
Review Not peer-reviewed version

Comparing the Impact of Low

Frequency vs High Frequency Deep

Brain Stimulation in Patients with

Parkinson’s Disease: A Systematic

Review

Govind Singh Mann , Sanam Wasim Khan , Thrinatha Movva , Abdalla Malik , Leeda Ahmadi ,

MD Parbej Allam , Binay Panjiyar *

Posted Date: 12 August 2024

doi: 10.20944/preprints202408.0819.v1

Keywords: Parkinson’s disease; deep brain stimulation; neurology; neuro-degenerative diseases

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/3765698
https://sciprofiles.com/profile/3564284


 

Review 

Comparing the Impact of Low Frequency vs High 

Frequency Deep Brain Stimulation in Patients with 

Parkinson’s Disease: A Systematic Review 

Govind Singh Mann 1, Sanam Wasim Khan 2, Thrinatha Movva 3, Abdalla Malik 4,  

Leeda Ahmadi 5, MD Parbej Allam 6 and Binay Kumar Panjiyar 7,* 

1 Department of Neurology, Sant Parmanand Hospital; drgovindsinghmann@gmail.com 
2 CMH Lahore medical college; ORCID id 0009-0003-2136-3396; sanamhumayun13@gmail.com;  
3 Mediciti Institute of medical Sciences; m.saibhargav007@gmail.com 
4 Johns Hopkins University, School of Medicine; abdallamalik27@gmail.com  
5 Lady Hardinge Medical College, Delhi, India-110001; ORCID ID: 0009-0009-9589-6527; 

dr.ahmadileeda@gmail.com 
6 Kathmandu Medical College; ORCID ID-0000-0002-7619-3836; parbejkhan2013@gmail.com  
7 Johns Hopkins University School of Medicine; binaypanjiyar1282@hotmail.com 

* Correspondence: binaypanjiyar1282@hotmail.com 

Abstract: 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 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 deep brain stimulation (DBS) on motor symptoms in Parkinson’s disease (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 

Collaboration 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: The review highlights the nuanced effects of STN-DBS frequencies in Parkinson’s 

treatment, suggesting high-frequency improves rigidity and tremor but may cause side effects, while low-

frequency enhances gait stability and speech, necessitating further research for optimized, patient-specific 

therapies. 

Keywords: Parkinson’s disease; deep brain stimulation; neurology; neuro-degenerative diseases 

 

Introduction 

Neurological disorders are the leading cause of disability globally [1]. The Global Burden of 

Disease 2016 Parkinson’s disease collaborators reported a global prevalence of 6.1 million individuals 

with PD, up from 2.5 million in 1990, indicating a more than twofold increase over the past two 

decades [2,3]. This surge is likely attributable to aging and the prolonged duration of the disease. This 

trend is concerning, projecting a potential 12 million cases soon. Parkinson’s disease (PD) 

significantly impacts health-related quality of life, leading to profound social consequences such as 

stigma, dehumanization, and loneliness, which may have a more pronounced effect on quality of life 

than the more commonly recognized motor or cognitive symptoms [4]. The introduction of deep 

brain stimulation (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 

fluctuations, levodopa-induced dyskinesias, and drug-refractory PD tremor [5]. 
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PD is a chronic neurodegenerative disorder named after James Parkinson, who described the 

clinical syndrome over two centuries ago [6]. Pathologically, PD results from the selective 

degeneration of dopaminergic neurons in the substantia nigra, leading to decreased dopamine levels 

in the striatum and resulting in abnormal motor control [7]. It is characterized by the cardinal features 

of rest tremor, bradykinesia, rigidity, and postural instability, as well as a variety of other motor and 

non-motor symptoms [8–10]. Traditionally, the term ‘idiopathic’ PD has been used to describe the 

most common cause of parkinsonism in clinical practice. However, with the discovery of monogenic 

forms of PD (which may be clinically indistinguishable from the ‘idiopathic’ form), the clinical 

heterogeneity of the disease, and the overlap between PD dementia, dementia with Lewy bodies, and 

other forms of parkinsonism, the classification of PD requires continuous re-evaluation [11,12]. 

The debate over the relative contribution of genetic and environmental/lifestyle factors to the 

development of PD has been ongoing. With the median age of onset at 60 years, age stands out as the 

most significant risk factor for the disease [13,14]. The frequency of PD appears to be higher in men 

compared to women, with a ratio ranging from 1.3 to 2.0. However, factors such as differences in 

prevalence of variables like cigarette smoking behavior, use of postmenopausal hormones, and 

caffeine intake may influence the incidence of the disease. Like other neurodegenerative diseases, 

age-related biological dysfunction, including telomere dysfunction, genomic instability, epigenetic 

changes, as well as ubiquitin-proteasome and autophagy mechanisms, are implicated in the 

pathogenesis of PD [15,16]. 

Accurate tracking of PD symptom severity and response to treatment is crucial for advancing 

both disease-modifying and symptomatic therapies [17–19]. The Unified Parkinson’s Disease Rating 

Scale (UPDRS) was initially introduced in 1987 [20] and became the predominant scale for assessing 

motor outcomes in PD patients [20,21]. In 2008, the International Parkinson and Movement Disorder 

Society (MDS) revised this scale, leading to the development of the MDS-UPDRS, which has since 

become the primary scale used in diverse clinical and research settings [22,23]. 

DBS involves surgically placing small electrodes within specific areas of the brain [24]. DBS 

technique involves an implantable pulse generator known as a neurotransmitter, which produces 

electrical signals. These signals are transmitted by an extension wire to the DBS lead, which contains 

electrodes that deliver stimulation to specific areas [25], as shown in Figure 1.  
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Figure 1. Schematic representation of the Deep Brain Stimulation (DBS) system: The electrode is 

implanted in the targeted brain area, connected by a DBS lead and an extension to the neurostimulator 

device. The neurostimulator, implanted in the chest, regulates the electrical impulses that modulate 

brain activity. 

DBS is typically used to address motor fluctuations, medication-induced dyskinesias, 

unpredictable „off time” periods, and tremors that do not respond to medication [26]. The efficacy of 

DBS in managing motor symptoms is well-established, with ample evidence supporting its consistent 

benefits in this regard [27–29]. Researchers have explored the potential of adjusting stimulation 

parameters, such as voltage amplitude or stimulation frequency, to address postoperative issues like 

postural instability, gait disability, and the risk of falls. Studies have indicated that low-frequency 

stimulation (60–80 Hz) can improve axial motor symptoms, such as postural stability, without 

significant adverse effects on limb tremors [30]. While low-frequency STN-DBS appears to be 

advantageous for axial symptoms compared to high-frequency stimulation, the precise therapeutic 

mechanism for this improvement is not yet confirmed [31]. DBS offers several advantages over 

standalone pharmacological treatment, despite being a more invasive and riskier approach [32–34]. 

Research has shown that DBS leads to greater improvement in motor symptoms compared to drug-
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based therapy alone [35]. The reversibility of DBS is a unique feature, allowing for the exploration of 

potential targets and the cessation of activity in the event of unacceptable side effects, similar to the 

advantages of pharmacological approaches [36]. 

Methods 

This review focuses on clinical studies concerning the use of high frequency DBS and Low 

frequency DBS in Parkinson’s disease patients. We excluded animal studies and publications that 

only discussed the methodology of high frequency DBS and low frequency DBS without presenting 

clinical data. The review follows the guidelines for Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) for 2020 in Figure 2, and only uses data collected from published 

papers, eliminating the need for ethical approval. 

 

Figure 2. PRISMA 2020 flow chart representing the screening and selection of studies. (PRISMA = 

Preferred Reporting Items for Systematic Reviews and Meta-Analysis). 

Systematic Literature Search and Study Selection 
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We conducted a thorough search for relevant publications by using PubMed (including 

Medline), Google Scholar, Cochrane Library and Science Direct: We searched for studies mentioned 

in review papers, editorials, and commentaries on PubMed. Nevertheless, we continued searching 

for additional studies that satisfied our inclusion criteria. 

We had a list of abstracts that we independently reviewed for inclusion using specific criteria. 

The criteria included using high frequency DBS and low frequency DBS methods, focusing on 

Parkinson’s disease. We excluded review papers and animal studies. Six reviewers conducted a dual 

review, and disagreements were resolved through discussion. 

Inclusion and Exclusion Criteria 

We established specific criteria for including and excluding participants to achieve our study 

goals. Our Criteria can be summarized in Table 1. 

Table 1. Inclusion and Exclusion criteria. 

 

Search Strategy 

The population, intervention/condition, control/comparison, and outcome (PICO) criteria were 

utilized 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 Parkinson’s disease. The 

medical subject heading (MeSH) approach for PubMed (including Medline), Google Scholar, 

Cochrane Library and Science Direct as detailed in Table 2, was employed to develop a 

comprehensive search strategy. 

Table 2. Search Strategy: The adjusted search terms as per searched electronic databases. 

Databases Search Strategy Result 

PubMed 

((((((((Deep Brain Stimulation[MeSH Terms]) OR 

(DBS[Title/Abstract])) OR (Electrical Stimulation of the 

brain[Title/Abstract])) AND (Parkinson Disease[MeSH Terms])) 

OR (PD[Title/Abstract])) OR (Idiopathic Parkinson’s 

Disease[Title/Abstract])) OR (Parkinson’s 

Disease[Title/Abstract])) OR (Primary 

Parkinsonism[Title/Abstract])) AND (Low 

frequency[Title/Abstract] OR high frequency[Title/Abstract]) 

2349 

(2024/05/21) 

 

1391 

Filters applied: 

From 2000 to 2024 

Humans 

English 

MEDLINE 
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(((((Parkinson Disease[MeSH Terms]) OR (Idiopathic, Parkinson 

Disease[Title/Abstract])) OR (Idiopathic, Parkinson’s 

Disease[Title/Abstract])) OR (Idiopathic Parkinson 

Disease[Title/Abstract])) AND (((Deep Brain Stimulation[MeSH 

Terms]) OR (Deep Brain Stimulations[Title/Abstract])) OR 

(Brain Stimulation, Deep[Title/Abstract]))) AND ((High 

frequency deep brain stimulation[Title/Abstract]) OR (Low 

frequency deep brain stimulation[Title/Abstract])) 

52 

(2024/05/22) 

 

49 

Filters applied: 

Humans 

English 

 

 

(((((Parkinson Disease[MeSH Terms]) OR (Primary 

Parkinsonism[Title/Abstract])) OR (Paralysis 

Agitans[Title/Abstract])) OR (PD[Title/Abstract])) AND 

((((Deep Brain Stimulation[MeSH Terms]) OR (Deep Brain 

Stimulations[Title/Abstract])) OR (Electrical Stimulation of the 

Brain[Title/Abstract])) OR (DBS[Title/Abstract]))) AND ((High 

frequency[Title/Abstract]) AND (Low 

frequency[Title/Abstract])) 

104 

(2024/05/23) 

 

71 

Filters applied: 

Humans 

English 

 

 

 

(„Deep Brain Stimulation”[Mesh] OR „Deep Brain 

Stimulation”) AND („Parkinson Disease”[Mesh] OR 

„Parkinson’s Disease”) AND („Low frequency” OR „High 

frequency”) 

795 

(2024/05/23) 

 

174 

Filters applied: 

Free full text 

Humans 

English 

MEDLINE 

 

(„Deep Brain Stimulation”[Mesh] OR „Deep Brain 

Stimulation”) AND („Parkinson Disease”[Mesh] OR 

„Parkinson’s Disease”) AND („Stimulation Frequency” OR 

„Low-frequency Stimulation” OR „High-frequency 

Stimulation”) 

416 

(2024/05/23) 

 

246 

Filters applied: 

Humans 

English 

MEDLINE 

 

Google Scholar 

(„Deep Brain Stimulation” OR DBS OR „brain stimulation”) 

AND („Parkinson Disease” OR Parkinson OR PD) AND (High-

frequency OR Low-frequency OR „different frequencies”) AND 

(„comparative study” OR effectiveness OR comparison) 

18,800 

 

ONLY English 17,700 

Cochrane Library 

ID Search 

#1 MeSH descriptor: [Deep Brain Stimulation] explode all trees 

#2 (deep brain stimulation* OR electrical stimulation of the 

brain OR DBS):ti,ab,kw 

#3 MeSH descriptor: [Parkinson Disease] explode all trees 

#4 (Parkinson* disease OR Idiopathic parkinson* disease OR 

Primary Parkinsonism OR Paralysis agitans OR Hypokinetic 

rigid syndrome OR Shaking palsy):ti,ab,kw 

59 

(2024/05/16) 
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#5 (High frequency stimulation AND Low frequency 

stimulation):ti,ab,kw 

#6 (#1 OR #2) AND (#3 OR #4) AND #5 

 

Science Direct 

(Parkinson’s disease) AND (Deep Brain Stimulation) AND (Low 

frequency OR High frequency) AND (impact OR efficacy OR 

outcomes) 

13,629 

(2024/05/18) 

 

 

1,327 

Filters applied: 

Review articles 

Research articles 

Neuroscience 

Medicine and 

Dentistry 

English 

Open access and open 

archive 

Quality Appraisal 

To ensure the reliability of our chosen papers, we utilized various quality assessment tools. We 

employed the PRISMA checklist and Cochrane bias tool assessment for randomized clinical trials for 

systematic reviews and meta-analyses, as shown in Figure 3. 

 

Figure 3. Risk of bias assessment of included studies. 
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Results 

After searching through 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 3,878 papers, 

we chose not to utilize 3,773 of them due to duplicates or unsatisfactory titles and abstracts. We 

closely examined the remaining 45 papers and excluded 37 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. Table 3 provides a 

detailed description of each. 

Table 3. Summary of studies’ characteristics. 

Author, year 
Countr

y 

Study 

Design 

Numbe

r of 

patient

s 

Medica

tion 

(On/Of

f) 

Interve

ntion 

LFS/HF

S value 

Follow 

up 

duratio

n 

Outcome 

Conway et al., 

2021 [37] 

Austral

ia 

Rando

mized 

double 

blinde

d 

14 Off 

Bilatera

l STN-

DBS 

60 Hz/ 

100 Hz 

No 

long 

term 

follow 

up 

The research revealed that low-frequency (60 Hz) 

STN-DBS notably enhanced gait rhythmicity, 

particularly medial-lateral and vertical trunk 

rhythmicity, in Parkinson’s disease patients 

compared to high-frequency stimulation. 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 [38] 
UK 

Rando

mized 

double 

blinde

d 

20 Off 

Bilatera

l STN-

DBS 

40 Hz - 

160 Hz 

No 

long 

term 

follow 

up 

The research examined the impact of different STN-

DBS frequencies on upper limb motor function in 

patients with Parkinson’s disease. The study did not 

find a consistent influence of frequency on 

bradykinesia using both the Simple PP task and a 

modified upper limb version of the UPDRS-III. 

However, there 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 [39] 
Italy 

Non-

rando

mized 

single 

blinde

d 

10 On 

Bilatera

l STN-

DBS 

80 Hz / 

130 Hz 

1 and 

12 

months 

The results of the study demonstrate that adjusting 

the subthalamic nucleus deep brain stimulation 

(STN-DBS) frequency from 130 Hz to 80 Hz leads to 

a significant reduction in involuntary movements 

(IM) such as dyskinesias and dystonia in 

Parkinson’s disease (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 
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higher frequencies to uphold overall motor 

function. 

Phibbs et al., 

2014 [40] 
USA 

Rando

mized 

double 

blinde

d 

20 Off 

Bilatera

l STN-

DBS 

60 Hz / 

130 Hz 

No 

long 

term 

follow 

up 

The study findings revealed that there was no 

significant variance in gait improvement observed 

in Parkinson’s disease patients who underwent 

subthalamic nucleus deep brain stimulation 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 [41] 
USA 

Rando

mized 

double 

blinde

d 

22 On/Off 

Bilatera

l STN-

DBS 

60 Hz / 

180 Hz 

No 

long 

term 

follow 

up 

The research indicates that both high-frequency 

(HFS) and low-frequency (LFS) subthalamic nucleus 

deep brain stimulation (STN-DBS) yield similar 

impacts on most lower limb gait features in 

individuals with advanced Parkinson’s disease. 

However, considerable enhancements in trunk and 

lumbar kinematics were noted with HFS. In 

addition, stimulation from ventral electrode 

contacts elicited more favorable 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 Parkinson’s disease patients. 

Tsang et al., 

2012 [42] 
Canada 

Rando

mized 

double 

blinde

d 

13 On/Off 

Bilatera

l STN-

DBS 

4-10 

Hz, 11-

30 Hz, 

31-100 

Hz, 

>130 

Hz 

No 

long 

term 

follow 

up 

The research findings indicate that customizing 

deep brain stimulation of the subthalamic nucleus 

at beta frequencies ranging from 31 to 100 Hz 

markedly enhances motor symptoms in individuals 

with Parkinson’s disease, 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 Parkinson’s 

disease. 

Xie T. et al., 

2014 [43] 
USA 

Rando

mized 

double 

blinde

d 

7 On 

Bilatera

l STN-

DBS 

60 Hz / 

130 Hz 

6 

weeks 

The results of the study indicate that 60-Hz 

stimulation has a significant positive impact on 

swallowing function, freezing of gait (FOG), and 

overall axial and motor symptoms in Parkinson’s 

disease patients with bilateral subthalamic nucleus 

deep brain stimulation (STN-DBS) in comparison to 

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 
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Fagundes et al., 

2016 [44] 
Brazil 

Rando

mized 

double 

blinde

d 

20 On 

Bilatera

l STN-

DBS 

60 Hz / 

130 Hz 

No 

long 

term 

follow 

up 

The research indicates that the frequency of 

subthalamic nucleus deep brain stimulation (STN-

DBS) has a significant impact on verbal fluency (VF) 

in patients with Parkinson’s disease. 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 Parkinson’s disease patients, 

particularly in those with cognitive impairments 

affecting verbal fluency, to minimize any adverse 

effects. 

Conway et al., 2021 [37]: 

In this study, the researchers examined the impact of low-frequency stimulation (LFS) on gait 

rhythmicity in Parkinson’s disease (PD) patients. Through a double-blind randomized crossover trial, 

they discovered that low-frequency STN-DBS significantly enhanced trunk rhythmicity compared to 

high-frequency stimulation, regardless of electrode location or electrical energy delivered. However, 

there were no significant differences in temporal gait measures, clinical mobility, or motor symptom 

severity between the stimulation conditions. These findings suggest that low-frequency STN-DBS 

may hold promise for improving gait stability in PD patients. 

Momin et al., 2018 [38]: 

The study found that both HFS (>100 Hz) and LFS (<100 Hz) of the STN have been shown to 

improve motor symptoms in PD. HFS is generally more effective in improving rigidity and tremor, 

but it can have significant side effects such as gait freezing and decreased verbal fluency. On the other 

hand, LFS can also improve axial motor symptoms and may be associated 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 [39] 

The study examined the effects of STN-DBS on involuntary movements (IM) 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, leading to a need to revert to 130 Hz stimulation. 

The research suggests that 80 Hz STN-DBS can ameliorate residual IM in STN-DBS patients, although 

some individuals may necessitate higher frequencies to effectively manage their PD symptoms. 

Phibbs et al., 2014 [40] 

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 deep brain stimulation, and they 

were involved in a blinded, randomized 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 between 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 lower frequency 

stimulation did not yield the anticipated enhancement in gait performance. 

Ramdhani et al., 2023 [41]: 

The research findings illustrate the combined impact of L-dopa and STN-DBS on lower limb 

spatial and temporal gait parameters in individuals with advanced Parkinson’s disease (PD). Both 

HFS and LFS STN-DBS had similar effects on most lower limb gait characteristics, with significant 

enhancements in trunk and lumbar movements noted with HFS. Stimulation from ventral electrode 

contacts led to more favorable outcomes compared to dorsal contacts. The study highlights the 
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potential for customized STN-DBS settings to improve gait and decrease the risk of falls in PD 

patients. 

Tsang et al., 2012 [42]: 

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 motor Unified Parkinson’s Disease Rating Scale (mUPDRS). This improvement 

was comparable to the effects of traditional HFS. On the other hand, stimulations 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 [43]: 

This study demonstrated that 60-Hz stimulation leads to significant improvements in 

swallowing function, freezing of gait (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 stimulation has the potential to 

reduce morbidity and mortality in advanced PD patients. 

Fagundes et al., 2016 [44]: 

The research indicates that the frequency of STN-DBS has a significant impact on verbal fluency 

(VF) in patients with PD. Specifically, LFS (60Hz) was found to enhance phonemic and action fluency 

compared to HFS (130Hz). These findings suggest that 60Hz 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. 

Discussion 

DBS is an established treatment for severe PD [45]. The two most common targets for DBS in PD 

are the globus pallidus internus (GPi) and the subthalamic nucleus (STN) [46]. STN-DBS has the 

added benefit of reducing the daily levodopa requirement, whereas the GPi is considered a safer 

target from a psychiatric and cognitive perspective [47,48]. STN-DBS has emerged as a highly 

effective treatment for managing severe PD, particularly in patients who do not respond adequately 

to pharmacological therapies. This neurosurgical procedure involves the implantation of electrodes 

into the subthalamic nucleus, delivering electrical impulses to modulate neural activity. STN-DBS 

significantly alleviates motor symptoms and improves the quality of life for patients with advanced 

PD [49]. HFS is the more commonly used mode in clinical practice, particularly effective in controlling 

tremor, rigidity, and bradykinesia [50]. HFS works by modulating abnormal neural activity in the 

subthalamic nucleus and related motor circuits, restoring more normal patterns of brain activity. One 

of the key advantages of HFS is its ability to produce rapid and robust improvements in motor 

symptoms, which can be sustained over long-term follow-up [51]. Additionally, HFS has been shown 

to improve non-motor symptoms such as sleep disturbances and mood disorders, further enhancing 

the overall quality of life for PD patients [52]. LFS, while less frequently used, has been found to offer 

unique benefits in certain scenarios. LFS is particularly advantageous in improving gait and reducing 

FOG, which are often resistant to HFS and dopaminergic medications. LFS was hypothesized to 

provide better control of axial symptoms, including FOG, even when delivered to the STN [53]. 

Studies showed that LFS improved gait and reduced freezing episodes while maintaining a reduction 

in the UPDRS motor score [53,54]. However, HFS does not effectively control axial symptoms such 

as gait dysfunction, postural instability, and FOG [54,55]. In a small number of previous studies, it 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 August 2024                   doi:10.20944/preprints202408.0819.v1

https://doi.org/10.20944/preprints202408.0819.v1


 12 

 

has been highlighted that some people experience a decline in postural stability with high-frequency 

STN-DBS compared with their pre-surgery state [37,38]. 

The present review aimed to investigate the impact of modulating the frequency of STN-DBS on 

the motor symptoms of patients with PD. The studies reviewed collectively highlight the varying 

impacts of HFS (>100 Hz) and LFS (<100 Hz) STN-DBS on motor symptoms in PD. Conway et al. 

(2021) and Phibbs et al. (2014) suggest that LFS can improve gait rhythmicity and some axial 

symptoms, such as balance and posture. However, LFS does not significantly improve stride length 

or overall gait performance. These findings indicate that while LFS can address certain aspects of 

motor control, it may not be sufficient to enhance more complex locomotor functions. Merola et al. 

(2013) found that an intermediate frequency of 80 Hz can reduce dyskinesias and dystonia, which are 

involuntary muscle contractions and twisting movements often associated with PD. However, this 

frequency might exacerbate parkinsonian symptoms such as bradykinesia (slowness of movement) 

and rigidity, necessitating a return to HFS for optimal motor control. Ramdhani et al. (2023) observed 

that both HFS and LFS, when combined with L-dopa (a common PD medication), can produce similar 

improvements in gait. However, HFS provided better trunk kinematics, suggesting that it might be 

more effective for improving the coordination and stability of the upper body during movement. 

Tsang et al. (2012) proposed an individualized frequency approach, indicating that using patient-

specific beta frequencies (equivalent to conventional HFS) can yield potential benefits. This 

personalized approach underscores the importance of tailoring DBS settings to individual patient 

needs to maximize therapeutic outcomes. Xie et al. (2015) demonstrated significant improvements in 

swallowing and FOG with 60 Hz stimulation. FOG is a common and debilitating symptom of PD, 

characterized by sudden, temporary inability to move. The positive impact of 60 Hz stimulation on 

swallowing and FOG highlights the potential of LFS in addressing specific motor symptoms that are 

not adequately managed by HFS. The reviewed studies illustrate that while HFS remains the 

standard for alleviating a broad range of motor symptoms in PD, LFS can offer targeted benefits for 

certain symptoms such as gait rhythmicity, dyskinesias, dystonia, and swallowing.  

We must acknowledge several limitations in the present systematic review that could impact the 

interpretation and generalizability of the findings. Firstly, standardized tests are not always 

employed across studies, and even when they are, different versions of these tests are often used. 

This variability complicates the comparison of outcomes between studies. Additionally, it is 

frequently unclear how final scores were calculated, leading to potential inconsistencies in reported 

results. An important obstacle in planning randomized controlled trials (RCTs) is the patients’ 

reluctance to participate. Many patients are unwilling to be in a control group for extended periods, 

often beyond a few months, which can hinder the recruitment process and the robustness of the study 

design. Inconsistencies in the definitions of HFS and LFS DBS across studies further complicate the 

analysis. Each study employs slightly different parameters for what constitutes HFS and LFS, making 

direct comparisons challenging. Furthermore, the lack of standardized assessment time points and 

follow-up durations across studies poses difficulties in drawing definitive conclusions about the 

long-term efficacy and outcomes of DBS treatments. The influence of concomitant medications and 

other therapies on the outcomes of DBS was not consistently controlled for across studies. This lack 

of control introduces variability that could affect the reported efficacy of DBS, as the interaction 

between DBS and other treatments may influence patient outcomes. Individual differences in 

response to DBS, which may not be fully captured in the studies, could also affect the generalizability 

of the findings. Factors such as patient age, disease progression, and individual neuroanatomy can 

lead to varying responses to DBS, yet these differences are not always accounted for in the analyses. 

Lastly, differences in the DBS devices and models used across studies could influence outcomes, but 

these factors were not consistently reported or accounted for. Variations in device settings, electrode 

placement, and stimulation parameters can all affect the efficacy of DBS, and without standardized 

reporting, it is challenging to determine the extent of their impact on study results. The limitations of 

this systematic review highlight the need for greater standardization in study designs, including the 

use of uniform testing protocols, consistent definitions of DBS parameters, and controlled reporting 
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of concomitant treatments and device specifications. Addressing these limitations in future research 

will help improve the reliability and applicability of findings related to DBS in PD. 

The findings suggest that personalized STN-DBS frequency settings can improve motor and 

non-motor symptoms in PD, reducing side effects and enhancing patient quality of life. LFS (60-80 

Hz) improves gait stability, swallowing, and verbal fluency with fewer adverse effects compared to 

HFS (130 Hz) [Conway et al., Xie et al., Fagundes et al.]. However, high-frequency stimulation 

remains effective for controlling rigidity and tremor [Momin]. Future research should include long-

term, large-scale, randomized controlled trials to validate these findings, with a focus on 

individualized DBS parameters and combined pharmacological therapies [Tsang et al., Ramdhani et 

al.]. Incorporating advanced DBS technologies and exploring patient-specific beta frequency 

stimulation may further refine treatment strategies and optimize outcomes [Merola et al., Phibbs et 

al.]. 

HFS is generally more effective in improving rigidity and tremor but is associated with notable 

side effects like FOG and reduced verbal fluency. LFS, particularly at frequencies around 60-80 Hz, 

demonstrates benefits for gait stability, swallowing function, and verbal fluency, with fewer adverse 

effects. However, LFS may not significantly enhance gait performance or tremor control compared 

to HFS. Overall, tailored DBS settings based on individual needs and symptom profiles may optimize 

outcomes for PD patients. 

Conclusion 

The systematic review underscores the nuanced role of STN-DBS frequency in managing PD. 

HFS effectively reduces rigidity and tremor but may cause gait and speech side effects. LFS shows 

promise for enhancing gait stability, swallowing, and verbal fluency with fewer adverse effects. 

Future research should focus on long-term, large-scale trials to validate these findings, explore 

patient-specific frequency settings, and combine DBS with pharmacological therapies. These tailored 

approaches could optimize treatment outcomes and improve the quality of life for Parkinson’s 

patients. 
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