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SHORT REPORT

Disordered axial movement in Parkinson's disease

M J Steiger, P D Thompson, C D Marsden

Abstract
Axial motor impairments are a common

cause of disability in patients with
Parkinson's disease, become more

prominent with longer disease duration,
and have been said to be less responsive to
levodopa replacement therapy. The abil-
ity to turn in bed while lying supine before
and after dopaminergic stimulation was

studied in a group of 36 patients with
Parkinson's disease; 23 were in Hoehn
and Yahr stages 3-5 when "off", and 13
were in stages 1-2. Turning was also com-
pared with postural stability and gait
before ("off") and after ("on") dopamin-
ergic stimulation. Failure to turn in bed
was noted in 19 of the 36 patients in the
"off" state, with significant associations
between disturbances of gait, postural
stability, rising from a chair, whole body
bradykinesia, and axial rigidity. Gait,
postural stability, rising from a chair,
whole body bradykinesia, and axial rigidity
were significantly correlated in the "off"
state. Disorder of axial movement, gait,
and postural stability were not dependent
on age at onset ofParkinson's disease, but
did relate to duration of disease. After a

levodopa challenge, turning in bed
returned to normal in all but one patient,
and gait, postural stability, rising from a

chair, whole body bradykinesia, and axial
rigidity also improved in nearly all. It is
concluded that in the later stages of
Parkinson's disease at least some aspects
of axial motor control can remain
dopamine responsive.
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Levodopa therapy for Parkinson's disease pro-

duces obvious improvements in motor func-
tion. Tremor, rigidity, and bradykinesia
respond dramatically; but with advancing dis-
ease disorders of speech, postural equilibrium,
and gait may not improve at all or only
partially.' 4

Many patients with Parkinson's disease
experience difficulty turning over in bed. This
difficulty in turning when lying flat is due to

inability to execute the sequence of axial
movements required to achieve the task. The
motor pathways controlling axial movements
(reticulospinal and vestibulospinal9 6) are dif-
ferent from those controlling distal limb move-
ments (corticospinal tracts). Axial muscles are
also involved in the maintenance of posture
and in locomotion. One aim of the present
study, therefore, was to assess whether there is
a correlation between an inability to turn in
bed and postural instability and locomotion
difficulties in Parkinson's disease.
The clumsy sequences of movements

adopted by parkinsonian patients to shift their
centre of gravity and achieve a change in pos-
ture have been called an "apraxia of axial
movements" by Lakke et al.7 9 Twenty five per
cent of patients showed no benefit with lev-
odopa.7
A second aim of this study, therefore, was to

compare the effect of levodopa on the ability
to turn over in bed, on postural equilibrium,
and on gait in patients with Parkinson's dis-
ease. In addition, the effects of levodopa on
these axial disabilities were compared with its
effects on tremor, bradykinesia, and rigidity in
the limbs.

Method
The Parkinson's disease group consisted of 36
patients of mean age 55-4 (SD 10-5); range 32
to 76 years and duration of disease 10-9 (SD
6 7); range 2 to 28 years. Three patients were
Hoehn and Yahr'° stage 5; 12 patients stage 4;
eight patients stage 3; 12 patients stage 2, and
one patient stage 1, when examined in the
"off" state. All responded to levodopa treat-
ment. After overnight drug withdrawal, all
patients were assessed when "off' with the
King's College Hospital (KCH) rating scale." 12

All the patients were attending the National
Hospital for Neurology and Neurosurgery.

In the KCH rating score, subscores are
rated 0 to 3, where 0 = nil, 1 = mild, 2 =

moderate, and 3 = severe. For limb rigidity
and tremor individual scores were obtained
from all four limbs (maximum score 12) and
divided by 4. For limb bradykinesia, individual
scores from all four limbs gave a possible max-
imum score of 18 (two upper limb, and one
lower limb task, right and left were rated), and
therefore each patient's score was divided by
6. An axial score was calculated as the mean of
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Table 1 Comparison ofparkinsonian features when "off" in patients with and without
difficulty in turning over in bed (DTB)

No DTB DTB
Characteristics (n = 17) (n = 19) P value

Age at study (y) 51 3 (11 3) 58 9 (8 8) NS
Duration of disease (y) 7 1 (5 2) 14 3 (6 2) < 0 005
Age at onset (y) 44 3 (10-0) 44-7 (9-0) NS
KCH rating 32 (13) 58 (16) < 0 001
Hoehn and Yahr 2 4 (0 6) 3.7 (0 9) < 0 01
Rising from a chair 0 4 (0 5) 1 9 (0 9) < 0 001
Postural stability 0 8 (0 8) 2 2 (0 8) < 0 005
Gait 0 9 (0 7) 2.1 (0 7) < 0 001
Axial rigidity 0 9 (0 7) 1.9 (0 6) < 0 005
Whole body bradykinesia 1 3 (0-6) 2 3 (0-6) < 0 001
Limb rigidity 1 5 (0 9) 1 9 (0 7) NS
Limb bradykinesia 1 3 (0 6) 2 0 (0 7) NS
Limb tremor 0 6 (0 7) 1 2 (0 9) NS

For age, duration of disease, age at onset of disease, and KCH values are means (SD). For
Hoehn and Yahr scale and the subscores of the KCH rating, values are median (quartile).

the scores of the rating of rising from a chair,
postural stability, gait, axial rigidity, and whole
body bradykinesia. Limb score was taken as
the mean of the scores of the ratings of limb
rigidity, limb tremor, and limb bradykinesia.

Lakke et a17 judged turning in bed to be
normal if it was initiated by the head and
shoulder, not the pelvis and leg. Pushing with
the free hand against the floor behind, or not
using the free arm at all were assessed as
abnormal. Pronounced flexion of the knee
early in turning was also scored as abnormal.
However, the findings of Cox et all'3 and
Steiger and Berman'4 in a healthy non-parkin-
sonian population suggest that there is a wide
variation in trunk turning in normal subjects.
We therefore devised strict criteria to assess
the ability to turn over in bed. Patients were
requested to lie on a bed (or the floor) and
turn over from supine to the left and right
through 90° while closely watched. The
instruction given was "turn on to your side",
followed by an instruction to turn to the other
side. Patients were told that they were not
allowed to sit up to turn. Truncal movements
were considered abnormal if the patient
turned over using the free hand to push the
trunk over, or if the patient sat up before turn-
ing. Failure to swing the free arm or flexion of
the knees in turning was considered acceptable
if by doing so the patient was able to turn, as
normal subjects have been seen to adopt such a
strategy.'4 Turning over in bed was categorised
as either normal or abnormal on these criteria.

All patients were also requested to stand
from sitting. Patients were allowed to use their
arms to help lift themselves from the sitting
position. No verbal or physical help was
offered.

After baseline assessment, all patients were
given a levodopa challenge with either
Madopar 250 or two Sinemet 25/100, and
reassessed as above after turning "on". Similar
observations were also made in 10 patients
with other parkinsonian syndromes (six with
multiple system atrophy and four with pro-
gressive supranuclear palsy).

STATISTICAL METHODS
Differences in demographic characteristics in
the subgroups of patients were examined with
independent t tests. Categorical data were

analysed with a X2 test. Considering the num-
ber of comparisons, a stringent value of signifi-
cance was adopted for all analyses. P values
s< 0-01 were considered significant. The asso-
ciation between variables (for example, disease
duration and postural stability) in both the
"on" and "off" states was assessed with
Spearman rank correlations. A stringent level
of significance of r < 0 05 or P < 0 005 was
employed.

For age, disease duration, age at onset of
disease, and KCH rating significance was
assessed by Student's t test. For Hoehn and
Yahr scale and the subscores of the KCH rat-
ing, significance was determined by X2 test.

Results
TURNING IN BED
Nineteen of the 36 patients with Parkinson's
disease had difficulty turning in bed in the
"off" state, including nine who were entirely
unable to change position. The other 10
patients adopted an unusual method to
achieve the final position. For example, lifting
the trunk and sitting up before turning or trying
to push the trunk over with the free extended
arm.
The patients with difficulty turning in bed

were of similar age and age of onset of their
disease compared with the group without such
problems, but had longer duration of disease
(table 1). They were more severely affected as
assessed by the KCH rating scale when "off",
and Hoehn and Yahr stage. Postural stability,
rising from a chair, and gait were all signifi-
cantly worse in those with difficulty turning in
bed (table 1). They also had greater axial
rigidity and whole body bradykinesia. The
manifestations of axial impairments were all
highly correlated in the "off" state after lev-
odopa withdrawal (Spearman rank correlation
coefficents between scores on axial items were
in the range 0 59 to 0-81; P < 0 005 to 0X001).
However, the correlations between limb and
axial impairments were either not significant,
or less strongly correlated. For example, there
was no association of limb tremor with axial
motor ratings, whereas limb bradykinesia was
significantly associated with axial rigidity (r =
0 62) but not with limb bradykinesia or pos-
tural stability. Furthermore, patients with dif-
ficulty turning in bed did not have greater limb
rigidity, tremor, or limb bradykinesia (table 1).

EFFECT OF LEVODOPA ON MOTOR RATING
Only one of the 19 patients with Parkinson's
disease had persisting difficulties in turning in
bed after levodopa. His KCH rating scale fell
by less than 50% after comparing the "on"
score with the "off', suggesting only a partial
response to the dose given. In the other 18
patients, turning over in bed was restored to
normal by levodopa. Other axial impairments
also showed an excellent response to levodopa
(table 2).

OTHER AKINETIC-RIGID SYNDROMES
Of the 10 patients with other parkinsonian
syndromes five of the six patients with multi-
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Table 2 Effect oflevodopa (Madopa 250 or two Sinemet 25/100) on posture, gait, and
axial mobility in patients with Parkinson's disease with and without difficulty in turning
over in bed (DTB)

NoDTB (n = 17) DTB (n = 19)

"Off' "On" "Off' "On"

Rising from a chair 0 4 (0 5) 0-1 (0 5) 1 9 (0 9) 0-4 (0-6)
Postural stability 0-8 (0-8) 0-1 (0 2) 2-2 (0-8) 0-8 (0-9)
Gait disorder 0-9 (0-7) 0-1 (0-3) 2-1 (0-7) 0-7 (0-7)
Axial rigidity 0-9 (0-7) 0-1 (0 3) 1-9 (0 6) 0-3 (0-5)
Whole body bradykinesia 1-2 (0-6) 0-1 (0-2) 2-4 (0 6) 0-6 (0-6)

Values are subscores of the KCH rating given as median (quartile).

ple system atrophy, and two of the four
patients with progressive supranuclear palsy
had difficulty turning in bed. Levodopa
improved turning in bed in only one patient
with multiple system atrophy and none of
those with progressive supranuclear palsy.

DISCUSSION
We have shown that difficulty in walking, pos-
tural stability, rising from a chair, whole body
bradykinesia, axial rigidity, and ability to per-
form axial sequences such as turning over in
bed are highly intercorrelated in patients with
Parkinson's disease in the "off' state. The age
of onset of Parkinson's disease and the age at
the time of study did not seem to influence
most of these axial impairments. With increas-
ing duration of disease however, patients were
more likely to be more severely disabled with
more prominent axial rigidity, difficulty rising
from a chair, and turning over in bed.

Difficulty turning over in bed is clearly part
of the overall problem of axial motor impair-
ments in Parkinson's disease. The question
arises as to whether this difficulty, and other
axial movement disturbances, are true aprax-
ias, as implied by Lakke et al.7-9 Attempts have
been made to establish whether the disorder of
generating motor sequences in patients with
Parkinson's disease relates to classic tests of
limb apraxia. Cox et al"3 studied 40 patients
with Parkinson's disease and found no associa-
tion of disordered truncal movements with
limb apraxia, or with severity (as assessed by
Webster rating), or with duration of
Parkinson's disease. This suggests that the dif-
ficulty in turning over in bed is not apraxic.
The profound slowness and disruption of
sequences of limb and axial movement
required to turn in bed provides sufficient
explanation for the difficulty. Furthermore,
the correction by levodopa places it in the cat-
egory of core Parkinson's disease deficits.
Why is there a breakdown of the axial

movement sequence in turning over in
untreated patients with Parkinson's disease?
Bedside observations suggest that the difficul-
ties arise from adopting inappropriate turming
strategies. One example is using the free hand
to push the trunk over. The disruption of limb
and axial movement sequences engaged when
turning in bed may manifest as unusual or new
strategies that were once undertaken automat-
ically. Automatic associated movements are
also involved in Parkinson's disease. The loss
of arm swing when walking being another
example of disruption of limb-axial automatic
movement sequence.

By analysing subscores of the KCH rating
scale it is possible to separate those characteris-
tics which affect control of axial movements
(gait, equilibrium, axial rigidity, rising from a
chair, turning in bed, and whole body bradyki-
nesia) from those predominantly affecting the
limbs (limb tremor, limb rigidity, and limb
bradykinesia). There were significant intercor-
relations in each of the subgroups, but weaker
correlations between axial and limb subscores
of the KCH rating scale. This is consistent
with the notion that bradykinesia represents
loss of the capacity to perform sequences of
movement. It also suggests that this is not uni-
form across different anatomical parts of the
motor system, indicating that control of axial
and limb movements are anatomically distinct.

It has been suggested that there is innerva-
tion of axial and proximal musculature via a
"postural" motor column partly arising from
the superior portion of area 6 (supplementary
motor area)'5 that projects to the ventromedial
grey matter of the spinal cord'6 and eventually
terminates primarily at axial and girdle motor
neurons.'7 Therefore, it is possible to conceive
of two aspects of postural and locomotor activ-
ity. Firstly, the more reflex mechanisms sub-
served by brainstem spinal systems. Secondly,
the more voluntary activities, which, as dis-
cussed above, might include such aspects as
turning over in bed or rising from a chair. It is
possible that pathology in Parkinson's disease
might differentially affect these two aspects of
control of posture and locomotion.
Our findings indicate that such axial move-

ment control is influenced by striatal
dopaminergic activity. However, postural sta-
bility and gait disturbances were somewhat
less responsive to such dopaminergic stimula-
tion, a finding consistent with reports from
other groups.'4 The lack of a benefit after lev-
odopa in axial movement sequences in
patients with other akinetic-rigid syndromes
(such as multiple system atrophy or progres-
sive supranuclear palsy) is striking, suggesting
that this is due to degeneration in systems less
affected in Parkinson's disease. Perhaps these
are the brainstem postural and locomotor cen-
tres.
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