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IN TRO DUC TION

Par kin son’s dis ease is one of the most com mon neurode -
generative dis or ders, be ing sec ond only to Alz hei mer’s
dis ease [1], and can cause both mo tor and non-mo tor
dysfunctions [2]. Mo tor dysfunctions are caused by de gen -
er a tion of the dopaminergic neu rons in the com pact part of
the sub stan tia nigra, which re sults in the re duc tion of do pa -
mine lev els in the cor pus striatum [3]. These changes in the
ner vous sys tem are thought to be caused by both ge netic
and en vi ron men tal fac tors [4, 5].

Stud ies con ducted in the age group of >55 years have
shown that the prev a lence of Par kin son’s dis ease in Eu -
rope is as high as 410 cases per 100 000 pop u la tion per year 
[3]. Par kin son’s dis ease causes func tional lim i ta tions that
could be avoided by ap ply ing phys io ther apy pro ce dures.
For this rea son, there is an on go ing search for max i mally
ef fec tive phys io ther apy tech niques for the im prove ment of 
such pa tients’ func tional sta tus and in de pend ence [6].

Rhyth mic au di tory stim u la tion is one of the most re -
searched phys io ther apy tech niques in treat ing pa tients
with Par kin son’s dis ease. Rhyth mic au di tory stim u la tion
is ap plied tak ing into con sid er ation the phe nom e non
known as  par  a  dox i  ca l  move ment  (Lat.
kinesiaparadoxica). This means that the mo tor func tions
of pa tients with Par kin son’s dis ease are un dam aged, but
their use is im paired in the ab sence of some ex ter nal trig -
ger, e.g. noise or a mil i tary march [2]. Changes in the basal
gan glia dis turb the in ter nal per cep tion of the du ra tion and
rhythm of move ment, which may be com pen sated by ex -
ter nal rhyth mic au di tory stim u la tion, where the acous tic
rhythm stim u lates the mo tor rhythm through the rel a tively
close con nec tions be tween the au di tory and the mo tor
zones [7]. In other words, the ex ter nal rhythm may sta bi -
lize neu ron net works that gen er ate in ter nal rhythms [8, 9].
The ef fect of this tech nique on the bal ance and gait of pa -
tients with Par kin son’s dis ease has been an a lyzed in a
num ber of ar ti cles, yet the re sults con cern ing in di vid ual in -
di ces of gait are in con clu sive and call for more de tailed re -
search [10–12].

The dif fer en tial train ing tech nique is less known and
less fre quently ap plied in clin i cal prac tice. This tech nique
is more com monly used when train ing pro fes sional ath -
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Sum mary. The Aim. To com pare the ef fect of rhyth mic au di tory stim u la tion and dif fer en tial
train ing on gait and bal ance in in di vid u als with Par kin son’s dis ease.

Meth ods. 24 in di vid u als (45–70 years of age) with Par kin son’s dis ease (stages 1–3) and
with out freez ing of gait (FOG) ep i sodes were di vided into two groups, each con sist ing of
12 patients. Dur ing phys io ther apy, one group of pa tients had dif fer en tial train ing prac tice,
and the sec ond group – rhyth mic au di tory stim u la tion prac tice. The ef fi ciency of dif fer ent
meth ods was as sessed by mea sur ing step length and walk ing speed. Bal ance was eval u ated
us ing the Fullerton Bal ance Scale.

Re sults. Step length sta tis ti cally sig nif i cantly (P<0.05) in creased in both groups: in
Group 1 – from 64.08±4.29 to 66.72±3.19 cm and in Group 2 – from 59.22±4.23 to
61.87±3.71 cm. In Group 1, the walk ing speed be fore phys io ther apy was 64±0.62, and af ter
phys io ther apy 67.5±0.71 steps per min ute. In Group 2, the walk ing speed be fore the
 application of rhyth mic au di tory stim u la tion was 63.64±0.74, and af ter the pro ce dure
69.18±0.72 steps per min ute. Af ter phys io ther apy, bal ance also sta tis ti cally sig nif i cantly
(P<0.05) im proved in both groups: in Group 1 – from 20.25±1.5 to 33.58±0.91 points, and in
Group 2 – from 19.27±1.2 to 27.73±0.98 points.

Con clu sion. Rhyth mic au di tory stim u la tion was sta tis ti cally sig nif i cantly more ef fec tive 
when im prov ing the pa tients’ walk ing speed, and dif fer en tial train ing – when im prov ing the
pa tients’ bal ance.

Keywords: Par kin son’s dis ease, phys io ther apy, ef fi ciency, dif fer en tial train ing, rhyth mic
au di tory stim u la tion (gait, bal ance).

Neurologijos seminarai 2017; 21(71): 28–32



letes (e.g. in foot ball, shot put, or speed skat ing). At tempts
are made to in te grate this tech nique into phys io ther apy
pro grams when treat ing pa tients af ter spon ta ne ous in ju ries
or a stroke [13]. We have found only one study that an a -
lyzed the ef fect of dif fer en tial train ing on the gait of pa -
tients with Par kin son’s dis ease. How ever, this study was
flawed be cause it failed to an a lyze the ef fect of this tech -
nique on in di vid ual in di ces of gait or on bal ance; there fore
we con ducted a more ex haus tive study on the ef fect of dif -
fer en tial train ing and rhyth mic au di tory stim u la tion on dif -
fer ent in di ces of the func tional sta tus of pa tients with Par -
kin son’s dis ease.

THE AIM OF THE STUDY

The aim of the study was to com pare the ef fect of dif fer en -
tial train ing and rhyth mic au di tory stim u la tion in phys io -
ther apy on gait and bal ance of pa tients with Par kin son’s
dis ease.

MA TE RI ALS AND METH ODS

We ex am ined all hos pi tal ized pa tients with Par kin son’s
dis ease and in cluded 24 pa tients who met the fol low ing in -
clu sion cri te ria: age 45 to 70 years; mild or un de fined cog -
ni tive dis tur bance de tected by ap ply ing the Mini-Men tal
State Ex am i na tion (MMSE); stage 1–3 Par kin son’s dis ease 
di ag nosed us ing the mod i fied Hoehn and Yahr Stag ing
Scale; and un doc u mented cases of freez ing of gait. Par kin -
son’s dis ease di ag no sis was made and med i cal treat ment
(ac cord ing each pa tient’s con di tion) was set by neu rol o -
gist. We eval u ated func tional state of pa tients (which is the
most im por tant thing for the phys io ther a pists and for the
pa tients as well) there fore the du ra tion of the dis ease was
not so im por tant for us.

The sub jects were ran domly dis trib uted into two
groups, each con sist ing of 12 sub jects. To ver ify the ho mo -
ge ne ity of both groups we used UPDRS’s (Uni fied Par kin -
son’s Dis ease Rat ing Scale) mo tor part and we did not get
any sig nif i cant dif fer ence be tween the groups (Group 1 –
9.08±1.16 points, Group 2 – 18.64±0.93 (P>0.05)).
Group 1 sub jects un der went dif fer en -
tial train ing dur ing phys io ther apy,
and Group 2 pa tients re ceived rhyth -
mic au di tory stim u la tion. The sub -
jects un der went 30 min ute ses sions of 
in di vid ual phys io ther apy 5 times per
week – on the av er age, 6 pro ce dures.
The aim of phys io ther apy was to im -
prove the pa tients’ func tional sta tus.
To achieve this, re lax ation, static and
dy namic res pi ra tion, mus cle stretch -
ing and strength en ing ex er cises, as
well as ex er cises im prov ing static and 
dy namic bal ance, gait, and other

func tional move ments were ap plied. Re lax ation, pas sive
mus cle stretch ing, and di a phrag matic breath ing ex er cises
were the same in both groups, while other ex er cises were
se lected ac cord ing to the cho sen tech nique. In Group 1,
when ap ply ing the dif fer en tial train ing tech nique, spon ta -
ne ity and ir reg u lar ity were im por tant, whereas in Group 2,
when ap ply ing the rhyth mic au di tory stim u la tion tech -
nique, the pa tients had to be in structed to try and per form
ex er cises fol low ing the given rhythm. Both tech niques
have a va ri ety of modes of ap pli ca tion be cause in dif fer en -
tial train ing the ex er cises are not re peated, while in rhyth -
mic au di tory stim u la tion the rhythm may be pro duced with 
a tun ing fork, mu sic, chant ing, or clapping.

The ef fec tive ness of the dif fer ent tech niques was eval -
u ated by mea sur ing the step length (cm) and walk ing speed 
(steps per min ute), while pos tural con trol at rest and an tic i -
pa tory and re ac tive pos tural con trol were eval u ated us ing
Fullerton’s Ad vanced Bal ance Scale (FAB) con sist ing of
10 items eval u ated from 0 to 4 points [14].

The re sults ob tained dur ing the study were pro cessed
us ing SPSS 20.0 for Win dows and Microsoft Ex cel 2007
com puter soft ware. We cal cu lated arith me tic means,
changes in mean val ues, and stan dard er rors of the means.
The sig nif i cance of the dif fer ences in mean val ues be tween 
in de pend ent sam ples was eval u ated by ap ply ing the non-
 para met ric Mann-Whit ney-Wilcoxon cri te rion, and be -
tween de pend ent sam ples – the Wilcoxon cri te rion. This
cri te rion was se lected be cause of the small num ber of sub -
jects in both groups. The dif fer ence when P<0.05 was eval -
u ated as sta tis ti cally sig nif i cant.

RE SULTS

Com par i son of step length be tween the groups

There was no dif fer ence in step length be tween the groups
prior to phys io ther apy. Af ter phys io ther apy, step length
sta tis ti cally sig nif i cantly (P<0.05) in creased in both
groups ( in Group 1 – from 64.08±4.29 cm to
66.72±3.19 cm, and in Group 2 – from 59.22±4.23 to
61.87±3.71 cm). Even though step length in creased in both 
groups, the inter-group com par i son re vealed no sta tis ti -
cally sig nif i cant dif fer ence be tween the groups (Fig. 1).
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Fig. 1. Step length in Groups 1 and 2 be fore and af ter phys io ther apy (PT)



Com par i son of walk ing speed
be tween the groups

There was no dif fer ence in walk ing
speed be tween the groups prior to
phys io ther apy. In Group 1, the walk -
ing speed be fore phys io ther apy was
64±0.62 steps per min ute, and af ter
phys io ther apy – 67.5±0.71 steps per
min ute. In Group 2, the walk ing
speed be fore the ap pli ca tion of rhyth -
mic au d i  tory st im u  la  t ion  was
63.64±0.74 steps per min ute, and af -
ter the pro ce dure – 69.18±0.72 steps
per min ute. A sta tis ti cally sig nif i cant
(P<0.05) dif fer ence was found when
com par ing changes in walk ing speed
be tween the two groups. Af ter phys -
io ther apy, walk ing speed in Group 2,
which un der went rhyth mic au di tory
stim u la tion, was greater than that in
Group 1, which re ceived dif fer en tial
train ing (P<0.05) (Fig. 2).

Com par i son of bal ance be tween
the groups

There was no dif fer ence in bal ance
be tween the groups prior to phys io ther apy. Af ter phys io -
ther apy, bal ance  statistically sig nif i cantly (P<0.05) im -
proved in  both  groups ( in  Group 1  –  f rom
20.25±1.51 points to 33.58±0.91 points, and in Group 2 –
from 19.27 ± 1.2 points to 27.73±0.98 points). The com -
par i son be tween the groups showed that af ter phys io ther -
apy, bal ance in Group 1, which un der went dif fer en tial
train ing, was eval u ated with sta tis ti cally sig nif i cantly
higher scores than in Group 2, which un der went rhyth mic
au di tory stim u la tion (P<0.05) (Fig. 3).

DIS CUS SION AND CON CLU SION

This study showed that the ap pli ca tion of rhyth mic au di -
tory stim u la tion in creased the walk ing speed in pa tients
with Par kin son’s dis ease. The re sults of this study are in
line with those ob tained by J. M. Haudorff et al. [8] and
P. Arias and J. Cudeiro [6], where a sta tis ti cally sig nif i cant
in crease in walk ing speed was found when ap ply ing rhyth -
mic au di tory stim u la tion in pa tients with Par kin son’s dis -
ease. Most fre quently stud ies in di cate the pos i tive ef fect of
rhyth mic au di tory stim u la tion on the co ef fi cient of vari a -
tion of step length [15, 16], while our study re vealed a pos i -
tive ef fect on the step length in pa tients with Par kin son’s
dis ease. An in crease in step length when ap ply ing rhyth -
mic au di tory stim u la tion was also ob served in a study con -
ducted by J. M. Hausdorff. The same study also dem on -
strated an in crease in step du ra tion fol low ing the ap pli ca -
tion of rhyth mic au di tory stim u la tion [8].

The re sults of our study are also in line with those of a
study by M. P. Ford et al., where pa tients with Par kin son’s
dis ease re ceived rhyth mic au di tory stim u la tion – yet with
an in creas ing tempo. The mean tempo was 157 bpm (beats
per min ute). The study showed that the ap pli ca tion of
rhyth mic au di tory stim u la tion with an in creas ing tempo
im proved walk ing speed, step length, and the rhythm of the 
steps [17].

One of the se lec tion cri te ria was the ab sence of freez ing 
of gait (FOG) ep i sodes. This cri te rion was se lected be -
cause of dif fer ent re sults ob tained when ap ply ing rhyth mic 
au di tory stim u la tion in Par kin son’s dis ease pa tients with
and with out FOG ep i sodes. A. M. Willems et al. con ducted 
a study where three groups of sub jects (healthy in di vid u -
als, pa tients with Par kin son’s dis ease with FOG ep i sodes,
and pa tients with out FOG ep i sodes) un der went rhyth mic
au di tory stim u la tion. Walk ing speed sta tis ti cally sig nif i -
cantly in creased in all groups of sub jects. The ap pli ca tion
of rhyth mic au di tory stim u la tion had no ef fect on step
length in healthy in di vid u als, while in both groups of pa -
tients, step length in creased. The au thors of the ar ti cle em -
pha sized that when the tempo of rhyth mic au di tory stim u -
la tion was in creased by 10–20% from the ini tial walk ing
tempo, step length in pa tients with Par kin son’s dis ease and
with out FOG ep i sodes in creased; mean while, in pa tients
with FOG ep i sodes, step length in creased only when the
tempo of rhyth mic au di tory stim u la tion was ac cel er ated by 
10%, yet if the tempo was in creased by over 10%, step
length de creased [18]. For this rea son, the au thors rec om -
mend tak ing into con sid er ation the pres ence or ab sence of
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Fig. 2. Walk ing speed in Groups 1 and 2 be fore and af ter phys io ther apy (PT)

Fig. 3. Bal ance in Groups 1 and 2 be fore and af ter phys io ther apy (PT)



FOG ep i sodes when se lect ing the tempo of rhyth mic au di -
tory stim u la tion in pa tients with Par kin son’s dis ease. In
our study, the tempo of rhyth mic au di tory stim u la tion was
in creased up to 30%, and we found that step length in pa -
tients with Par kin son’s dis ease with out FOG ep i sodes in -
creased as well.

In ter ac tive rhyth mic au di tory stim u la tion is ap plied as
a dif fer en tial train ing tech nique in the re ha bil i ta tion of pa -
tients with Par kin son’s dis ease. Be cause the ap pli ca tion of
this tech nique re quires spe cial equip ment (WalkMate), so
far we have found only one study an a lyz ing the ef fect of in -
ter ac tive rhyth mic au di tory stim u la tion on gait in pa tients
with Par kin son’s dis ease. This study was con ducted by
M. J. Hove, K. Suzuki et al. The gait of healthy in di vid u als
and pa tients with Par kin son’s dis ease was eval u ated in
three dif fer ent con di tions: when walk ing with out rhyth mic 
au di tory stim u la tion, when walk ing with rhyth mic au di -
tory stim u la tion at a set rhythm, and when walk ing with in -
ter ac tive rhyth mic au di tory stim u la tion. The au thors found 
that both healthy in di vid u als and pa tients with Par kin son’s
dis ease found it dif fi cult to syn chro nize their gait with
rhyth mic au di tory stim u la tion of a set tempo, and thus the
fractal scal ing of gait de vi ated from the nat u ral 1/f time dis -
tri bu tion of healthy peo ple. Mean while, when ap ply ing in -
ter ac tive rhyth mic au di tory stim u la tion, the fractal scal ing
of gait in pa tients with Par kin son’s dis ease be came the
same as that in healthy in di vid u als [7].

That study did not an a lyze the ef fect of dif fer en tial
train ing on gait in di ces in pa tients with Par kin son’s dis -
ease, yet, ac cord ing to our find ings, the ap pli ca tion of dif -
fer en tial train ing in creased the pa tients’ step length and
walk ing speed. The com par i son of the ef fect of rhyth mic
au di tory stim u la tion of a set tempo and dif fer en tial train ing 
on the pa tients’ gait in di ces showed that changes in step
length did not dif fer be tween the groups, yet pa tients who
un der went rhyth mic au di tory stim u la tion of a set tempo
started walk ing faster than those who re ceived dif fer en tial
train ing.

In our study, the eval u a tion of changes in bal ance
among pa tients with Par kin son’s dis ease fol low ing the ap -
pli ca tion of dif fer ent tech niques showed that both rhyth -
mic au di tory stim u la tion and dif fer en tial train ing sta tis ti -
cally sig nif i cantly im proved the sub jects’ bal ance, yet the
change was greater when ap ply ing dif fer en tial train ing.
Z. Kadivar, D. M. Corcos et al. in their study also ap plied
rhyth mic au di tory stim u la tion in pa tients with Par kin son’s
dis ease and found that the sub jects’ bal ance im proved, and
the im proved in di ces re mained sta ble for at least 4 weeks
[19]. This study is thus su pe rior to ours be cause we did not
eval u ate the re sid ual value of the achieved ef fect. We
main tain that it would be ben e fi cial to eval u ate the du ra tion 
of the ef fect of both dif fer en tial train ing and rhyth mic au -
di tory stim u la tion, but this would be dif fi cult to do be cause 
a part of pa tients with Par kin son’s dis ease are dis charged
from hos pi tals home, and an other part – to re ha bil i ta tion
centres.

Harro CC et al. con ducted a study where two dif fer ent
tech niques – train ing on a tread mill (group one) and rhyth -

mic au di tory stim u la tion (group two) – were ap plied for
the im prove ment of bal ance in pa tients with Par kin son’s
dis ease. The study showed that sub jects in both groups
showed im proved gait in di ces and bal ance, yet no sta tis ti -
cally sig nif i cant dif fer ence be tween the groups was found
[20]. The re sults of our study also showed a sta tis ti cally
sig nif i cant im prove ment in both gait in di ces and bal ance,
but walk ing speed was greater in Group 2, while Group 1
dem on strated better bal ance.

Con flict of In ter ests

The au thors de clare that there is no con flict of in ter ests.
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AR DIFERENCINË TRENIRUOTË YRA
EFEKTYVESNË, LAVINANT SERGANÈIØJØ
PARKINSONO LIGA ËJIMÀ IR PUSIAUSVYRÀ, NEI
RITMIÐKA STIMULIACIJA GARSU?

Santrauka

Ty ri mo tiks las – pa ly gin ti ser gan èiø jø Par kin so no li ga ëji mà ir
pu siau svy rà, tai kant rit mið kà sti mu lia ci jà gar su ir di fe ren ci næ tre -
ni ruo tæ ki ne zi te ra pi jos me tu.

Ty ri mo me to di ka. Ty ri mas at lik tas Lie tu vos svei ka tos moks -
lø uni ver si te to li go ni nës VðÁ Kau no kli ni kø Neu ro lo gi jos sky riu -
je. Ti ria mà já kon tin gen tà su da rë 24 as me nys (45–70 me tø), ser -
gan tys Par kin so no li ga (1–3 sta di ja), ku riems në ra do ku men tuo tø 
ëji mo su stin gi mo at ve jø. Ti ria mie ji bu vo at si tik ti nai su skirs ty ti á
dvi gru pes po 12 ti ria mø jø. Pir mosios gru pës ti ria mie siems ki ne -
zi te ra pi jos me tu bu vo tai ky tas di fe ren ci nës tre ni ruo tës me to das,
o ant ro sios – rit mið kos sti mu lia ci jos gar su me to das. Ti ria mie -
siems 5 kar tus per sa vai tæ bu vo tai ko ma 30 min. truk mës in di vi -
du a li ki ne zi te ra pi ja – vi du ti nið kai 6 pro ce dû ros. Skir tin gø me to -
dø efek ty vu mas ver tin tas ma tuo jant þings nio il gá ir ëji mo grei tá, o 
pu siau svy ra – Fu ller to n pu siau svy ros tes tu.

Ið va dos. Tiek tai kant rit mið kà sti mu lia ci jà gar su, tiek di fe -
ren ci næ tre ni ruo tæ, sta tis tið kai reikð min gai (p < 0,05) pa di dë jo
ser gan èiø jø Par kin so no li ga þings nio il gis, ëji mo grei tis ir pa ge -
rë jo pu siau svy ra. Rit mið kos sti mu lia ci jos gar su me to das bu vo
sta tis tið kai reikð min gai (p < 0,05) efek ty ves nis, la vi nant ëji mo
grei tá, o di fe ren ci nës tre ni ruo tës me to das – la vi nant pu siau svy rà.
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