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A b s t r a c t

IInnttrroodduuccttiioonn::  Parkinson’s disease (PD) is a progressive neurodegenerative dis-
order characterized by tremor, rigidity and bradykinesia. Gait and postural dif-
ficulties supersede tremor, rigidity and bradykinesia as drivers of disease bur-
den in patients with advanced PD. The aim of this study was to describe
the effects of deep brain stimulation of the subthalamic nucleus on gait ability
and balance performance in patients with PD. 
MMaatteerriiaall  aanndd  mmeetthhooddss::  We studied 19 consecutive patients who underwent bilat-
eral stimulation of the subthalamic nucleus. Patients were evaluated preoper-
atively and at the 5th day and 6th month after surgery. Timed Up and Go Test,
12 m Walking Test, Chair Stand Test and Berg Balance Scale (BBS) were used to
assess mobility and balance performance. Unified Parkinson’s Disease Rating
Scale (UPDRS III) and Hoehn and Yahr Scale were also used. 
RReessuullttss::  All the patients’ mobility ability and balance performance improved
after surgery (p < 0.05). At the 6th month after surgery, the Timed Up and Go
Test scores were decreased from 56.05 ±42.52 to 21.47 ±20.36, the 12 m Walk-
ing Test scores were decreased from 100.44 ±66.44 to 28.84 ±19.79, the Chair
Stand Test scores were increased from 4.00 ±4.66 to 11.68 ±4.43 and the BBS
score was increased from 12.84 ±6.89 to 38.89 ±8.79. UPDRS total scores were
significantly improved 6 months after surgery (p < 0.001). UPDRS total scores
were decreased from 98.26 ±37.69 to 39.36 ±18.85. The Hoehn and Yahr Scale
score was significantly decreased after surgery (p < 0.05).
CCoonncclluussiioonnss::  Surgical therapy is an effective treatment to improve gait ability
and balance performance in Parkinson’s patients. 

KKeeyy  wwoorrddss::  Parkinson’s disease, balance performance, gait ability, subthalamic
nucleus.

Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative disorder
characterized by tremor, rigidity and bradykinesia [1]. The loss of dopamine
producing neurons in the substantia nigra also affects gait, postural con-
trol and balance perform. Gait and postural difficulties supersede tremor,
rigidity and bradykinesia as drivers of disease burden in patients with
advanced PD [2]. Patients with PD suffer frequent falls, and the incidence
of falls is closely related to the duration and severity of PD as well as
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the use of multiple medication [3]. Postural insta-
bility affects the ability to maintain balance during
everyday tasks; it may severely incapacitate and
restrict daily activities [4]. 
The management of PD is mainly pharmacolog-

ical. Paradoxically, medication may even increase
the risk of falling, for example due to drug-induced
freezing episodes or violent dyskinesias [4, 5]. Alter-
native treatment strategies are therefore required.
Exercise regimes for patients with PD improve phys-
ical functioning, strength, balance and gait speed.
Moreover, there is a consensus in the literature that
regular exercise practice improves physical and func-
tional performance in different populations [6, 7].
On the other hand, inactivity is considered an impor-
tant factor in accelerating the degenerative process
of PD [8]. Over the last decade high-frequency deep
brain stimulation (DBS) of the subthalamic nucleus
(STN) has emerged as an efficient therapy for
patients with advanced PD [9]. A recent meta-analy-
sis showed that bilateral STN stimulation appears
to be somewhat more effective than bilateral palli-
dal stimulation in improving clinically rated balance
and gait, particularly during the drug off state [5].
A recent study reported that DBS in STN

improved Berg Balance Scale (BBS) scores as well
as postural stability and motor symptoms signifi-
cantly. Seventy percent of their patients improved
their total score of the BBS with DBS on compared
with DBS off [10]. A study by Bakker et al. showed
that DBS increased stride length and gait velocity
comparably with an optimal dose of levodopa [11]
and gait velocity and stride length improved on DBS
[12]. Most studies showed that DBS results in an
increased gait velocity, improved mobility and bet-
ter postural control [1–5, 9–13]. The present work
shows the pragmatic benefits of DBS of the STN in
improving balance and mobility and decreasing
motor symptoms of PD. 
The aim of this study was to describe the effects

of deep brain stimulation of the subthalamic nucleus

on gait ability and balance performance in patients
with PD. In this study, we expected to observe some
improvements in terms of mobility including gait and
balance improvements. The hypothesis was that STN
DBS is an approach which improves the motor func-
tioning of patients with PD. 

Material and methods 

SSttuuddyy  ggrroouupp  

We studied 20 (9 male, 11 female) consecutive
patients who underwent bilateral stimulation
of the subthalamic nucleus between May 2009 and
April 2011. The selection criteria were (1) clinically
diagnosed PD, (2) no surgical contraindications, 
(3) no dementia or major ongoing psychiatric ill-
ness and (4) no other neurological disorders. One
patient was excluded from the study because
of local infection. Nineteen subjects (age range: 
37 to 72 years) were evaluated preoperatively and
at the 5th day and 6th month after surgery. The
stimulation was begun at the 2nd day after surgery
(5th day) and we assessed all patients to show
DBS’s early effects. Additionally, we checked
the long-term effects after surgery (6th month).
The ethics committee of Pamukkale University in
Turkey approved the study, and all the patients gave
their written informed consent. The characteristics
of the patients are summarized in Table I.

SSuurrggeerryy  pprroocceedduurree

All STN DBS procedures were performed by one
neurosurgeon in two stages: (1) insertion of bilat-
eral electrodes under local anesthesia using micro-
electrode recording, and (2) connection of the
electrodes to pulse generators under general anes-
thesia, performed approximately 1 day after lead
placement. The operative technique was described
in detail elsewhere [14]. The subthalamic nuclei
were localized stereotactically by magnetic reso-
nance imaging (MRI), and microelectrode record-
ings were performed to define the STN. Quadripo-
lar electrodes (Medtronic 37601 Activa PC) were
implanted bilaterally in all patients. Surgery was
performed with local anesthesia and the clinical
effect on rigidity and tremor was tested under stim-
ulation using a macroelectrode. All patients under-
went MRI postoperatively for the assessment of
surgical complications. On the 2nd day after implan-
tation of the electrodes, a programmable pulse gen-
erator was implanted subcutaneously under gen-
eral anesthesia. Stimulation settings and medication
were progressively adjusted. 

CClliinniiccaall  aasssseessssmmeenntt

Patients were evaluated preoperatively and at
the 5th day and 6th month after surgery Unblinded

VVaarriiaabblleess MMiinn..–mmaaxx.. XX ±±  SSDD

Age [years] 37.00–72.00 55.05 ±9.07

Height [cm] 150–180 163 ±0.08

Weight [kg] 47.00–104.00 68.57 ±15.30

Body mass index [kg/m2] 17.72–37.78 25.65 ±6.09

Duration of disease 3.00–25.00 12.57 ±5.90
[years]

Duration of using 3.00–25.00 12.00 ±5.91
levodopa [years]

Equivalent daily dose 0–1500 648.68 ±446.93 
of LED [mg]

TTaabbllee  II.. Demographic characteristics of patients
included in study
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assessments were performed when patients had
taken no medication for 8 to 12 h (off medication)
in order to show the benefits of the STN DBS. Post-
operatively, patients were assessed during on stim-
ulation. 

OOuuttccoommee  mmeeaassuurreess  

An experienced PT assessed the patient with
clinical performance tests, and the same PT as -
sessed all patients in all test situations. 

BBeerrgg  BBaallaannccee  SSccaallee  

The Berg Balance Scale (BBS) was used to test
balance performance and includes 14 items com-
mon in everyday life. All items are graded on 
a 5-point ordinal scale from 0 to 4. The maximum
total score is 56 points, and a higher score reflects
better performance. Scoring is based on the time
a position can be maintained, the distance of for-
ward reach, or the time to complete a task. The
score per item is reduced as assistance increases,
quality of performance decreases or if the time and
distance requirements are not met [15].

TThhee ttiimmeedd  uupp  aanndd  ggoo  ((TTUUGG))

The subject is sitting in an armchair (seat height
of 46 cm) with the back against the chair and arms
resting on the chair’s arms. The instruction ‘Go’ ini-
tiates the subject to stand up and walk at a com-
fortable pace to a line 3 m away, where both feet
should pass the line before the subject turns
around and walks back to sit down again. Timing
commences when the subject’s back leaves
the back of the chair, and stops when the buttocks
reach the seat of the chair. Average time required
to complete the TUG test is reported [16]. 

CChhaaiirr--SSttaanndd  TTeesstt  ((CCSSTT))

The time required to stand up from a chair and
to sit down consecutively as fast as possible is reg-
istered. The subject is sitting in an armchair (seat
height of 46 cm) with the back against the chair, 
and with arms folded across the chest. The subject’s
regular footwear is worn. The test begins with
the command "Start now’’. Timing commences when
the subject’s back leaves the back of the chair, 
and stops when the subject’s buttocks reach the
chair at the 30th s and the number is recorded [17].   

1122 mm  WWaallkkiinngg  TTeesstt

The subject is standing still and then walks at
a comfortable (preferred) speed straight forward.
The subject’s regular footwear is used. Timing com-
mences after the command ‘Go’ and stops when
the subject passes the mark for 12 m. One trial is

performed. Average time required to complete
the test is reported [13]. 

UUnniiffiieedd  PPaarrkkiinnssoonn’’ss  DDiisseeaassee  RRaattiinngg  SSccaallee
((UUPPDDRRSS))

Patients were clinically assessed using the
UPDRS. Different scores were extracted from this
scale: the psychological status (items 1 and 4 of
the UPDRS I), the activities of daily living (ADL) score
(items 5 and 17 of the UPDRS II), the motor score
(items 18-31 of the UPDRS III, including gait and pos-
tural stability parameters), and the dyskinesias
score (items 32–35 of the UPDRS IV). The total
UPDRS score was between 0 and 108; maximal
worst value = 108 [18]. 

HHooeehhnn  aanndd  YYaahhrr  SSccaallee  ((HH&&YY))

Hoehn and Yahr Scale is a commonly used sys-
tem for describing how the symptoms of PD
progress. The H&Y original scale included stages 1
to 5. Stage 0: no signs of disease, stage 1: unilat-
eral symptoms only, stage 2: bilateral symptoms
and impairment of balance, stage 3: balance impair-
ment, mild to moderate disease and physically inde-
pendent, stage 4: severe disability, but still able to
walk or stand unassisted, stage 5: needing a wheel-
chair or bedridden unless assisted [18]. 
All participants gave informed consent and

the study was approved by the ethical board com-
mittee of Pamukkale University Medical Faculty (Ref.
no. 67, date 03.04.2009). This study was support-
ed by Pamukkale University Scientific Research Proj-
ects Foundation (Ref. no. 2009SBE003). 

SSttaattiissttiiccaall  aannaallyyssiiss  

Statistical analysis were performed using the
Statistical Package for the Social Sciences (SPSS
version 13.0). The Kolmogorov-Smirnov test was
used to test normality of distribution and all data
were parametric. The repeated measures ANOVA
test was applied to compare the mean scores
of three assessments (preoperative, postoperative
5th day and postoperative 6th month). In addition,
a paired t-test was also used to compare the results
obtained during the preoperative stage, postoper-
ative 5th day and postoperative 6th month. A level
of p < 0.05 was considered significant. 

Results

The demographics and clinical characteristics
of patients at baseline are shown in Table I. The BBS
and TUG scores significantly improved at the post-
operative 5th day and postoperative 6th month. At
the same time, 12 m Walking Test score, UPDRS
total and UPDRS part III scores significantly
decreased (Table II).
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Post hoc analysis showed that there were sig-
nificant differences between preoperative, 5th day,
and 6th month measurements (p < 0.05). At the 6th

month after surgery, the BBS score was increased
from 12.84 ±6.89 to 38.89 ±8.79 (p < 0.05). The TUG
score and a 12 m Walking Test score significantly
decreased after surgery (p < 0.05). Chair Stand Test
score was greater after surgery (p < 0.05). The
mobility and balance assessment scores at base-
line, 5th day and 6th month after surgery are shown
in Table III. 
Compared to the preoperative baseline, the 5th day

and 6th month UPDRS-III scores were significantly
better (p < 0.05). All aspects of the motor symptoms
(UPDRS-III) including gait and postural stability were
significantly improved at the 6th month after surgery
(p < 0.05). The postural stability decreased from 
2.80 ±0.82 to 0.78 ±0.63, showing a significant
improvement at the 6th month after surgery. Hoehn
and Yahr Scale score was decreased from 3.94 ±0.62
to 2.47 ±0.96 at the 6th month after surgery. Levodopa
equivalents intake (LED) was reduced from a mean
of 648.68 ±446.93 mg/day to 209.21 ±191.8 mg/day

after 6 months. Compared to the preoperative value,
5th day and 6th month UPDRS total scores significantly
improved (p = 0.000) (Table III). 

Discussion

In this study the patients with advanced PD have
been followed prospectively. After 6 months, STN
DBS showed significant improvements in all Parkin-
sonian motor signs studied in this work. It has been
observed that bilateral STN DBS improved the
severe symptoms (i.e. balance and gait distur-
bances), which could not be managed with
the most suitable drug therapy. For instance, bilat-
eral STN stimulation significantly increased BBS
score and gait velocity. At the same time, the par-
ticipants performed the TUG and CST tests faster
compared to before surgery. At the 6th month after
surgery, BBS increased by 216%. 12 m Walking Test,
and UPDRS motor and UPDRS-III gait scores
improved by 257%, 65%, and 76% respectively.
Namely, bilateral STN DBS decreased all Parkin-
sonian symptoms, improving balance and walking
ability of the patients.

VVaarriiaabblleess PPrreeoopp  ((nn ==  1199)) PPoossttoopp  55tthh ddaayy  ((nn ==  1199)) PPoossttoopp  66tthh mmoonntthh  ((nn ==  1199)) FF VVaalluuee  ooff  pp**

Berg Balance Scale 12.8 ±6.8/56 26.2 ±5.7/56 38.8 ±8.7/56 200.63 < 0.001

Timed Up&Go Test [s] 56.05 ±42.52 41.05 ±33.66 21.47 ±20.36 12.65 < 0.001

Chair-Stand Test 4.00 ±4.66 7.31 ±3.87 11.68 ±4.43 24.21 < 0.001

12 m Walking Test [s] 100.44 ±66.44 57.10 ±39.69 28.84 ±19.79 27.56 < 0.001

H&Y 3.94 ±0.62 2.63 ±0.59 2.47 ±0.96 49.08 < 0.001

UPDRS motor scores (Part III) 29.15 ±13.70 19.42 ±7.10 10.05 ±6.67 35.13 < 0.001

Gait 3.15 ±0.76 2.21 ±0.63 0.73 ±0.87 72.17 < 0.001

Postural stability 2.80 ±0.82 1.63 ±0.59 0.78 ±0.63 199.63 < 0.001

UPDRS total 98.26 ±37.69 64.84 ±19.04 39.36 ±18.85 30.59 < 0.001

*Repeated measures ANOVA

TTaabbllee  IIII..  Mobility, balance and UPDRS assessment

VVaarriiaabblleess PPrreeoopp  ––  ppoossttoopp  PPrreeoopp  ––  ppoossttoopp  66tthh mmoonntthh  PPoossttoopp  ––  PPoossttoopp  66tthh mmoonntthh  

tt pp** tt pp** tt pp**

Berg Balance Scale 12.75 < 0.001 –17.94 < 0.001 –9.26 < 0.001

Timed Up&Go Test [s] 4.15 0.001 3.79 0.001 2.83 0.011

Chair-Stand Test –6.93 < 0.001 –5.58 < 0.001 –3.50 0.003

12 m Walking Test [s] 4.57 < 0.001 5.74 < 0.001 4.59 < 0.001

H&Y 9.84 < 0.001 9.22 < 0.001 0.88 0.420

UPDRS motor scores (Part III) –5.08 < 0.001 6.02 < 0.001 6.85 < 0.001

Gait 5.85 < 0.001 9.85 < 0.001 7.63 < 0.001

Postural stability 8.75 < 0.001 26.19 < 0.001 9.79 < 0.001

UPDRS total 5.51 < 0.001 6.05 < 0.001 4.05 0.001

*Paired t-test

TTaabbllee  IIIIII..  Mobility, balance and UPDRS assessment 
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In Parkinson’s disease, the basal ganglia (BG)
input to the thalamus becomes pathological and
relay of motor-related cortical inputs is compro-
mised, thereby impairing movements. However,
high frequency (HF) deep brain stimulation may be
used to restore relay reliability, thereby restoring
movements in PD patients. Although DBS is cur-
rently an effective therapy for PD, the typical stim-
ulation signal is a high-frequency train of pulses 
(> 100 Hz) which consumes significant power [19].
In the present work, we used pulses of 90 µs dura-
tion and 2-4 V amplitude, delivered in the STN at
180-185 Hz frequency, which is the most important
parameter for our patients. The DBS injects a cur-
rent that modulates the neural activity of the dis-
eased brain circuit, leading to a reversal of PD symp-
toms. When appropriately stimulated, patients can
regain control of movement and reduce the use
of medication [20]. 
Over the last decade high-frequency DBS has

been the most preferred therapy for these patients.
The most important advantage of DBS, in contrast
to drug therapy, is that a constant level of stimula-
tion can be maintained throughout the day. More-
over, there have been many studies showing that
bilateral DBS of the STN improves the symptoms
of PD including bradykinesia, tremor, rigidity, gait
problem, balance disturbance and motor dysfunc-
tion [9, 21]. Despite its benefits, surgical treatment
should be combined with the pharmacological
treatment. More importantly, physical therapy
should be included in the treatment regime in order
to reduce rigid postural symptoms and to improve
gait velocity and balance ability.
Postural instability is one of the cardinal symp-

toms of PD, and persons with PD run an increased
risk of falling. Most falls occur during functional
activities, e.g. walking and turning [22]. According
to Johnsena et al. [23] gait performance evaluated
as velocity and step length improved significantly
more with DBS dorsal stimulation compared with
ventral stimulation. Balance was improved, as time
spent in the double support phase decreased from
21.40 to 15.36. Also, measures of gait hypokinesia
in hip, knee and ankle-joint range of motion were
improved significantly. A recent study showed that
12 months after stimulation it resulted in improved
scores for akinesia, rigidity, tremor, impairment
of arising from a chair, gait and postural instabili-
ty, when patients were evaluated off medication
and on medication [24]. 
Kelly investigated the effects of unilateral and

bilateral subthalamic nucleus stimulation on gait
and mobility in PD. They found that bilateral and
unilateral STN DBS are effective for mobility and gait
function [25]. Nilsson et al. demonstrated that 63%
of patients increased their total score of the BBS
and the postural stability item of the UPDRS-III with

STN stimulation alone 3 years after surgery. Thus,
STN stimulation alone has a long-term, positive
effect on functional balance performance [3]. Anoth-
er study also showed that UPDRS-III scores
improved with either unilateral dorsal or ventral
DBS, compared with the DBS off-on period [26].
Hamani et al. [27] reported an improvement of 64%
for gait and 69% for postural stability 1 year after
surgery. Bejjani et al. [28] also concluded that, 
6 months after surgery, axial parkinsonian symp-
toms, including freezing of gait, can be improved by
STN stimulation. 
According to our results, all the patients’ mobil-

ity and balance ability (Timed Up and Go Test, 
12 m Walking Test, Chair Stand Test and BBS) im -
proved at the 6th month after surgery significantly
(p < 0.05). UPDRS-III total score, gait and postural
stability scores improved 6 months after surgery
significantly (p < 0.05). Our results are similar to
those reported in the literature.
Rodriguez-Oroz et al. found that with STN stim-

ulation the daily dosage of levodopa was signifi-
cantly reduced (p < 0.001) [29]. In our results, LED
was reduced from a mean of 648.6 ±446.9 mg/day
to 209.21 ±191.8 mg/day after 6 months. This result
was also approved by the neurologist. The DBS
(STN-S) is an effective treatment for the functional
capacity in PD. In a recent study, compared with base-
line, the patients’ scores at five years for motor 
function while off medication improved by 54% 
(p < 0.001) [30]. Tir et al. reported a decrease by 43%
in UPDRS-III scores 12 months after surgery [31]. Our
results are in line with the literature. UPDRS-III
scores had significantly decreased 6 months after
surgery. Gait and postural stability were significantly
improved after surgery (p < 0.05). At 6 months after
surgery, the H&Y score was decreased from 3.94
±0.62 to 2.47 ±0.96 (p < 0.05).
Major results emerged from this study: surgery

has significant positive effects on gait ability and
balance performance in patients with PD. A weak-
ness of this study is that we did not follow long-
term outcomes of mobility and balance perform-
ance and we do not have a control group.
Long-term follow-up might possibly contribute to
detection of greater changes in mobility and bal-
ance assessment.
A weakness of this study is that we did not fol-

low longterm outcomes of mobility and balance per-
formance  and we gaved a preliminary results in this
study and we do not have a control group. Long-
term follow-up might possibly contribute to detec-
tion of greater changes in mobility and balance.
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