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Abstract. The relation between freezing of gait in Parkinson’s disease and levodopa is complex. Here, we describe a new
phenotype of freezing of gait, namely levodopa-induced freezing of gait with a biphasic pattern. Our observation supports the
idea that freezing of gait might emerge because of a mismatch between cognitive/limbic loops and motor loops involved in
gait control. Moreover, it underscores the importance of assessing the influence of dopaminergic medication in daily clinical
practice, including objective assessment in all three dopaminergic states. The possibility of biphasic freezing will only emerge
after such a comprehensive evaluation, and will have immediate therapeutic consequences.
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Freezing of gait is common and disabling in people
with Parkinson’s disease, and is characterized clin-
ically by an episodic inability to produce effective
forward stepping [1]. The relation between freezing
of gait and levodopa is complex [2], and three main
types of responses to levodopa have been identified.
The most common treatment response is freezing
of gait that improves with levodopa treatment; this
is most typically present in early disease stages.
The second type is levodopa-resistant freezing of
gait, which usually emerges with disease progression,
either because of development of non-dopaminergic
lesions outside the substantia nigra, or because fac-
tors such as constipation or dose-limiting dyskinesias
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hamper optimal delivery of levodopa therapy [3].
The third and final response type is levodopa-induced
freezing of gait, where freezing occurs predominantly
in the dopaminergic on-state, and less so–or not at
all–during the dopaminergic off-state [4]. Here, we
describe–for the first time–a fourth response type
that had hitherto only been associated with dyskine-
sias, namely levodopa-induced freezing of gait with
a biphasic pattern.

A 70-year-old man was referred to our outpatient
clinic because of disabling freezing of gait. Parkin-
son’s disease had been diagnosed 5 years earlier.
He was treated with levodopa/carbidopa 100/25 mg
five times daily. He rarely experienced freezing of
gait in the early morning, before the first dose of
dopaminergic medication. During these early morn-
ing times, he described his gait as slow and shuffling,
but distinctly without any gluing or sudden motor
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blocks. He similarly shuffled when visiting the bath-
room at night, but never experienced any freezing
of gait at such times. After the first gift of lev-
odopa/carbidopa in the morning, episodes of freezing
of gait would emerge, during which he experienced
an inability to initiate walking despite the intention
and desire to do so. He further experienced that after
taking another tablet of levodopa/carbidopa shortly
after the first intake, freezing of gait disappeared. To
objectify this pattern, we invited him to visit our hos-
pital in a practically defined dopaminergic off-state
(>12 hours after the last intake of levodopa). Dur-
ing a videotaped and standardised gait assessment
(including rising from sit-to-stance, and a walking
trajectory of approximately 10 meters, including a
180- and 360-degrees turn), we observed a hypoki-
netic gait pattern, but no freezing of gait occurred
(Video 1). Fifteen minutes after intake of a sin-
gle dose of levodopa/carbidopa 100/25 mg, freezing
of gait with attempted stepping emerged, specifi-
cally during gait initiation and when approaching
the chair (Video 2). He reported feeling capable
of walking, but being episodically unable to do so.
After intake of an extra dose of levodopa/carbidopa
200/50 mg, he walked faster with larger steps, and
no freezing of gait was seen (Video 3). Based on
this assessment, his maintenance dose of dopamin-
ergic medication was gradually increased (ultimately
to levodopa/carbidopa 150/37.5 mg five times daily),
and freezing of gait in daily life decreased sig-
nificantly and satisfactorily. The higher levodopa
dose did come with a worsening of dyskinesias,

which we later tried to suppress with amantadine
100 mg twice daily. These dyskinesias had a typical
peak dose pattern, and not the biphasic pattern
observed for the freezing of gait.

A biphasic or square wave patterned dopa is well-
known for levodopa-induced dyskinesias [5], but
levodopa-induced freezing of gait with a biphasic pat-
tern has not been described before. The implications
of this finding are twofold. First, our observations
further underscore the complex relation between
levodopa and freezing of gait. The existence of
levodopa-induced biphasic freezing provides addi-
tional support for the idea that freezing of gait
might emerge because of a mismatch between cog-
nitive/limbic loops and motor loops involved in gait
control [6]. We recently introduced a novel frame-
work better understand the complex role of levodopa
in the occurrence of freezing of gait [6]. Specifically,
we emphasised that gait control depends on input
from motor loops, but also on cognitive and lim-
bic inputs [7]. In patients with Parkinson’s disease,
dopaminergic motor loops are denervated to a greater
extent than dopaminergic limbic and cortical loops,
and this mismatch may become even larger due to
maladaptive plasticity induced by long-term pulsatile
levodopa treatment, which might disproportionately
affect the motor loops. Freezing of gait may thus
emerge when there is a mismatch between activated
cognitive and limbic loops on the one hand (causing
a desire to walk and a feeling of being capable to do
so), and faulty motor loops on the other hand (caus-
ing an inability to actually initiate the desired step).

Video 1. Gait assessment in a 70-year-old patient with idiopathic Parkinson’s disease, in the dopaminergic off-state (>12 hours after the last
medication intake). There is a hypokinetic gait pattern (also when starting to walk), but without freezing of gait.
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Video 2. Gait assessment 15 minutes after intake of levodopa/carbidopa 100/25 mg. Freezing of gait with attempted stepping emerges during
gait initiation and when approaching the chair.

Video 3. Gait assessment 15 minutes after intake of levodopa/carbidopa 200/50 mg. Compared to the dopaminergic off-state, there is a
reduction of the hypokinetic gait features. Freezing of gait does not occur.

In our patient with levodopa-induced biphasic freez-
ing of gait, such a mismatch might also have arisen
after intake of low doses of levodopa that success-
fully stimulated cognitive and limbic functioning, but
that were unable to exceed the dopaminergic thresh-
olds within the motor loops. Yet higher levels of
dopaminergic medication could exceed these motor
thresholds, and suppress further freezing of gait.

Second, in daily clinical practice, the influence
of dopaminergic medication should be evaluated
carefully in people with freezing of gait, including
objective and preferably videotaped assessment in

all three dopaminergic states (off state, after low
dose levodopa, and after a suprathreshold levodopa
dose) [8]. We initially considered the possibility of
levodopa-induced freezing in our patient, but the pos-
sibility of biphasic freezing only emerged after such
a comprehensive evaluation, and this had immediate
therapeutic consequences (further increasing the dose
of levodopa). Further work is needed to determine
how common this biphasic type of freezing occurs
in daily clinical practice. It will also be interesting
to see if such biphasic freezing is always uncou-
pled from biphasic dyskinesias as was the case in
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our patient, or whether these can co-occur within the
same individuals.
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