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Introduction:Deep brain stimulation (DBS) has emerged as a promising therapeutic approach, offering targeted neuromodulation
for movement disorders refractory to medical management or stereotactic surgery. However, assessing its benefits against
potential risks is essential. This meta-analysis aims to evaluate the efficacy and safety of DBS in movement disorders, shedding
light on its role as an alternative therapeutic option.
Methods: A comprehensive search of databases after systemic review yielded studies published in English from 2000 to the
present. Data selection, screening, extraction, and risk of bias assessment were performed meticulously. Statistical analysis was
conducted using RevMan 2.0, with significant heterogeneity addressed through appropriate methods.
Results: Our meta-analysis included 40 studies assessing the Unified Parkinson’s Disease Rating Scale Part III, revealing
a significant improvement in motor symptoms (mean difference [MD]: −18.05, 95% confidence interval [CI] [−20.17, −15.93],
P < 0.00001). Hoehn and Yahr Stage analysis demonstrated a reduction in disease severity (MD: −0.58, 95% CI [−1.05, −0.12],
P = 0.01). Tremor severity (MD: −8.22, 95% CI [−12.30, −4.15], P < 0.0001), overall tremor (MD: −2.68, 95% CI [−4.59, −0.77],
P = 0.006), gait velocity (MD: 0.13, 95%CI [0.08, 0.18], P < 0.00001), and Yale Global Tic Severity Scale score (MD: −9.75, 95%CI
[−14.55, −4.96], P < 0.0001) also showed significant improvements with DBS.
Conclusion: DBS demonstrates efficacy in improving motor symptoms, disease severity, tremor, gait, and tic severity in move-
ment disorders. However, further research is needed to elucidate long-term efficacy and safety outcomes.

Keywords: deep brain stimulation, meta-analysis, movement disorders, Parkinson’s disease, parkinsonism, PD

Introduction

Movement disorders is an umbrella term that includes an array of
different neurological disorders affecting different regions in the
brain especially the cerebellum leading to an increase or a decrease
in the duration and rate of a particular action along with defects in
the planning, control, and execution of different movements.[1,2]

Movement disorders were once originally termed as extrapyr-
amidal disorders by Wilson for most of the 20th century when
the first formal attempt to classify these disorders was made in
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1963 by Jorg Baumann based on these disorders’ pathology and
anatomical location. However due to the inaccuracy of the term,
on 1968 Stanley Fahn at the University of Pennsylvania changed
the term from extrapyramidal to movement disorders[2,3].
The complex nature of movement disorders has made it difficult

to come upwith a comprehensive classification due to their genetic,
pathological and clinical variability. However, they are generally
classified as hyperkinetic and hypokinetic disorders. The hyperki-
netic disorders include dystonia, chorea, athetosis, tics, tremor,
myoclonus, stereotypy and startle syndromes. Hypokinetic disor-
ders include Parkinson’s disease (PD), rigidity, and other parkinso-
nian disorders. Gait disorders such as ataxia and spasticity in
addition to disorders of psychogenic or functional etiology are
also included.[2–4]

Symptomatic treatment through pharmacological medications
varies widely and is tailored to the needs of the patient, underlying
pathology and the clinical manifestations of these disorders.[5]

These treatments may include deutetrabenazine and tetrabenazine
for Huntington’s disease chorea.[6] monoamine-depleting drug,
new formulations of botulinum toxin are also being used in the
treatment of hyperkinetic disorders.[7] Immunotherapies such as
glucocorticoids, plasma immunoglobulins, cyclophosphamide for
immune-mediated movement disorders.[8] Propranolol, primi-
done, and topiramate (>200mg/day) for the treatment of essential
tremor.[9] Nonergot dopamine agonists, levodopa, and rasagiline
for the treatment of Parkinson’s motor fluctuations[10]. Lastly,
physiotherapy has been considered a cornerstone in the multi-
disciplinary treatment of functional movement disorders.[11]

Targeted gene-specific therapy through striatal cAMP turnover
modulation has also been suggested in cases of genetic based
paroxysmal movement disorders such as episodic ataxia and
paroxysmal dyskinesia.[12] Stereotactic surgery is considered in
cases where medical therapy fails.[5]

Deep brain stimulation (DBS) is a neurosurgical procedure that
allows targeted circuit-based neuromodulation and promises to
give novel solutions to many psychiatric andmovement disorders.
It works through modulating neuronal activity by the implanta-
tion of electrodes into the brain parenchyma. In general, high
frequency stimulation appears to have an inhibitory effect on
nearby neurons while low frequency stimulation showed an exci-
tatory effect. However, the exact physiological mechanisms by
which DBS work are still not fully understood.[13,14]

DBS basic frame existed since the 19th century and was
advanced forward in 1947 when x-ray pneumoencephalography
was introduced which enabled accurate target localization by
the surgeons. In 1963, high frequency DBS was reported to
alleviate parkinson’s tremor substantially for the first time. In
1993, DBS was presented as an alternative for pallidial ablative
surgery in the treatment of Parkinson disorder motor symptoms.
Currently DBS is used in the standard treatment of dystopia,
essential tremor, and PD and is now considered as an option for
treatment-resistant conditions like Alzheimer disease, Tourette
syndrome (TS), and schizophrenia.[13,14]

DBS is a subject of current interest in the treatment of a wide
array of movement disorders especially when pharmacological
therapies fail to control the condition or are poorly tolerated by
patients due to their side effects.
It is now considered a gold standard treatment to many of the

common movement diseases due to its higher efficacy, fewer
complications, and minimal invasiveness in comparison to its
lesioning and stereotactic surgical counterparts. However DBS

like any other foreign body has its setbacks represented in
a higher rate of infection, hemorrhage, malfunction and frequent
need of follow-up; hence, a review concerning DBS potential
benefits against its potential risks is deemed necessary.[15] The
primary importance lies in consolidating evidence from multiple
studies to achieve a higher level of statistical power and precision.
By synthesizing findings on the efficacy, safety, and outcomes of
deep brain stimulation (DBS) across diverse populations and
study designs, our meta-analysis identifies trends, quantifies effect
sizes, and addresses inconsistencies in the literature. This
approach enables us to provide robust, evidence-based insights
to guide clinicians in optimizing the use of DBS for the effective
management of movement disorders. The primary importance of
this study is to conduct a meta-analysis of randomized controlled
trials (RCTs) on DBS for movement disorders, with a specific
focus on PD. While previous reviews have largely concentrated
on specific aspects such as motor symptoms, dyskinesias, and
quality of life, this meta-analysis broadens the scope by including
amore extensive set of outcomes. These include the clinical effects
of DBS on tremor, gait, Unified Parkinson’s Disease Rating Scale
(UPDRS) scores, and tic scales. Additionally, this review examines
advancements in DBS technology, its indications, and its applica-
tions in the management of movement disorders as an effective
alternative to medical therapy and lesioning surgeries. It also
evaluates the efficacy, safety, and potential risks associated with
DBS therapy, offering a comprehensive perspective on its role in
improving patient outcomes.

Methods

According to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses checklist and the Cochrane
Handbook for Systematic Reviews of Interventions, this study
was conducted[16,17].

Search strategy

Three databases (PubMed, Cochrane Library, and Science Direct)
were searched using the following terms: (“deep brain stimula-
tion” [MeSH Terms] OR “deep brain stimulation “[Text Word]
AND “movement disorders” [MeSH Terms] OR “movement
disorders”[Text Word]). The search was limited to studies pub-
lished in the English language without any restrictions on time.

Data selection and screening

We included peer-reviewed research articles, clinical trials (both
randomized and non-randomized), observational studies, focus-
ing on clinical outcomes, complications, and efficacy of DBS in
the treatment of movement disorders. The search encompassed
studies published in English between 2000 and the present date.
Exclusion criteria comprised studies not directly related to

DBS and its clinical outcomes, systematic reviews, meta-ana-
lyses, commentaries, and editorial articles, as well as studies
conducted solely on animal subjects or lacking sufficient data
to evaluate DBS efficacy or clinical outcomes. Additionally, we
excluded studies published before 2000 or in languages other
than English, and those with sample sizes smaller than ten.
Further exclusions encompassed case reports, case series, con-

ference abstracts, and editorial articles, as well as studies dis-
playing obvious bias or inadequate data. These criteria were
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meticulously applied to ensure the selection of studies meeting
the specified research focus and quality standards.
Screening was done through two steps: title/abstract screening

and then full-text screening. Screening was done by two investi-
gators, and the disagreements between them were resolved by
a third one, as illustrated in Fig. 1. The summary of character-
istics of included studies is illustrated in Table 1.

Data extraction

The data extraction step was done by two independent authors,
and any disagreement was resolved by a third one. Relevant data
extracted included study characteristics (author, year of publica-
tion, study design, countries, duration, places, sample size),
participant demographics (age, sex, type of movement disorder,
used medications, and disease duration), and outcomes (UPDRS
III, Hoehn & Yahr, tremor severity, tremor, gait velocity, and
Yale Global Tic Severity Scale [YGTSS]).

Risk of bias assessment

The quality of the data was assessed by two independent authors
using risk of bias in non-randomized studies (of interventions)
tool[18] for non-randomized studies and Cochrane Risk of Bias
Tool 2 (RoB 2)[19] for randomized studies.
ROBINS-l tool consists of seven domains which are

confounding, selection of participants, classification of inter-
ventions, deviations from intended interventions, missing
data, measurement of outcomes, and selection of the reported
result.
The risk of bias for each domain in this tool is rated as low,

moderate, serious, critical, or no information but the RoB 2 tool
consists of five domains which are randomization process, devia-
tions from intended interventions, missing outcome data, measure-
ment of outcomes, and selection of the reported result. The risk of
bias for each domain in this tool is rated from low to high and any
disagreement was resolved by a third author.

Figure 1. Flow diagram of included studies.
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Statistical analysis

We conducted the analysis using RevMan 2.0 by analyzing the
pooled mean difference between the STN DBS ON group and
the STN DBS OFF group with a 95% confidence interval (CI).
The results were considered to be statistically significant
between the two groups if the Chi-square P-value was lower
than 0.05[17].
The heterogeneity was assessed using chi-square and I-square.

The heterogeneity was considered to be significant if the P-value
was lower than 0.1 or the I2 more than 50%[17]. In addition, we
used fixed-effect model in case of insignificant heterogeneity,
otherwise, we used random-effect model.
The significant heterogeneity was handled by: (a) shifting to

random-effect model[20]. (b) Conducting leave-one-out
analysis[21], it works by leaving the study or studies that have
caused this significant heterogeneity till the insignificant heteroge-
neity is achieved. (c) Doing publication bias if the number of studies

wasmore than nine using funnel plot[22], sowe could visually assess
if there was a publication bias or not.

Results

UPDRS Part II:

The UPDRS Part III, evaluating motor symptoms in PD, showed
significant improvement with an MD of −18.05 (95% CI
[−20.17, −15.93]), P < 0.00001. This finding is based on data
from 40 studies including 1200 participants, indicating that DBS
substantially improves motor function. The heterogeneity was
high (I2 = 88%), as illustrated in Fig. 2.

Hoehn and yahr stage:

Analysis of the Hoehn and Yahr Stage, which classifies the
severity of PD, revealed a significant improvement with an MD

Figure 2. Analysis of mean difference of Unified Parkinson’s Disease Rating Scale (UPDRS) Part III between DBS-ON and DBS-OFF.
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of −0.58 (95% CI [−1.05, −0.12]), P = 0.01. Derived from 13
studies, this result signifies that DBS is effective in reducing
disease severity. Heterogeneity was high (I2 = 95%), indicating
variability among study finding, as illustrated in Fig. 3.

Tremor severity

For tremor severity, assessing the intensity of tremor in patients,
the meta-analysis found a significant reduction with an MD of
−8.22 (95% CI [−12.30, −4.15]), P < 0.0001. This outcome,
informed by four studies, highlights DBS’s efficacy in alleviating
tremor. There was high heterogeneity (I2 = 87%), as illustrated
in Fig. 4.

Tremor

Analysis of overall Tremor, evaluating the presence and impact
of tremor, showed a significant decrease with an MD of −2.68
(95% CI [−4.59, −0.77]), P = 0.006. This result, based on three
studies, confirms the effectiveness of DBS in tremor manage-
ment. The heterogeneity was low (I2 = 78%), indicating similar
outcomes across different studies as illustrated in Fig. 5.

Gait velocity

The impact on gait velocity, a measure of mobility, demon-
strated significant improvement with an MD of 0.13 (95% CI
[0.08, 0.18]), P < 0.00001. Based on four studies, this outcome

suggests that DBS enhances walking speed in individuals with
movement disorders. Heterogeneity was insignificant (I2 =
10%), as illustrated in Fig. 6.

YGTSS Score

The analysis of YGTSS Score, indicating the severity of tics,
revealed a significant reduction with an MD of −9.75 (95% CI
[−14.55, −4.96]), P < 0.0001. This finding from four studies,
shows that DBS is beneficial in reducing tic severity. The hetero-
geneity was moderate (I2 = 61%), suggesting variability that
warrants further investigation, as illustrated in Fig. 7.

Publication bias

Visual inspection of funnel plots reveals a symmetry indicating
potential publication bias, as illustrated in Figs. 8 and 9.

Discussion

DBS has emerged as a highly effective therapeutic option for
patients with PD and other movement disorders, offering remark-
able benefits across a spectrum of neurologic conditions[23]. PD,
characterized by progressive neurodegeneration and a complex
array of motor and nonmotor symptoms, presents significant
challenges in management. Our meta-analysis, encompassing

Figure 3. Analysis of mean difference of Hoehn and Yahr Stage between DBS-ON and DBS-OFF.

Figure 4. Analysis of mean difference of tremor severity between DBS-ON and DBS-OFF.
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data from numerous studies, reaffirms the efficacy of DBS in
improving motor function and disease severity in PD patients.
Over the past decade, DBS has transformed into a standard

treatment modality for advanced PD, substantially enhancing
motor function and overall quality of life for affected
individuals.[24] By directly modulating pathological brain activ-
ity, DBS offers tailored and adjustable stimulation, effectively
addressing symptoms in both neurological and psychiatric dis-
orders linked to dysfunctional circuitry[25]. Notably, DBS target-
ing specific brain regions such as the ventral intermediate
nucleus (VIM) of the thalamus, subthalamic nucleus (STN), or
internal segment of the globus pallidus has demonstrated pro-
found therapeutic effects, ranging from tremor relief to improve-
ments in bradykinesia, rigidity, and gait disturbances[26]. The
multifaceted mechanisms underlying DBS, including local and
network-wide neuromodulatory effects, synaptic plasticity, and
potential neuroprotective properties, underscore its versatility in
addressing varied clinical presentations[27].
The observed improvements in motor symptoms, as indicated

by reductions in UPDRS Part III scores, and disease severity, as
reflected by changes in Hoehn and Yahr Stage ratings, highlight
the therapeutic efficacy of DBS in ameliorating motor dysfunction
and slowing disease progression in PD patients. Furthermore, our
meta-analysis revealed a significant decrease in tremor severity
and overall tremor presence following DBS treatment, underscor-
ing its effectiveness in managing tremor symptoms, which often
pose significant challenges for individuals with PD.
Despite the notable clinical success of DBS, the precise thera-

peutic mechanisms underlying its effects remain a subject of
ongoing debate[28]. In light of this, patient safety remains para-
mount in neuromodulation interventions, with efforts focused on
developing full-bodyMRI-safe systems to address concerns about
potential heating of DBS systems during scans, ideally without the
need for extension cables. Additionally, infection prevention

strategies are crucial, given current infection rates ranging from
5% to 10%. Approaches such as utilizing antibacterial envelopes,
proven effective in cardiac implantable devices, could be adapted
for neurostimulation systems to mitigate infection risks.
Moreover, vigilance regarding acute hardware failure is essential
to prevent symptom rebound or severe events, such as neurolep-
tic-like malignant syndrome. Newer implantable pulse generators
with improved battery capacity readouts offer potential for pre-
emptive battery replacement, while future considerations may
include implementing error-detecting servomechanisms[13].
Fig. 11 reflects the techincal surgical aspects that surgeons interest
during DBS for movement disorders.
The improvement in gait velocity and reduction in tic severity

further demonstrate the broad spectrum of benefits offered by
DBS beyond motor symptoms, encompassing mobility enhance-
ment and tic reduction in individuals with movement disorders.
DBS has shown promise in reducing tics associated with TS.

Studies have explored different DBS targets, such as the thalamic
centromedian parafascicular complex[29], STN[29], and antero-
medial globus pallidus interna (amGPi)[30]. DBS has been found
to modulate synaptic and tonic dopamine activity in the striatum,
leading to a reduction inmotor tic behavior[31]. Additionally, DBS
treatment targeting the STN has shown significant improvements
in tic severity and comorbid psychiatric symptoms in patients
with TS[32]. Furthermore, amGPi-targeted DBS has demonstrated
a decrease in tics, improvement in quality of life, and resolution of
non-tic-related symptoms in refractory TS cases. These findings
collectively support the efficacy of DBS in alleviating tics and
associated symptoms in TS patients[33,34].
Accurately pinpointing the optimal stimulation location in the

brain is crucial for enhancing the efficacy of DBS in PD. A recent
study employed an individualized modeling technique, indepen-
dent of standard brain atlases, to identify the most effective
stimulation sites near the dorsomedial region of the STN. The

Figure 5. Analysis of mean difference of tremor between DBS-ON and DBS-OFF.

Figure 6. Analysis of mean difference of gait velocity between DBS-ON and DBS-OFF.
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consistent improvement in motor symptoms across patients sug-
gests the potential significance of targeting the caudal zona
incerta in DBS therapy. This personalized modeling approach
offers promise for tailoring DBS strategies to individual patients,
not only in PD but also in other conditions like essential tremor
and depression, facilitating improved clinical outcomes and
minimizing side effects[35].
Furthermore, the observed improvement in plantar tactile

cutaneous perception following STN-DBS highlights the poten-
tial of targeting sensory pathways alongside traditional motor-
focused interventions. This suggests a promising avenue for
developing novel therapy strategies aimed at enhancing sensory
perception to augment motor performance and overall quality of
life in PD patients[36].
While DBS effectively treats dopa-responsive motor symp-

toms and dyskinesia in the long term, it is important to acknowl-
edge potential drawbacks. Some non-motor symptoms like pain
may also improve with DBS, but it can lead to decreased verbal

fluency, psychosocial issues, and may not alleviate postural
instability, freezing of gait, or cognitive problems. In some
cases, particularly among patients with preexisting intellectual
impairment or over 70 years old, DBS may increase the risk of
falls and impulsivity, with higher depression rates compared to
other treatments. Therefore, thorough preoperative evaluation,
including assessment of non-motor and psychiatric symptoms, is
essential to optimize patient selection and minimize adverse
effects. Additionally, in dystonia patients, pallidal stimulation
can cause adverse effects such as bradykinesia and gait distur-
bance, while STN stimulation may induce dyskinesia without
significant cognitive effects[37].
While DBS has expanded its scope to include other movement

disorders like essential tremor and dystonia, PD remains its pre-
dominant indication. Despite potential risks, DBS stands as
a valuable therapeutic avenue for patients grappling with PD,
dystonia, and tremor, offering significant enhancements in
motor function and quality of life. Nevertheless, ongoing research

Figure 8. The publication bias for Unified Parkinson’s Disease Rating Scale (UPDRS) Part III.

Figure 7. Analysis of mean difference of Yale Global Tic Severity Scale (YGTSS) Score between DBS-ON and DBS-OFF.
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endeavors are imperative to unravel the precise mechanisms
underlying DBS efficacy, refine patient selection criteria, and
mitigate associated procedural complications.

DBS approaches and planes for movement disorders
management

DBS has emerged as a promising treatment option for various
neurological and neuropsychiatric disorders, including dystonia,
PD, tremors, and Tourette’s syndrome.

Parkinson’s disease

DBS is an established treatment for PD, particularly for patients
who have not responded well to medication or are experiencing
disabling side effects[38]. The procedure typically targets the STN
or the globus pallidus internus (GPi), two key regions involved in
the motor symptoms of Parkinson’s. DBS has been shown to
significantly improve motor function, reduce tremor, and
decrease the need for dopaminergic medications in Parkinson’s
patients. The long-term benefits of DBS for Parkinson’s appear to
be more durable compared to other movement disorders[37].

Essential tremor

DBS is also FDA approved for the treatment of essential tremor.
The procedure involves implanting an electrode into the VIM of
the thalamus. DBS can effectively reduce tremor severity and
improve quality of life in patients with essential tremor[37].

Tourette’s syndrome

DBS has also been explored as a treatment option for severe,
treatment-refractory Tourette’s syndrome. The targets for DBS
in Tourette’s have included the centromedian-parafascicular

complex of the thalamus, the GPi, and the anterior limb of the
internal capsule. While the results have been mixed, with an
average response of around 40% improvement in tic severity,
DBS has shown promise in reducing both motor and vocal tics in
carefully selected patients with severe, disabling Tourette’s
symptoms that have not responded to other therapies.[38–40]

Dystonia

DBS has been approved for the treatment of dystonia, particu-
larly primary or hereditary forms of the condition. The proce-
dure involves implanting electrodes in the GPi, a specific region
of the brain that is malfunctioning in dystonia patients[41]. The
electrical stimulation from the implanted device helps to mod-
ulate the abnormal brain activity and reduce the severity of
dystonic movements and postures. Studies have shown that
patients with genetic dystonia can experience an 80%–99%
improvement in their symptoms following DBS treatment.
Patients with cervical dystonia (torticollis) often see a 40%–
60% improvement in their neck movements and posture, though
the response can vary. DBS has also been used to treat tardive
dyskinesia, a movement disorder caused by certain medications,
with up to 80% improvement in symptoms. However, the
response to DBS in secondary dystonia associated with condi-
tions like cerebral palsy is typically more limited, with only 0%–
20% improvement[41].
It is important to note that the precise mechanisms by which

DBS exerts its therapeutic effects in these different disorders are
not yet fully understood. Ongoing research and larger, con-
trolled studies are still needed to further elucidate the optimal
targets and stimulation parameters for DBS in each condition, as
well as to better define the patient selection criteria to ensure the
best outcomes. In summary, DBS has demonstrated efficacy in

Figure 9. The publication bias for Hoehn and Yahr stage.
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Figure 10. This figure reflects the approaches, planes, and considerations involved in deep brain stimulation (DBS) for movement disorders. The top-left section
provides an anatomical illustration of target nucleus of parkinsons disease. The illustration shows the approaches and planes relative to the brain tissue, to
illustrate the target nucleus . The top-right section provides an anatomical illustration of target nucleus of dystonia. The illustration shows the approaches and
planes relative to the brain tissue, to illustrate the target nucleus . The bottom left section provides an anatomical illustration of target nucleus of essential tremor.
The illustration shows the approaches and planes relative to the brain tissue, to illustrate the target nucleus. The bottom-right section provides an anatomical
illustration of target nucleus of Tourette’s syndrome. The illustration shows the approaches and planes relative to the brain tissue, to illustrate the target nucleus.
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the treatment of dystonia, PD, and select cases of severe, treat-
ment-refractory Tourette’s syndrome. The specific brain targets
and the degree of clinical improvement can vary across these
different neurological and neuropsychiatric disorders, highlight-
ing the need for a tailored, patient-specific approach to DBS
therapy[42].

Comparison and efficacy

While DBS has been shown to be effective in all three conditions,
the specific targets and approaches differ. In dystonia, DBS of
the GPi is often used, whereas in PD, DBS of the STN is more
common. In TS, DBS of the ventromedial thalamus andGPi have
been used. The efficacy of DBS in these conditions is generally
high, with significant improvements in motor function and
symptom reduction reported in most studies. For example, in
dystonia, DBS of the GPi has been shown to result in a 50%
reduction in dystonic symptoms in 80% of patients. In PD, DBS
of the STN has been shown to result in a significant improve-
ment in motor function and a reduction in motor symptoms in
patients, with a mean improvement of 60% in motor function.

In TS, DBS of the ventromedial thalamus has been shown to
result in a significant reduction in tic severity, with a mean
improvement of 58% in tic severity. Overall, DBS has emerged
as a promising treatment approach for these conditions, offering
significant improvements in motor function and symptom
reduction. Fig. 10 reflects the approaches, planes, and consid-
erations involved in DBS for movement disorders.
In summary, DBS has demonstrated efficacy in the treatment

of dystonia, PD, and select cases of severe, treatment-refractory
Tourette’s syndrome. The specific brain targets and the degree of
clinical improvement can vary across these different neurologi-
cal and neuropsychiatric disorders, highlighting the need
for a tailored, patient-specific approach to DBS therapy.
Implanted device helps to modulate the abnormal brain activity
and reduce the severity of dystonic movements and postures.
Studies have shown that patients with genetic dystonia can
experience an 80%–99% improvement in their symptoms fol-
lowing DBS treatment. Patients with cervical dystonia (torticol-
lis) often see a 40%–60% improvement in their neck movements
and posture, though the response can vary. DBS has also been
used to treat tardive dyskinesia, a movement disorder caused by

Figure 11. The techincal surgical aspects that surgeons interest during deep brain stimulation for movement disorders (Fig. 11). This figure illustrates the
procedural steps involved in deep brain stimulation (DBS), from preoperative planning and trajectory optimization to electrode placement, intraoperative
microelectrode recording (MER), and postoperative monitoring. It highlights key stages such as burr hole creation, mapping of neural activity, and placement
of the implanted pulse generator (IPG), providing a general overview of the DBS surgical workflow. DBS, deep brain stimulation; MER, microelectrode recording;
IPG, implanted pulse generator.
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certain medications, with up to 80% improvement in symptoms.
However, the response to DBS in secondary dystonia associated
with conditions like cerebral palsy is typically more limited, with
only 0%–20% improvement. Also, Table 2 shows comparison
of DBS with newer interventions such as focused ultrasound

Applications of DBS

DBS is a sophisticated neurosurgical procedure that involves
implanting electrodes into specific regions of the brain to mod-
ulate neural activity. Originally developed as a treatment for
movement disorders, its applications have expanded significantly,
making it a versatile tool in modern neuromodulation therapies.
One of the most well-established uses of DBS is in the manage-
ment of movement disorders. In PD, DBS targets the STN or the
GPi, effectively alleviating symptoms such as tremors, rigidity,
and motor fluctuations. It is also used to treat essential tremor
by stimulating the VIM of the thalamus, providing substantial
relief from tremors. For patients with dystonia, GPi stimulation
has been shown to reduce involuntary muscle contractions and
abnormal postures, enhancing their quality of life[41].
Beyond movement disorders, DBS has found significant appli-

cation in neuropsychiatric conditions and epilepsy[43]. For
obsessive-compulsive disorder, electrodes implanted in areas
like the anterior limb of the internal capsule or the nucleus
accumbens (NAc) have shown promising results, particularly
in treatment-resistant cases. Similarly, DBS of the subgenual
cingulate cortex (Brodmann Area 25) has been explored for
patients with treatment-resistant depression, with ongoing
research into its effectiveness and mechanisms. In TS, DBS tar-
geting the centromedian thalamic nuclei or the globus pallidus

has demonstrated potential in reducing the severity of tics, offer-
ing hope to patients with severe, refractory symptoms.
Chronic pain is another area where DBS has made an impact.

For patients suffering from refractory pain conditions, such as
neuropathic pain or cluster headaches, DBS of the periaqueduc-
tal gray or sensory thalamic nuclei has been utilized with con-
siderable success. Additionally, the anterior nucleus of the
thalamus has been targeted in patients with drug-resistant epi-
lepsy, where DBS has been shown to reduce seizure frequency
and severity[44].
Emerging evidence suggests that DBS may also play a role in

managing cognitive disorders. In Alzheimer’s disease, for exam-
ple, DBS of the fornix and hypothalamus is being investigated to
enhance memory and cognitive function. Similarly, for patients
recovering from traumatic brain injury, DBS holds promise in
modulating neural circuits involved in attention and arousal,
potentially aiding in rehabilitation[45].
DBS is also being explored in addiction medicine. By targeting

the NAs, researchers aim to modulate reward pathways, which
could help treat substance use disorders such as alcohol, nico-
tine, and opioid addiction. Stroke rehabilitation is another area
of interest, where DBS of regions like the cerebellum and pri-
mary motor cortex has shown potential in promoting motor
recovery[40].
Additionally, DBS has shown promise in treating cluster

headaches and migraines by targeting hypothalamic circuits,
significantly reducing the frequency and severity of attacks in
drug-resistant cases. Its role in sleep disorders is also under
investigation, with preliminary studies exploring its effects on
conditions such as sleep apnea and hypersomnia[41].
The development of closed-loop DBS systems is a major focus

of research. These adaptive systems aim to provide real-time
modulation based on patient-specific neural activity, potentially
improving the precision and efficacy of DBS therapy.
Furthermore, researchers are investigating the use of DBS in
conditions such as bipolar disorder, schizophrenia, and neuro-
degenerative disorders like multiple system atrophy (MSA) and
progressive supranuclear palsy (PSP). These advancements
underscore the evolving nature of DBS and its potential to
revolutionize the treatment landscape for a wide range of neu-
rological and psychiatric conditions[42,43].

Case selection for DBS

DBS is primarily indicated for patients with movement disor-
ders, such as PD, essential tremor (ET), and dystonia, who have
not responded adequately to pharmacological treatments. For
PD, suitable candidates typically present with motor fluctua-
tions or dyskinesias that significantly impair daily activities
and are refractory to medications. In ET, DBS is recommended
for patients with severe tremor that significantly affects daily
functioning and who have not benefitted from other treatments.
Additionally, patients should exhibit stable disease progression
and a clear benefit from symptom control, as DBS is most
effective when symptoms are sufficiently severe but not so
advanced that the procedure would not provide meaningful
improvements. Candidates must also be cognitively and
psychologically stable, with intact mental status, to ensure
they can engage in rehabilitation and manage postoperative
expectations[45].

Table 2
Surgical intervention for movement disorders[44]

Technique Features Indications

Deep brain
stimulation

Reversible procedure Essential tremor
Modifiable effects Parkinson disease
Intracranial surgery Dystonia
Microelectrode recording
Stimulation mapping
Permanent implant
Pacemaker-like generator
Overnight stay in hospital

Stereotactic
radiosurgery

Irreversible lesioning Essential tremor
Incisionless surgery Parkinson disease
No microelectrode recording Dystonia
No stimulation mapping
Risk of radiation-induced

neurotoxicity
Focused ultrasound Irreversible lesioning Essential tremor

“Incisionless surgery Motor symptoms of Parkinson
disease

Stimulation mapping
Outpatient procedure Tremor-dominant Parkinson

disease
Radiofrequency

Ablation
Irreversible lesioning Essential tremor
Intracranial surgery Parkinson disease
Microelectrode recording Dystonia
Stimulation mapping
Older technology
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Contraindications for DBS

Certain conditions are contraindications for DBS. Severe cogni-
tive impairment, such as dementia or significant executive dys-
function, can limit the effectiveness of DBS and may worsen
post-surgical outcomes. Active psychiatric conditions, including
uncontrolled depression, psychosis, or mania, are also contra-
indications, as they can interfere with recovery and adjustment
to the device. Medical comorbidities like uncontrolled cardio-
vascular disease, diabetes, or infections may increase surgical
risk and are considered relative contraindications. Structural
brain abnormalities, such as large tumors or extensive cortical
atrophy, also present challenges for electrode placement and are
therefore considered contraindications. It is essential to carefully
evaluate these factors during pre-surgical screening to optimize
patient selection and ensure safe and effective outcomes[25].

Advantages and disadvantages of DBS over magnetic
resonance-guided focused ultrasound

DBS and magnetic resonance-guided focused ultrasound
(MRgFUS) are two advanced therapeutic options for managing
PD, each with distinct advantages and disadvantages. DBS has
several advantages over magnetic resonance guided focused
ultrasound, one of the significant benefits of DBS is its adjust-
ability. Clinicians can fine-tune stimulation parameters to opti-
mize therapeutic outcomes and minimize side effects.
Additionally, DBS is reversible; if necessary, the system can be
turned off or removed . DBS has a long-standing history of
effectively managing motor symptoms in PD patients, particu-
larly those with advanced disease stages. It is recognized as an
evidence-based therapy for treating dopaminergic complications
in PD. DBS targets, such as the STN and GPi, allow for compre-
hensive management of various motor symptoms, including
tremor, rigidity, bradykinesia, and motor fluctuations.
Conversely, MRgFUS is a non-invasive procedure that uses
focused ultrasound waves to ablate targeted brain tissue without
the need for incisions or implanted hardware, reducing the risk
of infections and other surgical complications. Patients under-
going MRgFUS typically experience shorter recovery periods
compared to those undergoing DBS, allowing for a quicker
return to daily activities. Since MRgFUS does not involve
implanted devices, the initial procedure may be less expensive,
and there are no future costs related to hardware maintenance or
replacements[43,44].
Regarding disadvantages of DBS compared to MRgFUS, DBS

requires surgical implantation of electrodes and a pulse genera-
tor, making it an invasive procedure with associated surgical
risks, such as infection, hemorrhage, and hardware complica-
tions. The procedure is costly, and patients may require regular
follow-ups for device programming and battery replacements,
adding to the long-term expense and maintenance burden. Not
all patients are suitable candidates for DBS due to factors like
age, comorbidities, or contraindications to surgery. Conversely,
MRgFUS involves permanent ablation of brain tissue, making
the effects irreversible. If complications or suboptimal outcomes
occur, they cannot be undone. As a relatively newer treatment
modality,MRgFUS lacks extensive long-term data on its efficacy
and safety compared to DBS. Current applications of MRgFUS
are primarily focused on tremor control. Its effectiveness in
managing other PD symptoms, such as rigidity or bradykinesia,
is less established[44,45].

Parkinsonism vs. parkinson’s disease and indications for
DBS in parkinsonism

PD is a neurodegenerative disorder primarily caused by the loss
of dopamine-producing neurons in the substantia nigra and the
most common form of parkinsonism, but other types include
MSA, PSP, corticobasal degeneration (CBD), and drug-induced
parkinsonism. PD patients typically present with a combination
of rest tremor, rigidity, bradykinesia, and postural instability.
PD patients often respond well to dopaminergic therapies, such
as levodopa, especially in the early stages[40].
Conversely, parkinsonism is an umbrella term that encom-

passes a group of neurological disorders characterized by motor
symptoms such as tremor, rigidity, bradykinesia, and postural
instability, includes disorders like MSA, PSP, and CBD, each
with distinct pathophysiological mechanisms. Parkinsonism
conditions may present with additional symptoms not typical
of PD, such as autonomic dysfunction in MSA, vertical gaze
palsy in PSP, or asymmetric cortical deficits in CBD. Atypical
parkinsonian disorders generally have a poor or transient
response to dopaminergic therapies. The role of DBS in atypical
parkinsonian disorders is less well-defined. While DBS is an
established treatment for managing motor complications in
PD, its application in other forms of parkinsonism remains
limited due to the limited response to dopaminergic medications
and the distinct pathophysiology of these disorders, DBS out-
comes have been less favorable compared to those in PD.
Consequently, DBS is not routinely recommended for atypical
parkinsonism and is generally considered on a case-by-case
basis, often within clinical trial settings or specialized centers[41].

Take-home message

DBS has revolutionized the management of movement disorders
such as PD, dystonia, and essential tremor. It provides signifi-
cant motor improvement, reduces medication requirements, and
enhances the overall quality of life for patients with refractory
symptoms.

Therapeutic efficacy

DBS effectively modulates dysfunctional neural circuits, offering
sustained symptom relief and addressing both motor and non-
motor aspects of movement disorders. Recent insights into the
neural pathways influenced by DBS has expanded its applica-
tions and improved understanding of its effects on cognition,
mood, and behavior. Innovations like adaptive (closed-loop)
DBS and improved electrode designs are paving the way for
personalized and more precise therapies. While DBS shows
immense potential, challenges such as patient selection, pro-
gramming optimization, and accessibility remain. Future
research should focus on addressing these barriers, exploring
new targets, and integrating DBS with complementary therapies.
DBS stands as a cornerstone in movement disorder manage-

ment, combining clinical efficacy with promising research ave-
nues to improve patient outcomes further.

Overview of weaknesses

This review was limited by the small number of studies, the
nonuniform reporting of outcomes and our various methodolo-
gical assumptions. In addition, not all subgroups were based on
a priori hypotheses, and arbitrary thresholds were used for
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comparisons. Nonetheless, this is the first review to report
pooled estimate demonstrating improved motor scores after
DBS for PD. It may lack long-term follow-up data on DBS
efficacy, which is crucial for assessing sustained benefits and
risks. The review could benefit from a deeper exploration of
the limitations in patient selection and the impact of comorbid-
ities on outcomes. Additionally, the neurobiological mechan-
isms discussed might be oversimplified, requiring more
nuanced discussion. The review also underemphasizes the role
of advancements in DBS technologies, such as closed-loop sys-
tems. Lastly, the discussion on adverse effects and complications
could be more thorough. There is also limited consideration of
the cost-effectiveness and accessibility of DBS across different
healthcare systems.

Conclusion

Our meta-analysis affirms the substantial therapeutic efficacy of
DBS in the treatment of PD and related movement disorders.
DBS has been shown to result in significant improvements in
motor function, disease severity, tremor reduction, gait velocity,
and tic management. While there are some concerns regarding
potential publication bias, the overall findings solidify DBS as
a highly effective and versatile treatment option that enhances
patient outcomes in movement disorders.
While the benefits of DBS are well-established, there remains

a critical question about whether it should be considered earlier
in the disease course than current guidelines suggest. Although
subgroup analysis yielded promising results, the limitations of
the data prevent definitive conclusions about the ideal timing for
DBS. Additional well-conducted RCTs are necessary to deter-
mine the optimal treatment window for DBS to maximize its
efficacy. Moreover, a standardized approach to assess the sever-
ity and causes of serious adverse events is essential for future
studies to minimize bias and improve the reliability of meta-
analytic results. Most importantly, a deeper understanding of
DBS’s mechanisms in relation to the pathophysiology of the
basal ganglia is crucial for explaining the therapeutic benefits
observed in PD patients and for identifying predictive factors
that may help select candidates who are most likely to benefit
from DBS.
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