Ideggyogy Sz 2023;76(5-6):173-179. 173

EREDETI
KOZLEMENY

ORIGINAL ARTICLE

Correspondent:

Dr. Gokge Yagmur GUNES
GENCER, Faculty of Health
Sciences, Akdeniz University;
Akdeniz Universitesi, Saglik
Bilimleri Fakultesi, Pinarbas!
Mahallesi, Konyaalti, Antalya,
Turkey.

E-mail: g.yagmur.g@gmail.com
https://orcid.org/0000-0001-
8651-8318

Erkezett:
2022. januér 7.
Elfogadva:
2022. junius 10.

Effects of the combined treatment of
bilateral subthalamic nucleus stimulation
and levodopa on balance and mobility

in Parkinson’'s disease

Nazan SIMSEK ERDEM'
Tanju UCAR?

, Gokce Yagmur GUNES GENCER2(®,
, Sehur Sibel OZKAYNAK*

'Department of Neurology, Akdeniz University, Antalya, Turkey
2Faculty of Health Sciences, Akdeniz University, Antalya, Turkey
3Department of Neurosurgery, Akdeniz University, Antalya, Turkey
“Department of Neurology, Akdeniz University, Antalya, Turkey

\ | https://doi.org/10.18071/isz.76.0173 | www.elitmed.hu

Background and purpose - To evaluate
the efficacy of the combined therapy of bilat-
eral subthalamic nucleus deep brain stimula-
tion (STN-DBS) and dopaminergic medication
on balance and mobility in patients with
Parkinson's disease (PD).

Methods - Eighteen PD patients under
bilateral STN-DBS stimulation therapy, were
enrolled in this study. Unified Parkinson’s
Disease Rating Scale (UPDRS) was applied

to assess the patients’ clinical character-
istics. UPDRS part Ill postural instability/

gait disorder (PIGD) scores (sum of items
3.9-3.13) and UPDRS part lll postural stability
item (item 3.12) were calculated separately.
Patients were evaluated with Berg Balance
Scale (BBS), Mini-Balance Evaluation Systems
Test (Mini-BESTest), Timed Up and Go (TUG)
test, dual-task TUG test, and Forward Func-
tional Reach (FFR) Test in two conditions:
Stimulation-ON (stim-ON)/Medication-ON
(Med-ON) and Stimulation-OFF (Stim-OFF)/
Med-ON

Results - The mean age of patients was
59.549.1 (R: 41-71) years. The UPDRS part

Il total score and PIGD subsection score
significantly improved after stimulation
(p=0.001), but the postural instability item of
the UPDRS part Ill did not change signifi-
cantly (p=0.1). There were no significant
differences between the Stim-ON/Med-ON
and Stim-OFF/Med-ON conditions, in terms
of total Mini-BESTest total scores, total BBS
score, FFR test score (p>0.05 for all of them).

A kombinalt kétoldali
subthalamicusmag-stimulacié és
levodopakezelés hatasa az egyenstlyra
és a mobilitasra Parkinson-kérban
Simsek Erdem N, MD; GUnes Gencer GY, PT,
PhD; Tanju Ucar, MD; Ozkaynak SS, MD, Prof

Hattér és cél - A kétoldali subthalamicus
mag mély agyi stimulacidja (STN-DBS) és a
dopaminerg gydgyszeres kezelés egylttes
hatékonysaganak értékelése az egyensulyra
és a mobilitasra Parkinson-kérban (PD) szen-
ved6 betegeknél.

Médszerek - A vizsgalatba 18, kétoldali STN-
DBS stimulaciés terapia alatt allé PD-beteget
vontak be. A betegek klinikai jellemzd&inek
értékelésére az egységes Parkinson-kér
értékeld skalat (UPDRS) alkalmazték. Az
UPDRS IIl. részének posturalis instabilitas/
jarasi rendellenesség- (PIGD-) pontszamat
(a 3.9-3.13. tételek dsszege) és az UPDRS |l
részének posturalis stabilitasi tételét (3.12.
tétel) kulon-kulon szamitottak ki. A betege-
ket Berg-féle egyensulyskalaval (BBS), Mini
egyensuly-értékeld rendszer Teszttel (Mini-
BESTest), Timed Up and Go (TUG) teszttel,
kettés feladatu TUG teszttel és Forward
Functional Reach (FFR) teszttel értékelték
két allapot szerint: Stimulacio-ON (stim-ON)/
gyogyszer-ON (Med-ON) és Stimulacio-OFF
(Stim-OFF)/Med-ON.

Eredmények - A betegek atlagéletkora
59,5+ 9,1 (R: 41-71) év volt. Az UPDRS

IIl. részének Osszpontszama és a PIGD
alszekcid pontszama szignifikansan javult

a stimulaciot kévetéen (p = 0,001), de az
UPDRS IIl. részének posturalis instabilitas
tétele nem valtozott szignifikdnsan (p = 0,1).
A Stim-ON/Med-ON és Stim-OFF/Med-ON
koralmeények kdzott nem volt szignifikans
kulonbség a Mini-BESTest-0sszpontszam,
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TUG test was significantly improved in the
Stim-ON/Med-ON condition compared to
Stim-OFF/Med-ON condition (p=0.03), but
DT-TUG test did not change (p=0.1).
Conclusion - Combined bilateral STN-DBS
and dopaminergic medication therapy had
an additional improvement on motor symp-
toms and mobility performance, but not on

balance and dual-task mobility.

Keywords: Parkinson's disease, balance,
mobility, bilateral chronic subthalamic nucleus

stimulation, levodopa

Axial motor symptoms including gait impairment and
postural instability are common and severe prob-
lems in patients with Parkinson’s disease (PD). Postural
instability and gait impairment may lead to falls and inju-
ries and these are common reasons for physical disability
in PD. Gait impairments in PD consist of the reduction
in stride length, asymmetric loss of swing of the arms, an
abnormal “stooped” posture, “freezing of gait (FOG)”,
and festination'. In PD, postural dysfunction can occur in
four main postural control systems; balance during quiet
stance, reactive postural adjustments to external pertur-
bations, anticipatory postural adjustments in preparation
for voluntary movements, and dynamic balance during
movements such as walking?®. Postural instability and gait
impairment responses to dopaminergic medications and
subthalamic nucleus deep brain stimulation (STN-DBS),
used in the treatment of Parkinson’s disease (PD), vary'~>.

Deep brain stimulation (DBS) is an effective treatment
for the improvement of motor symptoms in patients with
PD, who have problematic motor fluctuations and dyski-
nesia, which are refractory to the best medical therapy.
Previous studies have reported that in patients with ad-
vanced PD, DBS was more effective than best medical
therapy in improving motor symptoms, including such as
tremors, rigidity, bradykinesia, and quality of life (QoL)*
5. While the efficacy of DBS on motor symptoms is well
demonstrated, the effects of DBS on gait impairment and
postural abnormalities remain controversial. Some pro-
spective studies have reported that both STN stimulation
and globus pallidus internus (GPi) stimulation signifi-
cantly improved the postural instability and gait difficul-

a BBS-0sszpontszam, az FFR teszt pontsza-
mai kdzott (p > 0,05 mindegyiknél).

ATUG teszt szignifikdnsan javult a Stim-ON/
Med-ON &llapotban a Stim-OFF/Med-ON al-
lapothoz képest (p = 0,03), de a DT-TUG teszt
nem valtozott (p = 0,1).

Kévetkeztetés - A kombinalt kétoldali
STN-DBS és dopaminerg terapia tovabbi
javulast eredményezett a motoros tinetek
és a mobilitasi teljesitmény tekintetében, de
az egyensuly és a kett8s feladatd mobilitas
tekintetében nem.

Kulcsszavak: Parkinson-kér, egyensuly, mo-
bilitas, kétoldali kronikus subthalamusmag-
stimulacio, levodopa

ty during the first year after DBS surgery, with an effect
that approximately similar to the effects of pre-operative
dopaminergic therapy®’. Some authors have found that
STN-DBS treatment alone improved postural sway,
whereas dopaminergic treatment increased postural sway
abnormalities®°. In contrast to these studies, a study has
found that postural stability worsened after STN stimula-
tion, but not after GPi stimulation'®.

Also, it is still controversial whether the addition of
STN stimulation to levodopa provided additional ben-
efit to postural instability and gait impairments. Some
authors have suggested that the combined therapy may
cause a synergistic effect on the gait and balance func-
tion® > ', whereas some authors have reported that the
combined therapy had no additional positive effects on
gait and balance parameters'>'*. Consequently, data on
this issue is limited and remains obscure. In this study,
we aimed to evaluate the efficacy of combined therapy of
bilateral STN stimulation and dopaminergic medication
on balance and mobility in patients with PD.

Materials and methods

This cross-sectional study was approved by the Uni-
versity of Akdeniz Ethics Committee. Written informed
consents were given by all participants in line with Dec-
laration of Helsinki. In the present study, eighteen PD pa-
tients, who had been implanted with bilateral STN stimu-
lation systems (Lead model 3387 and 3389, Medtronic,
Minneapolis, USA) at Akdeniz University, were en-
rolled. All surgeries were performed by the same neuro-
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surgeon (T.U). Before surgery, contrast-enhanced T1 and
T2-weighted Magnetic resonance images (MRI) were
taken. On the day of the operation, the Leksell stereo-
tactic G frames (Elekta Instrument AB, Stockholm) were
placed on the patients’ heads under local anesthesia. The
patients’ non-contrast brain tomographies (CT), with a
slice thickness of 1 mm, were taken and CT images were
transferred to the planning software and fused with MRI
images. These images were coordinated to the system of
the Leksell G frame (Elekta Instrument AB, Stockholm).
Microelectrode recording (MER) (Lead point, Medtronic
Minneapolis) and macro stimulation on the target se-
lected with MER were performed to confirm the target
during surgery. A DBS electrode (Lead model 3387 and
3389, Medtronic, Minneapolis, USA) was implanted in
the location, which was considered as the correct tar-
get. The positionings of electrodes on post-operative CT
scans were compared with preoperative MRI. DBS pro-
gramming was initiated approximately one week after
surgery. The optimal setting was defined as the one with
maximum reduction in motor symptoms without adverse
effects. Also, only participants with at least six months
of bilateral STN stimulation were included in this study
to ensure that DBS settings and dopaminergic treatment
were optimized. Participants met the following inclu-
sion criteria: (1) diagnosis of idiopathic PD according
to standard criteria; (2) at least six months bilateral STN
stimulation treatment; (3) able to walk ten meters without
an assistive device in medical ON condition treatment.
Patients with a history of dementia (i.e., Mini-Mental
Status Exam/MMSE score 24<30), who had serious co-
morbid diseases or other neurological diseases, and who
were using medication that could impair balance and
gait, were excluded. The data, including the patients’ age,
disease duration, age at DBS surgery, the period between
the surgery and participation in the study, were collected.
The patients’ medications for PD were evaluated using
levodopa-equivalent daily dose (LEDD).

A modified Hoehn and Yahr staging'® and the Uni-
fied Parkinson'’s Disease Rating Scale (UPDRS)'® were
applied to assess the patients’ clinical characteristics. The
UPDRS has four parts: Part I concerns “non-motor ex-
periences of daily living”, Part II concerns ,,motor expe-
riences of daily living, “Part III is related to the ,,motor
examination”, and Part IV concerns ,,motor complica-
tions. The UPDRS part-III postural instability/gait dis-
order (PIGD) scores (sum of items 3.9-3.13) and the
UPDRS part III postural stability item (item 3.12) were
calculated separately. First of all, the patients were
evaluated one hour after taking the usual dose of levo-
dopa (L-dopa) (mean 113 mg) in stimulation ON condi-
tion. Then the stimulation was turned off and the patients
were retested at least 45 minutes after stimulation was
switched off'”. The UPDRS part III, mobility and balance
tests including the Berg Balance Scale, the Mini-Balance

Evaluation Systems Test (Mini-BESTest), the Timed “Up
and Go” (TUG) test, dual-task TUG test, and Forward
Functional Reach (FFR) Test were applied under two
conditions; Stim-ON/Med-ON and Stim-OFF/Med-ON.

The Berg Balance Scale (BBS) is an objective meas-
ure of balance abilities and consists of 14 simple tasks,
related to balance, ranging from sitting position to stand-
ing up to standing on one foot. All items are scored from
zero to four and the maximum total score is 56 points.
A higher score indicates better performance'® '°.

Mini-Balance Evaluation Systems Test (Mini-BESTest)
is a clinical assessment of balance. The Mini-BESTest is
highly reliable in people with PD*. The Mini-BESTest
has a total possible score of 28 points from 14 items that
are each scored from 0-2, with higher scores indicating
better balance. The Mini-BESTest includes four subsec-
tions corresponding to anticipatory, reactive postural
control, sensory orientation, and dynamic gait compo-
nents of balance?".

The Timed Up and Go (TUG) Test evaluates the time
of a sequence of locomotor tasks, consisting of getting
up from a chair, walking three meters, turning around,
returning to the chair, and sitting comfortably in the same
chair. The average time required to complete the TUG
test has been reported®. The Dual task TUG (DT-TUG)
test was assessed with a cognitive task, counting back-
ward by sevens from 100 (TUG-cognitive).

The Forward Functional Reach (FFR) Test is a reli-
able, valid, clinical measure of dynamic balance. The
participant is asked to elevate his/her dominant arm to
shoulder height and then to perform a maximum forward
reach as far as possible without moving his/her feet and
losing balance®.

Statistic

The Windows-based SPSS 23 (Statistical Package for the
Social Sciences) analysis program was used for statisti-
cal analysis. The normal distribution of the data was ex-
amined using the Shapiro-Wilk Test. The Wilcoxon test
was used for intragroup comparison of ordinal variables
or abnormally distributed non-parametric data sets. A p-
value of less than 0.05 was considered to show statisti-
cally significant result.

Results

A total of 18 idiopathic PD patients, 8 of whom were
women were enrolled. Mean age was 59.5+9.1 (range:
41-71) years. The mean age at the time of surgery was
56.3£9.5 (range: 38-69) years. The patients were diag-
nosed with PD at the mean age of 44.5+9.5 (range: 25-
59) years and they underwent DBS surgery after a mean
time period of 11.846.2 (range: 5-28) years following
PD diagnosis. The mean duration time of bilateral STN
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stimulation therapy was 19.5+18.3 (range:
6-67) months. Table 1 shows clinical cha-
racteristics, LEDD, stimulation settings,

Table 1. Clinical characteristics of patients

and UPDRS score of the patients.
Table 2 summarizes the mean of total

Mini-BESTest scores and Mini-BESTest

subscores, total Berg Balance scale, FFR
score, the TUG test, the DT-TUG test, and

PIGD subscore and postural instability item
of the UPDRS part III with standard devia-

tions in the Stim-OFF/Med-ON and Stim-

ON/Med-ON conditions. The UPDRS

part III total score and PIGD subscore sig-
nificantly improved after stimulation was

Mean = SD
Duration of disease (years) 13.3+6.7
Duration of DBS treatment (months) 19.5+18.3
Total levodopa equivalent daily dose/total 113.5425
LEDD (mg)
UPDRS part | score 9.2+6.3
UPDRS part Il score 14.2£9.1
UPDRS part IV score 4.3+4.5
Hoehn-Yahn staging Med-ON/Stim-ON 2.4+0.2 (2.3)

turned on (p=0.001), but the postural insta-

bility item of the UPDRS part-III did not  right SD)

DBS voltage (left mean/right mean + left SD/

2.4/2.03+0.6/0.4

change significantly (p=0.1). There were
no significant differences between Stim-

DBS pulse width (us) (left mean/right mean
+ left SD/right SD)

86.6/85+14.1/15.4

OFF/Med-ON and  Stim-ON/Med-ON
conditions for total Mini-BESTest scores,

DBS frequency (Hz) (left mean/right mean
+ left SD/right SD)

125/125+7.8/7.8

total Berg Balance Scale score, FFR score
(p>0.05 for all of them). The mean score
of dynamic gait components of balance in
the Mini-BESTest was better in Stim-ON/
Med-ON condition compared to Stim-OFF/
Med-ON condition (p=0.02). The TUG
test was significantly improved in Stim-ON/Med-ON
condition compared to Stim-OFF/Med-ON condition
(p=0.03). DT-TUG test did not significantly change
when Stimulation ON or OFF in Med-ON condition

(p=0.1).

Discussion

The present study evaluated the effect of the combination
therapy of dopaminergic medication and bilateral STN
stimulation on balance and mobility in PD. This study
showed that the addition of STN-DBS to dopaminergic
treatment had a synergistic effect on motor symptoms
and some mobility performance, but not on postural sta-
bility and dual-task mobility.

Dopaminergic treatment can improve some balance
systems, such as anticipatory postural adjustments in
preparation for voluntary movements, and dynamic bal-
ance during movements, whereas it can worsen or not
change some balance systems, such as balance during
quiet stance, and reactive postural adjustments to exter-
nal perturbations. Also, the response to dopaminergic
treatment in postural control may depend on the stage of
the disease?. In the literature, the different results on the
effect of STN-DBS treatment alone and combined ther-
apy of bilateral STN-DBS and dopaminergic medication
on postural control have been reported. Some studies,
evaluating the effect of STN-DBS alone on postural con-
trol, have reported that STN-DBS increased balance pa-

SD: standart deviation, UPDRS: The Unified Parkinson’s Disease Rating Scale,
Med-OFF/Stim-ON: Medication-OFF/Stimulation-ON, Med-ON/Stim-ON: Med-
ication-ON/Stimulation-ON, Med-ON/Stim-OFF: Medication-ON/ Stimulation-
OFF, ps: microsecond, Hz: Hertz

rameters®* 2. Another study has shown that balance was
better in treated cases (Med-ON/Stim-ON) compared to
untreated cases (Med-OFF/ stim-OFF) in PD patients.
However, this study could not determine the effects of
either medication alone or stimulation alone on balance®.
Our study found that combined therapy had an additional
effect on only dynamic gait component of the balance pa-
rameter, but not on anticipatory, reactive postural control,
sensory orientation systems of other balance parameters.
The total scores for Berg Balance Scale, Mini-BESTest,
and FFR did not change when stimulation was turned on
under Med-ON condition. McNeely, et al., have also re-
ported that both STN-DBS therapy alone and dopamin-
ergic therapy alone improved balance parameters (Mini-
BESTest), but the combination therapy did not provide a
significant additional benefit on balance'®. Another study
has also showed that the posturography measures during
unperturbed stance and externally perturbed stance un-
der L-dopa treatment were similar to those under STN-
DBS treatment in PD patients, and some abnormal tilt
reactions of the patients were resistant to L-dopa alone,
STN stimulation alone, and combined treatment'*. Our
findings are consistent with these studies' '* and dem-
onstrated that STN-DBS had a similar effect to dopamin-
ergic medication on postural control. On the other hand,
some authors have concluded that STN-DBS had an im-
provement effect on both the dopaminergic and non-do-
paminergic pathways of postural control®*?". Dehail, et
al., reported that dopaminergic treatment alone worsened
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Table 2. Results of balance, gait, and UPDRS part Il assessments of the patients

Stim-OFF/Med-ON

Stim-ON/ Med-ON p

Mean + SD Mean + SD
Total UPDRS part-lll score 49.8+11 27.8+12 0.007**
PIGD subsection score 6+4.3 3.4+2.5 0.007**
UPDRS part-Ill postural instability item score 0.9+1.2 0.5+0.9 0.1
Mini-BESTest score 18.5£7.2 20.5+4 0.2
Anticipatory score 4.1£1.6 4.3£1 1.0
Reactive postural control score 2.641.8 31411 0.1
Dynamic gait components of balance score 6.243 7.3+2.3 0.02*
Sensory orientation score 53+2 5.6£1.4 0.3
BBS score 47.8+14 51.9+4.9 0.2
TUG test (sn) 11.3+8.3 10.7+54 0.03*
DT-TUG test (sn) 17.5+14.5 18.1+£13.3 0.2
FFR (cm) 20.8+10 22.648.2 09

Med-ON/Stim-OFF: Medication-ON/Stimulation-OFF, Med-ON/Stim-ON: Medication-ON/Stimulation-ON, SD: Standart deviation,
UPDRS: The Unified Parkinson’s Disease Rating Scale, PIGD: Postural instability/gait disorder, Mini-BESTest: Mini-Balance Evalua-
tion Systems Test, BBS: Berg Balance Scale, TUG: Timed Up and Go, DT-TUG: Dual-Task Timed Up and Go, FFR: Forward Functional

Reach, cm: centimeter
*P-values obtained from Wilcoxon test.
*P <0.05, **P < 0.01.

the postural sway area, but combination therapy of STN-
DBS and medication reduced postural sway area and dis-
placement”. Similarly, other studies demonstrated that
the combined therapy improved postural sway compared
to medication alone, since STN-DBS reversed the nega-
tive effects of levodopa on the postural sway®°. Also,
Gauchard, et al., have shown that combined treatment
improved postural control by increasing motor abilities
and specific postural related mechanisms®. In contrast to
these studies, a study has reported that reactive postural
adjustments in Med-ON/Stim-ON condition 6 months
after surgery, were worse than Med-ON condition be-
fore surgery for patients, who had undergone STN-DBS
treatment; whereas reactive postural adjustment had not
worsened in patients under GPI-DBS treatment. They
concluded that this worsening of postural control after
STN surgery was due to exacerbation of bradykinetic
postural responses'’.

This study found that a combination of bilateral STN-
DBS and levodopa provided an additional improvement
in gait performance assessed by the PIGD subsection
score of the UPDRS part III and TUG test. Similar to
our findings, some studies have also reported that STN
DBS alone and dopaminergic medication alone had simi-
lar positive effects on spatiotemporal gait parameters
and combined therapy led to a synergistic positive ef-
fect!: 231, On the other hand, some authors have reported

that combination of dopaminergic medication and STN-
DBS therapy had no synergistic effect on gait parame-
ters'> 1332, Also, other gait features, such as dual-task gait
impairments, improved with dopaminergic medication
alone, as well as with bilateral STN DBS alone; however,
no additional improvement with combined therapy has
been reported”. This study also showed that dual-task
mobility did not respond to combined therapy. Dual-task
gait impairments in Parkinson’s disease are associated
with reduced spatial focusing of cortico-striatal activity.
This pattern of striatal activity may be explained by a loss
of segregation between different cortico-striatal loops
within the striatum due to dopaminergic mechanisms*.
Additionally, dysfunction in non-dopaminergic physi-
ological mechanisms, such as the noradrenergic system,
the glutamatergic system, and the cholinergic system,
might have contributed to gait and balance impairments
and cognitive disorders in PD'. We concluded that the
lack of synergistic effect of combined therapy on both
dual-task walking and postural instability was linked to
these non-dopaminergic pathways in PD.

This study had several limitations. An important limi-
tation was the small number of patients. Another impor-
tant limitation was our inability to determine the effect
of STN-DBS therapy alone or levodopa on balance and
mobility in PD patients. Also, in our clinic center, opti-
mum stimulation programming is adjusted according to
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the patients’ improvement of motor symptoms, including
tremor, rigidity, bradykinesia, and axial symptoms, such
as speech, gait function, and postural control stimulation.
The stimulation settings and localization of active contact
may worsen or improve both balance and gait perfor-
mance. Our results of the response to combined therapy
on balance might have been affected by this optimal DBS
setting. Consequently, we saw that optimal stimulation set-
ting improved motor symptoms significantly, which led to
increased mobility without worsening axial symptoms.

In conclusion, both dopaminergic and non-dopaminer-
gic pathophysiological mechanisms are involved in bal-
ance and gait disorders. The combination therapy may

References

1. Devos D, Defebvre L, Bordet R. Dopaminergic and non-dopamin-
ergic pharmacological hypotheses for gait disorders in Parkinson’s
disease. Fundam Clin Pharmacol 2010;24(4):407-21.
https://doi.org/10.1111/j.1472-8206.2009.00798.x

2. Schoneburg B, Mancini M, Horak F, Nutt JG. Framework for
understanding balance dysfunction in Parkinson’s disease. Move-
ment disorders: official journal of the Movement Disorder Society
2013;28(11):1474-82.
https://doi.org/10.1002/mds.25613

3. Fasano A, Aquino CC, Krauss JK, Honey CR, Bloem BR. Axial
disability and deep brain stimulation in patients with Parkinson
disease. Nat Rev Neurol 2015;11(2):98-110.
https://doi.org/10.1038/nrneurol.2014.252

4. Williams A, Gill S, Varma T, Jenkinson C, Quinn N, Mitchell R, et
al. Deep brain stimulation plus best medical therapy versus best
medical therapy alone for advanced Parkinson’s disease (PD SURG
trial): a randomised, open-label trial. Lancet Neurol 2010;9(6):581-91.
https://doi.org/10.1016/S1474-4422(10)70093-4

5. Weaver FM, Follett K, Stern M, Hur K, Harris C, Marks WJ, Jr.,
et al. Bilateral deep brain stimulation vs best medical therapy for
patients with advanced Parkinson disease: a randomized controlled
trial. JAMA 2009;301(1):63-73.
https://doi.org/10.1001/jama.2008.929

6. Bakker M, Esselink RA, Munneke M, Limousin-Dowsey P, Speelman
HD, Bloem BR. Effects of stereotactic neurosurgery on postural
instability and gait in Parkinson’s disease. Movement disorders: of-
ficial journal of the Movement Disorder Society 2004;19(9):1092-9.
https://doi.org/10.1002/mds.20116

7. Vercruysse S, Vandenberghe W, Miinks L, Nuttin B, Devos H, Nieuw-
boer A. Effects of deep brain stimulation of the subthalamic nucleus
on freezing of gait in Parkinson’s disease: a prospective controlled
study. J Neurol Neurosurg Psychiatry 2014;85(8):871-7.
https://doi.org/10.1136/jnnp-2013-306336

8. Rocchi L, Chiari L, Horak FB. Effects of deep brain stimulation and
levodopa on postural sway in Parkinson’s disease. J Neurol Neuro-
surg Psychiatry 2002;73(3):267-74.
https://doi.org/10.1136/jnnp.73.3.267

have a synergistic effect on motor symptoms and some
gait parameters with a similar dopaminergic effect, but
not on postural stability and dual-task walking. However,
the acute and long-term effects of bilateral STN-DBS
treatment on axial symptoms are still controversial. Fur-
ther research is needed to explore the acute and long-term
effects of STN-DBS on the dopaminergic and non-dopa-
minergic pathways for axial symptoms.

FUNDING - No funding was received for the present study.
CONFLICT OF INTEREST — The authors declare that they
have no conflict of interest.

9. Nantel J, McDonald JC, Bronte-Stewart H. Effect of medication and
STN-DBS on postural control in subjects with Parkinson’s disease.
Parkinsonism Relat Disord 2012;18(3):285-9.
https://doi.org/10.1016/j.parkreldis.2011.11.005

10. St George RJ, Carlson-Kuhta P, Burchiel KJ, Hogarth P, Frank N,
Horak FB. The effects of subthalamic and pallidal deep brain stimu-
lation on postural responses in patients with Parkinson disease. J
Neurosurg 2012;116(6):1347-56.
https://doi.org/10.3171/2012.2.JNS11847

11. Ferrarin M, Rizzone M, Bergamasco B, Lanotte M, Recalcati M,
Pedotti A, et al. Effects of bilateral subthalamic stimulation on gait
kinematics and kinetics in Parkinson’s disease. Experimental Brain
Research 2005;160(4):517-27.
https://doi.org/10.1007/s00221-004-2036-5

12. Xie J, Krack P, Benabid AL, Pollak P. Effect of bilateral sub-
thalamic nucleus stimulation on parkinsonian gait. J Neurol
2001;248(12):1068-72.
https://doi.org/10.1007/s004150170027

13. McNeely ME, Earhart GM. Medication and subthalamic nucleus
deep brain stimulation similarly improve balance and complex gait
in Parkinson disease. Parkinsonism Relat Disord 2013;19(1):86-91.
https://doi.org/10.1016/j.parkreldis.2012.07.013

14. Maurer C, Mergner T, Xie J, Faist M, Pollak P, Liicking CH. Effect
of chronic bilateral subthalamic nucleus (STN) stimulation on pos-
tural control in Parkinson’s disease. Brain 2003;126(Pt 5):1146-63.
https://doi.org/10.1093/brain/awg 100

15. Goetz CG, Poewe W, Rascol O, Sampaio C, Stebbins GT, Counsell
C, et al. Movement Disorder Society Task Force report on the
Hoehn and Yahr staging scale: status and recommendations. Move-
ment disorders: Official Journal of the Movement Disorder Society
2004;19(9):1020-8. https://doi.org/10.1002/mds.20213

16. Goetz CG, Tilley BC, Shaftman SR, Stebbins GT, Fahn S, Martinez-
Martin P, et al. Movement Disorder Society-sponsored revision of
the Unified Parkinson’s Disease Rating Scale (MDS-UPDRS): scale
presentation and clinimetric testing results. Movement disorders: offi-
cial journal of the Movement Disorder Society 2008;23(15):2129-70.
https://doi.org/10.1002/mds.22340

Az alabbi dokumentumot magancélra toltétték le az eLitMed.hu webportalrdl. A dokumentum felhaszndldsa a szerzéi jog szabalyozasa ala esik.



Ideggyogy Sz 2023;76(5-6):173-179. 179

17.

18.

19.

20.

21.

22.

23.

24.

25.

Temperli P, Ghika J, Villemure JG, Burkhard PR, Bogousslavsky J,
Vingerhoets FJ. How do parkinsonian signs return after discontinua-
tion of subthalamic DBS? Neurology 2003;60(1):78-81.
https://doi.org/10.1212/WNL.60.1.78

Qutubuddin AA, Pegg PO, Cifu DX, Brown R, McNamee S, Carne
W. Validating the Berg Balance Scale for patients with Parkinson’s
disease: A key to rehabilitation evaluation. Archives of Physical
Medicine and Rehabilitation 2005;86(4):789-92.
https://doi.org/10.1016/j.apmr.2004.11.005

Giindiiz AG, Otman AS, Kose N, Bilgin S, Elibol B. Comparison of
different balance scales in Parkinson’s disease. Fizyoterapi Reha-
bilitasyon 2009;20(1):17-24.

Leddy AL, Crowner BE, Earhart GM. Utility of the Mini-BESTest,
BESTest, and BESTest sections for balance assessments in
individuals with Parkinson disease. Journal of Neurologic Physical
Therapy 2011;35(2).
https://doi.org/10.1097/NPT.0b013e31821a620c

Benka Wallén M, Sorjonen K, Lofgren N, Franzén E. Structural va-
lidity of the Mini-Balance Evaluation Systems Test (Mini-BESTest)
in people with mild to moderate Parkinson disease. Physical Thera-
py 2016;96(11):1799-806. https://doi.org/10.2522/ptj.20150334
Morris S, Morris ME, Iansek R. Reliability of measurements
obtained with the timed “up & go” test in people with Parkinson
disease. Physical Therapy 2001;81(2):810-8.
https://doi.org/10.1093/ptj/81.2.810

Brusse KJ, Zimdars S, Zalewski KR, Steffen TM. Testing functional
performance in people with Parkinson disease. Physical Therapy
2005;85(2):134-41. https://doi.org/10.1093/ptj/85.2.134

Nilsson MH, Fransson PA, Jarnlo GB, Magnusson M, Rehncrona

S. The effects of high frequency subthalamic stimulation on balance
performance and fear of falling in patients with Parkinson’s disease.
J Neuroeng Rehabil 2009;6:13.
https://doi.org/10.1186/1743-0003-6-13

Nilsson MH, Tornqvist AL, Rehncrona S. Deep-brain stimulation in
the subthalamic nuclei improves balance performance in patients
with Parkinson’s disease, when tested without anti-parkinsonian
medication. Acta Neurol Scand 2005;111(5):301-8.
https://doi.org/10.1111/1.1600-0404.2004.00331.x

26.

217.

28.

29.

30.

31.

32.

33.

May DS, van Dillen LR, Earhart GM. Effects of subthalamic
nucleus deep brain stimulation and levodopa on balance in people
with Parkinson’s disease: A cross sectional study. Brain Sci
2020;10(10):693.

https://doi.org/10.3390/brainscil 0100693

Guehl D, Dehail P, de Seze MP, Cuny E, Faux P, Tison E, et al.
Evolution of postural stability after subthalamic nucleus stimulation
in Parkinson’s disease: a combined clinical and posturometric study.
Experimental Brain Research 2006;170(2):206-15.
https://doi.org/10.1007/500221-005-0202-z

Colnat-Coulbois S, Gauchard GC, Maillard L, Barroche G, Vespig-
nani H, Auque J, et al. Bilateral subthalamic nucleus stimulation
improves balance control in Parkinson’s disease. J Neurol Neuro-
surg Psychiatry 2005;76(6):780-7.
https://doi.org/10.1136/jnnp.2004.047829

Stolze H, Klebe S, Poepping M, Lorenz D, Herzog J, Hamel W, et al.
Effects of bilateral subthalamic nucleus stimulation on parkinsonian
gait. Neurology 2001;57(1):144-6.
https://doi.org/10.1212/WNL.57.1.144

Lubik S, Fogel W, Tronnier V, Krause M, Konig J, Jost WH. Gait
analysis in patients with advanced Parkinson disease: different

or additive effects on gait induced by levodopa and chronic STN
stimulation. J Neural Transm (Vienna) 2006;113(2):163-73.
https://doi.org/10.1007/s00702-005-0310-8

Faist M, Xie J, Kurz D, Berger W, Maurer C, Pollak P, et al. Effect
of bilateral subthalamic nucleus stimulation on gait in Parkinson’s
disease. Brain 2001;124(Pt 8):1590-600.
https://doi.org/10.1093/brain/124.8.1590

Schlenstedt C, Shalash A, Muthuraman M, Falk D, Witt K, Deuschl
G. Effect of high-frequency subthalamic neurostimulation on gait
and freezing of gait in Parkinson’s disease: a systematic review and
meta-analysis. European Journal of Neurology 2017;24(1):18-26.
https://doi.org/10.1111/ene.13167

Nieuwhof F, Bloem BR, Reelick MF, Aarts E, Maidan I, Mirel-

man A, et al. Impaired dual tasking in Parkinson’s disease is
associated with reduced focusing of cortico-striatal activity. Brain
2017;140(5):1384-98.

https://doi.org/10.1093/brain/awx042

Az alabbi dokumentumot magancélra toltétték le az eLitMed.hu webportalrdl. A dokumentum felhaszndldsa a szerzéi jog szabalyozasa ala esik.



