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Abstract. – OBJECTIVE: Vestibular disor-
ders and anxiety are closely related, probably be-
cause they share some neuronal pathways. Age-
ing and patient comorbidities are important facil-
itating factors, and multiple vascular risk factors 
could contribute to the onset of a vestibular syn-
drome called vascular vertigo. White matter le-
sions (WMLs) are often seen on magnetic reso-
nance imaging (MRI) scans of elderly people and 
are related to various geriatric disorders, includ-
ing dizziness. The cause of this correlation could 
be the disruption of neuronal networks that medi-
ate higher vestibular cortical function. Numerous 
neuronal pathways link the vestibular network 
with limbic structures and the prefrontal cortex 
modulates anxiety through its connections to the 
amygdala. These could also explain nausea and 
sickness. The aim of the present work was to in-
vestigate the correlation between WML, vascular 
vertigo and cognitive functions.

PATIENTS AND METHODS: Our team at the 
Poliambulanza Foundation Hospital of Brescia 
studied 90 patients (mean age 75 years) suffering 
from vascular vertigo with positive WML on MRI, 
by mapping the lesions and by grading anxiety 
and sickness symptoms. Furthermore, the same 
patients were treated with sulodexide (a glycos-
aminoglycan with antithrombotic activity) for 90 
days (500 LSU/day for the first 45 days and 250 
LSU/day for the following 45 days) to evaluate the 
efficacy on the vestibular symptoms.

RESULTS: The results showed that the most fre-
quent WML sites were frontal (n=34) and capsule 
(n=30) areas. Patients had a significant improve-
ment on anxiety and sickness scores (p=0.0001 and 
p=0.02 respectively) after sulodexide treatment.

CONCLUSIONS: In patients with vascular ver-
tigo we confirmed the correlation between dizzi-
ness and anxiety and showed preliminary data 
regarding the efficacy of sulodexide in relieving 
in these patients anxiety and sickness.
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Introduction

Good balance is necessary in order to execute 
motor skills and to safely deal with the demands 
of daily life1. Vestibular disorders are character-
ized by a combination of perceptual, oculomotor, 
postural and vegetative manifestations, which 
cause the symptoms of vertigo, nystagmus, ataxia 
and nausea2. Dizziness has long been considered 
a “simple” somatoform manifestation in patients 
who do not experience a true rotational vertigo. 
Dizziness could be described as an individual ex-
perience that is also affected by emotional factors; 
thus, different patients may describe their sensa-
tions in different ways1,3,4.

The traditional classification of vestibular dis-
orders is based on the anatomical site of the le-
sion and distinguishes between the peripheral and 
the central vestibular system. This classification 
could not reflect the clinical syndrome, which 
may involve both the peripheral and the central 
vestibular system, leading to “higher vestibular 
function” disorders, since inputs from visual, ves-
tibular and proprioceptive systems are integrated 
and elaborated through cognitive functions2,5. Nu-
merous polysynaptic pathways link the vestibu-
lar network with limbic, hippocampal, cerebellar 
and cerebral cortex structures in order to mediate 
higher cognitive functions2. The vestibular system 
provides the brain with sensory signals for postur-
al and oculomotor control, as well as for spatial 
and body perception and cognition5. Additional-
ly, a central lesion, such as cerebellar infarctions, 
may mimic a peripheral disorder and could be 
misinterpreted2,6.

Vestibular disorders lead to a significant de-
gree of handicap and emotional disturbance for 
the patient7. In the first days after an acute ves-
tibular deficit, motor and spatial learning become 
very important to facilitate recovery of the bal-
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ance function. In addition, new features emerge 
during this period, with implications on psyche, 
behavior and emotions5.

Vestibular disorders and anxiety appear to be 
closely related8. Vertigo and dizziness are common 
symptoms in patients with anxiety, sickness and 
imbalance1,3,4. On the other hand, the combination 
of unpredictable vertigo attacks and accompany-
ing severe vegetative reactions contributes to in-
crease anxiety and fear5. Recent report considered 
that during the first vertigo attack 93% of patients 
have a fear of serious illness and 35% have pan-
ic5. Anxiety and fear increase in places with a rich 
visual surrounding and where movements require 
good head-eye coordination. Furthermore, anxiety 
is probably one of the most important causes pre-
venting adaptation1,4. The relation between anx-
iety and vestibular disorders could be explained 
by the fact that they share some neural pathways. 
This could lead to a vicious circle where dizziness 
and anxiety increase each other8. Dizziness affects 
about 30% of people over the age of 659,10. With 
increasing age, a progressive loss of function of 
the vestibular, visual and proprioceptive systems 
can lead to balance problems9. Patient comor-
bidities also play an important role in aggravat-
ing the physiological degeneration of the balance 
system. For example, cardiovascular comorbidi-
ties are correlated to both peripheral and central 
vertigo6,11-13. The most important cardiovascular 
risk factors are: hypercholesterolemia, cardiac 
disease, diabetes mellitus, arterial hypertension 
and carotid atherosclerosis14. 4-years and 9-years 
follow-up studies also showed that subjects suf-
fering from vertigo have a higher risk of stroke 
than the general population15,16. Multiple vascular 
risk factors could contribute to the onset of a ves-
tibular syndrome called vascular vertigo due to its 
vascular etiology14,17,18.

The areas in cerebral white matter that appear 
hyperintense on T2-weighted Magnetic Reso-
nance Imaging (MRI) and hypointense on comput-
ed tomography are commonly referred to as white 
matter lesion (WML)19,20. WMLs are attributed 
to degenerative changes of small vessels and of 
long penetrating arteries and are implicated in 
the pathogenesis of cognitive decline and demen-
tia21-23. Currently, WMLs are divided into periven-
tricular white matter lesions, which are attached 
to the ventricular system, and deep white matter 
lesions, located in subcortical regions 20,24. WMLs 
are often seen on MRI scans of elderly people and 
are related to various geriatric disorders, including 
cerebrovascular diseases, cardiovascular diseases, 

dementia, and psychiatric disorders19,25-28. MRI 
features of WML are correlated with dilatation of 
perivascular spaces, especially in the frontal and 
parietal subcortical white matter21,24. A large me-
ta-analysis of 46 observational studies28 demon-
strated that WMLs are associated with greater risk 
of future stroke, dementia and mortality. There 
is evidence that periventricular white matter le-
sions are particularly related to cognitive decline, 
whereas subcortical white matter lesions may 
be related to late onset depression21. In a cohort 
study, the presence of thalamic lacunes was as-
sociated with poor global cognitive performance, 
low motor activity and poor executive function 
performance; moreover, the presence of lacunes 
in the pallidum or putamen was associated with 
memory dysfunctions29,30. Above all, deep brain 
infarcts have been associated with vascular cogni-
tive impairment, including cognitive decline and 
dementia30. Although we know the association of 
WML, cognitive decline, aging, vascular risk fac-
tors, and actual dementia, the primary underlying 
mechanism of these processes is still unclear31. 
WMLs are also associated to gait disturbance and 
dizziness30,32,33. In a group of older patients suffer-
ing from subjective and objective abnormalities 
of gait and balance of unknown cause, Baloh et 
al32 found a significant (p<0.01) more severe sub-
cortical WML on MRI when compared with an 
age- and sex-matched control group. Additionally, 
a retrospective case analysis showed increased se-
verity and frequency of WML in subjects with un-
explained dizziness, suggesting that WML could 
contribute to the development of dizziness33. The 
cause of this relation between WML and vestibu-
lar disorders is still unclear and may involve sev-
eral mechanisms. Lesions could interfere with the 
central processing of sensorimotor signals lead-
ing to impaired postural responses or may cause 
a disconnection syndrome involving vestibular or 
locomotor areas of the brain32,33. Indeed, the hu-
man brain contains multiple neuronal networks 
that serve motor and neurobehavioral functions 
such as visuospatial ability, complex cognition, 
and emotion. WML might disrupt higher vestibu-
lar cortical functions involved in these networks. 
WML disease could be especially critical later in 
life, because white matter volume might decline 
with age more than gray matter volume20.

We systematically studied dizzy patients with 
MRI to map WML and to verify the correlation 
between WML and vestibular disorders, in par-
ticular vascular vertigo. Reported below are our 
case load, neuroradiological features and out-
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comes in managing dizziness in elderly patients 
at the Poliambulanza Foundation Hospital of 
Brescia, Italy.

Patients and methods

A total of 90 patients (53 females and 37 
males), with a mean age of 75 years (range 59-89 
years), were observed from January 2014 to Janu-
ary 2015. All patients underwent a clinical vestib-
ular examination. Based on clinical suspicion and 
investigation results they also underwent 1.5 T 
Cranial MRI. All patients showed at least 1 WML 
on MRI, had been suffering from imbalance for 
a minimum period of one year and had a diagno-
sis of vascular vertigo based on at least 3 of the 
following vascular risk factors: cerebrovascular 
diseases; carotid disease; ischemic heart disease; 
diabetes mellitus; arterial hypertension; arteriop-
athy; family history of vascular diseases; smok-
ing; alcohol consumption; obesity; fibrinogen 
>350 mg/dl; triglycerides >180 mg/dl; cholesterol 
>220 mg/dl. Patients with cognitive impairment 
and psychiatric or neurological diseases were 
excluded. After informed consent had been ob-
tained, the patients were treated with sulodexide, 
glycosaminoglycans with antithrombotic activity 
used in dizziness of vascular etiology14,17,18,34-36. 
Patients were given two capsules of sulodexide 
250 LSU (500 LSU/die) for the first 45 days, one 
in the morning and one in the evening. After 45 
days, sulodexide was reduced to one capsule each 
morning (250 LSU/die). Patients were evaluated 
according to changes in symptoms and clinical 
presentation of anxiety, sickness and imbalance 

measured by scores at the end of 30 (1 month), 60 
(2 months) and 90 days (3 months).

Statistical Analysis
For the statistical analysis we used a symmetry 

test (Pearson’s Median Skewness) and the p-value 
<0.05 was considered statistically significant.

Results

All 90 patients (100%) completed the entire 
90-day observation period. Vascular risk factors 
are outlined in Table I. 81% of patients had arte-
rial hypertension, 67% had hypercholesterolemia 
and about 40% had hypetriglyceridemia. 15 pa-
tients out of 90 (17%) had already experienced 
cerebrovascular events.

Figure 1 shows the anatomical distribution of 
the WML. The most frequent sites are the frontal 
and capsule areas, where lesions were present in 
34 and 30 cases respectively.

Table I. Vascular risk factors.

Total is >90 because patients can have more than one risk 
factor.

Vascular risk factors

Risk factors	 No. of patients/90	 %

Arterial hypertension	 73	 81%
Hypercholesterolemia	 60	 67%
Hypetriglycerydemia	 40	 44%
Peripheral arterial disease	 38	 42%
Cardiac disease	 35	 39%
Diabetes mellitus	 30	 33%
Cerebrovascular events	 15	 17%

Figure 1. Anatomical distribution of WML. The figure shows the frequency of mapped WML in the different anatomical 
regions in 90 patients suffering from vascular vertigo. The total number of lesions is greater than the number of patients (90) 
because one patient can have more than one lesion.
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At basal, patients showed 85% of serious anx-
iety score and 35% of serious sickness. The anal-
ysis of the scores observed before and after sulo-
dexide treatment showed statistically significant 
differences for anxiety (p=0.0001) (Figure 2) and 
sickness (p=0.02) (Figure 3), while the difference 
for imbalance was not significant (p=0.6) (data 
not shown). In particular, after 3 months of su-

lodexide treatment, serious anxiety was 25% and 
serious sickness was 5%, with a reduction of 60% 
and 30% respectively.

Discussion

The present study has investigated the correla-
tion between WML, vascular vertigo and cogni-
tive functions. 

As seen in Figure 1, we found a high preva-
lence of frontal and capsule WML in patients 
suffering from vascular vertigo. Frontal and pre-
frontal WML could be associated with both ves-
tibular disorders and anxiety. Many authors have 
proposed the existence of a “vestibular cortex”. 
In humans, galvanic and caloric vestibular stim-
ulation activates several frontal cortical regions5. 
Furthermore, studies on animals have focused 
on structures that receive vestibular inputs and 
are located in frontal, temporal and parietal cor-
tex37,38. Acute lesions of these areas, for example 
after middle cerebral artery infarctions, cause tilts 
of perceived vertical, body lateropulsion and ro-
tational vertigo. The vestibular cortex intimately 
interacts with the visual cortex to match the two 
3-D orientation maps and mediates self-motion 
perception37,38.

In our case load, the scores recorded pre- and 
post-treatment with sulodexide showed a sig-
nificant improvement with regard to anxiety 
(p=0.0001) and sickness scores (p=0.02) (Figures 
2 and 3), probably due to the hemorheologic ac-
tivity of sulodexide. The difference for imbalance 
score was not significant (p=0.6) but this result 
was expected because subjects were chronic pa-
tients with high clinical complexity. Numerous 
neuronal pathways link the vestibular network 
with limbic and hippocampal structures2. These 
structures are involved in the fear network mod-
el, which exhibits aberrant activation patterns in a 
variety of anxiety disorders. In particular, the pre-
frontal cortex modulates anxiety and other emo-
tional behaviors through its connections to amyg-
dala39. Kim et al39 found alterations in frontal WM 
and WM around the frontal lobe in patients with 
panic disorders. Furthermore, abnormal levels of 
anxiety have been observed in patients suffering 
from vestibular deficit5,8. These neuronal connec-
tions with limbic structures could also explain 
nausea and sickness, which are common symp-
toms in patients with vestibular syndromes1,2,5. 
Based on the consideration that WML and vascu-
lar vertigo could have a vascular pathophysiolo-

Figure 2. Anxiety score variation during sulodexide 
treatment. The figure shows the serious anxiety score 
variation at different times (months) in patients with vascular 
vertigo and positive WML, treated with sulodexide for 90 
days (p<0.05).

Figure 3. Sickness score variation during sulodexide 
treatment. The figure shows the serous sickness score 
variation at different times (months) in patients with vascular 
vertigo and positive WML, treated with sulodexide for 90 
days (p<0.05).
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gy, the pharmacological intervention to improve 
vascular homeostasis could relieve symptoms of 
anxiety and sickness.

Conclusions

Vestibular disorders and anxiety are inti-
mately related and this relationship could be ex-
plained by the fact that they have some common 
neural pathways. The correlation could be fur-
ther supported by the high prevalence of frontal 
WML among people with vestibular disorders 
and anxiety. Cardiovascular factors could have 
a pathogenetic role in WML as well as in ves-
tibular disorders and in aggravating symptoms 
of both diseases. Our case load with patients 
suffering from vascular vertigo confirmed these 
correlations and assessed interesting preliminary 
data regarding the efficacy of sulodexide in re-
lieving anxiety and sickness symptoms in these 
clinically complex patients.

Conflict of interest
The Authors declare that they have no conflict 

of interests.

References

  1)	 Teggi R. Dizziness anxiety and migraine. In: Co-
lombo B, Teggi R, editors. Vestibular migraine 
and related symptoms. Springer International 
Publishing, Switzerland; 2014. pp.159-173.

  2)	 Brandt T, Strupp M, Dieterich M. Towards a concept 
of disorders of “higher vestibular function”. Front 
Integr Neurosci 2014; 8: 47.

  3)	 Teggi R, Caldirola D, Perna G, Bellodi L, Bussi M. 
Vestibular testing in patient with panic disorders 
and chronic dizziness. Acta Otorhinolaryngol Ital 
2007; 27: 243-247.

  4)	 Simon NM, Pollack MH, Tuby KS, Stern TA. Dizzi-
ness and panic disorders: a review of the associ-
ation between vestibular dysfunction and anxiety. 
Ann Clin Psychiatry 1998; 10: 75-80.

  5)	 Guidetti G. The role of cognitive processes in 
vestibular disorders. Hearing, Balance Commun 
2013; 11: 3-35.

  6)	 Casani AP, Dallan I, Cerchiai N, Lenzi R, Cosottini 
M, Sellari-Franceschini S. Cerebellar infarctions 
mimicking acute peripheral vertigo: how to avoid 
misdiagnosis? Otolaryngol Head Neck Surg 2013; 
148: 475-481.

  7)	 Monzani D, Casolari L, Guidetti G, Rigatelli M. 
Psychological distress and disability in patient 
with vertigo. J Psychosom Res 2001; 50: 319-
323.

  8)	 Carmeli E. Anxiety in the elderly can be a vestibu-
lar problem. Front Public Health 2015; 3: 216.

  9)	 Colledge N, Lewis S, Mead G, Sellar R, Wardlaw J, 
Wilson J. Magnetic resonance brain imaging in 
people with dizziness: a comparison with non-diz-
zy people. J Neurol Neurosurg Psychiatry 2002; 
72: 587-589.

10)	 Gufoni M, Guidetti G, Nuti D, Pagnini P, Vicini C, 
Tinelli C, Mira E. The relationship between cog-
nitive impairment, anxiety-depression symptoms 
and balance and spatial orientation complaints in 
the elderly. Acta Otorhinolaryngol Ital 2005; 25(3 
Suppl 79): 12-21.

11)	 Saxena A, Prabhakar MC. Performance of DHI 
score as a predictor of benign paroxysmal posi-
tional vertigo in geriatric patients with dizziness/
vertigo: a cross-sectional study. PLoS One 2013; 
8: e58106.

12)	 von Brevern M, Radtke A, Lezius F, Feldmann M, Ziese 
T, Lempert T, Neuhauser H. Epidemiology of benign 
paroxysmal positional vertigo: a population based 
study. J Neurol Neurosurg Psychiatry 2007; 78: 
710-715.

13)	 Baloh RW. Differentiating between peripheral 
and central causes of vertigo. J Neurol Sci 2004; 
221: 3.

14)	 Guidetti G. La terapia della vertigine vascolare 
nella pratica ambulatoriale: esperienza multi-
centrica (Studio VascVert). Otorinolaringol 2005; 
55: 237-246.

15)	 Kao CL, Cheng YY, Leu HB, Chen TJ, Ma HI, Chen 
JW, Lin SJ, Chan RC. Increased risk of ischemic 
stroke in patients with benign paroxysmal posi-
tional vertigo: a 9-year follow-up nationwide popu-
lation study in Taiwan. Front Aging Neurosci 2014; 
6: 108.

16)	 Lee CC, Su YC, Ho HC, Hung SK, Lee MS, Chou P, 
Huang YS. Risk of stroke in patients hospitalized 
for isolated vertigo: a four-year follow-up study. 
Stroke 2011; 42: 48-52

17)	 Differentiating between peripheral and central 
causes of vertigo. J Neurol Sci 2004 Tirelli G, 
Zarcone O, Giacomarra V, Bianchi M. La vertigine da 
causa vascolare. Ipotesi patogenetiche e consid-
erazioni terapeutiche. Otorinolaringol 2001; 51: 61-
68. 

18)	 Panu F, Manca T, Cauli S, Sechi S, Proto E. Efficacia 
del trattamento con sulodexide nei pazienti affetti 
da vertigine di origine vascolare. Otorinolaringol 
2008; 58: 159-164.

19)	 Maillard P, Fletcher E, Harvey D, Carmichael O, Reed 
B, Mungas D, DeCarli C. White matter hyperinten-
sity penumbra. Stroke 2011; 42: 1917-1922.

20)	 Kim KW, MacFall JR, Payne ME. Classification of 
white matter lesions on magnetic resonance im-
aging in elderly persons. Biol Psychiatry 2008; 15: 
273-280.

21)	 de Leeuw FE, de Groot JC, Achten E, Oudkerk M, 
Ramos LM, Heijboer R, Hofman A, Jolles J, van Gijn 
J, Breteler MM. Prevalence of cerebral white mat-
ter lesions in elderly people: a population based 



 White matter lesions and vascular vertigo

2791

magnetic resonance imaging study: the Rotter-
dam scan study. J Neurol Neurosurg Psychiatry 
2001; 70: 9-14.

22)	 Ott A, Breteler MMB, van Harskamp F, Stijnen T, 
Hofman A. Incidence and risk of dementia. The 
Rotterdam study. Am J Epidemiol 1998; 147: 574-
580.

23)	 Vermeer SE, Prins ND, den Heijer T, Hofman A, Koud-
staal PJ, Breteler MM. Silent brain infarcts and the 
risk of dementia and cognitive decline. N Engl J 
Med 2003; 348: 1215-1222.

24)	 Matsusue E, Sugihara S, Fujii S, Ohama E, Kinoshita T, 
Ogawa T. White matter changes in elderly people: 
MR-pathologic correlations. Magn Reson Med Sci 
2006; 5: 99-104.

25)	 de Leeuw FE, de Groot JC, Bots ML, Witteman JC, 
Oudkerk M, Hofman A, van Gijn J, Breteler MM. Ca-
rotid atherosclerosis and cerebral white matter le-
sions in a population based magnetic resonance 
imaging study. J Neurol 2000; 247: 291-296.

26)	 de Leeuw FE, de Groot JC, Oudkerk M, Kors JA, 
Hofman A, van Gijn J, Breteler MM. Atrial fibrilla-
tion and the risk of cerebral white matter lesions. 
Neurology 2000; 54: 1795-1800.

27)	 Jackson CA, Hutchison A, Dennis MS, Wardlaw JM, 
Lindgren A, Norrving B, Anderson CS, Hankey GJ, 
Jamrozik K, Appelros P, Sudlow CL. Differing risk fac-
tor profiles of ischemic stroke subtypes evidence 
for a distinct lacunar arteriopathy? Stroke 2010; 
41: 624-629.

28)	 Debette S, Markus HS. The clinical importance of 
white matter hyperintensities on brain magnetic 
resonance imaging: systematic review and me-
ta-analysis. Br Med J 2010; 341: c3666.

29)	 Benisty S, Gouw AA, Porcher R, Madureira S, Hernan-
dez K, Poggesi A, van der Flier WM, Van Straaten EC, 
Verdelho A, Ferro J, Pantoni L, Inzitari D, Barkhof F, 
Fazekas F, Chabriat H; LADIS Study group. Location 
of lacunar infarcts correlates with cognition in a 
sample of non-disabled subjects with age-related 
white-matter changes: the LADIS study. J Neurol 
Neurosurg Psychiatry 2009; 80: 478-483.

30)	 Gong L, Liu XY, Fang M. Recent progress on small 
vessel disease with cognitive impairment. Int J 
Clin Exp Med 2015; 8: 7701-7709.

31)	 Wardlaw JM, Smith EE, Biessels GJ, Cordonnier C, 
Fazekas F, Frayne R, Lindley RI, O’Brien JT, Barkhof F, 
Benavente OR, Black SE, Brayne C, Breteler M, Chab-
riat H, Decarli C, de Leeuw FE, Doubal F, Duering M, 
Fox NC, Greenberg S, Hachinski V, Kilimann I, Mok 
V, Oostenbrugge Rv, Pantoni L, Speck O, Stephan BC, 
Teipel S, Viswanathan A, Werring D, Chen C, Smith C, 
van Buchem M, Norrving B, Gorelick PB, Dichgans 
M; STandards for ReportIng Vascular changes on 
nEuroimaging (STRIVE v1). Neuroimaging stan-
dards for research into small vessel disease and 
its contribution to ageing and neurodegeneration. 
Lancet Neurol 2013; 12: 822-838.

32)	 Baloh RW, Yue Q, Socotch TM, Jacobson KM. White 
matter lesions and disequilibrium in older people. 
I. Case-control comparison. Arch Neurol 1995; 
52: 970-974.

33)	 Ahmad H, Cerchiai N, Mancuso M, Casani AP, Bron-
stein AM. Are white matter abnormalities associ-
ated with “unexplained dizziness”? J Neurol Sci 
2015; 358: 428-431

34)	 Mattana P, Mannello F, Ferrari P, Augus GB. Vascu-
lar pathologies and inflammation: the anti-inflam-
matory properties of Sulodexide. J Vasc Endo-
vasc Surg 2012; 19(Suppl 2): 1-7.

35)	 Coccheri S, Mannello F. Development and use 
of sulodexide in vascular diseases: implica-
tions for treatment. Drug Des Dev Ther 2014; 
8: 49-65.

36)	 Coccheri S. Biological and clinical effects of sulo-
dexide in arterial disorders and diseases. Int An-
giol 2014; 33: 263-274.

37)	 Brandt T, Dieterich M. The vestibular cortex. Its lo-
cations, functions, and disorders. Ann N Y Acad 
Sci 1999; 871: 293-312.

38)	 Marcelli V, Esposito F, Aragri A, Furia T, Riccardi 
P, Tosetti M, Biagi L, Marciano E, Di Salle F. Spa-
tio-temporal pattern of vestibular information pro-
cessing after brief caloric stimulation. Eur J Radiol 
2009; 70: 312-316.

39)	 Kim B, Kim JH, Kim MK, Lee KS, Kim Y, Choi TK, Kim YT, 
Lee SH. Frontal white matter alterations in short-
term medicated panic disorder patients without 
comorbid conditions: a diffusion tensor imaging 
study. PLoS One 2014; 9: e95279.


