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Figure 2. Postural sway in the 3 conditions. Error bars indicate | standard error after grand mean differences among subjects
were removed. * Indicates significant difference after correcting for multiple comparisons. (A) Anteroposterior amplitude (m/s?). (B)

Mediolateral amplitude (m/s?).
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Figure 3. (A) Placement of reflective markers on head and shoulders, from which vertical and horizontal distances were computed.
(B-D) Postural alignment in the 3 conditions. Error bars indicate | standard error after grand mean differences among subjects
were removed. Error bars are not shown in (B) and (C) because they were too small to see. * Indicates significant difference after
correcting for multiple comparisons. # Indicates significant difference before correcting for multiple comparisons. (B) Anteroposterior
amplitude (m/s%). (C) Mediolateral amplitude (m/s?). (D) Anteroposterior velocity (m/s). (E) Mediolateral velocity (m/s).

Downward head movement was affected by instructions,
F(2,32) = 7.1, P = .003. During step initiation, the head
moved farther down relative to the shoulders in the Relax
condition than in the Lighten Up condition, #(16) =2.9, P =
.011 (Figure 3D).

Forward head movement was affected by instructions,
F(2,32) = 9.6, P =.0005. During step initiation, the head
moved marginally farther forward relative to the shoulders
in the Pull Up condition than in the Lighten Up condition,
#(16) =2.6, P=.019 (Figure 3E).
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Figure 4. Step initiation. (A) Peak backward displacement of center of pressure (CoP) during initial weight shift. (B) Peak lateral
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significant difference after correcting for multiple comparisons.

Step Initiation

Anteroposterior CoP displacement during the initial phase
of weight shift was not affected by instructions, F(2, 32) =
1.7, P = .20 (Figure 4A). Mediolateral CoP displacement
was affected by instructions, (2, 32) =5.4, P=.01 (Figure
4B). Lighten Up instructions produced less lateral CoP dis-
placement than either Relax, #(15) = 4.7, P =.0003, or Pull
Up, t(15) =2.5, P=.025, instructions. The effect of instruc-
tions on the ratio between AP and ML CoP displacement
approached significance, F(2, 32) = 2.8, P = .07
(Figure 4C).

Smoothness was affected by instructions, F(2, 30)=7.0,
P =.003. The CoP trajectory was smoother in the Lighten
Up condition than in either the Relax, #(15) = 3.4, P = .004,
or the Pull Up, #15) = 3.0, P = .01, conditions (Figure 4D).

Subjective Assessment

During the postexperiment debriefing, subjects reported
that the Lighten Up instructions were significantly less
familiar than the Pull Up instructions, #(19) = 2.8, P =.001,

and required marginally less physical effort, #(19)=2.2, P=
.04. There was no difference in how subjects perceived the
effects of the 2 sets of instructions on their stability or in
how much mental effort they required (Figure 5).

Discussion
Summary of Findings

This study investigated the effects of 2 sets of instructions
on posture and mobility: Lighten Up, based on AT princi-
ples of reducing excess tension while encouraging length,
and Pull Up, based on popular concepts of effortful posture
correction. We hypothesized that both sets of experimental
instructions would increase postural uprightness and step
efficiency relative to the Relax condition, that Lighten Up
instructions would decrease postural rigidity and sway, and
that Pull Up instructions would increase postural rigidity
and sway. We found that during upright standing, only
Lighten Up instructions increased head height, while both
sets of experimental instructions (especially Pull Up)
decreased forward head carriage. During step initiation,
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Figure 5. Subjective reports. Error bars indicate +| standard error after grand mean differences among subjects were removed.
* Indicates significant difference after correcting for multiple comparisons. * Indicates significant difference before correcting for

multiple comparisons.

Lighten Up instructions reduced lateral CoP displacement
and increased smoothness of CoP path relative to both other
conditions. Both axial rigidity (peak torque) and postural
sway amplitude (AP and ML) were lower with Lighten Up
instructions than in either other condition. Tone was most
adaptable with Lighten Up instructions and least adaptable
in the Relax condition.

Interpretation

Distinct effects of the Lighten Up versus Pull Up instruc-
tions were apparent in several measures. First, axial rigidity
was lower under Lighten Up instructions than in both other
conditions. Lower axial rigidity is consistent with improved
postural control and mobility, as previous work has shown
that high axial rigidity is associated with turning difficulty
in PD.* The difference in axial tone observed was relatively
modest (0.7 N m, around 14%). However, an earlier study
using the same measurement device found a difference of
0.84 N m (16%) between control subjects and PD subjects
OFF medication and a difference of 0.47 N m (10%)
between control subjects and PD subjects ON medication.”
Therefore, a difference of 14% is likely to be clinically sig-
nificant. This result supports the idea that excessive and
inflexible muscular contraction in PD may contribute to
stooped posture, reduced postural stability, and mobility
limitations.*' It also suggests that the beneficial effects of a
series of AT lessons previously reported for subjects with
PD" may be due, in part, to the axial muscles becoming
more adaptable and less rigid.

Second, sway amplitudes were smaller under Lighten
Up instructions than under Pull Up instructions. Given the
abundant evidence associating large sway amplitude with

postural instability in PD,° this result suggests that Lighten
Up instructions may be of greater benefit for postural stabil-
ity in PD than Pull Up instructions, perhaps because of the
reduction in stiffness they encourage. Lower stiffness may
allow subjects with PD to more quickly deactivate previ-
ously activated muscles, improving postural control.

We also observed a smaller horizontal distance between
the head and shoulders under Pull Up instructions than
under Lighten Up instructions, without a corresponding dif-
ference in vertical distance. Stooped posture in PD brings
the head forward and down and is associated with postural
instability,” so to some extent, bringing the head up and
back relative to the “Relax” condition is probably advanta-
geous. However, if the head comes back more than it goes
up, this could indicates a further compression of the spine
(as the total distance between head and shoulders decreases),
rather than an improvement. In support of this interpreta-
tion, Jones”>* found that when healthy people practiced
what they considered to be their “best” posture, they pulled
their heads back, and this led to twice as much electromyo-
graphic activity in their sternomastoid muscles compared
with an AT-based posture.

Step initiation was also different between the 2 experimen-
tal conditions. The ML CoP displacement during the initial
weight shift before step initiation was smaller under Lighten
Up instructions than under Pull Up instructions. Parkinson’s
disease has been associated with both smaller* and larger’’
lateral CoP shifts, making this result difficult to conclusively
interpret. However, considered along with the reduced stiff-
ness and the (nonsignificant) tendency for both AP CoP dis-
placement and the ratio of AP to ML CoP displacement to be
highest in the Lighten Up condition, this result is consistent
with the idea that the Lighten Up instructions facilitated the
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deactivation of soleus and/or tibialis muscles, allowing step
initiation to proceed with less lateral displacement of CoP,
and thus promoting more efficient movement. In addition,
the CoP trajectory was smoothest during the Lighten Up
condition, suggesting more sophisticated control. Future
studies should control movement timing and measure EMG
during step initiation in order to shed more light on this
issue.

Limitations and Future Directions

It is thought that PD reduces the ability to appropriately
generate and inhibit motor commands* and to generate
effective motor imagery.* Therefore, the ability of subjects
with PD to apply these rather subtle instructions was some-
what surprising. However, this study only included subjects
with mild to moderate PD and only tested subjects in the
ON (medicated) state. Given the documented deficits in
proprioception and body schema associated with PD,* it
is possible that severe PD (and its associated cognitive defi-
cits) would interfere with the ability to direct focused inten-
tion to the body in this way. Future studies should investigate
whether Lighten Up instructions (or Pull Up instructions)
can benefit people with more advanced PD.

Further work is also needed to determine whether sub-
jects with PD can maintain the instructions over longer time
periods. While the instructions in this study were based on
AT, they were extremely brief and primarily verbal. In con-
trast, a traditional course of AT study comprises a series of
30-minute (or longer) lessons, each of which includes con-
siderable manual contact during movement. Previous
research indicates that a course of 24 AT lessons is helpful
for mobility in PD, and that the benefits can be retained for
at least 6 months."™'® Future studies should investigate
whether the mechanisms seen here are retained after longer-
term training. Repeated exposure to AT principles might
also eliminate differences in familiarity between the 2 sets
of instructions, which would remove another potential
confound.

AT principles are meant to be applied to everyday move-
ments such as standing, sitting, and walking. Thus, they are
well-suited for combining with activity-based approaches.
Given the success of combining AT with exercise for
improving mobility and reducing discomfort in patients
with back pain,”” an approach combining AT instruction
with exercise or other physical therapy methods*”** may be
worth pursuing for patients with PD.

Summary and Conclusions

Stooped posture is a particular problem in PD.* Dominant
approaches to correcting postural alignment generally focus
on actively doing something, such as tucking the pelvis,
pulling back the shoulders, and so on.”” However, among

mindful movement practices there is precedent for a more
subtle approach. In this study, subjects with PD briefly prac-
ticed different ways of standing upright, one of which was
based on the AT. Our findings suggest that brief postural
instructions can have acutely beneficial effects on motor
problems associated with PD. Because the 2 sets of instruc-
tions we used had markedly different effects on postural
sway, alignment, and movement smoothness, we conclude
that the effects were not due to attention to the body, per se,
or even solely to the increase in standing height. These
results are consistent with previous results indicating that
long-term training in the AT improves subtle control of axial
tone and of coordination between the legs and torso,”"*' and
they suggest that zow one conceives of postural uprightness
affects how one stands and moves, and that this influence
can be harnessed for rehabilitative purposes.
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