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A B S T R A C T

Aim: Deep brain stimulation (DBS) involves implanting electrodes in specific brain areas. High-frequency 
Stimulation (HFS) and low-frequency Stimulation (LFS) target motor and non-motor symptoms differently. 
DBS is crucial in Parkinson’s disease (PD) treatment for managing medication-resistant symptoms and improving 
quality of life. This review aims to evaluate the differential impact of high-frequency and low-frequency DBS on 
motor symptoms in PD patients. This systematic review adheres to PRISMA guidelines and focuses on clinical 
studies involving human subjects.
Methods: Systematic search in electronic databases (PubMed, Google Scholar, Science Direct, Cochrane Collab
oration Database of Randomized Trials) was performed to identify randomized controlled trials (RCTs) up to 
13th July 2024.
Results: Among 126 pooled patients from 8 RCTs, it was found that LFS significantly improved gait stability, 
swallowing, and verbal fluency with minimal adverse effects. Conversely, HFS was effective in reducing rigidity 
and tremor but was associated with potential side effects such as gait and speech impairment.
Conclusion: This review underscores the frequency dependent effects of Subthalamic Nucleus DBS (STN-DBS) in 
PD. High-frequency stimulation (>100 Hz) remains effective for controlling tremor and rigidity but is often 
associated with adverse effects. In contrast, low-frequency stimulation (≤100 Hz) shows a lower risk of these 
adverse effects, though it may be less effective for core motor symptoms. An optimal therapeutic window be
tween 80 and 130 Hz may balance efficacy and tolerability. These findings support the need for individualized 
DBS programming and future research on adaptive stimulation technologies to optimize patient-specific 
outcomes.

Introduction

Parkinson’s disease (PD) is a chronic neurodegenerative disorder 
named after James Parkinson, who described the clinical syndrome over 
two centuries ago [1]. It is characterized by the cardinal features of rest 
tremor, bradykinesia, rigidity, postural instability, and a variety of other 
motor and non-motor symptoms [2–4]. Previously, the term ‘idiopathic’ 
PD was used to describe the most common cause of parkinsonism in 
clinical practice, but with the discovery of monogenic forms of PD, the 
clinical heterogeneity of the disease, along with the overlap between PD 

dementia, dementia with Lewy bodies, and other forms of parkinsonism, 
the lead to re-evaluation of the classification of PD [5,6].

PD is primarily caused by the progressive depletion of dopaminergic 
neurons in the substantia nigra, leading to disrupted signaling within the 
basal ganglia and subsequent motor dysfunction [3,7]. It is associated 
with abnormal deposits of α-synuclein in Lewy bodies, impairing 
neuronal function and leading to widespread neurodegeneration [8]. 
Various factors such as mitochondrial impairment, oxidative stress, and 
persistent neuroinflammation lead to cellular damage, thus accelerating 
the neurodegenerative process [9,10]. Additionally, impairments in 
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protein degradation pathways which include lysosomal and autophagy 
dysfunction, inhibit the removal of toxic proteins, further worsening 
neuronal loss [11]. Depleting dopamine results in an imbalance between 
the direct and indirect pathways of motor control, leading to the clas
sical symptoms of bradykinesia, tremor, and rigidity [12]. Non-motor 
symptoms, including cognitive decline and autonomic dysfunction, 
arise from the involvement of other neurotransmitter systems, such as 
serotonin and acetylcholine [13].

PD is influenced by genetic, environmental, and lifestyle factors, 
with age identified as the most significant risk factor, typically mani
festing after 60 years of age [14,15]. The disease is more prevalent in 
men, possibly due to differences in smoking habits, hormonal exposure, 
and caffeine consumption [15]. PD is among the fastest-growing 
neurological conditions, affecting approximately 6.1 million in
dividuals in 2016, with projections estimating a rise to 25.2 million by 
2050 which is driven predominantly by aging, population growth, and 
shifting epidemiology [16–18]. This burden is expected to rise sharply in 
East and South Asia, North Africa, and middle-income nations due to 
demographic changes and increasing life expectancy [8,12]. The eco
nomic impact is substantial, with an estimated annual cost of $52 billion 
in the United States alone, including direct healthcare costs and indirect 
losses in productivity and caregiving [19,20]. Limited access to 
advanced treatments like Deep Brain Stimulation (DBS) in low- and 
middle-income countries, delayed diagnosis, and a lack of 
disease-modifying therapies exacerbate this burden [21,22]. Addressing 
these challenges requires early intervention, healthcare system 
strengthening, global collaboration, and increased funding for research 
and equitable treatment access [23].

The mainstay of PD management is pharmacological therapy, with 
levodopa being the most effective for motor symptom relief, although 
it’s long-term use can result in motor fluctuations and dyskinesias [23,
24]. Other drug classes include dopamine agonists (e.g., pramipexole, 
ropinirole), MAO-B inhibitors (e.g., rasagiline, selegiline), and COMT 
inhibitors (e.g., entacapone), each associated with their own side effects 
such as impulse control disorders, hallucinations, and gastrointestinal 
symptoms [25,26]. Non-pharmacologic interventions like physio
therapy serve as useful adjuncts [27]. For patients with advanced, 
medication-refractory symptoms, DBS is an established surgical option, 
though it carries potential risks including speech and cognitive 

impairment [28–30]. Despite available therapies, none are 
disease-modifying, underscoring the need for novel interventions [31,
32]. Treatment monitoring is typically performed using the Unified 
Parkinson’s Disease Rating Scale (UPDRS) and its updated version, the 
Movement Disorder Society-UPDRS (MDS-UPDRS) [33–36].

The introduction of DBS targeting the subthalamic nucleus (STN) or 
the globus pallidus internus (GPi) nearly 30 years ago has revolutionized 
care for patients with pharmacologically uncontrollable motor fluctua
tions, levodopa-induced dyskinesias, and drug-refractory PD tremor [37,
38]. DBS involves surgically placing small electrodes within specific 
brain areas [39]. DBS technique involves an implantable pulse generator 
known as a neurotransmitter, which produces electrical signals. An 
extension wire transmits these signals to the DBS lead, which contains 
electrodes that stimulate specific areas [40], as shown in Fig. 1.

DBS offers several advantages over conventional pharmacological 
therapies in PD by providing targeted neuromodulation, reducing motor 
fluctuations, and enabling significant medication dose reductions [41]. 
It effectively alleviates tremor, rigidity, akinesia, and dyskinesias, 
particularly in appendicular symptoms, with long-lasting benefits [42,
43]. Unlike irreversible ablative procedures, DBS is reversible and 
adjustable which allow adjusting stimulation settings based on indi
vidual patient profiles leading to fewer cognitive and speech-related 
complications [44,45]. However, its success relies on careful patient 
selection, as individuals with severe gait impairment or cognitive 
decline may not experience optimal outcomes [46]. DBS is primarily 
indicated for motor fluctuations, levodopa-induced dyskinesias, unpre
dictable “off” periods, and medication-resistant tremors [47–49]. 
Studies suggest that low-frequency stimulation (< 100 Hz) may improve 
axial symptoms like gait and posture without compromising tremor 
control, although its underlying mechanisms remain unclear [50,51]. 
Despite being invasive, DBS consistently demonstrates superior motor 
improvement compared to drug-based therapy alone and allows cessa
tion of stimulation in case of adverse effects, thus paralleling the 
adjustability seen in pharmacologic treatments [52–55]. DBS has revo
lutionized the management of PD, particularly in patients with 
medication-resistant motor symptoms. However, the impact of different 
stimulation frequencies on various motor and non-motor symptoms re
mains an area of ongoing research. This systematic review aims to 
comprehensively evaluate and compare the effects of HFS and LFS in PD 

Fig. 1. Schematic representation of the Deep Brain Stimulation (DBS) system. The electrode is surgically implanted in the targeted brain region, either the subthalamic 
nucleus (STN) or the globus pallidus internus (GPi), as shown in the coronal sections on the right. The DBS lead connects the electrode to the extension wire, which 
runs subcutaneously down to the neurostimulator (also known as an implantable pulse generator).
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patients, focusing on their influence on tremor, rigidity, bradykinesia, 
gait stability, speech, and cognitive functions. By synthesizing data from 
randomized controlled trials, this study seeks to provide insights into 
optimizing DBS settings for personalized treatment approaches, 
improving patient outcomes while minimizing adverse effects.

Methods

Search strategy

The population, intervention, control, and outcome (PICO) criteria 
were applied to conduct a thorough literature review. The search was 
conducted on databases such as PUBMED (including Medline), Google 
Scholar Libraries, Cochrane Library and Science Direct, using relevant 
keywords, such as acute low frequency, high frequency, DBS, and Par
kinson’s disease etc. The medical subject heading (MeSH) approach for 
PubMed (including Medline), Google Scholar, Cochrane Library and 
Science Direct was employed to develop a comprehensive search 
strategy.

The strategy utilized key terms including: “Deep Brain Stimulation” 
[MeSH], “DBS,” “Electrical Stimulation of the Brain,” “Parkinson Dis
ease” [MeSH], “Idiopathic Parkinson’s Disease,” “Primary Parkin
sonism,” “Paralysis Agitans,” and frequency-specific terms such as “Low- 
frequency Stimulation” and “High-frequency Stimulation.” In PubMed, 
six targeted queries using varied combinations of these terms yielded 
results ranging from 49 to 2349 articles, depending on specificity. Filters 
applied included humans, English language, articles published from 
2000 to 2024, and MEDLINE indexing. Additional filters such as “free 
full text” were used in specific queries. In Google Scholar, a broad search 
using terms like “Deep Brain Stimulation,” “Parkinson Disease,” “High- 
frequency,” “Low-frequency,” “comparison,” and “effectiveness” 
returned approximately 18,800 results, narrowed to 17,700 using the 
English language filter. The Cochrane Library search utilized exploded 
MeSH descriptors for “Deep Brain Stimulation” and “Parkinson Disease,” 
with search terms including “deep brain stimulation,” “electrical stim
ulation of the brain,” “idiopathic Parkinson’s disease,” “primary 
parkinsonism,” and “high frequency stimulation AND low frequency 
stimulation,” yielding 59 studies. In Science Direct, the query “Parkin
son’s disease AND Deep Brain Stimulation AND (Low frequency OR High 
frequency) AND (impact OR efficacy OR outcomes)” returned 13,629 
results, which were narrowed to 1327 articles after applying filters for 
English language, open-access/open-archive, and subject areas limited 
to neuroscience and medicine/dentistry. Duplicate records were 
removed prior to screening. This search strategy aimed to comprehen
sively capture comparative studies evaluating frequency-dependent 
outcomes of DBS in Parkinson’s disease.

Inclusion and exclusion criteria

We had prepared a list of abstracts that was independently reviewed 
for inclusion using specific criteria that included using high frequency 
DBS and low frequency DBS methods, focusing on PD. We excluded 
review papers and animal studies. There were six reviewers who con
ducted a dual review, and disagreements were resolved through group 
discussion. We established specific criteria for including and excluding 
participants to achieve our study goals; 

• Patients included in the studies were eligible for DBS based on 
several clinical criteria, beyond age alone. The common inclusion 
criteria across studies were: 
○ Diagnosed as idiopathic PD with motor symptoms resistant or 

partially resistant to dopaminergic medications.
○ Underwent bilateral STN-DBS with a sufficient postoperative 

duration.
○ Were functionally independent and ambulatory.
○ Possessed preserved cognitive abilities.

• Intervention Criteria: For the purpose of this review, LFS was defined 
as DBS delivered at frequencies ≤100 Hz, while HFS was defined as 
DBS delivered at frequencies >100 Hz, based on established litera
ture thresholds.

• This review included studies that evaluated DBS both as a standalone 
treatment and as a combination therapy with dopaminergic 
medications. 
○ the effects of DBS were isolated by testing patients after a medi

cation withdrawal (i.e., in the “off-medication” state). For 
example, Conway et al., Momin Sheikh et al., and Phibbs et al. 
specifically evaluated patients following an overnight withdrawal 
of dopaminergic medications. In these studies, DBS was essentially 
tested as the primary treatment, with the effects of medication 
minimized.

○ other studies assessed the impact of DBS when used in conjunction 
with dopaminergic therapy. For instance, Ramdhani et al. explic
itly compared gait parameters under both off- and on-medication 
conditions to explore how DBS interacts with medication. Tsang 
et al. also recorded outcomes in both medication states, and Xie 
et al. studied patients who continued on their usual dopaminergic 
medications while receiving DBS.

○ Additionally, in Merola et al.’s study on involuntary movements, 
patients (who were generally in a chronic DBS setting) were 
evaluated without an enforced medication washout, implying a 
combined therapeutic context.

Our Criteria can be summarized in Table 1.

Study protocol comparison

To evaluate consistency of the methodology across the included 
studies, we extracted and compared key protocol details which included 
study design, DBS frequency conditions, medication status, follow-up 
durations, primary outcome, and evaluation tools. Table 2 provides a 
summary of the study protocols, facilitating a clearer comparison of 
methodologies.

Outcome measures

The effectiveness of DBS was assessed using standardized clinical 
tools across studies. The Unified Parkinson’s Disease Rating Scale 
(UPDRS) Part III was the most commonly used evaluation tool to 
quantify motor improvement. Additional outcome measures included: 

• Gait assessments (e.g., Stand-Walk-Sit Test, GAITRite system)
• Cognitive and verbal fluency tests (e.g., Action Fluency Test for 

speech assessment)
• Swallowing assessments (e.g., Modified Barium Swallow Test in 

studies evaluating dysphagia)
• Freezing of gait (FOG) scales

Some studies conducted longitudinal follow-ups, while others only 
reported acute changes post-DBS programming. The follow-up durations 
varied, with some studies conducting assessments within hours of DBS 
adjustments, while others followed patients for up to 12 months.

Table 1 
Inclusion and Exclusion criteria.

Inclusion Criteria Exclusion Criteria

Human Studies Animal studies
From 2003 to 2024 Only methodological studies with no outcome data
English Text Non-English texts
Gender: All Age: <18 years of age
Age: >18 years of age Paper that needed to be purchased
Free papers Studies involving clinical data other than PD
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Quality appraisal

To ensure the reliability of the included studies, we utilized various 
quality assessment tools. We employed the PRISMA checklist and 
Cochrane bias tool assessment for randomized clinical trials for sys
tematic reviews and meta-analyses, as shown in Fig. 2.

Results

After searching through the four selected databases, PubMed 
(including Medline), Google Scholar, Cochrane and Science Direct, we 
extracted 32,488 articles. We then carefully reviewed each paper and 
applied specific criteria, which led to excluding 28,610 articles. From 
the remaining 3878 papers, we chose not to utilize 3773 of them due to 
duplicates or unsatisfactory titles and abstracts. We closely examined 
the remaining 105 papers and excluded 97 more as their content did not 
meet our inclusion criteria. Finally, we conducted a thorough quality 
check on the remaining eight papers, which all met our criteria. These 
eight articles are included in our final systematic review. The review 
followed the guidelines for Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) for 2020 in Fig. 3, and only uses 
data collected from published papers, eliminating the need for ethical 
approval.

Study-Specific results and interpretations

Conway et al., 2021 [56]
In this study, the researchers examined the impact of LFS on gait 

rhythmicity in PD patients. Through a double-blinded randomized 
crossover trial, it was shown that low-frequency STN-DBS significantly 
enhanced trunk rhythmicity when compared to HFS, regardless of the 
electrode location or electrical energy delivered. However, there were 
no significant differences in temporal gait measures, clinical mobility, or 
motor symptom severity between the two stimulation conditions. These 
findings suggest that low-frequency STN-DBS may hold promise for 
improving gait stability in PD patients.

Momin et al., 2018 [57]
The study found that both HFS (>100 Hz) and LFS (<100 Hz) of the 

STN-DBS showed improvement in motor symptoms. HFS was generally 
noted to be more effective in improving rigidity and tremor, but shown 
to have significant side effects such as FOG and decreased VF. On the 
other hand, LFS also improved axial motor symptoms and was associ
ated with a lower likelihood of causing these side effects. The acute 
effects on upper limb bradykinesia show mixed results, suggesting that 
both frequency ranges can be beneficial without exacerbating symptoms 
significantly.

Merola et al., 2013 [58]
The study examined the effects of STN-DBS on involuntary move

ments in patients with PD. The findings revealed that 80 Hz STN-DBS led 
to enhancements in dyskinesias in all participants and in dystonia in the 
majority of subjects after one month. However, a subset of patients 
experienced a deterioration in parkinsonian symptoms over time, lead
ing to a need to revert to 130 Hz stimulation. The research suggests that 
80 Hz STN-DBS can ameliorate residual involuntary movements in STN- 
DBS patients, although some individuals may necessitate higher fre
quencies to effectively manage their PD symptoms.

Phibbs et al., 2014 [59]
The study aimed to assess the impact of 60 Hz and 130 Hz STN-DBS 

on gait in PD patients. The study included twenty participants who had 
undergone bilateral DBS, and they were involved in a blinded, ran
domized trial. The primary focus was on evaluating the effect on stride 
length, while secondary measures encompassed gait parameters and the 
Stand-Walk-Sit test. The findings revealed no significant disparity be
tween the two frequencies in terms of enhancing gait. Although two 
patients subjectively reported improvement with 60 Hz, overall tremor 
control was less effective at this frequency. Consequently, the study 
indicated that LFS did not showed the expected enhancement in gait 
performance.

Ramdhani et al., 2023 [60]
The research findings illustrate the combined impact of l-dopa and 

Table 2 
Summary of Study Protocol.

Author 
(Year)

Study Design DBS Frequency 
Comparison

Medication 
Status

Time since 
DBS (years)

Follow-Up Duration Primary Outcome Evaluation tools

Conway et al. 
(2021) [56]

Randomized, 
double-blind, 
crossover

60 Hz vs 100 Hz Off (overnight 
washout)

4 (±2.4) Acute testing; no 
long-term follow-up

Gait rhythmicity (trunk 
stability)

GAITRite system, UPDRS 
Part III, clinical mobility 
tests

Momin et al. 
(2018) [57]

Randomized, 
double-blind

80 Hz vs 130 Hz Off (overnight 
washout)

2.5 (±3) Immediate 
assessment post 
frequency switch

Upper limb motor 
function

Purdue Pegboard Test, 
modified UPDRS-III

Merola et al. 
(2013) [58]

Non-randomized, 
single-blind

80 Hz vs 130 Hz On 2.12 (±1.3) Evaluated at 1 and 
12 months (long- 
term follow-up)

Involuntary movements 
(dyskinesia, dystonia)

Rush Dyskinesia Rating 
Scale, UPDRS-III

Phibbs et al. 
(2014) [59]

Randomized, 
double-blind

60 Hz vs 130 Hz Off (overnight 
washout)

3 (±2.42) Each condition 
applied for 60 min 
before evaluation

Gait parameters (stride 
length, cadence, etc.)

Motion analysis systems, 
GAITRite, UPDRS-III

Ramdhani 
et al. (2023) 
[60]

Randomized, 
double-blind

60 Hz vs 180 Hz Both On and 
Off

Right side 
DBS – 48.8 
(±34.9) 
Left side 
DBS – 47.6 
(±35.3)

Acute assessments 
under each condition

Spatiotemporal gait 
features and trunk/ 
lumbar kinematics

Instrumented gait analysis, 
wearable motion sensors

Tsang et al. 
(2012) [61]

Randomized, 
double-blind

(4–10, 11–30, 
31–100, >130 
Hz

On/Off Acute onset 3 months Motor symptom 
improvement (mUPDRS 
scores)

mUPDRS motor scores, Local 
Field Potentials (LFP)

Xie T. et al. 
(2014) [51]

Randomized, 
double-blind

60 Hz vs 130 Hz On 4.4 (±4.9) 6-week follow-up 
after selecting the 
optimal condition

Swallowing function, 
freezing of gait, axial 
symptoms

Modified Barium Swallow 
(MBS) study, UPDRS-III axial 
subscore, FOG questionnaire

Fagundes 
et al. (2016) 
[62]

Randomized, 
double-blind

60 Hz vs 130 Hz On 0.18 
(±0.12)

Acute assessment; no 
long-term follow-up

Verbal fluency 
(phonemic and action 
fluency)

Phonemic and action fluency 
tests, UPDRS cognitive 
subscore
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STN-DBS on lower limb spatial and temporal gait parameters in in
dividuals with advanced PD. Both HFS and LFS STN-DBS had similar 
effects on most lower limb gait characteristics, with significant en
hancements in trunk and lumbar movements noted with HFS. The 
stimulation from ventral electrode contacts led to more favorable out
comes compared to dorsal contacts. The study highlights the potential 
for customized STN-DBS settings to improve gait and decrease the risk of 
falls in PD patients.

Tsang et al., 2012 [61]
The study examined the effectiveness of using patient-specific peak 

frequencies for STN-DBS in individuals with PD. The study showed that 
short-term STN DBS at dopamine-dependent or movement-related beta 
frequencies (31–100 Hz) led to significant improvement in motor 
symptoms, as indicated by the mUPDRS. This improvement was 

comparable to the effects of traditional HFS. On the other hand, stim
ulations at alpha (4–10 Hz) and theta (11–30 Hz) frequencies did not 
exacerbate motor symptoms, suggesting that these oscillations may 
signal PD symptoms rather than actively contribute to them. Further 
research is necessary to validate these findings over the long term.

Xie.T et al., 2014 [51]
This study demonstrated that 60-Hz stimulation leads to significant 

improvements in swallowing function, FOG, and overall axial and motor 
symptoms in PD patients with bilateral STN-DBS when compared to the 
commonly used 130-Hz stimulation. The 60-Hz setting resulted in a 57 
% reduction in aspiration frequency and an 80 % decrease in subjective 
swallowing difficulty. Additionally, it led to a significant decrease in 
FOG and axial symptoms, and these positive effects were sustained over 
a 6-week period. The study’s design effectively minimized potential 
carryover effects and provided compelling evidence that 60-Hz stimu
lation has the potential to reduce morbidity and mortality in advanced 
PD patients.

Fagundes et al., 2016 [62]
The research showed that the frequency of STN-DBS had a significant 

impact on VF in patients with PD. The LFS (60 Hz) was found to enhance 
phonemic and action fluency when compared to HFS (130 Hz). These 
findings suggest that 60 Hz stimulation is associated with fewer adverse 
effects on VF. The study recommends prioritizing LFS for PD patients, 
especially those with cognitive impairments affecting VF. Additionally, 
the researchers suggest conducting further studies with larger sample 
sizes and longer durations to gain a more comprehensive understanding 
of these effects.

Table 3 provides a comprehensive overview of the characteristics 
and outcomes of each included study, highlighting key methodological 
parameters and clinical findings.

Frequency dependent adverse effects of DBS

DBS can induce a range of frequency-dependent adverse effects, 
often mediated by unintended modulation of adjacent or functionally 
connected brain networks. LFS of 50 Hz have been associated with fa
tigue and decreased alertness, while 60 Hz has been reported to cause 
emotional lability and transient mood changes [63,64]. 80 Hz stimula
tion has been linked to cognitive slowing and abnormal eye movement 
performance [65]. These effects are mostly due to imprecise modulation 
of non-motor circuits or partial suppression of pathological oscillatory 
activity, which eventually lead to overactivation of unintended basal 
ganglia thalamocortical pathways [63–65].

In contrast, HFS typically ≥130 Hz is more commonly associated 
with speech impairments, cognitive decline, and mood disturbances 
such as depression or apathy [65]. These are often caused due to current 
spread into the limbic and associative territories of the STN or nearby 
structures such as the internal capsule. The reviewed studies shown in 
Table 4, support these frequency dependent side effects, reinforcing the 
importance of individualized programming to optimize benefits while 
minimizing complications.

Discussion

DBS has emerged as a cornerstone therapy for patients with mod
erate to severe PD, who are experiencing medication-resistant motor 
symptoms. By delivering electrical impulses to the STN, DBS helps in 
regulating abnormal neural activity, thus reducing symptoms such as 
tremor, rigidity, and bradykinesia. HFS has been the conventional 
standard, offering substantial benefits in motor control, whereas LFS in 
recent times has been increasingly explored for its potential to improve 
axial symptoms, including gait stability and swallowing function. These 
differences have significant implications for patient quality of life, as 
improved gait and swallowing can reduce fall risk and enhance 

Fig. 2. Risk of bias assessment of included studies.

G.S. Mann et al.                                                                                                                                                                                                                                Brain Disorders 19 (2025) 100239 

5 

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en septiembre 05, 
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



independence, while better cognitive and speech outcomes promote 
social engagement. Despite its widespread clinical application, the 
optimal DBS frequency for balancing symptom relief and adverse effects 
remains a subject of debate, necessitating further investigation into 
frequency modulation strategies [51,56].

The reviewed studies applied varying DBS protocols which differ in 
stimulation parameters, patient selection criteria, and outcome assess
ment tools. Some studies focused solely on the acute effects of frequency 
adjustments, while others incorporated longer follow-up periods to 
assess sustained outcomes [51,58]. The diversity in methodology un
derscores the need for a standardized DBS protocol that ensures con
sistency in assessing its efficacy. A uniform approach should include a 
randomized, double-blind crossover design, standardized frequency 
comparisons (e.g., 60 Hz vs. 130 Hz), predefined washout periods be
tween stimulation conditions, and objective outcome measures like the 
UPDRS-III and gait analysis tools. Standardizing these parameters would 
allow for more reliable comparisons across studies and improve our 
understanding of DBS effects in PD treatment with frequency modula
tion [63].

Existing literature on DBS in PD primarily focuses on HFS for motor 
symptom control. However, its long-term effects on axial symptoms such 
as gait and speech remain poorly understood. Although increasingly 
recognized, the impact of HFS on mood and cognitive function remain 
less characterized and understood compared to motor effects [69]. 
Recent meta-analyses and cohort studies have shown that 
high-frequency DBS may increase the risk of depression, apathy, and 
executive dysfunction due to its spillover effects on limbic circuitry [64]. 
Despite growing evidence suggesting that individualized DBS settings 

may enhance therapeutic outcomes, there is a lack of standardized 
guidelines for patient-specific frequency optimization. Moreover, 
comparative long-term studies assessing the sustained benefits and side 
effects of HFS and LFS are scarce, particularly with regards to disease 
progression, quality of life, and functional independence. A 17-year 
longitudinal follow-up study of HFS-DBS treated patients with stan
dard clinical parameters kept largely static over the study duration 
revealed that while motor benefits were noted, axial and cognitive 
symptoms progressively worsened, suggesting a need for dynamic pro
gramming approaches over time [65]. The precise neurophysiological 
mechanisms underlying the differential effects of HFS and LFS also 
remain unclear, limiting the development of targeted DBS therapies. 
Few mechanistic studies have shown that LFS may preferentially 
modulate cerebellothalamic circuits, while HFS broadly suppresses 
pathological oscillations in basal ganglia loops [63].

The findings from Table 3 and Table 4 reveal that while HFS is highly 
effective in controlling tremor and rigidity, it can exacerbate speech and 
gait disturbances [59,60,70,71]. Conversely, LFS showed advantages in 
improving VF, gait stability, and swallowing function, but it was asso
ciated with reduced efficacy in controlling tremor and rigidity along 
with increased fatigue, transient mood changes and cognitive decline 
[51,62,66,67]. These adverse effects highlight the trade-offs between 
different frequency settings, reinforcing the importance of individual
ized DBS programming. Notably, intermediate frequencies (e.g., 80 Hz) 
provided a potential balance between motor control and dyskinesia 
reduction, though their long-term benefits require further validation 
[58].

The variability in outcomes across studies may be related to 

Fig. 3. PRISMA 2020 flow chart representing the screening and selection of studies. (PRISMA = Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis).
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Table 3 
Summary of studies’ characteristics.

Author, 
year

Country Study Design Number 
of 
patients

Age 
(years), 
Mean 
(±SD)

Severity of 
Parkinson 
Disease

Medication 
(On/Off)

Intervention LFS/ 
HFS 
value

Follow 
up 
duration

Evaluation 
tools

Outcome

Conway 
et al., 
2021 
[56]

Australia Randomized 
double 
blinded

14 69.6 
(±7.5)

Severe Off Bilateral 
STN-DBS

60 Hz/ 
100 Hz

No long 
term 
follow 
up

GAITRite 
system, 
UPDRS Part 
III, clinical 
mobility tests

The research 
revealed that 
low-frequency 
(60 Hz) STN-DBS 
notably 
enhanced gait 
rhythmicity, 
particularly 
medial-lateral 
and vertical 
trunk 
rhythmicity, in 
PD patients 
compared to 
high-frequency 
DBS. These 
enhancements 
were not 
influenced by 
the electrode 
location or the 
total electrical 
energy 
administered. 
However, no 
significant 
variances were 
detected 
between the two 
stimulation 
conditions in 
terms of 
temporal gait 
measures, 
clinical mobility 
measures, motor 
symptom 
severity, or the 
presence of gait 
retropulsion. 
The study 
suggests that 
low-frequency 
STN-DBS may 
provide 
immediate 
advantages for 
gait stability in 
PD patients.

Momin 
et al., 
2018 
[57]

UK Randomized 
double 
blinded

20 60.4 
(±10)

Moderate 
to severe

Off Bilateral 
STN-DBS

40 Hz - 
160 Hz

No long 
term 
follow 
up

Purdue 
Pegboard Test, 
modified 
UPDRS-III

The research 
examined the 
impact of 
different STN- 
DBS frequencies 
on upper limb 
motor function 
in patients with 
PD. The study 
did not find a 
consistent 
influence of 
frequency on 
bradykinesia 
using both the 
Simple Purdue 
Pegboard (PP) 
task and a 
modified upper 
limb version of 
the UPDRS-III. 
However, there 

(continued on next page)
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Table 3 (continued )

Author, 
year 

Country Study Design Number 
of 
patients 

Age 
(years), 
Mean 
(±SD) 

Severity of 
Parkinson 
Disease 

Medication 
(On/Off) 

Intervention LFS/ 
HFS 
value 

Follow 
up 
duration 

Evaluation 
tools 

Outcome

was a notable 
improvement in 
the Assembly PP 
task at 80 Hz 
compared to the 
baseline 
frequency of 130 
Hz, indicating 
enhanced phasic 
alertness and 
divided 
attention at the 
lower frequency. 
Furthermore, 
tremor and 
rigidity were 
better managed 
at higher 
frequencies 
(>80 Hz). The 
overall 
conclusion 
suggests that 
both high and 
low frequencies 
can be effective 
without 
exacerbating 
bradykinesia.

Merola 
et al., 
2013 
[58]

Italy Non- 
randomized 
single 
blinded

10 59.4 
(±4.8)

Severe On Bilateral 
STN-DBS

80 Hz / 
130 Hz

1 and 12 
months

Rush 
Dyskinesia 
Rating Scale, 
UPDRS-III

The results of the 
study 
demonstrate that 
adjusting the 
STN-DBS 
frequency from 
130 Hz to 80 Hz 
leads to a 
significant 
reduction in 
involuntary 
movements such 
as dyskinesias 
and dystonia in 
PD patients. 
Dyskinesias 
improved in all 
patients, and 
dystonic features 
improved in 
most patients 
after one month 
of 80 Hz 
stimulation. 
However, in 
some patients, 
there was a 
gradual 
worsening of 
parkinsonian 
symptoms, 
necessitating a 
return to 130 Hz 
stimulation. This 
indicates that 
while 80 Hz 
STN-DBS may 
effectively 
address IM in 
certain patients, 
others may 
require higher 
frequencies to 

(continued on next page)
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Table 3 (continued )

Author, 
year 

Country Study Design Number 
of 
patients 

Age 
(years), 
Mean 
(±SD) 

Severity of 
Parkinson 
Disease 

Medication 
(On/Off) 

Intervention LFS/ 
HFS 
value 

Follow 
up 
duration 

Evaluation 
tools 

Outcome

uphold overall 
motor function.

Phibbs 
et al., 
2014 
[59]

USA Randomized 
double 
blinded

20 62 
(±5.54)

Moderate 
to severe

Off Bilateral 
STN-DBS

60 Hz / 
130 Hz

No long 
term 
follow 
up

Motion 
analysis 
systems, 
GAITRite, 
UPDRS-III

The study 
findings 
revealed that 
there was no 
significant 
variance in gait 
improvement 
observed in PD 
patients who 
underwent STN- 
DBS at 60 Hz 
versus 130 Hz. 
The primary 
measure of 
improvement, 
stride length, did 
not show any 
significant 
enhancement at 
the lower 
frequency. 
Furthermore, 
secondary gait 
parameters such 
as velocity and 
cadence also 
exhibited no 
notable 
differences. 
While there was 
a tendency 
towards reduced 
double limb 
support time at 
60 Hz, it was not 
deemed 
statistically 
significant. As a 
result, the study 
concluded that 
lower frequency 
stimulation did 
not yield the 
anticipated 
improvement in 
gait 
performance.

Ramdhani 
et al., 
2023 
[60]

USA Randomized 
double 
blinded

22 63.59 
(±9.12)

Severe On/Off Bilateral 
STN-DBS

60 Hz / 
180 Hz

No long 
term 
follow 
up

Instrumented 
gait analysis, 
wearable 
motion sensors

The research 
indicates that 
both high- 
frequency and 
low-frequency 
STN-DBS yield 
similar impacts 
on most lower 
limb gait 
features in 
individuals with 
advanced PD. 
However, 
considerable 
enhancements in 
trunk and 
lumbar 
kinematics were 
noted with HFS. 
In addition, 
stimulation from 
ventral electrode 
contacts elicited 
more favorable 

(continued on next page)
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Table 3 (continued )

Author, 
year 

Country Study Design Number 
of 
patients 

Age 
(years), 
Mean 
(±SD) 

Severity of 
Parkinson 
Disease 

Medication 
(On/Off) 

Intervention LFS/ 
HFS 
value 

Follow 
up 
duration 

Evaluation 
tools 

Outcome

responses 
compared to 
dorsal contacts. 
These findings 
suggest that 
customized STN- 
DBS settings may 
have the 
potential to 
improve gait and 
decrease the risk 
of falls in PD 
patients.

Tsang 
et al., 
2012 
[61]

Canada Randomized 
double 
blinded

13 60 (±6) Moderate On/Off Bilateral 
STN-DBS

4–10 
Hz, 
11–30 
Hz, 
31–100 
Hz, 
>130 
Hz

3 
months

mUPDRS 
motor scores, 
Local Field 
Potentials 
(LFP)

The research 
findings indicate 
that customizing 
STN-DBS at beta 
frequencies 
ranging from 31 
to 100 Hz 
markedly 
enhances motor 
symptoms in 
individuals with 
PD, similar to 
the effects of 
traditional high- 
frequency 
stimulation. 
Meanwhile, 
alpha (4–10 Hz) 
and theta (11–30 
Hz) frequency 
stimulations did 
not exacerbate 
motor 
symptoms, 
indicating that 
these 
frequencies may 
be indicative of 
disease 
progression 
rather than 
directly 
contributing to 
symptoms. 
indicates that 
patient-specific 
DBS frequencies 
can be effective, 
but further long- 
term studies are 
needed to 
validate these 
findings and 
optimize DBS 
therapy for PD.

Xie T. 
et al., 
2014 
[51]

USA Randomized 
double 
blinded

7 64(±8) Severe On Bilateral 
STN-DBS

60 Hz / 
130 Hz

6 weeks Modified 
Barium 
Swallow 
(MBS) study, 
UPDRS-III 
axial subscore, 
FOG 
questionnaire

The results of the 
study indicate 
that 60-Hz 
stimulation has a 
significant 
positive impact 
on swallowing 
function, FOG, 
and overall axial 
and motor 
symptoms in PD 
patients with 
bilateral STN- 
DBS in 
comparison to 

(continued on next page)
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differences in patient selection, DBS target localization, electrode posi
tioning, and the timing of postoperative assessments. Furthermore, 
dopaminergic medication status and comorbid cognitive or axial im
pairments may modulate the observed effects of stimulation frequency. 
Overall, frequencies below 60 Hz appear to be ineffective in treating 

motor symptoms and may be associated with fatigue and mood changes. 
Conversely, frequencies ≥130 Hz are most efficacious for rigidity and 
tremor but are frequently associated with adverse effects, including 
speech disturbance, gait freezing, and emotional blunting. Frequencies 
between 80 and 100 Hz, which fall within the low-frequency range, 

Table 3 (continued )

Author, 
year 

Country Study Design Number 
of 
patients 

Age 
(years), 
Mean 
(±SD) 

Severity of 
Parkinson 
Disease 

Medication 
(On/Off) 

Intervention LFS/ 
HFS 
value 

Follow 
up 
duration 

Evaluation 
tools 

Outcome

the commonly 
used 130-Hz 
stimulation. The 
60-Hz setting 
notably reduces 
aspiration 
frequency and 
subjective 
swallowing 
difficulty, with 
sustained 
improvements in 
FOG and axial 
symptoms 
observed over a 
six-week 
period.’s design 
minimized 
carryover effects 
and suggested 
that 60-Hz 
stimulation 
could

Fagundes 
et al., 
2016 
[62]

Brazil Randomized 
double 
blinded

20 56.65 
(±10.71)

Moderate On Bilateral 
STN-DBS

60 Hz / 
130 Hz

No long 
term 
follow 
up

Phonemic and 
action fluency 
tests, UPDRS 
cognitive 
subscore

The research 
indicates that 
the frequency of 
STN-DBS has a 
significant 
impact on verbal 
fluency (VF) in 
patients with PD. 
Lower frequency 
stimulation at 60 
Hz showed 
notable 
improvements in 
phonemic and 
action fluency 
compared to 
higher frequency 
stimulation at 
130 Hz. This 
finding was 
consistent across 
various tasks and 
was not affected 
by practice, 
demographic 
factors, 
cognitive 
abilities, or 
clinical 
variables. The 
study 
recommends 
prioritizing low- 
frequency 
stimulation in 
PD patients, 
particularly in 
those with 
cognitive 
impairments 
affecting VF, to 
minimize any 
adverse effects.
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appear to offer a balanced therapeutic profile, thus maintaining motor 
symptom control while minimizing cognitive, speech, and gait-related 
side effects. This supports their potential as the optimal frequency 
range for individualized DBS programming in PD.

A key limitation of this review is the relatively small number of 
eligible clinical trials directly comparing low- and high-frequency DBS 
settings. This reflects the limited availability of such studies in the 
current literature and to further constraints our inclusion criteria, which 
were limited to freely accessible, peer-reviewed human trials. Future 
research should prioritize large-scale, long-term studies to refine 
patient-specific DBS settings and identify optimal frequency-response 
profiles. Comparative trials should involve patients based on symptom 
clusters to tailor frequency adjustments more precisely. Adaptive DBS 
technologies that dynamically modulate stimulation in response to real- 
time neural feedback are under active development and may help 
optimize outcomes while reducing side effects [72]. Additionally, 
cognitive monitoring should be routinely integrated into DBS pro
gramming protocols given the growing concern about 
stimulation-induced neurocognitive decline [73]. Investigating neuro
physiological mechanisms and identifying reliable frequency-response 
biomarkers will also be essential for developing targeted, 
patient-centered neuromodulation strategies. Additionally, long-term 
assessment of neuropsychiatric outcomes will help establish the safety 
and sustainability of these personalized approaches in PD management.

Conclusion

This systematic review highlights the different effects of LFS and HFS 
DBS in treatment of moderate to severe PD. HFS effectively controls 
tremor and rigidity, but results in gait and speech impairments, whereas 
LFS shows promise in improving gait stability, swallowing, and VF with 
fewer adverse effects. Based on the collective findings of the reviewed 
studies, it is evident that stimulation frequencies below 80 Hz generally 
ineffective in improving key motor symptoms such as tremor and ri
gidity. In contrast, frequencies above 100 Hz demonstrate robust motor 
benefits but carry a higher risk of adverse effects, including gait 
disturbance, speech impairment, and mood changes. The optimal ther
apeutic window appears to lie between 80 and 100 Hz, where benefits in 
axial symptoms and reduced cognitive related side effects are more 
consistently observed. This reinforces the importance of frequency 
modulation based on individual symptom profiles to strike a balance 
between efficacy and safety. Future research should focus on individu
alized DBS frequency optimization, long-term comparative trials, and 
adaptive stimulation technologies to enhance therapeutic outcomes and 
improve patient quality of life.
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Table 4 
Adverse effects associated with specific deep brain stimulation frequencies in 
Parkinson’s disease patients.

DBS- 
Frequency

Adverse Effects

50 Hz Fatigue and reduced alertness in some patients [63].
60 Hz Transient mood changes, including anxiety and emotional lability 

[64].
80 Hz Cognitive slowing and eye movement disturbances, such as 

increased antisaccade errors [65].
130 Hz Mood disturbances, such as depression and apathy [66]. Gait 

disturbances, such as freezing of gait and postural instability [67]. 
Speech impairments, including dysarthria and hypophonia [68].
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