~ius~, m~iiicist c<z~•~•c:r.~1Ur4, til~~e~-it~g,

i+~3~t ~~~~ian ~~e i~~i~=r-eat, (irt~e t~otEx`fic£~ c~x-

tr:a{~1ic1~t}~ jrsd.~pifatt scripts i'i~csza~ hit~~;

It~~+'a[~+F.f7i~r~.nr« f3i•crjc~ct~ff"ra~ti_7(X#)},

1"DP tX)P'1"{.'C$iU11 G~~ ft 4t~~l t}i1 Fit`lir0tl~~,

ise~o~~i ~ursr~~t>tiii:nt--ro~j.it~r~ir3k lat~a~~1~~V~c~~aes

a~~cE tr c~~shiou ~i~rtr ~~~etl to prc~ve~ni.
r~tor~titaet~i xt~i~~iRF~ iu~ti~u~~;, t»rct ,ift iri-
riivi+lunls tv~t~f~ irrsts~c~~~l t~ kpe~~ still
ti~seitr~; tl~c~ ir~~a~in~ ~~rui:3ct~f, ~l^t'it tnz~-

tic~n-~:~~rrection ~l~c~~~it3~i~ts 1s~c~re ~zseaci t-s~
~~~t•fr~r~r~~ tn~~r<~. res~fi~nrik~iit 5(~~~s ~,,•ilty
s.iaf~ec~ z~~s~t~l~~s~ ruFc~tior~ (~t~il, ~~ibrt~. a~ae~

~~~i~s~ itt i~t~iis n!' #Ic~;rees) .~rGt~i tlt~~e~~ di=
r•wc:s.it~~a~rl tlis~~l€rc•~r~~ieui {i~~ raEiliirfacete~sj
~etl}usl.~x~c,uis l~ ~z~t~tl~~r autnitisix~~ a~ica-

kiot~ ~irli~a~ats. Aftc~c it~E=sQ ~o~~~eclir~n
~sics~ts. cur st~atislir..,~I dill"c~rEsiicf>s t~~c+z•e

fY~)5~~'4'C(.~ IL} ~7~~_((~t' p['f'-Y~i(~US ~t~ If~i1f.713tt

~tai~t~~~ tei~ au~[ (b) f't~rre~~ ~1ic~~is~c~~tlett~
{~a~ ~~in~~~ gall I~ iri~~n~~t i'r~+Kne~ fiPtu~€~ezn
?V~~'1~I3t ~<~Fitl ci~E~#t•s>k ,~r~at~~~.~ (1' ~=- .4a~.

,~\thfil.iuitally, ~~~i[l~ tiic=~ If;,=~ ~j~)~~i't~~a~h,
Fz~r~sert~eatt nt•tiCt++~ts cti4a Ise itla~ci~i~ietl

c:rMsit~~ a}~t~! r<.r~~r~i~<,z{ sc~{f:jr:~ti~t}' tip r~f~~ily<-
i~a~ €~ I~at~~I-~~~s liltr~°~

Se~~r<1-bttsecl t3ranl}pis_—h~'6~t~ prH-
~N-ilt'k155i13f;. L}IC' ~~C.i I'SORI [;tii'!'C`~@11fQi1

ix»~iTirit~~ifi ~~.rs t•c»za~~nt<~sl Etiirl b tis~r~s-

fs~~r•~~~tad I~et~~-ee>> Ilrt= ttvaar~t~~r_I iitt~c:
x~i'iE~s «Pc~iihc;rr tht~ {'L;f;- :7~~ th(r +~11~F~(:-

~~:r~~f~~•r~ci tif:~tci ~t3sii ~3t+~ 4i3zFe eri~~~;se of

at~cli ti~s~l i~t tl1e~ t~t<~i~i. `lino 3•em~ic~}~s
c>I` i;~i~~f~~K:~~ iirci~~ciii~~ tEie ~l1Pl~t: seu~~E
{~l~t~I~ {~, ~$, —:# ntrt~) ir~i{I ~fic:. k'~C se~~zl
{?~-ia'~L• —fi> —~F. 33 rk~ru}, lr~t4x ivi~}i
~S~)~i-r~~~t't~ ti~alnst3E>si 4ea~rt= sterivc><! f'rt~1~t

ttie ';c=r•i31t se~~ci lit~r:~rti= :vri~i e~~=_i•~ Ere.~ll

E:t~a~i~ta[c•{3 ~r~•evicaitsi}• la}~ loot t~ttcI iia~ic~l~lt=
~~$}. Si~~c~+~ ~.i~e iiic~io•itlual sealing :~~f-
~zrcrnc~k~ w-ittt area s~rc~i# ~:}t3ct~c1 ~yitliit~ ei-

ttts~~` t{i~ !'t:C: ui• tEss~ ~ll'I~~: ~esu>r~~E~s

ttiCi`tki•e~n1 ~mtd iui~xritple~c~ (3~41~ ~z~~sti~~--

Ei~-it}' (rai~e.t'iis (~3~, tii~~ rotttl>irittt.i t~tn-

~Fi~~te f'rcftat tltt:~e t.1k{> L?li:~ ~i~~s t~secl

~iracl cran~~rrEcl irtfci ~ i3iz3t3~•~' in~,t,~t: ~~Rei:

a~i~~l}~it~t~ a tlri•~rsl~r~ld c~K` c~arr,ac~~izr~~ oi' }j 
-~'. .{~:i Pem ~rti34c:t~u~ttk sia~~te-~aeEu~i~3an~~

1C:1. l'f« u~•r~•la~~s sif2iiltr~il}' fricic~x l~e-
4.~~°ne~7 I'~~- ~i~iti i~91'lr{;-seetlir~R I),~•1~tix

~;~~~a~j Ea~i.icr~zs «~as c„,iCc~t1la1etl tea i(r~

Dice: cas~i'fi<~iesat. tfc>.f~x~«rl pis t~vie~• (I~~~ at1-

tt~c~secv.iQ~a ove~~ kP~~; 5tit~~~ of c~rt~i~i.~li~i~

~~,~{5}.'ll~t~ ~at+~l ni~~r~[ferQ[~~`~Yr.ls {~~;~

.~iuf a~~~>ra~;e caE~tel~~~ic~s3~i1 ~ ~~~el~s~- rt~ctrc

i~ti3~r~+t~~eF tz•at~~ ~~~~ t~bL~ifled entire, iii•

i.~~•it5~~•. ~s~- ~}cs~t~l•ia~~ 1)Ai~ c:unoi~;cki~~~S

nitr~~s E~+iscE~~~~ t!u•t~sl~oici-nCcur•s•~eti€t+~

e~C t' ~- .~:i. 't`f}n :~Fjl~j~ior .end postc~ris~r

~~rttr~t~~ of itir, f)~t1i~,' Sscr~ ~etv'n~[ tt~-

c~~arclin}; to ~~It'~t eucri~firi~t~~ a~ ~* ~ ~

S;ri~t~~-l~n~~~ir;r',~h~+r:t IC.1. —'!'iii cokr

ti~c~~rtioi~~tl sirr~ic-p~r•kici~~rrt l~ri ~sas

irt~~~lc~37~t*.~itfrrt b}° {asirtg irslisrant~f'rt~~t ~~i<tx-

iraii-r.~tic~i~k ~:rit~=~~~r {9~j is ~lecafu~asa

tJih citit~i Trorr~ c~,ic)k iitil~~~ichial i~rtc~ !t

sEy7di~~ikti~ stz2lisli~<div irici~~3eiule~s#. ~~tit~

ltiii~i~}sit¢ri~)- cult~ic:et:'tl cpttt(~t~nc~~t5
~~~~ {f~tt~:,~~c~~af.st~fh.i~h~ ie~vur~fie~~~at

.lrtrxt~. l~Heli co:npiar~~i~t ~4~.5 s}isn~1~ Yip

t, ~ scn~•~ Fnnp In' ~ut~fry~e;tin~ tote ~inktwl

at~t_<~~t il~ur~s c.~s~li ~axc:l :rnct iiit~icfin~; l~}~
the ~ie~}~s~3 stattdarit cic~i~tir~n 14~it1~ a

t)sr~~sttc3fcl c~(' I.Jti {cc{uiv,iln~~(, ~' ~ .~;i).

t1f[isr c~x~:ttacEhE~ vet}~-Eo~t~-I`rec~i+eiFry

(~:t3.t)~ #lrj su• lai,~ir•i'r~r.~ttertce (:-J.1 tiz}

~irtiiFz~-ts tlue fzl inaa~;et• e!~•ift u~~c) r1i=

di€ir ~ti~~l i~;s~~i~~~tic7~•g ~r~e~ti~r~ !gyp ~~~~E~t~if7~

a l~d~ieR~~~~ss #filter ~~cc s~t~~u~7n~~e~tt that

l3~if tl~c it~aair~at~~rt c~ifte~~~nr-~: ions r.1~dsE~ri

~c~ i~1€:ntifi~ tlrt~ 13s~11ti ccrti~l~cat~~~rik (C~s~~j

Mutt g~~aE>rt~lia ~t ~-st:nr~ ~~~t{~!s}' t~~rn~ tti€~

f'~Ilc~~vi~ig {~t~ia:~iic;ii:

t~~,ar~ ~ 
at~cix~f;~rl ~~sit-~'P~ ~~}s

~~~3~ere i j~epreserEi.s ti~Ea i~~E loi+t-f'r~r~xi~+~2-
c1~ t~rit~~jrr~itei~t, '1` sttrnc9s I't~i~ itie ~rl:~+~~>_

~n~:nt ~3f' ~roxels ~vithi~~ tlr~ Iki~~~rizec#

llt~~la~ t~i5~}~lat€~ i~is~+~~ ~e~tp~x[~=d {~rc~nr

tic= ~~t~~i~ic~~i~ se~~f-ttas~c! ~~~etl~orl; (~t --

1J rt.~~i~:sc~n[~ i(~s~. r~gi~~at otiE~itle• ihr,

l~~~li~ [c~~irj~li~ti~; t~iirt t', is [!te a1•g:~`~a~;p

N ~s~:~rca tft ti~~ i[Iti c~c7~ttpF~r~e~~~ i~7sir~u t~z•

as~~isicle tine ~Ezl~r~~J~[e i•~gio~i.
Fi~~G~~ic1 tGrl.—'l'fit,> t}~~9~i il~s~.ec:tt~~ct

~siit~~rt~4iz~kilt~~ Icy` 7~ac.~ns €~l' siri~lcx.

¢~tar-tiripairr~ 1C;'1 ~v<rs iiscTtl ~s ,i nc~~c~

sr.~rl ~~F it~~r~te Ct~r 4lte> r~ec1~-t•a~r~iil It~iS

fl$~0~0~}+.' ~fd3FY.3 LPiS: ~-04i :7 3 —~~Ti(R:[ ~{I12 -+ fi€Se~kjyn~li9.C~"',~ ~~~
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~.E*lI1~J1i1(E?~ 1Y~14L,f1 )ti ~f'. i'til['(~ ~~#l~`E}j'!(~

tCr1 sc~ec!-P~~sed r~~~t.t~crzt," ;ts C>r•opost>ci
l~yr ttetiy ~*~ ai ~3~). fi}- r1c-rivin}; seer#
ii~tr~~~r~~atic7~i t`i~oitz sir~~le-~~~rticik~ar~C
f~A, this hpi~~~ic! al~c~~•itlr~~i trs~z~ titEz
ex~~lc7t•titt~~~` ~>t~~i~ei• 'c~i' single-p~~rtiei-
~janr 3t;~t to inet~a~e the cc>i~fidc;~;c•n
of a~ilr3~i~aFic ~lEatex;tici~ti ri('sE>ttEi<tii i•c~ia-
ti~r~stzi~~s antt 1t~ i•Ezt[ucx ~~rtssil~l~~ eirir-
ir~f}t si~~i~~l~ see:<t-t~~~si~1<3te-~r7:~lehir4~
e~~x-ors. 'I't~e fi.~brici 1C.~t is ~~~irtic~c~l<is~l~-
t;~~P~i( i~~ cz~ses e}~i~c~z•~ sencl-b~3~ect li~itc-
iior~at <~ot~neitivity~ :1tlt itz3F~~ir3g inay~s
wc~i~td e~tl~er~~isEe 3x~ g~i~c~~~kee! Cr~~t~~
seep! vo~~(s ~~l~ert~ t~~talt.i~,~ie c.i3n~i7c~-
r~ei~t~ oe~ert;~}i, ~+'~iieli is c~ft~aai ttse c-use
tivitlt 13~9P4#.

Grotil> f(i~.--'lis va{idaEe ilu~ sire-
~ie•~z.irt~c;i}~~nt 1Cr'~ iYas~zlts, g}~ouE~ 1t::1
c~itl~ if;e 1f.51. I~•lt3i[ir~'i31'1i1L4; I:xErior.~tor~~
Lin~~tx• f3}3lirni~ec3 E}ec~a~t~i~~osit.ic~~~i into

~~i<I~f~yE~i~tlet#t £;ori3~~ona>.~]e -~~,~3l~;~,(3[)}t.}

Daly<~~•itii~» (tittp:fi'`i~~vun:fiiirt`€f.ox.~t~.~tk~ 
.fsl/n~telr~ctir.{iu~ter.titrr~t) (31)_ ~~vas ~its<a
irn~ilr~mn~trct. `t'~~r, fin,rt i7~'~•t\ rn€i~}~n-
~tenf nf" t~ar~li ~;rna~}~ it' s irle~7fifiecl with
vi~tat~l ins~~et';ti<>it e~r~ ilia; Oasis ~f pe~~_
ineiic tr~i~~~n~al tli~eei~aiS~i~, sp~ti:a1 }~s~t-
tcai-3~, ;i~tci clistiii<~[ yzeaT; t~~' ~~o~n~r spc~cr

A•taxri t~~ (ors-C~r>_.c~eiN~rc4~ (~"fl.l 1~~~ r~i~a~;e,

S#at3sticat Analysis
(~r~~• seed-bHsc~cl <~n~~~iti•sis, a t.4~zz-saii~ple

test ft~r eestnpai~ir~~ the ~~~~ul ~~ti~nhr..is
rYr n~ur~n a vglta~~s -~t~as ~~nr-~~r-xn~cl i}E>-
ttit~ee~~ ih~ ~~itie~iaia :rn<t <<r~u[in! sut3-
j~cts. `!"hc~ 13SL [~1~iHff3 Lucal t1~~.zly~is
<ai' €4Di~~d E~~1't>c~is crif}~ ~~a•~li~~~i;c (.east

~c~tita~•e nE~tiE~ui (~~t~r1~~iLO) e~e's~neiiaaiut
tSEi`s` USE'( ILl 311i1~1'7,@. (~lE' _ Vt1Yli3f1C.P.

cal" 1:7~4t\' rira~}s x~•itt~i~t c~~~cfa ~;rzatG~k aj~acl

I3e~iieee~ LF~•t~ ~r~tfpy ~4~it€i c;oe-re~c~teti P ~
.Oii. ~~or sitt~ie-~~~~rticipsit~t. It;A, nnca- end
i.1iYI'S1 [ltj)~C ~ 1G51 is lk'f'i"f' 11ii€)fit 11SE-t11f?C~

l~r a}~j}t~iit~; SI'~i~18 s€~liz~~rc (Stat`ssGr~i

I'<rr~mela~ic ~~~a~~r~~it~i~, hit~~:fffs[~ftaxe•i(~

.oY.zar,:ti&}f~t~.~sE~4~ikr/} tta lliir ~ iit~sx~p ~~{'
#ii~~ I~?4i:tit ~a~~icfe t~E> cf1- 1(~~1 ~'~~ni~}c3~atv~[s

fi~~Et~ tlic~ 1~<t~ ~~ae•tici~;~t~t ~rou~ss lc~ ~ekt-
t>>•at~~ statislic:ak ~n~}~s. Art ia~tc=k~•~tc_d
ilttt~sl~ol~l ~uas ~~~c:c! ~t~ t~ sigi~itzc;aitc'c: teiut

r~C 1' c .~?I at~tzl a clt~~Fcar• size ut ~rE I~~~st
2t~ raxel~s fc~r ~~i~l1-tc~liE~~xY roi~ra'etintt !cs

ii~e ~vi3oie i~r<~ii~r tt~ x•eauc>vs.+ ('als~s•j~Fksitief~

f.'I'i'{31' slilE# tli£l)11(i31tt ~.1'tiCt-~)USiLi~"{'. Sf'.fi~t-

iiii~s° ~ ~~~3}. ~A-luiiiple~e:c»~r{~~ra~ifiu~t t~~a3~-
rr,.ciious €~1 ilt~~. i~~i~is~er I~kx:~ o~'cerF pc+•-r

I'urzr~t~tl t~i~ tl~e 4vfrofe tar•F3in U~z tt~e ►~eisis
c~{' G~~ri~.tiia~t ~~ri~~cit~rai Held tliecri•c 1'~~° d~~:-
i~f~; ]BSI. s~:~~ytlz~~st~ {u~i~ritu~ip~, U ='° 2.3;
~I~ister~ yihafiG~iEic:~, ~' ~=- :£?5: rerz~rc~tecf~.

zVem•ops~°c~liale~~;ic~ nieasr~refn€~rtis
\4`€;Yt'. lil[.)ilt 215 i:,E3Yi~l7 F111(S fOP ~C'G~iit~'t
dGn-el cusrerri~iac~ a~~t~lvsi~, ~~nci 1'F~<a~5v~7
ac• 4~~t~z~rrn~ia iGinl: ago{•r~t~tietn~ ci~ere
33ei~~c~r~necE l~r~ftiviceis c~itiie-t• the ne~oYr
rs~~rutiv~* ~es~s car ~Fc~stii~~~~tntitir. sy+np-
t~i~rs (i~. Hr~siet~°, z#e~~ressian, I'ni.i} EiG:, .
t~nc_I f'f;S~ srarE<a~ ~tisxc[ ~I~cd tGt~ ~ inir~gc~s
~f 1):~•9.i~. ~3~ziC~rrcarti c~az•rectintis ti+~~i~=
pe~~Pc~}-ii~teci ire ~jr~tients i~~itFi ~s tuf~~l ~~oi•-
t•ectiar~ tiictat• c~P l2 i'or ~Ysi:iti~slt* tests {rt
f), arse! tisQ avcr~~;~+-r1 z ~=~ttzes (n= ~)

t1~c>,~•~ olxt€~i~~e<f lira~ir eitlser tic=c;i-e:asect ar
iiit.3•e.;set! r•e;~'stms {~~).

lrt tt~e hix~~[thy tt~~~tx~czl ~;ruz~~~, clif[`er~-
en~ s~y~a~i~ri e.list~~ik~aticzri p~~tEer~~s of
13~1~ ~k•e~a•e slaoir~r ~vf~ert iiic send ~v~~;:
~al~c~t# iu tta~ s~~~t~d:~~•ci ~~1t'1~~ 4ef~st~+
tit;{: :•c~~ia«, it~l3ich star3t4°c~~l ~njyc~~i«r-
pt•eiii'~t~iirr.~~ii conneciivi#t• cui4tt f~1i'F~f'.
sec~lirag arjtt ~~<~s~€~F•iE>fi•-X~r~:~~z~nit~taf~t~
c.f~rgrtec=tivit~~ ~i=ith 1'CC seeciai~g (Fib 1,
ti ~xiid f~). {a~~e-sst~a~zCe i test ivitl; t~or-
~~t~cta~~i 1' ?: .05 ~t~~c1 t~k~istei• sirt~ cif IC

2Q), strg,~i~s~:ix~~ ti~z iiit~•itisir t•e~i~n-
de#~~3~zl~;nt t~[~~tt s~xy~~rti level--cic~pe~i-
d~i~t si~~r~il- cohcrc~rtce a(' resti~ig-sir~te

S8fi rai~aayr~r~xc~g• ~n'iotogp.•t;dAu~;'z>S:Fd~-r?~rs---~~srtcw2tli2

~Fgure f : [3tv1N ten~ptales create +pith ft~ sz~d•baseci method in heatthy eontr43 su6jec:ts. rd, PGC-see~d--based iemp'ate, ~~ith
~radornlnant ECG, bifa~eral irifetior pariet~t, an~i t~9I~C connectivity {corrected, P ~ ,t35; c~us#er size, K ~ 2fl~. ~ C~PFC-seed--
hasecf temp*ate shc~u~s pretlaminant P~P~C cnnne~;iivity wi[l~ PCC naci~s deteazed (ca; r~ef~d, P ~ .ti5: ciusier sup. K ~ 2{}j. C,
Binariz~:d image aicombined-r~etm~rk sae~ing frc~n the P~FC and PGG sh~e~ ~ mote inci~~si~re cor~necti~it~~ Dattern of the t}MAl.
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iietee~c~i•ks, 7'i~~ Ec~l~l a~ii~~~E~ei• caf 1)i~i~l

voxPls ire Ise licaii~li~ c~ori~a•of ~roti~~
rvi[l~ I'GG sect (i~ = 1~i8??j 1~~~~<i ont} ~~
*~1.~`~~ ~ll1Cl~ cacffiei~~it) avc~•Ia~~ ~vitli

~tl'I~f; seed (zt = 2C~15?j. ~\ c-c~rri[sin~>cl-

t7t~it1 (ri = ~~3~7) Irc~i3t I~~~tk~ 1'CC ~iitti

iVtl'l~f` se~:~[5 ivss sticnvu tc~ t~~prc;ss~rt r~

moi~ rc~rt7pt~elr~r~~;itas n~itivc~rl; (~~i~ 1,

~) far select~n~ 1Ct~ uc~rnp~3ttcti[s. liz

41te c^ant~~al ~~°~u~~. this cU~~ii~i~tecf i3Et~1~1~

y}Yt~tv~tt t> »~irxc inciusiti•~ ~~~,i~t•r3rk p~~t-

tet•at {74.29€i ~i3ct 95.~3;'b inc rF~~s~~ Prc3ixi

zi 1'CC:- sia<t ~v1I~1~C-weft-or~ik° t•e~t~i~g

sfi~te rtetwe~rb:, res_p~c~liFi.ly) iarv<>l~i~s~

f'CGr tyresuneas, ~•9i'F~, zinci bitzat~,iai

}~t~rielz~t r•c:~iar~s. lay aiif:a»s t~f' 4istrs~l

i~ss~~ectiaii, ~~~€ients~ stio~ti-ec! ~lecr•ei~sec(

~:n~~~~auc~i~~itt= iri t1~tx t~eiric.t;~I ~•e~;ici~~
{('CC st~etiirtigj, ~Yl~erei3s i~~ci~Gt~se~d

co~~nei;tiui~ti° F~<is oE>:~~rv~~l ire tl~t~ f't•on-
!~t rc~~ioza (s%11'}~C s<:rdin~} s~•l~e~s c<>~~3-

~~tiri~ii sv'st.t~ cc~ntr~l sulajuctl, llcf~G~c=ver,

sixth diiT~~~nir<:es <iid riot i•eac~l~ siutis-

~1GL1~ 37 111 ~3Ci]ItCt'- ~IlS U'Sf211'![)~(' ~ LE.'SI.~
r~};ariliia~ the b~>xel ~~i~~t~lkers of 1714th

car ~~~~~w~~E> z e~ltie-s,

~t? ~1H371~Y1`~2F9~lC7 ~?F?tHt ~l;S1C)tlS kb'~CF',
ctt~tected ~~tith ces.~iaveitEita~»t intt~gii~~,

s̀~tc:Ttatli~5g ,I„~-tia~eigltte~ ~,~~1~ itiia~nig

tu~ci susce~~iiE~ili~}`-~4~'i~h~efl ~1i2 iar~a~~-

i»~ iii .~atie~s~s ~~~itlz i~'1`}3I. t3}' ~xsi~~g oa

ccz~s~~i~inz{ I.}1W~1~ ir>Ea~~3r~4e {e2 3pirzaa•ixe-tl

iz~~a~~~} fi~rii f~c~tlE rt3re seeds, sin~lz~-

perii~ip~rtt IC:A (cs~~e~-ssienE-etc [ te:;t; 1' ~~

,t~] ; eh~sisa- size, 1C =L{1) sl7tnct;ti =a 4iirt-

ilF~r sE~~tial c:c;~;nei;tkuit}^ ~~u4te3•~i of 4~),4~i~3

~~aitlti ~~e:c1-l~~ksecl arn.it}sis ikr 1~e~lth}~ ce~rt-

ir~1 saE~jeeEs (I~i~; 2, ,A). Isa 1.~K1ie~~ts Evitlt

A~T'1'til, ~h~t~e ~i~as .~ ~i~ni{icartrly clif'ft~reatt

ctislril3uxic;ir E~xtte~•zi oC F?~'~1i~~ c,v~kria~c~I.i~-

~t~ (hid ~, 13) ~~i~iwsi e:c~mps~eeel ~~itli tli~t
of f~c:saltPtp~ <;c}r~u•c~i sc~ltjc~cts. i~igt~~~ 2; G,

s(~ala~ coF;~pat•i~c~ik z~sults Uetci•~~t~n t[re

tEtu ~t•at~E~s (t-tikc>-y~sr~i~31e t %est, 1' ~' .i~~ },

<IH~~~nr~sia.it'v~b ~i~s~iii~.atitly iiat~re~s~:c(

c~ri~Frec;Ei~i~y ~ri~irais~if iK3 t1iEz ~~at~;i-ior

f!'lP}Y; r•~~i~~ii ~`lalrle "13 ~nct der_.r•e~r~etl

cc~~~or~~ciivit}• ~n~ra~~~ril)~ i~a tlu~ ~kvsterior

arrcztli~l ~'£~C and paricfiz~t iY.,~ioti4 (`tai>[E=2}

~4i(~ii~t lite'. U~~tP~ iri }>siiic~~its ~4Eitl~ ~~"1"t3).

Speci4ic:~llY. the inrr~,;tied enrinc~~~ti~:iir'

i~t ii~~~ t~i}Leric~r L~R'lik re~ic~its i~~r_.Iczcfes

the ~eC~ ~saueE~iic F3u~1~~~4, [fie !>il~ttet~t

t~~tli,~l t~r~t'ncxft~i z~tst•teY, t3r~ct the ri~t~i

st~~3~i~ic~r tzt~r3pora4 }~o(c, cvtu;i~•~s ilic:

dec~•e~s~d sn}~iic~ctivit~~ sz~ ~liE. pos~c:ric~r

~; ~

4 ~ ~; ~ .~

'~~ ~,

B ~ ~ ~ 
} ~ `

a~ .._

.~ -

Granp Gc~rtParls~n of Ira~s d €JAP1t~ tat3kh S1ng[e-StibJsact 1CA in Pati~ts wt#h !ti4'f~!

versus t~eattlly ~tJMmi Subj~cts-

Bcothn~mi ta~~ ~tnt~rt~.s
~ea~n Region {x, y, ~n~ ztn mm~ C~aaster Sx~: zee PVzhse

lcftcaudatenurlaus .... —2,t2,2 d5 3.19 .~i

Leff MPFC 1D —12, ~8, 2 d9 3.Q8 .OQ7`

f~ighi superitu iempor~l pv!E 3~ 3x1.14, —24 d7 3.t}~ .Otis

Right m~eli~l tr~ta! 10 $, 4d, 2 32 278 .004`

Nste: 5~`e-s,~pact ICAa~ss bxsmzt ah v~u~-hrr~n u~n:~4a? a,3asysis, slinvrY~~ rotas wuh [rra~rz~td Cpl. Ps At, cius&er

site, x z- 2t3.
t&=steas ~t~ swroia~?cf after cs~ 4i & fiaussia.~ ra~om-€~eid ar7thrt {e~. FS~. easythresY) fa mv3li~te-tom~is~m cm~t~on

a€ L~ meter ire# (.mU~4nwn z sepre ~~ 2.3; stust~x ~ynitoca,~;z, p ~ .45}.n

1)\~t~,~ regions ire<~C~tzlc.s llu: ieiG c~atc.iri~ica

e~or2t;~ (~~~~; tt~e I~R ~rzzsi~i~ioi• cir~~;ulA~e

ccsrt~~tf ~anc1 the bitz~ter<a1 t~ttu~u~. to ~ar~-

tirarsts ti~~itl~ [~1'1'13i, sua~l~ iti~~,~~~ase~d c°t>ri-
PiF'(:(tY1Lt' i[i I~l@f7'Qtt~i3~ ~FIE1(Q;t'St)C~ 1'C~'I611S

si~~aifica7~kiy cori~c~laYc~r{ 4vitl~ rl~cr~.3~e~i

(:t~~7nCt'iftiii~° itt t#lip }~c~;kctrrr~e regimes (i' =

~hes~ o~~posifE~ ~t~iit~irr~3e~>.i.nre~f•k r.Et~i~i~es

tart: ess~~ttir~l~} r~ssori~+ted.

R~dlolo,~y.~~'wuna:26u:f~~ra`;~r3--!}~;em.?r~201'.. rttt~~aayrsr.;~,crr~ S@7

Figure 2: Gra~+~ t ias~t maps of sine~le-suk~j~ct 1G13 resuYts and ec~nparisa~ ~etva~n pati~ts with P,iTBf a+~r~

control st~~~ts. t~dteee~ ctunpared ~~ith t}#44f~ patterns in itre c9ntro( 9~~+F ~1, t#~e patient gr~uP (t~1 s1~~ias~d

sig~~iii~,~~nfly ch crfnsc~i conr~ciivi~y in the (aoster~r tertian (arrnwhpacis} an~i isxrc.a,;E;~ c:~nn~tivity in tha;d

criteria (w~tian (arrae,~sJ ai the aM~+! (P ~-~ .Ot ; c;,`ust~ size, K ̀  20~. C, The grwp-lava! vtecelwfse image of

si«gi~-p~r~c~ant [h~tN p~ktem compari~~~ ~4I Bd to control grouu~~ss st~nws decreased conrectid~y regions iE~

61u? ar~d increased cmtn8ctivity regions in y~pome.
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. a

Group Cumpartsan of Deceased DA~1J~ with S3ngia-Su~jeci tell #~ Pati~n#s Frith C~iTBi
tret'sus i#eaFthy Corttrot 5~dt~c#s

6rocbn~r~n1 h~,N,ryzC~crrtfrndtes
6r2iaRem Area (arm} C.~e~stu e zScoE€; t~V~'axx

let~caic¢r~conax 17 -~S, —62, t0 42 3,35 c.ppt`
{Y7}

Left PCC 23 —k. —3$, ?8 22 3..98 ,t301

ten~une„~:~ec as —js,—s~,z~ g~ ~.~~ .aas•

Na~,--Sa -s~~:t kCR tivas @acct 40~ v,~hAl~-tXaaf vffzefr~se a ssn ~Oiting tEq's7At3 whit d~+casCt! Rt~tt. A C .D1;

 ̀Cixntaa sU~ ~ran~cl eN.s: Asa of a ti t~7 r~,,~zm•tisM ~`preittucr fig, FSt. ~asyk~r~h}Air r~~uA"~-crrm~+~F„~3 c~ictee ~t
ei ~s cdw.~er f~wW (min'vnum zscore ~ 2,3; cara3,sr s~Zra'C~tce, P 1.45}.

'~ w ~IiJlifB ~: FPOl4~;38[}~ItfSi
Z a ~ufiltt ~,f ilI showy ifiaf ulcce~s~i1
~ ~ ~ €unCtiottal GU~neCtivity {zsCoresj
.. its the ~4f'f~ r r~ri cotrela#es

," ~ •+ a ,~ • • ,t~3) 4~vit11 d~Cr SGd 1Ut~:i:~9tYd}~•

~ * cartatectivi~y {asc~r~s) in tti. }'GG
~ ~ -0,
~t

~~i ~~zri~i~1 regions, t~hich rna}+
. suggest a t~~gY~3y eompiement~ry~

"~
v1tl tiyrwrniGaliy ~r~lftvatofy

• re~auonship t~etwaec~~ the tea .
key s~,t~stn ctures r~ tt~ee [Y~~i

~~'-2 i} 2 4 s in Terms of fin:ctron af€er injury:

fcMRl in Anterior DM~t {Z scores] : eA~iR1= iur~.~orval ronr~cGv~i~
FAR irr~±~irg.

l~= iF:~i»;liie= ii~~t~r•ic! 1C1r~ ~eid-t~aset#
t~~c 6i~c3c1~ x~=4~ tasitz~d r~ sir~~il<~e~ I~tii ~iit~-
tyu~tRtr~tl ~~t3ft~~a•za cif it~c~zt?aisect fi•~~~tttl

earrtse~tis~i~~~ ~ucl tiec~~:.~sc~c[ }ic~steriaw
<~oijnc.cliva#.~ of tia~> 1)~1~~J iri ~stitiF~i~~s

c~ta7upamd ~~~"sili eoni.r•o) ~t~bjrcfs ~f~3g ~}.
!fie <~Iso ~iei~'~~~~~rr,c3 : ~tl~t,L)1)iC~ ~E-oei~~
1CR, i,Vte resuHs nE' ~c~liit:lt sire c'e~nsis-
t~~ai tvitl~ siai~le-p~~r[iia}~.~~lt IC,~i, whi~.Ix
st~o~+~eci ~3.~°~ iiacE•s~ease..s c~{' ~i~r; vu~el

riai~~jb~~rs fl!" iit~ I)i~t~ i~~ the ~s23E~i•icri~
i•e..gic~i~s (~I~1 cc~~>r<liri~~te~, }~ = C~)~ ~~~•i-
t~tF~ril~ ita Li3c~ ~3PL~fs ~•k~~i~s1, a~r~# L4`.'~
slec•r~a~~n ins ~I~e ~~~o~lc:i~3at~ ~-~~ic~r~s {~•tlll

~~~3ofYfittt~ii•, V. ! ~} iti {~t~iic~tlLs ~4~'rl~~

X1'3`131 c~~r~a~aaret~ tivit~~ e~ri~tr•i~ai s>>ta~4xsis.
lit ~~ri[iF~ttts vii#r ~°t'I'tii, tlac~i•e u~rt; r~

si~~~ifieaiat ~~oa•r•et~ti~~~ afxc~r I3c~~at`n~•i-nni
e~i3~•ty;t~iin~~ -Isettiveen e1v~t•~r~setl l~a~'I~~!

in tita,* ~~os#c-;•ietr t•~:~a«ns ~kitt~ [!te °li•t~i{
liltiki~rg; °list R {t'e.it~ cgra e~r~~°~•<:I.tti~a~~ rfj-

~~ffl~icr~~, r = O.~t3; ;xtar~rertc<t, 1~ a ,Om~
(dig , r~~; titi~iticlt is a nt~<75,ai•n c~t't~xt~t:-
zati~=k~ ~i~nrtzcsnixig to as~s~~~ inpnP<tt Lte<~

il~ilitv~--s~iecifir.31I}~, ilx~ i7tri{it-y 1c~ shi4`t
a~xpi~li~` l~et~c~~~n cngnii~~•<.> sits. '1'lmre
~s~rs zan sigi~ifie~nt t•orrelatic~a~ !~€~~cvcc.t~
D~~~€ cla~nge4 ~~rxl ail~E~r ~~cii~•c~c~a~iri-
[aee t~:=sts :~E't~:E~ 1~s~s~f'c~ret~~ri aciS~+stai~r;r~E..
}3c~ ~isi~~g eza4:~i~i<zncF: a~~t~i~~sis. <~ si~niC-
ir.~ni ~x~rrc'.I~ti<a~a (1' ~' .~l) l~~Etti•c:nu

f~~~rc~icsiaal ~~cixE~i~y~:ti~~itj ,t#t~ i~nt3yiEs~
{~ scc~i•f~} n1' ~tn[~raar ~li'l~f: nn<[ cli~ii-
tr~a1 ss~~xi~:t~ms, incl~~~liai~; <z~axiefy, c[f~-
~ai•c4~ic>r~, katTge~e, ~faa~E (>u,icr~asCe~~i~c-
s~~z~i~~it~trrs, ti~<ss .~ist~ ~'~~irnc3, t~i~tire ,
b, st~~~~~s zs i~.pa~sc+s~tati~~ca ext~rr~ple at'
ra z~a>g:jtia°c- cc~t•k•<;latiai5 i3etH~tet~ ~3t'I~C

CC3UYlf?E:13~91.~' Rt1{~ t~E:~Jt'E vStE}it SC{.1Fi3 Iil

patie~~zs svitl~ ~•1'1`BI (SE3e~~°~ir~~i ca~i•4~e-

la~ic~~~ ecic[Y'irie~5t, r = —~.ifi; t~c~i•~-~•c~tf>d,

t' = .f)1}, ititlie~,3tiii~ tk}.aL ~~~~iexiEs ~~~iK#t

hi~9i~r ~~'I~C t"z~i~c[in~x~t ~~nuecfivitr

haw~~ .z tai+err t3en~~~ of rle~~rKs~ion.

C7~~r~ ~~r.5talt~s ~itnr~u sig»ifir~~u~itl' r#z~ct•~~s~s~zFi

inii~in~ic fc~nc~.ionat ccfitiipctivi«' ~r~ ilie

I'C~t: fu~t! ~3ariefnl ~•<~~;ie~sis ~ncl i~u;{•e~secl

fti~3clional a~i~uei[is•i1.~` u~ t4r~. ~~{i'I~C ~~c:•

gia~xs ~~ fi~ucti«n~l hit i~tia~ir~}; i~t ~~ra-

tien~5 slxot~il}=atler A•3'P#31. l~'c. iase~l t13~~ce
clifTcee~it s~tg~ritl3~ns ~~t' It:tl tc~ e~c~~~a(iclat~
aua• fi~~~tings, ~iic3 taue• rt~su([~ xi•f; c.<~ttsis-

i~ayt :~nrl nrtlx:E~c~~i<ia:»~. nl~t#nta l~rc~ce~ssit~~

eil~;~~iithrtis, ~+vltirli tit! Sc~~{;estc~ci ~~ustc~-

[~af~r 1iy~1~>c<at~izectikiiy ~~nc9 ~ar~t~t•iar h3'-
}~t~r~.orint>~:ti~~ity clt~rir~~ ~t~e res~ia~ ~lnt~

c~(" (h~ ~~ahin <3CE~r° ityt~i•t' iii p.~tietaEs ~ritis

~1`l'131. "I't~e olis~,i~teti z•e#t~[ioiasi~i}~s i>~-
~~~~rf~ I~~~l~l' <lisa•c~~~iS~r~ a~iTi tienr~r~xi~;~ti-

tit~tA ei_ysiiinctior~, ens 4ue~1F F+s clir~zc<~t Sy~t~~~-

t~sr~~~+~ ~~~rc~vide :3u <ryticlitic~iial ir~i~soi•ia~i~~
r.#i~i~ tea tliFti ~~~~tlt~~~3lrv~iQ3o~;y urt~tert}•ink

lte~a+relii~~ tiic= ~ai3~•~nal !>~1i~' ~~at-

ic~~tt; ~rc'viot[s st[acty- .iiut6iag. ~4;~.iU)-

i.c~geEi}e~~ svitt~ tl~e cit~~~~c=.~xE siku3y res~dts

in ~vltict~ sc~a:cl-t>~secl ziaetl~o~ks rve3~~;

~~~;ec#, cic:nit~ris~riiEzt3 vc>r~~ ctilTe.i~i~t <~c~~~-
t~e~~tib~ii~~ patfei•»s oCtk~E. !)~i~'~f iii Er4~~t4tt~

car~ir~l sE~(>j~:~cts ~~iteta tine seed -~kt~s
~){FiCf'C~ Sf;]lAl'ii ~.('~1 Ilt 1;{3~3 YCi'SIlS 1~'~~~}'~

it.~iorrs. L•'~~• zaxci~~i;~lo, ,7v1i4~yt3n ~~~ tat i~t:-

pt5rte>c~ x tl'sssc~cixticrn l~c:tti~=t_e~~ t~•11'1~C;

~+n~l I?t;t: ~3<:tii>il.~ h}~ ~i~si~~~ tim~~iioEaa(

si~I~ in~~~irtg cii:~~iatg ce~~Eiiii~r, t~asl:s {ul),

1̀`licy ~zse~eicieci e~=icleeic:a,~ ~iith {ask-i~~te~E-

er1 Iii~~cfzaa7xi ?t~It~~ima~~rtg tlr~fi .aii[~=_t~it>r~

.anc! E~r~sica~ii~a• ~•~:giar~s c~C_t~~c~ [~49i~: r~~~~}-
SI,l~ISN!'FY3 Gfi~Ct"#'lif ~IlilC.11()}IS ti1`1LI! !'~~~

s~rct fn t3if1`~rr=fist ~£Jf•~~€~0€~efiin€e r_onci~-

tis~r~s. I~t ilia cu2mc3nt stud', ~+~ lr~;ec# z;

~a~~;ajat~e}r~nsir~ cczrEs-act:d-based - Ee~i~-
~~I~~ir iir;• si2rgiEy-}~~~rtar:ip~~Eri If;~ tc~ s~-

3ect tl~e best fit pf ro:~r_.tivTYioi~ ~C U;'~9i~

scabacrt~ct~irrs. '1'f~e [eni~l~tte-la~sctl
ingTr-~~Fir~tic~i~~a~~t lE.~l i~ ~ nt~r~et a~utc~•

ni~tE~ci a~~~>~aro~c~ii i~~ sc3rtir~G ir~rle~~t~ncle~il

c:tr~n~~e~ner~t~ ~i~itl~r~t~t 4ltttyEsrtsY~ icle~rrii-

ficra~ir>ri cif tl~e I),1~i~ {: 2.;3;3}, 13v fi~ix~g

uarr~~lt~t~_ lf~se~{ ~~:~ a~~i~ls~sis. Grciritt~;
et til zalsa slu~c~•c~~i i~t~~i•ovvct s~~c~rifc•ifiF
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Figure 5. Plots shrnv carrei~tican analyses aver EcinferronR carrecti~n lk2#•~~an n~uro~halogic Tests and sin~le-st~bject fCA zimages'sn

~atierais Suitt+ PATQI. A. Pearson co~reiati~n analysis sf~o~s signitiG~nt ~sitivc earrelaiion;r= 0.60, P= .02) t~etweesi funcfional connec#ivify
in pasteriot rec~~rrns aiar~ "Tail 3~9aias~g T~si 6 xscore_ B, S rnjart r~rt~ c~rr~fati~n slams s;y~ritiCa~3l ~~~y~Eive~ c~rreE~i~er~ {r= —t}.56, P = .Ut )
bet~ze2n (ur~ctioi~ai conr~eclivity of the anterior RRFFC aRr} ~pres4ian srores in patients ~riih h~TBI.

cif ct~stee:ti~Y~ I~I~~1~` a€1«c~r3~~<~litie~s iu ~~<~-
tie~iis ~~:ii}~ rt!-it~eirriet• disz~~sc wltei~ l~~c~
c~rztire terai~sifit~ r+~~s zEsecl, ~s aa~ff~~~n~c{1
tirith ~~ )'CCd-~a~~J~~~ tt~ijt~~le~[e (~~~.

t:3r~ tl~e t~asis ~~t` sin~le•~~a~•ti~i{~airt
~rxf~lysi4, tf~c~ r•o~ior~s e~F di~cn~~sc~cf t`i»is~-
t.i~~aa{ e:ofar~ecti~ii~ ~~°itE~ift the 15a1~~ ,i~

(t3rieticiirttl ~1l3 it~~ri~in~ 's ~~ tl~e ~~~resen[
sliida ~+~'-rc~ Cca~ntl tc~ lx. ~~y~-<3tlt3Eni~i~utly
It~c<~l~t( itr the ~~os[ti•it9~~ ~~~i~•t c>l" t}ic
i~rtsiz~, in~futlix3g the r_.uneus, lef'L exit•
carii~c ro~~iex {Vl); ~{pit( 1'C:f;, '1'Eicascr
p~stf~i•ior c~c~riif~~ntiat[s o~ -t1~c? l~~l~f
(e~;, !!ie !'t~C;} h~~ve Ilc>e.~r ~•eE~~rte~l li3

EaE; ~~ilr~e~nf~le tt~ iri,{~r~~5' ~fic=r t:~.~;~3n<itic

br'~iii injtit;~; li}~` ~xu~yjf~te, Yot~ESti a,E taf
Craned ttec:~•ee~s~cl I't:t: ro~tsrnt~ {a~} .attd
[,~~~ri~re ~+>t <31 (:~5~ i~~~~~o+~lf~ci tl~zat. i{~s;~.i~u
4aa~ ~r.3}` rna[tef• atr•~}Ft~} ftredairti~iz~~ailY
i~n~<r[vc~ci ur tl~~.= E'C~:.~nct ~•r.E~•~54~~teuie~l
r~.~i<rus s!"ti>r Fs~~r~~ir<~tzc brain irijur~=,
[~c:l~ative!}° ~•erreit sttic!}~ iuuiings {2-i)
!t<ive rart~~lec.it~if 17~~~~ c:t~rizie<<ticit~= <~s
b~sir~~ fi•e€lective afi IE~e~i of rraxiss•iot~~-

ite;~s in pa~tiextls ti~+rit1Y 1~~•~i~~ ~ctaatanke.
hit.hoia~{H the ~~~~cis~ ra~lc~ c~i' ffie=. !.)~1.~_
itt~ t~t~t~sciu[i5 Erroc:e~sns i•~ra9tzit~n to ire,

~tt~uitiaEecl; ~zii pr~Eic~zrts with it~'I'1`131 ire

Zhou et al

ttic ~~i•esc~iii stu~ly ~~x~e~~ie7ice~ct ~r she~r•~

~~eri~ti ~~I' lc~4s ex{' cunscious~~e.s a[ tl~

timQ c>fi 1.raur~r.~. In rxri~li!`scsiZ. #ht= t-c~

s9E~t:eti ~~otC~rlc~r ~uri<rtic~usr( i~onnectivii~=

~f t€~e ll:4it'V n~i~;Eif iii~~ic:ate snl~tl~~ ati-
onHi p~~t1~1s-s~}' iGtjii~~~` (5£s,~?~). l~!'e .ilso

f«utic~ ;~ tai~ht~ ~i~nifir7~tt a•sar~•r_.~~iic~nt

t~eti~~eti ~ecl~~acc:cl ~a~asteri4f• c~<s~~iiec~tit-

itt' ~Et~ clertrr~sect t•ngr3i[iw€~ flt~xil~ilify,

s+4 t~~easareil titi-iEti a Ti•t+il i~~fe~king "test

13 irj y>ai.iHn~s t~~itl~ A•1'1'431, -cite tc~ tl~r

iaigi3)}° invt~ii~cs<! t~agi~itl~~c> pr~~re5ses of

this nz~tticua~~: ~Z~, ~g,59~. E?tir rc~st~lts zzt

inrrc=rse~~cl i1~11'3~G Cuttction~aE c:c~ui~4~etivit}=

R~Iruogy; Vn~cir~ X65: t~ ;iri~~ 3--Cb~nL*~r~012 ~ r~£?ai&.~ttyratra.prg ASS

Figure 4: Chb3t~ fem~ates obtained w;th the hybrid tCA seed ~n~ihad in patio-nts ~s~d corrtrcl nibjects {corte~+ed, P ~:; ,t}5; K = 2~), ti, Typical
tn~t enhanced caftn~csiviry pai#erc~ of tl~e. t~9N ~a~ id~trUfied in tl~e t~.attl~~ cvn~r~i grcr~p. B, t?~rE~yrir~ Dt~A! pafite~rt is sh[~~r in its patient
gro~~p. C. Gr~up-le~~l voxsi~Yse image of F~rid DMA! templ~t~ tfrffere~e~ cornering A~TBI t9 control groups. Iidi ~ i~teasesi funckian~+i c~,m-
rj€r;tivity, blue ~ c3~s:reas~i (~tnCticr~ai cannec'~1ity in patients ccsrn[rareci w~itn cnnbat s~~U~Cts.1 flew ettanges in OM~1 pattern vr~re consist~rit
with the sngle-slabject IC~i res+tits by means of visual ins~iE~.
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~t t'iFr~t~i.ioi~~t ~~1~ irsrr~~;i~;}; in i~f't'l3[ r~~e+}~..
c~iz tf;c utlic:~~ h.~titl; ~-t:Itc:ci si c:c~tr3~~4xit-

ti~~t.nr~ c~iet:t~xE3isrr~ cal° iitc~rt=s~ecci fi~~~~(ul

l~~selirre ~actitryty-. Iricriaisett 1r~1'J~Ca €~r.I,'s-

vxtiawi hay. [~t~~~i 1•f~~~f>i~.eFl ~3~~~~t~Cp in

rr~z~~~~=rite ~irci v~kf~re [k~+ursa~r~i<: #1r~ri~r

iarjifA•}~ ~{i~} at~zt Es l~x~~jra[1a~5ireci 1.€~ re~a-
~•~se~tt ~fr:+iri s~eiai•c~~~ls3si6cit~ op~t~~tis~j~

iY2 a~erc~~~.r}= t~~[ci iissu~<~1 szxj~<iir ~~ticr

irrjui-~ (~~~. 43~~i• finr4~~g of a~ ~~e:~€atik~to.

ek~r}•fllti~i€~~ti fjFzktiRE~ezf it;cme~acetf ~tii'f~t~

4f31ti1CClSYi~}~ Ii f'1{~ PIE'N('U ~3~}'1:~30i~U~;tC

sv~ri~~tur~~ ~Is~ st~~~a~ttart~ tF~e ri«ii~rt~ t~~'

~l3ii l'(.83 i1S i:l3t➢t~1L91`sfi{.I+JII Stt J"F'q~SOtki£: (Z)

tiro iiXt~t~frr.~l ne:tai~us::l~nifiee~ tiit~s~tir~~t.
l;~•r_Nitfu~ sii+dies, z~a~isidt~ ul' tt•aYu3n.itic~
En-~ita i~tjiir~`, la~~~s~+ ~1~~ ~titawar i4#!'t~t;
z:otr~~ec:t.itiit-y° ~,lit4~f~~~s irE ~al.ier~is ~sitTt
a~rx~pty as~cf cte}~rcy .~io)a, .ittltitttagli t~rt~
~~~tT(€t•ti c~(` cta~~tyt~~ icy t'rar~t7i#rkivs[~ ~i~i-
}j~.i~'~ in lae cli("fe~•f~uE_ cs~r3a~~r~~•esl tii~ill~
~°t'I'f31 (#7.fi2,~1,~~. ~I'ItE" #1I)f1{)Pl1121II1° ire-
tt'etti~e~! i4i1sI'C t~~a}~,(~ c~cr.~` tiic> tpt~~ t•Uit,
f ~c~ti~~trer', st~ighi INS+tI i« ~~t~i~isiet~E 1ts1-
clso6e~~;ir= s~•zti~~it«rr~~, ~i~e~r .t~ t6a_ ti~~3i~~s-
~it,~n, tu~sik~ft', ailt! ~€~t(g~tis ~c>,t~tt iu ttte9~

~~t~tierat~.
thij• ~ndinq ref' ~r ~igniFir~Mr tte~~iivu

t:zti~~s~lritirsr~ bet~~~~t>.tt irrci-tzsi~c€I ~it'1%(;
fi3rietir~~~s~1 c~u~~ectil~ti• year! elect•~ascti
€'~=:E: 7i~e~i~t~en~t caEH~er~~ie~iCt r~~t i'uu~
f irx2zal A`Ill i~~txgizi~ i~€ tiie~r fr~aticr~i~
si~};,scas€s bh~~t -C~-E~n~~i~~~isi.neicst - 1~11IN
ei€~cte~s a~~r i3aE cit~f~° 3ttia~ansiraitt- inir~rile-
~~~~nr~e+~tt,1>u~ ri}sc~ fii~(sly c<~E-~tp1~>t~tr.>.tztat~t•
i re F,liei~• feit~~.tic~r~s. "lYic: ti~ilhi~~-~iettiti•t~r~:
{lisci•~~~~ut r.l~e7i~~;es 1i~+~e .~lsn b~.~:}i is9err
# ifierf iaa oiiinr eliscnse~s; E'o3~ r~s~~~z~}~te~.
:~it~tx~ eC ~i {i3~ r~purtecl tiiltit~~`.slt}`
t[cszrezrset9 ~t~11'l~E; .~~7d iii~dial ~~ni~at~t~l
ini~t~ cr5~inc~rti~i~~~ s~ricl inccr€>as~t.l 1'C:C;
Gt~ittt@E:li4 t~1' Iti ~)i1[t~'i1~S ti491~1 C: (iiE(?~74`p,

s+.~~;~;c.~;(is~~; t}i~l 1)~lf~ co~r~txonc~~ii~*: c~<rRz
ttnv~~ Elisti~icE ~rlte~•:~t+ot~ ~}.itcrt•r3s ti+ri~tt
il ift~r~:+n1, }~a3l.ltr~lra~i~ c~i~'c;urit l.~i~c'c:x.
.)c~ricts ~>~. eal ~is~~ t'r~uaicf i~rc~~asez! Hritc,-
ta~3i' C?A~1}\ c<rnrrc~e~tivii.~~ cintl tic>rrn.:~s4st#
~ ~xa~t.a>rir~t- ll~13t~ cro~~ueeiivit_~• i~3 ttg[r9~;
~~ts}~t~9~atinr~~ .~x7ct 41~c~ird ~vil~t r~lrlieii~~er-
tlisc ash; f{i~), '1'1~F~b~ su~~l~e~s s~~~f~ani•4
t l~~ t~sstic~u i.f~~t. 17zi•l:~ e~aiti3~ri lit+ rurlsit~-
e~-r;tt ~~ iycrit~t~~;esr~eatta4 z:nt.it~` fiiil i~istea<I
c~tarnp~~ist~s siat~errrl tft~cl~s flxtfi sere°e tiif-
i'e+'+?~it~ 1~iglrl} esati~Etl~~x et~grEit~v~e, ~iru~>
Eitiiis t►t~t- .ii•e iticl~~ae.rtdc:ErE lziit =site

~t<<~ir~tsrii~e-~I sit ~~ c~}'a3t~~r~ic e~c{~tilil~~•i~~~~~t
(Gti}, `t'Ettia, tt~f~ CE~ia~tic~rtt~l ar~~3t4~c~tivii,~~
ai~icl i~~te~-~ctioi~ lsr~t~kc~t~~f tht.~. ~{['I~f: r~~tcl
!'C:(;, i~ltic~tx ti~~as cu~rsidet~ttcl t~ ~~t~E~tzst,
~t~r#~~x~~pr,! ~~ittr-~rl-~tat~~l i~oix~f~~at•trt~~~~~
i ~ic~d{*I ~?A}, .ap~~~e€~t~ !~i Iar C[~iiir<+! zvvEs~~;~
~.~1t;5N s' l.i'tR;L73f'Ek*~ rI C(, E_tt~tll'~{~:

!•4't~eTr ~~czi~+~a~e~ci ti~itto sifi~l~~jr~rrtic-
s"~attnt. IC~r`l, tl'i~ t•c:sults c~i't~iF~' I~ti-ltricl 1C:,'4
~c eat(-bt}s~ci 2n~~i~oct t>y t~si~~~ ctu iter~r-
4iv~ ~f;A al~t~riihrn ~1ic~F~~E~# ~i~;iitzi~~ bud
~irl~rmrrY~i ~ai~~~.~~'i~s r~C [)14t!': clt€t~t~,c=:; itr
~•~'i'13E, ~~~•~a~i~ii~i~ «rc~+•~ r{~}rt~~~i~s,-~i iE~liar_
3ri71ica~r ~trrsut ~~~ati~} 3•e~titi~n~:ltif~~ ~vitls
(ts~ t~zstz~ix~~~sasei4~• nt3t~ i•e~3r~~rlt~cibiEiE~
}~rot~l~tr~~, fn li~xf~ x•'sttt tti~ ~~it~~ic~tis ~xzz
x nc~ti~~3c~s. c~ia~• ~;~•uu~~ ►f;~~, i~~ iv}~ir1z ~s~~;
~asc~zl i}~z~ l~Sl, i\~t~.k.t~£)l(; a1~;e~x•iifaru c723
its€~ Ijasi~ n~'i~~n~i~srai3 c=~~st~aai~~~i~rtii3Eis ~rf
s31[ ii~f~ii~~iclEaat~~ ~eitlii+~ fytit~h ~;~~,ti~>, ~isc~
s~~~ssc~<# irir-r:wa~~ti f~~s~~ata( ~~tl'l~t: can-
~~ei:~iviG}'nntl de±c:E~e<t~ect pnster•i~r cn~x-
~ae~kivtt}~ ~rt~c+ttd !li€~ 1'{~{; i~f ~~atie~~ts
e~ith ~4~'1'BE ~_~~F~~}~~r~tl tiriali {ict~111~~~ ~<:~s-
trcrl qtr#aj~cts. ~tltlrqu~l~ ~ruuE~ !CA is fl
r~tl3u~t i~~~~s~r~ {("~~ r it i~ iin~ite~t# Ir}`
its in~a~~~G<~al~ilit~` iri ii~Fliuicti3fzl r~~~z»iti-
tifia3i[~t~ ~~S~i rs~rra~lakiic>~r triil~ i•Ii~iiral
+2teasiii~s_ 111t}u~ta~it c~~rr sec>it-t~62sett
int~(i~4t~1 tlitl ~~~t ~irttiv vlt~iislic~il si{;_
iiitic.3iiee betti~teen ~~ati~rrts ctritl~ ~t'P}3I
Enid c.r~nt~~~i s~ilzj~cts luia~si ~~e e»et1
[Itcv ~'s~t~ti(ic~tittcs IE'v~~l ss#' ce~~•r't~c~.e<1 1'
~ .ET;r, 4f~t~ tlir~~t. xi4c~c+l ir~s~~~at~ticu~ n['
s~ec~•b~,~s~~l ~rsnfis i~icleed ~-ev~atE~{I ~
si~itittsr ~}<~itc~~ri t}f ~li€5e~a~ttrt~cra ;ss ti~~trr~rr
~ ~.:i~ E1f3~97-t1 £i t~~iF?5 tt'f'Y€', ElSt't ~. t,tlCl'C?HS.~P,

i}rE seen-[cased fip}~r~~rt~l~~ is ~kr~a~t~r ~o
I r~~e~c~ tin~il:atit5ns cit` ra{>ike. arr~l fai~lr tic,.
~~cetuft~~~cE= ~aE~ ~~.~cl loca~tian (~7,fi~}. 13~
i{~ia~~ a ~~~~1-l~~3s~~1 ~i~a>tl~ucl, ~1ttyer et
yl ~2 ~} ~lic~~3~c1 ~Ip<=r•nn~ezt tuj[~k~i{sr rit~E{
[iusF~~a•it~~• fttaie[iotittl r-t~~gt3~c[ivi~~` K~itfiii~
i fa~ ~f~~£~' apt Cx~it~ti~ait:~l. milt irrs73~in~;,
Ì`~ais c.{is~r~j9n+~r,:y its lirt~lii~~s is likelti~
t1tr~ tt~ stvea~aF ~'~~cic~a•~, ir~~lti~liii~ t1re~
~i~(l~~ti~~g: (~,~ °i°l~~ir so~eel-(>:rfiet! ~taetier~[
w,~~ lfsisett cru ir3~~r~•~~iot~al ccarrela~ic~~~
~iel,»ec~i a~f>.r;~~krd [i~ti€~ cr~iirsc+s z~~` ~ts>~
s}~t~sr-sfic re~it>iq~ iirstea~t af'pl~2h~t} u~~xel-
u~sr.. csrF•f-erl~iu~iE 1si~Exvc~~~~~ tir2t~ rc~u~s~s

off' ~.~eF~ ~•t3xc! tu~itl trs~it~lr~lEt, ~s u3t:tE iat

t ~~~; ~ta•re~~t stt~tt}~. ~~i} 'f`Ilt= I't:t; Bisect ii~-
tl~r„ir ~~cic~}• ~a~~s ~I~r~sc~~~ icy l~~.= s~n~t(er
{~i7~t inm~~ z~ut[ rr~orc,~ snrierioE~ly ~cir
t4~reti ~{~~t. 1~3~i i~oorcii~tFitf~s t?. —~t7. ;33~

k~l~~~a rrsiuE~ei~•ecl ~eitt~ o~n° s~~>~1 {~~
ir~ntr#, r.~ntE~3•~t3 Ott --{9, —~, 39}, {c}
'1'k~~~r~ s~ef-~ ~lii~'~z•e~~e:€~~ ia~ fir, i~~[er•vni
tsiii~ t~ri.ti~e+~tt ira~eacy ~sritl ~~R inzz~~ii~~,
~ti~i1li cs ~~~e<~fi tit' ll..i rl~~ys ~ac~stiEiji9ry in
i:(i~:i~~ sttu(y ac~•s~is 2'~ cIa}'~ ire c~«r sitidy.

~1 I'e~ti Ea~zt~:~iti~~l linsitrrtia~~s of ttt~
t~arreni ~4~}41~' ~hKyuki }aas c~s1~:~idPr~ci.
(~ii~st. tlii4 ~#~icl~' ~wz~s lirantecl iii scc3~yE
i.~r time I_~~~,'~, <t tt~ost rili~f4~lt~ ~+t~ct X•a-
}~~~st i~4~t~c<~r4: i f~;~t s~t~r4a~rts itie "`tf~f~~~li
m c~cdE: of trf-rii~a ~~~uclit~r3" tlt~r•in¢; re~i.
"1'h~~ fiiri~~tiu~~~l cu4~Eic~ui.iw~itk ~~1~ ira~~~gu~~;
~il~ne>ctnnliEif=~ c~~' ~tt~er tiet~ti«s•lb lt<«~
tld)t ~i('E`!L LtTYf'.;:O~F11 CYt~ Ill 4~SG Y.iit'i'f'. YiL

stub}`. sa c! u~xlt~ tl~cr it~<ii,utrie. tae+it+<c~i•1<
Et<~~ t~p~rtr~ti nay ~~t~cn~it~usl~~ iii ~l`I~i~I
(~~)}. Seec~uct, 1}ie tiifT`et•erticc_a I~c>i.itr..c~r~
Est#tieatt5 ~+~~cl cr~i~l.1~1 st~f~jeets c~'itl~ t9
~eeil-t}~st~rl fi r}ethEac( cfict laot rc~ac~ sta-
tistie~l sig~~iFicr~ncr, ~sliirf3 ~:ji~e~ ~~au-
iiE~ns (r~r [lit~~ is~tc~i°}~tr..t~{tioii t~f ui4tw 3Ct1-
l~~ist:ti Eir~~liE~gs, tirsE~iEt: flit fact tl~~t tlii
~~r~tit~ra5 i>.5~c.~3 nr~ 1i~v t~.~~s tyiz>tl~~zil~ -
~~•p sixr~i~~at• [aS` aucau~ i~f cisti~[ ins~~~c-
ii~r~. brie p~ssil~i{it.S~ is tlia~ [E~~ s.nn~yl~
si-r.~ is r'r'ltttitt>(y s~r~a~ll iit aicir ~rrit~}Ss,
ivtsict3 t~~e•r<~~tks iirrt~i~~~• i~icrzsaiga~inn i~~ .
,~ lq~~~c=a~ papi~Er~ti~is~. `l'hirYi, lii4s ~•es~~tts
<}f' clist•a~zit~ci 13:i~~;R rn~~i~ectii~at~= c~:its i~~~
sz~iisce! I4~~ struci.u~~~l uo~iucc~ti4~it~}` al~aiur-
i~i€rfilit~s ~~~+, s«crr~eta it~jt,r)'), ~iltic#~ evert
r iot inv~~sti~~i6a~c1 iai t1~as curr~r>F~I stisct~•e
~uttsre ~t4~tlie~ cla~sig~ta~ct tc3 crxpitar~ i(te
~~[i~tiaaist~i~t t}eteterv~ti str•t~cicrr~~l bj~~ct
f~«u.ti~~iird i~e~c~,~ot'k cielzciis is~xElyi~~ I31~llit
~ ~c~ties +t•il( I:~c~ t°alu<tl~lt~.

Lyice~t tl~e irri}~or•~~~~t ruC~ of ~1ie
l~a~~9r'~ ixt 1~~~~in cxi~«itii~c~ ft~r~c:taan, o~~~•
~•c+salts r~~' sig~~ifi~;int olr,i~3~c~~ at' ~)~r'I
Ctinciignri[ ~~1rf~ectzuiC~• ire ~~~atiefi~t~5 svitli
,1~T1`131 rt~a;~ pruvi~t~ ia~si~h4~ t,~iz~ tl~e t~Er-
cic4.1~°ii~~ t~rer-Iitt~iis~aa~ ~a€" ifjc~- r~~~inc:eal
~.F~F'~t3T°~11r3f}CE* {It ~iCUPC)i;CS~T51lIE'~ l~SLtil~.

1.at1~iltitiirifil :~ttidies .trr K~ars•t~ttfirtt to
Etir~lieE~ cct~[u~~E1_s ~wl~tilier tlrc~ i)~~~`~~r~sr
~t~ree ~s ~ k~i~~xiat~ket' [s~ riiuriiic~r elisr ~~e
~~ro~+•nsvit~it <~nr) i^E~c~vr>rf iii a~1'1'~31.

Ark~iat~l~~+f~;mry~tw: '17~~~ c~utliurx )hrutk }icllt'
rlrttls ~t~Crirt~t fiS. Ifl: h3r tet~~~uii,r144t}~y>>rt ui*cl
17t~i~ran li&a5t~t, i3S, fat' num~es~^ri}it ;tit'i'~ru~^.~dirsn.

lli~ttt~a~~rt*1 e~C (~tntlert> ui' lnlarntf : )'.`l.. psi ct~~-
+•v~r~f rrinFliriti atit~tw's~~i to iliacla,c. AI.l:~l. i\s~
rrlrt:iirt a;r,utlis•t> tit irrtrrv~,t_ 1t~ [ii,sf~~5n. 1',lt:t..
i\~t ~3_{c~,urt ecaritSi{~{s oCint~•t'~*,~.t fti flisrtr~s~~. 1,~.1i.
qir~ i'f(rt't~iri e•rittilirts i~C ittit~lrst its t!i*;c{osr~. .l.It.

$g~ ~sgr'~.rrrvr~.rrp. AadiD~ogy:~'G~:~r'~c2fi'z:At;n~dr_r3.__fk~?~t~tal2t~i~



fdEilRft~iA:CttOL4GY: t?efauit-A,itat~ N~#~dt~rk pisru~i[imt

tl`ia ~~c(t=ti:ait c~~nilirtti trI' ieiltr.-:i {u t#isrlrzu~.
Q.K.S. 3Va~ rttc~t~t~irt ~~~uAic~a i~l" inEcaL~s4 to tlir-
cic>ce. (i.LC;. ~iia irfc•~';arit rsxktG~-ts trC 6~irnrxt #rE
~lisi:tase, l:C;. 1n x'rici°a~tf r;ftiilirls of ii~1~~3xyt
to tiisa~2r~se.

~C'~Ci`~G~:3

1. S~asirM1 I)1i. ~'ttia,~xk Jt:. `I~hu~•i~i<itt L).t. (i~-

riilrsxx uF ~tUtd ~~tt1 iNaci~t-.i4e l~t's~n i~t=

jttt~}` ~u d~c> l.lrti(ci1 ~tri[cs, 3~:ti_ 1df;~irt Iuj

?. l;;;tisi~f~• Jf), t:airrfzil 1..~, }~cicisca I~~4. et iil.

litirial5~r~cs~, risk 1"t~ciu~~ :r~xl ~3rerev~iinit ref

3~iiitl firaunr.~ti<: i~rai~t in~tat}`. z'ss~fl[s of iltK

~1zHt~ #~r1tuG€~~-.titiu~ tyen4ee 'ti~s~ Fnrt~~= u~y.

~tik!'1'rzitiinatir ti~.~iit Inji~r~e~. J fieftal>'i! ~~~i!

~. t:as•~xrlt 1~1. C:z~ks~tly .11.), F'x~li~sc~ f'~1, et ~~.

I'~~gxio~(s Cap ei~r~t~ tr~auxr:~ti~ l~rai+r iii,}~i+~a

ixrsi~its of ttr~> 11'IIf) L:nllal3oi•ntiii~ C;ctztac

9',tsk I~;itre <~F~ ~litd'li;~uua~9ie E#rii~t 1ltjat~•.

3 l~clivitii ire<12Di}~t;(#~ Ste~a~af):8~-Etli~,

-~, Iit~tiarttf=}3tYat.~r ~1; d y~~yi«is:lrl. ̀Pituizras f; E:.
X3 ~'!.. [ru-iticEtee~ ul`Yrrst~rttnt~c Inc~iir lnjuz~
in tier l;riitcit Sfi~tts, 21103. .1 iiexei'►i.~~arirx
i{rlatd~il u0t~&,2L(~iJ:S-3~#-rl~:

.'>. Silerr _)~!, ~Tc,lttis~er '1'll`, l'i~tiaY.tikr 5{;,
°i~xtha~~k t~Y fra~u~x~rtie t~w.4Erc ii~~t~r}~, 2z~t~! €a[.
4t`~41~ittgtnii. }7C: At~tt•e•i~cais f's~'c3uaii•icl4tlr

{i_ 11'oritl I~C[mith t:3:X;.uur~tiut~. brts~iy~nFitxtiil
f:l.sM.ilir.~ti!s~i u{` IJiw~aiz^.:aaWE 1tEJ;ilctt 11i~ttUli
f'cvl~lF»>s. i{Ml~ eel. C~iru,.i, tikv'rfrz~irxufi:
iVo~{c! tic~~tdi Ur'~,:u~'v,~fits~i, 2(KPt.

7. .Su~erie,~~~ f'ssc•}aiatri~ ,issor's~tiura. E~i.i~;rrv~-
tic art} Si~Eis4ic~~( e\ta~acn91 E:(' ?~1c~~1:~1 I3iswz•,
dare. ~7i1~ r~i. Lt'c~.h+is~gtrrri. Ut;: ;li~~arir,-~~~
}ys~i-~1iFii Plc. a~SSOf}.~~tbtl, ~~1~Q.

(5. f:~arelrs I3, N~u„htnn YAt, t1rl:a~r.ikis K, r~
.~[. I~ztz~uer~F~~rs rci~~Lnlmiinb to f4asic~4ioazal
cc~miec(iciti• i~a (ttirr- t~r~r4irnE carir~x i~r "~~rst~
its -sfr~t~~" tlytu. :~,~f~1lt e~nr .j grEa~gr.idinl
?tTtl! ,227}~ ! 32C-1:35.

~_ E;trst~.ia~t[ D.1, liz~irid~^ h1(~, liuic3~ic• h1}:.
~etarc•~;i~r~; ft~r ~~ brisrlrr~ec fi~nriiairn~ iixta~g'ifss;
ai~sd ~ttuu r4:+lia~g 4t~nt~w~~_itr;~~u, iiszt ltet' x~e~~r-
tosri ~tlUk;2(10}:U'~35-[i;t~,

iD. 7.IruiE~ [j~ I~nielde ?sl(i. 1)is~a~4r ~rnt3 to+r
(n-uira"a hark erte~~•~}~. :~,at Ft~v °tieurnt

II. S1tttlx~u~~aa f~L, L:r~r4elt:r 11, i~ir~7 _L-t: et t~6,
Sre3r~c'Irin~ fur- ~utii,~Eian~ th;rt g~neA.itiz~ orcr
tasks. iitnt~ 13~•visi hla~~r If#17;e {~ij::3t7-3~'l.

I?. 12c~ietrEe ~4~E, ~n~•dcr Al. ;~ iln€iluli nrcrcln c~I`
hraifc ftmti-tian~ tr i~ri~Cl~isio~y oCan ~>~whiar~,
ides. \e+aut~in~age 2tS[~7;:37~~4~:1S~3r}Q~:M~,
discma~si~~ii I(~#7-If~~#.

f.3. (;ePicius AtU.3st~~~kae K, tVlettore 1', #}axt~ir
t~r[~` ki3: fdE•5iing-~Pat~• €iiahsiic~~~n! r,•ntuu-~-

~1~'t~}" ~Y'~Ci'43' X511"Ui ft)IYI~ C2)IIFit`C'4j4[~~- !14

tTFe clrf~+~ett a~~u~arfe t~et~~t,rfi. {:r~~xtY Cortex

a=!~ liurkiEPr ~tl,,.ha~ret~s-Ifamrui,lR. Selraeter
t)L. "3~I~t~ inaii~';s ilrti~t~lt t~eti~~a~•l: ta~rHta~rc}~,
d~urtr~4ii1t1, ~~te{ rt~l~•~:sai~~ tEa tJikt~a~E. rSnu t\ Y
,tcsad .~,i-i 2(K13;11y-~; I-3l3.

la. Rtxx•:a A3ai, t'<ttwsirt~e F; 9t4~sitii.~ tl. of ;~1.
I?e(au~Ft-jtwtic Ftc ttvt~a•k ity~{siau~inii auul t~~g-
a~itiix= ir~~~~aia~ikr~~t ia~ ~a~vtgr~~~3iet ~i5. ~~-xi.

E~. Si~zlwti~un• SI, {;ap 13. 'I.Eti:in~; !:~ ct ;al. rlt-
tcrtKiart ol`br:iin fta~+ctiunrl lce45ko~-}; zet E'~-si
~~an1 ire i'ev~~a3ksr_ tea 1`~tl(al Xahy~ii~t~t ~i~~~s~
irb~ iu c~rAeaisxYcl at4letes: k~s[~A1ft[ stuilj•.
~t~i~vi~ns~ke2{I!'t:S3~8'j;i7tfii-17~~~ ~ .

17. %Iran 1.Fi, 14:ii~K PJ~ l,c C;I~i. c~3 al. 1tte~~r•d ds•-
f;~uif s~re~cfe ar rovork r~ctssriiy i,r pr~,Yien1 tEirii
ntE~iet~ ~Css~rzlers: a~4 (Ail~l sru+.iv. fiEiz~;E 4~r~-
ciit3l 2(bO7;fY,~(3):3~~-378.

1€3. 1=cox \9D, ttnir°Ia1a~ ;4i1i. S~~t~ataini=atxs Ihx~tu•
r~Ei<ai~s in brain ~~~tirity c+lEsc>z•tr~xi ~rit1~ ~i~~tc-
tin~3~1 ai~:~~;iu~ti~z t~.>:r~~i~i;:;r_ in~a~ii~~*. ~~st I~ia•~•
1~`eitrtxsri ACfi t8(ry):Ftli?-71 C,

14}. tiatclFle R11i, ~tivrl.e~c~t! ,1Sli,- So}~cir~r ;1'f..
!'c~u~~~s LiF.I, C:u.reintxi I~,\, Stutti~sau C;I_ s'i
clef~a~~lt utt~ilr of i>sai~~ fluicfic}a~. 11rnt: ~:~tl
:~rtxt Sc•i L= , :~i'.±tH)I:S3t('?).U7fi-(iS'L.

?CT. l,i~x ~~~:. t1 t~ea:Y~psic(tiiatric ~~~ ~t.~erc•fi~t~ ~~ri
l~xrout:itir (rc:Hn itrjurV. .~ l~c~iU~f~ii hits I)s`i
2~7:~3~{{7):!7:3 i -~i~2 _

~' 1. kt~t}` i9. Nfu1li~~s t:, 't'st~ifsai~tl~t I., ct ~t. (n-
trsnsi~' Csr~ti#~ ~rc-ti■itv is :sf~t•~-Ptl 51<+(as ut'
CS7t3tit'It7(tS(Sk'\5: ~}pF1' i.'dI11tiL"l U11.~ 7S ~~}(~ i~4>{~Fill~[

tuatic3 oaf Pia'sio {'utaeYiarf ;1t~~t iA 1` ;1cn~1 fisri

12. th7ltsry 1~[`, S`~~s'tsn~li I, Iiitl~ lf:, ~•~ aI.
L:I~~nxats in t^~=sii~rg eunn~b•~ieifp du~iu;, re-
cact~e-s~ te~awt seE~et~ t~~ixtEtt~:~tit- train iu}i~~~°.
1a~[ .1 Nsccitio~~lst+i~,t hfl i 1;8'.~.(f j. t 15-'12;3.

213; Sltat~~ t7~1, ticrkna7n~t G#; C~rnYax~~r~c! N, cat
al. i)~fai~tf rtrtrtl~> siertx~urk ftnre:iiivatil ati~l
s#1'US`l fltX7~ t9FnnFa'4ii'YtY 41~l Est' {PaurRrrbiC ftt9ti14

in:~n}•. #3r:~it~ 2f31i;33~{Pt $):223:3-`~2~37.

~-1, \f:~nti<~~~tle~~~hiE~~sc rl. ~zairl~c~tnii~e ~.
Ì;sl~it~a~tdz~ (.J, s=i :,a R. I)i*{e~i~tt tx+ttrasl: c~rsii~
trs~~~titl} t`vilt~ri ihc• ti•4~~1 ~~f ~•tiatu~it~tiyau~:o
ik~ rtt~it-~:c~maii~girzeticr E~~aita-+Im~~eaged ~~z~
f.~~Pfl1s, Ilt"<~iu?d~lCi;~~:~,(P[ i)~i~i3-[?I.

yi. 11tsSz~~~ A11. ~lan~a+rt( Al\', {.it~g .#, tnapn~~eir
~. 3's~c+ 1~,1, l~Ut3c'ti~~t~.~l Eraar~ut'clititiiY i~~ ei~ili!
t€zn:~~~~tie lrtz~it~ u~~t+t•F~ fica~aa t3Kr~iri lt;vjr~x

~~~ Le~'I~14, (:"srtll;rn~i Al, Sc;jnrmski `i'J. leti[lc,,
~xmtivtii c•a~t7i}tn~liti~t aUaitsit: itsin~ itu i x-
tciadetl iidiau~t~x nik~uriktiu~ i`nr iuizc;c! .:~dr
~nuysin~t ttitcT sz+!»ar~l~ussiaa sotu=c~~;, FE`eurnl
Cc»iipirt IJ',7;l:ti(L).-M1t~--i~dl.

thou et al

a'.t. 1.7e l.uct~ A~, [.iecknterriii C:t? Cie Sirfirtn ~,
\9,aftl~tn~•s 1'41, Stt~ittt S\3. fh1Eil ~esiing stufc
3i~~t~av~}:t drfinv iiisH~iei nfmtrs ut' it~ay;-dia
r:~nce intrrvictin~~s etc ti~~ itui7~:~itr lti;xit~. }1Air
rinrstup;a '~#H1Ei:;~~i(=1~:1359-13ti7,

~4. Gr~ic~us ~li)r ti~nasr4r~ty~ l3. kleiss Ali., ~ir-
~~~srt ~F. 1~uur#it~s7:rF i~~~ur~rclirih~ ifx fire ~~s~st-
ing hrai~i; 3i nvt»oYit :rna~lv~is eat Fttc tlt>f~2d[
iit+nle [a)~tt~tiirsis, t'r'ue ;~4i1I £1c~~t1 fic~i [~ S ;1

2J. €;rei~~itu5 :1111. Sriiz-~st.t~ai Ci, lit~ik~ tl., i1e-
ix3lt l: tl[~fisttlF-uuute~ irrncv}rk 7c[icit~` ~Iis-
ten~ui~fFes ri}x}~ei~nrr`s sliaea,~k f~'c)~ii Its+~t~l~y
u~r~~: c:vi~deiir~ ti-nw~ f~~a~tin~snl ~9L11, I'ra~
~t~tl ,A1cuE 5~~i [E S it etl{1a:ICtt(13)t-~ti37-
a~f~.sz,

;3t3, Krll}' $ti, '4VSm;{ %. Aleau~ta~~tcox t~S, rtC :d.
iisliti~i IC.~-sa~F~e!-ix:~seil nirti~cxis te~~' Eyllti
!'ur~atiir»t~rl cc~prtc~~-ti~i4V r~ss~~csncNt~t= A It•asi-
biiikti ~It~th: lt~t ~ (i~t~iue•tPjn~Mxin~'~{}[{f;~(TFI3.
pii; £~F'xFi~7G.

3f~ $e~ekue;ua~t C}r Smilfs Stl. 'li+nk~irisl ~~irir
iva~s nk in~ir~~raderir c•~3o~~m~rettt ~ntahsis
fur ncuh[~~I~jt~~:t i'~'~iBF }in~sl~~ic. 1A'cucroi~uu~~

~~. 3'ctrlrprv~pai ~. A~'i~~F:ett~tms C. ilild frnu-
i~u+fic•i~:su~~ i»,~i~t-ti: deg^i~ar3i~tfHtk~ nn+.i ser~is~-
7{icedif ~{ttalgtS~ Q€ (iii•—a rc~'fc-te• ~t' ilre Iitrra-
tcirc.,J Ele~p'~:Sic E'itn-~ ~(%TI:'3J{Sj:?Gt}-~7'L.

:i3. S~nit[s ~~ 5ti~wht~l 13igii rV~e>4~ditirc"Iii4t \iuir
a~v6 ia~s ,iz~gele•s, t;~lif: ~#'~~2t^rf~ E'sSc-}irrlugi-

:~~, Al'irhslrr I), !le~trlasic•r sRdtil( tnt~lli~~•t~ct
k̂ale=_Ill, it~nr Yc~ek; 1Y_ "t"1u~ 1's~•~ I~y3ugnc•a#
f:u~'33tne~tioa. E~}Si.

eta. 1lciia~i K. 'li~sul ~R3r~kins: `ii^stz A1:~t~ttn~ l01
rld~riiriis~r;~tinri ariil S~-u~in~~ 'tiicstrtt. ?lrif~
Kei#~~ra f~t•u~ ~~3~r'il~z>l~i~}• i 7t~~irwtox~~, 1'~ij?:

3E3, I)t`~}ie 13G. Kre~tnt•r .}It. Ke{~~{;t3~ ti, Uh~ri• l;:1.
(rilifctr~nin l'~>rl~t~l Yarning "fe•sP, r~tlttlt t°~r.
sion. ~t~~w;~l. 'end eri. ~:itr iiirtor~is~, `tex:
'd~lte f~see•ltca{z~gioa( C.orppr,3tioii. ?C~(k7.

Vii. ~lel~rrc .lF, ~~Ie~~ei5 ~:ft~ ilEf~ f.[~tn~>Ir~ l~i~-
urgt'C~st yr~<I f~f~~v~sgr~ituat'ti~ial: I're1'ess~izrna[
Diu+mini: fitde K:h. l~In: t~s}ri~olrr~;ir-t~t slssrz3-
etitni t{rszxuicc. I;)~hi.

:3~?, 33trk ai'!`, ~t`er~l C(d. htandelsnu ~l, 13uci: ,J.
#iid~~~~~1a .E. ~1n i~urntflr~- Ynr xirrntn~riu~; tie-
tr~rs~siR~e. ~~~rh (ieu 6',~cl~in[~t IrJ~il;~t;~f~i-
~75~.

331, KrtwCz~~ I,t3. I.+ill«~E~cfl \~:, Aiuir~-f~'ruI9.1, lateiia.
i~'r};1i), 1~iit~ fluigtie~ st~iFYE~etp~s,_r,~le: ~~~~lir;~~
i~utr fe1 ~)euirr~ty uiflt iaulti~tl~e strl~rrusis acid
srstc~i~ue I~c~~a~ ~et-Iiirru.~tasias~,'trci~ ~i:ta•~~l
1 ~E; 3~i# tt~j. t I li - ! 1'?,'~.

>l(~. ;1rtl~ry Ai, f'nalu !d. (3ro~~ak ,t, c~E at. Surn.
UtvcY :+7UI z9~PrelYkFtrt 5£dltfYilPilt L~~ (~IP Hn'aS

1~7terixa{initsd t;t3it(rrcnct~ un flancussion in

t3~diWogy:l~C.su,r~lti5:fe`!~:rd~3—U',~~zz~r>r2Qi2 • rx rsr~y.cr~ &9t



t~EURf1~3Api0LQGYc (~~fault-Mod° f~et~~rorCc I~i~ruptia~~

S~Ss~rt, Yiru~u~ Zvi}t; a•riron~i3iriedaliatEs for
tliz~ i,uNr~,~Y~ft~~at ~rf~nfirt~' ar~u~ ttee~INr c~l`a~tl~-
ietes ivl~c~ ~n~}~ se~iT~r roncu~sif~ inj~irirs. tia•
d 5~wris ;~~3ed ~' fHt.~:3ti(t ).C-3t~.

~#1. f:hen dk, .~otu~tuca K3~, ~;uElie~ rS~ ~IcC'r~t~t'
~' f~ntr~ il~ A raiiclai~ni~ s~f 1Xte ~rrrxx ccrtteq~s-
sirft3 sy,t~45fan1 ,tape ifs ti1C` .tSa`esst~tt•i'it trf
CbJ11j~PX tixitlCii-SS[C~i} x7y1]~ t;tS~Ntt'4 tit) YPxitli~
}i~#I futtctia~rat 191iI. .~ t~̀ etn•ol i\etfrz~~~r~
i'st'c'liittt r~s~ 2{#J7;7F~ (1 E }:1 ~3 } _ (23#3.

-~'~. I's»err Jl), lit~eyx~•s 4:~i. Srt~der ,~{~ Se3~[n~;.
gae 8L. P~t~~rscvr Sl3. ~pn~rin~~~ Irut };~sfeFit-
niic C9rirla4iUEts in liit~~s(itnr~if f~<~tnttes~irity
h11d1 t~E~tc~c~~~:s .ai~iae (lxnx~ sui~jc~f ti~~,ticn~,
~~~+rt}iittsa};c 2l)Iv{~a(3}:~1~42-2t~~.

~#3. lFctc3in t.t.~, t ent• <1~59. (3is~vt~f tSf3. ~ru~r f:r~s-
tc!lcw~~c 1~, ~~ilt~~ii~ A'!1', I~a~:tctiost~l cs~~ntr~•~
iiritt rr~`~I~t~~ilt ~su~tlt-axe€svi~rk cam}~cet~wrs~~.
~~carrcl:~fi~sn„ :aFti7ctrcrrle~4in~i, iiri~F .•at~.xli4~`.
N~rcn ldr.iin ~9a~~~s ?t#~.1;3[}(~}:fi25-Ck37~

~-1_ f3'u_~r• t~. ~te:isu~rs oi' ~#~~y ,~~n~rntit ui" eaY~-
to~tir :rssneiaziiir~ he~N~~ce~ spectie_s. Frn(n~:,.
i ~ti;.~i(3~.2tYJ~-317L.

di. ftnnrttnEats Sri. 13arkliaY E': Hcae~~rtirusd l~F;,
~p~rrtger 4i. i:~lk-d: Srd~rtErixs 1? 'Iesf t~.f~~s4
.tnaiy~i~~ 4~iili ~ta~u tits~~~l ;l1Ii tai f2~~~ .iCfi~teirit
~~rc1 in 1h~ hsi€iraiz risua~i rurltx. ,k1~:H im
,! 1~nrvrailaaF lE3~:1£#(3j.7~17-t:'3'L~.

°~{J. ~~f"~~ :`.3, ,~1f''~([1i7A"y~:1 ~~,~, t~if ilitt3!'YII&IkfL~(}-
r~r.-~~itYio:~iiou.t~tE~t~7<rzh t~ itli~zd ~z•~usratii~Et
e~ud hli~ui tEed~u~Yafuti4rF. fi~ai~l C:Anipltt

~{7. Hecl:r~~~m~ {~I~. {)r1.nc~ ~i~ f)e~~1in J'f. Stt~idt
$hi~ incestigerfet~~~s inkr~ 3e~tin,~•,fate E~~ut-
riaeli,vil~ usici~; irti}r_yr~f~..lattf eeuqu~tieni
F~it:sl}•si>, i'l~it~s ̀1't•aytt~ R Sor. Laiu~! t3 Birik Sri
2~{}Sx34i{1(3 ~:i7): ltlCtl-ltli;~.

%{F3. 13~iirieft ~;iN. t~°oif'nrYl tit.. Riill~~• ~-lR, 'Clay
~trittt'iptty) rt~titrul tti' ~~I~e (>cssiii~es ire
nes~ro~mz~giag. $cx~ Ctagri~=~#Tec4 ~~'e++ewsci

~#S. b`i~~Cabik Ft3, Gisisr~rki ,l. Spfi1•f~~s1 f:n»1°r•r.
('oni cr~nals~titxt Cyr C~I:I~C; staii~tir•if qua{~.
Sint {;ylaetyt'~(J(1,4;J'3(4}:2'J`a-;itY3.

~t). ~17z~nitls .)lti., 1Fr}~a~•l,jne AC, $Ititu~e 111.. et
❑t. Switcl3ing t.~e~~ree~i ~xraq~aii~c si~u! eleFaul~
n~ostc ueRtcarE:s i~~ ~~alEraarr~satic siresz ctis~
U~tl~r: akeawtiasrs ir{ fcni;~ti~nEsi c~u,~rie=eti~it3~.
.7 k's~e}~i_~tr4' ~tAttt35ri 2ta!(3:3i(~):2:'aRr~C~i_

3I. Jt~latstnr ~~IIi, 13nte~ t:E~, Q,[i[ch~IQ ti.F, ~1"uurY':ui
Skl, Gtrenc 1~J, 1aleirt~aicku•~~u~ S, !)issc~ei-

atin~„ sne+3isai frte~a~;~! ;~nsl ps,stri-ieF~ ei~t~~rtutf=
a~~fi~~ii~ cEu~'iyt~! ti~,lt=inilrtliorE. here (:i~j;it -~i'_
Yec~1 t~ei~Yost•i 2~i;1(1}:SG-.G-1.

;s«. Ccitacltt (. ittit•t~n }3A3, S.~rcYr E:, et ui. 13ii-
Fuptet# iflEritssn? ~'Fu1+:tirinni r~~u~~kcsirsi~ iai
k'Ita tx•};c•Irsiic~~ state. d +1et~e~t i1ru~~ug~t3~~+
F'stc~flititrs' 2(M~~:fYi3(~1}:-~`~.'~1--f.'~l,

;a3, 7Jaue~g '!., l,u Ci, i;ltsaejg Y, t•t a4. Altaic^ii
s~3<at4lnrFreyus i r~~urorfat :nri ii•it }• of i Ise xlrEF~t4tt-
~tux~9r fi~tsr-pa'~ ut mE~si:~t ien~pt~t~a! I~}ze ejzr-

ts=~~ss~, E3rii~r Hes"LQI(3~13~{:1SM-1~{l.

.i-l. le~~~~~[ li. li:~s~•ttk(• 1~:~. liirif :41. nt sil. "ti'.cti.
~~~,~tic libaut injury «~n~t :itro~rir} at thr <~inx~i-
Ictfe~ ~erzrs. .t ;tieteru~rssx~~iat~}` (~lia~ ileu~o~rr

;ia. dx~~in~. H: karix^trvir 1'. t~it:y f?I, srt i~l. 'Tftc•
l̀nroi~to i~.iuttt~tiu l~r~i~~ inj~~r~• sliFift': in-
~iars• ~t•»~.ti~r >,nii elusJats(i<~iI AdRI. Ye~~f~~~la~r

.r̀(~. 13tsr7i~insz J.l, li~c~E~~,l, titpti~ F3. "lht[ ~1; kacz-ir
i'. i'etent3n t3, 17iflit~iai3 te~~tst~r i~~~.aging ai:..
letfs r•liiti~et~l~' t~nE~o~la~ttii n~td~a~l cleincu~~ ni~
ttis-1~titct it~um:+iit' iia-~ti~t iir~uia: ~a ~~ilot si~nh'.

al~urclrtnrenn 2E~IZ$(tl)c1~7-ldiz~3.

~i._ l~~gi~-.e ~l. i~i.~kFuii ,`i~ .iulin~ratr C;, t~f :al. I3i1-
~fuse aa~,nal i~~j~~t3` art it~iti9 ti:ncai~it~rie t1i~.~ia
ir~ji~rt•~ zr [IifT~siort tef~~ur irist~}~ing st~i~l~~_ 1
~ti~w~a>tir~ 2t}tla:1U:3~2).2:JS-3UY.

Zf1C~u ~! al

tjf ~suti:i~~b 4nrEnort` i[u(H~irntrHi, ~it"lrrr fr;~~E-
f~usiie-lsre~iu iri{~u~: J ~etnvt Iletirct~ti~5* ~'s4~
chit~t r~~ '~UU! ;71 t"}:1 {i i - { ti,4.

fit. Sc3~ei6r1 k1S. -,~j.~ttia»ntc ;tttk, titeink~erg.#L. eI

t~t. .111tiuel harhin ncEiratioa iluriit~ ca~~ni[i~~C+

ca~titc~~f i~~ ~iatietris xa~~11} ~z~o~t{>ra[e t~~ ee~•ern
is~~um.ieie hr;~irt iil9jurg. i~eut~ar~:lsat~il \rxital

G2. 13i•wal ~;l, 13e~~irEwiiele~ C< llebe~ie~~ 5, tiefjts

St;, 1:srries C:.}, Sn~t3rg~x-l3E~rlie f1. I3a~T;~uit<
mcula l~~.ii~i dpsGrutYinn its tat~tadai ~lrw1'd~Ps;
t~ ay~tanr~Eii etxtiex•_ i\t•t~t*.tct'i liin}w3tat• Ret-

4z?. C;reiz~ius 4ill. (~lores 1~f1. A'~t~ntxt Sr. hi 3~~,
(2rsii~tiy~-sfntc• tin~siiune~l Cati~tErcfli~iiw ire putt•
j~~r ite~aresiK3rr t~b~io~~mall~ im~tc~~.xs z3 rn~~it-i-
ks~itinns fra~rt ~~t~r~,etnt~oi s:~isa~tiiraic cci~tc~x :tad
ttiai;~itwr.;. Flied}xs~z~ltitet~~ ZtH7t:U.'~j~):~#2~J-~37.

iii. Jtjurx 1?'I', 1ir~ciudclza S4A1, lirmc~xi f'. t'.4 ~i~,
r1~;er~~~ztrat,~st c•hFrn~e;~ i~z ifstr defi~,31 i~~o~i~

~ieitti~aa(: ;ji~~ ~~x,rt, ailt-auu;c•~I iii rlir3i~i~tKF~
distase_ Aeurs~k~~~' ~' 11:77(Ih};i5~~-ia:~1..

t~r`e_ Rndre~nc-4f~u~nrr JS~~ Itri~llc~r 3$, St'~iala~rR J,

!'us.iliia ii, t3i.irkntr file. I~urt~liat~al~t~at:aloiYtic
IS~srii~ax:~tica~ ~f dreg l~r+ill's deYatlfi nef3r't~r(:,
f\rt+rc~u 2~IE2:G:~(~1~.:iSU-:.~{il.

(it . %~i~x \:1, Kc~(h C, A~lelstrirt .l.S. K!<tin INS.
Cststc!la~a~z4 t:~i. iYli~twisrn ~9N {le9i.d>l~. ita<
Iris"tsi<' i~E~~itYc`i'ti~'itt' iicist's){-}:~: tCa!-i~:.lk°!~k

~aai~i~itia~k ai~u~~ CC,~ ~nnl 1ic~Rri te~~~ssin~t :~r-
{t~~3yrh. le~ierwuua~at 2171{);dt?~3):'~'lfk;-`LI77.

fi3. \l3 E.. 4Vc~iagi3, tY~e~~ \, \ie~~gJ, l~ereciirrR

(~aanciiitrr~i} c~rumrciit~it~` i~r t#~e E~x~ing I~rain~

ii t•;nit}~ar•ison teenrae•i~ [C;ii and C:Cri. 4#t~~s
ktrsuiz trirc,fiing ',?(~}7t.~7(1 f :4i--~,

:s.~{_ E:ir~•ratic~ l~Y), kcrru:~cliF~tinic ~~f "t+n~ktn;,; 
4f~i.

~ttetilio«" iii U,ilit ft~uifti~aiie• f~~,~irt ;~sj~zt~~°.
lei ~si~~ tiaj ?fk7L: t ~(3j= I SS-1 iti.

~J. Fit1~h=n~titst~ f:f, l.i~~i~;3r~ J, i7rz~E° 1, rf Ht~
'li~~c#irs~, ~3~t ~rb•znery pi" 4°i=t+os~,s~ri.~{ :Ettc•~5-
tirin t(c~s•its a~~ rtiilEt Iratoslnkir bi•:~iia ir4j~~r7~.

a•:ii~ ile bi a VU, 1's~rruis7~io 1~, Vr~piatir..
13, 11ar_zler~ f'.l1, .iliidau 1)F:. f~FrrErlirrnat
roi3itrr~iF•if~ trs recea(ed fat' s~uiii.,3 imtc~~

~x~actriri r~~n~~unent .irar,l~~sis of l~tkt ~ue~i~
sE~t~e~~~eitts 4liiei~~g tz•~i. !{uti~ #3raiiq ~i:a~~i

(i=k 'S:in}; i., ~:e 1', Ssyditksori f)!ti -f~i ~f. ~1Y~alnmi~

1•e~tFts~-5lis[I~ l't11}t'.tFo7tszj r~et1Y~Y~5: *~i51ti1~}-

(S(F~-f.,(~~-jsLtrtie~t~tou t;~ I~vl.cit.7 .I, kticl~~r JN, Rt tiwt~ iii ~e~±iie~Ns tviflt triiltl ~~:~tnsratii~ t£raill
aF. I~urxYiona~t nw~;rietii~ +-rsc~ruiure~ ir~~.~~u~g inj~~r}', 3{:ar)ioiu~s`'?(}Il:'c.'G{){3):431-~31C7,
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Resting ~t~te Functional ~onn~cti~ity in ~![ild
Tra~ama~ic Brain Injury a~ the Acute Stag:

Inr~ependent ~omp~~n~nt and Sped-Based Analyses

Ar~nirt leaji ~ ~i~~~~(f R. Bensar~,~ Fic~bert (~. WQ~ct~,j Erian J. C7'i~leil ~ ,~Qhn L, V~Joc~darc~;'

Eyed imran Ay~z;~ An~ir~~v fCuleK,-~ Val~ri~: Mika.j~' Patrick ~vleciac~a,~ Narr4id Sc~Itanian-Zad~h~

Tianminc~ Liu,' E (vl~rl~ Na~cke°.-r anc~ Zhifenc~ K~~}'~~

Absiraci

T~Iitel traumatic bs-~iin i~ij~~r} (u~THi) ac:tu~iits f~5r ~xxfx-e than i nos#livii ~n~ergc~;cy units e~cl~ year. l~~ci,~t oaf the ittjua~.:d sfay

in the emergency clepartr~~eJ7t fnr a fe:v hnurs atici are riisci7:~r~cd home wit}ac~ut si s~e~ific foilmu-u~ Plan k~~cause~ c~C ~hcir

ne~atzv~ elinic~a3 siruc~ural in~agin~;. Adti~Enre~ ~t~agi~etic r~.~c~r~a~i~:e irt~a~i~ig (I'~Itt~, ~<irticui~~-Iv functional MF2I {#MR1},
i~~,rt iaee~t reported .~s k~~it~~ sensitii~e tc~ ~'tan~:li~nal ~~isluriaaiices after i~raii~ i~ijt~i-y. In this stc~cly, n t~c~hgrt of i2 }~atiea~ts wi#I~~

ttt'I'I3I were pms;~~cGvei~= ~-ec~-uitc;ci frc~n~ the 4mer~c,iicy ilc:~ait~sae~~t c~C c ur lcac.~l t.c:ve!-1 trau~:~a c~nEer Cor aa~ adv~n~~d

tvl~I *,i.~n :it fhe cicute ~t<}~~. Sixlc:~~~ ;age- anel sex-n~<itci~ed co~~trc~ls suer. also recruited i~c~i~ cc~~t~~at-isan. $c>t1i ~mt~~-6as~a!

anti 'srldivi~ivai-i~as~c~ ir~r~~peiadcnt ernipc~~~cnt aa~af~rsis c~i' resting-st.ite fT+iFRI {t~s[~RI f de~nonstr~ied rccl~~ced functi~st~t

car~}~~ctivity i~~ ht~tt~ pasieci~~t- cingu(a[e cortex ~I"C'C:) anti ~arecai~c;u~ ngit~ns iri cunypari~on ~Witb c~cantrols, evhich iy part ~t'

ih~ d~C~ul~` incxle neiwor~ ~DMAI}. ~'iirthcr seed-bases! attatysis i~cmfi~~rneci i•cduGc~~3 fu~tctio~~ak connectivity ire tP~~4e i~vn

r~gia9~s ~i~d a(sci c~et~~onsts~ateti ia~`~~:a.4ec! coui~~ti~~ity betsvec.i~ tlres~. regic~3~s ~~ncl other re~icins saf ti7e brain in ~~~'TST. Scecl-

bYs~.d analysis E~~in~ the thalai~~us, hip~ocatazpust cjnii ~~my~;dalri re~ie~n:; further ~tet~~€~nstr~teci i~~~;reas~~i ~unetic~lt~t-cor~-

iie~iivity 3~e~f~e~~~ these rc~i€~~t~ at~ci ~~Eher r~~;[c~tts c>f [he brain; prtrtic;i~larl} iii [L3~. ~rr~titbtl I~~, in t~TBi. Uiir dai:~

d~.mc~Y~straie a1#er~iic~n~ of nt~~ltiple bruin netuforks at the r4stine :;tats, ~~articczlaf~Iy inc~~ea~ect funetinnal cc~nneeti3~it}' i►7 the
trc~lital Ic~b~z i~~ r~s~n~e ~cr brain c.~nc;~i~sivai at the auut~. st~~~e. Resting slats. f~~neti~n~~l canit~c=tivity uL tl~e ~?a'1~i1~ cc~isici
serve as a ps~i~niial hic~tnarke~• ~nr ii~tproti>eci detection ~~t in'TE3I in tie s~cute- tietti3~~,

Ke}r words: fi~nc:tit~n.a~ co~tnecE[uity; fMRI; ii~netia~~~l R~RI; rnTE3I; rziitel tratinti.~tic brzin injr~ry; testing state f~b'!R~

in#~oductiot~

~R~t.iniA't~tc~ i3~t,~t:v itvat~xv fTSt3 i~ ;i si~e~ifir~ant ~suhtic [a~alth
burd~r~ in the tJnitect 5Y~tcs and wcTrid4~ide,~ ~ Mr~s~ pati~iit~

tvifh ~~x`a'F3I ex~:rience ~~n injury s~f mild ±~evc rit~r ifterk re;1'er~~~t [c~
ax mild T~31 t;~Tt31j,' v~c~~zntin~ fc~r n~er~~~: ~h;~n 1 ir3i(li~n s~~nc~•-
g~ncy cic~arirnent {EDj visits annualtp tai the CJnilcd +totes ° iVtc>vt
p~tiei~is wiil~ ttt'T$I usually st~yin the i:T3a only fcrr:s fc~v f~uiirs E~nc}
[hes~ are c~iseh~ar~~l hc~n~ urttt~c34~ts~e<ific f<7[ic~tn-~fa in~srue#t`c~n~~
Lvhicn is st~r~srisin~ ~ivrrt th¢~c a n;im~scr c~P ~aatietEts tvitl~ m1'f3i
~~pe~~ienec aeute~ncl parota•~~ctc~3 ~~~tirc~c},~nifive. sy~~iptun~s. t~i~r3h~r,
~~~n a ~itd ir~jtfry can I~~v€ ~ sc~bstan~i~1 im~raei asr tM~ir t~c~:tlit}~ crf
life ~~stti ~~ciety.;,s,c' Svct~ said EC) clisch:~r~e. i1 t~a4i;ct can t~cgaiiv~
~~ ~Tt3fltt1j,+5 ~C19`l11QSf ~~i1~d71X WtEt1 lli~~~~T. -

The <tc~~#e sci[izig is a gc~lcleri ~.indc},Y ~f trp~x~ttunty fctr ina-
{~~~tii~~ eurzent trvx[~~i~r~t c?t ~.atients ~~itfi mT[3I.7 A ec~nstaaxt
eh<~Uc.ng~:- f~sr ei~~crg~ricy ~I~w~ici~~l4 is t<a clefes;t rc~trr€ii abnertn<ili-
tics in ~>:tticnls ~itl~ nfI'~;I th:~t ~t~ay icnpaet ~~tient,' prrtractecl
recsve~-y rr ~retinri~e+1 n~,ae~cc~gnitiF~~ sy%n~ptaxns~~ wtrisl~ ~nn~ hsald
tta~_ tart oppc~~tuniiy is is~~rca~~e ih~ ~ma~tiec in:ati~~e~t gat` phli~n[s-
tvith irt`1"13I.

rlci~~a~icecl ~~~a~Eic[ic resc)narnce imaging (PeiRt~ hales ~r4,~t pu_
tential fnr s917'I31 injur}~ ci~t,~etinn an~i €unc~+zzie ~r~dieEi4n ~~ ~~-
a~i~plcs incl~~de di~`t'usian tcniai i~rsa~ir~~ (1~7'i~~,~~~-ts st~,~ce~ti~rili#y
~sei~hteti stucs~in~ fSl~'I~,""''~ p+rti~sinis i~t~agin~. ~~nct ivltt:~gzc-
t,v4cc~}~};. aEnr~rag others ~ x̀ G.linic:~i anti ~~curcxc~~niti~~e Ce.2iures uF
}~;tticnts tiviil~ sn'I'UI inctucfc atdct~tian ~zriJ ~x~e~nory c~,;fici~s imx~r~~ a
s:c~ii5tellati~tt of ot~~cr ~hp~icai ~r~cl e~nzstit~i~zti ~y~nptrni~s. ~itven ttte

Ile{raxtnte+tt ~( ~3iomceiic~l Engineering, ~l'ayne St:He lFnivrtsity, Tletrc,it, PidEctis;sr~: 'Center for ,'~'e~irn{~~gir S~uc3i2s, Nt~vi; A9iel~i~art.
'i~~i~stn~nt ~f ~ntergen~ r'~tedicinr., §liayn~ Stnt~= University. I7~trc~it. h~irl~i~an.
~f}tps}rtine~~t n(~ Pxy~etiotng~t, tYay~ri St;~te University, U~ lazit. ~9ici»~an.
jDe~+-axtntent of R~dioic~~p, ~Cen€y Dust! kt~ls~it~t, i~ct~~~~t, ;~~ichigatt-
`'Ct~~art~tt~iti trP ~iatngutcY Jci~nee. IJEsi~•ea:city cif Cnc~r,~ia. Athens. f.,~na~giE~.
JL~cp~r~nr~~~5 ii[ Rmcli~lo~u, 4YaV~~e Shale Uni~~~rsity. t}~teait, 149ict~i~aiz.
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1̀ wct tliai i~'to:~t ~~.~tiz~nts ~~ith m`1'f3I is~v~. nc~ nbviuus it~~zz~~t~c can

s[ruc:tur31 11tf22: funetian>il ivliil (f~#42t} nay lie a t~iabte attcrnniivc

f~sr d~rectit~~ irtjt~r}~-rels~t~ci abrnzrt~~aiitics,"—'_'~
Resiiaig-siaic tTvII2I (~~sth9R1~1. ~viuiii ~~l~eits gain ae[ivity nt rc;st

~whilc ~tnt ~ac.rfc~r~ning an} xy~^~.ific t~s~, rot7ld revcstl pnssit~tc dis-

rvptinn in s:c~,~nitive fun tiort i~rc~in iYiild ̀ l'f31.47.z; a~stl•1I~1 hay; tl~e
aui~r~ata~~ of tkiccki~t~ ait~n~rFnalities in tuncii~nal tisEifi~e~Eivity

f3^C~} given iii the pt4s~ns~ c~P anre~l~arkaL?I~. st€uciUrai ina~~gixr~ re-

cults. Nun~.;~tt~ studies h~sve r~epnrte~i ditinyptiUs~~ ai' the r~.sting-

statc neixv~rl~s ~R53~Is~ :~~a~ tttc ~ir~tia'a izttriitszc lo~s~ P~ iFt vttr~i~s~s

disorcicrs, snch a~ Alxhcin~c;r disease {RD), sclrizc~phre~~ias. attLir

Sinn d~fici# fay~er.ietiYi~y~ <~isc~rtter ~AdaHt~}, €trxi itt~'£31.'T-~~

Anyan~ a1! br;~its ~t~iwtzrks tit fhc. r~~ii~~~ ~ta[c, [h~ Lk:f.~u(~

Ivin;le I~;et~~nrk {C~f~9N} i~; the most widely stiidicd itc:ttvnrh in

~nT~3I:23,~s.a~3_~ 'fie ~7~ii~!- is ~z~.5un~cd ~a ica~7lrx~! }~acsitc mental

yiiitities v~~hile persaias ~~ee u~~ake nncE stets tint do ~7nt s~x.~ificatJy

~r~'c~r~n any gonl-,~imct~cl ta~k.'~ 'Fhe pcysteric~r ~ingul:;te cortex

(PCG~ :anti t}~ medial ~Srcfrvnt~t car~ex f~~P3=C} tiri: twa in~~~rtsnt

co~np~ncf~t's c~F tht 1?RFt~t, ̀ t'h~ t'~ C art~l 1~~P~C arc t~~.~;c,~c;iatct~l ~•itti

geli~-r~#~ret~tiat astd e~47catian:~1 pra~~,~sin~, .is cl~elt s~.~ ~~i~antie

p~rr~e~sing,~~ ~r~d their ~titi~~ is atteruatecl t~f~c:ii uttentiul~ t~~ a

gc~ai-tiir~etct! fcssk ine~~ascs.~~ The rc}x~rtcc# "s~~~~rtant ~Ie ui'the

I7M1~I rn seve~r~l co~aititic tu~ietinris :+Std its cti~ruptit~n in ~c:vcr:e!

peur+ai:~~iiitiv~ clisC~rx#ors b~alia liighti~l~t the i~np~r[a~nc~ dt tllc

c:t?nnec[ie~ns c~t'tYt~ L7firfN a3nti ~i€~ssibl~ att4~-a£ic~t~s in its zu;[ivity zts t~

pc~~sit~le- ~i~gna~slie n~art~~r ~E i~~jt~ry-t~la#e~ neural d~trti~~~.
In [eni~s cif a~utlysis nl'rst?tRRt class, r~:-ed-[~~sc°cf rc~ ion «f inte.rest

(R{31~ analysis, ai~~r +:~tlled :~c~ci-h,~scd anatysis (S13A}, i~ ~~ dcly

u~tl. {19:~y4r anti ~.ssts~i~tes'~ stu~3iccl ~aEiec3ts uri[fii u~TE3t at the

subacute :f~~;e {svithii~ ~ tv~ks after injur}'j i3}' cl~cx~~it~g the rc~siral

anterior cin~ulziCe gyros ~s tine :~ec:d rc~ic~n anci de~~nstr~tzct a

rGducfian in ~:c3aai:c:ii~itp e~ithin the I7cl~fi~ f`t~r ~~s;tienE~ ~~itfi to T131

and air inere;ase ire ~t~nruetivi[4 wiGltin ~ tatik-~~l:~teti aietYe~er~.
{"TRN~ rr~t~tit*c. to i~iaicft~~ c:~~~itrol~. 5i~~iitarEy, Jithnscrn ~ncl cal-

lea~u~s~~ ,~~naecl a-pait~ ~1hle#~s trilh ~nTt31 ~fi the siibac~t~ pha3sc

(.ICI~'~ ~ys~. ~}` using tx~tli vrsx~!-b.3~e~! ctncl ft~I-b~zseti anafi,rsiti.

ih~y focuied tin U~~dV r~~inns such as the PC:C; l+1Pi=~"., l~tterii

~a~uiefal tubes, and the p7~~ahippc~c;~;npat gyms. 7'tic~y inctie.itz~cl ifi~~t

bath the r~nialt~cr sail strc~i~th ofc;crnr~eetioa~s z~ccr~ G~:e~t in tli~ Pt:C`

aged the, lateral p~rici~l rc~rticev bc~t in<:r~:~,5rt1 ire ii~e MF'FC'.

Fc+r ICA :tua}~~is, Sicvrna and ca~uz?rker,~' e~ptca-ed ~iiffcrcnt

ind~~nd~~~3t ca~~~~s~n~~lts ~~3aipsis {I1~.A) c'~ntC~rrEacaits tc~ f7~d ~~t~r-

aiic~ns krcttiyc~t~ he:~lthy ~t~l~jec-tz aittd paiie.~gts with a~7'13t ~uhe~ ~ui-

dcrwent sc~anni~~~ 61 Slays secret injury. Tlx:y fou~id cfi~iiinis13c~1 PC

i~~ the pry#lent ~~•~u~ in the DMN ~tn~3 st~~isiy s~tlier Fie-twc}rks, Bach as

1t~e ~r.`an~ary v~suai prcaee~sixig r-ircteit, the n~hfe~r ;,y~4en7, rile I~ft-

I3rter7lizeci fr€~»tc~J~'tCieka) circait, the ciorsc>itaedi.i[ c:ire;uit. tl~c

trc~nto~arie~at ~x~cutit•~ ~yst~~~~. :ind tti~ t'rcanta~tr'rFuai n~tu~aF4~,

They .i13n fi~t3i~tl th:~t the pre~uneu~ hay ~~~c:iter cna~eiccti~it~" ~~~ith

tt~e: P?~9N, while tttc cna~~e~ti~it}~ E~et~v~erz thr. cin~~ii~rc ac~c~ ii3is

ne4v~ork dec~rza~c°s.
~̀'~~~g aid ec~llcrygaacs~t rx~lrettcl tr(t~rtttie~n~ i« tl3al<in~u~ c~sti-

n~~tieit}~ F~sr ~~~Fi~nts ~vitki ~~7'~"BI ~vitPi :~ ?'?-clay ~neart sntek~val ~~tt~r

injury.'1"he ~h~larnus ~c~ntriGutes to e~~n~~at~nieatic~~ h~,tw~~n ~ari-

~3t~;t tc>rtical n;~s~ns ~rf 1hs brain. Ire the ~:ccc3-bns~;ti i~~et}»d. t(~c:

patieaaf4 with x~iTSt dc~ni~nstr~te~f ir~~are; tivic~ciy distributed S~C ~x-

34veen thai:z»iic end ecxEicsl rcgic~r~~. ~1hc.I~A ~~n~il}~si~ in~i~aieci ,an

i~x:neas~ in (►~~Iztivas: ~riii~l ~urs~.ti~rtat ~e~nnc^ceivitY aE tl~e pasteriur
cia3guiaic and fr~nt:,tf re~ionti in patients c~irnpar~ti wiii3 l~e~itiay
~:t~ntrr~l sut~ject.. Th4Y st~~g~~sieti an csp-rtgulatitsn trt thals~n~a~c~r-
ti~<~I ~~C' in re~s~sonsc to tiisiu~tit~n caf tha~l~rnic RSi1~s in patients
with stil~Bl.'~

IR1'tdf ET AL;

"t'cr eiatc, nx~st studiss ~erc ~r~ncfirctecl ~It~ri~~, the s~a6acutc ter
~:h~~~nir: s~a~e, ~iv~n if~a€ ~zttiei~f~ ~eitis r~t'~'~#T ~~r~~•a ii~~ag~~i t~ttt~~.en
i{~ anti fs(1.t) c~~ys ;iktcr injury ~~r et~cn lcsnger. f=env Studies hate
int=esti~ated the ntCeraitiQns ~f RSitiF iii ~n'~13t ~E the acute ~t~~c,
~4~hi~h is within ?4 h ~an~t-injur} car ::c~caner.'1`his dine ftani~ c~reY~=-
~c~ncls t~ the maxinitj~~~ .un~~rnt of~ bane that ~Zatic~nts with ~n'i'HC
ty~~icaltp stay i=rithic~ ~~s, .~i~ rapid #rexitrt~tt ~F {~atie~t~s i~iil~€3i
this tii~lc fr~nt~, c:~kt Pua~e ~ clirec:t ii~~pact an ti~~ei~~ as~ui~ ear~.~

1n ~gd~iilic~n, it~is :~t the acu[~ stagy ih:~t mc~:t p:~tients with ni'T#~l
r~~~c)r[ ~~si-~:c~iicutsioi~a ~yt~{Ht~tm~ (P~j ax~t~ i~oiastrgsriti~e
g~rc.,Ufetns, ~lithuu~h apprcrxirt~at.:ly 5(~ of ~Satients' clinical arul
t~~uri~c~enitivk syritptt~n~s. z~si~Jv~, fiurtng ihe- ~ubttettte- stage arsci
~~~nst ~~atierats' syrn~x~arr~.a hart. re~sc~ly~ by tli~ ci~rc~r~;c ~tt~~*e:,'~ss
sc~nle ps~tie~~is with ~n'~'Bl e,Ypi:rience pr~ira~teti ay~z~ptorrss. L~~-
teclion ref tf~e nc-ural t~a~is i~~ brain it~jut} art ih~ acute s4a~e wilt b~
inq„~t 3i~ely [e~ she ! light on the lirat~ betiv~.cxz early f~~e[ic7n~1 at~-
nc~nnaietics ,~~iel the ptr,•:sibiliEy of pr~traetec# gym~ton;s,
In zrde3itic~ta to RIt4~tions in the ~+~9N and ~i~l~~nu4 cXt~r~ec[ivity,

ntem~sry prubEe~ns see or~c saf Itie. snt~st Fr~~atent a~wrt~cc~anitii~c.
~yn~ptcrms expc:.ri~aic~ci at the ~cut~ +:t:t~;e, in ~ug~estir~n of ti{:ci~
disr~i~>dior~ of the hi}ipcari~a3~tt ftsac[i+~gat n~;xK~e~r~.~~ In addifi~r~,
~mcitir~i~at a~~ct i>ehavi~ral a}nnpto~~is in iir"i"t3I also sta eat ~e-
z~c~ive~~aent n1 the, timbi~. nei~vc>rk, tnvnitrin~ the a~rty~c3al~. r~tnng
with the f~~sif«riu gpn~s, lh~ hi~~ckampr~s is vuJ~ier~btc b~:causc, ~f
irs pi sitiat~ Saithin tine midciie ~raaiul €c~:~.i arid pct~a«.s b~«e•, a
regi~i~ tikwty to ~~irec~iy S~ist~n cie#ornt~Ei€xn injury, ~~i~ich in turn
c<julti affc.4t e~tinecFivit~~.'€'tii~ ~~e~3 c~}~1air~c the fu~~ctic~nal n~t~t~rr~i
~tlteratic~ns seers whrn z~sin~ the par~jt~ipptrcampat ~yrvs ~s a aced
region ~s repc~rteci by ltyhnusn an~i cetwarlters.aa

In xct~3ific~ti, t17~ irii~m:~ incit3ent i4.+1~c~ air cr~zc~tiairal ~vcnt, ~s ~i:)t3
a; catasang ~+~tpsi~:~t ~~r ph~~5is~lo,~ic~1 disru~ic~rt,5 csf'tl~e br~ist, ~in~-
tic~nal clirEurhances such nx ~nKieiy anal depr~~ic~n iin~nedi ately sitter
fn'tBf i~3 t}r~ ~cu~i: ~c1ti~~~ alscry su~~e~ th~~t ttt~ a~ny~~lalz Fii~iy }~i:~y ai
~~oic: pis well. I3c~cxiusc cif' thr tcu~~iiyn of #fee s~l~em~id torte in cc~n-
jun~;lic~n st~ith fhe ttra!{3riu~n c~~k~elli, thy-arsiy~c3~1~ is highly likely tc9
1~c,3tijirru3 ~~ all levels e~fan,[uF~ xe-vcr'ityx ir~clu~i~ng miff.
in this prc~s~c-̂ ctiv~ siudy, ~z~ h~~ invrUigat~i,ftSPt~ in }patients

with tnTEi3 a~ci ha~•e rt~zSred their elinic~f a~tt1 tteuracn~ttiiive
sy~nptc~~i~s wiihi« 2~ h tyhite ttx;y arc still eitl~cr at ttte iz[3 €x in 1h~
has~ii~~l. bVe rise d br~Eh IC:A :~nc9 RT)I ~~~aly.~;~ h~ icu~kir~~ ~t ht~tl~ tt~e_
D;1•ft~ z~ncf thaia~nic r~~is~~ns .ts ~ue)i as ih~ tisp~ncu~npus <utti ~tnayg-
d<~li~ to ct~i~nniru: ~rc~ta~ ~iiffc~eiarrs kictv;~~~ p~ati~nts ~nfl ecmtrcils.
C?ur crhjecti~c:. is xc~ id~ntily ~4 ~csss~ih#c a~urat b~.~ia csf ~ctrfe ~linica!
a~~cl sagniti~w cympiciit~~ in tn`T131 try iisiri~ rsf~~}2I. ~'c iay~trthesi~~i
that the t~r~ia ii~ay cie~7tc~nst4aEc~ a[tex~~ #'u~.•lic~nul c~n~lecti~ity iii 13i~-
I}NIN ~acl f+et~ac~rks inYot~ring ttie [ha1<~maxt #~ipps~carn~xss~ arses
arriygcl~la ifs ~-espi7sl:x fU bs~in i~ijury ~zC ihe. tic a~ie xia?;e,

Meth~,ds

Svbjecf Cecruriment

l̀hiti study ~u~a :~~penved by 6c~th i~~ Hrn~a~n -l~~vesti~~tinn
€'oi~3mittcs: t~€'~~'.tyne,Sf:~tc L~niv~rsi[y at~d tltc CnskiEuti~naT Review
L~oarci ~7f i?~tec~ie ;1•'teclir~~1 CcnEcr, 1§'t~itten in~ratin~~tl cesns~;~t ~~~a~~
crbtainc,d from each sut~jcct bcfca~-~ et~rraltincnt. Att sut~j~ets werZ Ott
tcaa~t 14 ~c~r~ otd end ~blr, icy ~pc~~: f;ngiish: ~tl patients with m'~'F§t
~ti~rc re6raited t"roni tt~c Eta ttf [7~;t~xtit Ite~eivi~~ H~t~it~t {DRN),
~vhicCa i~ ~ Lt;v~.t-I 1rau~~t~ c~:nter. Paii~nt e}igit~iii~~ lvas E~.~ixci cin
fh~ t~~'k't3f dcfinitio» I~~+ the A~it~~ca~t f:angr~:~~ a~ Kehabiiitaticxt
Vlet#iciru:: ~'

f)nly patients ~~ifh <i le~~vcst-r~~:~rct~cl t~tasgflv,~ ~m:z 5ccjrs
~~C'S} t}f 1:~_ l ~ v.•tin, c~nsidcred. I~~i :i t,CS of 15, tl~:sti: must h::h
lc~.se arc z~f 1h~ firitt~F~rin~~ I:~~ 1a~ af- ct~n_eetcr~st~ccs les~e th~Fzi
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3(}~nin. fia} ~7~~~;t-trae~mntic ~t~~m~sia less ~h~in 24 h, ur (cj sirs aitcr-
n[~ie~ai iii ~ne~rf~nt st<ittYs {i.c., tiisuricaitccE<<I.s'red, r~s' cc~nfu~ct), P:tr-.
tic.ipants, k~i~th he~Rhy ~:c~ntti~Is ~~nd ~~aiiet~~~, t+~ith a histciry ~t" tt
pr~~ic~us firairr injur}=, :iei33~lc~~icsi, neuec~}~~ychaiagic~l~ of ps}~-
~l~i~[ric zii4c>s~-let; ter ~nneuar~nt ~~il stc~r~cc- :tht~s~ ~.~ere ez~luc~~~3.
~4~#~reovLs-, A912i c;zelu5ic~ii critc~i;~ i~~cludc etrctal aincllc~r ciccfA~an~i

a3~~gl:~nts, cl~t~strc~~ltc~bi€r, ~~~gnant rat ~r~rits~ tc~ Uccoi~~.. pr~~ ~aaEiE,
anal ~-ut~je-cis w~:i~hing i~ic~r~ tfk~n ~{7f} Mounds ft~3fik~; n~achi~i~'s

~,ap teic} liFnit): If (h~ i~9R1 Stan cc~uid r~i~t k~; ~rlc~rr~te~l its tkie €cute

setti;i~ in a ~~tient, the patieF~t tivas hr~~tt~ht hack ter stn MRI ;:Lma

within a ~vcc,f~ of ii~je~ry.

Cognitive assessment

Ia fht act~tt. Hefting, i?i;c~ .i ~atieni tvas ct~n ~icx~s a#tti tnediraill}>
st:tb3c .~at~d came gut ~f gos~t-h-xaaaaiic :~atin~.sia, if tiny, they u•v~~1c1

t~s~ Tdtr~inist~r~d nca~acr+~nit~ve tesiin~ attc~ sue1~~}~e~i xt~ut i~cir
PC'S. A short insrr+~~~+ea}t called ih~ Siarad~rdired As4essi»ciiE of
Cons;its~ic~n {SAC}~~ vas us~~ci as .i brief :t4sc~si~~s rit of nrutx~tr~_

ni#ivc, Func€ioi~. ̀ TfiG 5a1C iva4 o~~~ins~(iy c~ek•elQ~ed ~c~r (i~lct :~.c-

~:.S~ntGr~i c+f neuts~~~~~i[iv~ status alter ~~ s}uwils euncustiic~Et,~` it ltas
tr~en r~~sorte.~ that the. SAS is ticnsiflvc tea the. acute cl~dr~gcs aftc~
cz~t~c:assion oriel rtY~iair~:s tin7itecl gaining s~ ad~~3inisCet.~~
,i~iL 5AG is ~cere~i t) tc} 3t~ ~~td ;~sse»~~ i~ur cc~g~~i[i~~c ciort~tiirts

incit~din~; ~riei9taPic~n, at[cntic~i~, itnn~ezliatc ~rten~vr}, a~xi delayed

r~c~li. ̀fili~.S~C haM defn~sist~~tec1 tic~~sitivitY cr.~ hrait~ injut~ i~t the

<ic~tste ~ttin~. p=irtic~iHrip in dcl~p~et feert3t."' '~'F~e ~ataerg~~c~}f

R~z~tin Ec~liri~n of !h~ St1C nt~ca iniltacles .~ C'C'S c~~azsti~rnai~iire w~stre
sy~n~xom~ w~ re- gry<IEd t"r~~t~t f} tc~r 3 (i.c., ilu~~c4 ~ni#ti, nit>dcratc.

s~verv}. 'I"h~ E't„~ sc~.ar~ w.es the surd cif sy~r~ptrail~ sraret for tt7c

yutwtionnaia:.

irr~age acqursrtic~n

R~ItI tiuia t+~cek ccfltectc:d aF~ a ~~'I'cela Si~:ettins Vcrs~3 sc~in4jcr

wi[tt a ~2-ef~uianel radic~fr~e~~aenc;y #u:z~tt-~nl}~ et~ii: A +ubj~ct'~ h~~si

~.va~ h~cd t~}f foam pads Ise restrict nitriic3~3. Rcstits~ state 1`t~netic~~ial

im~gin~ ~e~.,s ~rf~rm~d using a ~;ridicrit rc1i~ ech«-planar imai~irt~
~t~ucEii;c. tivith tl~€ f~~lic~>uing it»~gin~ ~arata~ctcas: i~~etitic>~~ iiazlC
{~'R}=~.t~}t}m3~, echo ti~~tc (`I'[~,}-`~Qnssc.c, slice .ihicka~°ss=-

3.~ ~~ni, s1ic~. s;~tp~f?.5~}S ~t~r2~, clip angte=~I~ c~c:greQ~, pi;t~l sit. =

3. t2~ n#m tit-gl~tne, matrix ~iz~= fist x Cxl, 24t) vCaii~rn~s fhr u~tiaic-

~ir:~in co~v+~rag~., one ttver age, ~rcltaisiiiun Ciime cif 8 ~nilr. wring

~~tizt~v-4tut~ si:~«e, sttt~jeets to-cry- insEructed tc> t ee~~ tE~cir ~ycs

~:i~x.d and to stay a~.~:tke,, to 2lt~EI1l1t7Fi, st~vctural high-res<alutic~n T1-
weightecl int;~ging vas also ~cefcaria~~d by using it~e ~111'1tAt,kr
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~zq~ica~r~ with TFt=1<I~{~ it , ̀~'L:= 3.2~in3~s, slid 41~ickr~etir— 1 ~n~n.
Ili}~ txngit. ~ ~ eligr4cy; ficici of vie_Sr = X56 X 25fi ta~~is, ma{triY ~i7e
?,~~ x'~6, siati ~roxel size =1 i3ia~ i~ut~~pie.

/mare pracessirtg

I~i~e~~ 1 tic~yy~n~trat~4 a pi~~linc cif the conapr~heE~sivG image

pr~'e~,aittg. lY4 ii~c~ bt,i1~ IC-~1.~i~ Si3~ to ~nalyae thc. rc~5lin~ atatc

f~lKt {r~f'~91:1). tCA way perfps-~~c~l at l~tiih ~mti~r and in€kividu3t

te.vcEt. Gr~a~i~ IC~1 was. perfonned first in tscith patzcnt and cnntnai

~rc~ups aaicl it3c~~ with crass-u~slit~~itit~~t in sub~tro~~ps. Individira! IC.~~

vas gcrfnri~te~ by using t~Yo repcsrtcd incthods. "typal r4~res-

tiie,ai"•~~.aa and "back.-~ajectaers~,,,~3~~~ ~n~d ~~ue crew ~tt~x-bast
IGA ~ncihvtt (o z~u~n'csnti~ il~e eor~fsit~rtciing #actors tsf these t~va

~i~~thctcia. It~x~ ~na[y~i~ ~;'~.s. yisai~ty ~r1~rr~7at iit I)41Id and the

basai gz~t~~~i~ r~t3e~ar~ {t~GN), Because. lltc th~t.atia~s t~ioi~~x tc~

I~GN, ~~itiei~ is an inc#ependenE nei~ark iii !~~ anslysis ire y~ub-

iishet~ d.~t~,as Kee in+~. s[i~ate~4 f3GP+t td :as~ss tfie thai;~r~iu~ in. zh~
IC.A snafysi~.
After iC'A unrtlysis, Sf3A wits .~Isi> p~rf~rnac~l b}° c<ticulatin~ the

Ytiarsnn c~~n~ctaticai~ value trei~•cen ~n.~jor netwc~rl: regions ~k~d the
wl~~+lc t~k~in, anci the resrrel<itior~ in~~s c~~er~ ~~~ri tc~ c~m~s.~re

iii:alfhy c~,n~resis ;xnd p~ticnts, Tic }}ctwur#: r~°~i~n.4 ~~~eiL selutcd

fnt~ I~MN. B~i~i~~ai~ ~~dalt antl i~ }~~ic~tnipus n.~~otxs b.~.ticil sett
prcv`raus 4tu~ie~._ '_ ' S}~cifically, ttre I'C"C::, p~~cc.uncus, atnguiar.

~tntexinr ~r~.frnzit~t c<~rtex (~rc~tlmann area [S~J t~?}, anci orbito-

frc~ni:~l ctrrt~.x t;611 i 4) ~u..re s~i~~:tecl ft~r the_ I~MN; 1~td the ~tttq-

tt~~~3, {~~ti~iclutn, th~le~~iuc. ~s~~ c wct~tu tiverc. scicttc~ tot tt~ HC~I~t~
13cic~~v it a c9esGrii~ti~ri t~f r~~ajdc steps.

Prepr4c~ssing: Freprt~~~ssin~ was;yer[c~rrneci usii~~ tE~c FSL

~ftwv~ ti~tt~:flww~~.fi'r~3~ib.c~x.ac.uklfslf). Fir:~f, khe first fi+•e 1~ot-

tuties wcr~ disc~rc4cxi ter reach nr~gn~tfi~ii~sn ~uitibri~tm. A high-
~~ass tcm~~T ~ilt~ring (IC?(?.s.~cj, motion c~rteecit~ri, ~iit~ timing,

tir~aii~ cxiraetit~n, ai~cl !;pitta! sntc~cathii~~ (full wiclttt zit half ni:txi-

~~iun~= fiin~i~} c~,~em ~p~tied: C,ranct ~~ic~r, ~ee:~lin~ teas ~ats~a .ip~~li~cl

t~ the etiiim; a-tli~ttensir~taai ctsia for ~:~ieh sut~jc~c#. 'Chi dots ti4•~rc=
i-e~istcrecl tt~ tli~ Mantr~l ~f~tsmlr~git;~i lnstiEiitc Stinatarei s~ac~.

usi~r~ ~x~nlinear rc}~stratiotz With 3~1mn~ w~~ ~'c;sulutipn and rc-
s~inptcsf t€j 3 mm isc~tr~a~Zic vcrxcl sizs. ~~~a:~rt~~ ~xc~tynali~liE`~n ~sze

used ~c~ r~.~c:at~ e~~h titnK ~rics: ~Xc~ intc~Ysit~ nurr~~ali~s~ti~a~ ~v~rs
perfr~rmed t~ pn;vent ~`alu e~ntic~~rr~latic~n. In ttdilitic~n, fns' Sf3A, the

tv3titc matter ~~~+14i} and 4errbmpinai fluid (CSt~~ sig~in! i~+crc re-
~rs~s4esl Maui t~sin}~ ih~ ~~'AItSF tcxjll~?x ~ttp:/lovw~v.restCrnri.3~ei/

Fzarum/'171xf~.I~S F~ }.

j s~.~nmaa.k~+aut~.ae~a~wtva.~e~aE.ww~+z {

----

r~.p~~.>. ~+

c.aa.a. ~:. ~.,,~. u«

cc~, ~cn
tau s-c~iwa ar.sr► vsstt•~

1wit11aNsti'x7 os~3toatra! l+n~As

rYsuim~pns~ra

tlbu9s,wxo.,a

f "ahvM+tr

tYa«,tturt s~rx~

Cartrtt5hq eeb~
LsdtsiRcesktC'A fisrrrd enrcvlauae ~s+~{f~r[4rass~tspa7aasl

tr.:.~ rn.~~.r~e

-
Bsci; ira},~aee

j'ettttemt3 mnF*ttvsloaaSr~nsx4vlry

:W~~Ds~+vf K'A
tstamAhtl7da p tw>s

b917m.~ec: ~.ey t'P+~+~ta+per.'6M+s *o+i

~E~r. ~. ~t'itilkC ~Yt:M;C5SiF1~,' '}')1~Tt'.11 S1~. ~f4 ~~, ~L3S7f:11t)fli11 tri~~t}~ti C~ 1'CSi)IY~pCit .l I11R~,'ITi~"; `~'~~, 1P8UtT7~Z1C ~SPnttt fi3JUYYs ~~.'~. li?{~~(SCTItjCEII

compc~nint a~~alysis, SBA, sc~cI-trssecl ara~tlysis; €~t7C, rc~inti cat t~~tcrc:;t.
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GfQtip ICA {G#CA} ~fl~iysis. iC'~'~ :v1s ptrFc~ro~ed x~sing tl~e
Gtf"I' icjftu~rc ~~ackage fr~~fr3 ?vitALAB {hit}z.1/f~u~~l~jb.~~iF~t.tyrtf
4nfktiaarrfgiftl? .~t~cl thy: RAELC7I~Et. ~huk,a~e, ~vhieh is i~tctt~ded in
FSL ~lattp:tlw~s~~v.1`s~trib.c~x.ac.uklf~sll~r~cic~dic). l~'e zhasc 5? com-
~~~n~nts fcr nu~~ ~n:~1};:pis ~t~cl ap~~tic~ an ~~nTc~inate~i t~~~i~•~t~~ ap_
pres;~cl~ !'tir n~t+rrurk sctccttion to clin~is~aie huin~~n ~rr<»:. (sce
Sts~pi~tnent 1 fQr fiacth~~~.ex{~lai~atiE~nsr sec r~atiti4 ~u~pt~n~et~t~r}.
m~teri:fl a[ R~.liebertp~b,ec~Ja~}. t3rietly. }h~ ll,'~i~ artcl i3GN ti~•c3•c
deC~;rn~inet3 ~y t~sii~~ [he ~E~a~tistf cf~irelati~rt cunilatrity ~ficirict_~. 1}
behve~:i~ IAA cot}~panents a~xl a tcrrt~lat~ of tfif~ c)csircci RS~~;. The
!~=tt~3latc inrluJcs 7S cnmpc~~}c~its ~it~ilt ~iy r~llet~ and t°ciwc~rkers'~s
~~~su! {~r~ 6(k3 subje~:ts tta~it c~ntain~ 2€i .t~S7^3s (~c~ Sa~Zpletin~~3t I
fie further ex~lan~tiG~ns sc~ ~~alit~a su~~~~let~ie:niary ar~a[~ria1 at Mfg
.1 i eb~ rt Fst~ h.c: to m3.

~.~A; }`~t~ = ~~. 1

1~dhere r` is the. nu~nCuc cafe ~r~xcls, ~ is a desi:~d RSi"V. .inci Y is a
eoni}3otr~r~t ot~itairtrfl frc~sni iCA.
Ttie C;fC'A ~~r~.~ ~sci~for3~~t~i ~n thy. fycz~tEh}~ csmiral ,~tid paticr~t

groups, 'i'hc group difl~rence Fvas ~~easureil bs:tcvecn ~<itients .~ncl
cc~ntrc>Is in ~i~ajcsr r~et4a~a~~k r4~ioii~ ~f be}th ff~c Il~9iv ai~cE T3tiy. ̀1'!ie
ralinbility artd re;pr~xli2cihility ~t'ihe rc~:ufTs K~ere mea~«re~f lay usYng
4~ cra~;;s-vai`rc~ativs~ rr~~ihod. Speci~icail}, #'t~S- each grr~t~p {pa~itinE pr
hcaeEthy c~ntresl}, avert ~ubgC6u~rs tvcx4 iaadeaRniy ct~a_.e~t with six
tutsjects iii ~ac1~ sub~a'aup. Gl~`t~ u~as ~x:rE~~rm~:~l fcr;-~:tclt suh~r«up,
and the nu~ntx..r ctf vn~c:i~: in c Bch netcvnrk r~:~,i~n ~~screi€zt~ d with
the rela~ecI i~efivt}r~: end Itre vs~xei clepc:ncic~acy tiuere me:~siEm~l.
~'c>xet dz~upcicr~cy ss ~ i~f~xc}'s vaiuc cif R.~i~i n~.i~~ tthc r~~uit of
lf.:A~ inciie:~ting its likclil~eycxl ~~f bei~n~u~g ics the i~et~Y~rA—in
c~thcr tivr~ccis, tlic ext~t~t tc~ ~vhicl~ .c voxe! E~elcrEigs t~, the n~ltiuc~rk.

Indtuidua! PCA. I~~divic~tr~l FGA tvas ~~ria~oiee~l usi~~~; i~vc~ re-
port~:cl t3~e[hcxls—i.c., dual ~e.~;nssi~n`~' dA at~d b.`ic#:-prc>jcc[i~~r,a'.~-c

~s ~r~li as .~ stew a[l.~s-k~~~rcl ft't~ ap~uc~ach r~ Gvutuat~, ire :~iter-
atio~i~ iii pafienls with m`7'733. '~'hc c~n~mc}r~ s}~:ac~ in kx~Eh It'A
~t~et~ls tivaa crc.itecl by using the 4~~h~ilu d.~tuu t. u.( tiai.s ~tucly, tn:-
cause ~:xtractii}~ tlic inct~~xraclent cc~~~~~~c}neaits «f e.~~h ~rc~u~r ~ga-
rateJ~~ inay ~verestiirr<ife Ehe differc:a3c~ t~taveei~ ~rca~rps. Gil~es~ the
r~,l~tive- Etna{! sample sane ifi this study, ha~~vev~r, the cF>mmc~n
space ~fty step tic. clif~ferrnt i'r~~E7~ tip it of the nonn~et ~apul;~tic~~7.'Fcs
c7vcr~c~rr~e Illc ~~Icntinl confc~uEtclih~ facirx, cie pt~spcs~d ~u~ aEls;-
t~~s~d 1Cz~ rr~ett~cyd~

i'rop4sed ~tl~s-~~sed ICA. in the ,~tliis-~ias~~l IC't`~, inde-
~e~d~r~i cQ~Yapoi~er~~~ e~cb-acic if (rem t~{73 snbj~cts'~~ tivea•L urec#:~,~ the
cn~nm~n spzu:c, a~ci ;~ "spi~tial[y caistitrait~~d ICr~" nt~tticaci'~r' ~a~s
uscci lcs extr.~:t the irjtlivitli~~~l zt~rtaE~c~nen[s c~,n-c~{x~~zciing tti~ the
ct~mrnnn spae.~= cc~mponennt4.

E3ecai~sc tine cc~tnn7csn s~~ic~ iii the c1ua1 rc.gs~essi~a :snd [~.ec~-
pruj~e[ic~a~ ~#iethr>ds is created b~ c~siE~~ the. ~°1SoIc: ci;il;~sct caf a ~~~r-
tic:nlar stady. the: ~c~m~ucsn spa~cew nrc, diffctent u hen tine cl~t~:~,i:ts eF
st~clies c(itfer tiotn ~:xh s~th~r. Casjseala~r~tl}~< itShis ~t~ an iiac3i-
~i~ltial ec~uIr3 t~ ch<sn~ecl de~xr~cis`r~~ on the grt3~p tcs ~hicS~ the
icictivi~7u:~1 ~ielezn~~. t~~ ttie c~t~tcr fs~tt+~, i~~ the tet~pcar~[ cu~5caitr~~-
ti6s~~ grf~i~p I~I~, eve ass~E~~}e that ti~cre is .3 ~:uitntxcm s~~~tc-e ae~tctii~ :sll
iiidividu~l~; tftc~r~frare, u~in~ the, zitita i~f a study tc~ tint! ih~, €;~rntncrix
tpacc i, tint icicai, especially «~h~n the rnrml~er cif 4amf71cs is stnali,
as in e~ur sti{dy. Thcrci~E>re. :x terr~~at~tc. ear =tttas tMxt inrfie~tes the
ct~t7ir~~u~i spar of a l~ig f~;~}7utation is nc4cied.

I;~ flt~ alias-i~~s~d ICS, uEtiikc- the t3c~tG1 re~~~-scitrn ~nJ #~a~k-
~rBjerfiran; ine(c~~1 z~~" usi~i~ the i3~~fc~F~tier~t tornpstttsi3#s tat Cil~A
of tour ciaiaset as €~ cc~n~rrson fi~>aee. f'nr inzl~vidcrail tCA, the intle-

nttcat ~t»tipr~n~nts frc,in is lar~~ ~;rcxtg tit t~eallhy suYsjects a~~e
considered .is a ta~ue ir~tn~rterrt w~~ace, 1~~ ths~ c.~sc, t I) lt~c fiSNs

IRAJt ET AL.

e:~tr~etecl tvc~r~~ nn in~livitlutil'~ Cs#t~iRi c9att :~r4 yalr~tt° rLli.~bic tsz-
eausc incte~3cridcnt ct~~n~isrr~cnts i~~cri. ~Atract~tl #i~otn an atlas ih:it i,
based e,~n :a lar~~ ~pulation i~~stead ~f a tirtaall ~riaup ufsuUjcrt~s, (2~
inde~acient carnp~nentti and sxibsryuetu anitJysis and rc;s~ilte
~aric~ii~; yarit~t~s stii~iics tvid~ dif~fsrrnt data gets on1} ciep~nct tan in-
~ivicluail ~t'ilTzren~~.s rather tTi:an the ti~l~~t1e ciattz ~.t ire an ~Yi~ciy,
t~causc !hc eotnt~~rsi~ s~Yc~ i~; ttie s~u~~e ~tircle~ng-ati t~f this sttxly. 3~~
c>tt~cr K•t~rrtfs. th4 ciiff~rc_t~€ t~tweci~ various :~ubjccts is utafy ttre
resu}t r~i` the sntrinsic ~~ariahi}ity Yr~twe~n eaeh ~>au- t~f there.
Nerte that ti~eausc his tnciht~cE uses atlas componcats its cxta;x~t

tine i~s~iivi~iu<~3 cuin~~xeaSts ire intli~idttal stzi~jc~t5, it nutc~n~aiically
s~,1v~.s Uze ~rnt~ie~xa c~t~ fincfix~~ cc>mr spu~T~tin~ RS~e ~crc~ss subjects.
t~.~; ~1r~.vicausly esplai~~ci, this i7izttaod only r~gaires the i~t~livicluafr
stshje~t'S ~3~11a iiiSEe~~i ~~~ 7 whnl~ rct cif s~~t~Tcets° data, ~ti~hieh inake,~
it }nc~re apglicablc; f~4r c-linic$~I pi e,

58A. SE3r\ way perfQnnre~ using within-~mup tinci be#u~een_
p;rouja an€~1}°~e , fi f ear:~c~n e~rsr:IF~tivar ~:cx T~ci4nt ova:: dctf:nni~irat
h~tx~~~~ t~~ average c~~'ait 4e~xc[~ in a riec~v~+r~ r~.~iUn t~n~I gill brain
v~x~l~ t~ create. ~ cc;rretat on snap t7src.<tch rL~ian. ~ ̀I"f~c cc~rreiatian
~na~is w~rc c[>rr€i:tcci 6y ttsitg ittc, ~shcr z-t~anstisrmatitan t<a ca1-
culrttc a k~ irtap ~ctd FC cunip;u-isnns. 't`hc FC siia~~ w.t~ calcirlaiecl
1~~ apptvir~ z c~~e-i;ainpli t test cm cc.~~Yec:tcd ~t~r~il~itit~tt ~nsps. f~~
~~ ~e~rn~arisan~.. a c:c~rr~i~ticln 3Yu~sk ~a~s fist E~~pli~l to select
vox~:fs t#rat are eligible ferst:~ticticat nna{y~5is (ss~~ Suppl~~nen~ 1 Fo~-
clelx~its tegxrc~in~; SBr~> ec; {~r~li~~c; sup}~l.,irier+tary ins~tcriai at
~k{~.IiLbiFr~;~b.ctar~};'t't~en. ~Tatistic~l analysiv lvasp~r~c5rmcd asin~
tsvc;-•ampi~ t tests opt er~rrert~~c3 ct~rrciaiiun maps: tfi~t ~rrerc: ictrih~g
z~caxr~ct~~d by :gyp tti~I th~xh~l~ling in reduce the i.~lsa }~r~sitivee ~}~d
ia~rcaee rcliat~ilitX.

Sfatisti~~! analysis

5tatisticai analyst:; was pecic~si~tei~ using MA`1't.l~k3 saRu~ur~ 
{~itp:ll~uw~~.maihivfseks,camJ}. l7ata ~icr~~nality w;~c as~resccl by
using i3~e Kc~t~nr~~c~m~~-Smirnav test. Restilt~ kir cantinucsz~s ~~ar-i-
~b(e.5 are ~~~tstr.~! a~ t~t~;~u {siattdai~ dav`icitizrn ~SD]j or ~3rt~c~id+~
{iritza~yu u-ti2e ran~cj as ap~rc~p~iatc. F'rec4usrx;ic:.~; zind p;:ri:entanesr
~Ar ~~re,~et~teti #car c~te~c~rieaf v~tk-iatrles. Elrtle~e sp~cifi4alEy ~;ta[eci
oiCicrrviae, a /} v~+tai.<U.(}5 was e:~i~sicierec3 si~nifira~~t. Fr~r iCf~, a
twc~ .~rsz~lc t 1~,st ~a~~.4 ~~crfc~fY~3esI ra coisi~are RSNs txtav~en tt4•c~
groe~p~ wfiesi apgresyriat~. Car St3r~, tt~e c~rref~i+n~~ value w€~s
conrcrted using the ~isttcr r-tr;~aisfitrmiticin ics }n,iittiain the ~tat-
iisticat an~lysi~ eli~ibiitiy.~;~e~e 5tip~l~mcnt 1 fear d~tai(z; .e~ r~nline
si~p~~le37x:ntary itiat~ri:~S ak ~l~.lici~ertputa.coni).-

I~ tzvc~-say»pfe. t test was ~x rfc~»xte~i for FC ~Ufn~x~ris~~nc, ;~~jci ai
~~t~-safn~it~ 3 i~:st svgs perfoemed tc~ cl~ t~rcn`snc the I~f: ms+~ fear e,icit
n~t.~vc~rl: rcgia~i. Stati~ticat ~'n~i~s ft~i' tsvth ICA and Sf3A ~v~r+~: t~r~r-
re~ieci with sp~tti~l (clusiir) ~hrestac~[~ti~~ k~~ith the s~Ic>nleC~rlc~
sierf~la[iv~t t~sitkg t~lpttasita~ a~o~~3~i~ti~:d ~vii4ta~ i~~;~ti~rg-:~i~te f1r ~i~2f
s~~ftiu~t~~. ~htfp~ll~vt~~ev.rvs~ti~7E•i.iretl~ xc~ dcr:rc-~zs~ t.~tse-posiiivu ~:n~vr_
to gthec ~+~nrcts, tc~ c~rrcct type I ezTc~r ~a~i1l~Q~it int~ma~ing the risk uF
t}~sc. It errnr, dual tlyr~shaiciin~ (b.is~ci can p ~ralne anci cluster size)
teas }x ifr~ri~a~ri tci p~ivc a 3iigh3~;tiaaGtity far st~stisti~;~l results.

P~~t~rcr3~er> t~ inrre~tc ih~. rciitability~ cif t#ic bct~vecn-~rui~~ ccmi-
~~ri~ein, itr }~alit~y satajcccc were: randc~r~ty dis°itfed inti-~ k~~°e~ ~rou~.~,
anti a +~vithin-gec~cp;r~lysi~ was ~x rfcn inert i}y u4i~~a tine t~ct~ ;.~~~npf~
t tci-t, Tl~ rc ulta wtr~; ~rr~~ip;i~~l with [lie bzhv~~^~i-~rc~u~ analysis to
i~~a~eav~ rs1{a(~ili[y th~l ttie ~3iff"eecne~, ~vt~i~lt apgi:3a:s iEa bctu~.cn-
~rc~u~~ ~jnaly~i~, is gznerati:d 1'rc~n~ the grt~up di#1"crence, t~inalt~> its
rei~tic~j~sFsi~i t~ti~^~:~r~ ima~in~ analy~rs fix} the neumca~i3iEive
r3acasuremer~l~, in<~ltic~iis~ st~C uc~me and tic~~rt,x cif ex#~ SAC ~uE~-
cat~g~~ry, wu~ cvaivatc~ ~vitSt t~iy:Lriatc c;orrel~(irnu.

Results

L3t:in~~~rxphic xnct clisucal e:h:iract€:ristics are ~S~~.srnted i~~ 't:~tbte
1. tit 1i~e l~atierit ~rGiu~t {rt- l2}. 6 ~Sfl?a~) F1~cr~ rnen s~nti f ~~f)`~>?
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Fatic~its 

PT-t}t)I____

St?l~t ~~Incti~n A~Vt~ 1'J~4Ht, [1~'H 2bh
i~T=~7{?2 3S/M Black F~t~ll Negative :~(~h

F'T`-f)0~ S~1F~ Black a'4R'dC; ~Ieg;~ix~,~e S h

I'T-(~ 3tlk~ Black A~iVC Nega€ive (2h

1'"3~t?t)S 3f#fA3 White S~aoo-t €verative 7 days

P~'-~tX> 3f~1F Slruk ~1VC N~gativc 9h

~'T-{Mi? I~l,'1~{ i~t~rik ~~CVC ~~7~9HF :ih

I'3'-(N)$ 3[}!1* t~Siall ~trlV ~::, fed. i~3~;gafid~c Hh

Y'1`-fit}~J St/M 13Etu:k ~ls..autt '+~Ifv4}ll 1~3h

t'"T-Ol#1'' 231A~ tilac~C PslV~ it~ga~iv~ 9h

flT-U11" '?i;~F White A4VC Negatil~c: 48h

1'T`-(3I~' 7:112' }3123ck ~':311 1l'IL9ttI ~h

Sumt-r~ury 3~-! 27 (h~Ecan~-SD} i3h (Mc~li:in}
filft (I=1M} 3h-7 rya}~s (Ranee}

Iie~ltt3p cujttr~ris ~'t'ftL.-(}DI SZt~~ Vdl~ate NlA file~:~tiF~c ~ItA

('TF~k.rtH}2 d~#t1S 1Vt~ite N!A S~ds~~Fil ~[JA

~"f[ti> t1t}:3 ~tti4t Whiic ~IIA Negative NIA

C"~'Rl.s (l{ki 28tF 1Vl~iie iii/A i~Iegative N1A

C"t`KL-(H?S' 27ti~ Whi#t N1A ~.'cgs~tivc Nlt1

CTRL-()tH'i 2~1i~ ~4itldic~ t;~~~t Nlr'1 he~tttivc. N/A

~TRi~ t}(}; ?AlE= tlsian NJA Ncg7tivr NIA

CTRL-4C}~ 2:~JA~I itttlia~n ~itA l~;ega~iYe iVlA

C'I"I~L-Dtt} ~15fM Wl~it~ NfA I~egativc €~(f~

C'T'(2i~ (~I 1 ?2JM 1~hite [d1~,. i~egs~[it~ Atfl~
~'~'{~y(,; {)!7 ?'~~f~ t~4SlSfl 1~~t1 ~~$fitt~'C - ~tt~~

C'1'RL-~!3 231I~ Asian N/rl ('3c~t~tivc ~'JA

{.~~[~J,•Q~~ ~7.~5~(' ~ #1S1A71 C'`l~f~ f~~~~~ilG ~jl~

~ CRi..-UIl~ 2~tM 1~Ihite fir`/A egati~<<: ~:Ir~

'71{) tt=1~g)

il~Rt, macnetii resarrarice inkaging; RhVC:. nictoi~ ;~eiiicir c€~Ilisiirr7, 14i~1HI. wh6ir. tn~t[er hyperiirtensi[y; IVH, intraventricular li:~tu}:ei~a~;e; SF3.
vtandarcl devim~tinn.
"Etintin<ded i~eeaucz cat niotina urtitai.Ic ~,n tEreir ia~~2e~.

4
}

t
4

is

ek..~a ao-~r,K~F~ Bn~~H.ae-a~ asm~a ra t4(~aarn5,~aa 1 §
E7eimd4 hl z bd~lwt.:ak

fit.._ .... ............. r........._.......__._~..._.._..,....
(-`tiA,aw~~t ik act Pm~b;~} t;svr,6atn.

i.~u.3i ttac9a HgM~+t E al c~~~a pir:~,2gNks;

~''~ti. ~. ~~7C35S-b'Fi~it~~ItDil Ci=Sti~[4 Of i~ ~FOU~3 4ilf~~~C~~tt~ CUt71(J{3RGtl1 c10t11}'SIS Otl llil}T1~7C1' t3~ EtSS4'R:1~34~(~ VOXC~S (Ct Ertl- T'4'4t7Fi~ 5111

~zeftac~r~~, '~P~~ c1Lf:~uit ;r~e~t_ n~t~~s~rk shows a diFt~erenes betsvc~n ih~- ci~~c~ ~xc~taps i:t %n} ttu~ po~fr.rior rin~uls~t~ ec~rie~, Br~~c(mar~n ~re~ (BA_l
!(1, BA 7 1 a~ncf (h) precE~aiei~s. (e~ The t~sa! };an~lia nettK*~r~t does nr~t wizt~~v a ny si~;ni6cani diflercnc~. I~nxar bar is ~stc s►~ncf£~n9 detiatia~.
C>r~1ot' irtiag~ is .tti~:~iiaF>1e unlisx; at t4°tu~Ji~f~itpuh.uaminctr
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~TCf. 3. E;r~~s ~~~}'rd44t[c~i~ n.sulF~ cry the ~rcieip inciepcndanC ~c~~~ipe~~3Cnt arse;iy~is ci3r v~r~el depcn~i~~~~y to #h~; restin~-sthtc~ nctl~ertcs.'f'i~
~l~€quit mcuie netwt-~rk shows a etefterertr~ betw~e~i the twtr grc~upt in the (.a~ pc~steris~r ~:ii~~ul~~te. ccjrrte~ ,snt1 (b> p~catie~ts. t~;} ~e'£h~:
basal s;angti<i nct~+~•arh tich;s nc~t ihc~ti~ any significant s~itTerence. £;rt€~r 6~r i~ tine c{aq~atci de~fiatit:n. Cc~lest• image is av~til~ble. ~nlitie at
r4~we~.ticbe:rt~ub.cc~~3~l~~~u _

ie~<~~nen. Their a~:c w:~s :~fi± 17 (mean+sttindrrrd de~~i=iii~n} Veers,

d~7d GCS sec~f~,;s u~~~~~ all ! ~ cls~ a~d~~~s~sinn to tlxe ED. I~3ech:~rais~ris t~~
inj~sry iruaiu~led~ scv~r~ ~i~Q~tc~~- ~el~icle~~ecsdcnG~, tea fail,, e~r~ ge-
c~;:.,~ririn Sin~ck by ~ car, cane nss~~uit, anti ~~cte sperr#~ cc~~~t+,ysi~n_ All
~yticni~ hacl ntgativc CI' iir~t~ia~~s that trr~r~ dia~ru~~t} i[t tl~~
e~irer~etic}~ ~ettin~. Iscaar ~u~tient~ lead "n~nspr:citie I~AIE fay}xr-

#ntcnsitiec" un I'LAIT~ i~~7:~~cs, and C>ric I~atl a #iny intrav~iitr~cnl.~r
he~nc~~-rl~a~e.

l~or the ~~.ii+hy ~c~nErc~ts its = tC~), 9 (~`1~,} tvir~ mus artt~ 7 (A~~~
~•c~»~c;ti. acrd the i}ie,an hc~ish;< subjc~t .~~;e dtias 3~ ~- l3 years. Th~rc
w:~s nc~si~nih4~ait ag~:aa• TeX dit'tex4nce Eiciu~c~n patic3~t<µith n~`I'13I
a~~d Itealihy ecY~ttmis. Patients ta~ith n~T13t i~ncierw~nt st;anning in Itx:

,i~ use sutti~i: (nn~linxrl a€13 it ~czs6ii~ju~-y. ran~~~ ~t tc~ 7tl;sy~). C .~~eepk
fc~t~ the cane p,ltient whu 4~ric~€t~~etit ~;~c~nnin~ 7 days atler-injt~r~r ttt~
rest urFdertvent x¢jnnins evithin ~S h aft~a- injury, Three rsalient~c niu!
~~n~ cai~trol subject were }attr ~:iiiriits~ite~ frcri~~ ll~e study because of
5lrcyng ~~jc~tifln arEitact~ in t#n i~nez~es. ~vitti a total €:f`'~ }~aicieniti n~~d I S
h~alth~ cantrots included is titr- #irsal an~ly¢ss,

N~urocagnitive performance

'1"t~e rr~e~in p~~tie.nt St~,C scaa•~ w:ts 24.5±?;3 tt~~e~n-~-S[)~. 1'Vc

c~nz~a2ci this mc:~n ~i~ith ~eihlist~cd tt~irin~sii~~ data ~f xi~ore ihait SGF3
suhjrcE~~' {rt~ear~#SD. 2f~.3-~2.2~, Thc~ ~3aiients`~ incai~ ~t1C scr~~.

w~.~ ~irnitic~~ntty t~clv~v this pui~3isheel ~r4ean ~c~rc ~t~t2> =—~:S~a,
~~-t7.~1S~.- As3ronY all ;~uix:Hti~~iri~.s crf Thy. SAC icsk, in~l~tdin~a
c,~riettiatic~r~, it~mn:clirdc n~cmcsry, ~c~Ficentrition, aid ckl~ycd reca3i~
~nty cicl<i~~cc4 recall was signi€`icanify tc~a~er th.~tt ~ut~lithect nc~e-
~ttali~ed data (t(i~~=—"7.qO, ~~=~}.{}t~~.

1GA resutls

GICA, t~igtrre 2 shc~~vs ~ s~}stific~int ctecrw~: in n~un~c of
a~~a: fisted voxcls in the: ~'CC'- aii~ ~recc~~te~tx x~~ic~ns of tt~e t~Y~~ ire
~ztic~i~t~ c~~ilh sn"~'f3I c~t~r~paretl ~tit.[t ec~itt~Qls. t=igutt~ 3 farihes show
3igai(sra~rti;~ deerEac~d c3rpea3dc~ne:y ezf ~,~,u~eiaiecl vcaxei~ itr t41~
san~ic regsc~r}s in patients with n~T'I3t ccan~parui ~uilh ~;nntmle.'T=i£~l~
fitrth~r ciert~az~str~~t~:s r~sttitti crt' tfae irc~xet-wise tv~e3-sacnpl~ t-ie~f

ran rrc~~s-v~tiiciati«n G[C.A an~~Iysi~ (t~ cf).(}t ), +h~att~i~j~ group dif=
feru~s:cs i~~ t#~c pnscuneu~ :end I'C (`,. 3'l~e rccult sho~rs .~ ~ttt~stantial
r~cluctit~n oC vax~t dr.{~,:ncfency tea ~~~9~' fc~c the pr~cunet~s aid ~'GC;

1RAJ1 ~T AL.

h}~ 31.t9~'n and 42,28~i~}, respectivE.(y. "I`he oixcrtali maluctir~n fc~r
17?41tYi~ 10.~1'~.

Fiy ~spplyiE7c ~i two-San;~~lc t test ~vit}3 ~i tnc~re eonsrv~ttit~ep ~°alu~_ 

{3f~1}.43i)I,_~ra~s~-v~lid~tic~n ~iC'tl rest~Its ialentifi~ct s cloister ref :~f~

Y<>xe3s iri the f'CC .ind ~ ct~siu' nip A$'? v4~xcl~; ̀sn tltc p~~;cu9r~ss chfit

have ~i~nificantly to}aver vr~xci de{~c°ndency to tltc i:7~g1V in g~atients
stxm~a~tecl tai[h healthy car~tri~1_ subjects ~f~i~~ ~1}.

~'cr ~utz~ gip, c~n~• c~citit~eelt~nsive Gl~rl analxsis c4etaxonsv:uus a
ct~nsEstc;nt cii#~tct~e~zce in Pt'C ~n~1 precutie~is ix,ttivc~n ~-c~u~s, su~,-
~kiti3~g ih:~f r~.stin~-siaie ct~nneetiyity i~~ these azgiot~s cpulcl dis-
crimirsat~ Yrctaee r~ pa(ic:r~[s and ixaitl~y rca~~imlc-

F{3r fh~ H{iN, the ircass-~aticlzuio~~ C;[C~ diet ixjt reveal tiny
changes i~~ eittres ti~szxe! de~:r~dci~cy or the i~~n~l~~r tr~voxels in the

BG~-

'~~tTtt.3s ~. }2ESUL'i-S i7Fg ~f?? t:t.-WISE: ~Wt)-SATIPI_t: 7' 7'k=S"1'

C3N CltUS.S-YAL3t7ATlE3t`i f» cRC7UP IAIU6i'F:lv'Pii;dT

~̀ C3AI1'~7NI~sN'1 ~~W,iLYSIS

14$n~l~ie~r C~/.
VtLfiIS- }4`t~~"f

Nx+trfi~r of .~;rr~rr~
~~u.~:e'ta ire r#i~i>rene~ ~~`

rVetFrzrFk 14crlc~t~ lltc t"~~t~n ~p<Qt3tj f~~~r~NE'~

I)I~ft+: E'ta~tcrioreit~gul:ttc; ?~C~ if}~ ~#2.2$~c 

- ~7#'t'.lil[iCtlG ?~)af! ~3~3z .~~.1~}~rG

F1~~~~ilar ~3bS 4~ ~"~=
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L7i-~itofcoa~~a~ ~ 244~~ fi) {ltd
cortex {[3A 1 €)

t)verattr 7(}(li 73fi 10,51'x=

}~i~'ii'~+1 ~i1~fk111US {31 ~ {~ ~

E'aItidum 1~7G (? U~~

~1'~p1, t)c.~i1U~1 177CN.~i° t12lVJs?f 5;« ~~i~. ~iLc;~~ ~'~ilil~i;1 I1CiNltjYb;.

3'1S.SSffif S>.f'gprFNN~tV1W.F~BRE#1dNX4 iV W

i}et f~ak4e t~etwtak
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Fits. ~. ~'wo-k~tnpte t test using atr value cif U.0t1I pig the det'auli

inacie neitvartc (Ia~Ut~t~ ~xEencied from the cross-validaticin ofi.

~rc~u}~ inde}h.ndent cor~~~ne~~t analysis. Ftesnits i~enliliec! as ~lus-

ter cat 3(1 vox~)s iri ilre ~a~sterior cingutatc c~~rtc~ (grc~n artflw} ~~~cl

~ a}z~sccr of 4~2 vaxeJs in the pmcunens (biuc~ ~irrUw) that have:

significant]y lotves Y~xcl depencic~x~y to the 1?MN in puiie~~ts

cc~r~i~~tred with healthy control subjecEs. C`~tc~r im~igc is ~ivailat~le

online at 4ti~ww.Eieb~rf~sub.cons/n~u

Inc#ividu~i ICA,~ tn~3ividixal ICA ~vae ~~r€~n7iet9 ~~ investigate

aiter:~ti<Nis flP~he I?Rlt~ ar~d B~}~ i~~ paFients coi~~parec~ ~vztFg ht~altl~y

cc~ntrots. L7ual ~~gs•essic~n, Es~cl~-pr~jecti~i, at~~i the atlas-l~~seci

spatially ct~nstrained IGA have ail beeia npplie~. I~teither cli~al re-

~reasion i~tn• E~ac~-prcrja s:C+on way ably: tea disvrsmiitiatc k~tws~e~f~ t}yc

tt~~c~ grotipt in inclividuat ai~a1}sis. 'I'iu; atlas-bused spatialip cr~n-

sirai«ecl ICA si~~ihn~3. hottrevcr, demonstrated an intri~t~ip~ r~;.~ult,

L'onsistent u it[~ CitCA resulEs, a twU :4attt~~le t test ctn the t3~=i{~ts

exiracieci €rnm the atlas-besed I~~Y nt~ihcrtf ret~c.z~i~c3 a ~ignifieat~t

difterence he3~vicen #itc tEs'~ ~tz~ups i~t the I'C:C sand ~uert~undin~;

~trt~as inetiiding tt~c precui~e~is. Har a ~ v~iue={).t)5, the cwc~•sanigle

1 lest map. ~a~hich vas c{~re~cted t~.sulg thy. spad.~l thresht~itl, a~tnn's-

festecl a cii3stcrcif 1 ~7 vaxels with rcdaxceti ~+axcl tfe}~cnrlcney tc~ the

~h9~! in t1~c ~itient group e~~~ttpf~rec! wit[ cc>i~trc~ls. This incl~atf~~ SS

voxcts in the P{:.0 (Fig. 5). 'C17is suggests retlucetl eonnc,~tivity

1037

~~itltin the 171VIiV, whi~l~ is cansist~nt 4t~itl~ aui• CI(:r~ result. T1~e

IGA t~~stilts ;tee ~rlsc~ ct~nsisteni ~vilh r~.sults tzt ~tevcna Find a~x~ci-

~tt~s;"` as discusser! ;tbc~ve,

SBA

'Thy usithin-grr~up aiy¢~lysis nn health}~ z:antrrxl~ dicl ~icrt r~,ec,af any

si~nifi~<~~st ditfe~-c~ce; lie~~vevc:r, tE~c l~~t~~~en-~rc~up an~ty~~s u5in~

the sane parameters as tl~n[ of rile within-group anatysis demon-

steafcd sc:verai altcration~ in ~7atients cornp~trcd with i3eatttay c<~n-

trals, including i~1 ecannectiviiy ~~~aps generated ~}~ usiu~ the t'~C,

thxilamus, sim}~~;ci~+la, and hipprrcanipus as seer! re~inns.

PCC co~trtectivity map. "1'ai~le 3 de,iuonstrates tlt~ o~x:-sam-

p~tc Rest ~f Ehe TIC snap gen~rut~cl usi~i~ thy. PCC' its a seed regign_ 3t

shoFvs ~a~ ~trt~n~er T~C bc~sv~er~ tttc ~'CC anc~ tfie precxnet~s itt the

he~ithy cc~ntrt~l ~rc~up thatn tt~c i~~ pafie~3ts, tivhieti sngaests redue~ct

cc>nncctivity within the tahlN in corisistenc~~ with the rrsults nfi

ACA, anc# (l~~ itrrge~' and tnt~rc r3fistribut~c~ FGi~t ciiffcrent rigior~4 ref

tlxe (arxin in patients th€~n in !h~ healthy ea~~trol ~rt~t~p (atsc~ pct:

snyaplezneaat~ry Fib. SI; aiL onlii~c: suppli;nenCary maten~l at

ftp.iieberEpt~i~.com). ~pa:cifteylly, ~:+tienL. sf~ourec9 stro~~~er F~ C~-

tween the f'C'C anti the frontal Ic~t>e re~ioi~.~ than controls (see Tat~ic

acrd siipplemcntary Fib. St°. sec c~nkitie suppleiltent~ry material at

ftp.licbc:rtpuF~,cc~n~}, [~ak c-xan~~ie, the fjC snap of paliestts with

nk7'E3I usin~,~rat3.{J! cc~ntair~s clts~tcrs with fQt3 vUxels ix1 tl~e dor-

se~iater~tt prefrontal cortex (BA f}) a~3<l 77 voxels iii the anterior

cingul~t~; cortex {I3A 32}, while the F~C rrtap ~f tlic healthy cnntr~i

group dc~s ncai. include any voxets in ihe,c ttv~ regions. iVlor~e.~~er,

the 2~C° ~~3ap of p~itient~: with En1'Bl contains ?(Z vaxels in the

ai~teric~r ~r~.l'rcxntal cortex {Br'1 tt}j, et~x~~~~rcd wit17 the FC tn~k} cif

the tsealthy c~rntr~ai gsc»ip IhaE hay c~nty 59 rnxcis. {see:'I"abi~ 3 anci

s+ap}~tetr~cnt~r}~ Fig. ~1: 4~~ ~~}lii~~ ~~~zptetnentar} mriterial at

i~tp.lict~ertpub.coin}:

tii~~~rc S c3caxtionstr:~tes #'urther ttvrs-carople t tests of F~ ctxn-

parisc~it ft7r the F'CC m.~p (i.e., usi~~g the T'CC_ as a seed ~~egid~)

E>ctw~~°n pFitiei7ts oriel controls. It shc»,~i signfticantfy higher I~£'

hcri4~ee~~ the I'f~C :end sever-i1 r~~iUi~s of the #~rni~tsi (~b~. i~t paCie~it5

cUii~parcd e~~iti~ controls, inc}tfdin~ if~e ctui-su{ates~al ~rrcfraritat cor-

tex {f~A'~~ end a~joinin~ ~~xels i~~ BA $ antt tine anterior cin~ulate

cnitex (f3r1 ~2} (Fib. 6). €~c~r p t~alu~<{}.p1, the to=<x-sample t test

t~3ap shc~~eed tr~~c~ clus[~rs of T 17 a~uf 22~ ~nxets, in thy; ciczr~ala[eral

p~Fr~nt~l c~r[ex {#3A ~) ~~itt~ higher f~C: irr pati~~ts Ih~n in c~f~trvls.

These ~(uster~ include ?7 .i~tci ~3? vt»els, re~~~ec~ively, t~lung with a

clt~stei-eon[uit~ir~g J4 raxa(s ita tl~e dersai attterit~r cingutx[e car~tex

~~3A 32}, ti~ese shotic~ thesusceptit~ility of th~sc re~inns tc~ a3ter<zt.ions

E (G. sue. `I'wo-sm~rt~le t t~sf-result, t~c~tions[rat~; a dif€e~-~r~e in the €ict rul# mebcic, n~twari: {I?NIN} Getw~ec+~ the la~~ gxnu~>s in inciividti~zi

inclepencle3it com~sr>n~nt analysis. }3i~;hliph€ec1 nxea shatuc ihG claster is sta[isiielfly signi#ieatnt ~~t<tS.t?ij; whick~ includes 55 ~axels i»

tt~e pc~sC~4•iar ci:~~ulaEc coxtex, Tf~e ~v~nn color labs:ls the ti~r~xels with reduced llMN c9e~~tdeney in }~atienis co~xi~~r~:.c~ with heatlhy

cc~tltrals. ~nlo~• itn~igc. is available gntitte at a~+,vw.Ii~Pscr~putz.cos~~l~~~t~
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'F',t~►.~: 3. Ong-sn~ir~.~ r~-r•.s-s~ or- r~~[: Ur~c.:tnnr~~~t. C~>r:nr:e~ ~v~•rY A3nn ~r;uu~a7c:~~ usivc
~~t~r; I'c~sriai~~z Cit~t~txi.~•~~~~C~o~~3~_s ns a 5~.~.r~ F~t~rrrr:

r'Vut~r/~Yr crj t~r~xefs i~•ith }~ t~crfrre =G.131 Ntt~rtlr~r c~J' vnxets' t~~iih j~ ~~ald~e =U.C1C1J

R~~iolaa C'ontrnl ~rfltrp ~'rrtrent gr•r~u~~ ~3crraltlty ~rata~ ~ }'rttiertt ~rriuf~

I3c>rsc~lritcral ~arcfrontat cr~rtex ~f3.1 ~j {3 10~ C~ (l
A~~t~rior preftax1i~1 c~rteY (BA i(1) 5~1 ?~i2 (} 46
AntiriUr cingulate cortex (!3A 32) ~t 77 ~ IS
Cin~ulate posterior cortex 178 16{J l72 !~2
F'recuncus ~~f} 29Fi 342 192

in ~atieaits witEt ttiTBl. of parYi~;tdar ~~ate, these re:~i4ns cin ncrt
tx,lc~n~ to the i~~IN.

Precuneus connectivity map, 11sEn~ she pr~curr~us as ~ s~cd
re~ic~n, titi~ t~etu3~er3-gmu~ ~nalysiti ~twcf-r~~E~i}~t~ ~ iest7 fi~r~x<0.{}5
st~ou~s stror~~;er f~`' Ex;t~~~en the prcrui~eus and t~m~e~ dusters in pa-
t~eEit~fi c~itt~~arc~i with hi:althy cUntrnls, Thy fia~c ctusiar is in the
suprama~•,~iisal gyms ~I3A $t~) with 82 Ytaxets; the at}ter cluster has
~5 i~aaels, which it~elucEes the Ate f3 and 1h~: ~i~tcriar ciii~ulate
cortex {BA ~2} f f°gig. 7}. L)si~f~ ~a t;ut~sfC+~f ~~ ~: {).t11 did no# r~:.uea#any
significant difference.

Thatamus conrtBCtivity map. r'l €~tween-grcxuJ> cc>inp<7ris~f~
(i~va-samp3~ t test) ~va~ p2rForiveti using the th~t~~nti~ sac a s~~ci
re~int3. 1~4r p ~ x.41, tl~e paUr.ca[ grr~~p sltcru~~:d si~nif~canily hi~l~cr
rC tivith the ttiatan~us lhaii cc~nti~ls itt *:c~veral regions, includi~~g the
anterinr prefr~nt~l cortex {Ael IO} in t~t~c~ cltsstess of $~ and 323
vuxels (I~ig. bad ~txi a c;lust~;r of 9G Sriaxels iii the supram~rgirtht
g~ nos (~3A ~f}) (hid;. £ib). 'F#~is icidicate~4 an incre-aced f~'C: of the
th.tt:tmus net~i~orA i;~ith other regions c~~ the €xs~aiii.

Amygdala connectivity map. Sy using the atny~claia as a
sccc~ rc~ion, a h~ttve;e$x-~rt~u~ cc>m~xarisan {Ct<O.OI}demonstrates

sigtiificar~tiy iitcrcased 1=~ with thc. left E>~rietal st~perio~' cc~rtcx in
the g~tient ~r~u~ (cluster size= 1 {l4) iltan th~;co~~trol ;r~tip {f=ig. y~.
~i~ the either hand, none-s~~n;pt~ t test sh~~wfi that the healthy
ct~n[rots ti<3vc hi~;i~cr c«nrrcctivity witlfin fire a~nygdsda. Cor
p<~.41, tFr~ F~G ma}~ of the t~~~itfry eantr~xls ~rc~up innciudes?3 ti~nd
67 rcrxels, tvhilr for the patient grz~up, these nitn~bers decrease tc~ 39
and 22 (Fib;. I(}).

Nippocampa! connectivity ma(3. !1 bclu~ecn-~;rc~up artfily=sis
fs~r the 1~ ~~iap with thy. hipgcusuiYpus us tf~e erect re~;it~n desnc~~~
strafes sig}~ific~nt :tltexatiar~ its the €~~ of ~tie3~is with in"t'f31. fir`
fJ <~3,Q 1. ttutc clusts;n (cluster sizes of 135, fit, and 52 voxc;Is) are
sigi~tl~c<iniiy dit'icrc~zit ~etsvc~ei~ tt~c truer ~enaps. Fig~t~~e 11 dcnion-
strates inc;reasecl FC: in the f'Etsif~rn~ gyros aixt the precktrieus (BA 7 }
aa~d decrt:a~c:.d I~G tit E1~~ It~~'cric~r t~~ntal gyres in tfie ~aticn[ ~rflup
cornp~red with e:nntrc~4s Fig. 1 I).

Relationship betwearr ~C and neurocognitive cfafa: N~,
si~nific.tnt co~retatic~n ~.~as t<~und 6t;twe~~t the ~iearar~ognitivc tests
t.Sr~C; scs~n.$) anc~ F~~ d~ita. `Cite larg~.s~ l~carso~~ cc~rretati~n value
~t}_~32) ~+~GS tt~tinc3 itt the 5f3~! for tt~c ~G hetWecn the ~ncan of the
correlation rralnc x~ith t}re clnt-~al anterior ~ingul~te a~Stl the delayed
reaali tast, bt~t ii ciid nc~t reael~ s~~~tiatic3~t significance.

i~IG. fi. 'l'k~o-sample r test (r~=t}.tai} far the p~st~riar eisi~~lat~ ccrrt~z fanclic~iial cca~~neetitrity (i~{°) n~ztp_ The cu[d cotc7r lat~els the
re~;ian that has snore c~rrelatic~n lvi(h the x~sterior ~ing«tate in the ~:~tieni gFneip than in zhG cc>nirols. 'Fire erc~ss Fear i4 lucsitet2 in cliffereni
~~sitinns in #lie s<rn~c f ~ ni~tp its ima~cs a xncl b, Tttcsc i~egic~ns cla nUt tx;long i<a the default mode n~tvt~rk. C.e~lor irnabc, is .~vailtsble
c~sltinc ~t4 u~~Yw:lict~c:rtpub.c~n~tneu
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i~'T(~. 7. Twa-sample t test (p<fl.05} c>F the p~~:iknet~~ #'unctic~nza! conrtcctivity ma}~. ̀ Tha f~eEween ~~bap ct~~npz~risUn using thc.
~recun~e~s :~fi ~~ed revealed differences in thc,ru~~ramargi~ia(gY~us {re~i arresw) .~nci the jcinc#icon tic iteeen }~~•rrcingann urea (t3A} $end the
anEcrinr cin~utate cortex {I3A 32j preen arrc~~~t}. ̀ I'hc: cold color It~hcts the n~ions #hat have mc~n, corrc:Iation ~Yiti~ the prc.cunet~s in the
~~tiesjt group Eh~r} in ec~ntrc~ls. Cc~inr ima~~ is avxilablE oi~li~re ~t tiviu~y.liehenpuh.cc~n~fncu

E3iscusslon

'I`a our knc~wiec2ge, this is the fir.~C inzestigaiivn nt~ mstm~; state
functioz7~t n~tx~rks in tnTBi at tiic acute ~i.~gc. ~xce}~t for one

paticut whn c,~it~e beck far :t~~ ~iR1 scan ~t '? days after incur}~, a31
}~aticnts vrerr, either stilt at the LU or 'sn the hnspit~~l nndc r c~User-

vation at the time of scanning. i~I1tI at this mint might t~ the mast

conically i~ele~ran#~ Lxc~~i fc~r nn~; }k'eti~iiE with one tiny intr~ven-
tricula~ ~ic:ro~~mc}~-f~i~e seen ora SWI buE rtr~t on ~crnvc~~tic~n€1t-

stnietural isna~;ing, 7natumieat i~nagi~~g did not detect any c~bvinus

trauma-induc.~d structural a~nainta}iti+~s iii rather patients. £fgth the
1CA and SBr1, {7c~wever, revealed dilfcrences oi' grain ca~nintxn -
alic~n acr~rss diffen:nt brain rrgions GctKcen ~aticnts »ith aaiTBl

aid cc~ni~-caEs in the rtcutc stake. S}aecitic~~tly, a coiti~~rh~nsivc
analysis shc~wcd reduced f^G within the bMl~t ~i}ci irtcr<asec# func-
tionai camtcctivity with ex#t-a-DA9id rcginns in patients with mTI31.
By using the ih~lajnus, ~tniygdala, ~~nd hi~pc~ca~yipus its i~i:tFvc~rl~
r~gic~n~, ~nalysec rc,v~;aled increascci FC ~vitt~ c~[Iter hrain regit~ns.

Uvzrail, cur d~~t~~ su~~;est in~;reasc;cl invUlvenyci~t nl fr~nt~ii acgions

after inji3ry a[ the ~eti~te ~t1ge. This resit►t canfir~rt~;tl c ur nri~inal
hy~x~tfac~is on atteret~ ~'C iii tt~csc ft~nctioaial gGtuocarks. ~u~ther. nt}r
results a}sc~ showed th.0 in~ie~endcnt cc~m{wnent and si:eri~6asc:ci
analyses coEnple~ncnt each ether.

ICA vs. 88~

13ntb iCA a3~d SBA are t+=idely nod ~nethtuls in ~-rstin~;-state fMKI~>
analysis, Instc ul t~f using t~ne~ ive perfc~rnje~l both in a ct~t~i~rehen-
sive actaly~is cif the t?Nt€`d a~xi the th~l;~~xn~s ne[wc~r~ at tiic resting
state. BatF~ oar group and i~sdi~+ic#tia} l~ a3~alysry demonstrated
reciifcetl ct>nn4cii~rity in the F'~C .end ~ar~ci~neus re~snns. 'Ttjis tivas
f~rtl~cr validated key <~ur SBt1 ~-~saits. Ic cfc~n~r~irai~ ifzat the f~
=~rui pnc~rrs~as car3nt~tivi~y cl~an~es in the i>3t'it~r inigtit k5e the ~a~t
welt-valiclaied fu~~efion:+i hiorn~rkers e>f hr:tin injury. Meg+n~vhile,
Ix:ciuse t~f fnflctin~~<il iiet«ork rs~ntxicling s`n pati~~iUgieai cQntli-
tic~ns, anafy~is of tine sterec~typcc! n~tw•<~rks in the ICA may ~x3t t~

SIG. $. Ttivs~-sai~i}~le t Fest (p<(}.(}I} of thalamus furtctiontil ccsnnecti4+iiy nip;~, '[fie ~ce~i i~ Ic~r~ted i~~ the thalamus aid the Irf ct~lnr
shows the regio~~s that h.~vs laigh~x corxelaii~~rt Frith seed poi~tt iii the paticrtt ~r~u~ cc~n~pxreti ~vittt tk~~ he7lchy cr~i~t~l groins. (a~ Shows a
statistical dii"fcrcnce beteaccrt twci ~rau~ss :~t the ~nterinr pccfrc>nlal cc~r#ex {F3rc~clmann. area (F3A] 14) {~;rc~n ctrraw) a~~d (b~ slihws the
clifCere~trc tit 4he su~rainui•,~int~i Cyrus (13f1 ~#{l} (red ~srrc~w). Colcx i~n~y~c: is avail<<hic v~rtit~c pit tv~t~w.liel~ertpuk~.carn/~~c;t~
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FIG. 9. Twt~-:~xm}~)u t test { ~ ~ U.t}l } ft~r tt7c; ailiygda(~ ~orrelatiatt maA, Tfic cc~lc[ color lat~eli Ehe regic?n ~tlt~ left paricial suptriz>r

ec~itex} thaE has zErr~tt~er carrclatibn ~~ith it3e Zmy~d~ila (red arrativ) ifs the patient grotep t~t~tn ire c~r~trols. CoiQr i}a~a~e is ~vaiiabie c~ntinc

~t www.Eiebcrt~uts.comh~~u

~hle tee ca~iture the clynaenics cif aretwrrrk alterations in in`I'f3I. Instead,

SIIrI clemosxstratect increased F~ in ~n=ijar rc~;ittin~ crf thr. DRR~t,

ttl~l~mus, ~mygdal~, rynd hi~}~saca~ttpus ~vitl~ t~ih4r ~~et~z~rks cif tt~

l~rai~~. flnci this finding f~srlher crnnplemesit4 fl3e ICA insults.

OR~N

four t#~ta shn~veti decreasc.~i strt:r~~,th nfcUnnections ~i~ci n~ixcbc~•

of ~oxeis invatti~eci ~s~ithin ~t~ D~14I~1 anci i~icreaseci c~nnc.4tivity

Ix:tween the I~~UIN and other b~•ain rc,~ions. 'Phis i~sutt ss, in large

paid, eansiste~iC uritli sr~dies v~ sn'f'13Z at the stiba~tite <ixui cUro~~ic

si~i~es.` .` Mayer anel ~.~scx;i€rtes att~•ihoted this at~n~rmr~(ity. to

the pvtztial disruption cif the }~iitsitiye I}alattce between f#t~. I?M~t and

tasF:-s~1~te~1 net~vrsrks after mTCiI, acid Ste~~ens end c<alteagu~,s~'`

int~~preted this abni~rnu~3ity as a cc~m~cns<~tory ~rcx~ss ~f the brain.

F'atacios end co~rorkers~" al.;~r attrit~ute this to.a cc~nigensai<~r}`

~~rvress after microst~~u+:Iueat d~iina~*e #o the brai~t, a~ detectcei lay

I~`T"I. liy addition, by cnn~icterin~, the hyperc~n~tectitiky in tliala-

anc~c~rtic-~l n~~w<.>rk, hi~~pa;aFnpal atctim~c~rl:, and ;~~nygcl.x}a netwc~rt:,

cur clata~ aisa supE~rt ttte hypothesis key Steuens nerci eolle~~ues''`

thast rnu[tiple EtSI~is cnuld have functic~naF .~bncarrnalities after

mTt~l_ Tt» t~rzun Ec~~t3.~ tc~ respc~nci to I~c:ad injury h~ t-~cruiein~ n

enhr~rt cif Ezetworks in a ~loi~at m~inner instez~ct of just ane car two

nefivprks, disrupting the ptttatitc lyaCartce frcfwcef~ restir3~-st~i~ and

task-~•c{atcd rtet~ar~~•k~.
"the PAC is .zn i~~s~rixnt par[ ol~the I~1r1~ Intl is alsn a central hub

c>f t{u; brain.°y SI3A has alrc;aciy ~~c~x~rtc:d v:~ric~us cannectia~is kr,;-

t~ae~n the ~~"C ar~c~ fn~nt~l regions, in~ludi~ig 1t~e ~tntc:riur cingut~a#~

cortex, t~rhif~it frc~nttit cc3rtex, ~nct dc~rsalater:~t prefmntal ccrrte.~,

tictzi~[i ure invvltrcct in frc~nt~l aiad ire~ntn}~artia3 
netcvorks,a9~sa

liicn::~et iii the connectivity be~e~n the 1'C~ aHd ttiecc regioa~s

i~~en: alr4aciy ohserve<I during e~3iotion~l, ~nc.mc~ry, arn3 attentir~nat

nnc,t,stiit 5'`~~ A scr'scs cif co ~niiia~c:. ~~nd e~t3otiUaal s m t~xns hay{cj '. , ,... ~.~ ~ Y P
been ~~e~c~rteci Icy p~€tents with i~tT~3! in the Siteraturc, inelueling

anxiety, strc~;.~, fear, cle~m.ssi~n, n~en~ory cle~icits, deficits in prt~tent

sc~Ivino, end clitficuicy with .ittetttiun anct ccsnc`enii~in~y:~ Because

the f'C:C receives strd~~a affes•ent input f'rc~m regions with functions

related tc~ emntion:it taxks, working inGrru~ry> anti attention incfudin~;

FI{>. ld. {}ne-~arm~le {test ofthe amy°gclal~ map (Ix ct}.()I }. ~A) the ft~nc:[i~n~i connectivity (E~} map fc~r the healthy cnntxc~l group anti
{1~) Ehc ~'~' rnag of the patient groti~. The high4r signal intensity on (a~ s3~c~ays hi~lter intrinsic I=C in the amg~dala i~ the health}~ group

th€in Shat irk g.~tients. C'otc>r ijn<tge is ar~<~i!<t61e <~riiine ait u~~u~v.tielac;rtpc~b.ec>in/;tcu
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x̀ IG. fl. Twrn~zrnpi~ t test (p<~.t31) fc>r the hippoc:asnpus fttnctionat conncetivity (FG} snap. 7-he c~it3 ie~lor labels the re~i~rns with

tn~re ~vrrclktiib~~ with ltre l~ip~~campus in the ~~tttic;nt gratsp eaanparec( with corttr~ols talfil~ the ~{n~tin ealc~r l~bets tilt rc~aon with ir3orc
cc~rretzaFian in the ec~nEr~is than in the p:~tient grate. ̀I'I3e t~~ rnfl~ was ~c[ia~erl tEtrcwgh raj the }~recun~us ~sssc~ciation cortex (~3A 7}, recd
arrcaw; (b) the infcric~r frc~ntai gyrt~s, green arrt~w, and (e) the fusifnnt~ gyros, parple arrt~cv.

the anterior cingutate cortex, ci~-(~itaC trnE~t~n! cor#~x, t7j~d darsc~latcral

prefi~antal cnrtcx (an::rs ~ ~rnc3 46),iz,~s -~'' ttie cc~;niti~ e a~~ cn~c~tiunal
sym~tc~rns after injary cooed he rci~tec~ icy ~h.~r~ges in k~rain t~~tt~c~r'ks°

ac[ivily a+id ct~nnectivi[y patterns, c~:~cially in PCC eom}ectivit~F.

C?tir patient ~rt~u~ ~tc~non~tratcd signiticx4~it prabl~an+ i~t delayed

zecxil atang with t#sc incr~a}sed cc~nnectivit}= heit~een the FCC`. and

these i'r~3ntal regions. f~uithe~~, c ur ICf~ results cian~onsira(cd a <le-

creasy in NtC tictivicy'irz }~atienis mostly in its ~~cntr~tl part, 4vhict~ is

cc>nssdered the predc~min~nt pfittern ref tEsc 47~9~I.°~ (?~rdata are in
tine urith the r~pc~i~tecl tty~oar:tivi#y ~ttti I~y~~c:rt'rc~~ttality se~:r~ in re-

tirecl Natic~nat F'i~alt~nll L~a~;~te glrE}~ers, ~~s «yell c' r̀ +Phis s~r~gcsts

fh.~t, right after inj~rry, the AC'C might gather inY't~rmsitic~n trozn

diffez~enE brt~i» ix,ttve~rk re~i~t~s as ate:cute cc~n~pe~~sEitc~ry ~~Ls~xmsc

tt~ bf-ing the brain bask Ec~ norrz~~2t status.

C)ne discre~aney t~e[u~~en ~7ur data nnt~ ~>revic~usty re~ss~rtecl t~°orR
is ►fie ~C tx:twvc+~n the PAC ~znd ACC. Previous x~eci-t~z~.~c<i ~iutfie4
crC mTf3I by Mayer ar~cl ttssoc:ia#~.s`' 1 sand Jc~hn3c~t~ t~n<! cnsvoi~kers'`'~
sh~tveci rccli~ced FC ~vithitX the (34iN. Bc>[h ~rc~ups shc~~ved c~e-
ci~ascs ii2 f~G t~Etvecn thy: i'CC' and t3CC; iii titer sut~.tct~ie stage

while our resulfs showed an incriasc in tc~n~t~ral ec~rrelc~tion tsc-r
t~~caei tlsesc twa regia~,4 in tFi~ acute Sta~~. Oae rcx~.~cm for dais c:~,~uid
be the rate cat'thcse re~ic~ns in ematiUnat ~arocessi~~~ and atizntio~i, in
zisscici~li~n with the temge>ra) resc~lutioif. Studies frczm k~t~th gran{~s
were at tits. ~ubacetc stake ~uhilc~ cur stem}r suas in the acute st~~;G.
With the tcmporni re:sc~lutiar~ of pltie~~ts' I CS, eve i3zighF see dif
feretit patterns in the cc~izi~cefivify k~etevecn the PGC end ACS.

Thalamus FC

7~he 4tbuncianee cif ~~~nnki aminc~huiysic ~(CiAf3A}ergic ncur~i~s
has i~een thota~ht to ~~l~y art itshibit~ry.taie in the th~~lacn<rccarticttl
nctwarl: ai resting uate.~~.~2 Tang and colicagues~? reported
hypc!-~nr~ric~tivtties iii t1~e ttwt~~~~c:priic.il ~~9.su<.rrk tit patients tivittt
attTAt ire suggestinn of tf~c clisrupFic~n e~f the C7AT3~ergic n4urt~ns
after head i~rjuiy, Partii;uta~~ly, t6cy reported that tiic ttialan~us
correlalic~n an~p i~~ The patient g~~c~up i~~ itie subxeiitc sfa~e is ~ncire
c3istributcd ec~~»g~iett with tfi5e healthy cuntrc:l grctup.~K Their n:sutts
sht~~v itsat ilie health} ~utij~ets' ~r~a~~ iiacluded areas of the hilat~ral
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thata~nGia, the suEra:ritra- frcfrtlal gY~u~, iiu; ~itid~3}e Pi'<~itta€ gyms, the

bas.tl g~n~li~ nuclei, tlic ii~sula, :~nrl 1E~i cir~~~~latc ~Yn~s tvhife ~3~-

tients with mT13i Diem+an~.-ir;zteel ~7lcfrs cvi~iely ctistributet3 ~' il~~t

cxfieai~ietl tv tF~~ bil~texul i~7idc31c t~n~y~ra1 Cyrus, tkie ~~iidddc t'r~~nizil

SYruy, thu pr~:iineus. the inls:~int ~h~criei~il gyms, and the pasicentral

g.Ynis caai~~r~rl ~vit[~ Ik~c. ihatnniic ~iSN~ iii tite hes~itMy e~ntr~-~I

subjca~ts ~~r~~,t~ll, cUrres~i~ndiri~ to R >~.25).

AICf»~gh caur r~.suifs, unlike ttx:ir ~c.,-~3ts. ~hoe~ec~ ~h~t ai1 ~f th~~

acliue vc~xcts arc ic~.~tcd ir+ the. tha3=inius ft>r Ike ct~ntrc~! group, eve.

~cai a similar result r~gnrdirag ~n~rc, ~i=;t~ibutcd cor~~tprtic~n ~r~a~s fur

ahe ~k~iii~r~t ~r~tip cornp~rc~t with thG h~.althy ~;tibj~~k grou~.'t~Ite'trv
taetWe4n-graug ez~ni~viusn ac~~~tysis ~or~,<f).i71 SMn~vs ihaE r~,~ini3s

Ut the c1n~;tzlat~ gyros. teFn}~ural ~ynis, and f'rirttit~l ~~°cos tihcixf ~31c~~'e

z-nrt~latiorc tvifh the' thai~ttrlu5 in lt~c ~iaticnt ~rcn~p rc~sn~arec4 iv~th

the ez~i7trut ~rviip, L~'ith thcsame ~~ v~ait~e, tvc alscl [Zn~ incccas~s in

tetnperral cr~a~ret~tica~~ in the ~nie~ic~r ~rctrunta} r-4~rtex aatd th~;.:~u-

~aratn~rgin~rl ~Yi~us taifh the thalam~i~ in gatsenis co~n~sai~~l tvyih

c~ntrol~. In coi~apxrsstzi~ with tl~~ d~~ta fry}it~'Ts~tg anc~ ~ssc~iatcs,ay

our date ~tsa cicmcnstratcd .~~7 yip-i~:~ut~ted thalainocflrtical r3~t-

Kmrk as a respa~sse to bruin injaa-}+.

JVlemory atrc~ hippc~amp~f FC

Clue date ~.~hc~wect snc~nQr} d~lici~s Ein ct~la5eci rcca113 i~~ {3atiei~ts

~~tiits r~TBl at t ie Dieu►e ~#a~c, 4vl~ich is ins tine faith flee ~Zuhti~i~c~l
dntfr that i~el~ycd n:c:~ll i~ a ~ca~sitie~c. i»its ~ Uf nwurcu~c,~ni~iro~
mr~ai;rc~ ("or in"C131 at this star..;' (?izr ii~t~r~ia~ data r~v~:wiled that
ti c ~salien# group dcmcan~tr.~ttci ilecn.iscd intrinsic ronneclivit}~ iri
tF~t inferit~r frontal ~yrt~s and ittcrYas~~t9 c-~tnneetiv~[y iii the fu~ii'c~~ai~
gynic ~ncl pr4c~uaei~s (~A 7). T'tt;~ t~:zlucetI cn~~nectivity in thy. it~-
fcrior i'rc>ntat r4ginn is ~naiTar tc~ c3:~t.a fmm .T~h»scan :end cc~~~rc~rk-
ers.~'~' ~vhiZh aiscs r4pcarEecl reduce! cc~nr~e~tivity ba:t~~~ceri [ft+~se
reginns_ Qur fi~~ings mot' inire:~ced ec~nnezt~~riCy _in the fi~sit~'frna
&Y~~s end precu~aciis, ht~wcti~cr, <trc in ccatytr:~st ~t~i#it the repUrt c~F
Ic~hrGx~n ar~zi cnworbcr~'" of decrcaa~es! es~nnceticri~~ br:tk~tici2 ther.•
parahip~~car~ipal gyt~t~ :end. thf, Icli Inc! right ~~rietai iettxs i~
L:L?t)l~elflSF211 A4'l~k CiJtlfCt){S.

C}f particut~r note, e~~~r ~faf.{ sirs reg~irtlif~g ~~afients.whn still h~vz
rrt~tneir} ~rc~hi~rtrs whip the clat:t of )c~hnsfln anci .i~.~;ociEites"~ t~ee~
colicctec! alter resutu~ic~r~ tal' the Fyn;ptc3ms. Tl~e diffemncc irj im-
x~in~ fi~din~c ix:t~~^:~c:i~ the t~vr~ ~rnu{~s ni~sy re~re~cnt thy: tc~i~pc~r~il
recovery ~ra~css of n~ean<a2'y aF[~r 4n 1`131. If ~tlsc~ ian~slies that, attter
svff ri~l~ intrinsie cor~r~cetie~ity grc~i?iem~ c,C tli~ Mari;nary rietiv~r~:
afktr a ct~ncu:~sis~n, the Drain is Trying to t~:cniil c~tli~,r nettti~t~~-~:~ tc~
CLtI~'l~11SIijG'. _

Atnygdata FC

T̀`he ~3~Yiy~~Iala is an itn~~rttznt xtructure ~>1' the limbic systcin,
en~iial to the }gnu e sink of cn3ati~in:tt [ear. ~~utneis, an~f depression,
aat~t~n~ e~tiaers Lttic>tio~i4 ̀~`~,~~ (teteut ~t~id~:rtc:c ssa~gesi c-ytct~tit~s-
tectui-ul and f'~nctiafiat ~~k~speciatizati~an n~ its su~stnictur+l e3u-
c)ci,~~_r'~ Tl~rc,: maj~zr ~i's~u~s ~~f sutin~~cici i~actuci~.lh~ laitcrc~bas:~l,
cc~tErumc:di~l. anJ su{~e:•f~u:i~[ ~f~uii~~s ~''~ Dzatc~k And c~att~a~+~~,s`'~`

{*:ta t`~pnri~ci ;~ reiatianhip htiiucen f~inclinnal sutss~ccializ~~tcjn
Anil Sts ser~ctt~i=~~l nttciei, The-r~ i'c~ri:, #Ise. czn~ventir~ca it ~i~~w rrt` eiar~-
siclicin~ t~~ .~tr~y~c~aE~ `crmpl~x :~ti ~ sgngle entity f►~t~ tx~n ~11a1-
Icr~ged.{'`'After 7"B[, ent€~t'son:~t sympt<s3ns are ccfrrrm~nly rc~r~r#~ci
:ts pArt v~' E'C'S cctn~tellati~n. Ira otae e~ut~y, ~ oT T~ ~tticnt~ rc~}wrt~tl

ynil~ is tn~~lerr~c. t~w~ls c~f~ sadr~ .~.s t~n~~ c1c:~~ssi~ti► ~ftc~ injury.'1'I'~c-
redt~ee<i ccsnnc.cEieit} inside 4i7t :~n~ugtl:tt,i ~nc4 i3~ere.{std tonnes-
ti~ii} s~~ ~~e gr~y~;~~ia tvi4h t)~e te,Ct ~neietal s~a~rior cprt~x in e~~r
issta~in~ (inc~ings ~~~iat~t surest itt~lt entcrtie~na~t fear anti 4<lcinc~s

iRAJE ET AL,

t~ftcr~Tt~i c-ati~ci incctir~t~ the inte:5r3Wt~~nrk cnnn..ctivity :a~t7ang cSiY'-
t~~~nt subna~ lci ~rou~s ~aiEhi n ttw.~tny~dulet. As a cc~nsec~uencr, tii~
~eein te~7cls En rerr~t~it cstlhr t~ctia~orkxesc~~xees fey c€~m~n~~i~.

Limifetrr~n. ar~d future bvork

Scv~rtl factor:+ aisu ~t tltc li~nitatic~n Est' ibis stacty. "I'i1 r~rats a
~i~iar~. ~:t~ti~t~4ati~ n~eanin~fci~ cY7n~Iasi~ri, this ~i$rA st~c~uld 6~
pr..i-ftann~d. in ~t )arge ctrtit~r~ t~ith lfin~iitic7ina~t fr~11~w-t3~a instead Ufa
hanclPul c?f ~ZatieaGS at a>nu ►i+ne poini. 7t~is study dc~~~i~nste~[es
fii3~ctsonsjl alteration in ~ev~rai 6r,~is~ netcvc~r#~~ in ~saiienC~ with
iT~`T'B1 in eo~np:~a~isQr~ ct~ith i~ntresEs. All ccrinp7riscsr~ ivn~ ~crl~rmeti
~~ gr~ti~ t2itcl irt~t~€u~ z~f ~1r~glc, ~utajc~t lwY~t. ~flr irtdivizl~~t 2C`!i
:analysis, the.n.siitt ~ii111ws t~~ he e~mpared zit g~-uup (uuel b:.fare wee
~;ai}i ~ better und~tstlndlag ~sf the uxri~~ia+~~ in nvrr~a[. l~uha~i tvnrk
n~ecis to Y~ p~:rlgrnted iri :~ large ci~hnrt of l~ataenis ai~c~ cuEttruls C~~
identify tlic struciurcti and ~'ur~e[ignat connectivity ciamagcs at tine
sif~gle snhject dc~i. ~`uriher, ,t~~ questitzfl ~~~ ~~w RS3+1 s2it~ ~<tti~ns
at"Cect the patfeni.~' neurcn:o~nitii~e p~rtUe~n~nce .i4 nt~atiurecl by
PC'S ar~ci a net~r~}~syeh~i~,gi~~tl aswy.~st~~~nt 6att~ry ttil! n~ec9 tc~ he
~letent~i~icd.

~rtenncvhil~, cl~~pitc tf~~ ~~c~~~nal #indingc can sttt~cturil ~vllt€ in
fh4,cc ~afients, it ~ia4.s E at mein they aee normal t~iti ativ~~ictci t~~ii1.
including 1~~'I. ~3c~un(it}g ~vic~cntc~ dem~ynstr~tcy its: i~4icrostrtic-
tur~i da~xS~~L ire p~ti~nts v~iih sii I`F3I.x'-,c~-~~ C ur pil€rt d~tn su~~e,st
that. in respr-~nxe fs, ttticrostn~~tural dam:~~~ on the cn3~ttl~~te hiinclle
sitc~wn cart I~Tt, other m.~ions of tl~z ta~;iit~ taxi [o Iaai=e lai~;h~r FC
with ttti::~nt~rior ci~t~ulate ~ort~x ~ti ~~ettinn ~tatc fARE~3 sienai.'a
This suggests ~ rc~n~~nsat~ry mechanism uF1~rai~a injuay, ~~ sys-
~cax~~tiL invc~fig~ti~~n itt a 1ar~e rc?hvri i~ ~arr~ntecl in this dir~.cEioii
t~ cE~;fineale €h~. i~raii~ c~in~~~n~.~ttuy ~aierh~ni,~n. liti ad~lit's«n, f~vr
data cicae}y dcr~~onsir~te the ~r~vitan~t~~r~r~; a~lt~:r.~iicros afl~r #n`fBI,
which .ire in the sani~ lire as tt~c ~~c~~k c~fSte~~~_gs ~ns~ ~ssncin#cs:~'
F~tsriher ~tdvanc~d CYCi data ~Isr4 detnc~n~ira[e ilitat ;nTBi rautd
srri~er rrra~r~~trucit~r:~i sia~nag~s in multi~lc ~~'1'v3 CraiEs.~t' This zn-
di~atU4 ttie ~ratue bf a i~utt~cr cc~t~nccion~e-scale ~nalYsis of ~z~T[31 try
~rrnM1hitiing ficath ~"3'PI ;~rsci f~itf tlat~i t~~ revert .~ much mc~ru clear
picture c~!` brain injuty.~~
It Is .~I4c~ worth tr~~Tirri~in~ 1h~t an i~~cr~a~c in tc~ngaral co~-re-

IatiG~n incliCterene re~ic~s~s at'7n~tbvc>rk d~cs nc>t o~c~~yarily znclicat~
~a i~~cre~sc in iiic ~el~~~e~: a~:tiviry 1~c:a~r,e ti~~ ~eni~ral si~fiasl f>~
~sicli t~rdir~'s region consists cif ;;,:ucr~l in~ic_~rciident ti~nc x:;riis,
t4hich iniiirate. the ros~nec~tinrj r~t~ the r~;inn ~3ith varic~as t~raiGt
aictw~~rks. Fc~r ir~sil~r~ec, ~~[itaat~~34 th~ YCC is ~v~11 Y~S~un ;~x ~ m~~ir~
~~i~t c~~f' the t~~ti~f`s grid Ir€~s a rite in inini3 ~v~andcrirtg, r~krrictr~y
reral}c:cfioii, eta.., it at~cs hzs important resles in silany ot#~r rreix~ot•hs
st}rh :~s ii`onts~pari42~1 t}~2t~~a~-~s, v n~c~tor nciwar6:, a sLri~ory taet-
Lvi~rl:, sold a~~ exec~ti~~e tiet+xc~rk °~".~`~
'Ch:nf~r~, it is pasxik~Ie that tea~potaf ~:t~rr~;tatit~ns treEtveeri

the E'~~ ~~~~# ether 6aaiia regions incre~~s~d ~e~~1e ih~ activity c~~
!h~ 17i~N ci~creas~d, ar vice versa, titc~use the iStne series rsi
each rcgi~~n c.in die the re.~tt11~ t?f ~ ennrCsin~►tian t~f tl~e tetnpz~r~l
activity cif scv~eal nctu~~rks: F"vr instasicc. L~~:LI~ ~rttl ascx:-
ater~`~ shczwc:cl that the l'CC; conei~is i>#' k:~rerat ~~~lic~~ivns that
Hnvc s~~~~r~tc si~*ttnls and ~e€i ~:~cttrihtate to diC~i:re~at n~tvtcark~.
tllthou~h the avcs•~~~ si~nat cjf the4~ subs-cQit~ng shi~x~ect tai~tt
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Abstraci

Trao~na[ic 1~saiaz itajury {TB.T} often h€~s i~ng-term debiliEatin~ scqualae in cc~~nitive ~s~~d iaetiavinr7l iicrn~~iins. Under-
stauc~in~ he~ty `I`331 ifz~~~xcts i'unetic~~;a~ ittt~};rity oaf bi-aif~ net~t~~i'k~ ti~a~ tindcrlie these citsu~~ii~s is key try guiding f~itt~r~
~p~r€~aches~ 1►~ T'13I re1~aC~ilit~tic~n. _Iri the c€~r~~~t siutt~+, due inv~~tig~icd Ehe cliFt'~rer~ces in inter-h~it~is~~hef-ie liuietic~iiaf
~;c~nn~ct viiy (FC) ref r~stin~ state netwE~rkfi (TZ~~is~ he"tw~;~i ch~~cmic ~fi~ii~l-~c~ :seven, TI31 }~atiea~ts ~~nd ~~annal can~~a~risc~ras
tNC}, (~ct~sing ~~n twc~ eutern~lly c~~iertted net~va~-~ s {i,e,, the fi~c}~iic~-~~ru•ietatl ~~exwark {FF'~~ ai d the executive central
}et~jc~E•k (~Ct~II), s~~ie inier~ialty s~s~ieiite~! 4ictwt~rk {i.e., tfiU default rnocie neh~c~rk (I);vfl"~1), ai~cl Inc. sc7m~tF~-rucstar networ4~
(SMN.?. Smart v~~xzl eorrelakic~n ~n~tlysis revealeii tt~cai `T'Bl ~aati~nt} ciispi~}rtci si~nifie:~ntl}• less I~C' l~e[~vicer~ lateralize€1
seeds and E~c~th ht}m~ilc~gt~~ss <~~td rtc~ix-l~c~ri~~lc~g~~as re~ic~~ts in the opposite I~~mispi~c;;'c fear exiern~~lty c~rie~~t~d net4vc~rk~ but
not fir ~~MN car S~il~a; c~nverc~ly~, TC31 ~~itients ~[~raw~i~ i~~ci~~s~ci f~G` ~vit~~i~~ i'~gierns ~rf the f~A.iN. es~~ecially pre~uneus
and ~3ar~hi~~x~;;x~it~pal Cyrus. ~Ze~iciT~ nF int~a~c;st c;urrctatio~t ~t~i~~lyse~ canfirt~iccl the ~res~~7ce. oi' si~i~i~ic~i~~tly l~ictier in[er-
l;e►nis~~f}eric rC in NC. fc~r the FPN ({a cfj.{)!}, anci I:;C' (P ~'t~.US}, b~~t ~ic~t ('car tl» LIMN (~~>O.t15} <.~c SiVIN {~~~1.Q5};
~nrtl~er ,~naiysis r~~ealeci ihaE ~rtcan~ancc on a ~~ei~ru~35yt:httic~gicat #~.~t measu~•in~; u~g~rsirationa} ;kills <~nd ulsi~n-tip~~U~tC
r~biliti~s ~~3Tni~iste~-e~§ Eo the'FEiI ~rn~ap, the Etey-t3stcn~ietl~ Cs~n~pl~x i=figure 7'e~[< p~~4itiv~,1~ cc~rr~l~ite~1 with FC t~[tvice~~
tl~e rig#tt T'C't`~ ar~cl ht~mc~lagz~u~ re~;ior~s. C}ur C~ndin~~ su~~e~~E #hat zli~finct R.Shi~ ~isfalay sped#fie ~at1e~~ r~#~ ~tt~rrattt F~°
Cc~llc~win~ "3`Bl, t#pis repr~s~:nts a step forward icy Ii~c sc;~utih for ~infa7a~•ker~ i~sc:t"ul ~'~r early ciiagitosis ai d treatr~~~iit cif' T'~I-
selnic~ c~~,niEiv~. i~t~x►irn~ent. ,

lCe~/ wards: ~~ternalty orierit~d neiwrc~rks; inter-liesni~~l~eric t~t4nriic~nal connec~iuity; intcrri~lly c>rieniec3 nc.tv,~«rAS; re~;iin~
~i~te fMfti; trauan~tic l~ri~"sn i~~juey

lntradu~ii~ar~

T~"1xa~.r~jA t tt: tttcatr, trr~f~us• {TE3t} is a ~lc7taal }>ublie he filth i~:str~:.
.~ with tlii° incidence s~f '1'kii rising tY~?rict~,vidL.' In the unite l

States alt~rse, inorc• th~sn 1,~ ~nillit~q ~:~~~s ar.. re~rte<i :~nriusil,~,
AJthcx~~3~ autcaSnes f~slfc~tiving fi[3I nrc, higt~l~r u;~ri~hi~, in atx~~t
or~e.c~ut tit ~i~~ cases TE3[ rnaek~ the vns~t of ic~ng~tenn dis~fiili-
ti~s. e;vol~~in~ inici ~cr~iatc.nt Gt~~'~irmenic in clon~~in~ such as ar-
1~~1fltiF1, tSlt~iTt~,~l~, tlii)~'~171~31E, ~E175~liOtl, tXCCiI[4Y~~ ~tkllClit3FiS Ett1t~

:;nci~i ec~nciuct.''"~' 1xx ~n et3t~rC tt~ ci~sign cic~ free~ cf'fc.ctive ~~haGiti-
t~tion ~arrst~rcc~ds a~~d tc~ gtEai,intee "['E3I ~aEients ~ #ai~;lrc~ q~~alsty t~f
Si~`i„ inicrdis~:iglinairy xcsigarcli ti~at cc~ntGsne:: ncu2xs~s}sclxslu~}F a~td
nei~rc~ima~,ing #~~~ cnd~vcrre~, tv nbt:~in a Fetter undo:+s#nndi3~g crf

'3"~31 t~utcc~ir~es ~~t the bs•:~in ~~~i t>ch:~~~icYe. In p:uueut~tr, ~agni~iv~
nettru~spetx~lt~gp nnef brain i~r~a~iiig ia~ctEx~~s h~v~ t3eeri r~crt~ite~I
~~ith the t~isix t>f gaining inas`~(~t into 1ic~~~ S~x:ci6c pr+`~~ii~_ti_ ~F he-
fa~ivanrs~l ik~pai~-~~c~~€ rn~~+ ~:ort~sptantl ti~~peei~c ~Zatttcr~Cs ~f't't~i~~-
ticsnal imptnia~n~e~t ~~df~r a~tamicni ht~iis damage~~
I~uiivicluccl~ z~~;tit TIlI usuatl) n~s~t;iYest :~ variety t~f~ ~o-exi~tin~

~~rmplFiin€,~ ~a€ad c~niplex c~a~nitiv~ .tnc! L~t7~~sit~ra3 e~i~~ic~t ~tsi-
cain~~; tli3s c~hs~rvn[i~~n hints at tii4 fact tl~:,t it~i~~*-term impairtnen~
~'~13z~v~ing €~€air i~i~u~-}~ ~aantlici abnorrl~~iidi~s r~z5t (car nat ~ntir~l~~
citi~e #« cla3~i~ac i~ fe+cal ~ntii~ re~fc~~~s> tin[ izT fire 7nt~~~ctivns t~~
turen. :~re.Ys tls~it ~~anicit~atc in 3~elwc~r?c of func:lion;~3ty aStcU~r
a~t~ts~~ni~ally c~iai~aecf~i[ r~~:urtd systcros~~ Incleert, a~thutig}t 't`}3},
c peri~lly in se~~cr~ c.c:~es, airy bc: ac~unmpan etc by i'Uca1 lesions

~ideveo;;~:ic~tce G~:sti[iatt Pre:¢~-az~t, ~Lkp;~ris~7eni ~f C`s~mn~unication Sei~nres end t~iuzrcl~ts. 3lacpartnrent of Jt%~tfrf~3cr~y,'[1a{r.~elar~ent oi' C'~ye1rx71~rgie~(
~rtd Brz~iat ~ci~ruec, 1J~uverity i~[ Iotiv~. Icrn~;t ~iy. tct~~_

"`Tt~e F3~~:rna~a Ire:+iitut~ Fuc rjcluaarte~d S~ien~~ ;tn~i Tc~Ptnr~lu~}, r fJzy's~ii»unt of ~iineaioke~gy.inc} ~'c~inmu~~ii~ ~ie;ilt}~. i ]nivc~rsil)` c,f liliniais at Urbasta,
C~xuYrz~pai~n, tttin~k:

~ ~ 
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4<zti5et~ by Lernhrnt c~n[i~sitzr~, it mfls~ F'rec~acnt}y pr~~~nt:; white

ruattter microstrt~ctnr~ ch~u~Ls nn~l is ~tzaE-Eicteri~c-~i by tiiftuxe ax-

a~3at injctry, :s r~Sult c+f~a~e~n she~cing dt~e to i~~e fc3r;~ cif the angular

ar~~ linear acGc;ler~tic~Fk ofihe Deft fir iin ti.;.su~ i3isidc the 4kt~li at the

inon~cnt ~f' in~p~#~C."
fic.~tin~ ~tat~ 1lmctit~nal nsa~r~~tic rce~tj~nce ima~in~ frs-(i19~2t}

is a ~4ittc~i}~ usc~i ~gp~s~nch icy ~xpi~rc iii functiz>~~~il int~~,+~ty c7f

itcural systcros.~ 1~~~lin~ state fh312I scans arc e~itrct~:d .r.~ pariic-

ipants Jie in ih~ ~c~~rine~° tivilht~tjt cnga~ing in a specific cx~{:: thy.

resulting }~ ttetns cs~ syneftrc}~c~us actiti~i~.y :tt rest t~:s~~nblc Cu~ic;-

ti~r~al n~i-~t~creks typic~ll~ r~hser~~:cl during ~esfonnane~: cif eti~~~1 [ive

taskx ~.9 Tn tiyir i~~~a rs-~a''~9#2~ c~ffet:~ ~ t l f~~e a task-ir~cl~~nefent

mca.~ure crf Cun~(icarial inte~~sty nt' 3~-gb :~c;~~te cogxrit`sve syst~~~~s.

Anatyu:s n#'rs-fN3Ri ~1t~ t~tteri ii~te:~,~ur~ ltie Ic-~=cl ~f tynchrc~ny. s~~•

functic~nat c~~~tnccii~+ity {!~C}, b}~ camputing c~rrcl.itic>nt bettvice33

~Eo~ic~~yg~a~~-te~~l cic~xtid~nt ~~t~I.iJ) ~i~tt~l tlu~.m~tiar~~ofbr.~i~~

rr~gicsr~:s of itite~~es1 {R~fs} prc~pcs*;ed ica ~,yorE ~t~~;efher :is pnrt~ cad

funt:tiat~~l ~ien~c~rk~. The ~ncthc~drtic~ic~! ;adv<~nka~es of rn~r~uring

E~t, ~~itl~ tiii~ ~:a~~fitivt~ t;zste-lre~ data cuit~ct'i~a~3 tr~ethcui. in 6vnt~•~e,E

t« t.t4k-rcJ~teei f~tRi, incl~~c#egreater g~:iarr~ii~:rt~iliCp fir E~rcciictiai~

~ha4 iar, tack aF }~i;~cticc or ret~:~t cti'e~t~, ;~n~ }~etFa~, nios~ i~ii-

prrrt~ndy iv#acn cfeaitn~ ~e~ith a 'PI3l ~pul~it3c~~s, tltc~ ctuniriaticrn oaf

pn~sik~I~ cr3n#"r1u[tc~-s dui 1cs task tliffiz~til[y car Nc~z~r!e~ilinc ef~t~e[c. ~~~

Sc.v~~':tl +tuc~ics ti~EYc begun {o ciy~ii-~cEeri~c wlt~st ai~crrant {~at-

tern: z~f I~' at res~ ~r~ ~~,ssc~:iatect tivith 7'131v aCdiffe_rcr~[ scvta7tics. 7n

particular, resca~•ch has Pc~cused on ch:+rruteri'rin~ the c:<in~t~uncrs

af7~t3F can Ems' Ix:t~~c^cr~ specific i2QIs in d~re~c r~~tii~t ~tzite neta~~~zks

(FtS~s) that hnv~ h~:en fc~uncl icy su~apc~rt :one v3' lire ccsga}iti~~c

~uEtc€ic~tie mnsi es~mr~nnty in~pairPd iii TJ31 ~S~~iil~ttic~sns~ tl~~ de~~~tlt

~tMzdc it~twart~ ~17c~3N}, tfu: [rc~~ts~-~ci~[€~ n~t+xUrb: ~I~}'~}.:~rrd tii~

executive. control ~~eiiuc+r~ tl~C~d).;'_~'4 Ai a br~~~tier lel~c.l it ii

u.~atui tc~ c~anicptuatize th4 E7~9N a~ an int~m~rliy s>r~cnt~d ijc:tti~or?~

(I(?I~!) :~r3d thu FPN and k.~ :t5 extcxnally na-iit~tec! Eiet~r,,5rks

~E;E1N~~ hosed +fin the ~ncla~~nsru~; or esr ~~nc~vs qra~#ity caF tl~c in~

fcsrrnatioo they manipulatic, rt~~pcetivcl~~.~s
'I'he UMi~I c~n~si~s ~ntcric~r me~~zt }~refrc~~cal i;sar~c~x. [~t~stca•ic~r

cin~,nrlate. cruiex {f'C'["j, 3~~ediat tem~csr;~l lobe (~vl"I"L}, anal lateral

~i~icta[ arv;35. ~rt~d it is krfltif~n tct ha~~~• ~+ rr~l~ iii in~,mally-clip cte:f

eo~nitic~tt, such as autot~ir~~a'ap(3ieat trtentc~ry. ittcory of ini~~d and

future arienttd d~t~t~~#ti. ~~' E=C` s`n the L~Ar! (~' t~~s ~ec.n ct~nsi~tent ty Ye~Ut~cf

[c~ be al~r3c~nnxl ~fi boih snilc~ an~f s~verc. ̀t't~i ~pa~l~~cans, .at~cit vrittt

u:~;min~ty euksl~~¢~cli~tt~ay iiz~dings, t=at sn5tartcc, t~vc~ xtucii~s ~ioticeel

~rea~er t~C a itl~in The' L7Mikd #~c~r T~3(, c~~~t~an:d with he~atihy cc~ntro(~,

~rzis~t~ta~~ly wsih tht ~ts~~uru~x~s azEd ~~steriar cingutatc corte~l3.~s;

htiwe~er, crtlz~is r~~rted t~.cs l~'G ~~itlitn ti~~ i?It4I~l #sar'E'~3E; ec~m~,areJ

~aFiih cotitrc~I~, csp~c~ia)!y tset~ueen ntoee p~~zsCerinr rs~~iE~n4 t~E' the,pc
1?~AN ~`~"'~ 1'hc.~e t~i~'tercntcs ~t~ay 1~- dui- to ih~ heterc~g~st~.it~ of

eu~€~tyti~af frarnectrnrks eritplayec~, tiij~ ciap,~eci ~if~e~ s~aseE c~~ injury,

T̀~] se~eriiy, aaci ext~~~t c~t'~ray anci white ~n:suer c3~uau~~e.

71~ie_ f~PIV ccztnpri~cs tii~ d~ru~taterat frontal anc7 puriet~it ccjrti~Gs,

<tnci has traclitic~t~ily 6,:ea~ consic3~r~tt pvt Qf' a b~<>aclrc "ta;k ~x3si-

tive" nctwnrk due ic, its aszcsci~tti~n Kritl~ ari~nti~~g atterttic~n to the

envir~3~3n~~~t raltac,t• than thc~ ~+;If: I[ 1ia~ t~t~cn p~sfni<itc:d ttt:tc #tre I~,I'i~t

i~ im=c~lvecl in executive functions and criea-n<7ii}r-directed# cc~~;nitive

al~ilitie~s, such a,~ gc~t ciir~rted t>et~aviar—fill hi~bes leva[ lunctiuns

tt~2t c~nsis€6i~~iy have b~cn f~a~md to li~ itis~a iirctl in TBI pupula~ic~ns

of all seer rity lz.v~ls."z,is ~z...~>-+ Siani}~rl~, the. liCx°d in<:luti~.s mainly

fzunial n.gians invc~lvcxt in cxeet~tive (2:-c~+:~.~:s f~~~I t~riznt~d ~~etinri

arscl nt~ibifionj. ~ j~x~tic~i3, a~~fi gcre~pticsn ~ ~f~~t surprisiii~;lyr, s~~~e€~#

~ivc4ies can TBi fi~~ip~es~, lsa~~ d3s€nvcr~~l d~~'ici~s in f~~: ~~et~Ycer~ i~;-
~it~r~.e 3n the f=1 ~*d. sc~tnc addit'rEfiza)1y re~c~rtiri~:~s~:t?~ia[ic~n~ lnt~t~ee~i

r~eurni~Is:i~i~tg Pi~~~a~~~~ arul l~uh~tvivr.~l 
pertcar~~n7nce.~~-~s_ar.

Ft1+GCb~d ET AL.

Interesti~lgly, sot~i~ arecnt task•related and rs-fA4Rt studi~;s ~iae~a

dcantzns[ratLc~ less i~~ter-hc.n3isph4ric I~~ in [t~cir `T~1 s~cn~~(e,,

cnmparcd s~~ith hc~~tit~y cc3nE~z-~f~, with ~r~xirts r~i' Ices FC ~etta°~cn

mc>tr~r ,ire:. in a sam~~ic ii~cluslizi~ n~itd, r~1txl~r'~[~, and v vere T13t

~atiea~t!;, Ixt~~~ecn left aij~J ri~ttt laip~ct~itpi a~~cJ ~~itcricir iin~u~tite

cnnir~s io ~rce~t~ i~.ve~~- ̀ ('[3t patients, .end Fr~I~~~Leta hc~arx3iagt~us

prs~frs~~t.tl. ~ariatal ~nzl hip}acrc~~n~y~l }~f~Fs in akt~te uiitc3 1B1 i~z=

ciik~iduats''" ~" to ~arti~:itltir, Spur: unci ra~l(ea~i~c.s"~ o~scrve~i

~,~tivc. cc~r~~elt~tic~3is b:.t~vt~n ets~nitivc. l~erfonr~xn~e ~~n s~ak~te~t~ oY

at c~Fs~putrxir,~cl c~~i~iti~~c ati~e~.n~cni battcrp ttnd inter'-hcn5i~ph~r't~:

l~~ in ac~atc~ ~fltl sub-itc~utc st~~es o~"1"~3[, 4vhif~ 19aic~uet ~#~ la Pt~ia

r~itd eoll~g~ie~'`~ feans~~ltt~at bilaets~t ~ii~pc>c~ar~tp~6ec~3iri~ctiwaty Mks

.i~sr~ciatecl with mU~s~~~e3~ skills. 't'tacse &nclitag~ are: perhaps nt~t

si~r~5riaisag, given fh~it inter-fie3t~is~~l~~~~ic 1~G 1~~4 lsc~.n ~sstis;iated

~~.~ith, ~(lx:i( n~,~-alwa_ys in a {in~ar 3~shi~a5 whiz sn~itei• integ

r[Iy, wf~i~h nftctt s~tra~v~ ~aaa~l ~~~~rr~r~iinn fnil<~ti~ir~~ ~~ 'I'BF
I -,'txepisode_.`'

ficr c[at~. althavgh sntne uiCnrt Kati t~cn cx~en~:ted ir`Yitt~ try

ici~ntily ti~~ prs:ei~~ p~~tte~•~ts s+t ~[~eri~ant f~~ fallQ~uin~ Tli~, no wnr€:~

liars ca~np~ered ii~Tc:r-1x:tnicphcric tunc:ii~nal t3iscc~ni~ec~ipr~ aerciss

tiistinet l2S~s t~i[hin ~~ sanf~te. "l~htss, the ii~ain purpose Ut thy:

ci~rTesrt ~t~d}° ~z~s to ~xt~+ninG ilic dift'~n•ei3~es in irttec-~n;i~pheric

t~C' ~c:ro tttrg~-sc:atEa Ear.~s`n netwtarks. lGi p3r[ic~~t~ir. ~~e; explt~reci the

}~~ibte ctinre~l si~4iihc.~a~G cif .tbnty~tttal i~ttc~-hetnisgt~er~c FC in

~47~#s (f~f'N .~ncl EC[Vt> fia IC3N fl?tVIN), anti s~ fourth nettv~rk

{~c)iauUa-~nb~icei~ r~etttic~rk ~~i(~1~d.1) s~ci(ieally ~ctected t~~ 9nvusti~t~te

the fcl~~vic~r cif tensoE~-n~~t~r ncitvi~rk HC fbkl~~Ying ̀T~t ci~rstagc.

~~'~ e~btai~~c~ ~-~-t~9Ftt rJata nn :~ ~a+n7pt~ Ut`~1 ̀i'43I individn~[~ in the

chn,nir stage rt~n~inc f"rom mild tt+ sc~~~te and 21 healthy ~c~m=

pa~i~e~rt p;~xti~ip~ts usii~~ P~,Clis ~r~:jtxa RSNs. i~Ve Iiypail~evzcYt 41n~t

'CEi4 inclividuala would sitciw dil~ierc.nccs in f~` tr~:t~~~~n ho~nnl~-

~ou~ :~rea~ c~i" ~:~3i~'s, itn ItJ~t, :rnc1 ~~ ~en4r~ry I~et~uori~ tierhtn cvm-

pared ~t~itfi~ a~~~arrntiy t~.:~!!li}~ isaditid~~sals tiit~tci~eci feu• sEx.

cc~si~ati~~r~, arc, .iiici #la~~clecinrss.

Eflethods

ExperirzleRt ~

ParliCip~nts~ 1n~Vsvicfuais~uiti~`3'BI ~~ere menii[eci thrve~gh [h~
7̀ satamatie t3rai~~ lnjary Re~i3try:u tti~ tlrsivcrsiiy of ~c~Wa, Ai17`E31.
;~atieaits were rich[ its«iclud ~nct in thr. chro~iie Stas~~ c~~ their injury
~~nurc- tkiur~ c~ #n~3ntl~s ~in~:c injur} c~~~~ti= ~t in TC3t n~etst a~ ttre
t~ehs~t~ic~eat ~~cctrti~ery is f~li~t~~d to occar ciurin~ tfte ~irsf 6 ~nc~ntive
Ealt~ix~iiigigjury;'T:~b(t I).;~'~'~'T'tic-Gi:~s~n~t~C'c~m~tSeale{C,C'S),in
s~~~irt3iFi~xtiza« with ~~'~ii3a[al~ infUrirs.atirrn Sri irrs~ n£ con~ei~a5r1~~{
{I,C3C~'}, has[-trtutn:~[ir ant~:r'cr~;rac9e ~imn~.si:~ (P`CAj :~~iil aCUI4
cc~~trgc~te~ ic~srn~~ra{shy (C7'j 6ncfing~, wee ~:xnplayt~i tc~ ns~rss TAI
y~~t:ril~F in et~rr~sponde~~c~ lu~th the criteria deseribecl in the ~~9xyc~
Llassificatinai System.`~;̀'~' ̀ Thy ~`Yi~yc~ Cf:~ssificatitr~] S}stem wa.1
~etectect bc:c<~~~se ttl~tYic c~pp<~r~u~si[~~ ii r~ffets to rriaxi~n~li}~ c<~~i[stlia,~
~~z~ the ~ikvitiv~ t~ncfita~s ava~labie far taet3 ind'svicival TSI Eia[iettt
ttn~t ihuir 1r~u~~t<t-relates! history itt arcie;r 1ci retrtjs~~ectiv4iy cl~tcr-
minc ~'t3► seY~~rity.

Partici~;-snt~ tiu4re elassificcl as r'1) inificl 5vt~c-t~ GCS ~1~ae l~-1 S,
ti~;~tte C`t' tintlf~3~s were nnrenr~~rbtiblc ~u~ci 37cf fiu~i lesintis were
vssiE~le cix3 a chronic f~i€ti, LtX.: +gas 3t~~~iis~ ter (es~ ar~d S'E'A ~+as
ihrrrtrr th:~n 2A h; r~r I3) innderate-s~~•er~. wl~e« Ci~S was less ttt;~i~
12, positi~~e aetat~ C'I" tit~cfin~s qr rhr~rnic i~~tr~rAnial ~t~inc~ein~lit~
~lutini~i ax Ei7ca) ic+i~ns visible ~~~~ iviRt 4wer~ present, ~e~ vas
tetager tlia~~ ,3{I miry, anr! ['T~ ~t~~s~r.~- than 2A 1~. If trait}' c~t~~ rrf t}~st
critrrir~ way islet ti.~.; ~~'S Inwcr than 23, t~£~ [on~ra than 3~ ntin,
►''{'fl lon~;cr than 'Z~ltt car ~aresence nf' :any trauma-n.tat~d a6ti~t-
~rlafity~, it vas sutfic,i~nt icy exclude the ~atic~~rt Irc3m tht, ~niid ̀ FBI
grc~tit> end t~ cisissify iha~tt ~s n2+utc~~-<ste-scv~rc ~Tai~ie t}. As thi.;~
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are a!1 cc~rsanac~rt cfc~ur~-ct~ce~ foltu~~~in~ Tf3f, p4rhaps not sur}jris-
iit~ly }}~ e,~ut csf"~~ ~~rtiei~sjnCc were c~ssier~ecl to the ~~3caritE-~~te to
s~Yzre gruug an~i only ihre.c €~ c,ltu mild grc~i~p. Hca~w~vr-r, ~t rs it{x-
~c~rt~tnl to n~entic~n t#ry~t c~tt~cr ilassifieutiuri s}+sfc:tta~ lvo«lcf l~r~ci icy
diff~feiiE chasact~ri~s~#it~~k~ c~k tfi~e s~ia~t~~Jc, isi pxrtictrJ€jr. ihr~s~ ~Z~~-
tiiipan~s wt~v.~r~.}~,5igrittil tc~ tY~e ~r~l~clea-atc.-severe group ntcr~l~ due
to Ede ;~resenre of ~~:+~il ~r aniraccar~iat at~non~~~liti~s wc~~~lc1 t~
dr-t~~r~ •~.s cc~ni~3li~atecl-~~iitr! `I"I~1 ar high-risk mit~l '1"B! ~ra-
tient~;.;~.~~' Ali T#3I perticipantti u=ct-c. rle~r~cl fc~r resntraindicatan it,
M~2I sunning.

I~Ccsnnal heR~tlthy c~tsap;i~istan ~~articiparaGs ~ti'C: ~t=~1) ~vc.~~ s3ni-
plcd ~ron1 a ttir~~ e~iating dat~fba.~:. csf partisip~~rts ss:an~rect ~t tip
UniYer;ity cal' Iliinnis ae~ the ~a~ne ~;ca~iner mcxiel. E'zirtic~anLs in this
datatzas~ ~a~xc recruitc~3 from tlzc ~t~rf3r~~uniiy n~ [1~ban7-C#i~mpdi~zt,
~itincsis. €~r~r i~t~ p~rtis.~~s~ints. ~:-IigibilitY crit~rs:t irzcFuci~if: I} rittxt
h.~ncicci~t~.~.s (at le;~ct 7~m ati the ~dinl~utg}r f-f~~~de~Jix:~~ C~ue~-
fianis<iire~; 2j nee h~ttivG~at t~; and S(~: 3) nc~ p~~itx~s f~istc~~~ oaf
~syrhit~tric aizd tteurs3lq~i~at ilEness car t~~turtr.ifie hrairi injury; 4j a
~.~r~ ~?7 nn tfi~. iRini-~3efxtal SEut~ E:xsi~~; S} a~c+rs~}<~1 ter cctirrecte~..

It7-i]07lll~lj Vi4ftlp ~7j ~( t~:SSP L(XQ{7 iit1C~ [30 CCt~C7f ~~4i1l1tlG:titi; all~l ~?~

suilal~ilit~ for Mft[ c~i~~r«n~x~eai. F~~:l~ 'If31 p~tti~nt ~~~~~ n~atct~i
p~ir~~~1c with <~ EYC ~<~~rticip~r~t i'c~r see, R~gc, Education and haactecf-
a~~ess. r~ h~c~-t~tiicci t•teii rEvcalsd ihait tiw: 'P~l cittd NC' ~F-c~~~s tii*.i st~ai
signi ~e:arttty di #"("cr in ;t~~: {f =2i). ~ ~ O.5} ar c~ucafic~n {f = 2tl,p>{}.~:

'Table i j,
X11 pariici}~ant4 sinned .t Lvritter~ infortnecl ccxnu;nt and ~aerc

~{aij~piats~tec3 Fbr their p.~riici~~~ttit>i3, 7"f+c sludgy ~va~ apprtave~l by ih~
l~~stituiinn~t Re~t~ic~~ i3r~ards .~E [1;~iwtsii} €~f Tratit~t a~ict tPie t~ni-
Yl'.I'Sll~t U~ I~~SElt3lC-~)'~?ilCfil ~, {i'rllti~?.11}?Il.

Ideurtsimaging d~f3. t'c~r txath ~rou~s, al( ncui-oitnagin~, data
were c~Itect~d ciuXi~n~ a ~s~g3e sessirsn. l~nra fe7~` TJ3► ~'t~2i~ipani~
were.. acquist;tl of ilte ~Ir~ivw~ity ~f Io4~~~ on <~e 3"E' ~t•h~slc-l~oziy NiRI
su~xntt~r (~4asnc:torn 'i'1i~~ Trig: S~e~nc:ns kieailtitears:, £si~irage.~r.
G~nia~ly? r>}i~:rated ~~tly ~ 12-eAannc.l ttF E~~.aci rC,~eiie coil, I•iigi~
rcc~tutic~n'I'1-~vr.i~ht~.ci bF.iinstn~gcs ~t~rc a~quiia:c! ~~,sinc a xhrec-
~limensicarial ~~27) i~~a~E3etizaEiors Fre~~r~ci I2a~id Graciieztt. 3~ehe~
It~uigitzg C~1PRA~L") prt~tcacc~l wish 2i3F3 contiguous -ortin~l clicc~s.
c~:Fics tir~1~ ~"i'~t~ 3.1k~ t~~e~. rc~r~.titic~i time f~t'I2)=?S~f~~~~~. ~ie1c~
n1'vie~~E (~JV} -?56 r~~m~, i'uxc.} .size= f ~nxi~'~, and i3i~~ ~ncic= l t~'-
T2~-tiv~ighted ee Eirig ~Yate ~tata u~cse ce~lteet~d tivith a fait echo
pla~~~r-iEnagin; tI.:Pi scc~~~iic;c} ~~itt~ Bf3Lt`~ U3ifrasF (&tnitt~ `I'R=
2~3C„}(~~msi^.c, TE=3~~nscc. 3I slices acq+~lrcd iii ~sc~2~din~ order
voxel size: i.~#x3.4x~.Srna~a, h4~tfi~ in~itria, tligangic:=7S°)~

~i9F2t data fnr the idC ~rtsu~ was cc~!le~teti wing <i 3"1" Sie~t~c~s
'Prin'~'itw ~y;t~nt sit 7Sre C1niYer;i~y ~i` Iltltiois-Ur~s~t~:~, C:3r~t~t~~i~n.
f ti~li re:~lutie~n'~'i-svci~t~tcd br~si~i is~a~;~s ~~^ere aa~s~ir~cl t~in~ :~
3t) tvlf'RAG~: }~r~trxc~l bs,~ith 797 slices ATE=3.~2~n.~c. T'12=
19t){?~risec, t~t)'V=23C}mm', vox # size={).~ln~En~, afxl fti~> .itt-
~le=~J°j. Restis~~; stole- image, trere aec{t~ireci with ~t fast API
s~:qucncc tb nlik}, Tt~t ro 2(HH} sec. T~= 25 ttiscs, 35 slices acquire
ist as~cit~in~ c~rcCer. vux~t sir_; .~.~1X 3.~ x~ inrn, ti~x 6~ ~ia.~irix, fli~a
an~1~=R(?`~}. f7urin~ re~;tin~ state ~Iaca ee~ttecticri~, ~(1 ~rticip~nts
xe.r~ instnutc~ t~ keels their eyes t~lc~s~t4.

P~'e-pfCSCesstng. Ittinctic~nal ~1Rf ciaf.z fin--prr~ce ~i~~ vat
e~irrie~} scut u~:inQ f'SL, i.t).~ i1;'l~IRII3'S 5~i~~v~rc f.ibrary. ~~~k~~.
iizarit~.~x,.tc,ulJfsl).~' 7~ic love-sti~atc~r avh~a c~a~r~t«tGcl €ItL ;~riatysi~
uas Rio[ f>lint}cd t~ t~l~cther the ~atn aixalyzc~f 1v~s cf}liecicc~ 3's~oz~t
T't3T ur tit' ~artici~ants. High-resvl~atic~n `7't images +~'~r~: ~h'~t[[
sirip~?~:~1 using 13ET artcl the r~st~{1i~i~ masb~ ~~ea~ furtt~eF a~anuatty
insl3ectcd and r-~~rreczec~:~ } EPI ~1ai~t ivei~. that i3~oti~art e~zxr~stec~
using ~4~iCC*'LIR'I', a~~tl braid exErtcted <tnci s~ftti.iily ~manthecl risi~a~
i'~li wi~~tt€~ a€ half' 3~~rtzin~~~t~ 6.~k~t~n3 faa~s~t~a~ t e~~ract. Singzl~-

se~#~jcct in~eperident cumg~c~ncnt anafysis {iCA) wa1 c~~i~~gt~tccl vaith
iR2l:LC}llIC aid ~:~ch coan~mncnt ~va~ yisuatly inx~acccec4 ~Rc1 nia~7-
uaIiy eia~;c_ifie~i us si~na! ~cc~ru~~tt~tit:~ of interc.stl ~~ aroise ~e.~;.,

RtGON ET AL_

ct:ll~etie~tt arti{:acts, signal ~f rinn-Eieiir:}► <~rigin) k~}'tc~n7 incic~cndenf
ratea~; using ;z c~~sta3~a-ny~cle gr~~ahi4 user interfa~~. i.3ttt~s:ll~iihuh.
ctnn/kttr.~/i`t7~ri-ices-gui).~'_;'~ r~ anczclesatcsr, ta~hc~ in~cic the final
cla:~si~c~ltinn, further r~tecl ee~nipnnc nts c~iz ~v{uetf t#te. hvo raters ilid
tin€ ttc~iie~~e agrer-ts~~nT. Inter-ral~r ecti~t4~ili[y :~nal~~sis usiEt~; Cn-
hcn`s kap~>a statist c~ to<t~s ~erfcirmei 9c~ cite}mine con~irtcnc}
~Ent+an~; ratces, ~u~~i it t~rijs futu~d oral n =U.75~, tvitti a dixa~rcc~r~acnf
~~f 9~;~c, ic~tcr~rctisi ~~ sub:~tants~~f a~rcci~tent.'~~ Tt~s~ ~"~lln~i~~ step
inciucieci tempcis~al tiltcrin~ for ~i~ec~uencies Eulc~tiv f3.4t?fi end abci~e
t).1l17, nt~i~.~t~icc regression ~v1th E~E.,~`F {using m7isxnee ttt7Is
placed ir3 w~f~it~ ~t~~fi~r aiict cc~2.~ra5pin.al fluid tai the I~.fi sentricic
~ui~i sip ~nat'ttst~ ~ara3t~etcr:~}, ~I~~~i ~i~n~( rc;~rc:ssiar~ ~~ad t~c~lumz
ceEisc~rin~ l~a~if an a c~njuri~tion ~~f' }3C3LI) xigna1 spiCces atzd
matian. ~+tcs Y~lufrn,s u~cre: ~cnrtritec~ fn~~n a~xy ai"the ~r.irtici~iants,~
L;I'i data; iii~ely tiue t~ IGI~ dedc~ising ;end the Etsc s~t'the sim{~lia-
t~e~atts iiui~u~~ ~~e~!~~e~sic~ri a~pr~+itch ~~a ;~siec[ 6}° H~Ilyt4ist a~~c4
ccs1l~~~ue4:~} S~~ti~l ntirmaiiaa3ita~ of the #'tanctic~~7~~i i~~~c~ge~ to tYie
Ivi~htr~al N~ur~~lc~gicat Institute (~9~1i 2-t~j~n fem~t~te ~Zrair~ teas
cony~uictf ttsin~ the tbriut~dnry hasc~ ~~i5tr~tic~n al~~arithm.`~~ Re-
~isirrtin~} fr~i~~ I~"(PRf1G~ l~ Ri~l1 spstcr, w:~s tc~ni~uted ~.r-in~
FiV!!2`1' tvittt iFts. d~~aulf I{3snE~~ ~t~ar~ ns+~#~lEic>n.'17te tu'o resulfin~
teansfnf~~ttticm~ 4ver~ cc~ncaYet~ateti .tnd ~jpplie~ fa tl~e or~gi~tal ~:t'l
date its iransft~rnt it info sfafidard tV3N1 +fir>~ce. `I`his process rtllc~~~~ci
tv t~~r ~c~ht~~~E 4~r iora! a~iaiQrtti~al ~~~riafritity clue icy atrc~}~I~y :skid
ventricle ~icfarma;tian ~4 ~'

A rea~~rch serialist with ~xte~isikc ex4r~ricixe in ptrrs:essin~
Ind +~nai}~zing ne~mimaging ci~ta ccrticeteci on n~:atrt,ingieak ~atie~tts
r~iih ft~i:i~1 I~~i~ns ah~l bliiidccl tt} ~ii~~nc~sis rxainined each ~z~rtic-
ipant'~ 'f I fcrr visible t~a€~mt3-r~la#~i fit ]c;.4icros ~r~ct ic3~niified
eight pz~r€1e.ipanis jvh4~ cicc~riY ~i~u~ed ~istince rw~ic~ns cat :~tT~~~h~
~;csssik~ly dire-tc~ he;~d et~ntu~inn. l~c:~a! lesic}n~ tvea~ iiaat# trc4cet~
using F~k.ir~~W ~ncl the. ns~~ttin~; ~n~sk~ t~~eru u~ci d~irirrg ~}~atial
ric~nnaliratinn.tvith FNIRT i~~ r~r~icr to inct~ea e i)ic duality ofi~ ►hc fik
tc~ th~~ h9I~1f brain,

E~at.~ t"csr ti~~ 'l'Bl and ~'C'_ ~r~erp~; were ~olt~ct~d in s~.part~te
u:~+»n~rs anci tivitfs t~~cr s#ighti~ dif(ere~~t ~rotcu=ois. In nrcler tt~
clnrify the pa~~siblc c:crpCc~unclin~ effect ~f the mtjlci-,lie acc~uisiti{jn.
~igFiat-to~f~nitis. {SNR~ analysis vas pes~'~n~teci Ica d~tcrmi+~c if Ehe
~itafked di1'Csrenc~.~ E~tweert tiie twu F*~~t~ps cc~trld tx: explain~ct by
ciiffcren# scanfiier properties (~uppleii~eni<~ry tt~xt ;~itd ~'aht~s 5 i an~J
S'?; see or~9%n~ sti~~izmentnry ~~urten~l of ~=1vlv.lic.E~~1~~ah.eon~).

Seed. ~~3iysfS. RSi~'s geFicrat~tf ley Smiih :i~d ~c~{leagues~
:end availahl~ of http;/lfzi.finrih.cox.tic.ukian.iiysistisrainrnap+ran
~s4re. used a n~stat~rk R(7Is {~tvcr };nc~»~si ~:~s "sods"} ~turing tl~e.
secci analysis. 't'hc: RSi*tfi s~ea-e et~ri~ricl <~~~iyin~ ~ruu~ ICr1 t+.~ eK-
trsi~t 2C1 cr~m~~nca~c~ Erant ;~ 3Ci gut}j~.~ts ~-1'141RI c~afa~t. ~3a~c~ ~~°rrca
#ct~an€1 Ica maFch coe~si~ierahty~ tc~ IG cc3~n~on~nts r~eEalti{~o kr~,m
~r~}u~3 I~~ r;~rri~d crut o~i the ~~?,f~71-suEajzc~ I~rs3int~~p aetiv~~i~n
ttat~k~a.~sc..`~ In €«lditi~ai~, ih~:.;~ ~~gn~~7ts~le~~ts highly a•Ls~.~nl~lc the c3~~es
~en~ra€ed h~ tl~~ ~;rt~u~ [C:A analysis perfisEin~r~ b} Sievc~~s floc!
ec~tica~~~es~ nrr a ~nif~l `TAI ~,~n~pte. t~t~u~ efrntinating the }3atent~ial
C~~acert~ iii ~m~ylc~yin~ ~C maps ctc:ri~red tnc7~n ~ healthy ~:impte tc~
sitinly t~ ~:1in~ic~1 ~t~putaC3z~~7 daiact.l ~ (n g.~irticexluz•, irt:t~t il~e 5~taifh
d~t~rix~ c; u~c eelecfetl pis seeci~ F25I~i 4'~~ (L~NtI~Il, 6'?{~ {5~1N). ~2fJ
fkC`N}, ,roc! 92[} and It72{). ('right arnl tel't FI'~. rc;s~%ii~ely; Hid.
I~).`' I3~t}i CCN anci FFR; lia~•e t~.n f~~u~cl #c~ h~ c~ruci~i fc~r
ext~r+~aliy-tc~cutied attcalCir~rj, ttnd thus ti~•ej~c scicetu~3 as ~~am~lc5 c?f~
~.C7Ns, ~vhit~ the T3~~~f sert~eci izs the IfJIV, a~~i1 ~I~e S~Il~d us a u;n-
sc~r~ networtc.;z~~~ in act~lit3tin, in arric~ kc~ bs~it~4' ir~t~c~lig~tc ia3te~'-
he_~nis~~heric f~C dif'fcrences beiwetn T#3I p:~tiei~ty atut r:rintsc~C
~.trtici~attts, fc~r cacti 12Sid. I'SI.: ~~:~~ u~c! to create ~ym~rEctFiral tcl`c
a~xti ribht laterafizec~ ±seeds, s>nty inelt4tlitS~ tr~~tx~ar~ re:~iunr sitt~~t~el
ire une hear3i~Pl~e~c. (exck~din~ 16e 1~ft a~~ci ri~hk 1~'Ns, ~s t1~c;y <d-
~e~acj~~ .hc~tti•~€1 .frnn~ (aicrali~~itic~n: frig_ t13j. ~:at~.r~iz€d ~n:sps
~~ere utilized fir 9hcY seed ~natysis. 1~II ~LC31~ u~erc ~ei~er~lc ci frai~~
tt~e 5t~i2F~ rtirtti~~r~3~ ~a~~~Yas tiwiYh .t t#irc~heils~ oaf ~> x.33.h
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I+Its. I. F'ie.: resting Mate ricfwc~rks {RSt~ts)~ tiv~rc Scicc tetl its re~it~its t~f interezt (R(71s} fcir thv weed :utaiy is, I~r~r etch ~2SN, E'S[. Fv is

u4ec~ tit gc~~eratc symn~ct;•iL:~l teft and right Ir~ieraiizecl srLtis, t~nly in~tudin~; ncfwc~ri: regio~~s situs~tcd in one hentisphcrC. Given il~c;ir

al~udy snc~ti~l}~ laterali7eci x~~tfur~, le(t aixi right #'rc~nt<rg~rict~zi t~twr~rk ~ri~p ~~ere ncjt ~rrcacli#red bct'ore t~in~ used tis Rf?is. A threst~c~ld

of Z> 2.33 tvt3s applied #o all iijap4 t<3 curate. nctevc~rk-based RC.~Is. 'Ttte: networks arc stx~tvn ern the transverse plane {A} anc3 an the

sagittaI ~Tanc (I3}, Cotc~r in~:tge is avai3ai~lc t~nline at Svww.liebcrtpub.ct~mtne~r

'fhe cvt~caten.U~ci transform c~btaine~i r~t~rin~ pre-prt~es~ing leas

apptier! tri transfc~s•m the weds t"r<~n~ Mill t~ native space artct again
to trat~sforan flay sec~I corretxtic~n t it€~~s tt~ A~3N[ sgai~. KOl ccirn;-

fation ~in:~lysis included cci~at~utin~ vc~xcf-wise I'ecarsoi3 coef6cierits
iktween fhe cc>rrLclec~ avcra~c~ tis~ne series ext~~acted tram a git~c.~i

>cecl nctw~rk with tf~c cc~rrcctet} time series for cacti v~xe1 in the
brain; in arc#er to en~u~i a norixttt) c~issributie~ti cif tt~c r va3tiEs,
i,9ATLA13 {2Ut~a, "I'he sViathVr'c~k~#:1, [sic., Natick, ~rlassacl~wsetts)
way; ttKcd t~ transf~rn~ the resulta~it statisficaT maps tea ~i~h~a's

z-uc~res.~~ A far~r-climensic~i3ai i~n:t~c file was created by cc~ncai-

ctiating individual nctwrn~k seal maps ai d taSL'~ t]nrnco icsal vas

~~scd tc~ p~;rfor~i~ .« ~.t~~~et~ ~~~rticif~s~n€~ c>rclinary last-u{uar~ zc:-

gressioft.`~'`
T~ deter~ijinc staiistical si~ni~iC~irrce t~nci ncc~runt #'or n~trttiple

comp~risc~ns, c~xet3 ncttvor3: sped ~t~ap ~r~as #hreshoEdccl 1t L~;i.t ),

~vitk ~ ~lustr~r si~nifisance at geQ,fJ~. €~c~r each nez4vc~rk ~eecl, the

~~esultiE~g L-slatistir r~~~ip rep~esc;nted <k gaup average anii ;t c ontrast

c~f~ grc~Eip -cii€fc renege. After vis~ai ins~ctit~n, anacornical lat~c;ls
4vei-e a~.sioned by ref~;ret~cin~; fhc i-i:~rvarci-t3xfard f~c~rticai and

Set~cortic~[ 5tnrct~iral tktlase~ ify file I~~[. anal}psis ~az:~a~e.ss s~
IFt Dreier tci gblain carrclatiais v<~Iues bc:t~a~c:en di#'ferc:nt 12~Ji.~aair~,

the mean timi. series of all vcazels cc~niair~ed in each I2C1t was ex-

tracTcd and c~rn.l~itecl with the mean ti~~ie tiertcs i~F all e~iher R{}Is.

Tice ristrii~+ait Pearson iexffisient sua-~ t}ien cot~v~ricd inCc~ a ~i~hcr's

z-score ~4 u~as cicxie fUr the voret-iWise analysis. FuGx;tisanal ct~n-

n~c~Eivity n~€~tric~s ai3<3 cann~ctivity dea~drs~gra~ns tver~ :;~p~tately
genea~ated fir each gi•au~ tieing #}ie nt~t<tit3eti 1+fisher's ~-values anti

Mai€leib'~ h~7trnap, linkage, <md dcnciro~rain functions. Farther

statisFs`cal ac~tilysis on tlT~sv data was carried cut using SPSS {rc;-

Irasc~l 2Ok2, IB~'I ~YSS StaEistics far A3:selr~ictsh, Vcrsic~i3 2I.0;

I13eVl Carp., f+,rmon~:, f'~1Yj.
~.ast1Y, in t~rcfcr to ~~erit'y ~vhethcr tt~tc;r-hesnisphc~•ic k=~ differ-

vnccs bat~~cit gr<3~a~>s were clue t~ the }>~e:sence ~jF tranntn-related
fi~cai icsic~ns itt [i~~ ̀ Cl3I s.ti~t}~1~, ih~ s~in~c analyses r~:er~ rc}~aied

eli~nin~tting ih~ participants with 3esic~~~s frnn3 tt~~. TBI s~tnple .3~~d

their match from the 3~iC groins.

Experiment 2

~cltftClpEtl3fS and ~}~~V10f3~ C~r~t~. ~~U`tit:ipltltS it1C~UC~C~1 talc'

s3ri~e 21 ̀~Fi1 ~rii~spant4 from ix~erirt~ent i-~E.~cl~ of the T8I p~r-

Iicipanis u=ere ~dEniniStcred a pap~:,r vcnion cif the Rey t~sterrieth

~i>~npiex I~iK~rc~ 7`est-Cr~py (Kt3CFT'-C') ~snd tic Rey ~stersicth

Cc~~ri~lex fsi~ure I`est-Uellyerl Recall {R{kCI~T-llR). t1s nc3 cor3ipa-

rat~l~ tr~:i~eo~sspctu>Icjgisal fx:-havic~r~~l date+ tit ere collected fpr a}t ol~ the

NC gi~t~p, 'TSI ~€trticipanis' R~f~ ~' scares evLre z tr~nsfisrmeci in

z~r~ic;r C~7 cc~~~~p~rc- iikii~ ~rforn~ars~c with the population mean.

'Fite ItC.}('t^!` u:~re collected fi r tltc TBI }y~rtieip:rnts le°e3-~ z-

#~Kf~.Sfnr~nccf usiE~~ internally ~encrated nz~riaxtive ci~ta.S4 lns~ec-

cit~n t~f' tt~e sicand~rci ~eores revealed that 751: p~ the sample placed

~s;3c~ry a4 cz-a~;e {Z <Oj, ~F~iih 297o t~~;c St31>clotiv average (Z < I } fliici

l:~t~c two dc:viati~n sta~yd~r~ls belt}tv n~car~ (Z ~ -Z; TahIe, 2). Fier the

subs~l €~F tt~e'i'f3 [ ~rz~up fc~r ~vhoEn GCS infarsn~tin~ vas available:

~n = f 0), there ~uas ncs ct~rre~l ~tian tnttivtea CiC:S and p~:rforrna~lce on

tine RC7C;h'T`-C (r=-f~.21 i, ~~=t},559), nar I'~etwec.n GCS end

RC3C~`i'-DR (o-=f1.2a"4, ~=(~.~78}, r1s the (2f3C~E~"t'-DFt has liecri

fau~xi tt~ t~ ~nc~rs, strcrn~ty :~sst>ci~tccl with cxcct~Eiv~ €Unctic~~s lh~ca~

RC3t"f~ 1=C:, ttie former tnea~ure vas regarded as tnvre ncl~~sive acid

~lc~hal3y representatiae c~fT}3I ~~atients' F~anctSaning, and used as a

covari~3tc of interest #n invcsti~ate hc~w inter-he3ni5phcric ~'G ~tiay

coxvc-t:st~ with nc;ttrops~et~«1a~icaI nu~tsures #~

Analysis of tha relationship betate~n ~C anti RCPT-

dE!iayed psr#flrmatlCe. i~St_'s fl.tmeo tc~oi ~w~ass ti~cd tc3 p<;rfc~s77~

are ordinary tc.~.st square re~ressi~n entcrii~g as a Facte~r the cIe-

~jie~n~eci z-~ectr~c for the I2()t~t~!'-1712.5`' Tlie ~sscscia[inn he~w4een

~C ~7d per£~x~~aa~~c~ of TBf paitieipants iii the RCJCI~f-BR tv~e

:t~.se~,te~I try examining thu euirc;laticm t~ctwc:en n~r~nali~ed
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'i'.~ei3 ?. ~'~rc~~U~~~.~r~cr caw rt e Rev tJsrr~z~~~:~~i~
C~~tt~ti,~ Fic~t~x~ 'I`~sr

h'ry ~)s)errielh {:rarrr~rlri ~i~r~re~ Tc>.cl {v-.xrn1•esJ

C'c~py 1?el,iyec2 ir:cal#
1~9cY~n —t):6 ~ 1 -U.7~5
Sll 1:'~9~4 1.114

~a~z~—~ t~~ ~ ~
Le—Z (Id} 2 3

Sid. ~tar3<i;~rci clevia4csn,

~~rf~r~nai~~e sc:c~res and I*`C i~~ rF~t4vtyr(: ~+s~.ert ~~taja~. Z-sE~tisti~ ~~~ape
~~cr~e tiiF~Us#i~7]ds.ct at l>~i~i 1, with x cl~~st~r signifs~nc:e c~J'X~~ti.(?S.
Ail re}~~rtcc! rc~sulls are ct~r~rccted ftir ale, sex, <u~~i cilcication,

Results

Expertn~ent t

Group clifieren~:es in FG: P~,ak~ 1'~sr ~hc t-C rn~ps c~bf~in4°cl J't~r
each RBI net~~~nrk wed ~~rc report~~ ia1'F~{bie. 3,

Leff FPN

B~~~ct c>r~ [hc~ rc:sul[~ c~i'a t-iontras~ t~`C > ̀FBt), ~~ p~riiciE~ants
lead ~~zon; t~C't#ian ll~e ̀ i'13I patient, bc:twcen the 1~£t I~f'N t~~cralfred
scud ~nZi r~gic~ns c5f t}~ t-ighe Fi~t~ in the eigl3t fru~~tat ~;1ti ~a~~rie~;~l
lc~~e~. to pxrticul~r the right sa}~ri~r :~r~e# aiicl~il~ i'r~~ttal gp}~us, tl~e
right tz~ntal pz~te, sand Ih~ rigl~i un~utair gyms ('I'abte?}, 4n acic~ ti~ii_
x~3C' ~~rtir-i~;~~tt~ ~ht~~v~d ntc~re. F~ ixettteen tf~~ iefl F~P~# ~~t~ bil:~t-
erat n~io~~s aet the Eii,itazitus ~Isi~. 2A}. ~9 s~ec~nd f-r~titr~st {T~#I >
I*I£:~ re~~~(ed nea rcgiczns o~ C~iglz~s• with ih~ L~#"t E~I'iV in tF~e'I'#~f
~3•oup co~~~~tred ~~ritil ~+iC'.

Right FP€d, Sinsil~r]y its tti~ I~.ft ~I'i+t seed; fc~r ~1C'- g;trfici-
~r~nis, ll~e right i~1'N xee~i had stare ESL'. with the Crc~nt<it arut ptrietc~-
vccipitat IcaEst; caf~ the tct'i Itc~r~i~p#u:~~c. wi4ti clusic:rs isi the ntet~ia(
~~rtivn cat the suy~. ricf~ #~rc~nt~£ ~}~ru:;, ~nictdl~ anal inferior 1"ra~lt~~l
~vnas, su~~:F-ic~r ~~~riet~i lotrtaEe {,tngt~iar~yn~.e), da4;.{a-medial part cat
tlj~ ekrcipita! cvi~t~x, a~~d Ic It 9ttetltA~t~as_ i~C parciei~a2aEs ails{~ li~ntaui
t~i~3her FG seiti~ #h~ ri~t~t tin~ular ~ynts and right thal~~riius ti'i~. 2E3 },
T(33 paticfit4 :zh~4v~c~ significantly aiic~re ~~' l~ct~vCen IEt4 right f~Pt~fi
~nci tt~t~ ~cft inCeriesr c~cei}~it:sl et~rtes, a ~~c~~on x~tr1 zktCtticfed in the Ic.ft
FPid tT~l.~le 2).

Left ECtV~ ~'~>fiijs.trecl with itx T[31 grciup, tix NG ~rc>up 91:1d
si~nilicaiifly= me~rc I~~" tx[~c~n ttt~ 1c.Ct ~.Ctd I.~ieraiirecf seeds said
tfir~~ right hen~i:>ph~~x; r~girri~s, the iit~r~i~nar~inat g}Eras, the tc-
ci~~itaii cc~rt~~ :~~xl #1~~ iiiicl~l[~ #~rrs~~tai gYz"us ~~^i~. ~.~}. i~~t€~e~iitglY.
rr~~e cal- tlies~: ~re~ts is l~~~r~c~lc~~c~us z~ ~~~t~ns cuf~i~rixe~ i~a tt~ lcPt
EC,i~(, nc~e overlaps r~~~ith stie right 1 C,~'~i. A t-c~iatrtst ~"TEii ~ i\C}
st~i~wi~ti sfv clus~crs art si~Eti(irziritly hi~t~er t~C with tF~ lct`t ECN.

Right ~C~l. NC ~r<zttici~r:znis cli~~I,iXeci si~nifica~lt(y mt~r~:. }~C
bct~veei~ tEic ri~#st ~~'~~`' scud :~~rd the full a~tidd~e ar~ci ~irtterinr trern[:~i
eyrus, to;d some sinali~e ctt~stcr ire !►~e tef~t su~>eriUr ~~zri~tcr_
cx~cigitat ~crrtex {I~ig. 2C3t. Cran~~cr~ly, TEit p.~fie.nis zho~uecl ~tu>rc
1'C with t1~c right ~i~~ci~ic~r tcriipc~rai gyros ;inlet ~t~ith a iar~Z~ clust~ r i~
tiie :~u~z~ric~r crr~i~~itnl cnr~e.x ("f~tbt~ 2).

~E3ff OMN. ~t~' ~a~tici~;~nts-cli~lake~i si~nific.~ntky knore f°`C
b~i~c.~rt the left ~3i~i;~ anti the ri~lit ~c,~lcsntta3 ~y~s ;~a~tl sub: rior

~IGt}N ET AL,

3uuicsat 3c~ht~Ce ihs~t~ T61 inclil=idt~a~s {i^'t`~;. ?f;y. Tf3i }~aiit~its hnd inQr~
F~ ~e;tw~c~n tl~= le#t i~flt1~V l~ict~tlixecl scecl=urd biiatcral hip~xs~~tmpi
~ntt pa~~uhi~pckatnpat ~?yri, ~iil:~tcrai ~}t~cuneu4 anct PCCs {f=3~. 3A).

Right [31VjN. SIC siieat~rcd l~i~;her !'C wiih a i;lusttr i~~ Il~c i~r
i'eE-ie~r fa~ntal gprus (Fib. '~kj, white TBI txlfiil~iicd i~a3iftc~~ytiY
~~~t~ea i~C t~trrer~g tine rich( ~~lt~ spec# :~nc~ i~oita left ~nct xi~h€
ptt~ uncus {f i~. 31~).

Left SMN. ~C an:~~s re.~~e~leci ni~r~ FC bettive~n the tefi Sh~N
a~~tt ciustr~rs i~zi~it~i~aa(~rc.cuneus. middt~and su~~crietir fl~ntai ~yri,
rigl~i, n~~:ul¢ir ~yru4 ~~n~l righ[ micl~lie tc2n}~e~t~al ~}irus iii I4tf_' partic-
i~,~inf~c {k~i~. 1Ciji rie~rk_ ~€ these r~~ion~ is c~m~irised in tla~c nKht.
S~i~i (T~il~l~. ? j. 7"ta: 7't3t ~~~~tt~~ situtved txfi rsygious of hi~I~x~r FC:.

Flight SAt4l~I. ~nm~~arahly ~httt sya~im.irieai{yj ft~ tE7~ {ef`t SE~d~J
:ee , ~~ ~articip~nis ~lis~lay~~:d rnc~rc t~C hctu•cen the right SM~
;;c ec3 .it~~t bil~~er~! ~,ree~n~ us, tlt+: ri~fxt ~tiidcfile and superior tetsa-
y~ral ~yi1~s. ~ne~ the I~ft :ingttlar .~r~t! ~~~Tarintargit~:~E ~;ynir. to xz~-
tlititiR; th~;y (1.~ inure. f~~ ~vitt~ tttc aattc~'ic3r t~ir:gulatc carte aniE tl~c
ficft su}~e~ior xnei n7iddl~ tei7i~r~1 gyri {t~i;~. 2Cf, 'I',tt~le ~)- `1'#31
p3tiici~nt4 revealed Winn !~C' ~vitt~ ►he right st~~;.rior ten~~~f-~1
~p~u~ ;tn~l itt~ rca~.hel~ucn ('Tal~lc 2j.

RUl ~tt2~tysis. t~c~lit~t~ing~ anafy::is ;~t ~hc v~xc!-wise level. i~~
arcierlo Eaetter gtt~cnti!'y ih~ iat~r-#+ctt~ispherii disc:sx3i~c~Eicii ~ii'ect
end ifs rc;fa#it~c ~tnngih <icios~ f2SNs, diftcrenecs ii7 ~nCer-
#tcr~ispfic,ric Ft'-hettvccrt TI3I afld .~,'C ~r~~i;~s +~c~ i~nve~ti~ate~#
wittf an rz ~~7ai~i ~t~71 a~gru:3tFt using its Smith and cr~Ite~~i~e~'
net~v~rk ftCJi scc~s.'
Irtdepencient gaen}~!~ tu~c~-tailed t-2e~;ts 4rren ~ rfarti~d to :~~xes~

t~tw~~~-~r~ti~~ clifYer~ru~s in F~ i~.E~~c~;n hc~z~c~l~~ous i2(jfx. 54~r
tistical a~u~lys~s revealed th~~ 7"E3I ~ariiei~:~nt~ had sigt~iticantlp lc3s
k{~I tc~ f2Qt ~'C t~t~v~en l~t~r;~lizeci aeeci: e~f the f~Pz~. (t~~t~(= 
--~,13~< Fr~C3.t}t) a+tt~ the L~tY ~t(t~t~~---2.313, ~><t~.t?5~, bEu n~+t
Ix~tt~~cen I~:ft ani4 right U'vttd sends (t~d~lj—t].8h(). p>Q.(15) urS~Vlid
sods (t(di}] _: t.~fil,~a>t~,t1S, €~ig. ~j. Iii t~rdcr to cxfln~ip~ the impu;t
«f [try pGs ~c°ncc t~t~ n~ild'~1'Fil p~tit,nis u~~ tins[: findings tie €epratcd
stte z~u~lysis rerrlovin~ the three. mild 'l't3i ~~trticipants an.3 tt~~ir r~-
sj~c~:tivc TIC. t1 t•1cst revealed compartblc resiiits xt~ the oi~igi~s~l
s:srtipT~: ifie.'~'F3I gn~trp h~cf ~i~,nific~ntly Ic.ss KL)i tc> ft£)I E~ tu:t~csn
J~rterztiCi~~cf s~:ci~ of the FF'~ ft~~~5}=—~ .~5~7. l~c{}.t)Jj antf fi~c. E~'
{t~3~J=—?.12~t, {~<f),(}Sj, bui nc~t tntcrttlirkcf I3~tIN secd~
{f(:i:~j ~ 1.15G, ~J>O~t}5) ~r S~lN sods {t(?~) =1.4:33, ~ ~ C~,QS).

Ta visua}ise the inter-rt:Iatioraship:, b~EuFcen all Iateralia~r! kt~l~
<}n~ Itc~~v il~Ey ~li~fer• fset3~~cen grusy~s, F~ ciett~itr~~r~ams sv~rc g~n-
~r+ted ke~;iratciy €car NC (C=ig. SA} axici `~'f3I (FiJ. Sf3~. `t`his ip-
~~rc~:~cir aitc~w~ us to explore wi~ere <'i ~iver~ netl~c~rk Rf)1 nt~y it~~ce
n~arc fit' ic~r the Tf3i gr•nu~, cc~inpa~e~ ~iEh tti~ ~v°C grc~tip, and
exarisifie this ~craxs all gris~ibl~ inter-~iC7I ~•clau~nships. ,~ visual
in5~;c:ciic~n atif the iu~tc~ ~i~n<irt~~;r.~ms rev~:zte~ marked ciiffcrenca~, in
l;.dt~ralzzed RSi~[s elusrc riit~, ~.spz~c;iati} [c~rthc; ~~~'~:ind ttie: l~£?'~. I~z
the t+{~ ~r~u{~, lati~-aiizect St{its #cir ihr. ttivt~ t~t~~is ~ar~ ~h~~v~t tcs tai
n asi ~trczngty a~sciciatecJ ~uitl~ ttu;ir ctt~~n t~or~rc,t~ge~t~s c~itntcrp.iris,
ai~c~ acGc~ntt~trily ~~~itlt ilry outer Eit~e~. Cc~n~•ers~Iy. TBI p~irtici~irsti
exl~ib~tcd clir,tcr`~n~ seemingly ~~ii~re I~a1c~E an Fteniis{~iieri~~~i l~t-
cryliz;~EiUn ihaa an RSA ir~~~tab~r53sip, t~~i#}r higher 1~~' t~tween ri~iit
FCN ~rttl right f~YN and i€:ft L;Cs~ ~vitif I?~N ~~eds ~nc~ l~tt FFi*I.

~xperinaartt 2

l'ttc- n~a~r r:~,5~~ttin~ from the :idcliEiian i~f the RCK:'~~t"-171 ~c r#ix-
tal<~nce as a ~:c~vaii~ua t~f i~atcerst rze~e.ilt~~3 a }x?siti~c iint;:re ~til~jtivnstii~r
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~̀ IG. 2. I'ui~ctionaI cc~i~iiectivity~ maps gencr,~tesJ by ~n:rfc~rn~is~g ~i seed ~n~iIysis using Ieft fronttr~arictte} rtet3vark {FPN; A), right f~t'~'V
{J3), le_t~E execi~tivc control netkuc~rk (f~CN; C) ~~id sight ~£'N (Dj, tc;ft c(efa~~3t z~xxle ncttiu~rl~ (l>Iv1N; ~), right UV1N (I'), left ~r~4i~] (GJ,
and right 7:)Mt~F {H) as r~gir~ns c>f inter~.~t fRC)Is~. The i}~~uges are thresholcted at L> 3.1 i, dutch a ct~~ster significance cif ~ <t).{)5 and iha4u
the region, ctispt~;yin~ higher fur~cti~~ntzi ec~n~t~ctivity h~tw<~n tine scedc~i ROJs end .areas incluclec~ i~t the m:~ps in the nc~rntal cflmparisan
s~at3~plt~ tti~tn in the trau~~a~tic brain injuzy (Tt3I} ~rc~up. Ct~ir~r in~a~e is avazla~le online at vrwcv.liebcripeb.ct~r~ln~tt

hetweeo hehavinral data ar~d the I~~ kx;t~vice~1 the rigftt FPdV rind 1
cluster ~xte~ding from the pin c~percularis pf t1~e Ieft inferior fs•onFal
~Yrtis t~ fhe Jett vcntr~~l part t~f the pn:ccntrat Cyrus (beak at it$iVi
c e~rclin~tt~~ (x,y,z} of (-S4, fi, 1&}, ~=3.97, 252 ~=c~xcls in c}t~ster}, a
ngian inctudecl in the hcnnc>lcr~c~us tcft f~PN (Nag. ~t~). No carrztn-
tic~ns wcr~. fou~aci far ~h~; Ieft Iti iV, or -the left and rid#it EC#~t.

to order is visuati~.e the ~~sc~ciaCic~n lactEvccn thc~ hc:havic>ral
v~aiab#ee a~3zl ~C Inc! ensure tht~t it wars not c~#-iven by cix: prc~ncc
~~k outliers, Chc av~~a~~ tiit~c~ series wxis ~xtractcci f~-c~m I20Is d~f~n~d

based on ~k~e pe~l:s in FG, aiad its ec~rrelatie~n with said a ariabies_ ~~as
c.~lc~l~~teci zinc! pie3ttecl. FC`, t~ettivten the right FPN n~t~uork ared the
frearatai RC)t had a }~c~sitivc ee~rrclatioii cif r =E~~HlB ~p>~.Q61) unth
~e~rfc~rmanec: ran the: ~,(3Cf~`I'-i?It {}gig. ~iB}.

t3iscussion

{?ear ~p;~lyses zzsin~ bot4~ v~x~t vase aitcf }2{~I correlation ap-
prt~~~che~ i~~•~~tecl 5igs~i~ieantty l~.ss in[~r-hemispheric ~'G sn TBt
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FIC:. 3. Functinn~i(ronrtec~tivi[y i~~A~rs genu~icYi t~}= }sc ~-titnning ~ u:c:d ~ii7zilysis using the left (A} F~cul righE (8j def salt mock: netw<~rE: (l~~~t~}

~s regiaa4 ref interest (FtC3ls}. The images e~rc. ctt~stcr titreshotdet3 Po~~ p <t},{~S ancf for %<3.1 I and she~4v ~~gicxn di~~playin~ tiiglxr fu~~ciiat~ai
cannectiYit~ bex~~een the sc~:dc~c! RC3l ~1itd are=is incttttie~l in tite I~il~iteral t3MN. Cntnr imase is e~v~rila6lc e~nlirt~ at ~v~v~v.ti rtptlb.comlm:u

pati~nis !'ar ~C?Ns (,FNN =ind E~t~~, biRt riot for the i3;~4t~[ ar~d tea
5tv1`t, ~iiven the ~etc:~iivety abryor~nTil inter-t~e~~tisgl~r-ric f~~ izi tfie
'i`F3t group, we were interested in the clinical ~~nd ix-~a~~ic~ral gig.

i~i~ieanr:~ ai this pattern. As the u~t~~~~at~ gaol cif awr rescarcF~ is t~

establish the vti7iCy of }=G at rest as ~t }~citcratial ~'ehabilitatic~n-
infannin~ hiainarkcr of eo~niiivc inl~airn~cnt tc~itcrwing T$I> tive
ciec;icle~t to investigate t}~e ~araltels bt:terweEt I;~ ~c r4st ~t~d ~p~cilic
behavioral impairn~ents tivithin TI3t inclivici~Euls.
To expt~rc the relation b~tt~'cett inlet-t~emiipheric i~C strcn~th

xnc! bchavic~r.~i p~efc~r~nettee, we+~xa~itincd ~rfc~rri~at3ce tai the T#31
pariieipant~~ can a stacidarsiized ncuer~~~;}~~~t~c~iegicat leer, the Rey-
Osfcrrieth Co~ropiex ~g~urc~ Test (€ttK'F"I'), acti~iiaiistcrLd ciuEside, t5C
tt~~ sc~nne~`. ̀ tic; ehc~~e ibis izteasurL as it is uric of the tour tests
reccrnuriettded try the American Amin I~~jar}~ C<~nu>rtiuin t<1 assess
neur-apsycholc~gical nutcoFi3~ #`atac~wina~ TI3I, and l~cc~u.se- the
at~itities n~easurecl ~iy tine RC}CF"1' arc, cc~r~~mo«ly i~n~aired in ii1-
tiividuz s with "T~I3I, whc~ c~Ften }~ert'cn-n~ ~it~nrly c~Ei this tt~sk.s7.s~' The
l2(aC['1- is .~ test seositiue t~ delecli~» c>f impair{it~;att ir3 vi4ue~-

~~+ = Comparison of mean inker•he~nisphetic FC
across RSNs

fi~td ECriI OMN §MN

ki(.. 9. Cosnparisaii of mean 1'tmciitrn~l ct>i~nectivit}~ (~("; ~t;

stanclarcl en'ur) F~zri~ten l~teralized restin~; st7tti nctGvork (~2SN)
se~d~ in ~~•~~iu~aiic E~rain injury {Tt3I} si€tsl iiarin~l cotn~~~risc>u {Td~3
participants.

~;psitial, risuck-3~c+ne~rtive a~~cl visuv-~:c~F~sCeu~tiee abiiitiex, itYeirtc~ry,

cae~ani~atic~n~l skills, uitd highly assc~'tated witi~ ~rc7ce~.ying s}~ed

and executive tunctit~iting, and has the patentiat fc~c Providing in-

stghts into the inecha~~i~~tis that tandra~lie t~i3gr~itiae dysft~~tctic~ns

~ifter 't'I~1. 1Ve I~ypothesizeci that rcducecf i~atar-hemispheric f~C

~e~aulcf he ~~+oc;i;tted with w~~ pesformanec nn the; Rt~C~`I` within

the T~32 ~rs~~p.4~,s̀ '-~~ A~ thc>. aiin cif ibis ~natysis was ex~lvriin; the

relatic~nehi}~ t~ctr~~eer~ inter-hemispheric cnnnecti~i#y ~utd behavior,

file ac)dition is~ thc~ K{7CFT a4 a ct~van~te rrf interest fc~used on the

latcr~~iifed seeds c~€thy. t~ve~ nettvr~rk4 thaE htid shc~~~n significantly

toss inter-hemispheric can~iei:tivity in the'I'k3l g~-caup; ttte I~ft anct

right ~=f'N ar~d the left anei r'sgh[ EC'i~1.+1

Tc~ r~ur knrs~vlc;cl~e, ttais is the fir.:t study tee ia~veuigxte hc~w inier-

heitii~pherie t~f' at re.~t trey he atterect t~itl~ s}~cificity at the t~vel of

fut~cu~iscti }scti~c~rkc. C}ur finding ~caer~t}i-tes across ~ bread lifcr-

~~ture tx;caiisr eve me,~5umd ititec-h~misphe►~ic t;t' with later~fized
KS~+[ Rtli4 geaierated by i~ieta-analytic t~'A {i.c., cierivc~i Cmm [he
literatw~e as I~ight}~ rci~tic3bie #'uneti~~ta3 networks}.'Iheus~ ~fstsch

te~i~~>3at~:-allc~«~e~i us to n~airat~xat~ a nettvark pefx~ec:tive ihrougfrout
the: ~nalp~is; i3~ adciiiion, in n hi~~*h vari~6ilic~+ Pt'Pul~~iiun such as the
c~t1~ ~maJyzed 'ui this study, winere ~cvc rat ~h.inges in E~rain structure
may cx~cur €'~Ilvwin~ ~ trau~n~~tic injury, €hc us~-af mvr~ cxt~nsive
suds ~ddre5ses !;om~ pntenti~tl prohl~tns that might arise 2vikh the
use t~f stnailcr I~f~is {e.g., ih~ sc«si~iviEy t~f restsn~; stag lft rlRi
eesutts t~ itt?~s c<~rc3inatc~s, size rind ~tia~re, tine dit'fieuity cif ez-
tabiishin~ the in~~t r~}~re,enta~ive RC}Is fnr ~z liven KPdS and,
sperifiealt}~ in ihe'I'I3i }w}~ultttic~n, thG ~wssiblc scant<~ancls due #o
c:t7xnges arad shuts in E~rai~e 4tructiire foltc~r~ving heal injury),~z.n3

~trr res~tts wilE1 ~hr<ani~ Tti.l tienis are g:~rtia8y cons~sient
~~°itit r4sutis c~r~ ~Euie ~rtd strtrac~~te samples by Sraun once eE11-
leag~~es~' aE3d M~i•yuez cle 1.t !'l~ta ;xnd ec~3leagucs~' u~in~; ~~iare
rc:,tricied frcr~~tal 3nrl uric;#~3 Rt3Is. In ~articulxr, cYe ~"ound 11iat ̀ t'}3I
~articip,m~.s display signitiiantly Ic~~.c irtt~r-hcmispfi~cric 1~C, bu6
c>zily bet~ve~ai networks more ii~~~c~lr•4d in externally Urienteif c~~~
nitiai~ (FPN aid ~C~i~ ̀ x̀ ,29 These 1~51ls repea[c:d1y ha~+e b~.en
fat~nct !ra activt~te-daring iask~ cicinaii~ling c«~siitivU ftcxibi3iiy, at~d
tit suppt~rt cc~~;niEivc fttnetic~ns itccesstiry Fc~E• successful inier:~eti~n
ivi~h 1~x; cnvironr~~c~tt in+:.iurJing foal c3ircctc:cl Rclian,~;et ivai~ite-
n~ri~c~, aEfcruic~nEd s~,lt~::tinn~+~netx~it~e of s~iic:~re~, working m~m~ry
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~Tt~. ~. I?encirogra~n~ shv~ving difT~refices in network cluttering t>eteveen Ehe nc~r~i~a1 ct~rnpa~-ison NC (,~} and traumatic brain injury

T~3I (R} groins.

and ment~t 
rL~r~untari~r~s.~z,zzr~~s Gi~~cn [hc; acruss-t3ae-1n~arJ

itnpttinnenC in nttentic7n ~nc3 cacr7itivc funetic~ns Sound in 'f[~I p<3-

tients of a!! reveritie~e a~acl tt~~ extensive ncuropsyehiatric, emt~-

tiz~aal, .~nc~ hehavi~raf ~robicins ciisplay~d in everyday life, ii is

cntci~t icy uncover how ttresc cum~~lt~int~ map c~nin s~citic nt>errant

patterns of 4~C in tli4se large: ~:a1c nc~twc~r~s.~T~y The i~tarl:eci intc~•-

he~nispheric disc~nnectic~n #ijctnci in cur sarn~i~:, cou~ltd Svith the

association bc~tvecn inter-hcmispilcric. f=C flnd pc:rfnr~i~ance can

itrc KC}C~"f`, has ti c: pc>kc.nti.il a€ b~u~~ inCornas~tiue mbuc~t the

tnechanisni~ u~~dertp=in~; T}31-n:t:~t~d ct~gnitive im~airnten[. In

p~rticnlar, givctt the pattc~•n cif in[e:r-hen~is~hcnc FG differe~nccs

and the correlations wit3t l~Ezavi~~• #otiinci oily in k~i~~, aus• results

futth~rcweunderstartdin~ cif tia~s~ impaired cognitive ft~[~[ians naay

seleetivcty in<~p atit~ ~~ccifts attk~ibutes ttf specific fuc~~:t"sonal sys-

ieins, our findings rcvcai th.zt nut only ttfe evgnitst~c functioixs

sapport~d by n certain system (e,g., execative fr~netic~n fc~r [he

~Ctd), but al4c~ tttc s~xcific n~tur~ cif i}ye ~ibcrra~t cnnnccEivitt~

patterns fr~~~nd in said system. (e.g., r~ducec3 Funetionat ennneLtivity

hctween hc>r►iolc~~aus rcgiuns vs. ~lobnlly reditceci funcfinnaf 4on-
nu;tiviry withi~~ t~ rrctwark} shc~u4d be taken inEc~ c~nsider~tion in
tfte s[L~dy of hc~w txhaviorai dysfam€ion f~lJnwing `CBi cc~tre~
~pt~~3ds tc~ neural- activity at rest,
In our sain{~fe, the L)MIV inter-hetnisphcrin IAC wtu not r~.dueecl

fc~llcrwing T~3i, We tcx~k. a lame-scale n~#tivork-tsa~c:d :~p~~rotich anti
thus we did not din:ctly uu. :~ tup~ncam~ni seed; hou^r:v~r, tiu
hi~pcx:ampus is nst~aitycansidered part cif the M'I`l, sub-network of
the T~i~fii~.i~ ~;rantrary to pn;~iosrs re~oris, which for~nd Ic~.s hip_
pta4a~rtpal cvnn~ctivity for TE31, coa~tgtircd with contrals, cur ana-
lys~s did nc~t reveal less inter-hc~nisph~ric f~C l~twecn #ateralized
D~SN scec~s ~'os'f13Fs, conap~red ~vi1h ctsf~tr~ls?~.;o There 3r~ ttic~a
~ssible explanati~n~ fc~r this: firsk, tlty net4vork t~r:~{~s tn~c used <~s
scects might httue tetf tc~ differc~~t n.~~ults, espes:ialty si~icc tivh~~~

~i~. b. Fun€~[i«tYal c4nt~ectivity snaps ~;ene;rate~t by perfr~rnti~~~ a sd:e<I analysis usita~ the right frrri~tfl-parieEat s3ettvt~ii: (F'1':~~ ax r~~ic~its

of interest {Rt)is} and aciclin~; the c~e~neaxte<i ~crfcsn~ianc~ an the ttey 05tcrricth Cnm~slex Higure'I"est-relayed Itccalt (K{)CE #'-llR} as a

cavariatc. The ~~aps f~°i~. fiA) stXpw regions clis~faying a ~xasitive terttpe~rai cc~rrelatir~n with the seecl~ci R(~Is (in grec.a~}, which-is ail turn

.~ssaciat~d witlx ~,cr#'or~~zinec caF~ the KC7Ct~ C-BR. Figure E~I~ u~as niaEainsd by al~askang tl~e strLas incteadecl in the z-staticiic m~~s shca~vn in

F~igttrt~ 6r~ ~r~d usi~e~ 9t to extract the tii~~c. scrit~s; f~i~urc .6I3 is nnty ~•ci~or[ed 3'nr ~isaaiiz.~tic~n pc~r}~c~scs. rigure 5~ is ttireshal~lec! sit
a 3. i i, witty aE cla~ter significance ~~~ ~ <t~.t~S, ~c~ic~r image is avai[~bic UtiliR~e ~t wrrrw.lict~ert}~ab.ec~m/riot
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it~rc's~hcridc~~i at ;~>2.~i3 ttacy ~iicl taut ioclu~le t(ic i~i}~~~t';~rn~3t~s.

Gens~ytzc~~ety. alth~u~h the hip~~:atnpas i:; ge;ncr~Eiy eur~sidcreeS

~5~r[ caf #i~c i~MN; au4' invc:atie:~tic~n fcrcvsecl nn }arse-scale nrtwc~rky

.~tt~c~ t~ni on ei~tsll ~i~~eul~r ~~cI4, n~t~3 t#pis ~ni~lac h:►trc, cFxrzcc{ ns7•
discc~rclaot findings; Se~c~Jtd[}. t~xc ftiitui~c to rsplie-ale n~i~2(~t he re-
~.ucd tt~ tFrechror~ie ~i:~g~ ~tf z~ur~11~! s~~inple; l~hc.re~~ the xn~.nTit~ned
studies f'c~us~ci n~~iniy ~n acute `Pi3f ~~~yu3atic~nc

t~lthc~u~h inter-tzeatr~spheric i'[` in the It~i~l .~~pe:~red unal`7%cted.
c ur TST group cis shaty ~r~alct• EC between let"t l~MN f2~?I and the
ri~hE precuncus ~i~ci the i~ft par~ihippr~e.~in~~t~l Cyrus at~~ t~twsen
tits rich[ I}ARt~ f2C3J .~€~l t}~ tight rr~~~ir~euc, rtplicatin~ ~revic~ue
r~si7its {7n chrt~nic varn}71cs.'~ tJntt~rturza#ely, t~ascd on t~u~~ findings
it is irst}~ssit~te. tcy ~c~ncladc whcihes- ~#ae gtrun~;c:~- ~Y'. nf3t~cls az~
a~}s~titc rrsgnns~. to braih injury, .fs tv~ ciid nc~t admi~~icter ta~:k5
::e~;,itive fu F?~'~Ii~l ii{fc~rity t<a-uu~~ "Ct~t s,~mptc such as a sustaiised=
at£entian tac~.~~.t'~ It i nt~t sur~riss'ng, then, fti~tt I=C befcu~en the
G~4S{~t a~~d pr'~c~tnetts. ~:C: t+stci hs~px~ca~mpi dsci noE ~~rrclate sbitlt
1pehat~ierat ~.eftirnaa~tcY Ott tlte~ RC_?~I~ [`, Recent rcjx>rts i~jt}irate
ih~t f~c:uy on the i3z'~~iN <~nd t#ac n:gions it cumpri~es, as well ~s tt~ir
ciisruptic~n ~'t~ge~evin~ diccasc; ar injt~r~r u~ay~ k~ ~c.~~ #c~ ~.efvancin~ the
siucly of hc>~v different clisorclera pan ini~u~nce t~r~ua fuatetic~tis :uicl
c~~nitic~n.`t,~=r.`r€~ ~;~r this rctt:;c~n, eQici~nre. ttin the tnechcmis~t~~
t~1COt3~11V~'t3~~t ~S~'~tV 1fliF~-IlC#t~t'Ctf~ ~'~ SS~.iS'sCTCi AI~t~ tt°I#~4 CC.t~(StflYC

crt~tcc~ai~es fiEytrc-her~tifipheric H~ v;. I~~ tai[! Eyc~iles Lucie ~~.ti f~iE~-
~rutianipi an~f precixace~s} c:~n wide future reac~~~rch ~~nd inf'ar«~
t<3rgezed rchabiiitatian proccdures,

t3nr findings regarding the SRAiV did tiot~ n.plic~tc, thc; itrier-
he~t~i€~Sheric. tii~+it}rmc~tictn r~por#cxl b}t Kasattara artd c;Ullcaguc.}
u ink to even[-rel.ited dc~ ~t~, prc~t~at~ly tluc tc~ the dif~cttnt mcth-
~cfolc~~ii4 e~ttpt~yeif," r'11thaUgh `#'I3t ~aticrits [ei~d to i yaiit tltci~•
grc~~s i~eum-rne~tc~r skills z>vsr ~im~:. {~rsi~t~nc.P t~f c~~ri~in abnz~r-
~tr~litse~, such as zanden~ gait }~rcrl~te~~~s anti ~<~sivrat itzstal~ility cTsn
cause severe dis[ress acaif de~:reas~; ~~uality ~f lifc.zz°~3,x! Tl~~ feet
th:~t ills inotoi~ task }?erfc~msancc ~u~.~ :~ssc.cse<i ft~r eitFtcr Qrou}a
pr~~c:nts u~ frczm r~ivi:4u~ el~sitais, ~iWt- Pack c~F a de~cil in iaier-
hi:a~3isph~rie FC shown Uy N~. rs~ati{h+rc~! }aitt~ s~t~uea}cc# Exatthy
~f:, si~gg~st th7t subtle inutt~r d~ticitt l~rsilt}tuin~ `T#3t m<~y ne3[ hr
mGdi~te~ b} CuFictic~~rn! ~tiss:~nrtes►i<~i~ crl i~c3ritalt:gt3iu n~~tizF re--
giurts~ fuiiir~. i~~+carch Chou}c~ #nr•es~igate il9is y~~ssibiiit~~ by cr~st~-
paring FC clarin~* rest conlp.iretl tc~ t sks with resp~:t #c~ itrear
pi~~;~ictiv~ ii[ilit~ ter TI3I ~~ts~csisi~.5.

~ii~a!(y, tl~e cliffere;ireM; ~~~r~rted iii t~etwc~rk c:tuste~ing ~tc~rlp
demans~ra(e TE3I can c~i~turb nefwcsr6 ar~chite~fur~-and is assvci:itetl
tiv~ith ct3a~igc~s L+uttt ~vithi~7 I2~Ns acid ire the t-~lationsl}ip ~i t4vcc-fit
~~Ns."' C'revinw undies hive hi~hlighte~ the ~m~azi~-tan~~ ~~f
charaetcriain~; t[~e a°,~y net~vdrks interact s3~ith cztel5 t~thee tci r~izit ~
~c.epc-r urar7r~r~tatrcli~~~ cat' the. p~ttst~}~itysic>I€~~ic~T ~iiz~han~s~ns of
!̀`B# c~utcume '~.f̀ '~ 2Yeat~l~1~~, itt ~kir ~zalicnt ~~tnple> F~ 6~t~ve~a~ ar-
~ac lt~t'~sted its ~h.. sarr~z: h~inispficr~ tear higfier than in ~gic~ris
br#gngiai~ tc3 ~E~e s.~ii~~ RS,'vs, t~u~-ilt<ni5~?r~, as all c ur 7'73I ~aiier~t~
t~~re in €he c)~rnnie sra~e af' rtieir injvey_, our result, ete~~rly cic,~n,-
~nsir~te that ihtse al[eret~.i~int ire inf~:~• anti intre n~:fwe~r~: h~t~+nce ~rc~
1~ng-Y6r~n. `Iliu~, ~e~r iin~ings ci~tilc! scr-ve ~4 a itartin~ p~inf f~3e
~titure r~~earch that f"c~~ns~-s nf~ ha« ti~eeifi~ ~6artg~.~ in hier~irehie~t
c fust~rin~ n~ it5i`~Is may pre~#ict boh~xvii~r Fc>3tEativin~; a T€3[, hnct h~ev
FC~. Etet~4e~o di~tinet n~ttitiKark:; arjtt I-stcrali~.e~i 1~(3Ls vary iii their
:~zli~atitrrt p~iitem~ cti~riil~ dcananciin~ c~~niiive t.~sE:~.

Limitatior7s

7"~ie ~vcirlc ~~~~~t:ntcct t~~rt cx~~fic~red it~tcr-I~citti~phc.ric ~onncc-
[ivitp f`~Ilot~in~ 't"lei usitis; a~i i~rlat~afiw~ ~:arge-sc~e iic[werk :z~-

say

praaclt, ~vhic{i Icitd t~ rc~t~ttst ~tiuii~ia. is~~~xwrrant iE~ the st~~cly cti T[31,
its r~txel~ rind their 13ivn}arkcn. Yci, sc~t~~e litnit~tit~~~s ~hnulc~ lx
nz~tec#. "Phis ti€~f limitr~tic~n r.~ii~~ n~4 ~lae stria rural anti functional
r~~urt~i~~iti~iit~ ~1:~t:t kniny cc~liecEce~ tit difY~rciai sca~~nc:r~ ter the'T'f33
ar~si N~' ~rc~iip~, 77~is uaulc! s~r~r~. as ai pott~~tial cc~nfcruntl: a~lthc~u~h
~ive~~ the .re~utls ~k~ t~iir ~i+i~ ~r~alysis ~iiil li~ct~aytur~ oi'~ih~ resuals.
tvc ~e]ie~~ iE is u~r,~ uetiKc~}~ 11~c~t ih~ s~~i'c ~~~ciay ili€ferciaees ire
irt~r-hcmis~heric con2ie~~ti~ity could have bc.c« driveir bv clift r-
e~~~s in ihr harctl~am e?r sc~nttipg ~n'c~t'edu~, SfawevCr, it is im-
pt~rt tf~t to tncrttic~n that :aE [leis ~ta~;~ 4~tc too tas~t hat e tttc: ~~ie~ns ttk
~rcc~isel~~ c~u~nti€y tjow tnur~ inter-scanii~r ell'eeL~ arc caiitri~utixi~
fcs the signific~n[ .inter ~mup differtn~es~ detected an the stud}~.
l=u~tt3~r`~tc~r~;, ~,iken lite r~;t arnoani tit' se.+tin~ sYat~ dnt;~ t~i:~t has
~ti~ci ix still ts~:in~ ctillectc~l by multicente~- ellt~rfs such ~x~ the Hunan
Cc~nnectpmc Proj~t, ai~t~ the grnwing r~ce~s5ity tt~ pradacc siiidies
with #;~r~~ eifecf siii°s ~n ~aatient ~rtwps, ih~. cr~mp~~~istsi~ ~#' data
atcquirul in ~iit"fz:~Lnt sites aiicl sc:ini~4rs trs etudy differz;nt pcspu3;~-
tic}nti issac>n tip bcc:t~~n;~ a fr~t~u~ni rc ~[ii} f Ehis eittsalian will lime t~
~aih re:.~;:tr4i~ Yta~~~ ►he respc~nsil~itit}~ cit ~crYc~rr~}in~ dni~ analysis
(c.~.; ~Nti analysis} tbhich c:~~~ dive ia~iat~t~ can the pcs~ibte cnn-
fuuncis ~f iliflcrenL t~cc7uisiEi~zn sitcs.7'h~ r~.stalts tx~th~ S~7~t atu~tysi~
urn perF4;rtncrf un csuE~ ziafa rte trly ~hQw, r~c~ ri~~ifr an[ cJit'f~re~ic~s
bclwecri sits, tiitiz inrrea~in~ cnnfi~ieric~ in cur fi~ding,~, _

Wi~il~ ~vt t`c~n~I a tiig~ihe~ni ~c:Fatiunsliip t~eac~;en i~~ and
~+:rtt~rmanee t~~7 a n~uror~syc:hulc~gic~~l ntr:~sure that c<rptures il~c
h:~tlrnari; cl~~icits cat TI3t, h~~~ing a nxirc extensiae hatter}~ cif ncu-
ru~Yych~lagica! tests t~iici ;i1~ et~~~lphriu>n ttaita w~zulcl stren;tE~n
thr ft~~clin~.s re}x~rtcr~ here, €~tsr this r4=~~on, the I:~e1~ of extetis'svc
neu~a~s}~el~c~lc~~ica3 ~etirn~ nrui Ea~hayst>rai ir~clices ft~r fhc ~'C ~u s
~i~e~ther tii~~it.~fi~n. the t~vo gaups c~t~~+~~t ~e czzmp n•¢ci 1'runj a
lieharric~ra} vic~tperi~~t, rued ct~nclusians c~ravtn car} wlie3hcs tlt~'I'I3#
~rcinp war. c<>~ttitively 9i~~aircd in arty, yr inc>n, s}~*;cifir. dc~m;~ins.
Subse~u~~tly, ~~~ichput the }m.5sibititV c~~ itts~c:.~±ti~;~tin~ Ffle~ ass~scia-
ti~n l~tct~~vn k~~it~vit~r and ~P ~ry~~it~.~, it i,~ deffic~alt tv interpret the
cli~tical ~i~nificanc~ t~f o~ir i=C' fin4fi3igs. Hc~tiyci~er. the use cif nc~r-
~iiatiuc data allc~tvttl i~.~ to ~31~iie uuc`~'~3i participasrtr• t~m:Ia~v the
mein, cc}mFiare~i wit~t a heaithp 4~cs~al~ttic~n tc~r the KC1C~ i", rcpli-
c~~€irs~ pr~vic~rias ~s~c~r~.'Th~ cc~ne1.ai'so~is faunci by actdia~g behavihrnl
~~icasurcc as cUv~riaies are rwstriete~l icy the ̀ 4'LiI ~~niptc, pmcl~tdii~~
it}Ier grnu~~ u~tnpaeison anei begging the t~t~esE'son ~~t tvh~thcr the
rcfati~~ii~hi}~ tre:itvern ct~gnitiye <tbitities .if~d t'{: ~;hnsigLs c~ualita-
tii~~ely i~r yu.i~uitatively :~ficr `I'I3t, 'I'hirs, Euiclrc~ r~;,uarch ~hc>u!d
focus nil exp~ir~in~ lhc. ~S~-csent sttt~i}>~s fi3idieA~ ~isin~ .a cr~n~~.;~.~-
tivc: fr~tncwcrrl4_ Th=}i s:~icl~ thc: x'ai~i~t fiEtdin~s 1~'ese~.orte:cl eepc~.sc:ni
~e 4tc~ 3'€rrt~ard in the ir~~c:stl~~tinn cst~ tY3L ~UT.itzn~i~~F~ip bet~v~~+:n
cn~niiivc- a~npnir~rien[ :~ncl t'estit3g slate FC in sXxcLic hr~~in tict-
svarks ~~Mt i€~ ~c~att~nStrntir~~ the fe~sit~iti[y cif a lame :~c~cic i~etrv~rli
up~n~a~1i t€~ the study of Tt3l:

,~tths~n~h ~~~~r sarrspte included tf~r~~ mild ̀ ~f~l ~artici~s~~;ts, the
va~l rnait~rit~ ~~ts ttic~d~~tie t~ setir~ TBI px[iet~ts. 'I'fiis invites
~~titrn in g6acraiixi~~ ~~~i- ~irtds`ri~ tz~ ~a~iid 'ELiI ~Zapt~lat3afss. Si-
milaxly, :~li 4t~ur partici~i,at~[~ t~^c.re sean~~~i aver 6 metnthti at~t~r their
injury; Tt~lra~'€ate. cur tindin~~ can~rrrt b~ gc.~ier~lizcc# tc~'T'BI ~a-
tic:nta in the acute ter sut~-acute {~as~ cif thc_ir TBI, rind nor i~~fc~r~
3a~ati~n on titc evaiu#ic~r~ c~~th~; .~kst;rr:rn[ p~t[~ai~~ r~F I~t_' re~~sttetl tart
kr~ made,

Conciusian

The ~~rescnt study ret~e~lcif tliai ~~~itd-tn-si:vere cl~ranie 'f'~}t is
assc~~iaitci ~a~ifEi nettivnrf~-s~ei~c abenrat~t ~~fiietras cif f~': i~4~+~~ ~x.-
tLenaliy uriea~t~d rti~l~ttc~rk~, tike i~F's'~ end tht; ECi~l, sl}+~wcdi
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signife.ti~fly less inlay-hciniKpheeiu F~ iii `IBi }~~t~c~its than in
rinnii~~t ccm#rc~ls. ~viiilc tt~e t],4~f~1, :in inEernz~llY +~rie.n[ec~ nrtvrc~rk,
had ~nor~~ F~ kvith PCG aint! hippc~ttm~i in '~'F31 patients. 1n adc~i-
tic~i~, the ~'aii thsit Int~:r-ire~~~is~>hcric C~C th.twc~n ri~~iQns ~~f t1~e Ial ~'~
in T$1 invzvicta;~ls ~b(~a p~efonn b~ic~r i~a ~ tr~st~ ihat~~casure~ vi~wa-
spatial, ~~zns~r}~ knd exeei~tive tt~neti~rt ~~?ittt4 ia~v~ed the ctintc~+l
rel~var~c4:. of ~rt~r findings ~~ci t§seir pcstenti~l u4efuitie~.~. The rc~-
htistn~.ss c~f~c~ue fificliii~s shows tt~e uu:[uli~css oFefn~loyin~* ~ net-
warc p~e;~x:ct'sYe ih ~hc study ni'the rein€i~staip Et;,1~•een FC in
Eieaif~ y}~terx~s :~rtc1 cvta7~tex t~ell~vic r_ un~i take_c us turiher in the
etareh fot 6ion~arker:~ th at iNi1! tizrve 34 a diagita~sii~ t~~I atici alIQu~
n~t~rc preci.~e snbtypin~, classihctiti~a a~7d prediciiUn crf' ~Iisorcfc•r
trttjc~fc3ries fc~1(a~vin~ ̀ I"13[.

AckiitlW 1£dg ~T1e13tS

Ì`his t~~or~ w€is su~~csrittl in part by= start•ug tun~~.~ prc~vizled by
the t3i~iti~erxity of !€~w.~ tip ~1~D and ~iVr ~~3d ~xanf Cunc}ing €rcirn NIEI
Ct:~7 ~G~25f~67 s~i~c1 6~(IH RC7i F{I~}€iy~$t sap~m€f~rl image ,ar-
gs~i~itiot2 fir ii~e nonn:~! car~trut parti~ip~nffi. 'I'hG autlx~~, te~~tttc~
IiRe to thtjn~. 3~~1 B€ass ("car his a~1r=icy; derittg vi~~tr~l xis :tion oaf
tfu:. anatc~micat itna~es, 1ace1}i~ C'~Ic. far the tt~tr~ci-tr~rin~ taf the
l~r~ia ~t~~skti ;incl Ruda ffst~*+~A ttir logistic s~~~ip~~i ~ s~k~ec~ttli~i~
C̀f3I p,srtiuipants,

Author Di~ciasure Statement

Nc~ c~~~peting fi~tm~aci~i iifrere~t5 exis~.
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As clinicians and scientists, we believe scientific evidence and prudent clinical practice form the proper
basis for determining the utility of diagnostic measures, which should subsequently inform forensic use.
The misleading and often entirely unsubstantiated opinions and positions of Wortzel et al., in opposition
to DTI as a useful measure in mTBI, are at odds with the clear consensus of the scientific literature
regarding mTBI, its clinical assessment and natural history. The authors' critique contains numerous
errors. We will focus on four areas: (1) the clinical reality of mTBI (2) the true substance of the
scientific evidence supporting use of DTI in mTBI, (3) the authors' erroneous and off-target opinions
regarding DTI analysis and (4) critical appraisal and integration of clinical information for diagnosis of
mTBI.

First, an underlying theme of the authors' arguments claims that lasting sequelae from mTBI is not a
clinical reality. For example, "...best available evidence does not support notions that mTBI results in

long-term cognitive impairments.". mTBI is a reality, which results in lasting sequelae in a substantial

minority (Bider, Farrer et al. 2013, McMahon, Hricik et al. 2013). mTBI is modeled in animals,
yielding reproducible microstructural neuropathological and behavioral findings, as well as with finite
biomechanical models of human mTBI. The impact of mTBI cannot be argued away by focusing on the
majority who recover. Clinical, scientific and even forensic focus must be on the affected minority:
Moreover, traditional neuropsychological approaches are problematic in assessing the cognitive effects
of mTBI; they were never designed to assess subtle, but important deficits.

Second, the authors' critique of DTI challenges the "believability" of quantitative DTI findings,
juxtaposing visual detection of spinal disc herniation and detection of microscopic mTBI pathology.

They imply that because the microstructural abnormality cannot be "seen" without quantification its
existence is in question. This "straw man" argument would also imply that other neuroimaging findings,

which cannot be seen without quantification, such as spectroscopic and perfusion-based detection of

tumor infiltration into normal appearing white matter, are not real or reliable. The substance and
implications of the ASFNR guideline are mischaracterized to support the authors' position: "The
guidelines... detailing the limitations in using DTI clinically, especially at the individual level and when

~ ~ ~
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analyzed by voxel-based techniques" The guideline deals exclusively with clinical use in patients and

does not isolate single patient assessment for scrutiny. Important cautions are listed, but the message is:

When DTI is used in accordance with the guideline, reliable clinical use can be achieved. Assessment of

DTI parameters is not singled out as most concerning; greater attention is paid to limitations of

tractography and its misuse.

Third, the authors argue that method variance renders DTI research studies and clinical assessments

inconclusive. Statements similar to "Numerous factors can influence results without current consensus

as to the best parameters." recur throughout the paper, often without supporting citations, and imply that

method variance across published studies undermines reliability and leads to (even willful) type 1 errors

(i.e., false positives). The authors claim differences in acquisition, analysis, etc., preclude salient

conclusions. This approach completely misses the point of a very large literature, which speaks with

essentially one voice: low FA is characteristic of TBI patients, despite significant variability across

studies (e.g., (Nio~i and Mukherjee 2010, Aoki, Inokuchi et al. 2012, Shenton, Hamoda et al. 2012,

Hulkower, Poliak et al. 2013)). Even if we assume that DTI metrics, such as FA, vary across scanners

and institutions, we will not encounter bias in the identification of abnormalities in any individual; this

issue is simply not germane to a properly conducted analysis. What does matter is that patient and

control data are acquired, processed and analyzed in the same manner and that temporal variation be

substantially less than the magnitude of the effect sought. This latter requirement, of course is out of

concern for type 2 errors (i.e., false negatives). It is even more illogical to expect that method variance

would yield regionally localized "abnormalities" that in fact represent type 1 errors. Bias due to

acquisition and processing variation across subjects, if it were in fact a problem, would lead to a

uniform bias at all brain locations. This would be the result, not the manufacture of lesions, if it were

true that "technological parameters can be manipulated in ways that impact results.". Digging deeper

into the authors' case for fatal variability of DTI metrics, we again note a void of supporting evidence.

The authors conclude, "...unlike traditional MR sequences... the very existence of a lesion in any given

single patient identified via DTI is fundamentally questionable...". The only relevant citation (Vollmar,

O'Muircheartai~;h et al. 2010), however, is completely misconstrued by the authors; it in fact documents

the high degree of intra- and inter-institutional fidelity of FA measurements, also reported by others

(Fox, Sakaie et al. 2012). Such misunderstanding of the science suffuses the discussion of technical

issues. Glib citations such as "Not too surprisingly, when the same DTI data set was provided for

analysis to nine different research groups..., nine different results were obtained." entirely misrepresent

the substance of an unpublished abstract to suit the authors' bias. The study authors actually conclude:

"This serves as a reminder of what is being tested under the null hypothesis, i.e. just because one

method finds a particular difference, it does NOT mean that there were NO other differences -- a fact

that can be easily overlooked." The concern is not that any of the findings are not "real", but that

additional real findings may be missed in any analysis.

Another methods-specific argument is that abnormalities could occur simply by chance, "Statistical

science also portends problems for the analysis of DTI... ". After exaggerating the typical number of

simultaneous comparisons by at least 50%and invoking a "...typical5%chance of error...", the

authors conclude "...statistical realities represent yet another potential avenue for abuse...". This

rudimentary analysis does not acknowledge that 5% is not a typical threshold and that corrections

should be and are made for multiple testing (not just that they "fortunately exist"). Most glaring is the

authors' omission of spatial clustering, which dramatically reduces type 1 errors. DTI analyses do not

seek individual voxel abnormalities, but ask "What is the likelihood that hundreds of voxels comprising

a contiguous tissue volume several milliliters in size will all appear abnormal by mere chance alone?"

Along these lines, the authors state, "Given that even carefully selected healthy controls will feature

areas of "abnormality"..., it should be anticipated that most unselected patients/litigants will feature

areas of abnormality when compared to such normative databases.". This is a gross misrepresentation
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of Kraus et al. (Kraus, Susmaras et al. 2007), in the same way that Wortzel misused it previously

(Wortzel, Kraus et al. 2011). The criterion for "abnormality" in Kraus et al. (1SD) is well within all

concepts of normal. That some controls had some ROIs outside of 1 SD is expected and does not bear on

the finding that patients had significantly more ROIs outside of 1 SD (Figure 5; Kraus et al.). This

citation provides no basis whatsoever for inferring that normals will have "abnormalities", when

reasonable thresholds for abnormality are employed. This sentence and especially its italicized

emphasis have no basis in the cited paper or any scientific communication.

Fourth, diagnosis of mTBI, or any other disorder, is based on integration of clinical information, not the

result of one diagnostic test. The authors offer another "straw man" argument that insinuates DTI

should not be used as a standalone definitive diagnostic test, a use for which it has not been proposed.

The realities of DTI use in the clinic entail weighing the strength of all clinical evidence. The authors

argue that "...neuropsychiatric conditions are common in the general population, and are often present

in individual litigants. The potential impact of common psychiatric conditions on DTI findings is well

illustrated..." Placing these two sentences back to back is blatantly misleading. The authors cite White,

et al. (White, Nelson et al. 2008) who reviewed studies of psychiatric patients, not of healthy people

who unknowingly harbor as yet undiagnosed psychopathology. No literature exists to support that such

individuals can be identified with DTI. Moreover, the authors do not consider that the literature on

psychiatric diagnosis is comprised of studies detecting modest group differences, whereas TBI studies

have specifically shown that individuals, though not all individuals, can differ from population norms to

a degree that normals do not (see (Hulkower, Poliak et al. 2013)). It is not at all clear that DTI

abnormalities in individuals with as yet undiagnosed psychiatric disease can be detected in the way that

such abnormalities may be detected in TBI patients. Moreover, statements, such as "...early life stress

and/or parental verbal abuse may result in differences in white matter integrity as measured by DTI.",

give equal weight to single reports of small samples and fail to assess subjecdcontrol overlap and

whether any inference at the individual level might even be supported. In stark contrast, the

overwhelming consensus of a substantial body of scientific inquiry supports DTI for detecting

pathology in mTBI patients.
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Opinion

Defendant Southern California Gas Company
(SoCalGas) appeals from a judgment entered after a
jury returned a special verdict awarding plaintiff
Pengxuan Diao $19,786,818 in compensatory
damages for injuries he sustained as a result of a
natural gas leak and fire at his residence. Prior to
trial, SoCalGas stipulated its employee negligently
caused the leak and ire. On appeal, SoCalGas

contends (1) the trial court abused its discretion in
declining to exclude evidence of Diao's traumatic
brain injury—an injury SoCalGas argues Diao

concealed until shortly before trial; (2) there is
insufficient evidence demonstrating the gas leak or
fire caused a traumatic brain injury; and (3)
the [*2] "damages award is punitive, excessive, and

the result of passion and prejudice, as well as
improper argument and misconduct by [Diao]'s
counsel." For the reasons explained below, we
reject SoCalGas's contentions and affirm the
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judgment.

BACKGROUND

The Natural Gas Leak and Fire

In January 2011, Diao, then 23 years old, rented
and lived in a detached, converted garage in San
Gabriel he shared with a roommate under a sub-
tenancy arrangement. On January 19, 2011, Simon
Youde, then a SoCalGas employee, was dispatched
to the property where Diao lived to restore gas
service to the main house after an earthquake
shutoff valve automatically shut off gas service to
the property. As Youde was attempting to relight
the pilot light on the water heater in the main
house, he reached around the back of the water
heater and twisted a valve he felt but could not see,
inadvertently opening up a gas line which led to the
garage. The gas line, which was installed before
Diao moved into the garage and was no longer in

use, was uncapped at the end where it terminated
behind some cabinets in the garage. After Youde
restored gas service, he left the property without
performing the required leak check. He did [*3] not
realize gas was flowing freely into the garage

where Diao was then sleeping.

Diao slept for another two hours after Youde
opened the uncapped gas line to the garage. Diao's
bedroom in the garage filled with about 300 cubic
feet of natural gas (one-quarter to one-third the

volume of his bedroom, which measured 11 feet, 7
inches by 11 feet, 9 inches by 8 feet). Diao awoke

at approximately 11:00 a.m., sat up on the edge of

his bed, and attempted to light a cigarette. When

Diao sparked the lighter, he heard a boom, saw fire

engulf his room, and felt a force pushing against
him as he ran out of the garage. His entire body felt
hot so he ran into the main house and took a cold
shower. Afterward, he noticed the skin on his left

arm was falling off. An ambulance transported
Diao to the hospital.

Burns and Treatment

Diao sustained second and third degree burns .on

Page 2 of 12

18-20 percent of his body. He remained in the burn

unit at Los Angeles County-USC Medical Center

for weeks as he underwent painful treatments,

including (1) dressing changes once or twice per

day during which the remaining skin in the area of

the burns was scraped away to prevent infection,

(2) surgical debridement during which the [*4]

dead tissue on Diao's left forearm was removed

with a long knife, and (3) skin grafting during

which healthy skin from Diao's thigh was removed

and placed on his left forearm.

When Diao was released from the hospital, he still

had open wounds all over his body. He went to live

with his father. A nurse came to the home daily to

clean Diao's wounds, which was a very painful

process. The skin in the area of the burns would

stick together, so every day Diao had to pull it apart

and stretch it. Skin fell off Diao's face. He would

wake with his pillow covered in blood due to his

face bleeding. Diao received follow-up treatment at

the burn center. He was in extreme pain every day.

This Lawsuit

In March 2012, Diao filed this negligence action

against SoCalGas. He alleged SoCalGas's

negligence caused "catastrophic and permanent

injuries" to him, including third degree burns,

"shock and injury to his nervous system and

person," and "physical and mental pain and

suffering." SoCalGas answered the complaint with

a general denial and assertion of affirmative

defenses.

In September 2012, SoCalGas stipulated to

negligence and that its negligence was a substantial

factor in causing Diao's harm, but denied [*5] its

negligence caused the extent of harm Diao claimed.

Thereafter, SoCalGas cross-complained against the

homeowners and sub-landlord, alleging they were

negligent in making or allowing illegal

modifications to the garage where Diao lived and in

failing to cap the gas line that ran into the garage.

The homeowners, in turn, cross-complained against

SoCalGas and the sub-landlord for equitable

apportionment and indemnification.

Taylor Rayfield
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Discovery Issues and Disputes Pertinent to This
Appeal

In July 2012, in response to SoCalGas's form
interrogatories, Diao listed the following injuries he
attributed to the natural gas leak and fire: "Plaintiff
[Dian] suffered multiple serious injuries in the
subject incident, including second and third degree
burns to his face, neck, both upper extremities
including hands and digits, right lower back and
right lower extremity. Plaintiff underwent surgery
for debridement and skin grafting. Plaintiff now has
severe hyperpigmentation and areas of severe burn
scarring. Plaintiff further suffers from chronic pain;
numbness; itching, tightness, weakness; limited
range of motion; frequent bouts of diarrhea; sexual
dysfunction; difficulty falling to sleep; and
emotional [*6] distress and depression." Diao
further stated in his response that discovery and
investigation regarding his injuries were not
complete.

At his deposition in June 2013, Diao testified, in or
about July 2011, his friends began commenting that
his memory and reflexes were worse than they were
before the gas leak and fire. For example, after he
returned to work at the hot pot restaurant where he
had worked. before the fire, his..former girlfriend
stated it took him longer to understand instructions
such as the type of vegetables to purchase for the
restaurant. Diao testified, "before the accident, I
would just go out and make the purchase, but after
the accident, I would have to think about it and then
repeat it, what she told me to confirm, what I was
understanding correctly, and then went out to make
the purchase."~ Diao explained his memory,

comprehension and reaction time were slower than
before the fire. Diao also testified, when he
returned to community college after the fire, he

~ Diao quit his job at the hot pot restaurant because he was making so

many mistakes and was fearful the cooking would lead to a gas

explosion or fire. He quit a subsequent job at a tea house because he

could not remember the recipes, was in pain when he stood on his

right ankle for long periods (due Ca the manner in which the burns

had healed), and his skin was too sensitive when he came in contact

with water.
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found he had problems with his short-term
memory. He would learn new vocabulary words in

his English as a second language (ESL) class and

then forget them shortly thereafter.2 In the fall of
2012, he failed [*7] his ESL class.

On July 30, 2013, the homeowners' counsel sent a
letter to Diao's counsel requesting Diao submit to a
neurological examination (in addition to a

psychiatric examination) based on Diao's

deposition testimony which, in the words of the

homeowners' counsel, "raised for the first time a
potential brain injury claim." Diao's counsel

initially refused to submit to any mental

examinations, absent the homeowners' coordination

with SoCalGas, because Diao did not want to

submit to multiple defense examinations. SoCalGas

refused to participate in the examinations requested

by the homeowners. The homeowners filed motions

to compel the examinations. Before the motions

were heard, [*8] Diao agreed he would submit to

an examination by the homeowners' neurologist,
Dr. Michael Gold, and the homeowners'

psychiatrist, Dr. David Rudnick.

Diao retained his own neurologist, Dr. Fisk. On

November 14, 2013, Dr. Fisk conducted a

neurological examination of Diao and prepared a
seven-page report. After interviewing Diao through

a Mandarin interpreter and examining him, Dr. Fisk

stated the following "Assessment": "Following the

injury, the patient has manifested persistent
impairment of cognition of uncertain etiology at

.this point. Given the persistence of these symptoms

and their impact in terms of his academic

performance, he should be evaluated

neuropsychologically, in Mandarin. A 3.0 Tesla

brain MRI scan is recommended. The need for a

neuropsychiatric evaluation remains to be

determined. [¶] The patient's right ankle pain

should be evaluated orthopedically. [¶] The

patient's headaches are largely the consequence of

stress with which the patient is contending. He will

z Diao immigrated to the United States from China in 2009, and was

studying ESL at the time of the fire.
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be started on a seven-step cervical range of motion
stretching sequence. These exercises were
explained and demonstrated in detail. They were
written down for the patient so he would not forget
them. [¶] Appropriate [*9] therapeutic
recommendations will be made following
completion of the patient's neurodiagnostic
evaluation." As one of six "Impressions," Dr. Fisk
listed: "Posttraumatic headaches in the context of a
possible traumatic brain injury."

Diao's attorneys have maintained they did not
receive Dr. Fisk's report until Dr. Fisk was deposed
on May 1, 2014. Thus, they did not provide this
report to the defense at the time expert witness
disclosures were made in February 2014, as
explained in more detail below.

On December 10, 2013, Diao submitted to the brain
MRI Dr. Fisk ordered and the result was normal.

On December 11, 2013, Dr. Gold, the homeowners'
neurologist, conducted a neurological examination
of Diao and prepared a report. Dr. Gold reviewed
documents, including the transcript of Diao's
deposition, interviewed Diao through a Mandarin
interpreter about his complaints, including
"[m]emory impairment," and examined Diao. Dr.
Gold concluded Diao's neurological examination
was normal, "except for mildly decreased sensation
over the dorsum of the left arm and hand."
SoCalGas did not participate in this examination.

On December 13, 2013, Dr. Rudnick, the
homeowners' psychiatrist, conducted a
neuropsychiatric [*10] examination of Diao and
prepared a report. Dr. Rudnick reviewed Diao's
medical records, interviewed Diao through a
Mandarin interpreter about his complaints,
including memory impairment, and conducted a
mental status examination of Diao. Dr. Rudnick
concluded Diao had "chronic Posttraumatic Stress
Disorder" and "Major Depression" and "should
have full recovery from his psychiatric condition"
with treatment, including psychotherapy,
medication, and cosmetic treatments for his
scarring. SoCalGas chose not to participate in this

examination.
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On January 3, 2014, Diao voluntarily supplemented
his responses to SoCalGas's form interrogatories.
Regarding injuries he attributed to the gas leak and
ire, Diao added: "[A]s Plaintiff testified to in his
deposition, as a result of the subject incident,
Plaintiff suffers from: trouble with attention skills,
concentration and with memory, nightmares,
flashbacks, poor appetite,- phobic reactions, and
hypervigilance." Diao further stated in his
supplemental response that discovery and
investigation regarding his injuries were not
complete.

On February 4, 2014, Diao's retained neurologist,
Dr. Fisk, ordered a functional brain MRI (fMRI)
and brain SPECT scan [*11] for Diao, indicating on
the forms "DX:TBI" (a diagnosis of traumatic brain
injury).

On February 5, 2014, SoCalGas's counsel sent a
letter to Diao's counsel requesting Diao submit to
another mental examination. The letter states, in
pertinent part, "your client has made mental injury
an issue by alleging in the complaint, discovery
responses and deposition that he suffers from
sexual dysfunction, difficulty falling to sleep,
emotional distress and depression, trouble with
attention skills, concentration and with memory,
nightmares, flashbacks, poor appetite, phobic
reactions, hypervigilence, impaired academic
abilities, a phobia of cooking anything that requires
a flame, the inability to be exposed to common
household products due to irritation caused by the
chemicals, and mental pain and suffering."
Apparently, Diao's counsel declined this request for
another defense mental examination.

Also in February 2014, the parties served their
expert witness designations. The homeowners
designated, among other experts, Dr. Gold
(neurologist) and Dr. Rudnick (psychiatrist), both
of whom had conducted mental examinations of
Diao in December 2013, as discussed above.
SoCalGas designated, among other [*12] experts,
Dr. Barry Ludwig (neurologist) and Dr. Mark
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Kalish (psychiatrist), neither of whom had
examined Diao. Diao designated, among other
experts, Dr. Fisk (neurologist), Dr. Johnny Wen
(neuropsychologist), Dr. Wei-Chin Hwang
(psychologist), and Dr. Monte Buchsbaum
(psychiatrist/radiologist). As stated above, Diao did
not provide the defense with Dr. Fisk's November
13, 2013 report. His attorneys claim they were
unaware of it until Dr. Fisk's deposition on May 1,
2014.

Sometime in February 2014, Dr. Fisk received a
report indicating Diao's brain SPELT scan was
abnormal. Fisk also learned the results of
neuropsychological testing by Dr. Wen were
abnormal. Fisk diagnosed Diao with traumatic
brain injury. In March 2014, Dr. Buchsbaum
(Diao's retained psychiatrist/radiologist) examined
the SPELT scan and report, the neuropsychological
report, Diao's medical records, and Diao's
deposition to opine about the status of Diao's brain.
Buchsbaum diagnosed Diao with traumatic brain
injury.

On March 4, 2014, SoCalGas filed an ex pane
application to continue the April 8, 2014 trial date
due to the unavailability of the sub-landlord. The
court continued the trial- to May 20, 2014. The non-
expert [*13] discovery cutoff date of March 8, 2014
remained unchanged.

Also on March 4, 2014, SoCalGas filed an ex parte
motion for leave to conduct psychiatric and
neurological examinations of Diao. On April 2,
2014, after considering Diao's opposition, the trial

court (Judge Richard E. Rico) denied the motion,

finding SoCalGas (1) had not demonstrated why
the proposed examinations were necessary given

the neurological and psychiatric examinations
already conducted in December 2013 by the
homeowners' experts, and (2) had not shown the
proposed examinations would not be duplicative of
the prior examinations. In its minute order, the
court explained: "In light of the examinations
already conducted, the examinations requested by
[SoCalGas] constitute unnecessary intrusions and
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invasions of plaintiffs privacy and are burdensome,
harassing, and oppressive."

The parties conducted expert witness depositions in

April and May 2014. On April 23, 2014, Dr.

Buchsbaum (Diao's retained

psychiatrist/radiologist) testified about his opinion

that Diao suffered from a traumatic brain injury

(TBI). According to SoCalGas, this was the first

time Diao's "TBI claim was revealed," "just 27 days

before trial and over [*14] one month after the

close of fact discovery."3

On May 1, 2014, Dr. Fisk (Diao's retained

neurologist) also testified at his deposition that
Diao suffered from TBI. This is also the date Diao

produced Dr. Fisk's November 14, 2013

examination report to defendants, two-and-one-half

months after the February 18, 2014 expert witness

disclosure and production deadline. As set forth

above, Dr. Fisk's "Assessment" in the November

14, 2013 report, did not include a diagnosis of TBI,

but he listed "Posttraumatic headaches in the

context of a possible traumatic brain injury" as one

of six "Impressions." SoCalGas's counsel examined

Dr. Fisk about the report.

On May 1, 2014, Dr. Ludwig (SoCalGas's

neurologist) was deposed and presented his opinion

Diao did not suffer from TBI and provided the

basis for his opinion. At the time of his

deposition—which occurred the same day Dr. Fisk

produced his November 14, 2013 report—Dr.

Ludwig already was aware Dr. Wen (Diao's

retained neuropsychologist) and Dr. Buchsbaum

(Diao's retained radiologist/psychiatrist) [*15] had

diagnosed Diao with TBI. On May 8, 2014, Dr.

Kalish (SoCalGas's psychiatrist) was deposed and
presented his opinion Diao did not suffer from a
TBI and provided the basis for his opinion.

On May 13, 2014, SoCalGas filed an ex parte

application, seeking afive-week trial continuance

3 As stated above, nearly nine months earlier, the homeowners'

counsel recognized "a potential brain injury claim" based on Diao's

deposition testimony.
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and permission to augment its expert witness list to
include a radiologist and a neuropsychologist. The
homeowners joined the ex parte application.
SoCalGas argued there was good cause for the
relief requested because Diao provided "willfully
false discovery responses." In his January 2014
voluntary supplemental responses to SoCalGas's
form interrogatories, Diao did not disclose his TBI
claim or his November 14, 2013 neurological
examination with Dr. Fisk. According to SoCalGas,
Diao was required to disclose the examination
because Dr. Fisk was acting as a treating physician
at the time of the examination and not an expert
witness.4 On May 14, 2014, the trial court (Judge
Rico) denied the ex parte application.

On May 19, 2014, SoCalGas filed a motion in
limine to exclude evidence of and argument about
TBI and anoxia (lack of oxygen from the gas leak
and/or fire) based on arguments (1) Diao provided
willfully false discovery responses, and (2) there
was a lack of evidence of TBI due to trauma or
anoxia. The homeowners filed a similar motion in
limine, which SoCalGas joined. Plaintiff filed an
opposition to these motions in limine.

The trial court (Judge Elizabeth R. Feller who was
assigned to the case for trial) heard oral argument
on the motions in limine on May 23, 2014. The
court faulted Diao's counsel for not producing Dr.
Fisk's November 14, 2013 report in a timely
manner, commenting that "there were games being
played" and "it's all problematic." The court noted,
however, that "ultimately, it [the report] was
disclosed and the defense did have an opportunity
to explore it." The court declined to exclude
evidence of and argument about TBI and anoxia.
The court did allow [*17] SoCalGas to augment its
expert witness designation to include a radiologist

° Dr. Fisk testified at his deposition that he "started out" as Diao's

treating physician. In or about November 2013, after the date of the

neurological examination, Diao signed an agreement giving

Dr. [*16] Fisk a lien on Diao's recovery in the litigation, which

indicates Dr. Fisk was a treating physician. At h•ial, however, Dr.

Fisk testified that he was retained by Diao's counsel in 2013, before

the neurological examination.
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(Dr. Alan Waxman), concluding it was unclear
from Diao's designation that Dr. Buchsbaum would
be offering opinions as a radiologist in addition to
his opinions as a psychiatrist. The court rejected
SoCalGas's request to designate a
neuropsychologist, finding Diao had disclosed Dr.
Wen as his neuropsychologist and SoCalGas could
have designated its own neuropsychologist at that
time.

Trial

Trial commenced on May 29, 2014. Diao testified
extensively about his injuries (past and present). As
discussed above, Diao underwent excruciatingly
painful treatments for his burns in the months
following the fire. He was extremely upset about
the way he looked. He felt his life had "become
black, all black."

By the time of trial, more than three years after the
fire, Diao still experienced physical pain due to his
injuries. Pain in his right ankle prevented him from
standing for long periods of time. Because he
suffered from neuropathic pain syndrome on his
left arm and hand, a light touch caused intense pain.
He had weakness in his left hand. He also
experienced numbness, .tightness,- pain, dryness,
and itching in the areas [*18J around his burn
injuries.

Diao continued to feel extremely upset and self-
conscious about the scarring on his body.
(Fortunately the burns on his face had healed quite
nicely by all accounts.) He had areas of
hypertrophic scars which were thick and cordlike
and caused him physical discomfort. He also had
areas of hyperpigmentation where his skin was
much darker and areas of hypopigmentation where
his skin was much lighter because there was no
pigment. Diao tended to cover his scars with
clothing, including long sleeves, because he
believed people would perceive him as gross and
deformed if they saw his scars. Diao rarely
socialized with friends and did not date. He avoided
exposure to the sun due to his scarring.
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Diao presented evidence regarding future surgeries
and treatments to improve the look of his scars and
to alleviate some of the discomfort associated with
them, including steroid injections and a balloon
expansion to stretch normal skin over the scar.
There were no treatments, however, that could
eliminate the scars entirely.

Diao testified about his cognitive impairments after
the fire, including his problems with memory and
comprehension at school and on-the job. He
remained [*19] unemployed and out of school.

Diao presented evidence that neuropsychological
testing, the SPELT scan and the fMRI of his brain
all demonstrated TBI. He also presented evidence
that the TBI most likely was caused by the force of
the blast when the natural gas ignited, but could
also have been caused by trauma to the head during
the explosion, lack of oxygen to his brain (anoxia)
while he was sleeping in a room filled with natural
gas, carbon monoxide released during the
explosion, or a combination of these causes.

At the time of trial, Diao was 26 years old. He
presented evidence indicating he would likely
develop early-onset dementia by age 55 as a result
of his brain injury, requiring assisted living and
later 24-hour care.

Diao's father testified on cross-examination that,
before the ire, Diao was involved in a car accident
which required him to replace his car. Later, when
Diao's direct examination resumed, Diao testified
he was involved in three car accidents shortly after
he came to the United States in 2009. SoCalGas
extensively cross-examined Diao regarding the car
accidents and impeached him with documents it
gathered mid-trial showing an attorney submitted
an insurance claim [*20] on behalf of Diao and his
father after one of the accidents and a chiropractor
indicated in a report that Diao had sustained a
concussion in the accident. Diao did not disclose an
insurance claim or a prior head injury in his
interrogatory responses. Diao testified he was
unaware of the insurance claim his father's attorney
submitted and he disputed the characterization of
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his alleged injuries as stated in the claim and the
chiropractor's report.

None of SoCalGas's experts attributed the car
accidents to TBI because they testified Diao did not
suffer from TBI either before or after the gas leak
and fire. The defense experts disputed the results of
the neuropsychological testing, the SPECT scan
and the fMRI of Diao's brain indicated TBI.

SoCalGas also cross-examined Diao about his
educational history in China. SoCalGas argued to
the jury that Diao was not truthful about his
academic performance in China and that his pre-
fire cognitive abilities were not as superior as he
had indicated.

Mid-trial, SoCalGas moved for nonsuit, mistrial
and terminating sanctions, arguing Diao had
suppressed evidence of TBI and his prior car
accidents and had failed to prove TBI causation.
The trial court (Judge [*21] Feffer) denied the
motions, explaining, among other things, (1) it
already had remedied any belated TBI disclosure
by allowing SoCalGas to designate a radiologist,
(2) any failure to disclose the car accidents did not
warrant wholesale exclusion of TBI evidence, but
was a credibility issue for the jury to weigh, and (3)
there was sufficient evidence of TBI causation to
go to the jury, including testimony by SoCalGas's
experts that asphyxiation is a risk of breathing
natural gas.

On June 25, 2014, the jury returned a special
verdict awarding Diao $186,718 in past economic
damages, $2,600,100 in future economic damages,
$8,500,000 in past non-economic damages, and
$8,500,000 in future non-economic damages, for a
total damages award of $19,786,818. The jury
found the homeowners were negligent, their
negligence was a substantial factor in causing harm
to Diao, and SoCalGas's negligence was not a
superseding cause of the harm to Diao. The jury
further found the sub-landlord was not negligent.
The jury assigned 90 percent of Diao's harm to
SoCalGas and 10 percent to the homeowners. On
July 2, 2014, the trial court entered judgment
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consistent with the special verdict.
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failure to disclose Dr. Fisk's November 14, 2013
report in a timely manner.

Post-Trial Motions

SoCalGas [*22] moved for a partial judgment
notwithstanding the verdict and for a new trial on
several of the grounds raised on appeal. SoCalGas
argued Diao committed discovery abuses related to
his TBI claim and presented insufficient evidence
of TBI. SoCalGas also argued Diao's counsel made
improper arguments which resulted in an excessive
and punitive damages award. SoCalGas requested
the trial court enter a remittitur and reduce the
damages award to no more than $6,000,000. The
homeowners also made a motion for new trial,
arguing for a reduction in the damages award. At
the hearing on the post-trial motions, SoCalGas
requested the trial court reduce the damages award
to a total of $3,486,718.

In connection with the post-trial motions, SoCalGas
submitted new evidence related to the car accidents
and Diao's educational history. Diao objected to all
of the new evidence on multiple grounds (hearsay,
lack of foundation) and the trial court sustained all
of Diao's objections.

Code of Civil Procedure section 2034.300 states, in
pertinent part, "on objection of any party who has
made a complete and timely compliance with
Section 2034.260, the trial court shall exclude from
evidence the expert opinion of any witness that is
offered by any party who has- unreasonably failed to
do any of the following: [¶] (a) List that witness as
an expert under Section 2034.260. [¶] (b) Submit an
expert witness declaration. [¶] (c) Produce reports
and writings of expert witnesses under Section
2034.270. [¶] (d) Make that expert available for a
deposition under Article 3 (commencing with

Section 2034.410)." (Italics added.)

Prior to or during trial, SoCalGas never asked the
trial court to exclude Dr. Fisk's testimony under this
provision. Instead, SoCalGas asked the court to

exercise its discretion and issue an evidence
sanction—excluding all evidence [*24] of TBI—
for misuse of the discovery process under section
2023.030, subdivision (c). SoCalGas should not
fault the trial court for declining to grant relief
SoCalGas never requested.

The trial court (Judge.__ Feffer) issued a 28-page
ruling addressing defendants' arguments and
denying the post-trial motions. In discussing
SoGalGas's claim of discovery abuses related to
TBI, the court explained the voluminous
exhibits [*23] submitted by the parties indicated
SoCalGas did not exercise reasonable diligence in
investigating the cause of Diao's alleged cognitive
defects which were revealed during Diao's June
2013 deposition.

DISCUSSION

I. Discovery Issues Regarding TBI

A. Dr. Fisk

SoCalGas contends the trial court erred in declining
to exclude Dr. Fisk's TBI testimony under Code o
Civil Procedure section 2034.300 based on Diao's

Had SoCalGas asked the trial court to exclude Dr.

Fisk's testimony under this particular provision and
the court declined, we would not disturb the court's
ruling on appeal. Assuming SoCalGas could
demonstrate Diao "unreasonably failed" to produce

the report although Diao's attorneys maintain they
were unaware of the report until the date they
produced it—SoCalGas cannot demonstrate
prejudice. There was substantial evidence of TBI,

separate and apart from Dr. Fisk's testimony,
including the results of the neuropsychological

testing, the SPECT scan and the fMRI of Diao's
brain, and substantial evidence the gas leak and ire
caused the TBI, as set forth in more detail below in
response to SoCalGas's challenge to the sufficiency
of the evidence.

B. Interrogatory responses

SoCalGas contends the trial court erred in declining
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to grant any relief for Diao's "false" interrogatory
responses, and further contends it should have been
"able to rely on [Diao's] discovery responses to set
at rest significant issues, and remove those issues
from the case." [*25]

First, SoCalGas points to the fact Diao did not
disclose TBI in his interrogatory responses. The
evidence shows Diao had not been diagnosed with
TBI at the time he responded to SoCalGas's form
interrogatories in June 2012 and at the time he
voluntarily supplemented his responses to the form
interrogatories in January 2014. The results of

Diao's initial MRI in December 2013 were normal.
Notwithstanding that, Diao disclosed his cognitive

impairments at his June 2013 deposition—which

alerted the homeowners' counsel to a potential brain

injury claim—and in his January 2014

supplemental responses to the form interrogatories.
Moreover, Diao stated in his interrogatory response

that discovery and investigation regarding his
injuries were not complete, which is borne out by
the record of subsequent medical testing Diao
underwent. Accordingly, Diao's interrogatory
responses regarding his injuries were not false, and
his TBI claim is not barred because he did not

specifically identify "traumatic brain injury" in

interrogatory responses served before TBI was

diagnosed.

Second, SoCalGas points to the fact Diao did not

disclose the three 2009 car accidents in response to
form interrogatories asking [*26] him to identify

injuries to the same parts of his body injured in the

gas leak and ire and asking him to identify prior

claims or demands for compensation for personal

injuries. Diao testified at trial that he was unaware
his father's attorney had made an insurance claim

on his behalf regarding one of the car accidents,
and he disputed he sustained a head injury in any of

the car accidents. SoCalGas impeached Diao's
credibility at trial with documents relating to one of
the car accidents. An evidence sanction was not
warranted.

Third, SoCalGas argues Diao misrepresented his
academic history in his discovery responses.
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SoCalGas cites the new evidence it submitted in

connection with its post-trial motions. The trial

court sustained all of Diao's numerous evidentiary

objections to this new evidence. SoCalGas does not

properly challenge the trial court's evidentiary

rulings on appeal. It merely states in a couple of

footnotes that the new evidence was not offered for

the truth of the matter asserted. Hearsay is not the

only ground on which the trial court sustained
Diao's objections to the new evidence. Because

SoCalGas has not demonstrated the court abused its

discretion in sustaining [*27] objections on

multiple grounds, we may not consider this

evidence on appeal.

Finally, SoCalGas faults Diao for not identifying

Dr. Fisk as a treating physician when he voluntarily

supplemented his interrogatory responses in

January 2014. As addressed above, the evidence

regarding whether Dr. Fisk was acting as a treating

physician or a retained expert at the time he

conducted Diao's neurological examination in

November 2013 was conflicting. Given that, we

need not address this issue further.

II. Sufficiency Of Evidence Of TBI Causation

SoCalGas contends there is insufficient evidence

demonstrating the gas leak or fire caused Diao's

TBI.

"In a personal injury action, causation must be

proven within a reasonable medical probability

based on expert testimony; a mere possibility is

insufficient. [Citation.] A possible cause becomes

'probable' when, in the absence of other reasonable

causal explanations, it is more likely than not that

the injury resulted from its action." (Sparks v.

Owens-Illinois. Inc. (1995) 32 Cal.Ap~.4th 461,

476.) "[A]n expert's opinion based on assumptions

of fact without evidentiary support [citation], or on

speculative or conjectural factors [citation], has no

evidentiary value ." (Jennings v. Palomar

Pomerado Health Svstetns, Inc. (2003) 114

Cal.App.4th 1108, 1117.)

Substantial evidence presented at trial [*28]
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demonstrated, after SoCalGas's employee uncapped
the gas line to the garage, Diao slept for another
two hours as one-quarter to one-third the volume of
his room filled with natural gas. When Diao awoke
and sparked the lighter, he heard a boom, saw ire
engulf his room, and felt a force pushing against
him as he ran out of the garage. At trial, Diao
testified the force of the explosion knocked- him to
the ground, although he denied falling when he
testified earlier at his deposition.

According to Diao's experts, results of
neuropsychological testing, a SPELT scan and an
fMRI of Diao's brain indicated TBI.

Regarding causation, substantial evidence
demonstrated Diao's friends and family noticed a
decline in his cognitive functioning after the gas
leak and ire. His memory, comprehension and
reaction time were slower after the fire than they
were before the fire.

Dr. Buchsbaum (Diao's retained
radiologist/psychiatrist) testified about TBI
causation. He gave his opinion the TBI did not
predate the gas leak and fire based on the severity
of the damage shown on the brain scans, and the
substantial evidence of Diao's cognitive decline
after the gas leak and fire and absence of these
cognitive [*29] impairments before.

Like Dr. Fisk,- Dr. Buchsbaum testified that four
factors could have contributed to Diao's TBI: the
blast that occurred when the natural gas ignited,
trauma to Diao's head in connection with the blast
(striking his head on an object or the ground),
anoxia (a lack of oxygen), and inhalation of carbon
monoxide. Based on his review of the brain scans,
and the "asymmetry" of the brain injury, Dr.
Buchsbaum opined the blast or head trauma during
the blast caused Diao's TBI. Dr. Buchsbaum had
recently worked on and completed a study
supported by the veterans administration regarding
blast injuries in veterans from Iraq. He explained
how and why a blast, "just in and of itself, can
shake and distort the brain" causing TBI without
head trauma or a skull fracture.
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Based on the foregoing, substantial evidence
presented at trial demonstrated it is more likely than
not that the gas leak and fire caused Diao's TBI and
that there is an absence of other reasonable causal
explanations.

III. Damages Award

A. Diao's counsel's conduct

SoCalGas contends Diao's counsel committed
misconduct in arguments to the jury. According to
SoCalGas, Diao's "counsel delivered an
inflammatory closing rebuttal [*30] in which he
vilified SoCalGas, invited the jury to punish the
company for defending itself at trial and for
unproven injuries to other hypothetical victims, and
referred extensively to SoCalGas's wealth and
resources, despite the court having largely granted
SoCalGas's Motion in Limine No. 8, precluding
such references."

SoCalGas takes issue with the following types of
arguments Diao's counsel made: Diao's counsel
referred to SoCalGas as a "bully" in condemning
SoCalGas's litigation tactics (e.g., cross-examining
Diao for more than 50 pages of transcript regarding
the prior car accidents); indicated SoCalGas would
celebrate and move on to the next case, the next
burn victim if the jury awarded Diao the
insufficient amount SoCalGas suggested ($1.6
million in total damages); commented that it is
difficult to fight the gas company given its
"unlimited resources;" and highlighted the
cumulative amount SoCalGas spent on expert
witness fees.

Below, SoCalGas did not object to any of counsel's
arguments it now takes issue with on appeal.
SoCalGas did not afford the trial court an
opportunity to evaluate any of these claims of
misconduct and provide an admonition if
necessary. Accordingly, these [*31] claims of
misconduct are forfeited on appeal. (Cassim v.
Allstate Ins. Co. (2004) 33 Cal.4th 780, 794-795.)

SoCalGas asserts an objection was not necessary to
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preserve these claims for appeal because counsel's
misconduct was repetitive and multiple objections
"would only have exacerbated the prejudice."
SoCalGas's counsel did not make any effort to stop
the alleged misconduct with even one objection.
Indeed, "'[o]ne of the primary purposes of
admonition at the beginning of an improper course
of argument is to avoid repetition of the remarks
and thus obviate the necessity of a new trial."'
(Cassinz v. Allstate Inc. Co., supra, 33 Cal.4th at p.
795.) The types of arguments SoCalGas belatedly
complains about are precisely the types of
arguments that could have been ameliorated with
an admonition, to the extent SoCalGas believed at
the time of trial that the arguments were improper
(e.g., comments about its resources, and comments
about other potential victims).

We do not condone, and in fact strongly
disapprove, Diao's counsel's conduct during
argument in making inflammatory and
inappropriate comments to the jury. But even if
SoCalGas had preserved these claims for appeal,
we would not reverse the judgment based on the
portions of counsel's argument with which
SoCalGas now takes issue. None of the
comments [*32) SoCalGas plucks from counsel's
argument, alone or iri combination, constitute
reversible misconduct. SoCalGas cannot
demonstrate it is reasonably probable the judgment
would have been more favorable to SoCalGas if
Diao's counsel had not made these comments.
(Cassim v. Allstate Ins. Co., supra, 33 Cal.4th at p.
802.) The award is not excessive in light of the
evidence presented, as discussed in more detail
below.

B. Propriety of amount of award

SoCalGas contends the $19,786,818 damages
award is excessive, disproportionate to other
awards for comparable injuries, punitive and
violates due process.

The standard of review in cases in which a
defendant "attacks the jury verdict on the ground of
excessive damages is well established."
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(Westphal v. Wal-Mart Stores, Inc. (1998) 68
Cal.Abp.4th 1071, 1078.) "The amount of damages
is a fact question, committed first to the discretion
of the jury and next to the discretion of the trial,
judge on a motion for new trial. [Citations.] All
presumptions favor the trial court's ruling, which is
entitled to great deference because the trial judge,
having been present at trial, necessarily is more
familiar with the evidence and is bound by the
more demanding test of weighing conflicting
evidence rather than our standard of review under
the substantial evidence rule. [Citations.] [*33] [¶]
We must uphold an award of damages whenever

possible [citation] and 'can interfere on the ground
that the judgment is excessive only on the ground

that the verdict is so large that, at first blush, it
shocks the conscience and suggests passion,
prejudice or corruption on the part of the jury.'

[Citations.] [¶] In assessing a claim that the jury's

award of damages is excessive, we do not reassess
the credibility of witnesses or reweigh the evidence.
To the contrary, we consider the evidence in the
light most favorable to the judgment, accepting
every reasonable inference and resolving all

conflicts in its favor." (Ibid.)

As outlined above, the jury awarded Diao $186,718
in past economic damages, $2,600;100 in future
economic damages, $8,500,000 in past non-

economic damages, and $8,500,000 in future non-

economic damages, for a total damages award of

$19,786,818. SoCalGas addresses its arguments to

the total damages award as a whole and does not
analyze each separate category of damages awarded
and explain why it believes that particular amount
is too high.

SoCalGas views the award in light of a universe of
injuries that does not include TBI, based on its
arguments the trial court should [*34] have
excluded evidence of TBI and Diao presented
insufficient evidence of TBI causation at trial. We
have rejected these arguments and accordingly
include TBI in our calculus of the propriety of the
award. SoCalGas maintains, even if TBI is
included, the award is still too high. We disagree.

Taylor Rayfield
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Substantial evidence presented at trial

demonstrates: Diao suffered through the trauma of

a natural gas explosion and fire in his bedroom. He

sustained burns on 18-20 percent of his body. He

underwent excruciatingly painful treatments and

suffered through a lengthy and painful healing

process. He has extensive scarring on his body that

continues to cause him great physical and mental

discomfort. He will undergo additional surgeries

and treatments to alleviate some of his discomfort

and to improve the look of the scars, but the scars

will always be visible.

The judgment is affirmed, Respondent is entitled to

recover costs on appeal.

CHANEY, J.

We concur:

ROTHSCHILD, P. J.

JOHNSON, J.

End of Docurn~nt

As a result of the gas leak and ire, Diao suffered

TBI. His cognitive functioning declined in a

manner noticeable to his friends and family. He

could not succeed in college or in his employment

due to troubles with memory and comprehension.

He will likely develop early-onset dementia by age

55 and be unable to take care of himself.

Diao suffers [*35] from depression and his outlook

on life has changed. He rarely socializes and does

not date.

In light of these severe and debilitating injuries, we

do not find the award is excessive. We are not

persuaded by SoCalGas's comparison of this award

to awards in other cases. "Each case must be

determined on its own facts." (DiRosario v. Havens

(1987) 196 Cal.App.3d 1224, 1241.) The award in

this case is supported by the evidence.

"The mere fact that the judgment is large does not

validate an appellant's claim that the verdict is the

result of passion or prejudice of the jury."

(DiRosario v. Havens, supra, 196 Cal.App.3d at p.

1241.) The jury deliberated for one and one-half

days during which the jury requested and received

both sides' written breakdowns of suggested

damages for each category of injuries. The jury did

not award Diao the entire amount he requested—

$36,500,000. It awarded about hal£ Based on the

record before us, we do not find the award is

punitive or based on passion or prejudice.

DISPOSITION

Taylor Rayfield
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roadway and hit rear of plaintiffs car; rear-end
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case of negligence, and wet roadway did not suffice
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to maintain safe distance.
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Opinion

[*340] [**17] Judgment, Supreme Court, New

York County (Martin Shulman, J.), entered
August [**18] 11, 2006, after a jury trial, in favor

of plaintiffs and against defendant in the total

amount of $ 2,774,460, unanimously affirmed,

without costs.

On the issue of fault, the trial court correctly

directed a verdict in plaintiffs' favor based on

defendant's own testimony that he saw the injured

plaintiffs car stopped at a red light, braked hard

and shifted to low gear, but his pick-up truck

skidded on the wet roadway and hit the rear of

plaintiff scar. Arear-end collision with a stationary

vehicle creates a prima facie case of negligence

requiring a judgment in favor of the stationary

vehicle unless defendant proffers a nonnegligent

explanation for the failure to maintain a safe

distance (Mitchell v Gonzalez, 269 AD2d 250, 251,

703 NYS2d 124 X20007). A wet roadway is not such

an explanation. A driver is expected to drive at a

sufficiently safe speed and to maintain enough

distance between [***2] himself and cars ahead of

him so as to avoid collisions with stopped vehicles,

taking into account weather and road conditions

(id.). On the issue of serious injury, plaintiffs'

experts, relying on objective medical tests, testified

to brain damage and other injuries that they

attributed to trauma, and the conflicting medical

~,~ ~,~, B~ Taylor Rayfield
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evidence and opinions of defendant's experts

concerning the permanence and significance of

plaintiffs injuries simply raised issues of fact for

the jury (see Noble v Ackerman, 252 AD2d 392,

395, 675 NYS2d 86 [19987). Concerning

defendant's motion to preclude expert testimony,

with respect to the nonproduction of raw data
produced in tests conducted by the experts,

defendant fails to show either prejudice or willful

and contumacious conduct. With respect to the

experts whose designations were made shortly

before trial, CPLR 3101 (d) (1) (i) [*341] does not
require a party to retain an expert at any particular

time, and the court allowed defendant appropriate

additional disclosure. With respect to the

discrepancies between the trial testimony of some

of plaintiffs' experts and their reports, defendant did
not show a willful attempt to deceive or prejudice,

and such discrepancies, which [***3] defendant

was free to raise on cross-examination, go only to

the weight, not the admissibility, of the testimony

(see Hageman v Jacobson, 202 AD2d 160, 161, 608

NYS2d 180 X9947; Dollar v Grace & Co., 225

AD2d 319, 321, 639 NYS2d 323 [19961). On the

issue of foundational support for expert opinion,

while some of plaintiffs' experts relied on new

technology or methodologies, the same experts also

opined based on well-established and

recognized [****2] diagnostic tools, and we find

that they provided reliable causation opinions (see

Parker v Mobil Oil Corp., 7 NY3d 434, 447, 857

NE2d 1114, 824 NYS2d 584 [20067). We have

considered defendant's other arguments and find

them unavailing. Concur--Lippman, P.J.,

Mazzarelli, Buckley, McGuire and DeGrasse, JJ.
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