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The aim of the study was to determine the localization of conductive pathways in patients with Parkinson’s disease (PD) complicated
with freezing of gait, by using data from magnetic resonance tractography, and to identify the prognostic value of these pathways in
predicting the course of the disease.

Materials and Methods. 78 patients with idiopathic PD were examined and divided into two groups: patients with freezing of gait
(n=31) and without freezing of gait (n=47). The protocol of the investigation consisted of clinical evaluation of the condition of the patients to
determine the stage of the disease, and the use of a Siemens MRI Device (magnetic induction field, 1.5 T) to obtain standard images of the
coronary, axial and sagittal planes, as well as MRI-protocols of the T1 gradient echo, plus diffusion-tensor tractography with further analysis
of the findings with FreeSurfer software.

Results. The groups of patients showed statistically significant differences in the levels of the tract length, diffusivity and fractional
anisotropy in the anterior thalamic radiations of both sides, the temporal area of the superior longitudinal fascicle on the left, the parietal
area of the superior longitudinal fascicle on the right, and the corticospinal tract on the right. Analysis of the correlative tractographic values
with the total scores on the walk-and-balance scale revealed that the highest prognostic value in the development of freezing of gait
pertained to damage to the thalamo-frontal tract. A reduction in the value of the maximum voxel length to 80.0 or below, increased the risk
of development of freezing of gait in 10 times.

Conclusion. The results demonstrate the involvement of conduction pathways in the mechanisms leading to freezing of gait in PD.
Early diagnosis and prediction of the development of this complication using magnetic resonance tractography can indicate the need to
adjust the medical treatment and to develop an appropriate special system of rehabilitation.

Key words: magnetic-resonance tractography; freezing of gait in Parkinson’s disease; freezing of gait.

How to cite: Trufanov A.G., Khalimov R.R., Yurin A.A., Litvinenko I.V. Use of magnetic resonance tractography in detecting specific
features of the impairment of conduction pathways and their prognostic value in Parkinson’s disease complicated by freezing of gait.
Sovremennye tehnologii v medicine 2016; 8(4): 178-184, https://doi.org/10.17691/stm2016.8.4.22

Russian

OcobeHHOCTH NOpaXeHus NPOBOAALLMX NyTen
W MX NPOrHOCTHYECKAsA LLEHHOCTb Npu 6one3Hu NapkuHcoHa,
OC/I0XHEHHOW HapyLIEHUAMM XOAbObI BbICLLEr0 YPOBHSA
(Mo A@HHbIM MArHUTHO-PE30HAHCHON TpaKTOrpachum)
AT. TpydaHoB, A.M.H., npenoaasartenb kadeapsl HepBHbIX 6onesHei";
P.P. XanMMOB, HavanbHUK HEBPOITOrn4ecKoro OT/:l,eJ'IeHMFIZ;

A.A. IOpuH, agbloHKT kadeapbl HEpBHbIX OonesHein';
W.B. JluTBUHEHKO, A.M.H., Npodeccop, HavamnbHUK kacdeapbl HepBHbIX 6onesHeir’

For contacts: Artem G. Trufanov, e-mail: trufanovart@gmail.com

178 CT™M f 2016 — vol. 8, No.4 A.G. Trufanov, R.R. Khalimov, A.A. Yurin, LV. Litvinenko



NEUROSCIENCE RESEARCH

'BoeHHo-meauumHekas akagemus um. C.M. Knposa, CaHkt-Metepbypr, 194044, yn. Akagemuka Jlebenesa;
2354-11 OkpyxHoit BoeHHbIn Knunnyeckuit focnutans, Exkatepunbypr, 620144, yn. lekabpucros, a. 87

Llenb uccnepoBaHuA — yCTaHOBUTL NOKaNMU3aLMI0 NOpaxeHus NpoBOASALMX NyTel y nauueHToB C BonesHbto MapkuHcoHa (BIT),
OCMOXHEHHOW HapyLIEHNsAMW XOfb0bl BbICLLETO YPOBHS, MO AAHHBIM MarHUTHO-PE30HAHCHOW TpakTorpacum 1 ONpeaenuTb NPeAKTOPHYIO
LeHHOCTb 3TUX MyTeil B MPOrHO3MPOBaHUK Te4eHns 3abonesaHus.

Marepuanbl n metopbl. O6cnegosaHo 78 BonbHbIX ¢ nanonatudeckoir B, koTopele pasgeneHbl Ha 4Be rpynnbl: NaUMEHTL ¢ 3a-
cTbiBaHmamu (n=31) n 6e3 3actbiBaHnin (n=47). MpoTokon obcnesoBaHNs COCTONAN M3 KIMHUYECKON OLEHKM COCTOSIHUS BOMbHBIX C onpeae-
nexvem ctaguu boneshu, BoinonHeHns MPT Ha annapate Siemens (MHAyKums mMarHuTHOro nonst — 1,5 Tn) ¢ nonyyYeHuem ctaHgapTHbIX
1306paxeHunin B KOPOHAPHOW, akchanbHOM U caruTTanbHoi NnockocTsx, a Takke MPT-npotokonos T1 rpagueHTHOro axa u auddy3nMoHHO-
TEH30PHOW TpakTorpaduu, ¢ NocrneayowyM aHanM3oM AaHHbIX C NOMOLLbI0 NporpamMmHoro obecnevenus FreeSurfer.

Pesynetathl. Mexay rpynnamm nauneHToB BbISBEHbl CTAaTUCTUYECKM 3HAYMMbIE Pa3NMYNS B YPOBHAX ANUHbI TpakTa, AMdY3HOCTU 1
(ppakuMOHHOI aHN30TPONUK B NEPEOHEN TanaMn4eckon paguaumn ¢ 0benx CTOPOH, BUCOYHOM YacTi BEPXHErO NPOAOMLHOrO Nyyka Creea,
TEMEHHOW YacTi BEpXHEro NpoAOMbHOro nyyka crpasa, KOPTUKOCMMHANBHOM TpakTe crpasa. AHanW3 KOppensLMOHHbIX TpakTorpaduye-
CKWX MokasaTenel ¢ cymmon 6annos no wkane xoas0bl ¥ paBHOBECWS NOKa3ar, YTo HaMbOoMbLLYH NPOrHOCTUYECKYH LIEHHOCTb B Pa3BUTUN
HapyLLeHui XoAbbbl BbICLLETO YPOBHS NPEACTaBNSET NopaxeHue TanamogpoHTanbHOro MyTU. YMeHbLUEHWe nokasatens MakcumarbHOM

AIHbI BOKCenen o 3HadeHus Hike 80,0 yBenuymBaet puck passutist 3acTbiBaHnid B 10 pas.

3akntoyeHue. lonyyeHHble pesynbTaThl YKasbiBaloT Ha BOBMEYEHWE NPOBOAALMX MYTEN B MeXaHW3Mbl pa3BUTUS 3acTbiBaHWii Npu
Bl. PaHHss guarHoCTvka 1 NpOrHO3MPOBaHUE Pa3BUTMS 3TOTO OCTOKHEHUS C MOMOLLIBIO MarHUTHO-PE30HAHCHOI TpakTorpacun No3BOnUT
CKOPPEKTMPOBaTb NMPOBOAMMYI0 MEAUKAMEHTO3HYI0 Tepanuio 1 paspaboTatb cneLmarnsHyo cuctemy peabunuraumu.

KntouyeBbie cnoBa: MarHMTHO-pe€30HaHCHaA TpaKTOFpa(*)VIH; 3aCTbiBaHUA npu GonesHu napKI/IHCOHa; HapyLweHna X04b0bl BbICLIETO

YPOBHSI.

Introduction. Gait disorders in Parkinson’s disease
(PD) are some of the most significant motor disorders,
their severity reflecting the severity of the patient’s
condition and their quality of life. Numerous recent studies
have shown that gait disorders can be considered to be
the fifth independent pivotal symptom of parkinsonism
(along with hyperkinesia, rigidity, resting tremor and
postural disorders), having their own pathogenetic
mechanisms of development and requiring specific
approaches to treatment [1-3].

As PD progresses, the typical gait pattern (a shuffling
gait with shortened steps) changes and is accompanied
by more complicated disorders manifested as impairment
of walk initiation, instability when turning, freezing of gait
(FOG) and, as a result, by falls. Gait disorders in the late
stages of PD stages can be attributed to freezing of gait
that are integrative impairments of motion control that
cannot be explained only by the damage to the brainstem
and basal ganglia [3, 4]. These disorders are caused by
damage to the frontal lobes and their interconnections,
as is indicated by the association of gait disorders in
the late stages of PD with cognitive disorders reaching
the level of dementia, predominantly of the frontal type.
Disorders of gait control in the late stages of PD can
be described as “primary”, because they are caused by
impairment of the process of choice in the initiation of
locomotor and postural programs, rather than by their
implementation, and because they do not depend on
any other neurological pathology (for example, sensitivity
disorders, paresis or increased muscle tonus), nor are
they changed by dopaminergic therapy or during the “on/
off’ periods. Freezing of gait are particularly manifested in
rough transition situations — at the start of walking; when
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turning; or when rising (i.e. when one motor program has
to transition into another) and, therefore, they reflect a
“defect in planning”.

Many researchers [4-7] have evaluated cerebral
anatomic structures that may be associated with freezing.
We have identified pathological changes in the white
matter in the auxiliary motor area, the premotor area, the
orbitofrontal area, the caudate nucleus, the right parietal
cortex, the putamen and the pedunculopontine nucleus.

Diffusion-tensor tractography (DTT) is a new method
allowing us to visualize the fibers of the conduction
pathways in vivo. In 2011 a group of Korean researchers
[6] performed magnetic resonance tractographic
investigations on 14 patients having PD complicated by
freezing of gait in comparison with 24 patients without
such disorders, by evaluating 7 areas of the brain. In
these groups of patients they identified statistically
significant differences in the level of fractional anisotropy
in the pedunculopontine nucleus and the upper premotor
areas on both sides, as well as in the right orbitofrontal
cortex and the left auxiliary motor area, but they did not
reveal any significant differences in the diffusivity levels.
Furthermore, they did not assess the prognostic value of
pathology in the white matter in relation to the freezing of
gait in these patients.

The aim of the study was to determine the localization
of lesions in the conductive pathways of patients with
Parkinson’s disease complicated by freezing of gait, by
using data from magnetic resonance tractography, and
to identify the prognostic value of the changes in these
tracts in predicting the course of the disease.

Materials and Methods. We examined 78 right-
handed patients with idiopathic PD diagnosed in
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accordance with the criteria of the British Brain Bank.
All the patients presented with 3™ stage PD according
to the Hoehn and Yahr scale, 49 (63.6%) with an
akineticorigid form, and 29 (36.4%) had a mixed form
of PD. The patients were divided into two groups: with
freezing (n=31) and without freezing (n=47). We used the
Gait and Balance scale, GBS, which provides a more
accurate measure of freezing than those of Section Il
of the Unified Parkinson’s Disease Rating Scale or the
FOG scale. Optimization of dopaminergic therapy in

Table 1
General characteristic of the patients in the study
Patients Av?;:g:s)age of t?::?jti!soelse tsoc?l:: :;c(??clglg
(years) (points)
With of gait (n=31) 62.745.4 8.313.8 30.7£10.2
Without of gait (n=47)  61.1t6.2 7.3t5.0 8.0£3.9

Table 2

Differences between the parameters of the conduction pathways
in the left hemisphere of patients with and without freezing

(Me [LQ; UQ])

the groups of patients with freezing of gait did not lead
to improvements in the gait nor to any reduction in the
number of freezing episodes; neither did it show any
connection with the development of freezing in the “off”
periods. The general characteristics of the patients are
presented in Table 1.

All the patients underwent MRI on a Siemens
(Germany) unit, using an induction magnetic field of
1.5 T to obtain standard images, T1-WI and T2-WI in the
coronary, axial and sagittal planes. Furthermore a protocol
of T1 gradient echo and DTT was used with all the
patients, with subsequent analysis of the findings using
FreeSurfer software. 16 anatomical conduction tracts
from the right and left hemispheres of the brain were
statistically analyzed. Correlations were calculated using
Spearman’s rho. The data were processed with Statistica
8.0 by StatSoft (Mann—Whitney test). To determine the
odds ratio we used WinPepi for Windows software.

Results. We determined statistically significant
differences between the groups of patients with PD in
relation to the parameters of the main
conduction pathways in the left (Table 2)
and the right (Table 3) hemispheres of
the brain. These differences concerned
the tractographic characteristics of the
cingulum bundle, the anterior thalamic

Localization of the tract Patients radiations (thalamo-anterior tracts) and the

ocalization o the trac With freezing Without freezing P temporal area of the longitudinal fascicles.
Anterior thalamic radiation (AD10) 1,215 [1,203: 1.277] 1485 [1172 1.202] 0037 ‘W& noted an increase in the values of
: radial diffusivity and a reduction in the
Cingulum bundle (MD-10-) 825 [806; 832 779[764,805]  0.019 fractional anisotropy along the line of the
Superior longitudinal fasciculus — 625 [603; 734] 588 [559; 606] 0.034 upper longitudinal fascicles in the temporal
temporal part (RD10-) ’ area, which testifies to its considerable
Superior longitudinal fasciculus — 0.4063 0.4250 o involvement in the pathological process.

temporal part (FA) [0.3575; 0.4300]

[0.3811: 0.4350]

In the patients with freezing the right

N otes. MD: medium diffusivity, AD: axial diffusivity, RD: radial diffusivity,

FA: fractional anisotropy.

Table 3

Differences between the parameters of the conduction pathways
in the right hemispheres of patients with and without freezing

(Me [LQ; UQ])

hemisphere had more severe damage of
the white matter. The main component of
the pyramidal system — the corticospinal
tract — is involved in the pathological
process, mainly through an increase in
the medium diffusivity of the conductor.
As in the dominant hemisphere, the
right hemisphere has damaged upper
longitudinal fascicles, however there is

Patients -
el e . . . . alsq Fjamagg not only_/ in the temporal, but
With freezing Without freezing additionally in the parietal area.
Anterior thalamic radiation (MaxL)  80.0 [74.0:840]  98.0[83.0;1020]  0.021 As well as differences in the upper
o . . . longitudinal  fascicles, these groups
Corticospinal tract (RD10-5) 630 [616; 668] 555 [521; 564] 0.030 of patients had statistically ~significant
Corticospinal tract (MD-10-6) 870 [837; 891] 787 [762; 810] 0.028 differences in the characteristics of the
Inferior longitudinal fasciculus (AvL)  73.0[72.0;75.0]  85.0[81.0;870] 0015  lower longitudinal fascicles — the links
: L : between the occipital and temporal lobes.
Superior longitudinal fasciculus — 0.011 When there is freezing, the anterior
10-6 . . . 3

tempo.ral part.(RE.)10 ) : 640 [614; 691) 592 [566; 611) thalamic radiation has a bilateral nature,
Superior longitudinal fismculus— 0032 and in the right hemisphere there is a

temporal part (MD10-) 827[791,852] 767 [759; 779] reduction in the length of this tract.
Notes. MaxL: maximum voxel length, AvL: average voxel length, The localization and the courses of the

MD: medium diffusivity, RD: radial diffusivity.
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pathological process of the patients with freezing are  between the tractographic parameters and the GBS
represented in Figures 1-6. scores using Spearman’s rho (Table 4).

To identify possible markers of the development of When the dominant hemisphere was evaluated,
freezing of gait in PD we performed a correlation analysis  freezing had a strong positive correlation only with radial

Figure 3. Localization and the course of the superior longitudinal fasciculus in the temporal
area
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Figure 4. Localization and the course of the superior longitudinal fasciculus in the parietal
area

Figure 6. Localization and the course of the corticospinal tract

diffusivity in the angular bundle that was part of the limbic  freezing had a strong negative correlation with the
system, providing frontal-temporal interactions. level of fractional anisotropy of the lower longitudinal
Evaluation of the right hemisphere indicated that fascicles, as well as indicating explicit positive links
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Table 4

Correlation of magnetic resonance
tractography with the GBS scores
in patients with freezing (p<0.05)

Localization Spearman’s rho (r)
Left hemisphere of the brain
Angular part of cingulum bundle (RD) 0.74
Right hemisphere of the brain
Anterior thalamic radiation (RD) 0.89
Anterior thalamic radiation (MD) 0.83
Anterior thalamic radiation (FA) -0.85
Inferior longitudinal fasciculus -0.91
Notes. MD: medium diffusivityy, RD: radial

diffusivity, FA: fractional anisotropy.

between the freezing phenomenon and damage to the
thalamo-frontal tract.

To determine the risk of freezing depending on the
values of the tractographic parameters we calculated the
odds ratio for the right anterior thalamic radiations (OR-
10.0). As the critical values we used the medians (Me —
80.0) and 95% confidence intervals (2.41-20.30) of the
corresponding parameters in the patients with freezing of
gait (p<0.001).

Discussion. The findings suggest that the effects
of extensive damage to the white matter of the brain in
PD are complicated by freezing of gait. It is possible to
identify certain tracts which have the biggest impact on
the development of this complication, and therefore have
prognostic value.

In our opinion the most important tracts of all those
investigated is the anterior thalamic radiation and the
thalamo-anterior path. It is known that thalamo-frontal
path is an integral part of the cholinergic motion control
system. For this conductor we detected not only multiple
differences between the groups of patients with freezing
and without freezing, but also strong correlations of the
corresponding parameters with the walk-and-balance
scale. The statistically significant negative relationships
between postural disorders and the parameters of
fractional anisotropy are worth mentioning. If a focus on
diffusivity parameters is difficult due to the limited range
of values, a periodical analysis of fractional anisotropy
can be quite valuable from the prognostic point of view.
If the patient has a dynamic reduction in the fractional
anisotropy of the thalamo-frontal path, one can expect
the development of freezing, caused mainly by the
dysfunction of the frontal lobes. Such a prognosis allows
the prescribing of an effective therapy as soon as possible.

According to our data damage in the upper longitudinal
fascicles is a particularly important indicator of the
development of gait disorders. It was found that the
temporal area of the right longitudinal fascicle suffers
mainly in the left (dominant) hemisphere whereas
it is the parietal part that is mainly involved in the
case of the right hemisphere. Taking into account the
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considerable spread of this conductor and the presence
(except in the frontal, parietal and temporal areas) of
a large number of sub-bundles providing information
exchange between the most significant integrative fields
of the lobes of the hemisphere, dysfunction of the upper
longitudinal fascicles can, to a great extent, determine
the pathogenesis of freezing of gait. The developing
dysfunction of this conductor is a secondary effect and is
the result of considerable damage within the brain cortex
at late stages of PD [8, 9].

This paper has shown the increase in the radial and
medium diffusivity of the right corticospinal pathways in
the case of gait disorders. Further studies of the damage
to these structures are of interest, because some PD
patients also complain of reduced strength in their limbs.
These complaints appear mainly subjective, given that
dynamometry, as a rule, does not show any changes in
muscular strength. It should be noted that the identified
pathology of the corticospinal pathways and of the pre-
central fissures does not lead to the formation of an
actual pyramidal insufficiency, excepting the presence of
pathological reflexes in these patients [10, 11].

In patients with PD and gait disorders, taking into
account the signs of the involvement of the thalamo-
frontal tract in the pathological process, it would be
promising to study, further, the effectiveness of a
combined approach to the correction of motor disorders
usingcholinergic medications and repeated sessions of
transcranial magnetic stimulation [12].

Conclusion. Early diagnosis and forecasting of
freezing in PD using magnetic-resonance tractography
can help in adjusting medical therapy and in the
development of bespoke systems of rehabilitation.

Study Funding and Conflicts of Interest. This study
was not supported by any financial sources and there is
no topic specific conflicts of interest related to the authors
of this study.
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