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The Influence of Physical Therapy Intervention on
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[ ABSTRACT |

The purpose of the study was to evaluate the effect of a program of therapeutic exercises for
12 weeks on respiratory functions and gait parameters in Parkinson’s discase (PD)}.This study
included twenty male PD patients (group A), and 20 normal control subjects matched age, sex and
height (group B). The physical therapy program consisted of respiratory, postural exercises and gait
training. The external cues and cognitive strategies were used during all aspect of the treatment. The
mean values of respiratory function measurements and gait parameters tests before starting the
treatment in group A were compared with normal predicated values of the control group (group B).
Comparison of pre and post treatment data of PD group were conducted. All spirometric data and
flow lung volume except residual volume (RV) were decreased pre treatment in PD group
compared to control group. The maximum inspiratory and expiratory pressure (PI max and PE max)
were decreased also before starting the treatment which indicated weakness of respiratory muscles
strength. Gait analysis revealed also decrease velocity and stride length with no changes cadance.
The results of group A at the end of treatment revealed significant improvement in the mean values
of all spirometric flow volume loop, lung volumes data and respiratory muscles strength.
Significant gain in the mean values of stride length and walking velocity were also observed
comparing with the corresponding mean values of pre treatment, with no changes in cadance (P <
0.5). In conclusion: pulmonary dysfunction associated with gait disorders have a high incidence in
PD disease. Patients with moderate PD can benefit significantly from physical therapy training.
Physical therapy considered to be an important approach for PD treatment.

excursion of the movement®., Overtime PD

| INTRODUCTION |
patients tend to adapt these changes and

arkinson’s disease (PD) is the most
prevalent type of parkinsonism. It
makes up approximately 80% of all
cases of parkinsonism%. It is a
chronic slowly progressive disease of the basal
ganglia predominately in the substantia nigra
that produce deficits in motor behaviour®. The
hallmark manifestations of PD are resting
tremors, rigidity, bradykinesia, akinesia,
postural reflex impairment and reduced

gradually reduce the amount and variety of
regular physical activity they perform. This
leads to a restriction of physical activity over
and above that attributable to disease process’.

Respiratory function is known to be
affected directly by the disease process; with
upper airway obstruction being the major
pulmonary  obstructive disorder’.  Gait
abnormalities with PD patients is characteristic
of the disease. It is described as festinating
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(shuffling) with decreased stride length;
reduced velocity and increased cadance for
any given velocity®. These respiratory and gait
impairment may make it difficult for PD
patients to remain physically active', The
disability and immobility with PD patients can
contribute to cardiovascular de-condition®,

Exercise is thought to be an important
adjunctive therapy for pa1‘kinsonism]8‘36'46. It
may be beneficial to establish specific
rehabilitation strategies for patients with
Parkinson’s disease, since effective training
might improve their long term functional
prognosis™.

The purpose of this study was to
evaluate the effect of physical therapy program
for three months on respiratory pump,
pulmonary and gait functions in idiopathic PD
patients.

[MATERIAL AND METHODS |

A) Subject selection

- Twenty male patients with moderate
Parkinson’s  disease  diagnosed by
neurologist and confirmed by computed
tomography scan (CT) and magnetic
resonance imaging (MR) were selected
from neurology department of Kasr El Eini
Hospital, and (20} healthy persons
matching the patients age, sex and height
taken as a control group participated in the
study.

- The mean ages of the patients was 61.4 +
3.2 years (range 59.6 - 65.8). The mean
duration of PD was 3.2 £ 1.6 years (range
3.8 - 2.1), the mean weight was 82 £ 8.5
(range 91.3 - 76.4) kg, the mean height was
174 + 7.4 (range182.4 - 168.8) cm.

- The severity of the disease was rating from
stage IT and IIT according to Hohen & Yahr
disability scale®®,

- The general and clinical characteristics of
each stage of PD are presented in table (1).

- None of PD patients were medicated
during the study.

Exclusion criteria included

Pre existing lung disease, current
smoking, history of cardiac  disease,
uncontrolled psychiatric  illness, dementia,
severe depression, cogentive impairement and
major neurological impairement (e.g. stroke),
musculoskeletal (e.g. rheumatoid arthritis) or
metabolic disorders (e.g. diabetes).

b} Methods

1- Instrumentations

A computerized gas analysis system was
used to collect and analyse expired gases
before and after treatment. The system consists
of: mouth piece, air way breathing valve, a
rolling seal spirometer, an oxygen and carbon
dioxied analyser. It was calibrated with known
gas concentration and volume prior to each
test.

2- Assessment

All the patients were subjected to:

- Neurological and general examination
especially chest & heart by the physican.

- Physical examination by the author.

- Chest X ray P.A view.

- Pulmonary function tests.

- Electro cardiograph. Gait analysis.

Pulmonary function tests:

The  pulmonary  studies included
spirometry with flow volume loop, lung
volume & air way resistance. All pulmonary
function measurements were done with the
subject sitting on breathing room air. Air flow
and volumes were measured with vitalograph
spirometer with pneumotachygraph. Every
subject was asked to breath as much air in and
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out as possible in 10 seconds, the best three
attempts were recorded for all tests. The tests
were performed using the American Thoracic
society guide]inesz. The measured values were
compared with normal age, height and gender
matched values. The following measure-
ments were determined

1- Forced vital capacity (FVC).

2- Forced expiratory volume (FEV).

3- Forced inspiratory flow rate (FIR).

4- Peak inspiratory flow rate (PIFR).

5- Peak expiratory flow rate (PEFR).

6- Maximum voluntary ventillation (MVV).
Lung volume:

Total lung capacity (TLC), vital capacity
(VC) and residual volume (RV) were
measured via the closed circuit helinum dilution
techniques  according to  Hathirat &
Associates'®”. The values were expressed pre
and post treatment, and compared with
predicted normal age, height and gender
matched values.

Respiratory pump function:

Maximum inspiratory and expiratory
pressure (PI max and PE max) were obtained
at closed to residual volume and total lung
capacity levels according to Black and Yatt®, It
reflects the respiratory muscles strength.

The results of PD patients were
compared pre and post treatment. The pre-
treatment data also compared with predicted
normal age, and gender matched values.

Ten meter Walk tests:

All subjects performed randomise 10m
walk tests. The patients were asked to walk as
fast as possible during the evaluation. All the
measurements were taken over the middle
“10” meter of a “14” meter walk way to avoid
the effect of acceleration and deceleration.
Before testing marker pen were taped to the
subject’s heels, so that the stain marks left on
the ground at heel strike could be used to
determine stride length and cadance. Gait
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speed and number of steps were evaluated five
times before and after the treatment.

The median values were used for
outcome measures. Velocity was measured by
using a stopwatch. Velocity and stride length
(SL) measures were compared pre and post
treatment. The pre-treatment values were
compared with predicted normal age and
gender matched values. Cadance measures
were compared with normal age and gender
matched cadance derived from predicted
velocity and stride length data.

3- The physical therapy program

- The exercise program was carried out for
12 weeks (three - 1 hour sessions per
week) in the out patient clinic of faculty of
physical therapy under the supervision of
the author. All the exercises were
performed with a painless range of motion.
The treatment began with low intensity
exercises which were gradually increased.
The patients were instructed to continue
the exercises three times daily at home.

- The frequency & intensity of exercises

were adjusted in accordance with the
results of physical evaluation of each
patient and increased as endurance of the
patients improved.

- The physical reconditioning™ therapy
program consisted of repetitive exercises
directed to increase mobility of lung wall,
improve lung ventilation, maintain or
improving normal flexibility, range of
motion, balance, gait re-education,
endurance & correction of faulty posture.

- Medication changes were not allowed
during the therapy program.

The physical therapy program included:

- Breathing exercises in all aspects of
intervention as rhythmic relaxed breathing
to gain relaxation response.
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- Respiratory exercises connected with the
upper limbs (bilateral & symmetrical
Proprioceptive  Neuromuscular  Facilita-
tion).

- Posture exercises consisted of: mobilizing,
strengthing & stretching  exercises.
Extension, rotation and lateral bending of
the trunk  {mobilization  exercises).
Stretching exercises to all shortened
muscles, especially pectoralis major
(clavicular portion) hip flexors and calf
muscles.

- Rhythmic  initiation  technique  of
Pioprioceptive Neuromuscular Facilitation
(PNF) to heip initiation of the movements.
To restore rhythmic quality of the
movement bilateral reciprocal pattern of
PNF was used.

- To improve kinethatic awareness of
movement, feed back about movement was
used (all exercises were performed in front
of mirror).

- Visual cues and attention strategies such as
breaking down complex task into parts and
focusing on unitask performance.

- Qait training.

- Music & metronome was used during all
aspects of the treatment to provide
controlled rhythmic background of the
movement.

- Cycling for 15 minutes pedalling on a
cycle ergometer for three successive
periods of five minutes each separated by
five minutes of active recovery.

Statistical analysis

The mean values, standard deviations of
each variable were calculated. The mean
difference between baseline & follow up
values was tested by using pair t test.
Statistical significance was corresponded to
(P<05).

| RESULTS !

The general characteristic of PD patients
are summarized in Table (1). The severity of
PD was classified according to Hoehn &
Yahr* scale. Twelve patients were in stage II
and eight in stage III. According to clinical
assessments, 14/20 (70%) of the PD patients
pre-dominatly rigid / hypokinesia, (6/20) 30%
predominantly tremulous.

The Parkinson’s patients (the patients
group) had lower mean values of all
spirometric data (FVC, FEV, PEFR, PIFR,
MVYV, TLC) and higher RV values than those
expected for normal control group. Significant
increase in mean values of all spirometric data
and TLC were observed post treatment
comparing with the corresponding wmean
values of each variable before starting the
treatment (P<05). However the mean values of
(RV) was significantly decreased in patients
group post treatinent as compared to mean
value of pre treatment data table (2).

The mean values of maximal pressures
generated during both inspiration and

expiration (PI max & PE max) in Parkinson’s

respectively. While in normal matched control
group the mean values were 89.2

3 respectively. The PD patients had
lower PI max and PE max values. than the
normal control group at the base line. Post
treatment, the mean values of PI max and PE

75.4

Comparison of mean values of PI max and PE
max before treatment with the corresponding
mean values after treatment showed significant
improvement post treatment (P<.001), (P<0.5)
respectively table (3) and figure (1).

Table (4) and figure (2) show the
walking speed, stride length (SL) and cadance
before and after completion of treatment. The
mean values of speed and stride length in PD
group were less than the mean predicated
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values of normative data from age matched
subjects without PD. Comparison of the mean
values of walking speed , stride length (SL)
and cadance before and after completion of the
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treatment in PD ground revealed significant
improvement in speed & stride length (P<05),
while their was non-significant changes in
cadance (P=0.079), table (4).

Table (1): General and clinical characteristics of the patients.

Stage 11 Stage III
Number 12 8
Mean age (year)
| Rigid hypokinetic / tremulous 8/4 6/2

Duration of illness {years)

Table (2): The mean values of pre and post treatment spirometric and lung volumes in Parkinson’s group
(pre and post treatment) and control group.

Parskinson’s Group Control erou
Pre treatment Post treatment P. value group

1. FYC(L)
X + SD 3.019520.20 3.452+0.248 0.0005* 3.89+0.35
T. value B2

2. FEV
X + 5D 2.426510.2145 2.949+0.15 0.003% 3.2140.33
T. value 85

3. PEFR
X+ 38D 5.076x0.255 5.93+0.738 0.002* 6.85x1.65
T, value 5.40

4. PIFR
X + 3D 2.84940.28 3.606+0.34 0.001* 4,52+1.03
T. value .68

5. MVY(L/M)
X 4+ SD 75.92+2.09 87.2514.55 0.003* 110+14.25
T. value 20.09

6. TLCIKL)
X + 8SD 3.71540.220 4,21740.30 0.0004* 4.51x0.067
T. value 56

7. RY
X + SD 1.82610.215 1.414£0.25 0.002%* 1.2040.21
T. value 12.02

X : mean.

SD : standard deviation.
Significant* at P < .05.

FVC :forced vital capacity, FEV : forced expiratory flow, PEFR : peak expiratory flow rate, PIFR : peak inspiratory flow rate, MVV
: maximum voluntary ventilation, TLC : total lung capacity, RV : residual volume.
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Table (3): The mean values of respiratory pump function in Parkinson’s group (pre and post treatment)
and predicted values in_control group.

Parkinson’s Group
, val
Pre treatment Post treatment P. value Control Group

P; max (Cm/Ho;) 53.5+184 05.9+26.7 .001* 89.2+7.67

P max (Cm/Ho,) 04.6+20.2 7544225 0.05* 1124693
Significant* at P < .05.
Py max: maximur inspiratory flow,
P max: maximum exspiratory flow.

e Pre
B Post

Mean Value

Pl max

Maximium inspiratory pressure

PE max

Maximium exspiratory pressure

O Control group

Fig. (1): Mean values of maximum inspiratory flow (Pp).... and maximum expiratory flow (Pg).. in the
Parkinson’s group (pre and post treatment) and predicted values in control group.

Table (4): The mean values of gait parameters (pre and post) treatment for subjects with Parkinson’s
disease and conirol subjects.

Parskinson’s Group Control group
Pre treatment Post treatment P. value

Speed (m/min)
X+ 8D 58.71+5.37 65.68+5.31 0.000* 72.42+8.23
T, value 9.58

Stride length

(em)
X + SD 80.38+£3.98 85.9414.91 0.000* 128+14
T. value 8.02

Cadance

(Steps/min)
X + SD 98.45+10.04 102.1542.16 0.079 112.2548.52
T. value 1.86

X : mean.

8D : standard deviation.
Significant* at P < ,05.
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Mean values

Speed (m/min)

Stride length (cm)

Gait parameters -

Pre
EPost

01 Control group

Cadance (steps/min)

Fig. (2): Mean values of gait parameters (speed, stride length and cadance) in parkinson’s group (pre and

post treatment) and control group.

[ DISCUSSION - ]

The results of the present study clearly
demonstrated the positive evidence of physical
therapy intervention on respiratory and
pulmonary functions in PD patients. The gain
in pulmonary functions were also associated
with significant improvement in quantitative
assessment of gait including stride length and
velocity.

Respiratory problems are the major
cause of death in patient with PD disease®’.
Most patients don’t however report respiratory
problems perhaps because physical disability
does not lead to activities where such
problems can manifest themselves” The
pulmonary dysfunction in PD patients may be
either obstructive, restrictive, or both
obstructive and restrictive impairment®. The
airway obstruction can be explained by muscle
rigidity and hypokinesia which are the two
cardinal manifestations of PD patients®.
Rigidity could induce decrease chest wall
compliance, with inability to complete exhale
leading to  excessive  air  trapping.
Bradykynesia could lead to disorganization of
movements of respiratory related muscles
facilitating airway obstruction®®. Finally the

possibility of garasympathetic over activity in
those patiem:s3 .

Reduction of both thoracic and vertebral
column mobilization®, subclinical
manifestation of pleuropulmonary side effects
of dopaminergic agoinsts facilitate the
development of pulmonary restriction’®.
Kyphotic posture of the vertebral column®?,
decrease muscle force, rhythmic involuntary
movement of glottic and subglottic structures

lead to abnormality in the inspiratory limb of

the flow volume loop and irregular inspiratory
flow oscillation'®*'.

In the present study, before starting the
physical therapy treatment the spirometric
parameters of the studied patients as regard
(FVC, FEV, PIFR, PEFR, MVV & TLC) in
addition to PI max, PE max were decreased
compared to age matched control group,
however there was increase in RV. These
results were in accordance with De Bruin et
al.,'® and Sabat etal.,*? they found that patients
with PD often have reduction in maximum

flows and pressure during maximum
inspiratory and expiratory efforts. The
significant and greater impairment in
maximum voluntary  ventilation (MVYV)

indicated an impaired performance of
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repetitive respiratory motor acts as a result of
bradykinesia and rigidity of the respiratory
muscles®™ ', In the present study, the weakness
of respiratory muscles was evaluated by the
reduction of maximum inspiratory and
expiratory pressure (PI max & PE max) which
adversely affect lung volume, respiratory
system compliance, gas exchange & alveolar
ventilation®®,

The decreased TLC in PD patients
compared to control group my be attributed to
reduction in VC, with inspirtory muscle
weakness. The increased RV can be explained
by profound expiratory muscle weakness due
to inability of the expiratory muscles to
decrease the volume of thoracic cavity. The
increase in RV would in turn decrease VC'.
Consistent with the results of previous
studies”'?, the results of the present study
confirm significant improvement in FVC and
respiratory function at the end of the treatment.
The strength of inspiratory and expiratory
muscles can be detected by the significant
improvement of PI max and PE max and,
consequently FVC. This improvement may be
explained by the training effect of the
accessory inspiratory muscles, diaphragm, as
well as expiratory muscles. This results are
contradicted with Wanke et al.,*’ and DiMarco
et al.,'! The former,*” evaluated the effect of
inspiratory muscle (IM) training in Duchennes
muscular dystrophy, and found no changes in
VC, forced expiratory volume, or MVV in
either the control or training group. DiMarco
ct al,!! found also no improvement in IM
force or VC following physical training. The
lack of changes might be caused by sever
inspiratory muscle impairment and reduced
training protocol. The degree of improvement
with training was directly related to patient’s
base line VC'"* The difference between the
previous & present study might be explained
by differences in patient population, training
protocol or both.

walking velocity

The alternative explanation for the
improved inspiratory muscle strength is a
reduction of RV caused by expiratory muscle
training. It might put the inspiratory muscles
on a more advantageous part of their length
tension relationship. During expiratory muscle
strength, the patients increased their
inspiratory lung volume, and hence, elastic
recoil pressure. This stimulus was probably
high enough to cause a training response of
inspiratory muscles?'.

The various parameters of gait cycle are

one set of quantitative measures of functional

activity important to daily living®. In the
present study, the evidence supporting the
impact of PD on abnormal gait cycle is much
higher in patients with pulmonary dysfunction.
In PD respiratory function disability could be a
factor contributing to daily living activities
disabilities®,

In agreement with Scandalis*!  and
Morris*? and  comparing with normal gait
pattern of the control matched subjects, the
gait in PD at the present study was slow, short
strides with no changes or decrease cadance.
This result is contradicated with previous
reports in literature that the subject with PD

have a short stride and high cadance pattern®.

The reduction of walking velocity may
be attributed to movement disorders which are
the hallmark of PD. Bradykinesia results from
disruption of the neurotransmitter used in the
neural projections from the internal segment of
the globus pallidus of the basal ganglia to the
supplementary motor area & the primary
motor cortex'. Rigidity is due to abnormal
activation of long latency stretch reflexes
coupled with an increase in central reflex
gain®. Muscle stiffness due to change in
peripheral mechanical properties of the
muscles’”. Reduce the adapation of co-
ordination between pelvic and thoracic
rotation which is systematic manipulation of
9. Posture response are
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compromised and the ankle, hip, arm, and
steeping strategies are either absent or
diminished in amplitude. In addition to
reduced leg extension activation'**?,

The increase in stride length post
treatment was accompanied by increased
movement velocity without an increase
cadance. This result was consistent with
Scandalis et al.,‘”. Direct relationship was
observed between walking speed and stride
length (SL) in subjects with PD?’ This finding,
contradicting with other physical treatment
methods, suggested that market velocity
changes are associated with significant
increase in stride length and cadance’™”.

The improvement at the end of treatment
may be attributed to intensive training effect of
physical therapy intervention. It was
concluded that generalization of training is
most effective than the isolated movement
training®. The repeated exercises
simultaneously train the skeletal and
respiratory muscles. The training program
have been found to increase Vo, and reducing
ventilatory requirement. Using the external
cues eyes visual and audiotory in the present
training program is another important factors
for the improvement of gait at the end of
treatment. The research literature provides
considerable evidence that visual cues
normalize the spatial and temporal variables of
gait7‘45. :

Thaut et al.,*> demonstrated that a three
weeks gait training program using audio tapes
and rhythmical musical beats enhanced gait
speed and stride length as well as altering the
electromyographic patterns of the tibialis
anterior and vastus lateralis muscles in PD
patients. Mc Instosh et al.,” found that
rhythmical auditory stimulation normalized the
temporal and spatial variables of the footstep
patters, in both the “on” and “off” stage of the
levodopa medication cycle.
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In the present study the training program
included external cues visual and auditory and
proprioceptive. The external cues utilize the
intact premotor cortex of the brain rather than
the defective basal ganglia supplementary
motor area (circuits to control movement)".
An alternative explanation is that it may focus
on the person’s attention on critical aspects of
the movement that need to be regulated such
as stride length™*.

| CONCLUSION |

The restlts supported the hypothesis that
respiratory dysfunction have a high incidence
in PD disease, and are associated with gait
disorders . Patients with PD can benefit from
physical therapy training in term of pulmonary
function and walking ability (speed and stride
length) . Physical therapy mainly therapeutic
exercises should be included as part of
rehabilitation program. It is considered to be
an important approach of PD treatment.
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