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Abstract

Background: Freezing of gait is a common (FOG) episodic gait disorder in advanced Parkinson’s disease (PD). FOG is one of the main risk factors for
falls; therefore FOG’s consequences can be devastating. This symptom is difficult to study in a research laboratory because of its unpredictability which
makes it difficult to select patients for clinical testing and make the right treatment decisions. Thus, clinical indicators may be useful to distinguish between
patients with and without FOG. The aim of this study was to compare the number of steps and the time to perform a 180-degree turn in patients with
Parkinson’s disease with and without FOG.

Material and methods: The study was performed on 56 PD patients. Subjects were divided into 2 groups: a total of 28 patients with PD and FOG were
compared with 28 patients with PD without FOG, according to item number 14, from the Unified Parkinsons Disease Rating Scale (UPDRS). The 2
subgroups were homogeneous in terms of age and disease severity.

Results: Significant differences were found between the two groups both in steps number (P <0.0001) and in the time required to perform a 180-degree
turn (P <0.0001).

Conclusions: Performing more steps and more seconds to turn 180 degrees may be a useful indicator to distinguish the characteristics of PD patients

with FOG. A PD patient which turns at 180-degree with more than 5 steps is most likely a patient with FOG.
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Introduction

Freezing of gait (FOG) is a common episodic gait dis-
order in advanced Parkinson’s disease (PD). It is defined as
a “brief, episodic absence or marked reduction of forward-
ing progression of the feet despite having the intention to
walk” [1] and the patients often describe this symptom as
like the feet are glued to the floor. Approximately 50% of PD
patients experience FOG at least twice a month and in the
more advanced stages 80% of the patients suffer from this
symptom [2]. Because 26% of falls have been shown to be
related to FOG [3], it has a significant impact on the quality
of life of PD patients [4].

FOG's prevalence depends on disease duration [2, 4, 5],
disease stage [2, 4] and the dose of administered levodopa
[4]. The pathological mechanisms are not completely com-
prehended [6], but several FOG hypotheses were attributed
like abnormal sequencing of steps, axial akinesia, asymmet-
ric symptom severity [7] and frontostriatal disruption [8, 9].

One challenge that adds considerable complexity to
FOG research is the fact that this phenomenon is hard to
study in a research laboratory because of its unpredictabil-
ity. FOG was shown to occur most often during turning
[10]. While turning difficulties tend to be associated with
FOG, there were only limited studies to describe these diffi-
culties. In a previous study patients experiencing FOG were

found to have a higher rotational arch than patients without
FOG [11], patients with FOG only get 75% of the neces-
sary turning angle and need more time to complete the turn
[12]. There are several studies showing that PD patients per-
form a greater number of turning steps compared to control
group subjects [13, 14]. The current study hypothesizes that
a greater number of steps and the longer time required to
complete a 180-degree turn in patients with Parkinson’s dis-
ease is an indicator of FOG, even if the patient does not have
a FOG episode at the time of turn.

Material and methods

Fifty-six patients diagnosed with PD were included in
the study. The patients were recruited in the Movement
Disorders Clinic of the University Hospital of Kiel
(Germany). The current research is a part of a larger project
for research on the phenomenon of FOG in patients with
PD that was approved by the Research Ethics Committee
of Nicolae Testemitanu State University of Medicine and
Pharmacy (No 44 / 53 of 12.04.2018). A special authoriza-
tion for the use of patients’ data for scientific and education-
al purposes has been signed by all patients in accordance
with German law.

The inclusion criteria were: (1) PD diagnosed according
to Brain Bank criteria, (2) the ability to walk independently
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and perform a 180-degree turn in the OFF phase of the dis-
ease. Exclusion criteria: (1) comorbidities that could influ-
ence gait, (2) the presence of cognitive impairment, measured
by mini-mental examination (MMSE <24 points). An equal
number of patients was recruited with and without FOG, ac-
cording to item No 14 of the Parkinson’s Disease Rating Scale
(UPDRS). Patients with MI were considered those who had
item No 14> 0. The severity of the disease was determined
according to the UPDRS scale, part III. Homogeneous pa-
tients were selected in terms of age and disease severity.

The protocol requires subjects to stand up from the
chair, walk 8 m towards examiner, turn 180 degrees, and re-
turn to the chair. The number of steps and the time required
for turning were calculated for each patient by 2 blind raters,
who did not know the patient’s status (with/without FOG).
All patients were examined in the OFF phase, with levodopa
being stopped for 12 hours and dopaminergic agonists for
72 hours. Patients who experienced a FOG episode during
turning were excluded.

Statistical analysis was performed using SPSS, version
23.0. Data are expressed by mean and standard deviation in
the case of normal distribution or median and range values
for variables with non-normal distribution. The differences
between the two groups of patients were analyzed with the
t-test or Mann-Whitney test, as appropriate. In all analyses,
p values <0.05 were considered significant.

Results

A total of 56 patients were included in the study, divided
into 2 groups, 28 patients with PD and FOG were matched
for age, disease severity and compared with 28 patients with
PD without FOG, according to item number 14, from the
Unified Parkinson’s Disease Rating Scale. The demographic
data and characteristics of the patients included in the study
are presented in Table 1. The number of steps performed
during 180 degrees turn, as well as the time required to per-
form the rotation are statistically significantly higher in pa-
tients with FOG than those without FOG (p = 0.0001 for
both measurements).

Assessing the number of steps performed by patients
with and without FOG, we determined that in the patients

Table 1
PD patients with and without FOG
. PD + FOG | PD - FOG
Variables (n=28) (n=28) P-value
Age, years (mean = SD) 59.2+7.1 | 605+6.5 0.5

UPDRS Ill (mean * SD)

Number of steps performed

40.1+£12.1|33.7+84 0.2

during turning (median, min- 5(3-10) 3(2-5) |0.00012
max)
Time required to complete 55+14 | 31+12 | 0.0001°

turning, seconds (mean + SD)

PD - Parkinson’s disease, FOG - freezing of gait, SD - standard deviation,
UPDRS - Unified Parkinson’s Disease Rating Scale. * - Mann-Whitney
test. *— T independent test.

which have FOG median is 5 and those without FOG the
median is 3 steps. We also noticed that patients without
FOG have performed a maximum of 5 steps. We may there-
fore infer that if a PD patient performs more than 5 steps at
180 degrees turn, it is most likely a patient with FOG (fig. 1).
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Fig. 1. The number of steps performed during the 180-degree
turning in patients with PD), with and without FOG.

Also, there is a tendency to increase the number of steps
with increasing FOG severity (fig. 2). As there were no pa-
tients with grade 4 severity and only 3 patients with grade 3
in the group of patients, this is not applicable for the group
of most affected patients.
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Fig. 2. Number of steps performed during the 180-degree
rotation in patients with PD relative to the FOG severity
according to item 14 of the UPDRS scale.

Discussion

This study is an attempt to identify clinical indicators of
gait freezing in patients with Parkinson’s disease. Finding
the number of steps performed while turning 180 degrees
and the time required for this maneuver proved being an
excellent way to identify FOG patients.

Although there are studies that report the turning dif-
ficulty in patients with PD [12, 13, 15], to our knowledge
this is the first study to confirm that this deficit is associated
with FOG. Patients that experience FOG are likely to have
problems with many daily activities and should therefore
benefit from rehabilitation. FOG evaluation is not trivial,
it is a variable symptom and difficult to provoke in clinical
conditions [16]. Patients or relatives may confuse FOG with
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other symptoms, such as steps shortening present in PD or
falls in atypical forms of Parkinsonism like progressive su-
pranuclear palsy. It is simple when this sign is seen in the
clinic, however it does not occur during a regular exami-
nation in around half of the patients [6]. For this reason, a
simple test such as the patient’s 180-degree rotation, which
can be easily done in the clinic that can help identify FOG,
is definitely a good one. We have shown that greater num-
ber of steps and more time to turn 180 degrees is distinc-
tive for PD patients with FOG. Therefore, we conclude that
a patient with PD which performs the 180-degree rotation
maneuver with more than 5 steps is probably a patient with
FOG, even if he does not have an episode of FOG at the mo-
ment of examination. Though we cannot tell the opposite
according to our data, a patient who performs less than 3
steps may still be a FOG patient.

Another interesting result is the severity of MS and the
greater number of steps. According to item No 14 (FOG)
of the UPDRS scale, the severity of the FOG is graded as:
(0) FOG missing, (1) blocks rarely occur during walking,
pause can occur at the beginning of walking, (2) occasional
blockages while walking, (3) frequent FOG episodes, often
block-related falls, (4) frequent FOG falls. The results of the
current study show that the higher the number of steps, the
more severe the FOG could be.

Conclusions

The present study has shown that it may be useful to dis-
tinguish the characteristic of PD patients with FOG from
that of PD patients without FOG by the number of steps and
the time used to perform the 180-degree turn.
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