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Abstract: Freezing of gait (FOG) is a heterogeneous symptom. Studies of treatment for FOG are 
scarce. Levodopa and monoamine oxidase inhibitors (rasagiline and selegiline) have shown effective 
improvement for FOG. Other drugs, such as L-threo-3, 4-dihydroxyphenylserine, amantadine, and 
botulinum toxin have exhibited some beneficial effects. The present review summarizes the potential 
drug treatment for FOG in Parkinsonism. 
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1. INTRODUCTION 

 Parkinson’s disease is the second most common 
neurodegenerative disorder, impacting about 1% of adults 
over 60 years of age. This incidence increases from 3% to 
5% in people aged above 85 years [1]. Primary features 
contain bradykinesia, resting tremor, rigidity and loss of 
postural reflexes. Loss of postural reflexes develops in most 
patients with PD as the disease progresses, leading to gait 
difficulties and balance problems. Typical gait disorders of 
PD include stooped posture, freezing of gait (FOG) 
festination, shuffling steps, and falling. FOG, defined as an 
onset of inability to start effective steps without known 
cause, is most commonly experienced during step initiation 
and turning, especially facing with obstacles, doorways, stress, 
and distraction. Simply put, it is “unexpected, small, absence 
or remarkable reduction of walk forward progression in spite 
of the intention to walk” [2, 3]. FOG accompany with some 
features: (1) the foot or toe cannot leave the floor; (2) 
commutative trembling of the legs starts with a 3–8 Hz 
frequency; (3) speeding up and reducing step length are 
often observed before FOG; (4) feeling of the feet sticking 
on the floor accompanies with FOG; (5) FOG is commonly a 
variety of relief with cues (6) FOG can be asymmetrical, 
affecting mainly one foot or in one direction [4-6]. It is 
estimated to affect around 7% of people with early disease 
and over half of patients with advanced PD [7], leading to 
loss of life quality, independence, and mobility [8]. 

 FOG is a symptom that can be divided into dopaminergic-
sensitive, dopaminergic-resistant, and dopaminergic drug-
provoked categories. Medications showing clinical benefit to 
FOG include levodopa, dopamine agonists, and monoamine 
oxidase type B inhibitors [9]. The use of methylphenidate for 
gait impairment in PD remains controversial [10, 11]. A  
 
 

*Address correspondence to this author at the Department of Neurology, 
Shanghai First People’s Hospital, Shanghai Jiao-Tong University, China. 
200080; Tel: 86-21-63240090; Fax: 86-21-63243755;  
E-mail: x_p_wang@sjtu.edu.cn 

preliminary study showed that intravenous amantadine  
may be effective for FOG that is resistant to dopaminergic 
drugs, suggesting that amantadine may exert its benefits 
independent on a dopaminergic mechanism [12]. The present 
review summarizes clinical medical treatments for FOG. 

2. LEVODOPA 

 To date, Levodopa is the gold standard for the treatment 
of Parkinson's disease. Levodopa can significantly improve 
the symptoms of movement. Levodopa can improve FOG 
[13]. Compared to placebo or low-dose levodopa, high dosage 
levodopa can delay FOG and reduce FOG occurrence, [14]. 
The number of episodes with akinesia and FOG can be 
significantly decreased by levodopa. The frequency and 
duration of 'off'-related FOG also can be reduced by 
levodopa [15]. Meanwhile, another trial confirmed levodopa 
was the treatment of choice for patients with FOG: a short-
term levodopa response only was detected in 40% of 
patients, however; a large number of patients with FOG do 
not improve with short-term levodopa effects, and need other 
treatment, e.g. activating therapy with cues [16]. In a study 
with 20 patients, after intake levodopa, a less degree of FOG 
was examined in 95% of the PD patients after. Levodopa 
significantly reduced the FOG sum score, and most patients 
with FOG (80%) still continued to undergo a FOG variant 
after oral levodopa [13]. A recent study confirmed 24h 
Levodopa-carbidopa intestinal gel therapy may reduce 
levodopa “unresponsive” FOG and associated falls [17]. 

3. MONOAMINE OXIDASE B INHIBITOR 
 A case report of an 84-year-old man, diagnosed primary 
progressive freezing gait (PPFG), had a four-year history of 
FOG. Rasagiline, the new irreversible monoamine oxidase B 
inhibitor, at standard doses showed a fast, dramatic, and 
persistent improvement of the duration and frequency of 
FOG episodes [18]. A 76-year-old woman with progressive 
primary freezing of gait, after taking selegiline in doses up to 
20 mg/d, showed a remarkable improvement of the gait 
disorder [19]. Deprenyl (selegiline) postpones the need for 
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levodopa treatment in early PD patients. After about 5 years, 
levodopa-treated PD patients, treated with deprenyl for up to 
7 years, showed slower motor decline and were less likely to 
develop FOG, compared with patients who were changed to 
a placebo [20]. An open observational 3-month study 
demonstrated that rasagiline effectively reduced the off-time 
duration as well as the disability in off- and on-time and 
optimizes levodopa efficacy in the routine clinical practice 
setting [21]. 

4. AMANTADINE 

 From the late sixties, amantadine is used for the 
treatment of PD [22]. A trial compared the efficacy of 5 days 
intravenous amantadine and placebo treatments on FOG in 
42 subjects randomly allocated 2:1 to amantadine or placebo 
groups. There was no serious adverse event reported during 
the study. The intravenous amantadine therapy did not show 
a significant improvement on overall freezing of gait 
questionnaire scores in patients with moderate-to-severe 
freezing; however, it might be beneficial by attenuating 
freezing severity and improving patients' mobility [23]. One 
study’s data suggest in PD patients with STN-DBS 
amantadine may have some kind of effects on axial 
symptoms. In this trial, improvement in speech, gait and 
balance occurred in 35 (76.1%) patients, on the other hand, 
improvement in gait and balance occurred 30(65.2%) 
patients [24]. In 2011, Kim performed a trial to find the 
effect of IV amantadine in dopaminergic-drug-unresponsive 
FOG. This study involved 15 patients: 6 with PD and 4 with 
multiple system atrophy (MSA), 2 with progressive 
supranuclear palsy (PSP), and 3 with PPFG. Along with the 
pre-existing dopaminergic and non-dopaminergic 
medication, their standard project was IV amantadine at 200 
mg in 500 cm3 of saline solution, given over a 3-h period and 
twice daily for 2 days. Five of six PD patients showed 
improvement and one PSP had mild improvement of FOG, 
whereas, the remaining patients showed no response [12]. A 
trial of oral amantadine in PD patients with FOG suggested 
amantadine had self-reported improvement but this effect 
may be transient. In this trial, median amantadine dose was 
100 mg twice a day and duration of treatment was 20 months 
(range 6–66) [25]. In contrast, amantadine (400 mg/day) 
injected over 2 days with a 52-hour washout period failed to 
show an effect on FOG [26]. These contradictory findings 
raise the possibility that the NMDA receptor antagonist, the 
antidyskinetic mechanism of amantadine, does not have 
beneficial effects on FOG. 

5. L-THREO-3,4-DIHYDROXYPHENYLSERINE 

 L-threo-3,4-dihydroxyphenylserine (L-DOPS, droxidopa), 
originally used as a therapy for orthostatic hypotension, was 
a precursor of noradrenaline [27], but later was discovered  
to have potential as a treatment for FOG [28]. It implied  
that dysfunction of noradrenergic neurons involved in  
the pathogenesis of levodopa-resistant FOG [29]. The co-
administration of L-DOPS and entacapone can significantly 
improve FOG [30]. Once across the blood–brain barrier, the 
administration of L-DOPS might aid noradrenaline to 
preganglionic noradrenergic systems and then might lead to 
improved FOG. 

6. METHYLPHENIDATE 

 Methylphenidate (MPH), is a mainstay of drug for 
attention-deficit/hyperactivity disorder in adults, adolescents 
and children [31, 32]. It is an inhibitor of the dopamine 
transporter. By measuring with walking speeds, dyskinesia 
and vital signs, oral MPH alone or with levodopa on 
parkinsonism indicate that the residual the dopamine 
transporter is functional in PD and the dopamine transporter 
is a potential target for symptomatic treatment of PD [33]. 
Dopamine transporters can be effectively blocked by oral 
MPH, and more than 50% of dopamine transporters are 
likely consumed at the weight-adjusted doses using 
therapeutically (0.3 to 0.6 mg/kg) [34]. Firstly, a study 
showed MPH (0.2 mg/kg) increased the motor effects of 
levodopa with minimal effects on cognitive or affective 
functions [35]. Without need for exogenous levodopa, low 
dose of MPH may improve gait, and especially freezing in 
advanced PD patients [36, 37]. Another trial observed gait 
and motor symptoms that could be improved by chronic, 
high doses of MPH without levodopa and the intensity of 
response of these symptoms could be increased to levodopa 
in advanced PD [38]. But the effects of MPH at 0.4 mg/kg 3 
times per day only reached significance in the decrease in 
tremor [39]. A crossover design study showed MPH failed to 
take a turn for the better of FOG [11]. Between October, 
2009 and December, 2011, Moreau designed a multicentre, 
parallel, double-blind, placebo-controlled, randomised trial, 
in 13 French movement disorders departments. They 
randomly assigned patients to receive MPH (1 mg/kg per 
day) or placebo capsules for 90 days. Gait hypokinesia and 
freezing could be improved by MPH in advanced PD 
patients receiving subthalamic nucleus stimulation. The 
proportion of FOG patients decreases from 86% to 67% in 
MPH group, without decrease was observed in the placebo 
group. However, MPH group had significantly more adverse 
events compared with those in placebo group. Increasing in 
hart rate (mean 3·6 [SD 7·2] beats per min) and decreasing 
in weight (mean 2·2 [SD 1·8] kg) occurred in patients  
who received MPH treatment compared with those in 
placebo group. An increase in dopaminergic, and probably 
noradrenergic activity is associated with this benefit of FOG: 
Dopamine and noradrenaline presynaptic transporters could 
be inhibited by MPH in the striatum and prefrontal cortex. 
123I-FP-CIT SPECT indicated that the striatal dopamine 
transporter density was decreased in the MPH group, which 
was suggested in synaptic dopamine [10]. The various 
pharmacodynamic effects of MPH mean that the drug may 
have significant value in the treatment of PD [40, 41].  

7. BOTULINUM TOXIN 

 Botulinum toxin (BoNT) can be used in the treatment of 
PD-related disorders and different dystonia: for instance 
limb dystonia, hand and jaw tremor, freezing of gait, cervical 
dystonia (anterocollis), dysphagia (achalasia), rigidity 
(painful shoulder), etc [42]. Giladi found Botox-A injection 
into calf muscles of patients with PD and improvement of 
FOG had a distinct temporal relationship [43, 44]. However, 
later studies showed that neither BTX-A nor BTX-B 
improved FOG, and BoNT may increase the risk of fall  
[45, 46]. 
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8. OTHER TREATMENTS 

 Bilateral subthalamic nucleus (STN) deep brain 
stimulation (DBS) can improve FOG, and reduce falls in 
FOG [47,48]. Repetitive transcranial magnetic stimulation 
(rTMS) also has effective improvement for FOG [49]. A 
cross-over, double-blind, sham-controlled study of the motor 
cortex showed that transcranial direct current stimulation 
could reduce the number and duration of FOG [50]. 
Repetitive exercises of cueing could reduce the severity of 
FOG [51], including auditory [52], and visual cueings [53]. 
These new rehabilitation techniques are effective, because 
FOG is a complicated symptom of PD caused by motor, 
cognitive, and affective factors [54-56]. Both basal ganglia 
and extrastriatal brain areas may be involved in the 
pathogenesis of FOG in PD [57, 58]. 

CONCLUSION 

 Levodopa has been proved to be an effective drug 
treatment for FOG, and new drug delivery methods may 
provide even better effectiveness. Monoamine oxidase 
inhibitors and methylphenidate also showed improvement for 
FOG in several studies, and may have clinical value in the 
treatment of PD patients with FOG in the future. Amantadine, 
L-threo-3,4-dihydroxyphenylserine, and botulinum toxin 
showed less evidence for effective treatment of FOG, moreover, 
they are associated with some adverse effects. Deep brain 
stimulation, and rehabilitation exercises can relieve symptoms 
of FOG in some patients. Therefore, developing effective 
treatment strategies is in need of further explorations. 
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