Priloha I: Dotaznik hodnotici zamrznuti (freezing) pri chiizi FoG-Q

1) V nejhorsim stavu chodite:
0 Normalng¢.
1 Téméf normalné — trochu pomaleji.
2 Pomalu, ale zcela samostatné.
3 Potiebuji asistenci nebo pomiicku.

4 Nedokazu chodit.

2) Ovliviiuji obtiZe pfi chiizi vase denni aktivity a nezavislost?
0 Vibec.
1 Mirné.
2 Stiedné.
3 TéZzce.

4 Nedokazu chodit.

3) Mate pri chizi, v oto¢kach nebo pii rozejiti pocit, jako kdyby vase chodidla
byla prilepena k podlaze (tzv. zamrznuti neboli freezing)?
0 Nikdy.
1 Velmi zfidka — zhruba jednou za mésic.
2 Ztidka — zhruba jednou za tyden.
3 Casto — zhruba jednou za den.

4 Stale — pokazdé, kdyz jdu.

4) Jak dlouho trvala vaSe nejdelsi freezingova epizoda?
0 Nikdy jsem ji nemél/a.
11-2s.
2 3-10s.
3 11-30s.

4 Nemohl/a jsem chodit vice nez 30 s.



5) Jak dlouho trva vase typické vahani (tzv. hesitace) pri zahajeni chize
(zamrznuti p¥i tom, kdyZ zacinate prvni krok)?
0 Vibec
1 Trva to déle nez 1 s, nez se rozejdu.
2 Trva to déle nez 3 s, nez se rozejdu.
3 Trva to déle nez 10 s, nez se rozejdu.

4 Trva to déle nez 30 s, nez se rozejdu.

6) Jak dlouho trva vase typické vahani (tzv. hesitace) pri ota¢eni (zamrznuti v
otocce)?
0 Vibec
1 Pokracuji v otocce za 1-2 s.
2 Pokracuji v otocce za 3-10 s.
3 Pokracuji v otocce za 11-30 s.

4 Nedokazu pokracovat v otoc¢ce déle nez 30 s.
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Abstract

Backyground

Zail dislubances have emerged as some ol 1he main1heraped i concems in lale-siage
Farkirsons disease [FO) 1 reated wil h dopam inergie 1 heragpy and desp orain s 1imulation
[DBE]. Exdernal sues may heks o cvrersome Treez ing o gail [FORE] and impresee some of 1he
gail paramelers.

Aim
Toemluaieihe etiec ol 50wvisval cues 2nd ETREOBE o gad in FD grou.

et hodls

W enrolled A5 FO patients freated with DBE o nuslews sudhalamisus [STH-DBE].
Twenel e patiens [5iemales; mean age 562 £5.3] and 25 se4- and 3. ge-malched con-
frok compleled 1he gai examinal bn. The gail in 19 patients deteriorated in O FF s1aie. The
senveriiyol PO was evaluated using 1he Lndied Parkinson’s Disease Rating Seale [UFDRS)
&rd Hoehn and ahr [HY]. The FO grog filled 1he Falls Eflicacy Seale-nternational [F ES]
and Freezing ol Gail Questionmnaire [FOE0). Gal was examined using 1he SaiRie Anahsis
Eyrstem, placed inthe middle o 1he 10m markedpaih. The PO grogowas Tested withou
degpam irergic mediaation wil b and withaw vis val 2 veing 1o gether with the DBE swilzhed Db
and 2OFF. The seting ol DBE: was doublenlind and pedarmed in random ander,

Results

The UFDRS was 1.9 +5.5 i DBE O b state and 4152157 in DBE OFF state. HY was 2.5
+0.8 FES 12.4+41 and FOE0 54 £57. nihe DBESFF slaie, FD grogswa ked more

s bty with sharter steps, had greater siep leng hvaniab iy and kenger duradion o 1he dou-
tile = o o hase sompared 1o keakby eonirols . The walking sipeed and =160 englh
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Gompeting imerests: The authers have declred
that ne com peting ingrests exist

increased inthe DBS Gh state. The double support phase was reduced with 30 visual cue-
ing and DBS; the combination of both cueing and DBS was even more effective.

Conclusion

Cueing with 30 visual stimuli shortens the double support phase in PD patients treated with
DBS-5TH. The DBS is more effective in prolonging step length and inereasing gait speed.
We conclude that 30 visual cueing can improve walking in patients with DBS.

1. Introduction

People with Parkinson's disease (PIY) inadvanced stages suffer frequently from gait distue-
bances, which could be partly influenced by dopaminergic medication. Gait impaiement in PI
is characterized by hypokinesta with loswer speed, shortened step length, narresw step width,
reduced counter-rotation of the trunk and decreased arm swing [1]. Some pecple with PIH
priay also develop freesing of gait (FOGE), thatis short, unpredictable periods where they are
urable to voluntarily initiate or matetain gait [2]. BOG mataly ocoies when the patient is not
o dopaminergic medication, and can be provoked by specific teggers induding a specific
motor action (2., Wening), other factors that could be copnitive (e, dual-tasking, affective
(e g, threatening situa tions) and environmental (e g, nareow doorways) (2, 3].

Pathoplipsiology of gait impeirment in PDHs comples and irvolves several cerebral stroe-
tures across the lecomotor network. A deficiency of the internal cueing mecharism due to
basal ganglia discrder is suggested to lead to inappropriate scale and timing of the sutomatic
moverrent sequences (1] With the loss of doparinergic neurons, some gait parameters
[speed, stride length) (4] respond o doparrdnergic medication, whereas emporal parameters
[cadence, step and swing duration, double support thme) impreve to o lesser extent (5] or et
arall [5].

Treatrnent with ovasive methods, such as deep brain stmulation (DB3) of the subthalamic
rclens (STH-DES) in PD is effective in alleviating disabling motor complications (7, 8], The
treatment rmay itmprove postice, quiet standing peatiral contrel and the parameters of gait
thatwere responsive to levodopa prios to surgery [%, 10]. ST -DES can also reduce FOG in
the OFF-medication state [7, 11-13]. The effects of DBS on postural stability and gait, how-
ever, tend to decrease with time [14-18] and the long-term effect of STH-DES on FOGinthe
ON medication state is disputable [17]. A postoperative deterioration of gait was documentad
in & consderatle mimber of PT} patients after implantation of STW-DEBS (8, 11, 14, 18, 19]
with higher risk of falls, worsening of dynamic postusal contrel (8, 11, 14, 18-20] and #ven
new development of FOG [7, 11, 21].

Toovercome FOG, sorme PD patients Use vartous strategies, involving particular inrernal o
eternal cues, which help to initiate or mairtain gait. These tnchide, for ecample, stepping
cver obetacles, modification of gait pattern or use of alternative methods of lecomaotion, ie.
cycling or drating [22-24]. The erternal ries are nesually less attentionally demanding. The pre-
cise mechanisms underlying the effectiveness of cueing is undear, however there are some rea-
sonable eplanations, &g involvement of goal-directed behavior with dreumanasigation of
parts of the basal ganglia, mechanisms assistingin filtering information [25] or pptic flow com-
pensating sensoey Jefict (26, 27].

The immediate effect of external cves on walldng speed, step length, and step frequency of
the gait of PD patiests bas been documented [25-30]. A vartety of wearable devices were lately
presented, with smaller [31] or greater effect on FOG [32, 33]. Case reports suggested that 3D
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visual cues might be more effective in reducing PO than 20 coes [22, 25]; however detailed
stdies are notavailable.

We attned to evaluate the effect of 30 visual cues and STI-DES oo gait in patients with
adwanced PIY We hypothedzed thatthe 30 visnal coetng sould mainly reduce the frequeccy
and severity of PO, while ST -DEB S would more likely influence the dopa -sensitive gait
parameters (Le. speed, step length). The mechanisms of both metheds are different, and the
benefit could be thus complementary. Both methods are well -established, nevertheless a more
detailed analysts of the etact effect of visual cueing on gait parameters in the native state (DBS
OFF) compared to the changes cavsed by DBS has not yet been documented.

2. Materials and methods
2.1. Participants

We investigated 35 non-dermented PD patients (6 fernales; mean age 60.6 £6.5, disease dura-
tion 17.8 4.5 pears), treated with dopaminergic medication tgether with STIH-DBS. The
ecl usion criterfa were dementia and any other neurological or non-nevrolo gical condition
that may affect pait. The severity of PDFwas evaluated vsing the Usified Parldnson's Disease
Rating Scale (UPDRS) and Hoehn and Yabr (HY) stage. Subjects filled in a shortened version
of the Falls Efficacy Scale-International (FES-I, score range 7-28) and the Freezing of (Gait
Cmestionnaire (FOGO). The final PDY group incuded 25 subjects (5 fernales; mean age 58.9
+4.53) who cormpleted the whole study protocol. Ten recriited P patients did not cormplete
the gait ecamination, a3 they were unable to walk independenty when the DEBS was switched
OFF. The details of the PO group can be found in Table 1and 51 Table.

Twerty-five apge- and sei-rmatched bealthy controls (5 fernales; mean aged 59 1+6.2 years)
were involved for evaluation of the gait.

The study was approved by the Ethics Corunittes of the General T abversity Hospital in
Pragie (86/16 VES 2017 AZW-VF) and was in compliance with the Declaration of Helsinld.
Written infrutned consentwas obtained from all participants.

Table 1. Characteristics of the FD group.

Cornplete evabiation [n= 25} Unable to cormplete (a= 109

e an +5T [ i v Mezan +50 [ i s
Age [years) 589%43 (5073 45.0+4.1 [56-72)
Disease duration [years) 160 +33 [10-31) 17534 [12-24)
L'BS duration [years) 34+37 [0 7-15) 13433 [10-23)
L-D'epa By (g 995.2 £402 2 [399-1894) 15000 £429,8 (399-3171)
TEED (A2 £ Hz s 100.3 +537 [133-222.1) 112 4088 [40.0-196.0)
UPLRE] [panpe 0-146) 13415 [01-5) 1314 0-3)
UPDRS 1T (ran g 0-52) 10.0 54 [1-21) 17 A+43 [12-31)
UPDRSII ON [(pan e 0-56) 219495 [¥—23) 322+123 [1E-54)
UPDRS I OFF (xan g 0-56) 41.3 %137 (12 447 G2F T E [54-74)
Hochn and Yahe [tange 1-5) 25 &4 15— 3204 [2.5-4)
FOGG (range 0-24 A4+57 [1-24) 150+23 [12-20)
FES [yanpe?-28) 12.4+41 [#-22) 171445 (A28}

DRS, deep brain stitnolation; L-Dops Bg levodopa equivaknt; TEED, total ¢lectrical enerpy delivered; UPDRS, The
Thifie d Parbiteoar's Disease Ratitg Scale MBISE, blisd -benta] State Exatninationy FOG0), Freeing of Gait
{Juistiormaite; FES, Falls-Bfficasy Seale. Complete evaluation, 35 PD patients who finkhed the invvestipation. Unable
to cotnplete, 10 PD g tienits whe were ot abk to comnplete the itngstipation duoe to detirieeation of paitin DES OFF
state.

htpsaiid g .0 39 S rnal. pone Do A 1]
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2.2, Assessment and experimental protocol

Gattwas tested vsing the GaitRite Analysis Systerm, & 4.9 m long pressure-sensitive walking
rmatwas placed in the riddle of the 14 m marked path, PO group and healthy contrels were
tnstricted to wear comfortable shoes and walk over the mat at self-preferred comfortable
speed.

Forvisual cuetog of gait, 16 squared wooden rods dzed a2 100 cincwere placed at dis-
tances of 60 cm [34] across the walldng pathivay, perpendicilar to the walldng direction. The
scherme of the irvestigated path is presented onthe 51 Fig.

The exarnination of gait in the PO group was perforned in the medication-OFF state fol-
lowwing a withdrawal of dopsunine agonist for 72 bours, aod the last dese of levodops was taken
12 hours before the testing The examination in the PD group svas held in four conditions: (i)
with STN-DBS switched off (DBS OFF) without cueing, (i) DBS OFF with visual cueing of
gait, (i) STI-DES switched on (DB ON) without coeing, (tv) DBS O with cueing, The
cued gait trial in each condition slways followed after gait witheadt cuetng. The setting of DES
was double-blind and performed in random order. Gait examinations were cortded out at least
S} rodetes after each change of DBS setting, when the patients were asked o relat. Galt tests
i each condition were repeated twice, DES OF was set individually to optitnal pararmeters at
standard pulse frequency (13Hz), with the voltage in the range of 1.0t 41V or current 1.2 0
3.0, pulse width 60, 940 or 124005,

In healthy contools, gait was tested fn two conditions only, without and with visual coes.

2.3. Drata analyses

Cormputerized analyss of gait recordings was perfonred vdng the (GaitRite software, We gath-
ered spatial (step length and vardability; base width) and termporal characteristics (step time
and varfability, double support time, gait speed and cadence) of gait.

Z.4. Statistical analysis

Dreseriptive statistics for the collected data was performed to determmine the distribution of
detnographic, dinical and gait variables. Since ten of the recriited patients were unable to
cormplete the gait examination in the DBS OFF state, we did notinclude their data in the final
analysis. Gait parameters were calenlated as an arithm etic mean value of results in two trials in
each condition. Given the number of individuals tested and the nonmal distribation of restdn-
alsin the models nsed, the application of the parameteic tests is justified. To ecdude the effect
of the differert height we vsed repeated rmeasures analysis of covariance (ANCOWA) tests fac-
tored for disease status corrected for leg length to compare difference in the gait parametersin
the PD and contrel group, for evaluation of individual differences, p-walue of Tuleey HSDF test
was reported. Paired T-tests were performed for some pararmeters in the PDF group. Borferront
correction for multiple comparisons was performed for 8 independent tests. STATISTICA
data analysis software spstem, version 12.0. (statsedt corn) was vsed for statistical analysis of
data.

3. Results

Atbaseline, the majority of the PD group (23 of 25) menticned the fear of falling, according to
the FE3. Twenty PD} patients admitted FOG oocurrence at least once per month according to
FOGO). Even so, ooly 3 of thern developed FOG on the investigated path during a commfortable
walk in the DBES OFF state; the effect of 3D visual cueing and DBS was thus inspoificant.
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In the PD group, the gait in the DBS OFF condition was sgnificantly slower (p = ¢.0{Hdd, F
(1.47) = 14.276, 77 = .23 with shorter steps (p = ¢.HHHE2, F (1,47) = 28 86, 77 = 4.360),
greater step length vartability (p = 0.002, F(1,47) = 10.61, 17 = {.154), and longer duration of
the doutle mippert phase (p = 0.025, F (1,47) =536, T =0.102) compared o healthy contrels.
Mo difference was found incadence, step time or base of support.

The speed of gait (p = 0M16E, F (1,23) = 549, 7 = 0.132) and step length (p = 00001464, F
[1,23) = 3.9, 17 = £.145) ggnifieantly inereased in the DBES O versus DBES OFF condition,
however both parameters remained mostly unchanged with 3D visual coetng,

The double support phase (F (1,231 = 102,17 = 0.042) was significastly reduced during gait
with 3T visual coetng (p = 0. (HH164, Tulkey HSD test] as well as in DBS ON state
[p ={HH A5, Tukey HID test] cornpared to DBS OFF in the PT group; boweser the differ-
ence in double supportphase reduction was greater with visual cosing thanin DES O
[p = 00095, t[24) =28). Step lenpgth variability was not ggnificantly affectedin the PD group
by either 3T cueing or DPBS. For gait parameters see Fig 1 and 51 Table
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Ten patients, cut of those recoiited, were unable to complete the gait etaminationin the
OFF state due to tnability to walk independenty. Those patients were significantly clder, with
longer duration of PTF and higher severity of the disease. They also had a higher score in FES
a5 well as FOGO); for detailed characteristics see Table 1.

4. Discusgsion

Gait distirbances have emerged as some of the main therapeutic concerns in late-stage PT
even when treated with DBES, becanse they tmpatr mobility, lead to falls and have 4 strong
tnpact on quality of life (140]. Subjective gait or balance diffienlties including a fear of falling
were dlso reported by the majority of the PTF group in the present soady. The gait analysis
revealed slower gait with shortened step lengrh, longer duration of double support phase and
higher step length variability in the PD group compared o healthy controls in accordance
with earlier studies (35-57]. Contrary to our hypothesis, we did not prove & sgnificant influ-
ence of either DBS or visual cuetng on the FOUE, as the number of captired episodes was too
lewwr, The mmajority of the PD group admitted FOCS in the daily life at baseline, but only a very
fevw developed FOG on the investigated path. We did not trvolve specific triggers, fe tirns or
narcow passage. Moreover, a higher attention during the investigation in laboratory condition
mray also played a role. Even the trability of the 14 most affected PD patients to complete the
earrination provides further expla e ton.

The rriain effect of the 30 cueing in the PTY group was the significant reduction of pro-
longed double suppert. Doutle suppoet phase represents the pertod of gaitopcle when both
feet are in contact with the ground and provide more contrel over the center of the mass
meverment. During this phase, the patierts may correct present distirbances [38]. Its longer
duraticn is thus atributed o impatrment of dynarmie balaoce [32] and postiral conteol (40].
With decreased walking speed, the double suppect phase may also inerease, both in tme and
as a percentage of the gait cycle [38]. However, the speed of the PDY group remmained unchanged
during the 3D visual cueing in the present study in contrastto DBS. Therefore, we assume that
the 3D visual cueing mainly improved the stability of gait associated with the shortering of the
double support phase. The effect of DBS on the double support phase was dso present; howe-
ever, the visual rueing proved t have greater effect on this pararmeter.

The extternal cues also showed Improvernerst in speed, step length, and cadence in other
smdies [28-30]. The step length was, however, netaffected by the external 3T visnal coes in
this study. We used ficed distance of the cues, which was only slightly longer than the average
step length of the PD group in DBES OFF state. The DBS stimulation prolonged the step length
signiftcartly and increased walldng speed, as epected as both parameters (step length and
speed) are highly dopa-responsive [4-6]. The effect on different gait parameters is consistent
with different mechanisms of both methods, STI-DES activates neurnss in the basal ganglia -
thalamic-cortical system [41] and thus moduolates cortical areas that participate tn the prepara-
tion and etecition of movements. Besdes, STH-DBS modifres pallide -nigrofigal projections
to brainstem areas, which participate in locometor pattern generation [42]. Visnal coes on the
other hand wodk as emterna devers that facilitate a cormpensatory shift o goal-directed conteol
of movernent during gait Forused attention to the stepping process enalbles the shift from the
typical automatic control of gt into 2 nore conscious mevement [1]. The striatal doprenine
depletion ocourring in PIis supposed to i peir totermal deivers that regulate the autormaticity
of gait. More conscions motor control strate gy during cued gait may belp to bypass the
irnpaired basal ganglia. This theory ts supported by increased cortical activity observed during
targeted movernent (435, 44]. Other theory suggests that augme nted visual feedback of selfino-
tion compensates for weakened proprioceptive signal from the lower limbs in PD due to the
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sensory defieit (28] Optic flow information received by the participant was revealed to be an
inpertant aspect contributing to the improvement of gait with visnal coes as they vse the
wisual information fromm vispal cues in both on-line and feedforward fashions [27].

Last documented altered parameter in our PIDF group was preater step length variability,
which was not affected sither by 3D cosing or DBS. Increased gait vartability is described
througheatt the disease course and its magnimde tends t© increase with disease severity (45]. I
is suggested to be an important predictor of the risk of falling (45, 46] and is considered asan
erpression of reduced sutomatic contrel of walldng, Unlike other spatictemporal featires, var-
tability is relatively independent of stride length, Lately, there is 2 growing evidence, that the
traditional linear measiremert can mask the tre stroctire of motor variability since the bio -
mnechanical data from a few mumbers of strides are averaged during the amalysds. Pecent
research of gait dynamnics based on nonlinear methods revealed that fuctations in certain
gait parameters are not random but display o deterministic behavior, which may degrade in
sotne condition resulting in local nstability (45, 47]. Those methods are, hewever, based ona
larger munber of gait cycles.

One of the main limitations of the study was, that we were unable © trvestigate the 14 most
affected patients due to the deteriorated motor statis when their therapy (medication, DBS)
was discontinmed. The womsened motor symptoms in the OFF state in the rest of the PDF geoup
alloswed us to perform only 2 trials in each conditien with lmited mumber of gait cpce.

Althongh we have aot been able to directly verify the effects on freexing we conclude that
30 vigual cueing can aid walling in PD patients treated with DBES. Combination of the two
methods is beneficial as DBS improves mainly the dopa -sensitive parameters (gait speed, step
length) and visual cueing additionally improves the stability associated with normalization of
the deuble support phase. Wevertheless, further research in a larger growp is recorunend.
Essential is also o focts on eptimal distance of visual coeing, incduding dynamic adjustment
and performance of the nonlinear measurements of gait for deeper understanding of variabil-
ity. A long-term effect of visoal cues onthe gaitif used during rebabilitation is empected, how-
ever deeper evaluation is needed.

5. Conclusion

Cuetng with 30 visual stimuli shortened the double support phase of the gait cyde in PT
patients treated with STN-DES. The DES was inore effective in prologing step length and
tnereasing gait speed. Combination of the two methods is benefieial, bowever further research
of optimal distance of visual spatial coeing, including dynamic adjustrent, and vse during
rehabilitation is recommended.

Supporting information

§1 Fig. A scheme of the investigated path without (upper) and with 3 D visual cues
Jower) . The madced investgated path was 10 m long with GaitRite Anelysis System, a 4.%m
long pressure-sensitive wallking mat, placed in the middle of the path. Sbrteen squared wooden
rods dzed 2ol cm were placed at distances of 80 om across the walking pathway, perpern-
divular to the walking direction of the participants. PG a computer connected to the GaitRite
system, recording data from each gait trial

(TIF)
52 Fig.
(TIF)
PLOS ONE | hitps.daiomi10.137 Uiournal. pone 0244676 December 31, 2020 7110
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§1 Table. Characteristics of all recruited patients (h = 35). DES, deep brain stimulation
L-Dwopa B, levodopa equivalent; TEED, total electrical energy delivered; TTPDRS, The Unified
Parkinson's THsease Rating Scale; MMSE, Mini-Mental State Examination; FOGL, Freemng of
Gait Questionnaire; FES, Falls-Efftcacy Scale. All recntted patients (o= 35).

(TIF)

52 Table. Temporal and special gait parameters of the PD patients and healthy controls.
Walues are mean +30 (n = 25). Repeated measure ANCOWA factored for disease statis coe-
rected for leg length. Presented p valoes are post-hoe Tukey HAD st versus DES OFF condi-
tinn. #Controls versts patients were tested separately by one -factor AWCOWA with correction
forleglength. * significance remained after Bonfereont correction for multiple testing DBS
OFF, patients with deep bratn stimulation nirned off.

(TIF)
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Pavement Pattems Can Be Designed to Improve Gait in Parkinsen’s
Disease Patients
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ABSTRACT: Background: Fublic spaces are usually
designed with respect to various patient populations, but
not Parkinson's disease. The objective of this study was
to explore what type of easily applicable visual cueing
might be used in public spaces and some interiors to
improve gait in people with Pakingon's disease.
Methods: Thity-two patierts with freezing of gait walked
an &-meter track on G different floor patterrs in single-
ard dual-task canditions in random sequence. The refer-
ence pattem was a vitual lame trRnsverse chessbaard,
ard the other patterns differed either in size [small floor
stones), orientation [diagonal], naturs [real pavingl, regu-
larity [irreqular], or no pattem. Time, number of steps,
velocity, step length, cadence, and dual-task effect were
cakculated. The number and total duration of freezing epi-
sodes were anakzed.

Results: “itual, large, trnswese floor stones improve
tinwe [F = 0.071017), welocity [F = D.0028), number of steps
[F = 0.0281), and step length (F = 0.0254] in Farkinson's

A

~

disease patients compared with walking on no pattern.
YWirtual floor stones were superior in time and welocity to
the real ones. TRnswverse floor stones were better than
diagonal, whereas regular pattem stones were superior
to irregular in some gat parameters. Subjectively, the
reference pattern was preferred to the irregular one and
to no pattern. Mo direct effect on freezing of gait was
absensed.

Conclusions: Parkinson's disease patients may bene-
fit from floor patterns incorporating transwverse ari-
ented large rectangular visual cues. Because public
space ©an be regulated with respect to peaple with
medical conditions, the relevant legislative documents
should be extended to allow for parkinsonian gait dis-
arder. © 2019 International FParkingon and Movement
Cisorder Society

Key Words: cusing; freszing; gait; Parkinson's dissase,
public space

vy

Freezing of gait (Fol3] is defined as a sudden mability
to create effective stepping movements' despite the
intention to walk,” and patients describe this experience
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as if their feet were glied to the gromd® FoG in
Parkinson’s disease (P is prevalent,? interferes with
gait, leads to falls, and reduces quality of life

Rational Fois therapy is based on proper evaluation
ofthe type of FoS present, that is, on deciding whether
it is levodopa responsive, -resistant, or -induced.® In
each case, either adjustrments of pharmacolopical treat-
ment or deep brain stimulation is recommended.”!
However, all types of Fo respond to various rehabili-
tation modalities. These can be used either as a rescue
strategy when FoG ocowrs or to reduce the number of
Fol episodes by optimizing spatiotemnporal control of
gait.%'% One of the most widely used techniques with
good evidence is cueing,'* defined as the use of a tem-
poral or spatial stirmilus to regulate movemnent.!® The
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efficacy of cueing for FoG is based on shifting from
habimal to goal-directed gait control. '

In previous smdies, warious pararneters of cueing
have been explored. Transverse lines seem to be more
effective than parallel™ Similarly, regular lie, predict-
able] are better than irregular and unpredictable,! ™"’
and 3-dimensional visual cues are in some cases supe-
rior to Z-dimensional'®'? When one compares the
effect of real and wirtual cues, the former seem to pro-
duce preater effect in tenns of stride length, cadence,
and Fol frequency, but both are generally compara-
ble.® However, most studies show that proper cueing
parameters are highly individual.®!

One of the easiest ways to apply cueing at home is to
tape strips on the floor or to pave floor stones. When
combined with general simplification of the mterior leg,
getting rid of superfluous Auniture and loose nags),
making narrow spaces wider if possible, and installing
proper lighming, these strategies might greatly improve
walking safety.” However, continual use of cusing has
the disadvantage of inducing fatigue and may lead to
cueing-dependence.’® In the exterior, patients have to
use portable audio plavers or devices able to generate
augmented reality for wisual ones, for example, Google
Glass®™ or Cinoptics.'® A more simple use of visual cues
might be laser projectors installed on canes, walkers,**
or shoes®® However, because of daylighting, not all
laser projectors are able to Ametion propedy outdoors.

In most European countries, public spaces are
designed and built with respect to wheelchair users and
people with vision impairment®® Because PD patients
both with and without Fols might also benefit from
some environmental adjustments (eg, regular floor pat-
terns that may easily be used in public spaces), more
attention should be paid to this population. Therefore,
we wanted to explore what type of visual cueing might
be 1used in public spaces, especially in pavements and
some mteriors, for exarnple, health-care facilities or PD
specialized nursing hornes. To owr knowledge, this is
the first study to explore warious modalities of cusing
with respect to usually emploved floor patterns.

Methods

Patients

Thirtytwoe PD patients with FoG (median age,
87.5 years; median disease duration, 13 years; median
MDS-UPDES I, 24; median levodopa-equivalent daily
dose,>” 1155 mg) were reaited from the Movernent
Disorders Centre, Charles University, Prague. We rec-
mited patients in the last quarter of 20H17 and ncluded
all who were willing to participate on the prounds of the
following criteria: a dinical diagnosis of PD according to
UL Prain Bank diagnostic criteria,™® age » 18 years,
Hoehn and Yahr stage <527 absence of severe cognitive

inpairment, and presence of FoG. For patients to be
considered freezers, they either had to score = 1 in ques-
tion 3 of the Freezing of (Gait Questionnaire (FoG-G),*
or Fo had to be present in the Rapid Twms test.™
Patients were excluded If they suffered from other seri-
ous newologic or orthopedic condition that could affect
their gait, severe sensory deficits such as blindness, or
peripheral neuropathy.

The study was approved by the Ethics Cormmittee of
General University Hospital in Prague (1247/17 S-TVI.
Weritten inforrned consert was obtained from all patients.

Experimental Protocol

Al patients were assessed in the ON state by a move-
ment disorders specialist (ILT.) who collected derno-
graphic and clinical mformation. After history taking
and perforrning MDSUPDRS,®? the patients filled our a
questionmnaire conssting of the Parkinson’s Disease Activi-
ties of Daily Living Scale (PATLS),*® Gait and Falls Cues-
tiormaite, which comprises FoG-0, and questions related
tothe munber of falls in past 12 months and t the patients’
experiences of the effect of varous architectonical elernernts
on their gait {types of floor pattems, hallways, doors, nar-
row spaces, staircases, escalators, and elevators). Afterward,
the Wontreal Cogritive Assessrnent™ was perforrned. In the
subsequent subtraction task {backwards counting by 351>
numnber of correct and incorrect answers in 10 seconds was
recorded.

The patients were then asked to walk an 8-meter-long
track, turmn in the nonpreferred direction as established
in the Rapid Twmns test, and get back. They walked on
& different floor patterns in single- and dual task condi-
tions (backwards counting by 3s) and could use wall
aids if necessary. Both the floor patterns and single-
and dual-task conditions were ordered randomly for
gach patient. We used the following ¢ floor patterns.
Four of these patterns were virtual, which enabled them
to be easily switched (Fig. 1):

1. Mo pattern (gray carpet].

2. Real 50 50 crmn transverse regular black-and-white
ichessboard) floor stones.

3. Virtual 50 %50 an transverse regular black-and-
white (chessboard) floor stones (reference pattern).

4, Virtual 5% 5 crmn transverse regular black-and-white
ichessboard) floor stones.

5. Virtial 50 % S0 om diagonal regular black-and-
white floor stones.

&, Irregular virtual pattern, consisting of geometrical

figures and signs.

W'e recorded the tirme, total number of steps, and num-
ber of steps n tuming, We caloulated gait speed, step
length {withour turning), and dual-rask effeer (DTE) All
gait trials were recorded using 3 carneras (fixed bird’s eye,
moving, leg zoom, and moving frontolateral whole-body
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FIG. 1. Ut zed patterns: 1: No pattern. 2: Res 50 = 50 om chessheoard. 5: Wum 50 » 5D om chessboard. 4: Wdie & = 5 om chesshoard, 5 Wrtua

50z Bl om d=agona chesshomd. G tweguat vrte pattern.

view; Suppl. 1), and answers in dual-task conditions were
recorded using a portable microphone device. A blinded
moverment disorders specialist (H.B.) then reviewed all
gaits and confirned the presence of Foo during gait,
counted the munber of FoG episodes, and timed the total
duration of all FoG episodes. We counted the mumber of
correct and invosrect answers in dual task from the andio
recordings. After walking the tracks, patients were asked
to evaluate on a visual analog scale, how the pattems
influenced their walking {Suppl. 2).

Finally, patients were assessed nsing the Short Falls Ffi-
cacy Seale-Tnternational,®” Beck Depression Trventory,*®
STAT -1, and STAT X-2,% by a movernent disorders spe-
cialist (ILT).

Gait speed and step length were selected as pomary
outcorne measires and Fo5, DTE, nuwnber of correct
answers per second in dualtask conditions, nunber of
steps when turning, and subjective evaluation as second-
ary. Owr hypotheses were that wisual cueing would

TABLE 1. Clinical and demographic characterstics
aof PO patients

Fat ayits wtih FD

p=32109, 224

Maan [50 Rarge
B fyzarg) w54 7.0 4575
Dizzase duration fyearg) 155458 225
Hazhnoarg Vahr stage 2588 24
MBS -UPE-RS Tkl P ] 74158
MBS -UPTRS I FaneEn 4-41
[y 17 4140 =42
Fab-L 1.6 6 1-23
Shart FES-1 125 14.4) -2k
MzGa I0.6 {38 14-31
B 44465 =3
STAlE-1 42 5158 2551
BTAIX-2 414838 H-56

PO, Prkircon's dsaase; MOS-UPDRE, Movemast D sovds Socaty Undied
Fxknson's Dseasa Rating Sca e GRG, Sat and Fa s Guest orina e FolS-
&, Freez g of Gat Suest orind re; Shoit FES-I, shoitened veis on of e Fa s
Eflicacy Scaektmratona, MolaA Montea Cogntve fssaszmaent BDI,
Biack Desoiress o baeintoiny; STAL State-Trat Arctaty bwaintiny.

improve primary and secondary outcornes compared with
no cueing (pattemn 1 ws 3], Second, we expected only reg-
ular pattern to be effective (pattem 3 ws &), Third, we
anticipated large floor stones to be efficient as opposed to
stnall ones (pattern 3 vs 4). Fowrth, we hypothesized that
transverse floor stones would be siperior to diagonal
{pattern 3 ws 5. Finally, we asswrned that the effect of vie-
tual floor stones would be similar to the real ones (pattern
2 ws 3L

Virtual Reality Equipment

A systern projecting virtual patterns on the floor was
fived on a 5-m-high celling. As the projected pattern
was too long to be created by only 1 projector, the pro-
jected lmapge was assembled using 3 Digital Light
Processing (DLP] projectors. The projection was con-
trolled by an application we developed in the software
environrnent called VVVVY (vwrv.oggl. This application
allowed for the conwmol of light conditions at
150 | (recommended light level for halls and corri-
dors), as well as of all projected content, and for the
blending of the projected images. The projection system
configuration is shown in Suppl. 3.

Statistical Analysis

Because of the natire of observed variables [counts,
scales, and velocities), the nonparametric Mann-Whit-
nev-Wilcoxon test was adopted to smady the effects of
floor patterns. P values were adjusted for rultiple com-
parisons by a Holm method per each pait parameter.
Effect size was evaluated using Cohen’s 4. Analysis was
performed using R statistical package version 3.4.4.%7
P < 0.05 was considered statistically significant.

Results

Demographic subject data are shown in Table 1. The
distribution of answers in PADLS was near normal,
that is, 53% of the patients chose answer “b™ (mild
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difficulties, 43.8%), “c” (moderate difficulties, 28.1%5),
or “d" thigh level of difficulties, 12.5%].

In the single task, we found significant differences in
time {F = 0.0101; d = 0.052), gait speed (F = 0.0029;
d = 0L116), number of steps (P = 0.0231; 4 = 0.052),
and step length (P = 0.0254; d = 0.143) between refer-
ence and no pattern. Patients had a significantly
increased step length (F = 0.0395; d = (L185] when
walking on the reference pattern, compared with the
irregular wirtual pattern. We fomd ne differences
between walking on small and large floor patterns.
Howewer, differences in time (P = 00092, 4 = (K173,
gait speed (P = LOO7D; 4 = DLWOBZR), number of steps
(7 = LO00E; 4 = 0L118), and step length (P = 0.0033;
d = BL155) were significant for the reference pattern
using transverse floor stones compared with diagonal
ones. Finally, there were significant differences in time
(P = 06l d = 0.043) and gait speed (P = 00024
d = h122) in favor of the reference pattern with wirtual
floor stones, compared with real ones. Subjectively, signifi-
cart differences of the patient’ evaluation of floor pat-
terms were fomd only in favor of the reference pattern
compared with the rregular (P = 0L0066; d = 0L756) or
no pateemn (P = 0.01364; d = 0.939). These results are sum-
mandzed n Table 2, and key results are shown in Fgare 2.
With respect to the number of FoG episodes and total
Fol5 episodes duration, we found no differences between
the & floor pattems. Indeed, F3%-91% of the patients did
not experience Fols when walking on the #-m-long track
depending on the pattern and single- or dual-task condi-
tions. This was the case even though they reported FolG in
FoG} (see Table 1), and in é4% of the patients, Fos
was also present in the Rapid Tums test.

Both the mean and median gait speed and step length
decreased in the dual task regardless of the pattern. In

the case involving the nunber of steps when tuming,
the median DTE was G0 for all patterns, but the mean
varied from -31.3% to -0.2%. Similarly, the median
munber of corvect answers per second decreased signifi-
cantly in the dual task (pattern 1, P = 0126, pattem
2, P o= 028 pattern 3, P = W26, pattem
4, F = 0OHHE4E pattern 5, F o= WHL2e; pattem
&, P = (L0L24). Details are provided in Suppl. 4.

Discussion

The results of this study show that large, virnial, trans-
verse floor stones improve some gait parameters such as
titnie, galt speed, munber of steps, and step length in PD
patients compared with walking on no pattern. More-
over, the improvernent in step length compared with no
pattern, imegular pattern, or diagonal floor stones
greatly exceeded the minimal clinically important differ-
ence [MCID] established for older adults.™ In the case
of gait speed, MCID is also available for PD patienrs.
Cur results did not reach the threshold for small MCID
established by dismibution-based analyses, effect size
metrics, and sample vadability within gait speed. How-
ewer, applying established out points in the UPDRS
motor scale, the improverment in gait speed when walk-
ing on large, virmal, transverse floor stones was sighdy
above the associated small MTIDs compared with no
pattern and diagonal and real floor stones. Moreover,
the MCID values established by Hass et al are derived
fromm a slightly less affected PD population compared
with ours, and they only walled straight ahead, whereas
our patients also had to twm. Therefore, MCID for gait
speed comprising a tumn has not been to our knowledge
established vet.

TAEBLE 2. Significance of gait pammeter differences depending on task (singlke = dual] and on floor pattem in 2 single task

Ema ws
ETws OT Fea ws refaienoe rafEmnoe D agong, s rafareeoe ke 3i Vs refrane o patte v refaranoa
Tima Pz Q00 F=00160 Hshartar,  HE; P = 00092 Rsharler, HE; F =00101; A sharer;
o =0.043 o =008 o=0173 o = 0908 o ={0.4052
Gait spead Pz Q00 F=00024 Hfastar; HE; P = Q0070 R fastar, HE; F =020028; A fastar;
o =0132 o =005% o =00E2 o = <1105 o =011§
Total numbar of steps < 00000 HE; HE; = Q0008 H kwer; HE; F =020231; R kwear;
o =30.051 o =0055 o =011% o = 0038 o = -0.052
Humeber of staps P 00X HE; HE; = 20444 | bwear; HE; F =00338; H kwear;
withaut turn o = 0045 o =0052 o =0152 o = 003 o =-0.023
Stp length P Q000 HE; HE; P = Q0033 H lArar F = {00335 H arer; F =00254; R larser;
= -0.058 o =-0.08 o=0158 o = <1165 o =143
Stp length P Q000 HE; HE; HE; HE; F =00220; R larser;
withaut turn = -0.078 o =-0125 o =008 o= -1.148 o =145
Subjecties evaliation — HE; HE; HE; F=0.0XG; A preferrast P =00126; R prefares
o =90.2149 o =-0.435 o =0087 o = 1756 o =838

ET:zihga-msk; OT:dus -tas i; fea = ima 50450 0m ranaeesa. ol & 0 ack & wihte looy Stonas; Sma (v e 5305 M TR WS A, ragll 3 Ak aind win 2 1o stoees;
Dragona vite, SO0 500 0 agona, it & 30 a0k aivd Wi 1 10oi stovas; Frag ar ol & witle, DAt oors Sting ofganmetroa figlras 300 S gins | Mo attesi: D pathai

ey caipat); Refaranoe v riea, SO0 50 om tRnsvasa, raguai wack and win i lloor stones; R refersroepatiny WS ot s gn licaat, 4 Sobhwivs d.
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We did not observe any dirvect effect on Fols when
walking on any of the & patterns. This was probably
because most patients did not experience Fo3 in the
laboratory settings, even though they reported Fols n
Fol5-1, and in approsxmately two-thirds, Fols was pre-
sent in the Rapid Twms test. Such discrepancy has
dlready been noted 521 Mevertheless, the positive
effect of large, virtual, transverse floor stones on step
length was significant and is probably related to Fol
Several studies have shown that factors such as dimin-
ished step length and step-to-step reduction in ampli-
tude may lead to FOG™* and stabilizing these gait
pararneters by wisual ocues might prevent its ocour-
rence ! Therefore, it seemns reasonable to suppose
that wvisual cues help to increase and mantam step
length and thus alleviate Fots.

Surprisingly, there were no significant differences in
any spatioternporal parameters between large and small
floor stones. This might sugpgest that regularity and
transverse orientation comimon to both pattems are
more mportant than size. However, this should be

further inwestigated because it contradicts to some
extent the findings of Chee et al®>” In their stady, how-
ever, decreased step length was Imposed on the
patients, which was not the case in our experiment. The
only effect of small floor stones that could ke observed
was the increase of mean DTE with respect to the mum-
ber of steps when twning discussed below.

A barther interesting result is that virtual floor stones
were superior in titne and gait speed to the real ones of
the same size and orientation. This is probably because
walking in a virtual reality environment was so unusual
for the patients that it drew more attention to the cues
given than the real ones. The importance of paying
attention to the cues has already been descdbed.! > In
titne, however, patients will probably adapt to virtual
cues 5o that their effect will diminish and will probably
become equally as effective as real cues. Mevertheless,
our results are in contrast with the findings of previous
research in which real eues resulted in similar or even
greater Lmprovernent of various gait para.met&rs.mﬁs
However, it is not specified in these studies, whether
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envirotnental light conditions were adapted when
using virtual cues. If not, real cues could have been seen
mmore sharply., Moreover, patients in these studies used
either laser lines™ or virtal reality glasses® In the for-
mer case, laser lines might not have been extraordinary
enough to attract more attention than real cues. In the
latter case, the use of virnial reality glasses might have
been even more umsual than the wirmal environment in
owr study. However, virtual reality glasses have been
reported to distract patients and narrow their field of
view, thus blodking sensory visual feedback needed for
gait.’? Such a negative lrnpact might have been the cause
of the superority of real cues in this study.

Large, real, transverse floor stones might be easily used
on pavermnents and floors, be it in private houses of PD
patients or in public spaces such as hospitals, nursing
houses, public offices, and so forth. In most Furopean
cities, however, pavernents are made of concrete withour
any pattern. In historical city parts, cobblestones are
used and ordered into various shapes, often diagonal. In
public mteriors, various patterns are being used, usually
based on aesthetic reasons. The findings of this study
suggest that the current architectonical practice might be
optitnized to meet the needs of PD patients similarly to
how it takes into consideration other disabilities (eg,
wheelchair users or people with vision impairment).

Two objections may be raised against this suggestion.
First, because the height of cach ndividual varies, so
does the step length, and consequently also the require-
ments with respect to the floor stone size, that is,. cue-
ing frequency. However, assuming people’s height is
norrmally distributed, that is, 5% is to be found within
1 standard deviation of the mean and 99.7% within
3, choosing cueing frequency on the grounds of mean
height might be more efficient*® Furthermore, because
cobblestones are often used and their size is completely
inappropriate and concrete pavernents lack any pattern,
any change might be considered an lmprovement.

Second, one might object that the effect of cusing fades
in time'? so that the effectiveness of floor stones might be
questioned. However, this is tnie for all cueing, which is
nevertheless stll used. Theoretically, the habituation of
cues rmnight be diminished by changing various pattern
characteristics, for exarnple, its color. Therefore, if pave-
ments were not built miformly, the effect of floor stone
cueing right be prolonged However, the effect of non-
uniform pavernerts would have to be studied becawse
irregulanity might cause FoG.

Large, virtual, transverse floor stones are rather suit-
able for the mterior because of the negative impact of
daylight on projected images. In the mterior, however,
the advantage of virtial floor stones lies in the modifi-
ability of their characteristics: their frequency might be
tailored to the user and their color and other characteris-
tics changed to prevent habitation. Therefore, a device

FIG. 2. Poss be way how to ut ze foor stores n covrers to e p wih
turn ng. fZoor fgure can bevewed atw evon e DEmeoom]

capable of projecting such modifiable patterns should be
developed for commercial use.

The beneficial effect of visual cues used in this study
was only observed under single-task conditions and
was lost while dual-tasking, This might be explained by
imnpaired ability to prioritize, which is cornmen in PD
and especially in freezers.*”*% To evalnate the effect of
cueing as it could be expected in realdife situations,
patients were not nstructed what to focus on either in
single-tasle or in dual-task situations. Although single-
task patients spontaneously used cues, dualtask patients
probably lost their focus on the provided cues and paid
attention to counting. This suggests that in clinical prac-
tice, dual-task gait traming should be mtroduced
patients with FoG with the goal of improving dual-task
gait performance and possibly increasing the patients’
attentional capacity to be able to use cueng®” More-
over, it is reasonable to instrict the patients to try to
awoid unnecessary dual-tasking during walking (eg,
using a mobile phone or carrying objects mstead of put-
ting thetn mto a backpack).

Furtherrmore, our results differ frorn those of other
studies® 5 and even from the conclusion of a system-
atic review,™ which claims that visual eueing does
improve gait perforrnance in dual-tasking. However,
Galletly et al™® investigated the effect of cusing in a pop-
ulation with mild deficits {mean UPDRS I score,
144 + é.1; mean MMSE score, 28 & 3), which could
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also suggest better ability to dual-task. In the 3 other
studies, ***15* patients were asked to synchronize their
steps to a flash of light generated by a light-emitting
diode attached to glasses. Such a use of visual oues dif-
fers from the one employed in this stady, so that the
results carmot be easily compared. Moreover, they used
a motor dual task, which is less demanding in terms of
attention than a cognitive one.™® Finally, in Rochester
(20101, the effect of a 3-weel cued gait training and
not the imnmediate effect of cues was investigated.

Therefore in dual-task conditions, auditery cue-
ing3&SARET or gelfinstruction strategies™© rmight be
more effective than wvisual cueing. However, Lohnes
et al*® did not confirm the effect of auditory cues in
dual-tasking probably because they used a more chal-
lenging copnitive secondary task. Therefore, the issue
remains controversial,

Ewven though the median DTE with respect to munber
of steps when tuming was L0 for all floor pattems, its
mean might indicate some effect of virtual diagonal
floor stones and virtual sroall ones. In the former case,
the mean DTE was the lowest, whereas in the later case
the highest {Suppl. 4). DTE with respect to number of
steps when turming was positive in 45% of the patients
and in 29% equaled (L0 This might suggest that some
patients used the diagonal floor stones as cues when
turning. Consequently, such floor stones might be incor-
porated into corners, as suggested in Figure 3. In con-
trast, mnean DTE with respect to munber of steps when
turning increased by more than 50% in nearly 47% of
the patients (or even by more than 100% in 5 patients
and by 200% in 1 patient). This might ndicate that
smmall floor stones are the least appropriate probably
because they put too much load on attention.

The limitations of this study include a relatively simall
number of patients and testing in laboratory sertings.
Therefore, future studies should verify the present find-
ings i real-world situations and in a larger sample size.
Moreover, because most of the patterns used in this
study were virtual, their positive effect should be tested
in real ones. @

Gonclusions

The present findings suggest that PD patients benefit
from using large transversal wisual cues, which might
be incorporated in floor patterns in both the exterior
and the nterior. Because public indoor and outdoor
space can be and is regulated with respect to people
with sorne rmedical conditions, the relevant legislative
docurnents should be extended to allow for parkinse-
nian gait disorder.
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Abstract

Background The Freezing of Gait (mestionnaire (FoG-0)) is a fast and senstive assessment tool for freezing (FoG).

Ohjective The objective ofthe stndwis for vabdation ofa Czech vergon of Fol3-(). A further, explovative aim was to exarmine
what Foi3-() indicates about the presence and severty of gait irpaimment in patients treated with DES in their filll OFF state.
Design The study was a crosssectional validation stods.

Methods We translated Fo30)y followang standardized validation protocol. We assessed 33 patients with PDrand ST DES nsing
history taking, UFDES, Hoehn and Yahr stamng, Bim *Mental State Exarnination, Frontal Aszsessment Battery, Fo34), Short
Falls Efficacy Scale International, and Beck Diepression Inventory, Second Edition. UPDERS I, clinica and instwmental gait
assessment, was repeated OFF MEDYDE S OFF and OFF MELWTYES O

Results Internal consistency ofFoi3-0) was excellent (0o =10.21% as well a8 convergent (gpnificant correlations with UPDES T
itern 14, UPDES T itern 2%, several TUG parameters, and Fo3 Score) and divergent validity (no association with UPDES Th.
OFF MELYTBS OFF, the total FoG-(r score correlated with UPDES I iterns 29, 30, and PIG0 sabscore, step time variability,
and negatively with step length and velocity.

Limitations Lirtatation of the study is a relabreely small sample size.

Conclusions In conclusion, the Czech translation o fFoG-0r it valid. With respect to gait and baance, Fol3-(r does, to acertain
extent, reflect the native state of the disease in patients treated wath high fiequency ST DBS.

Keyurords Freeming - Gat - Parlanson's disease - Validation - {uestomaire

Introduction symucleinopathies like Parkineon’s discase (L or roaltiple sys-

tem atrophy, but also other conditions like progressive

Freezing of gait (Fod3)is a parossranal gait disorder chavacter-
ized by the inahility to create effective stepping movernents
despite the mienton to walk [1]. When Fol3 ocours, pabents
have physical irmpression that thelr feet are glued to the ground
[2]. Fo3 accompanies a variety of diseases, including

Elertronic supplementary matedial The online vermion of thie aricle
(hitpeztided org'10 10T e 1{0 72-01%-04418-3) contam = applarnenary
moaterial, which ic available to authon=d urers.
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supranuclear palsy, notrnal pressurs hydrocephalus, or vascular
parkinsomisn [3]. In PIY, as the most cornrnon of these, Fols has
been reported m up to 26% of the patients, even be e the stat
of levodopa treatrnent [4], with its prevalence increasing up to
BO% in advanced stages [3]. Foi3 is perceived by patients as a
parti cularly disabling syroptorn that dgnificanfly affcts their 211
rates, levels of activity, and quality of i [3].

Foli 15 a precarious symnptorn for objective assessmment,
since £ven patients who subjectively report Fol3 often do not
freeze when seen by thelr nenrologist [6]. Therefore, subjec-
tive assessment methods such as the Freezing of Gait
Questionnaire (Foi3-0) [7], the Mew Freezing of Gait
Onestiommare [MNFo3-0)) [B], or the self-adiom ster ed wersion
of the Fol3-0y (Fo3-{)say [7] still play a crocial role in estab-
Lishing the occurrence of Foli. However, the current gold
standard to definitely classify a patient as a “freszer™ is the

?2 SPrlan:l
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direct ohservation ofFo(s by an experienced exarminer [10]. A
more detailed objective analysis of FoG should be performed
by 3 independent expert observers using a stuctued video
assesstnent of cormplex gait tasks, including tums and wallang
in narrowr space [11].

Since FoG-0) is well -validated [12], used worldwide
[13-17], and recommended by the MDE Ratng Scales
Cormrrittee [18], it is a fast and sensitive tool for assessing
Foi3 m chmcal practice especially in combmation with repeat-
ed fill narrowr turns. Fo3-0}, originally developed by Giladi
etal. [7],congsts of six questions rel ated to FoG and walking,
The two questions that address gat difficulties in general
[without specific regard to Fo3) ave in fact the most cormmon-
Iy reported wealmess of this questionnaire, becanse they ac-
count for the possibility of false positivity in non -freezers [18].

FolG3-0) has been showm to report about Fo3 as experienced
by patients [12]. The most cornenon is the OFF-related FOG
[T, 11, 12]. Howrever, not all patients with P} experience their
full OFF state, 1.€. those treated wath deep brain stirmlation
(DB Sy becanse their DBS is always ON. Therefor, one may
wonder whether a low Fo3-() score necessarily indicates the
ghsence of freezing in full OFF or not, and thus whether it
distinguishes between feezers and non-freezers. Even though
Fo3-(} is cormonly used in this popul ation of patients, it has
not, to our knowledge, been studied whether or what 1t indi-
cates about the native state ofthe disease in advanced patients
treated with DBS.

Therefore, the aim of the present study was to validate a
Czech verson of Fo3-0). A finther, explorative aim was to
exarine what Fol3-() indi cates about the presence and severtty
of gait impairrment in case of patients treated with DBS in their
full OFF state, 1.6 medicabion (MEDY OFF and DES OFF.

Methots
{ross-cultural adaptation of the Foh-0

We received anthorization form M. Giladi to validate the scale
and follewed the standardized protocol by Beaton et al. [19].
The questionnaire was mdependently translated by tweo health
professionals (043 and MH} native in Czech with good
English lan gnage skills Both wersions were conpared, and a
consensus was reached with the help of other health profes-
sionals (HB and EER}. The pre-final version was tested in 15
patients with PI} for corvect understanding by asling the pa-
tents how they understood each question. The pre-final wer-
sion was translated back into English by a native English
speaker with good Czech language skill s whowas not familiar
with the original scale. The back-translation was then
consulted with and antheorized by M. Giladi. The final version
[Appendix 1% was tested.

ﬂ Springer
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Patients

Thirty-five Czech-speaking patients with PDr and implanted
S8TMN LES wers recruited form the Movermnent Dhisorders
Centre of the university Department of Meurology. Inclusion
criteria were a clinical diagnosis of PDF according to UK Brain
Bank diagnostic cntera [20], 2 Hoehn and Yahr stage of < 5 in
the OFF state [21], variable severity of motor complications
anor gait distnrbances as assessed by amovement disorders
expert, and absence of severe cognitive impaiment, i€ a
score above 2430 on the Mini Mental State Exarnination
MMSEY [22]. Patients were excluded if they suffered from
other serions nenrologic or orthopaedic condition that could
affect their gant, or severe sensory de ficits such as blindness or
petipheral nenropathy.

The study was approved by the Ethics Committee of
General Universty Hospital in Prague (125402% Written in-
formed consent was obtained from all patients.

Clinical and instrumental assessment

The patients were first interviewed by a movement disorders
specialist, and their demographic and clinical in forrnation was
recorded ngng UPDES I, T, and TV [23], Hoehn and Yahr
staging [21], MMSE [22]; Frontal Assessment Battery (FAB}
[24]; Foi3{} [T]; Short FES-I [25]: and Beck Depression
Inventory, Second Edition (BDI-IT [2 8], Afterwards, patients
were examnined OFF MED (withdrawal of dopamine agonist
for 72 h, last dose of levodopa taken 12 h before the testing)
with DB S ON and DBES OFF (%0 min after torning STH-DES
OFF} by the sarme physcian using UPDES T [23] and clin-
ical and mstrumental gait assessment These mcluded Timed
Up and Go test (TURS} [27], Fo3 Score [28], and walking & m
on 3ATTRite carpet at norrnal speed. This examination was
then repeated OFF MED with DBS ON. In the OFF MELF and
DESOFF state, 11 patients were unable to complete the TUG
test. The oconrrence of FOO was directly observed by an
eXpenenced exarminet.

Statistical analysis

Drescriptive statistic methods were used to analyse the clinical
amd demographic charactenstics ofthe parbicipants.

Mext, we verified whether the mean scors of individoal
iterns and their standard deviations weere similar, and whether
the ttern—total correlations were above 0.4, Floor and celling
effects were set at 15% [25]. Internal consistency was
analysed using Cronbach’s alpha (o), and item analvses were
condncted by exarnining o after exclnding each the gxFol-()
iterns [30]. Walunes above 0.50 were considered to have a high
internal consistency [31].

After wisual mspection of the (3} plot, both convergent
and divergent construct validity was tested using Pearson's
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correlation coefficient (PFCCy. We calenlated correlations be-
twreen FolG-(pand UPDE.S scores to assess the extent to which
thisreplicated the patterm reported in the onginal Fo3-() study
[7]. The strongest correl tions were expected with UPDRS T
[especially itern 14 which specifically addresses Fo3b and
UPDES IT itern 29 (gaity, with several pararmeters of the
TUHG test (fime, number of steps, and the ocowrrence of
Foi3y, and with the Fold Score. Except for UPDES 1T values
in two states were used OFF MEDR +DBES ON and OFF
MED+ DBS OFF. The weakest correlation was expected for
UPDHE.S 1 (mentation, behaviour, and mood}.

Further correlations were expected with UPDES T iterns
13 and 15 and in both states (OFF MEDx+DES OMN/OFF;
with the total score of UPDES I, UPDE.S PTG subscore
[32], HY staging, Short FES-I, and with several spatioternpo-
ral parameters of gait, ie. with step length, double support
e, welocity, and stide-to-stide vanability [4, 33-36].

All analyses were performed using Statistical Packape for
the Social Sciences (SPSS, wersion 22 .40, IBM Corp., Armonl,
NY, USA) The level of statistical sigmficance was set at
p=0.05 Because of the exploatory nature of the study, we
did not correct for multiple testing,

Results

The 35 evalnated patients with PI* had a median age of
&1 years, disease duration median 0f21 vears, and a median
HY stapge of 2.7. Total Foi3-() scores ranged between 1 and 24
points with a mean of 11 (S0 £5 547} Further clinical char-
acteristics ofthe patients are presented m Table 1.

Ttern-total correlations of Foi3 £ ranged between 073 and
0.50 [Appendix 2% Intemal consistency as measured by
Cronbach’s o was 0.91 (excellent nternal reliabihity). Based
orL our itern analysis, all iterns contributed signi ficantly to the
total Fo3-{} score. Relabiities of Fol3-(} after the exclusion
of individual iterns are to be found in Appendix 3.

In the OFF MELD state, statistical analysis firther revealed
significant correlations between Fo3-0) and UPDERS TT itern
14 and with UFDES IT itemn 29, several TUAG parameters
[time, number of steps, and presence of Fo3), and Fold
Score. Dretals are provided in Table 2. These results show
good convergent walidity. By confrast, we found no associa-
ton between Fo3-0p and UPDES I (mmentation, behaviour, and
mood ), which can be interpreted as an indicator of good di-
wergent validity.

Total Foi34} score also correlated with apge, HY staging,
Short FES-I, UPLHES I itern 13, UPDHRS T itern 15, UPDERS
1, and UPDES IV Drvskainesias (iterns 32-35), but not with
UPLHES TV Motor fluctnations (iterns 3 63 9. OFF MEL with
DES OM, the total Fol3-(} score correlated positively with
UPLES 1T itemn 2%, UPDES T itern 30, UPDES PIGT
subscore, the total UPDES score, duration of the double
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Table1 Clnial and dermographic charactearietcs of patients with PTI.
FL0, Fadanson’s discaes; PEES, towl electocal snagy delivered; J jouls;
LAELRE, Urifisd Parlineon’s Diseace Fating Scals; 285, desp brain
stirrmlation;, Short S85-1 chontered varsion of the Falle Efficary Scale-
International; MES, medication; MMES, Mini-Mental State
Exarunation;, FAS, Frontal Acsecsment Battery, S0LM, Beck
Dieprecsion [mventory, Secord Editian

Patimnts with PO (n=233, 8
woroen, 749 roen)

Mean (1) Median

Ape [years) £1(8) 43
Dliseass duration fyears) 71 (5) 0
Tiree siree 1BS irplartation (yexs) 5 (3) 5
TEED Lsim. (] 143 (711 &9
TEED L, (1) 143 (741 75
Levodapa Bquivalent frmg) 11141 [541) 00
Hochn ard ¥abr stage 23 {07 z3
UPHRS [0 fOBE MED, DBES OFE) 47 (19 4%
UPLRS Towl (OFF MED, DES (EF) 6§ (24) 5
UPHRS Toml (OFE MED, BES () 44 (18 41
Shoot FES 14 (3) 12
Mk SE 25 (2 0
sl 15 (2 15
BT 705 F;

support phase, and step length vanability, and negativel v with
step length and speed. OFF MED with DES OFF, the total
Foi3-() score correlated with UPDELS T itern 2%, UPDELS I
itern 30, UPDR.S PIGD subscore, and step fime variability, but
notwith the total UPTHES score.

Furtherrnore, we observed negative corelations with step
length, and welocity, Details are provided in Tables 3 and 4.

Discussion

This study validated the Czech translation o fFo3-0). We dern-
onstrated excellent miemal conastency (oo =091}, which 15

Table 2 Convergent validity of the Freeang of Gatt (Juestiormare.
FOC, Pramon correlation cosfficient; MES, medication; LGS,
Urified Parkineon’s Dissase Rating Scals;, 7047, Tirned Up and Go
Test, Lar?, freeming of gait

PCC povahe

UPLRS 11 itemn 14 0.524 041
UPLES [0 ttegn 2% [OFF MELT) 0.662 =001
TU troe (OFF BELD 0551 041
TU stepe (OFF MED) {1588 < fi1
TUG freeamg (OFF MEDN 0.54% 041
Fol Seore [OFF MED) {505 < fi1
i Springer
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Table 3 Comelatons of the Freeang of Gat Questonnaire. POC,
Pearson correlation cosfficiant; LAEGAES Unifisd Paddineon’s isease
Rating Seale; S% Hochn and Yahr, Shore £885-f shontered version of

the Falle Efficacy Scale-Intemational

BCC povalos
Ape 0518 0002
Diceace dimation 0030 0.854
UPHRS I Towd 0131 0454
TPORS 1T itern 12 [falls) h528 <001
UPHERS 1T itern 15 [(walldng) 0780 LRI
UPHERS IT Total 0583 <0001
UPORS % Dyelaresas [fems 32-15) 485 RIS
UPHERS I Baotor Auctuatione (iteros 25-34) D078 0.657
HY staging 0724 0001
Shont FES-L 0558 LRI

comparable with the results of previous studies [12-16]. The
Czech version of FoG4) shows good convergent construct
validity as indicated by correlations with UPDHES item 14,
T itern 2%, TUG tirne, TUG steps, TUG Fei3, and Foi3 Score.
Davergent validity was also good, Le. there was no correlabion
with UPDRSE 1 subscore (mentation, behaviour, and mood}.
Both these results repeat the findings of previous validation
studies [12-16]. Onr itermn analysis and intemal consistency
results are congruent with the conclusions of Giladi et al.
[7], who stated that nene of the Foi3-Cy iterns can be excluded
for the reasom of high to excellent total-itemn correlation (the
scale cannot be shortened without a sacrifice to the intermal
consistency of the iterns and homo geneity of the scale).
Fol3} score comelated wath age in owr group, which 1z
consistent with previous findings that Fo3 increases with
age [4, 37]. Although both mean and median age of our pa-
tlents were cormparable to other validation studies [T, 12-18],
thew had much higher median disease duration (20 years), or

atleast a larger minimal range theveof (1334 vears) Their
HY stage in the ON state was nevertheless similar to other
stndied populations [12-15], maost likely due to DBS treat-
ment. The aforermentioned longer disease duration might ex-
plain the lack of correlation between the Fo3-(r Total score
and disease duration and cansed stonger comrelation with
UPDES T itern 13 (fallsh and 15 (gaity compared to other
studies [7, 12-16]. Srnlady to Milsson et al. [15], who also
had alarger median of disease duration (0.3 years), we found
a stronger correlaion of Fo3-(r Totd score with UPDES T
than other studies [T, 12, 16].

In the patients’ full OFF (OFF MEL, DBS OFF), Fo34)
Total score did not correlate with UPDRS 1T Totad score
BPLC =032, p =008} in comparison to the state OFF MED
with DES OM PCC=10.383, p=0.02) This iz probably given
by the fact that since FoG3-() is a questionnaire, it only reflects
the state knowm to the patients. However, patients treated with
DES do not expenence ther full OFF In this sense, Fo3-0)
does not e flect the native state ofthe disease in this population.
We found strong correlations with UPDES I iterns that are
related to gait (UPDES T itern 293, balance (PDES I iten
300 or both (PIGLr subscore) even in the patients® full OFF state
[Table 43 This could be explained by the fact that our patients
were treated with lugh-fequency 3TN DES, which has smaller
effect on gait, balance [38], and FoG severity [39] There fore,
with respect to gait and balance, Foi3-0) does, to a certain ex-
tent, v flect the native state ofthe disease in patients treated with
high-fiequency ST DBS.

Sirmilarly, we observed several comelations wath spatio-
ternporal gait parameters [velocity, step length, and its wari-
ahility} both OFF MED with DES OM and in full OFF. These
findings are consistent with other studies which report de-
creased stride length, increased cadence preceding Fo3, pres-
ence of a highly abnotmal frequency of leg movernents dur-
ing Fo3, marked stride-to-stride variability, and aswometry
and variability of swing tirme in patients with PIr and Foi3 [4,

Tahle 4 Comdations of the
Frezing of Gatt {Jueshornare
with clirical gait pamroetars and

QOFF MED, DBS O QFF MED, DES OFF

gaitwlard UPDES I ieme in PCC pvaue PCC p value

OFF MED stae with HES O

and OFF. 0%, Pramon UPDIRS OI itern 24 [gatt) 0852 <0001 0.555 <0001

comdation cocfficient. MEL, TPDEE 0T itern 30 [balares) 01811 <0001 0538 BT

medication; S8, deep brain

. tiom, LIEGHS, Uinified UPDRS OI PIGD mibecors 0757 LR 0,521 <0081

Step length -0Als <0001 =050 001
Double support phass {1.524 0002 0.311 012
Seloaty =347 0.0z =442 abz
Cadaiee 0 0.7 —0.415 HEES
Step length wariabdity 0852 LR 0472 bbz
Step tinee vanabiliy 03458 0.0 0,444 04z
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33-36]. The comelations in full OFF state can be explained
agan by the relatively smaller efficacy of high-fequency
ST DEBES on gait, balance, and Fol3 severity (see abowe).
We noted a lack of comvelation with cadence in our study.
This is maost likely becanse, in cornparison to TUG, wallang
on Gatfite does not involve 1mbation of gat and forming,
which are two tiggers of Fos. In addition, cadence increases
shortly before the Foik episode [4]. To support this conclo-
sion, owr patients did not generally experience Foi3 when
walking on GaitRite, and consequently did not increase ca-
dence. Interestingly, Fot3-(} lostits correlation with the dura-
tion of the double support phase in full OFF, but instead
gained correlation with step time vanabality in this state.
The former finding can most likely be explained by the fact
that patients markedly slowed down in full OFF state, which
may have caused an increase of the dwation of the donble
support phase regardless of Fod severity [40]. Comelation
with step time wvariability has already been noted by
Hanzdorff et al. [41] who proposed several explanations for
this fact. Among other explanations, they discuss a “thresh-
old" relationship in which increased stride-to-stide variabili-
tv 15 a nsk factor for Fol3, which 15 consistent with the
“threshold model” of FoG [3, 36). A marked increase in step
fime variability in full OFF does likely reflect Fold severity.

In comtrastto tweo previondy published studies [15, 16],we
found cormvelation only with UPDRS dyskinesia subscore [TV
iterns 32-35% but not with motor fluctnations subscore [TV
iterns 36—3%) This may again be explained by the specifics
of our study population, the fact that they were treated wath
DES, whichreduces motor fluctnations [38]. In fact, the range
of the surmrnary score of UPDRS TV items 3639 was 04
with both a mean and median of 2.

Ome limitation of the cwrrent study iz a relatively smmall
sarnple size. This limitation , however, 18 cormparable to other
studies that validated Foi3-0 including the oviginal one [7, 13,
15]. A re-evalnation with a larger sample would nevertheless
be advantageons. Also, 11 patients were unable to complete
pait examination in the OFF MED state with IES OFF.

Conclusions

In conclusion, we have shown that the Coech wersion of the
Fol3-} is a valid tool for the assessment of Fol3 in patients
with P} and DBS wathout severe copnitive Imparment.
With respect to our explomtive am, FoG-) might be con-
sidered to reflect gait and balance impanment in native state
of the disease (full OFF} in patients treated with high fre-
quency ST DES.
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Absteaetr Meurolopical sequelae inchiding gait impaimuent were reported in survivors after methanol intoodcation; hewesrsr, no
systematic study has been published so far. We aimed to analyse wait and balancs impairment in a group of Crech methanol poi-
soming survivars. We examained 43 patients jage 45 £ 13 years) -2 months after methanol pojsoning and 43 healhy eontolks.
Investigations contained a shortened version of Falk Bfficacy 3cale (FE3), dinical tests of gait and balance incliding Timed Up
and Go test {TUMG) and gait anabesis using GaitFie™ system, newrological and newropsycholowical cxamination, brain imaging,
EMG and test of alechol consumption. Minetesn patients admdtted balance and gait impaiment according © FES. Ml to mod-
erate. parkinsonian signs showed seven patients. Patients weze dower {£8 verses 3.7 5, p < 0001) and perfomed more seps
111 verege TF, p <0001 in TUG compared with the contols. Gait analyds rewealed shorter step leneth 765 wrsier
ZET am, p < 0001}, inereased double support phase 4122 veeses 15.5%, p < 0.001) and wider base of support 4113 wrsier
%6 am, p o= 0.005) in patients. Eloven paticnts had deficit of executive function and perfomied higher cadence comparsd to the
paticnts with normal ecocution {1227 versee 1150 stepdmin., p = 0025, Lower limb polynewropathy was verified in nine
patiznts, without relation with gait or balance patameters, NMewromaging mevealed lesions maindy i the basal ganglia hetanol
poisoning surrivors presented sloower wide-based gait with shortened seps corrsponding with frontal gaft disosder. Higher step-
ping cadence associated with executive deficit supported the evidenes of fromtal lobe dysfunction 1elated o impafiment of basal

ganglia and connections in fontal cortico-basal gan glia loops.

Mathanel 15 a colowrlsss hgwd, ressmbling sthanol in amell
amd taste, Imtoications oocur aé isolated accdsntal episodas
ar a8 4 mags or duster paisomings dus to consumption of dhct
adnlterated spinits [I-3]. In the Ceech Eepoblic, it was a rars
condition until 4 mass poisoning outbraak m AL2-3014 with
137 intoxicated patients dve to ingestion of adulterated aleo-
holic bewerpss [4,5] The mortality and the pmvalencs of
health sequelas in gorviviors wers high despite efficient treat-
mant [6-5].

Absorption of methanol after oral administration i rapid
with the attunment of peak methanol concentrations within
30603 min  after ingsstion. The minimal lsthal dose of
ingested methanol in adults 18 about 1 mghg of body-weight;
howeswer, the toxicity of methanol itself is mlatively low, The
produsts of hwotransformation in the bver (formaldshyds and
formic acd) in combination with metabolic acidosis are
mesponable for the major toxic affacts m human beings
[L0-12]. The seventy of clinical gymptoms also depends on
the coneomitant amennt of ingestad sthanal doe to compatitive
inhibition along the metabolic pathway [13,14].

Aonts symploms of mathanal intoxication winally develop
after initial inebriety. The main complaint: are hesdache

Author for corespondence: Hana Profovd, Department of Meurdogy,
Chatkes University, First Faulty of Medicine and General University
Hospital, Katerinska 30, 120 00, Prague, <xech Fepublic {e-mal hana
bromoral@ K1 cunica).

nanged, splgadtne pan or wormting. After 4 latent penod of
1224 hr may appear wisual distorbances, spileptic 58 xmss or
even rapid detenoration to stopor, coma and sodden death
some cagss [2,10]. Biochermeal analyss proves sévem méta-
bolic acidods with gh osmotc gap, nersaged pCO2 and
high Sfomate and S-lactate lewels [L2]

Late-term nevmlogical and visual symptoms oocor ino sur-
wivors with delay of days up o owesk: after intodication
[15,16]. Parkinsemism [17], pymmidal signs [18], gait disor-
ders [19-23] and seldom dystonia [19,2425] were described
in prewions stodies. Meomimaging findings can reveal stroe-
tural damags of the basal panglia with predominant affection
of putamen [246]. Symmetncal bilateral potarminal legons rangs
from partial changes o 4l-embrcng hasmorthagic necnasis
[20,26-26] and are supposed to be caused by the predilaet
accurmulation of formic acid in high concentrations within the
putamen; howewsr, the reason: for the phénomsnom  am
unclear [26] A direct foxic effect of fommic acd due to the
inhibition of cytochroms © oidase it also conadersd [29]. A
reduction in the blood flow through the basal wins of Fogen-
thal wpon secmdary hypotengon dunng itodicatiom [27] may
Alga hawe 3 key mle in affaction of basal ganplia and the optic
nerve, which are susceptibls to anoiia and metabohe acdasis
[30]. Dther propose that fommic acd it able to increase enmy-
matic activity of dopa-B-hydroilase and impair doparminegzic
pathwray [31]. Secomdary myeloclastic effect of accumulated
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formic acid within the optic nerve leads to vismal distorbancss
[32]. Amemg other findmgs are [20,26,27] occagonally letwns
in candate mwclens, branstem or cerebellar arsa [3334] or
subcortical white matter legons.

Mo systematic stmdy of gait disorders after methanol intoxi-
cation has been published o far, although several papers men-
tioned  pait  imparment with 2 padingomian  pattan,
characterized ag sow shuffling [19], with stooped flexed pos
ture [20], rednced amm svang [21], amall steps and impaired
balanse [22]. Others reported broad based propulave pat [35]
weith difficulty in inifiating movemsént. Hesitation [20) and
festination [23] wers &een in 4 Few cases Atudc [unstabls)
gait with worsening after exclugon of visunal control and sen-
sory loss on the distal part of the leps was descobed
patisnts in Estonia [32].

The primary aim of our stody was to analyze the gait and
balance distothances in 4 pronp of sirvivos after acite metha-
nal poisoming. Considenng the previous meports, wee sugpasted
that prevailing pait pattarn will be charactenized by parkinso-
mian features. We forther simed to @valnate the severity of gait
impairment and to corrslate pat pammeten: to other climeal
findings i our proup of patients.

Patients awd methods

The study was approved by fie Sencral University Hospitl Etics
Comritter. and was in complianer. with the Declatation of Helsindd.

Participation m fie study was offered 0 all 83 survivors from a
total of 137 paticnts, who were poisoned by methancl during fhe mass
outbreak bepween Septermber 2012 and January 2014 in the Czech
Fepublic. [34]. Fifty patients agreed to take a part in the study; hos-
ever, we had to exclude seven of them due to inabdity to walk inde-
pendently, blindness, hemdiparess after presious stroke o1 mfusal to
complete the cxamination. We induded 43 patients {nine femals, 34
males; meean age 45 £ 13 years, ranged 24-T1 wears) sbout 2-
E months after the proven acute methanol intowication. A detailed
1enoad of hisory of the poisoning and acute care facility data were
collezied and amalysed centally inothe Cpech Tomicological nfomis
teon Center [4]; for more detail, sees table 1.

A hedlthy contal group consisted of 43 age- and sex-matehed ol
unteers {nine fermales, 34 males; mean age 45 £ 13 years, ranged 24—

Tablz 1.
Admission laboratry and elinical paramecters of acute methanol poi
soning in 43 patients.

Median 0K Min-ria
S M0 {mgT) 5.0 {406.0-2000.0) ES0-TAOT.O0
SEOH gl 5.0 #0.0-3 50,0 0044500
S-Fomnir. aid {mgl) E10.0 {256 0-T4E ) 0.0-1400.0
S-Lactate fmnoliT) 131497 07-114
Aterial pH TAET1-TH) E71-75
feal 15 {15-15) 3-15
Latent perind {hr) 17.5 {120-360) 20-360
Time to presentationhr) 0.0 {14.0-40.0) 10-260

Walues atre presented s median jintesquartile sange); {minimal and
ranimnal walues).
5-IfetCH, serum methanol concentation; S-EaOH, seum ethanol con-
centration; §-lactat, serum Lastte concentration; G5, Glase o Coma
Seale; 5, semum.

Ti; r= 0484, who were fiee of any newrologdcsl, Psychiatl:i.c. AL
other dissbling illness. Al contiols denied intake of any medication
acting om the cental nerrows system, and only oocasional akohol con-
sumption was referred, not fulfiling e critera of hamdul use.

Meither patients nor contols were under akeohol influence during
the examination. Mo participant had a severe theumatic o1 orthopasdic
digease, auma, congenital malformation of lower ettemities o1 other
illness interfering with gait.

Al patients flled in a shorened version of the Falls Eficacy Scale-
Intematiomal {FES-I, score mange TT-2E, cutoff E), which contains
seven simple guestions conceming instbiiy and fear of falling o
uwsnal daily activites [17] Mewrclogical symptoms in patient wers
rated by the Mahmal Hisory and Bewopootection in Parkinson Plus
Syndromes — Parkinson Plus Scale (BWIFES-PES, 1anging fom O 0
335 peints), which evaluates signs of patkinsonbm as well as dys-
tomic, cepebellar, pyramidal features, myoclonus, bulbar'pecudotulbar,
orthostatic. and wnnaty symptoms [12]. The MinkMental State Exam
{WASE, scome manpe 0-30, cut-off 24 was wsed o assess copnibive
staie. [1%], the Frontal Assessment Battery to evaliate fromtal lobe
function {EAR, score tanpe O-1E, cut-off <18 was used to define extec-
utive impairrent) [40] and e Digt Span Backwards for measurm g
verbal working memory ability, Tests of executre funcion tarpeted
on inifation {Contgolled Omal Word Association Test, SOWAT) [41],
st shifting {Trail Making Test — part B, TMT-E) [42] and inhibition
{Smoop Inerference)) [43].

All participants undersent a sot of clindcal tests focusing on gait
and balanee. The Timed Tp and Go test §TUG) was wsed to assess
functional mobdity. The examdnation includes rising fiom a chair,
walking 3 m fooward, 1807 turning and walking back to the char o
sit dowwn [44]. The number of steps and time nesded 0 complets the

Postural stability was evaluaed by the pull test [43] that measures
the ability © 1ecover fom a backward pull © the shoulders. The €5t
is 1ated as nomnal if the subject pocovers independently and may ke
1 oz 2 steps or an ankle 1caction. Abnomal wsults of the test neluded
three o1 mores seps backward to 1ecower of the need © be assisted ©
present Lalling.

The Eomberg test [46] was perdfommed o examine shtic standing
balance. The subject stands with feet ogether with eyes open and then
cloged for 20 sec, Inability to maintsin the posiion afer emoring
visual input indicates sensory impaiment [47].

The. Functional Feach Test {FRT) [48] assesses stability by measur-
ing the mamimum distance an individwsl can each forward while
standing in a fined position. The distnes was cakeulated as a differ-
enoe betwesn the primary and the final position of the fist at the dod
Tietacarpal head.

The: 380 Dregres Tum Test {360° Tum) [4%] evaluates dynammic bal-
ance., The subject performed a complete circle {3860 degress) M com-
fortable and fast specd clodowise and eounterclockwiss, while the
time and the number of steps to complete fie furn were 1ecosded.

To provide a more detailed teraporo-spatial analysis of gait pattem,
we wsed the GaitFie Analysis System. It consists of & 4.&-m-long
corputerized  prossure-sensitive walking mat, coversd by sensors,
which are amanged in a grid-like patem o identify footfall confets.
Al patticipents wers instructed to walk ower the mat ar comfortable
prefemed speed, fast walking speed and with eyes closed at preferred
spoed. ALl pait examinations wele epeated twics, We gathezed spatial
{sep length, base width) and emporal chatacteristics {step time, dou-
ble support time, gait welocity and cadenee) of the gait of both investi-
gated groups. (For details of the gait parameters see Appendiz 513

A mnagnetic. Imsonance mvestgation of the brain MBI, Gyiosan
Philips 15 T with the foillowing protocal: awial T2-weighted image,
fhuid-attenuated inwersion recowery, pre- and post-contast Tl-weighted
image and spectral pre-saturation with inversion recovery coronal
images centred to the orbital 1egion), was pedfomed inoall patients
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cxecpt thoes, who had & computed tomopzaphy $0T, native scans) dus
to containdications for MEI

The Alechol Use Disorders Identification Test {AUDIT, ange O-
34, cut-off Ty was used as a sciecqing questionnaire of akeohol con-
sumption [50] in patients, becauwse dsk donking of alechol was
1eported in dissharge reports at the time of methanol ntexication in
A& {E0%) patients. Each patient underwent an alechol boeath st and a
set of labomabory extaminations inchiding ethyl glucuronide in uznne
{EthGlu, positivemegative detoction in ubne), carbohydrate-deficient
transtemrm (DT, nomnal tange 0%—-2%) and gamms gyl ansfer-
ase §G44T, nomal 1anpe 01007 pkat]) for objectve evaluation. Ele-
taomyography (EhIG) of lower limbs was parfommed in patent to
TasasuTe nerve conduction welocity in seatch of possible neuropathy.

Descriptive statistics for the collected data was perfomaed to deter-
Taine the distnbution of demographic, clinical and gait varables, Gait
patameters were cakulated as an arithretic mean value of msuls in
t&o thals in each condition. Intergroup differences in methanol and
canttal group wers assessed using a two-sample et (for parameters
with a noomal distibution according to Shapiio—Wik tesfi or the
Mann-Whitney and Wilccoton rank-sum test {for non-nomally dis-
tiued parametrs). To evaluate the inflienes of leg length on gait
pataTncbers, an analysis of covariancs {amoova) was pedfommed {with
leg length as covariates); simdlatly, aecovs was wsed in comparison of
mesults of ATDIT to exclude the influsnoe of age. Prarson's chi
squared test and Spearman tests wers pedfomed 1o assess comelations
betwesn variables {ie. biochemical patameters, GC3, neuwropsycholog -
cal ests, FEZ, WNIPPS and gait patameters) and interggoup differ-
encss in meethanol patients with abnomal findings on MEI and EWIG;
exscutive tests wWele assessed by the hiann—Whitmey test.

Results

In the nenmlogical examination as reflectsd by MNIFPS-FFS,
e did not find clinieally relevant group abnormalitiss in any
subdomam. Sewen patients (L6%) fulfillsd the ortena of
parkinsomiam (prsences of brdykineda with either ogdity or
teemor résulting in combingd MMIFPS sobssors =4) oomrs-
spomding to muld (gobscors 510 to moderate (subioors 11—
20) padingonism geverty., Cershellar featire: found in 14
(375 subpects were only of mimmal seventy according to
MMIFFS (cerebellar subsoors mnpsd 1-6). Minstesn patisnts
(44 %) admtted subjective balanoe and gat imparment with
FES total score ranging from 9 to 24, MBSE was within nor-
mal rangs @icept in thres patients (%), FAB demonstrated
impaired frontal functions in L4 patients (37%). Executive def-
it (baged on performances seom balow L5 5.0 from normal
mean in at lsast two secutive st mmeloding THIT-B,
COWAT, Dipit Span Backwarde and Stroop Interference) wag
docomented m 11 patients @6%). Results are presented in
table 2.

Gait and balanes parameters of mathanol sirviviers and con-
trol provp are summarized in table 3. Im the TOG test, the
patients wears clearly soveer and walked with preatar cadencs
cumpared with the control group (both p < GOH). From the
measire: obtained wing the GaitRite gystem, gait welocities at
4 comfortabls pacs wers sirmilar in both groups, howessier, the
patients showeed preater cadence than contmols (p = G002, but
their incmased cadenos at 4 fast pait spesd was gpnificantly
lerwver than in contrals. In the fast spesd condition, the patients
produced 2 apmificantly shoter step length and 4 higher step
time and had lovwer velocity and a clearly longer dumtion of

KA4MILA PETERGY A BT AL

the double support phase of pait eyels in companson with the
controls (all p < 001, The base of support was wider in the
patiznts, espeaally in comfortabls pace of walking (p=0.004),
and further widensd while walking with closed eyes
[p = R¥22). The methanol proup was also devesr in fast tom-
mg (p < GHH] and  acligwved shorter distance m FRT
(o= GO01). Only two patients (5%) had difficolties in the
Foomberg t2st and sif patients [14] soored abnommal at the poll
test.

The patients with execnbve imparmant (M = L1 had 4 sig-
nificantly higher cadence in comfortables pait compared to
patients (M = 32) with normal sxecutive fonctiom (L2277 wer-
sus 1150 stepfmin., Z —2234 p = (025) Mo sigrmficant
correlations wars found batwesn pait parameters and MMIFPRS-
FPS, FE5, MMSE, FAB scors. We alw did not prowe
sigmficant correlations betwesen meatirsd gait parameters and
admisgon laboratory parameters obtansd at the acute cam
facility during hospitalization.

Pogtiwe seresming of the harmful wee of aleohol ascording
to AUDIT was present in 22 of the methanol patients (S1%).
The sleahol breath tedt was negative in all paticipants duong
the exarmination, Eth3ln in imnes was positive m 26 (61%),
elavated serum COT was abssrved in 14 (33%), and increassd
lewels of GGT wers found mn 16 (37%) patients. Patients with
podtive seresning according to AUDIT wem gsipnificantly
woungsr (412 & [1.9 wersws 534 £ 133 years, p = G0M)
and showed no sipmficant differences in gait or balanee mea-
surss comparsd 1o patisnts with nepative srsening it effect of
aps was shminated. Imtersctingly, we foomd a higher pait
welocity at a comfortable pace in patients with pogtive soresn-
g of CDT  (L39 &£ 023 weraws 138 & 021 mizec,
p=00) and EthiFlu (152 £ 025 werews L32 & 016 mf
gec, p = (WOL). Ewen so, wes faled to pmwe any sipmfcant
correlation betossen serum and urines WMochemical parameters
and the meeults of pait or balanes tedts.

B verfied distal lower hmb polymennopathy was only
mild. Patients with positive finding on EMG were of higher
aps comparsd to thoss with nepatvve findings (384 £ 113
werans 420 £ T2.1 wears, p < GO0L); howewer, no siprficant
diffepsness in pait paramsters Wweers observed in compabson
with the ather patients.

Manmmmaging of bron mysaled legons manly mn the basal,
including bilatem] patarmnal necrosds andfor legons i the pal-
Lidnm, rarely in the bmindtem, oérsbellum and subeortical
white matter (more Jetals in table 27,

D (s v
In the cument study, we attampted 0 confimm the hypothesis
that patients after methanol intoication suffer from parkinso-
mian gait impairment 44 sugpssted in pewions stodiss [19-23].
Indeed, the group analyvds of pat measums mwvealsd chorter
steps and lower velocity in fast spesd with inability to adapt
lenpth and duration of the steps to pan approproats spesd n
methanol patent: comparsd wath the healthy mdnadoals.
Those characteristics  ars, howewsr, not specific only for
parkinsomian pait. In the chineal assecsment, we did net
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Tablz 2.
The =5 bs ofq:u.cstimnad:cs, cliniral scales and mph:mmta:y methads of the et anal GIouP.
Abmorrnal
N (%) bdedian {TOF) hfin-maz)
MMIFFE-PES - total seome {335) 35 {E1%) T {1.3-13.0) )
Mental function {40) 27 {53%) 10 {0.0-1.5) -1
Bulbar—peeud obulbar signs {249 11 (2E%) 00 {0.0-1.00 [y
ADLimobdity {32 T {16%) 00 {0.0-0.00 -3
Tremner {32) 14 {33%) 00 {0.0-1.5) [y
Eigidity {30 4 {3%) 0.0 {0.0-0.00 -5
hdyoclonus {12) 0 {09 00 {0.0-0.00 [u)]
Limb bradykmnesia {323 15 {3T%) 00 {0.0-3.00 0-12)
Aorial bradyldnesia {24) 10 {23%) 00 {0.0-0.00 [y
Owular eotor funedion {217 4 {39 Q0 {0.0-0.00 -0
Aorial dystonia {12) 0 {09 00 {0.0-0.00 [iy]
Limb dy stonia {1£) 0 0% Q0 {0.0-0.00 -
Fyramnidal signs {4) T {165 00 {0.0-0.00 [y
Cerebellar function {441 15 (37%) a0 {0.0-1.00 -8
Cothosttic symptoms {12) 14 {33%) 00 {0.0-3.00 =12
Uhinary symptoms 1107 0 {09 00 {0.0-0.00 [a)]
LMSE {30; cut-off soore 24) 3 {719 230 2T 02500 {1530
FAB {15 cut-off soome 16) 15 {3T%) 180 {15 0-1T.0 1E-15)
THWT-B {50 1ITE(TE0 £ 13%.0) AT0A1410
COWAT {number of words) 404 {150 £ 53100 {2.0-5%.00
Drigit span backwards jeomect points total) 53 {220 £ 450) (LE0-ER.0
Stroop interference oo 341 {110 + 150 (E.0-19.00
FES-T 42E; cutoff soore %) 1% {44%) ED{T.0-11.00 1T=24)
AUDTT {38; cut-off shome T) 21 {51%) ED {5.0-13.5) 11-34)
EMG verified peziphesal polyneusopathy G 121%)
MEI abnomialities
a) supposedly associated with methanal 146 {379
Basal ganglia pallidum, putmen) 13 {30.2%)
Crrebellum {nel. dentatus) 1 §2.3%)
Brainstern {pons, mesencephalon) 4 1% 3%
Subcortical haemorthage 24T
Optic nerve atophy PRE N
b other ME. abnormalities
Cerebral cortical atophy 10 {14%)
Crrebellar attophy 1 §2.3%)
Leuk nataiosis PENL ]
White. matter lesions PRENL]

Walues represent abnormal W (%), number of patients with atmommal findings dpercentage. of total 1= 43); Median (IOF]), median jinterquartile

Tangs); fmin-ma), fminimal and marimal values).

obserse other typical parkinsonian featires, such as stooped
flaxed posture, reduced arm swing, freezing, hesitation [33] or
propulsive pait [35] In faet, egospt of seven sfubjscts, the
majority of the patients lacksd any comsidemble spns of
parkingonism  in the nsurolopical examination scorsd by
MMIFP5S-FPS.

The results of gait analyss support alternative intérpratation
of the forther differenoss betwesen the methano] group and the
healthy contmls [51] Mamely, a wider base of support at a
comfortable pait gpeed can be pregent in cershellar atakia
[52,53], westibular disorder [34] or impaiment of propiocep-
tion [55]. However, we did not observe clinically relevant fea-
tures of cersbellar invalvement or vestibular disorder either in
nenrological sxamination or according to MMIFPS-FPS sub-
soores. The neumimaging Aindings wers also ungupportive as
only ons patisnt had 4 csrebellar lesion and one 4 marked
cershellar atrophy. Sensory atadia coald be congdarsd, based

on the detection of wide-based gait that further deteromted
when patients walked with eyes clogsed, neverthelsss, distal
sensory palynsumpathy was wedfisd by EMG only in ons-
fifth of the patients, and its prasence did not show any mlation
1o pait or balanes paramsters.

Al the ewidenos lsads ug o supposs that the pait patkm
rewadled by pait analyss m omethanol patients cormssponds
with frontal pat disorder [56], a higherlewsl pait disorder
[57 58], kmown also undér téms ineludimg pait aprasia
[59.83], lower body padingonism [61], marche a petits pas or
wazcular padiingonism [62]. Frordal pait dizorder has typically
been described as doveer wide-baged pait with shortened steps
accompanied by postoral instability and fear of falling, with
normal volurdary movements of the upper limbs, and the
abgenes of 4 rest trémor [63] In the patisnts, most of thess
features wears documentsd in comparson with the healthy con-
tral proup. Slower pait comparsd with cortmls was shavwn in
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Taklz 3,
The palt and balancs patameters of sutvivers of methanol posoning
and fhecontal group.

Iethanol Healthy
patents contals
TG I m Tirne {5 EE £ 20w AT 0%
Steps 11.1 £ 2.4+ TR+ 12
Tuming fast Timne {5 A1 & D 14+ 03
Steps ST & S.0v4 1% £ 0E
Functional reach  Forward {om) 15 £ Bt 437 £ %4
test Backoward (o) 291 & T.E+* 3232 + E&
Eoniberg test Frositive 247 {5%) o4
Full test Abnormnal £M3 {14 %) O3
Patameters in GaitFite system
Welncity Comfortable 130 £ 023 126 + 023
oML Fast 172 £ 02T+ 21% +£ 037
{Tise.) Eyes closed 1.1% + 035 137 + 023
Cadence Comfortable 1174 £ 127+ 10%0 £ ES
{FEpIn.) Fast 1347 £ 12 5%+* 1455 £ 143
Eyes cloged 1173 £ 154 1177 + 104
Sep time Comfortable 0.52 & 0.05** 0.5 £ 005
=0 Fast 045 £ 0.04*** 041 & 004
Eyes closed 053 £ 011 0.52 + 045
Sep Comfortable [ | T3 + &%
length o) Fast Te5 £102%*%  EET £ EE
Eyes cloged EO0 £ 12T £33 £ ES
HH base Comfortable 11.3 £ 15+ Wh 132
support {om)  Fast 112 £ 2% 105 £ 2%
Eyes closed 13.2 + 3.4+ 110+ 34
Doubk supp  Comfortabl 172 +£131 M2 +15
%o af cycle Fast L1EE £ 2T+ 155+ 18
Eyes cloged 253 £ 57 2% +£ 134

Walues are mean £ 50 {0 = 430
=005, *rp <001, **he < 0001, wecova comparsd with healthy
controls.

both TUG and a computerized pait analygs at fast spesd of
walking, The analysis revealed wader base of soppeort, shorter
steps and higher cadence of stepping in methanol patients.
The ability to increase walking spesd by increasing  the
cadenee of stepping it typically impairéd in frontal gait disor-
der [58] wiole it remamns preserved mn Padonson®s dizease
[64]. Momover, documented fesr of falling with increased
FES scores togsther with desrer tormng and worse perfor-
mance in FRT reflects 4 compromised static and dynamic hal-
anoe in methanol patients comparsd with the contral grovp.

The wstimated prssnes of frontal gait disorder m the
patierts is further supported by the documented impairment of
other frontal funetions. Copnitive daficit of the frontal typs in
patierts after acute methanol poisoning was documentsd m
previons works [15] In accordance with those resolts, we
proved a coprtive decline according 10 FAB and particularly
axecutive imparment, corrslating with 4 higher cadence m
comfortable pait. BExecutive dydunction has previoudy been
reparted in comnecton with difficolty in mantimng walking
stability and an elevated fall sk [65-67], typwally accompa-
nying the frontal pait disorder [63].

Fromtal pait diserder reflects disupted oomnections in the
cortico-basal pangha loops [57]. Mewrammapmg stodies m

peneral fail to define a specific related patholopy and descrbe
rather non-ipecific findings suwch as diffnse suboortical wints
matter chanpss that may be astociated with the so-called was-
cular padiingsomism a8 weall a4 with pait and balanes abnormali-
ties in non-dizabled eldedy [62,68]. Comverssly, typucal MEI
findings after methanol intoxication thew structural damage of
the basal panpglia [20,26,27] that was also demonstrated n
one-fhurd of the patents, including manly blateral prtaminal
necrods and legons in the pallidum [61,62] However, we
faled fo find 4 satistically sipmficant assocation betoresn
mmaging findings and pait parameters in our group of patients.
The exdplanation conld be in 4 mostly subclimeal impaimment
in the patients, whch was detestable only on 4 detaled pait
analysis, with no evident clinical manifestation of 4 mewement
digorder during the standar] neumlogical eamination.

The myor limitaton of our stody 14 the fact that we conld
not imvestigate the most affected mbjects dus to lngh mertality
of the methanol poizomng or inability to walk independerdly
in the seversly affected subjects Secomdly, wathout comtrols
with an approprate history of aleoho]l congumption, e cannat
cleady exclude the effects of chrome ethanol contumption in
the patiznts, despits the absent relewant comslatioms betireen
the pait parameters and the hochemstey or EMG findings. In
the forther researh, it will be appropoate to esalnate the
dewelopment of the proven defiat over time in 4 progpective

atady.

CiivrwinToesi ciny

Survivor of methanol poisoning did not present a typical
parkinsonian gait pattarn. Comparsd with the healthy sontrals,
the patients presented dower wide-based pait with shortened
staps that cormspond to the pattern of frontal pait disorder.
Higher stepping cadencs assocated with siecuhve dysfunetion
supparts the evidencs of fontal lobe dysfimction related o the
basal panplia dysunetion and digupted connections in the
fromtal cortico-basal panghia loops as the ssquelas of methanol
POLAOTIngE.
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