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Proprioception of the Ankle is Impaired in
People with Parkinson’s Disease

Hayley Teasdale, BSc, GCNeuro PhD, Candidate,” Elisabeth Preston, PhD,’ Gordon Waddington, PhD?*

Abstract: Background: Proprioception has not been examined in the lower limb in people with Parkinson’s
disease (PD). Impaired proprioception may contribute to activity limitations, including falls in individuals

with PD.

Objectives: The aims of this study were to determine whether: (1) people with PD have impaired
proprioception in the ankles during active movements; (2) there are correlations between ankle
proprioception and history of falls, fear of falling, and parkinsonian symptoms.

Methods: This was a cross-sectional observational study of ankle proprioception in people with mild to
moderate PD and healthy age-matched controls. Included in the study were thirteen participants with mild to
moderate PD, aged 71 SD (31) years, and 14 age-matched controls, aged 66 SD (21) years. Proprioception of
the ankle was measured using the Active Movement Extent Discrimination Apparatus. Symptom severity was
measured using the PDQ-39. Fear of falling was measured using the Falls Efficacy Scale, and participants
were questioned about their history of falls during the previous 12 months. All measures were completed on
one occasion.

Results: People with PD had significantly worse proprioception in plantarflexion (mean difference 0.045, 95%
Cl 0.00 to 0.09), inversion (mean difference 0.059, 95% Cl 0.02 to 0.10), and overall proprioception (mean
difference 0.048, 95% CI 0.00 to 0.10) than control participants. In people with PD, there was a significant
moderate negative correlation between impaired proprioception and Parkinson’s symptoms (r = —0.441,

P = 0.021).

Conclusions: Impaired proprioception of the ankle is evident in people with PD. Further research is warranted
to determine whether proprioception can be improved in people with PD.

Parkinson’s disease (PD) is a progressive neurological disorder motor deficits that are seen with progression of the disorder.'

frequently characterized by balance impairment and a decline in Kinesthesia may also contribute to the large number of falls in

motor function. Motor symptoms may include resting tremor,
bradykinesia, stooped posture, and freezing of gait. Those suf-
fering from PD may also present with a lack of both limb and
trunk position awareness, also known as proprioception, which
is served by afferent information arising from a variety of sen-
sory receptors. More specifically, people with PD may present
with a lack of kinesthesia, a term used to describe propriocep-
tive sense during movement. PD is known to affect kinesthesia,

and this loss of kinesthetic sensitivity may be linked to common

PD, with two thirds of people living in a PD community hav-
ing experienced a fall in the previous 12 months.”

The basal ganglia appear to be important for sensorimotor
integration, which is the process by which sensory information,
like proprioceptive information, is mapped onto the motor
command.® The basal ganglia receive input from visual and pro-
prioceptive receptors, and it is proposed that the dopamine
depletion in the basal ganglia characteristic of PD can negatively

impact the integration of this information.® Impaired
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proprioception has been directly correlated with reduced inde-
pendence and falls in geriatric populations,’ and it is possible
that impaired proprioception may contribute to the postural
instability typical of PD. Postural instability in this group is
exacerbated when vision is occluded, which may also indicate a
problem with integrating proprioceptive information.”

Maschke and colleagues (2003) found that people with PD
were significantly impaired in the ability to detect displacements
of the forearm when compared with healthy controls.® How-
ever, there is little evidence regarding the integration of propri-
oceptive information from the lower leg or ankle in people
with PD.® Understanding the impact of PD on proprioception
at the ankle is important, as it has been shown that impairments
in proprioception can be joint specific, and a loss of proprio-
ception at the ankle could be an important contributor to pos-
tural instability and falls.? Therefore, the research questions for
this study were: (1) Do people with Parkinson’s disease have
impaired proprioception in the ankles during active movements?
(2) Is there a correlation between proprioception of the ankle
and the history of falls, the fear of falling, and parkinsonian

symptoms?

Methods
Design

This was a two-group comparison study. Participants with PD
were compared with age-matched control participants who did
not have any neurological impairment. The Human Research
Ethics Committee institution approved the study. All partici-
pants gave written informed consent before data collection. All
measures were taken during the ON phase of medication (ie,
currently using).

Participants

Adults with mild to moderate Parkinson’s disease were eligible
to participate if they were able to walk independently, with or
without an aid, and were stable on current medication. Poten-
tial participants were excluded if they had severe cognitive
impairment, early-onset PD, late stages of PD, a history of
other neurological disease(s), or a history of severe ankle injury.

Setting

Participants were recruited from a metropolitan community
between January and June 2015 and were measured in a univer-

sity research clinic.

Outcome Measures

The primary outcome measure was ankle proprioception mea-
sured on one occasion with the Active Movement Extent Dis-
crimination Assessment (AMEDA).? Unlike other measures of
proprioception, such as the Threshold to Detection of Passive
Motion and the Joint Position Reproduction (matching), the

AMEDA provides information on both joint movement and
joint position.” The AMEDA was developed to examine pro-
prioception in an environment as close as possible to normal,'’
and it measures proprioception with full weight bearing during
the midrange of normal active ankle movement, either into
inversion or plantarflexion. The AMEDA operates with the
participant in a standing position, with one foot on a solid plat-
form, and the other on a platform that is able to tilt in one
direction (Fig. 1). There is a mechanism located underneath this
platform that moves between 5 difterent levels, changing the
depth to which the platform can tilt. These 5 levels are approx-
imately 1 degree of rotation apart. Depending on the direction
of the foot, it is able to measure proprioception during both
inversion and plantarflexion movements. The participants were
familiarized with each of the 5 levels (1-5) in shallowest to
deepest order, and they were instructed to focus on a point on
the wall in front of them and to avoid looking down. The
familiarization trial consisted of practicing each level 3 times to
allow participants to understand the difference between each
level. Participants were then tested 50 times, in which each of
the 5 levels presented 10 times in a random order. The partici-
pants were required to tilt the platform down, return it to the
start position, and immediately report the level they sensed the
platform to have tilted. Only one movement attempt was pro-
vided before participants were required to report the level to
which they had moved. No feedback was given throughout the
trial as to the accuracy of their estimates.

The secondary outcomes included Parkinson’s disease symp-
tom severity and quality of life using a modified version of the
Parkinson’s Disease Questionnaire (PDQ-39), fear of falling
using the falls efficacy scale (FES), and self-reported number of
falls during the previous 12 months. The PDQ-39 consists of
39 questions in 8 categories: mobility, activities of daily living,
emotional well-being, stigma, social

support, cognition,

Figure 1 The Active Movement Extent Discrimination Assess-
ment (AMEDA).

MOVEMENT DISORDERS CLINICAL PRACTICE 525

doi:10.1002/mdc3.12464



RESEARCH ARTICLE

Ankle Proprioception In Parkinson’s Disease

communication, and bodily discomfort."" Participants were
asked each question in relation to the previous 2 weeks, and
they answered by selecting one of the 5 responses: never, occa-
sionally, sometimes, often, and always. The PDQ-39 has high
internal consistency and validity.'?

The FES was developed to measure fear of falling, defined as
being “low perceived self-efficacy at avoiding falls during essen-
tial, nonhazardous activities of daily living.”'> The FES con-
sisted of 16 questions relating to daily activities or outings.
Participants rated how concerned they were about the possibil-
ity of falling during these activities as “not at all concerned,”
“somewhat concerned,” “fairly concerned,” and “very con-
cerned.” If they had previously discontinued preforming the
activity, they answered regarding how they would feel if they

were to attempt the activity.

Data Analysis

The area under the receiver operating characteristic (ROC)
curve was calculated for each data set generated by the
AMEDA. An AMEDA score of 0.5 represented a chance
response, whereas an AMEDA score of 1 represented perfect
discrimination of the difference among all 5 levels (ie, perfect
proprioception). Descriptive statistics (mean and 95% confi-
dence intervals) and unpaired f tests were conducted to deter-
mine differences in proprioception among the groups. A
Spearman’s correlation was performed to test for correlation
between the proprioception and falls, proprioception and fear of
falling, and proprioception and symptom severity.

Results

Thirty-six people responded to the request for participants;
however 9 of these were excluded (see Fig. 2 for flow of par-
ticipants through the trial). Thirteen participants with mild to
moderate PD, aged 71 SD (7) years, and 14 age-matched con-
trols, aged 66 SD (8) years, participated. Participant characteris-
tics are presented in Table 1.

Initial Contact Received

n =46
(n=23) (n=23)

Excluded from Excluded from
initial contact  |¢——— initial contact
n=6 n=0

PD Group Control Group
Excluded during Failed to
session ] attend
n=1 n=2

PD participants (n = 13) Control participants (n = 14)

Figure 2 Flow of participants through the trial.

TABLE 1 Baseline Characteristics of Participants

Characteristic All Participants (n = 27)

PD (n=13) Con (n =14)
Participants
Age (yr), mean (SD) 71 (7) 66 (8)
Gender, n males (%) 10 (77) 9 (64)
PDQ-39 score (0-88), mean (SD) 15 (14) 1 (3)

PD, Affected by Parkinson’s disease; Con, control group; PF, plan-
tarflexion; INV, inversion.

Results are presented in Table 2. People with Parkinson’s
disease had significantly worse proprioception in plantarflexion
than control participants, with an average difference of 0.045
(95% CI 0.00 to 0.09). People with Parkinson’s disease also had
significantly worse proprioception during inversion compared
with control participants, with an average difference of 0.059
(95% CI 0.02 to 0.10). Total difference in proprioception (all
scores combined, regardless of direction) was also significantly
worse in people with Parkinson’s disease, with an average dif-
ference of 0.048 (95% CI 0.00 to 0.10). The clinically impor-
tant difference in proprioception when measured using the
AMEDA was 0.05.”

In people with PD, there was a significant moderate negative
correlation between average proprioception and Parkinson’s
symptoms reported on the PDQ39 (r = —0.441, P = 0.021).
Negative trending correlations were found between number of
recent falls and proprioception scores (r = —0.306, P = 0.121)
and between FES and proprioception (r = —0.245, P = 0.217).
No correlation was found between age and proprioception
(r=—0.068, P = 0.737).

Discussion

This study examined proprioception of the ankle in people with
mild to moderate PD and healthy older adults. The results
demonstrated a significant difference in ankle proprioception
between people with PD and healthy control participants, dur-
ing both inversion and overall proprioception. There was a sig-
nificant moderate  correlation  between impairment of
proprioception and PD symptom severity, weak correlations
between impairment of proprioception and falls, and fear of fall-
ing, but no correlation between impairment of proprioception
and age.

The impairment in proprioception evident in participants
with PD may be a result of reduced central sensory integration,
as a consequence of dopamine depletion in the basal ganglia. It
has been established that neurons in the basal ganglia have pro-
prioceptive fields and these neuronal responses are joint spe-
cific.® When tested in an animal model with PD, the number
of neurons in the basal ganglia responding to proprioceptive
information increased compared with animal models without
PD." This increased response created a large degree of noise
within the basal ganglia, which resulted in decreased joint speci-
ficity with regard to proprioceptive integration.'* This may
account for the impairment in proprioception evident in people

with PD in this study.
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TABLE 2 Mean (SD) of Groups, Mean (SD) Difference Within Groups, and mean (95% ClI) Difference Between Groups

Outcome PD (n = 13) Con (n = 14) Between Group Difference
PDQ-39 score (0-88) 15 (14) 1 (3) 14 (6 to 22)
FES score (9-90) 18 (9) 9 (2) 9 (4 to 14)
Number of falls (12 months) 4 (7) 0 (0) 3(-1to7)
Proprioception
Plantarflexion 0.636 (0.06) 0.669 (0.08) 0.045 (0.00 to 0.09)
Inversion 0.624 (0.05) 0.683 (0.06) 0.059 (0.02 t0 0.10)
Average (PF + Inv) 0.627 (0.06) 8.675 (0.07) 0.048 (0.00 to 0.10)

PD, affected by parkinson’s disease; Con, control group; PDQ, Parkinson’s Disease questionnaire; FES, falls efficacy scale; PF, plantarflexion;

INV, inversion; AV, average.

Proprioception during ankle inversion has been suggested as
a more useful measure of proprioception than plantarflexion in
healthy populations.'® Symes, Waddington, and Adams (2010)
demonstrated that proprioception was increased in joint ranges
in which there is greater use, therefore resulting in a practice
effect for proprioception.'® It is hypothesized that propriocep-
tion is better in plantarflexion because of the potentially
greater volume of plantar flexor muscles used in walking and
therefore the greater volume of muscle fibers available to
receive proprioceptive information.'®> Consequently a small loss
of proprioception in plantarflexion will not have as much of
an impact as a small loss of proprioception in inversion. The
participants with PD enrolled in this study were able to walk
independently and therefore this practice effect is likely to be
relevant. As such, the impairment of proprioception evident
during inversion is likely to be highly indicative of a loss of
proprioception.

A moderate correlation was found between impaired propri-
oception and PD symptoms, suggesting that the loss of proprio-
ception was occurring along with the other motor impairments
in PD and also with the deterioration of the basal ganglia. Based
on the correlation between impaired proprioception and PD
symptoms it is possible that impaired proprioception could con-
tribute to activity limitations and participation restrictions.
However, only a weak and nonsignificant correlation was found
between impaired proprioception and falling in this study, sug-
gesting that other impairments might contribute more substan-
tially to falling in this population, or that the sample size was
too small to detect a correlation.

Given that proprioception is impaired in people with PD,
future research could examine whether proprioception can be
trained in people with PD. Proprioception has been effec-
tively trained in healthy people and people with other neuro-

. s 17
logical conditions.

Balance and proprioception training has
improved lower-limb motor control in healthy individuals,'”
and training proprioception using biofeedback has been
demonstrated as effective in improving balance and proprio-
ception'® and also independence and falls risk'® in people
with multiple sclerosis. The efficacy of assessing and training
proprioception in people with PD, however, needs to be
established.

There are several limitations of this study. First, the sample
size 1s small, thereby reducing the power of the study. This may
evident between

account for the weak correlations

proprioception and falling, and proprioception and fear of fall-
ing. There was also a large range in the age of participants,
however there was no correlation found between age and pro-
prioception in this sample. This may, however, be a reflection
of activity levels of the participants, as more active older partici-
pants may achieve heightened levels of proprioceptive capacity,
meaning that activity levels need to be controlled in future
studies. The current study included participants who had mild
to moderate PD, so the results cannot be generalized to people
with severe PD. Including participants with more severe disease
in future studies may provide greater insight into the role of

proprioception in symptom development in PD.

Conclusions

The results of this study indicate impaired proprioception in the
ankle, in particular during ankle inversion, in people with mild
to moderate PD compared with healthy aged-matched control
participants. Impairment in proprioception was correlated with
symptom severity in people with PD, but not falling, fear of
falling, or age, although the sample size was small. Future stud-
ies could examine the efficacy of training proprioception in
people with PD.
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