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Abstract.
Background: Spinal cord stimulation (SCS) is a therapeutic procedure widely used in the management of refractory chronic
pain. Evidence from case reports and small descriptive studies has emerged suggesting a role for SCS in patients with gait
dysfunction, such as freezing of gait (FoG) and postural imbalance. These are severely debilitating symptoms of advanced
Parkinson’s disease (PD).
Objective: To establish the current evidence base for the potential application of SCS on gait and balance dysfunction in PD
patients.
Methods: Three online databases were screened for relevant manuscripts. Two separate searches and four different search
strategies were applied to yield relevant results. The main parameters of interest were postural and gait symptoms; secondary
outcomes were Quality of Life (QoL) and adverse effects.
Results: Nineteen studies fulfilled the inclusion criteria. Motor improvements using section III of the Unified Parkinson’s
Disease Rating Score (UPDRS-III) were available in 13 studies. Measurements to assess FoG reported the following improve-
ments: FoG questionnaires (in 1/19 studies); generalized freezing parameters (2); and walkway/wireless accelerometer
measurements (2). Parameters of postural imbalance and falling improved as follows: BBS (1); posture sagittal vertical
axis (1); and generalized data on postural instability (8). Two studies reported on adverse effects. QoL was shown to improve
as follows: EQ-5D (2); ADL (1); SF-36 (1); BDI-II (1); PDQ-8 (1); HDRS (1); and VAS (5).
Conclusion: SCS may have a therapeutic potential in advanced PD patients suffering from postural and gait-related symptoms.
The existing evidence suggests that SCS positively affects patients’ QoL with an acceptable safety profile in this patient
population.
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INTRODUCTION

Parkinson’s disease (PD) is the second common-
est neurodegenerative disorder following Alzheimer
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disease. It is a very heterogenous disorder regarding
onset, disease duration, individual symptomatology,
and disease progression. Moreover, it creates a burden
on carers, healthcare systems, and society [1].

The first line of treatment generally involves
dopamine replacement therapy. Most patients will
respond well to medical therapy, but as the disease
progresses, some patients will develop intolerable
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side effects to increasing medication doses or expe-
rience motor fluctuations due to a reduction of
efficacy of dopamine replacement. Initially, most
motor symptoms can be addressed with deep brain
stimulation (DBS) (particularly in the subthalamic
nucleus area) when there is still some dopamine sen-
sitivity observed [2]. Having said that, not all patients
are suitable for DBS due to cognitive impairments
or brain atrophy; furthermore, axial motor symptoms
tend to be refractory to DBS or even potentially wors-
ened by it [3, 4].

Postural instability and gait disorder (PIGD) are
two of such complications associated with advanced
PD. PIGD poses a major burden on patients’ quality
of life (QoL) and their psychological and emo-
tional well-being [5]. In the earlier stages, it can be
dopamine-sensitive with variable response to stan-
dard therapy. However, as the disease progresses,
PIGD becomes refractory. Increased severity of insta-
bility, paired with frequent freezing episodes often
lead to increased frequency of falls, this is associated
with increased morbidity and mortality [4, 6]. Several
promising treatment procedures have emerged with
preliminary data showing some therapeutic potential
(e.g., vagus nerve stimulation), but there is currently
no clinically recognized and proven non-invasive
procedure to safely address these axial symptoms
once refractory to standard therapy [6–8]. Robust
and controlled studies, which make use of objectively
measurable, instrumental investigations, are urgently
needed to establish a clinically proven link between
such procedures and any potential therapeutic ben-
efits observed in gait disturbance in PD patients.
Wearable devices and the use of gait labs are two
motion-tracking methods, which could be applied to
augment gait analysis and provide a platform for col-
lection of measurable, clinical evidence [9, 10].

Since its FDA approval for neuropathic pain, spinal
cord stimulation (SCS) procedures have become
widely used in clinical practice when other treat-
ment options fail, accounting for 70% of the larger
neuromodulation field [11, 12]. The potential value
of SCS procedures in PD emerged due to serendip-
ity after being used to treat pain in in other chronic
pathological manifestations, such as leg ischemia,
diabetic neuropathy, and refractory angina when
some patients reported improvements in other Parkin-
sonian symptoms (e.g., gait disorders and postural
imbalance) [13]. SCS has also been shown to induce
therapeutic effects in other conditions affecting pos-
tural stability, such as primary orthostatic tremor
(PTO). A proof-of-concept study in 16 subjects with

PTO by Lamy et al. indicated that a single session of
spinal DC stimulation significantly improved time in
standing position in respect to sham both after 30 and
60 min [14].

Several preclinical studies investigated these ben-
eficial effects using a wide variety of stimulation
parameters in rat and primate PD models [15–19].
The promising results of these trials led to fur-
ther investigations of SCS potential in a number
of PD case series, case reports and a single sys-
tematic review released in the past decade [20–38];
however, the role of placebo vs. paresthesia-free stim-
ulation is often neglected during the assessment of
clinical efficacy of this procedure and needs to be
carefully reported upon and evaluated during the
design and discussion of any future research into
this topic. Novel devices are able to provide stim-
ulation parameters that do not result in paresthesia
(such as high frequency stimulation) [39–42], but
these have a drawback of high energy use requiring
daily battery recharging. Another option is burst stim-
ulation. These advances will undoubtedly allow for
more blinded comparison of ON vs. OFF stimulation
[43]. The objective of this study was to systemati-
cally review the existing literature that reports on the
effects of SCS on gait (i.e., freezing of gait (FoG) and
gait disorders) and postural imbalance (i.e., balance,
falls) in PD patients. Other clinical parameters of
interest were postoperative adverse effects and QoL
measures.

METHODS

This systematic review was written in accordance
with PRISMA guidelines for systematic reviews and
meta-analyses. The PRISMA checklist is available as
Supplementary Figure 1 [44].

Search keyterms

The following keyterms were used in the database
search to identify a complete set of relevant litera-
ture: Parkinson disease (alt. Parkinson, Parkinsons or
Parkinson’s), gait, proprioception, kinesthesis, pos-
tural balance (alt. kinesthes* or balanc* or postur*),
spinal cord stimulation (alt. spine or spinal). In the
case of secondary search, the following keyterms
were replaced by the keyterm pain (alt. chronic
pain): proprioception, kinesthesis, postural balance
(alt. kinesthes* or balance* or postur*).
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Search strategy

Three databases were searched: Medline (OvidSP
version), Embase (OvidSP version), and Web of
Sciences. Several different search strategies were
applied. For specific search strategies used in indi-
vidual databases, see Supplementary Figures 4 and
5.

Selection criteria

Subjects
The inclusion criteria were as follows: All stud-

ies reporting on changes in UPDRS-III, gait and/ or
QoL measures following SCS in PD patients. Studies
of SCS in PD patients that did not report on any of
these measures (i.e., with a pure focus on pain) were
excluded.

Study design
All studies were screened for eligibility. Once

the pre-selected criteria described above were met,
the full-text articles were retrieved and screened for
relevant information to confirm the manuscript’s eli-
gibility.

Language
Only studies published in the English language

were included in this systematic review.

Outcome measures
The primary focus of this review was on the

changes in gait-related pathology in PD and freez-
ing of gait. We also assessed any changes in postural
disbalances, namely balance and falls occurrence.

These postural instability and gait changes
were assessed using any of the following mea-
sures/scales: freezing of gait (FoG) questionnaires,
Movement Disorder Society-Sponsored Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS)
score (primarily motor and ADL sub-scores),
stand-walk-sit (SWS) test, Parkinson’s Disease Ques-
tionnaire – 39 mobility items (PDQ-39), Timed
Up and Go tests (TUG), Timed 20/10/7-Meter
Walk test (T 10-M test) and gait analysis using
GAITRite Electronic Walkway/Protokinetic Zeno
Walkway/wireless accelerometer. Secondary out-
comes were observed side effects and quality of
life assessment using Activities of Daily Living
score (ADL), EuroQoL-5 Dimension (EQ-5D), 8-
item Parkinson’s Disease questionnaire (PDQ-8),
Short Form Questionnaire (SF-36), Beck Depression

Inventory II (BDI- II), Hamilton Depression Rating
Scale (HDRS), PDQ-39, General Functioning Ques-
tionnaire (GFQ-58) and Visual Analog Scale score
(VAS), both pre and postoperatively.

RESULTS

Nineteen studies that fit the selection criteria were
included in our systematic review after the eligibility
screening. We identified that 8 of the included studies
were case studies, and 11 were case series. No larger
studies or controlled trials were identified.

As all studies in this systematic review are obser-
vational studies (i.e., case reports, case series) and
patients are not allocated to study arms, a standard
PICO framework was not applied [45].

The study selection stage is visualized using the
PRISMA 2009 Flow Diagram (Fig. 1) [44]. Search
periods and results yielded by individual databases
can be found in Supplementary Figures 2 and 3.
Study characteristics, stimulation parameters, and
outcomes are detailed in the tables below (Tables 1,
2A, and 2B).

Sample and outcome evaluation

All relevant literature in this review consists solely
of case series (11) and case reports (8), making
the risk of bias assessment challenging. There is
no gold standard for evaluating the quality of case
series/reports as it is the case for randomized con-
trolled trials (such as the Cochrane Collaboration
tool) [46]. According to a systematic review by Zeng
et al., where they investigated all existing method-
ological quality assessment tools for every type of
study design, the only commercially available tool
to qualitatively assess case reports was the 8-item
Joanna Briggs Institute (JBI) 2017 Critical Appraisal
Checklist for Case Reports. We used the same source
for quality check of our case series (10-item Joanna
Briggs Institute 2017 Critical Appraisal Checklist
for Case Series) [47–49]. Checklists and scores for
individual studies can be found in Supplementary
Figures 6 and 7.

Using the primary measurement scale for motor
deficits shared by most of the studies (16 out of 19
studies), the UPDRS-III, 13 studies reported a degree
of improvement in motor symptoms following the
spinal cord stimulation procedure. 11 studies reported
quantitative changes in motor symptoms; on average,
the motor symptoms improved by 36.3 ± 19.0% on
the UPDRS-III scale. Following the removal of the
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Fig. 1. PRISMA Flow diagram of study selection. Three databases (Medline, Embase, Web of Sciences) were screened for eligible studies
with a focus on SCS for gait disorders/freezing and balance/falls in PD patients.

outlier values (reported by Lai et al. & Kobayashi
et al., with improvement of 6.7% and 80% respec-
tively), the average improvement was 34.7 ± 10.1%.
Nonetheless, only five studies reported the signifi-
cance level of this improvement. Three studies did
not report changes in UPDRS, and two studies
observed no motor improvements. Other measures
which reported motor improvements were the TUG
test [4 out of 19 studies, Average Improvement (AVG
IMP) 41.9 ± 18.8%], 7/10/20 m walk test (6/19, AVG

IMP 28.4 ± 16.2%; 1 showed no effect), PDQ-39
mobility items (2/19; AVG IMP 40 ± 23.1%), SWS
(1/19 IMP 23.6%, 1 study IMP not quantified), gait
parameters using walkway (1/19, IMP not quanti-
fied) and generalized improvement of gait parameters
with no specific measuring tools mentioned (4/19;
IMP not quantified). The review finds evidence
for improvement primarily in the reported UPDRS-
III measurements, as many studies failed to report
effect size when alternative measures were applied.
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Table 1
Table showing demographic and clinical patient information in individual studies

Series Study ID, Year Number of
Patients (N)

Sex (F/M) Received DBS
Prior To SCS
(Yes/No)

Mean Age
(y)

Mean Disease
Duration (y)

Follow-up Indication for SCS

1 Mazzone et al., 2019 18 2/16 NR 68.35 14.1 1 year 1st group: PAIN 2nd
group: PIGD

2 Hubsch et al., 2019 5 0/5 Yes: 1 patient;
No: 4 patients

68.8 14.8 2 months PIGD

3 Samotus et al., 2018 5 0/5 NR 71 14 6 months PIGD
4 De Lima Pardini et al.,

2018/De Souza et al.,
2017

4 1/3 Yes 64.25 21.25 1 month, 3 months, 6
months

PIGD

5 Rohani et al., 2017 2 1/1 NR 67.5 NR 5 months; 24 months PIGD
6 Cécile et al., 2017 5 NR NR NR NR 3 days, 15 days, 60

days
PIGD

7 Thevathasan et al., 2010 2 NR NR 76 NR 10 days PIGD
8 Lai et al., 2020 1 0/1 Yes 73 13 4 days, 2 months 1st: PAIN + PIGD 2nd:

Electrode dislocation
9 Kobayashi et al., 2018 1 0/1 NR 74 3 2 weeks PAIN + PIGD

10 Ichikawa et al., 2013 6 NR NR NR 12.2 3 to 5 weeks after
SCS

PAIN

11 Akiyama et al., 2017 1 1/0 Yes (5 years
prior)

65 12 11 days. 29 days PAIN

12 Soltani and Lalkhen,
2013

1 1/0 NR 68 NR NR PAIN

13 Weise et al., 2010 1 1/0 Yes 72 17 NR PAIN
14 Mitsuyama et al., 2013 2 NR NR NR 8.5 NR PAIN
15 Nishioka and Nakajima,

2015
3 1/2 NR 74.3 9.3 2 weeks, 3 months, 1

year
PAIN

16 Agari and Date, 2012 15 10/5 Yes: 7 patients;
No: 8 patients

71.1 17.2 3 months; 12 months PAIN

17 Hassan et al., 2013 1 1/0 NR 43 8 Every 3 months for 2
years

PAIN

18 Landi et al., 2013 1 1/0 Yes 65 NR 16 months PAIN
19 Fénelon et al., 2011 1 0/1 NR 74 5 Four sessions 2–5

weeks apart
PAIN

Top table section, white = Indication for SCS is PIGD; Bottom section, grey = indication for SCS is PAIN; Series 1,8 and 9 both indications. N, number; NR, not reported; F, female; M, male;
DBS, deep brain stimulation; SCS, spinal cord stimulation; PIGD, postural instability and gait disturbance. Studies with follow-up <3 months or NR are highlighted.
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Table 2A
Table listing the stimulation parameters and outcome measures in individual studies (+ indicates outcome improvement following SCS, − indicates outcome worsening following SCS, 0 indicates

no effect on outcome following SCS)

Series Study ID,
Year

Type of
Electrode

SCS Spinal Level Amplitude
Range (V/mA)

Pulse
Width (�s)

Frequency
(Hz/bps)

MDS-UPDRS
Outcome

Other Gait and Postural
Measures

QoL
Measures

1 Mazzone
et al., 2019

Quadripolar/
Octopolar

C1-C3 3 V (G1);
0.5 mA (G2)

93.3 (G1);
1000 (G2)

150 Hz
(G1);
479.2 Hz
(G2)

+ burst high
cervical SCS
better than tonic
HCSCS

+ gait parameters + VAS
score, SS
behavioral
task

2 Hubsch et
al., 2019

Octopolar T10-T11 NR; Chosen
individually at
the threshold
of paresthesia
in lower limbs

300 100 Hz + SCS alone by
23.22%;
SCS+L-DOPA by
36.8%

+ SWS SCS alone (steps by
12.4%; duration 23.6%),
SWS SCS+L-DOPA (steps
20%; duration 29.8%), axial
symptoms SCS (29.8%), axial
symptoms SCS + L-DOPA
(42.5%), PDQ-39 mobility
sub-score (29.6 to 22.6)
0 FoG questionnaire

+ no side
effects,
PDQ-39
(72.2 to
57)

3 Samotus et
al., 2018

Octopolar T8-T10 NR 300–400 30–130 Hz + UPDRS Part III
by 33.4%

+ ABC (71.4%), mean
number of FoG episodes
(14.8 ep. to 0.2 ep. at 6m)
0 duration of FoG episodes,
FoG questionnaire score

+ no side
effect/
adverse
events
0 PDQ-8

4 De Lima
Pardini et
al., 2018/
De Souza
et al., 2017

Paddle
electrodes
with 3
columns of
contacts

T2-T4 4.6 ± 1.9 V
(standing
position);
2.0 ± 0.5 V
(supine
position)

90 60/300 Hz + by 48.7% (3m);
38.3% (6m)

+ TUG (by 63.2%), 20-m
walk test (no. of steps:
65.7%; duration: 58%), Berg
balance scale (8%), FoG
questionnaire (17.8%), APA
duration at 300 Hz, FoG
duration using wireless
accelerometer

+ PDQ-39
(44.7%)

5 Rohani et
al., 2017

Quadripolar T10-T11 2.5–7 V 60–90 60–70 NR + FoG, gait parameters
(GAITRite Electronic
Walkway)

NR

6 Cécile et
al., 2017

Octopolar NR NR 300 100 Hz + UPDRS Part III + SWS NR
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7 Nishioka
and
Nakajima,
2015

5-6-5
electrodes

T8–L1 NR; Optimal
amplitude
range
determined
individually at
different time
points

NR;
Optimal
pulse
width
range
determined
individu-
ally at
different
time points

NR;
Optimal
stimula-
tion
frequency
range
determined
individu-
ally at
different
time points

+ UPDRS Part III
by 33.6%

NR + VAS
score,
MMSE
(patient 1
+ 2),
HDS-R
(patient 1
+ 2)
0 WPI,
FAB

8 Ichikawa
et al., 2013

Octopolar T6-T8 (five
patients); C4 (one
patient)

NR 100–200 60–90 bps + UPDRS Part III
by 32.3% (items
for lower limb
function + gait: by
46.6%)

NR NR

9 Mitsuyama
et al., 2013

NR NR; Location
where test
stimulation
indicated
paresthesia over
painful location

NR NR NR NR + walking posture
0 FoG

NR
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Table 2B
Table listing the stimulation parameters and outcome measures in individual studies (+ indicates outcome improvement following SCS, − indicates outcome worsening following SCS, 0 indicates

no effect on outcome following SCS)

Series Study ID,
Year

Type of
Electrode

SCS Spinal Level Amplitude
Range (V/mA)

Pulse
Width (�s)

Frequency
(Hz/bps)

MDS-UPDRS
Outcome

Other Gait and
Postural Measures

QoL Measures

10 Agari and
Date, 2012

Quadripolar/
Octopolar

T7-T12 0–4 V 210–330 5–20 Hz + by 19.6% (3m),
9.4% (12m)

+ Gait (40% at 3m;
12% at 12m), postural
stability (34.8%;
21.7%), TUG (27.8%;
15.7%), T 10-M walk
test (13.6%; 9.5%),
walking (24%; 16%)
0 freezing, falling,
rigidity, leg agility,
arising from chair

+ ADL score (21.2%;
15%), VAS score (8.9
preop; 2 postop)
0 hygiene

11 Thevathasan
et al., 2010

Quadripolar/
Octopolar

High cervical level Sub + Supra-
threshold
stimulation:
2-3 V(P1); 3-4
V(P2)

Sub +
Supra-
threshold
stimula-
tion:
240(P1);
200(P2)

Sub +
Supra-
threshold
stimula-
tion:
130Hz(P1);
300
Hz(P2)

0 0 T 10-M test, timed
hand arm movement,
timed foot tapping

0 VAS score

12 Lai et al.,
2020

1st SCS:
percutaneous
octopolar; 2nd
SCS: paddle
lead (5–6–5)

1st SCS: T8-T10;
2nd SCS: T8-T9

1st SCS:
1.5–2.5V;
2nd SCS:
3.6–4 V

1st SCS:
180–210;
2nd SCS:
270–390

1st SCS:
30 Hz;
2nd SCS:
60 Hz

+ from 45 (2m
post 1st SCS) to
42 (2m post 2nd
SCS)

+ TUG (29s to 22s) + VAS score (7 to 3),
KPSS (12 to 4),
PDQ-8 (by 40%),
SF-36 (4 items),
BDI-II (18 to 6)
0 GFQ-58, EQ-5D

13 Kobayashi
et al., 2018

Octopolar T6-T8 0.6–0.8 mA 1 ms 40-Hz
burst with
5 spikes at
the rate of
500 Hz

+ 20 (pre Burst
stimulation); 4
(post Burst
stimulation)

+ 20m walk (32s 56
steps pre Burst; 25s
45 steps post Burst),
posture sagittal
vertical axis
(127.68mm to
94.55mm)

+ SF-MPQ-2 total
pain (47 to 18),
SF-MPQ-2 affective
pain (5 to 0), SF-36
(31.1 to 43.6)
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14 Akiyama
et al., 2017

Octopolar T8-L3 (right side),
T8-L4 (left side)

2.5 V
(program 1);
3.5 V
(program 2)

450
(program
1); 250
(program
2)

7 Hz (both
program 1
+ 2)

+ 48 at D0 (I, 4;
II, 25; III, 15; IV,
4), 33 at D11 (I, 5;
II, 10; III, 15; IV,
3), 34 at D29 (I, 3;
II, 12; III, 15; IV,
4)

+ TUG (D0 : 15s,
D11 : 8s, D29 : 7s)

+ VAS score (10 to
2), EuroQoL (0.101 to
0.208), Numerical
Rating Scale (9 to 7),
Leeds Assessment of
Neuropathic
Symptoms and Signs
Pain Scale (11 to 5),
Hospital Anxiety and
Depression Scale (4 to
9), Pain Disability
Assessment Scale (39
to 36)

15 Hassan et
al., 2013

Octopolar C2 0.3–1.1 mA 500 40 Hz + 28 (early
postop), 22 (1y),
16 (2y)

+ T 10-M test (17s
baseline, 11s at 2y),
tremor, shuffling gait,
rigidity, posture

NR

16 Landi et
al., 2013

Quadripolar T9–T10 1.8–2.5 V 250 30 Hz 0 + 20m walk (duration
by 20%),
coordination, stability,
direction change

+ bladder control,
HDRS (21 to 9),
EuroQoL (60%)

17 Soltani and
Lalkhen,
2013

Octopolar T9-T11 1.5 V 300 60 Hz NR NR + Parkinsonian
symptoms (resting
tremor), leg pain

(Continued)
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Table 2B
(Continued)

Series Study ID,
Year

Type of
Electrode

SCS Spinal Level Amplitude
Range (V/mA)

Pulse
Width (�s)

Frequency
(Hz/bps)

MDS-UPDRS
Outcome

Other Gait and
Postural Measures

QoL Measures

18 Fénelon et
al., 2011

Quadripolar T9-T10 3.5 V 410 100–130
Hz

+ UPDRS part III
by 47.6%, axial
sub-score
(30.5%), tremor
(60%),
bradykinesia
(40.1%), rigidity
(65.2%), upper
limbs (44.1%),
lower limbs
(64.1%)

+ 7m walk (29.3s to
23s)

+ VAS score (6.9 to
1.9)

19 Weise et
al., 2010

NR Cervicothoracic
level

NR NR NR 0 NR NR

SCS, spinal cord stimulation; V, volt; mA, milliampere; �s, microseconds; Hz, Hertz; bps, bits per second; MDS-UPDRS, Movement Disorder Society-Sponsored Unified Parkinson’s Disease
Rating Scale; TUG, Timed Up-and-Go test; T 10-M walk, Timed 10-Meter walk; ADL, Activities of Daily Living; VAS, Visual Analog Scale; SWS, Stand-Walk-Sit; PDQ-39, Parkinson’s Disease
Questionnaire - 39; FoG, freezing of gait; PD, Parkinson’s disease; APA, Anticipatory Postural Adjustment; L-DOPA, levodopa; SF-MPQ-2, Short-form McGill Pain Questionnaire 2; SF-36,
36-Item Short Form Survey; KPSS, King’s Parkinson’s Disease Pain Scale; PDQ-8, 8-item Parkinson’s Disease questionnaire; BDI-II, Beck’s Depression Inventory; GFQ, General Functioning
Questionnaire; EQ-5D, EuroQoL-5 Dimension; HDRS, Hamilton’s Depression Rating Scale; SS, stop-signal; MMSE, Mini-Mental State Exam; HDS-R, Hierarchic Dementia Scale - Revised;
WPI, Widespread Pain Index; FAB, Frontal Assessment Battery; ABC, Activities-specific Balance Confidence.
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Further research should prioritize appropriately
quantifying their observations, reporting significance
levels where available and specifying which individ-
ual UPDRS-III items were the overall improvements
in score driven by.

The effects of SCS on freezing of gait were more
controversial when relying on patient reported FoG
questionnaires (1 out of 19 studies reports improve-
ment of 56.2%; 2 no effect) and generalized freezing
parameters with no specific tool mentioned (2/19
improved; 2/19 no effect; IMP not quantified). Nev-
ertheless, the assessment of FoG using methods
that rely on more objectively measurable, quantita-
tive data like a walkway and wireless accelerometer
(2/19) showed FoG markedly improved post SCS.

Specific parameters of postural imbalance and
falling were positively affected by SCS as follows:
Berg Balance Scale (1/19, IMP 8.4%), Posture Sagit-
tal Vertical Axis (1/19, IMP 25.9%) and generalized
data on postural instability and falls with no specific
tool mentioned (8/19; 1 no effect on falls; IMP not
quantified).

A range of different Quality of Life and affec-
tive scales was used to clinically evaluate the QoL
dimension: EQ-5D (1/19 no effect, 1/19 NR, 1/19
IMP 60%), ADL (1/19, IMP 21.2%), SF-36 (1/19,
IMP 40.2%), BDI-II (1/19, IMP 66.7%), PDQ-8
(1/19, IMP 40%; 1 no effect), HDRS (1/19, IMP
57.1%), PDQ-39 (2/19, AVG IMP 32.9 ± 16.7%),
GFQ-58 (1/19 no effect) and VAS score (5/19, AVG
IMP 68.7 ± 11.2%; 1/19 IMP not quantified; 1/19 no
effect).

There were no mortalities associated with the inter-
vention reported in any of the studies. One patient
reported feelings of akinesia, but this issue was
quickly resolved by changing the dopamine medi-
cation dose. The most common adverse event post
SCS was the lead migration, which was reported in a
single study, resulting in the recurrence of pain.

DISCUSSION

Despite the encouraging nature of our results
being indicative of marked improvements in gait
freezing and motor parameters while maintaining an
acceptable side effect profile and positively affecting
patients’ life quality, there is a clear need for well-
designed experimental studies with a higher number
of patients to establish the efficacy and safety of SCS
as an alarmingly needed therapy in PD patients with
gait disorders.

Existing evidence and limitations

Perhaps one of the main issues with assessing
the efficacy of SCS is the placebo effect [50, 51].
The study by Lai et al. does show some underlying
changes happening on a physiological level as well
and that the observable pain and PIGD improvements
are unlikely a result of placebo effects in their entirety
[31, 52].

Several potential sources of heterogeneity within
the studies included in our review were also iden-
tified, primarily concerning the study design, mea-
surement tools and data reporting. Case reports/series
can be problematic when a clear relationship between
an intervention and outcome needs to be established.
The findings reported by these studies are promising,
but they are not as easily applicable to the general
population due to the small sample size characteris-
tic of case reports and series, baseline demographic,
patient cohort without clearly defined characteris-
tics and the high risk of bias presence from various
sources [53, 54].

Further concerns stem from the lack of controlled
trial environment. Not all studies clearly report if
some/all patients underwent DBS prior to SCS and
whether DBS induced quantitative changes from
baseline in gait freezing following the procedure.
Patients presenting with FoG following DBS vs.
patients with FoG without prior DBS could poten-
tially categorize separately, so this variable should be
accounted for when defining study population crite-
ria.

The outcome measures used in the studies often
vary. Several studies applied measures composed of
several sub-domains focusing on different disease
aspects (e.g., UPDRS, PDQ-39, PDQ-8); however,
only the overall scores are reported without detailing
the results from the most relevant items (i.e., domains
concerning freezing/balance). Moreover, these scores
were assessed at specific time points at the clinic and
often do not reflect the standard patient environment.

These symptoms are environment and attention-
dependent, and their measurement in gait labs highly
artificial. Thus, researchers often must rely on highly
symptom-specific yet self-reported data [55, 56].
De Souza et al. used the wireless accelerometer
to measure the occurrence of these symptoms in a
more objective manner, and various other ambulatory
cueing technologies can accompany patient-reported
testimonies to measure gait freezing more accurately
in patient’s natural settings (e.g., ankle-mounted sen-
sor array) [57].
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A further consideration for PD patients prior to
undergoing SCS is the potential occurrence of pares-
thesia. However, not all SCS lead to paresthesia
induction (e.g., high-frequency stimulation), and our
review suggests that this mode of stimulation should
be investigated in more depth in PD pathology [32].
Several studies included in this review attempted to
identify a universal set of stimulation parameters that
could promise a significant improvement in most of
the clinical outcomes of interest for all patients.

Nevertheless, the most suitable stimulation param-
eters always needed to be determined individually
[20, 26]. Even though the studies in this review
used different parameters for stimulation and failed
to identify the best baseline set for everyone, their
findings may provide a starting point where the most
effective range could lie for most patients. The find-
ings suggest that high burst stimulation seems to
outperform when compared to tonic, low-frequency
stimulation [23, 32], and burst stimulation is promis-
ing (as well as high frequency) when it comes to
blinding patients and assessors to ON vs. OFF stim-
ulation. Nonetheless, the “beneficial” frequency can
range from 7–500 Hz.

In the studies reporting motor improvement,
the amplitude and pulse width ranged as follows:
1.5–4.6 V/0.3–1.1 mA; 90–1000 �s. The implanta-
tion levels were mainly at the thoracic spinal
segments, but even patients with electrodes at cervi-
cal, lumbar, and mixed levels reported symptomatic
improvements. Some of the most promising improve-
ments were observed in patients where stimulation
occurred at the mid and upper thoracic levels (T2-
T9). This seems to match the conclusions stated by
Fonoff et al. [52], suggesting that the area between
T4 and T5 might be the most promising segment for
stimulation due to the narrowness of the canal at this
area and the relatively small amount of cerebrospinal
fluid between the lead at the spinal cord. Patients can
have implanted either a paddle lead which requires
an open procedure but carries a smaller risk of migra-
tion or a percutaneous cylindrical lead, which carries
fewer risks associated with the surgical procedure
but a higher risk of migration and misplacement
[58, 59].

Conclusion and implications for future research

Some studies suggest that the effects of SCS can be
further enhanced when done in conjunction with an
adequate amount of dopamine medication and DBS,
even when these two therapies alone are no longer

sufficient to address the refractory PD symptoms
[21, 38].

In conclusion, spinal cord stimulation for PIGD in
PD is a therapy that is worth investigating further. The
existing evidence within this patient population, weak
as it is, suggests that the procedure is relatively safe
and may have beneficial effects on QoL and motor
scores. There is a pressing need for an adequately
powered clinical trial with clearly described statis-
tical analysis methods, patient cohort and tools for
clinical evaluation. This will aid us to draw more
solid conclusions regarding the therapeutic poten-
tial of SCS in PD patients with gait complications
and open new research opportunities in the field of
preventative medicine or combined treatment.
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