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Abstract.
BACKGROUND: Although most patients with Parkinson’s disease (PD) present difficulties of bed mobility, the contributing
factors to impaired bed mobility in PD are unknown.
OBJECTIVE: To compare bed mobility and muscle strength between PD patients and healthy controls, and investigate the
determinants of bed mobility in PD.
METHODS: Sixteen patients with PD and ten age- and sex-matched healthy controls (HC) were enrolled. Time and pattern
to get out of bed to their preferred side at usual speed, muscle torque in lower extremities and motor symptom burden were
also measured.
RESULTS: PD exhibited significantly slower speed in bed mobility and lower torque in the hip adductor/abductor/flexor
muscle than HC. Slower movement time in PD was correlated with weaker hip adductor torque on the more affected side
(Rs = –0.56, p < 0.05) and with higher score in arm rigidity both sides (Rs ≥ 0.79, p < 0.01). There were no significant
differences between the categorised movement patterns and movement time in PD (p = 0.31).
CONCLUSIONS: Reduced hip adductors torque and severe arm rigidity are associated with slowness of getting out of bed,
implying that these components could be used as targets for rehabilitation practice to improve bed mobility in PD.
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1. Introduction

Parkinson’s disease (PD) is a progressive neurode-
generative disorder and is clinically characterised by
bradykinesia, rigidity, tremor, and postural instabil-
ity (Gelb et al., 1999; Jankovic, 2008). Difficulties in
bed mobility are common problems in patients with
PD (Aragon & Kings, 2018; Nieuwboer et al., 1998;
Wimmers & Kamsma, 1998), and resolving these
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limitations are a prerequisite for functional indepen-
dence. Notably, a recent longitudinal study showed
that difficulties in turning in bed begin 7 to 11 years
before PD diagnosis (Fereshtehnejad et al., 2019).
Once PD has been diagnosed it is often one of the
first difficulties noted (Pfeiffer & Wszolek, 2012)
and worsens with advanced disease (Mirelman et al.,
2020).

Moreover, urinary frequency and urgency are also
common in patients with PD due to poor control of the
detrusor muscle, arising from disease-related deficits
of the autonomic nervous system (Yeo et al., 2012).
Collectively, the worsening of bed mobility and uri-
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nary symptoms significantly impact patient comfort
at night, especially because the effect of medication
is then at its lowest (Viwattanakulvanid et al., 2014).
Therefore, increasing insight into the underlying dif-
ficulties of bed movements in PD is crucial to improve
patients’ quality of life.

Earlier studies have already reported on the move-
ment patterns (Mount et al., 2009) and turning
strategies (Stack & Ashburn, 2006) used by PD
patients to get out of bed. In addition, sensor-based
analysis noted a slowed speed in turning in bed
(Bhidayasiri et al., 2016; Bhidayasiri et al., 2017;
Chiang et al., 2018; Mirelman et al., 2020; Sringean
et al., 2016). Furthermore, other studies have shown
that muscular weakness slowed the performance
of single-joint movements in patients with PD
(Robichaud et al., 2004; Wierzbicka et al., 1991).
Nevertheless, contributing factors such as muscle
strength and limb rigidity to difficulties in getting out
of bed have not been previously considered.

In line with these previous reports, it is conceivable
that muscular weakness or stiffness may influence
movement time as well as movement patterns and
thereby impact the ease with which patients with PD
can get out of bed.

Therefore, the aims of this study were 1) to evaluate
movement time and the movement patterns of getting
out of bed and the muscle strength in patients with PD,
and compare the results with age- and sex-matched
healthy controls and 2) to investigate whether muscle
strength as well as motor symptoms on the affected
and unaffected body sides could influence movement
time to get out of bed.

We hypothesised that PD patients would exhibit
a slower bed mobility and weaker lower muscle
strength than that of healthy controls, and a reduced
muscle strength and severe motor symptoms espe-
cially on the more affected side would be related to
slowed bed mobility in patients with PD. The results
of this study will provide useful insight into the nature
of difficulties with bed mobility in patients with PD.

2. Methods

2.1. Study design and ethics

This study was approved by the Mikiyama
Rehabilitation Hospital ethics committee (approval
number: 201502) and was conducted in accordance
with the Declaration of Helsinki. We obtained written
informed consent from each participant after explain-

ing the purpose, expected benefits, and potential harm
of this research.

2.2. Participants

Sixteen patients with PD and ten age- and sex-
matched healthy controls (hereafter referred to as
HC) were enrolled in this study. The inclusion criteria
for PD were as follows: (1) a diagnosis of idiopathic
PD in accordance with the MDS clinical diagnostic
criteria (Postuma et al., 2015), (2) Hoehn and Yahr
stage 2–4; (3) signs of difficulties in bed mobility as
defined by a score of > 0 for item 11 (“getting out
of bed without a cover”) in the Modified Parkinson
Activity Scale (M-PAS) (Keus et al., 2009; Taniguchi
et al., 2021), (4) a score of the Mini Mental State
Examination (MMSE) ≥ 24 (Folstein et al., 1975).
The exclusion criteria for PD were (1) a history of
other neurologic or musculoskeletal disorders and
severe orthopaedic disease; (2) any pain that affected
the movement patterns for getting out of bed; and
(3) the presence of dyskinesia as assessed using the
Movement Disorder Society-sponsored revision of
the Unified Parkinson’s Disease Rating Scale (MDS-
UPDRS) Part III (Goetz et al., 2007). All patients with
PD were assessed in self-reported ON medication
state.

2.3. Getting out of bed task

The subjects were asked to get out of bed to
their preferred side at a usual speed without a bed
cover. They were instructed to get up from lying
in the supine position and come to sit at the side
of the bed with their legs on the floor, following
the same protocol as in the M-PAS (Keus et al.,
2009). All performances were video recorded and
timed. The two investigators (ST and TO) categorised
the total movement patterns of getting out of bed
based on previously reported criteria (Mount et al.,
2006; Stack & Ashburn, 2006), with disagreements
resolved through discussion. Supplementary Figure 1
(A, B, and C) shows that the categorisation captured
the movement patterns of leg movement and trunk
rotation as follows: “Trunk lateral flexion with rota-
tion”, “Trunk lateral flexion without rotation”, and
“Sit and hip-hitching”.

2.4. Test of muscle strength

The muscle strength of the hip flexors, extensors,
abductors and adductors, knee flexors and extensors,
ankle plantar flexion, and dorsiflexion was mea-
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sured during isometric muscle contraction using a
hand-held dynamometer (HHD; �-Tas F1, ANIMA
Co. Ltd), applying the HHD with a belt-fixation
method (Thorborg et al., 2013). The torque (Nm) was
obtained by multiplying the force (N) by the lever
arm (m) of each participant as a unit of the muscle
strength. We also evaluated the intra-rater reliability
of the values for muscle strength.

2.5. Motor symptom measurement

The motor symptoms from MDS-UPDRS Part
III were assessed in a standardised manner and
item-scores were summed into four motor symp-
tom components in accordance with previous studies
(Bouça-Machado et al., 2020; Lau et al., 2019): akine-
sia: sum of sub-items 3.2, 3.4–3.8, 3.14; rigidity: sum
of sub-item 3.3; tremor: sum of sub-items 3.15–3.18;
and axial signs: sum of sub-items 3.1, 3.9–3.13. Fur-
thermore, the more affected side was defined by initial
motor symptoms onset in PD, while the less affected
side was defined by the other side of the more affected
side. The MDS-UPDRS Part III was administered by
the physical therapist (ST) who has completed the
MDS-UPDRS online training.

2.6. Statistical analysis

The tests for muscle strength and getting out of bed
were performed twice and two values were averaged.

For intra-rater reliability, we calculated the intra-
class correlation coefficient (ICC) (Koo & Li, 2016)
of muscle strength, and Cohen’s kappa coefficients
(McHugh, 2012) of the movement patterns of getting
out of bed. For comparing between-group differ-
ences, the Mann-Whitney U test was used in age,
movement time, muscle strength, and MMSE scores,
while Fisher’s exact test was used in sex and move-
ment patterns.

Spearman’s rank correlation coefficient (Rs) was
used to assess relationship between movement
time and other measures, and correlation ratio (η)
was calculated for correlation between movement
time and movement patterns. After checking for
multi-collinearity (variance inflation factor > 2.5),
a multivariable backward linear regression model
was built to investigate the determinants of move-
ment time. Dwass-Steel-Critchlow-Fligner test for
multiple comparisons analysis were used to assess
the differences among the three movement pattern
groups. All statistical analyses were performed using
software R (R Foundation for Statistical Computing;

R package version 4.0.2). A p-value of < 0.05 was
considered statistically significant.

3. Results

3.1. Demographic information

The patient characteristics are shown in Table 1.
There were no significant between-group differences
in age and sex (p > 0.05).

3.2. Group differences in lower muscle strength

Supplementary Table 1 summarises the muscle
strength in lower extremities and intra-rater reli-
ability. PD patients had significantly weaker hip,
knee and ankle flexors as well as hip abductors and
adductors (p < 0.05). The results showed excellent
agreement in both PD (ICC = 0.95–0.99) and HC
(ICC = 0.96–0.99), suggested that the obtained scores
were consistent. Additionally, the movement patterns
of getting out of bed (Cohen’s kappa coefficient = 1)
indicated almost perfect agreement.

3.3. Movement time and patterns for getting out
of bed

Figure 1 shows between-group differences in
movement time. Compared with HC, PD patients

Fig. 1. Between-group comparison of movement time of bed
mobility.

Asterisks indicate significant pair-wise differences (Mann-
Whitney U test, ∗p ≤ 0.01). HC = age- and sex-matched healthy
controls; PD = patients with Parkinson’s disease. The boxplot
shows between-group difference in movement time of getting out
of bed. The PD group showed significantly slower speed in getting
out of bed.
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showed significantly lower speed in getting out of bed
(p ≤ 0.01). Further, there were significant between-
group differences in movement patterns (p < 0.05).

Table 1 shows that a larger proportion of PD patients
used the trunk lateral flexion without rotation pat-
tern (62.5%), while HC mostly used the trunk lateral

Table 1
Participant demographics and clinical details of patients with Parkinson’s disease

Variables PD HC p-value
(n = 16) (n = 10)

Age (years) 73.4 ± 8.8 73.0 ± 9.5 0.66
Sex (males/females) 6/10 4/6 1 a

Disease duration (years) 10.1 ± 5.6
Hoehn and Yahr stages II = 6%; III = 50%; IV = 44%
MDS-UPDRS Part III (0–132) 35.4 ± 11.3
MMSE (0–30) 27.3 ± 1.3
Movement time (sec) 12.9 ± 8.4 4.7 ± 1.1 ≤0.01∗
Movement pattern

• Trunk lateral flexion with rotation 12.5% 80.0% < 0.05∗ a

• Trunk lateral flexion without rotation 62.5% 20.0%
• Sit and hip-hitching 25.0% 0%

Significant results are shown in bold font. ∗p < 0.05. Results of age, disease duration, movement time indicate
mean ± standard deviation; MMSE: Mini Mental State Examination; Movement time were averaged over two
measurements, aFisher’s exact test (Bonferroni corrected p-value).

Table 2
Relationship between the movement time of getting out of bed and the other scores in patients with Parkinson’s disease

Movement time (sec)

Variables Affected side Rs p-value

Muscle strength
Hip flexor torque more –0.46 a 0.06

less –0.12 0.66
Hip extensor torque more –0.09 0.75

less –0.27 0.31
Hip abductor torque more –0.38 0.15

less –0.38 0.15
Hip adductor torque more –0.56∗ < 0.05

less –0.22 0.41
Knee flexor torque more 0.10 0.73

less 0.26 0.35
Knee extensor torque more –0.08 0.79

less 0.15 0.59
Ankle plantar-flexion torque more –0.19 0.47

less –0.15 0.58
Ankle dorsi-flexion torque more –0.18 0.51

less –0.20 0.46
MDS-UPDRS Part III

Axial Signs 0.30 0.26
Akinesia 0.53∗ < 0.05
Tremor 0.19 0.47
Rigidity total 0.39 0.14
Rigidity neck 0.15 0.58
Rigidity upper extremity more 0.80∗∗ < 0.01

less 0.79∗∗ < 0.01
Rigidity lower extremity more 0.42 0.11

less 0.38 0.15
Movement pattern 0.20b 0.52

Significant results are shown in bold font. ∗ p < 0.05, ∗∗ p < 0.01. aA trend towards significant correlation;
b Correlation ratio (η). Rs = Spearman’s rank correlation coefficient; more = more affected side; less = less affected
side. The scores of tremor, axial signs, and akinesia are defined using sub-items of the MDS-UPDRS Part III: axial
signs: sum of sub-items 3.1, 3.9–3.13; akinesia: sum of sub-items 3.2, 3.4–3.8, 3.14; tremor: sum of sub-items
3.15–3.18; and rigidity: sum of sub-items 3.3.
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flexion with rotation pattern (80%). A smaller group
adopted sit and hip-hitching that was only found in
the PD group (25%), suggested PD-specific move-
ment pattern. Moreover, those commonly adopted
movement patterns by the PD group indicated these
features when attempting to turn, without involving
head-trunk rotation but using hands in turning such as
“grasping the edge of the bed by the hand” in trunk
lateral flexion without rotation pattern, or “pushing
off with hands” in sit and hip-hitching pattern as seen
in Supplementary Figure 1 (B, and C, respectively).

There was no significant correlation between
movement time and the three movement patterns in
PD. Further, multiple comparison analysis revealed
that there were no significant differences between the
three movement patterns and movement time in PD
(H(2) = 2.37, p = 0.31), suggesting that there were no
differences in movement time between participants
using different movement patterns in PD patients.

3.4. Relationship between bed mobility and
other scores in PD

Table 2 showed relationships between the move-
ment time of getting out of bed and the other scores in
PD patients, including the muscle strength measures
on the affected and unaffected sides, scores in the
MDS-UPDRS III total and in each of the four com-
ponents (axial signs, akinesia, tremor, and rigidity),
and movement patterns.

As for muscular strength, the movement time was
inversely correlated with hip adductor torque on
the more affected side (Rs = –0.56, p < 0.05). It also
tended to be related with reduced hip flexor torque
on the more affected side (Rs = –0.46, p = 0.06).
Conversely, no relationship was observed between
movement time and muscle strength in HC. These
results indicated that weaker hip adductors and hip
flexors slowed down performance and that this was
PD-specific.

In addition, slower movement time was asso-
ciated with higher scores in akinesia (Rs = 0.53,
p < 0.05), and arm rigidity both on the less affected
side (Rs = 0.79, p < 0.01) and on the more affected
side (Rs = 0.80, p < 0.01). Moreover, backward lin-
ear regression revealed that the rigidity score of the
more affected arm remained the only independent
predictor (� = 5.99, p < 0.01) and explained 75% of
the variability in the movement time.

Furthermore, multiple comparison analysis rev-
ealed no significant differences in akinesia (H(2) =
0.66, p = 0.72), tremor (H(2) = 0.54, p = 0.76), axial

sign scores (H(2) = 1.78, p = 0.41), or rigidity total
score (H(2) = 5.56, p = 0.06) suggesting that there
were no differences in the severity motor symptoms
among the three movement pattern groups in PD.

4. Discussion

To the best of our knowledge, this is the first
detailed study to clarify contributing factors for the
difficulties with getting out of bed in PD. The main
findings of this study were that the more slowed
movement times in PD compared to HC was highly
associated with reduced hip adductor torque on the
more affected side, and arm rigidity at both sides, as
predicted by our initial hypothesis.

4.1. Slowness in bed movement in PD

PD exhibited significantly slower speed in bed
mobility compared to HC which is consistent with
previous study (Mount et al., 2009). In addition, a
slower speed in PD was strongly related to akine-
sia, and not to axial signs. It is unsurprising that the
severity of akinesia may directly reflect the slower
performance in PD for getting out of bed. How-
ever, as trunk movement relies on axial mobility, it
is surprising that no link with other axial symptoms
were found. It could be that other axial symptoms,
rely more on postural control and balance functions,
which are less needed for movements carried out in
a supine position.

4.2. Reduced hip adductors torque is related to
slowness bed movement in PD

The slowed movement time was significantly
related to reduction of hip adductors and also tended
to be associated with reduction of hip flexors in PD.
These key muscle groups were as much as 50%
weaker in PD compared to HC, and may contribute
to the slowness bed mobility in PD.

Regardless of the movement patterns used, hip
adduction at the far side of the movement direction
creates momentum for bringing the legs out of the
bed. Moreover, it was reported that PD patients were
more apt to lift both legs synchronously from bed
compared to healthy elderly group (Mount et al.,
2009) which might explain the greater hip flexors
contribution in bed mobility in PD.

Furthermore, from a biomechanical perspective,
the lower extremities account for the largest weight
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proportion (approximately 32% in both lower limbs)
of the human body (Russell Merritt et al., 2005).
Thus, the legs as a weight can assist in lifting the
trunk to an upright position with less involvement of
trunk functions (Mount et al., 2006).

Collectively, it was possible that adduction and
flexion of both thighs together acted to unite the
legs, which could be a precondition for dropping
the legs off the bed. If that is the case, the reduced
hip adductors and flexors subsequently could have
slowed getting out of bed in PD; however, further
kinematic or electromyographic analyses should be
performed to clarify these points.

4.3. Upper limb contribution for trunk rotation
in PD

In this study, arm rigidity on the more affected
side statistically explained 75% of the variance in the
movement time to get out of bed, suggesting it was
one of the key contributors to slowness of bed mobil-
ity in PD. It is known that upper limb movement plays
an important role in turning in bed in patients with
a mild stage of PD having axial dysfunction (Lakke,
1985; Stack & Ashburn, 2006). In the present study,
most patients with PD adopted the movement pat-
terns involving reduced trunk rotation and increased
usage of hands while turning in bed.

These findings may explain the greater dependence
on the use of upper limb movement in turning, as
pertaining to people with mid-stage of PD as enrolled
in our study. Thus, advanced arm rigidity and trunk
inflexibility together could have played a role in the
slowness of getting out of bed in PD.

4.4. Selection of movement patterns in PD

The most common strategy was trunk lateral flex-
ion without rotation in PD, which is consistent with
previous study (Mount et al., 2009). Additionally, sit
and hip-hitching was a frequent PD-specific move-
ment pattern in this study. The movement patterns
required no trunk rotation, suggesting that these
modes can be beneficial for patients with severe rigid-
ity. In contrast, trunk lateral flexion with rotation was
the least popular movement pattern in PD, possibly
because it requires axial flexibility for rolling and
for controlling the limbs sequentially. Therefore, this
pattern may be possible only for patients with low
rigidity or axial mobility problems.

4.5. Therapeutic recommendations

As for rehabilitation, adductor muscle strength
may be a useful therapeutic target to improve bed
mobility. Additionally, upper limb movement (e.g.
shoulder horizontal adduction and the grasping the
edge of the bed with the opposite hand) may be a
helpful compensation for axial dysfunction to enable
turning sideways and avoid having to rely on the hip
flexors and abdominal muscles, which are weakened
(Mount et al., 2006).

Involving limb movements and therapeutic strate-
gies to reduce upper limb rigidity may facilitate
turning and thus shorten the movement time to get
out of bed. Furthermore, therapists should teach care-
givers how to apply movement patterns which require
a minimum of effort. As we described above, this
could include recognition of using “unit” motion
for the legs and pushing down by gravity, which
facilitates trunk elevation can decrease caregiver bur-
den, rather than using effort to lift up the upper
body or rotate the trunk from supine to side-lying
position.

4.6. limitation

This study had some limitations. First, the sam-
ple size was small and imbalance between the
two comparison groups, and although we used a
limited classification set of common movement pat-
terns, the distribution of participants within these
pattern-groups did not provide sufficient power for
investigating differences. Larger samples with the
same number of participants between two compar-
ison groups should be included in future studies.
Second, we did not perform behavioural tests in OFF
medication state despite their low dopaminergic med-
ication level at night. A follow-up study will be
required to investigate bed mobility in OFF medi-
cation state especially in patients’ real-life settings.
Third, although we assessed only the strength of the
lower limbs using a HHD with a belt-fixed method,
an isokinetic dynamometer may be more suitable for
assessing larger muscle groups. Further studies are
required to include the trunk and upper limb mus-
cles using an isokinetic dynamometer to investigate
their contribution to bed mobility. However, despite
these limitations, this study provides useful insights
into the movement patterns and determinants of bed
mobility in patients with PD.
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5. Conclusion

This study investigated determinants of bed mobil-
ity in PD, consisting of lower muscle strength on the
more affected or less affected side and motor symp-
tom severity. We found that slowed movement time
was correlated with reduced hip adductor strength
as well as with higher scores in arm rigidity on the
more affected side. Our results suggested that reduc-
tion of hip adductors and severe arm rigidity are key
contributing factors to slowed getting out of bed in
patients with PD, which could be addressed by reha-
bilitation programs designed to improve bed mobility
in PD. Further studies with larger sample sizes and
assessing trunk and upper limb muscles are required
to confirm the findings.
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