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# # 5274792130: MAJOR MEDICINE (NEUROLOGY)

KEYWORDS : MOVEMENT DISORDERS/ EARLY PARKINSON’S DISEASE/ GAIT

ASSESSMENT/THAI POPULATION
PATTAMON PANYAKAEW : GAIT ASSESSMENTS IN PATIENTS WITH EARLY
PARKINSON'’S DISEASE. ADVISOR : ASSOC. PROF ROONGROJ BHIDAYASIRI,
MD.,FRCP, 52 PP.

Introduction : Gait disturbances are affected in all stages of PD. At the early stages of
the disease, gait disturbances can be present but in most patients, it does not cause significant
functional disability and fall-related problems. A study of gait disturbances in early PD is limited.
It still fails to identify the subclinical gait abnormalities in both normal walking and dual task
performed during walking in early PD patients.

Objective : To identify the early or subclinical gait abnormality in patient with early
Parkinson’s disease who do not as yet complain of gait difficulty.

Methods : The cross — sectional analytic study in early Parkinson’s disease patients who
are asymptomatic gait abnormality comparing to age and sex matched controls in the ratio of 1:1
in order to identify the gait abnormality during January 2010 — January 2011. The patients and
controls were assigned to walk in both normal and narrow passage with normal walking , walking
with metronome and dual tasking. The quantitative data of gait parameters are collected and
examined between PD patients versus age and sex matched controls by using paired t-test. The
statistical significant is set at O 0.05.

Results : The total patients that met the inclusion criteria were 21. There were 12 female
(567.1%) and 9 male (42.9%) patients. All were in the early PD stage. The mean Hoehn and
Yahr was 1.62. The mean duration of disease was 2.77 years. The gait parameters in the PD
patients were not different from controls in normal walking and walking with metronome. When
dual task was performed during walking, the gait parameters were significantly changed in
cadence (p=0.04), cycle time (p=0.04), swing time (p=0.02), single support time (p=0.01) and
stride width (p=0.04) comparing to controls. Walking in narrow passage did not disturb the gait of
PD patients except walking in narrow passage with cognitive overload. There were no freezing of
gait during the walking test.

Conclusions : There was a subclinical gait abnormalities in the early PD patients with
dual tasking. Narrow passage does not have much as affect on gait as cognitive overload.
Cognitive training and rehabilitation should be done early in early PD patients to improve gait

and balance stability and reduced risk of falling.
Department : Medicine Student’s Signature
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Chapter |

Introduction

1. Background and Rationale

Parkinson’s disease (PD) is one of the most common neurodegenerative disorders. It has a
prevalence of approximately 0.5 to 1% among persons 65 to 69 years of age, rising to 1 to 3%
among persons 80 years of age and older.[1] In Thailand, PD registry has recently been
established by Chulalongkorn Comprehensive Movement Disorders Center in collaboration with the
Thai Red Cross Society and the Ministry of Public Health to determine the numbers of affected
individuals.[2] Since the launch of this initiative in July 2008, we have identified more than 20,000
registrations of diagnosed patients, representing one of the highest disease registries in the
country. The etiology of PD remains controversial but it is well recognized that dopaminergic
neurons at the Substantial nigra par compacta and other corresponding areas in the striatum
progressively degenerate, resulting in cardinal symptoms of PD, which include resting tremor,
bradykinesia, rigidity and postural instability. In general, most PD patients respond well to the
dopaminergic replacement therapy in the early stage of the disease with significant improvement of
motor function, activity of daily living and quality of life. However, as the disease progresses and
dopaminergic neurons continue to degenerate, PD patients develop a wide spectrum of motor
disability, such as motor complications and falls.

Gait disturbances are among the most important problems associated with PD. Gait is
affected in all stages of PD and is one of the hallmarks of disease progression. At the early stages
of the disease, gait disturbances can be presented. However, in most PD patients, it does not
cause significant functional disability and fall-related problems. In contrast, as the disease progress,
gait disturbances, including gait hypokinesia and freezing of gait, and postural instability are

becoming major causes for loss of mobility and fall, which is associated with high morbidity and



mortality. The high mortality is related to fall-related injuries and complications of falls, especially
hip fractures. [3-4]

These consequences of gait disturbances should be forecasted at the early stage of the
disease and a preventive measure should be taken. Treatment of parkinsonian gait disturbances
should start straightaway at the time of diagnosis and continue throughout the course of the
disease.

In light of these gait problems, they become a focused area of research into the
mechanisms, pathophysiology of gait disturbances in PD and eventually the establishment of
therapeutic strategies, ranging from pharmacologic agents, exercise program and the development
of mechanical devices, which may prevent, delay or decrease the risk of falling.  Although a
number of studies have been conducted to evaluate a different aspect of gait disorders in PD, they
still focus on the advanced PD patients. A study of gait disturbances in early PD is limited. It still
fails to identify the subclinical gait abnormalities in both normal walking and dual task performed
during walking which trigger freezing in early PD patients. As a result, we intent to conduct the
study in early Parkinson’s patients to identify prodomal gait pattern, which may present subclinically

during the early stage and to develop the preventive programs for those at risk.

2. Research question

Primary research question:

- Is there any abnormal gait parameter in early PD patients who do not as yet complain of gait
difficulty comparing to age-matched healthy people?

Secondary research question:

- Is there any difference in gait parameters between walking through normal passage and narrow
passage in early PD patients?

- Do walking with metronome and cognitive overload effect to gait parameters in early PD patients
comparing to age-matched healthy people?

- What is the incidence of freezing of gait in early PD patients and what is the characteristic of
freezing of gait in early PD?

- Do the subclinical gait abnormalities correlate with stage of PD, mental status?



3. Objectives

Primary objective:

- To identify the early (subclinical) gait abnormality in patient with early Parkinson’s disease who
do not as yet complain of gait difficulty.

Secondary objectives:

- To evaluate the difference of gait parameters between walking through normal passage and
narrow passage in early PD patients

- To evaluate the effect of cognitive load during walking to gait parameters in early PD patients
compared to controls.

- To evaluate the abnormal gait pattern and character of freezing of gait in early Parkinson’s
disease patients.

- To identify subgroups of early Parkinson’s disease patients who are at risk of developing gait

abnormality in the course of the disease.

4. Hypothesis

- There are gait abnormalities in early PD patients who do not yet complain of gait difficulty
comparing to age-matched healthy people that can be identified by the quantitative gait analysis.

- There are differences in gait parameters between walking through normal pathway and walking
through narrow passage in early PD patients.

- There are increasing gait abnormalities in early PD patients comparing to age-matched healthy
people when walking with various cognitive overload.

- The gait abnormality and freezing of gait can be identified during normal walking but the
incidence of gait abnormality will increase during walking through narrow passage and walking with
various cognitive overload.

- The subclinical gait abnormalities are correlated with stage of PD.
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6. Operational definitions

1. Parkinson’s disease : Clinical features that fit the diagnosis criteria of the United Kingdom

Parkinson's Disease Society Brain Bank Diagnostic Criteria for Parkinson’s Disease (UKPDSBB)

2. Early Parkinson’s disease : Hoehn and Yahr stage 1-2.

3. Gait difficulty : Any problems of gait that cause difficulty during walking such as freezing of gait.
4. Freezing of gait : When a patient attempts to lift a foot to step forward, the foot is “stuck” to the
ground, making the patient feel as if his or her foot is glued to the ground. It can occur during
initiation of gait, turning , reaching a destination or walking through narrow spaces.

5. ON stage : The time that dopamine had taken its full effect. It is about 1 hour after taking the
anti-parkinsonian medication. It is the period when the motor symptoms such as bradykinesia,
rigidity or tremor are improved.

6. OFF stage : The time that dopamine had taken its least effect at least 12 hours after taking the
anti-parkinsonian medication. It is the worst period of the motor symptoms such as bradykinesia ,

rigidity or tremor.

7. Expected Benefits and Application

- The knowledge about the difference in gait pattern of early Parkinson’s disease who do not have
gait difficulty comparing to healthy aging.

- The knowledge about the difference in gait pattern of early Parkinson’s disease who do not have
gait difficulty comparing to healthy aging in the various walking patterns including both normal
speed and dual tasks performing during walking.

- The patients with early Parkinson’s disease who do not as yet complain of gait difficulty but are
subclinical gait abnormalities have been identified by gait analysis in order to diminish the risk of
fall and have the chance to select the suitable rehabilitation programmes for individual’s need.

- The GAITrite system is not commonly used in clinical practice to assess the gait pattern.
Therefore, it is the opportunity to staff to operate these machines and learn how to interpret the

results appropriately as well as the patients to be accurately assessing their gait pattern.



8. Obstacle and strategies to solve the problems

- There are inadequate samples enrolled in the study, so we made an announcement at the
neurological clinic of King Chulalongkorn Memorial Hospital.

- The patients’ in-cooperation, so we explained the objectives of the study and expected benefits
from the study.

- The patient will not have enough time to perform all history taking, complete neurological
examination, part Il & Il UPDRS and gait analysis within 1 day, so we will perform the history
taking, examination and gait assessment in the separate day to avoid fatigues.

- The patients may be unexpected at risk of fall during perform the gait assessment. In order to

avoid falling, the research team will stand besides the participants all the time.



Chapter Il

Literatures Review

Parkinson’s disease

Parkinson’s disease is a neurodegenerative disease. Its cardinal manifestations include the
presence of clinical features of parkinsonism, including bradykinesia, rest tremor, rigidity and
postural instability [1]. Pathologically, it is primarily characterized by the loss of dopaminergic
neurons in the substantia nigra pars compacta and connected structures [1]. The etiology of PD
remains controversial but it is well recognized that dopaminergic neurons at the Substantial nigra
par compacta and other corresponding areas in the striatum progressively degenerate. The
diagnosis of Parkinson’s disease required the United Kingdom Parkinson's Disease Society Brain

Bank Diagnostic Criteria for Parkinson’s Disease (UKPDSBB).
Step 1: Diagnosis of Parkinsonism

Bradykinesia and at least one of the following:
e Muscular rigidity
e 4-6 Hz resting tremor
o Postural instability not caused by primary visual, vestibular, cerebellar or proprioceptive

dysfunction

Step 2: Features tending to exclude Parkinson’s disease as the cause of Parkinsonism
o History of repeated strokes with stepwise progression of parkinsonian features
e History of repeated head injury
e History of definite encephalitis
¢ Neuroleptic treatment at onset of symptoms
o« >1 affected relatives

e Sustained remission



Strictly unilateral features after 3 years

Supranuclear gaze palsy

Cerebellar signs

Early severe autonomic involvement

Early severe dementia with disturbances of memory, language and praxis

Babinski's sign

Presence of a cerebral tumour or communicating hydrocephalus on computed tomography
scan

Negative response to large doses of levodopa (if malabsorption excluded)

1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) exposure

Step 3: Features that support a diagnosis of Parkinson’s disease (three or more required for

diagnosis of definite Parkinson’s disease)

Unilateral onset

Rest tremor present

Progressive disorder

Persistent asymmetry affecting the side of onset most
Excellent (70-100%) response to levodopa

Severe levodopa-induced chorea

Levodopa response for more than 5 years

Clinical course of disease more than 10 years

Epidemiology

Parkinson’s disease (PD) is one of the most common neurodegenerative disorders. It has a

prevalence of approximately 0.5 to 1% among persons 65 to 69 years of age, rising to 1 to 3%

among persons 80 years of age and older.[1] In Thailand, PD registry has recently been

established by Chulalongkorn Comprehensive Movement Disorders Center in collaboration with the

Thai Red Cross Society and the Ministry of Public Health to determine the numbers of affected

individuals.[2] Since the launch of this initiative in July 2008, we have identified more than 20,000

registrations of diagnosed patients, representing one of the highest disease registries in the

country.



Gait disturbances in the early stages of Parkinson’s disease

Falls and freezing of gait (FOG) are two episodic phenomena that are common in PD. Both
symptoms are incapacitating for affected patients, as the associated physical and psychological
consequences have a great impact on the patients’ quality of life, and survival is diminished. FOG
is common in PD patients at advanced disease stage, ranging between 20 and 60% of patients. [5-
6] Not limited to advanced PD patients, The DATATOP study also suggested that significant
locomotive disability can be experienced during the early stages of the disease, including freezing
of gait (FOG) in up to 7.1% of the patients prior to initiation of any treatment, and 26% of the
patients who were not yet exposed to levodopa.[7] Risk factors for developing FOG at the onset
of disease were the absence of tremor and PD beginning as a gait or speech disorder and postural
instability.[5] Although the literature on gait disturbances in early PD is limited ,in the study of
locomotor function in the early PD revealed mild alteration of steady state walking and difficulties in
coordinating complex locomotor tasks such as gait initiation and turning that lead to FOG. [8]

In early stage PD, FOG is generally short in duration and mainly seen in the form of
starting or turning hesitation, causing relatively mild functional impairment and rarely leading to
falls. [9] Most FOG episodes last less than 10 seconds and only a few last more than 30
seconds. [9] With disease progression, FOG becomes more frequent and disabling, often leading
to falls. [10] FOG is much more common in the ‘off state, and freezing of only one leg may
occur, particularly in patients with marked asymmetric PD. Three different types of FOG can be
differentiated.[9, 11] Perhaps the best known clinical presentation is a patient becomes unable to
start walking (“akinesia”) ,but actually not the most common presentation. Indeed, FOG is
frequently associated with an effort to overcome the block. The third type of FOG consists of
shuffling forward with small steps.

Most FOG episodes occur during turning movements and while patients attempt to initiate
walking (“start hesitation”). [12] However, FOG may also appear during straight, unobstructed
walking, while crossing narrow spaces, when reaching a target or trying to negotiate obstacles.
FOG is common in crowded places and in time-restricted stressful situations. The negative effect of
vision is reflected by the frequent occurrence of FOG when patients approach a target or attempt
to cross a narrow passing. Attention, which may be related in part to stress, can also promote

development of FOG.



10

Falls and risks of fall

Postural instability is one of the cardinal features of PD. Falls resulting from postural
instability may lead to considerable morbidity and even mortality in PD patients. Recent studies
showed that fall rates in PD are significantly higher than those observed among community
dwelling elderly people. [13] There are many studies focus on the incidence of fall and risk factor
of fall in PD patients. [14-16] Despite differences between these studies, and possible
methodological problems, it appears that the risk of falling among PD patients is higher than that in
the general population and may reach 38 to 68%. [17-18] Bloem et al. reported that PD patients
had a nine-fold increased risk for falls compared to healthy controls. [17] All these results confirm
that patients with PD have high risk of falling. FOG is likely to disturb balance and thereby
represent a common cause of falls in PD. Falls have an enormous impact on the physical as well
as psychological health such as fear of falls. An average survival is reduced by 7 years, once
recurrent falls are present. [19]

Intuitively, the incidence of falls should increase as a function of disease duration and
severity. However, most studies found no relation between disease duration and falls. This
paradoxical observation is explained by the fact that falls are intuitively absent early in the course
of the disease, then becoming more prevalent as balance becomes progressively impaired, but
eventually disappears again when patients become progressively immobilized in late-stage PD.
Indeed, a recent meta-analysis of all prospective surveys confirmed the existence of such a bell-
shaped relation between disease duration and falls. [20]

PD patients usually fall forward (45% of all falls), and some 20% of falls were laterally
directed. [21] The characteristic stooped posture increases the likelihood of forward falls because
the associated forward shift of the center of gravity (COG) provides relative protection against a
backward fall. [22] Most falls in PD are intrinsic in nature, which means they are primarily caused
by the underlying balance disorder and not by an obvious environmental cause. Many falls result
from sudden changes in posture, in particular turning movement of the trunk, or attempt to perform
more than one activity simultaneously with walking or balance. A common but often overlooked

consequence is a fear of future falls, leading to restriction of daily activities. [23]
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Pathophysiology of falls and FOG

The underlying pathophysiology leading to falls in PD is complex. To be conclusive, the
pathophysiology of falls in PD can be viewed into three closely intertwined processes; primary
disease process, secondary process, and various compensatory strategies. [24-26] Primary
disease process refers to mechanisms that can be traced back directly to underlying
neuropathology in PD. In the study using posturography as the assessment revealed that the
predominance of sway abnormalities in PD was in the mediolateral plane. [27- 28] We also
observed that the protective arm movements in PD are inadequately directed such that the arms
are adducted against the trunk during a fall, instead of stretched out to grab support or to protect
against the impact of an impending fall. [29] These abnormal arm movements could partially
explain why wrist fractures seem relatively rare in PD, because these are typically caused by falls
on the outstretched hands. [12, 21] In difference, secondary disease process reflects the immobility
in advanced PD. For example, lack of mobility may lead to cerebrovascular disease, joint
degeneration, muscle weakness, and reduced tendon flexibility. All these factors can negatively
affect postural control. Lastly, compensatory mechanism may help patients to avoid falls. An
example of beneficial compensation relates to the stooped posture that effective in protecting
against backward falls.

In similar, the pathophysiology of FOG is multifactorially complex, associated with disease
progression and may be an independent feature of parkinsonism.[29 — 30] An effective objective
method for evaluating FOG consists of an ambulatory gait analysis system with pressure sensitive

insoles that continuously record walking, synchronized with video recording called The GAITRite.

The GAITRite

Up to now, a variety of techniques have been used to measure gait quantitatively, varying from a
clinical-based findings assessment to a gait analysis tools, namely a videotape recording, stop-
watch, footprint walkway, and recently a commercially available gait analysis system. The GAITRIite
is a portable computer-based instrument with electronic roll-up walkway connected to a personal
computer with application software for calculation of temporal and spatial gait parameters
(GAITRIite system; CIR Systems Inc, Clifton, NJ, USA). The walkway is 1/8 inch thick and contains

16,128 sensors sandwiched between a thin vinyl top-cover and a rubber bottom. The active sensor
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area is 0.61 m wide by 3.66 m long. The carpet is portable, can be rolled up for transfer. A side rail
on the wall beside the walkway is also available for the patients to grab if they feel unstable or
unbalanced. There is also a video camera set 3 m away from the walkway to record all kinematic
information. A technician generally walks behind the patient for safety during the test. The usual
gait parameters that are measured include velocity (m/min), cadence (step/min), stride length (m),
step length (m), step time, gait cycle time, single support time, and double support time. Many
previous studies in PD and normal volunteers employing GAITRite have confirmed its validity and
reliability in both temporal and spatial parameters [31]. By using this system, the episodic as well
as unpredictable nature of FOG can be quantified and assessed. [32] Two studies employing this
technique showed that patients with FOG walk differently than patients who do not exhibit FOG,
even in between the freezing episodes.[11, 32] One study reported that PD patients with FOG
have a progressive decrease of stride length and increase cadence and proportion of double
support phases during the three steps prior to freezing. This study suggested that FOG is a
combination of an increasing inability to generate stride length superimposed on a dyscontrol of the
cadence of walking.[11] Another study observed that while walking without freezing episodes, PD
patients who have FOG have higher stride-to-stride variability compared to patients without FOG.
[32] This desynchronization may be the basis for the increased disturbance in gait dynamics in
patients with FOG. Further application of the ambulatory gait analysis system can be used to

assess the subclinical gait abnormality that predisposing to FOG in early PD disease.

Conclusion

Walking is a very important motor function for an individual’s independence. However, it is affected
by parkinsonism throughout the course of the disease. Gait disturbances are common and
observable since the early stages of PD. A study of gait disturbances in early PD is limited. It still
fails to identify the subclinical gait abnormalities in both normal walking and dual task performed
during walking which trigger freezing in early PD patients. It is therefore critically important to
identify those patients at the early stages who are at risk of developing postural instability and falls
so early intervention can be applied. The early PD patients can be tested by using quantitative gait
analysis to identify gait parameters that pose them at risk of developing falls and postural instability

in the future.
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Terminology used in gait analysis [34]

Gait cycle is defined as the time interval between the time when the heel of one foot
strikes the ground to the time at which the same foot contacts the ground again. The gait cycle is
divided into 2 phase, including stance phase which is defined when the foot is on the ground and
swing phase which is defined when the foot is moving forward through the air.

® Stance phase contains 5 periods as the following :

- Initial contact : the ipsilateral heel strike.

- Loading response : the initial double stance period, from the ipsilateral heel strike

to the opposite toe off.

- Mid-stance : from the opposite toe off to the ipsilateral heel rise.

- Terminal stance : from the ipsilateral heel rise to the opposite heel strike.

- Pre-swing : the terminal double stance period, from the opposite heel strike to the

ipsilateral toe off.
® Swing phase contains 3 periods as the following :

- Initial swing : from the ipsilateral toe off to the feet adjacent.

- Mid swing : from the feet adjacent to the ipsilateral tibia becoming vertical.

- Terminal swing : from the ipsilateral tibia becoming vertical to heel strike.

The duration of of a complete gait cycle is known as cycle time, which is divided into
stance time and swing time.

Gait cycle timing

The stance phase of the right foot starts with a period of double support which occur
when the right foot is initially contact the ground and the left foot is still on the ground. Then the left
side gets into swing phase, only the right foot is on the ground, giving a period of right single
support (or single limb stance), which ends with initial contact by the left foot. There is another
period of double support until toe off on the right side. In each double support phase, one foot is
forward which is in the loading response, whereas the backward one is in the pre-swing phase.

In each gait cycle, there are two periods of double support and two periods of single
support. The stance phase usually last about 60%, the swing phase about 40% and each period of
double support about 10%. The period of the single or double support varies depending on the

speed of walking.
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Figure 2.1 The gait cycle and the details. [35]

Foot placement

® Stride length : the distance between two successive placements of the same foot, consists
of two step length.

® Walking base (stride width or base of support) : side to side distance between the line of
the two feet, measured at the midpoint of the back of the heel.

® Toe out : angle in degrees between the direction of progression and a reference line on

the sole of the foot.

Figure 2.2 show stride length and step length
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Cadence, cycle time and speed

Cadence : the number of step taken in a given time (steps/minute).
Cadence (steps/minute) = step counted x 60/time(s)
Cycle time (sec) = time(s) x 2/step counted = 120/cadence (steps/minute)
Velocity (m/s) = stride length (m) x cadence (steps/minute)/120
Velocity (m/s) = stride length (m) / cycle time (s)
The walking speed depends on the stride length which is in turn depends on the duration of the

swing phase.

Factors effects on the gait parameter

1. Age

Typically, the onset of age-related changes in gait parameters is the seventh decade. There
are decrease in stride length, increase cycle time (decrease cadence), so the velocity is reduced.
The duration of stance phase (double support period) is increased whereas the swing time is
decreased. There is also an increase in walking base to improve security of walking. [35 - 37]
2. Sex

There are differences in velocity, stride length and cadence between sex.
3. Leg length

The leg length can influence the stride length only in endurance running but not normal

walking.

The gait parameters changes in parkinsonism

Murray et al. [38] examine the gait of 44 men with parkinsonism and identified the following
abnormalities:
1. Stride length and speed were much reduced while cycle time was usually normal, together
with an increase in cadence in effort to compensate for these abnormalities.
The walking base was slightly increased.
The range of motion at the hip, knee and ankle were all decreased, mainly by rigidity.

The swing of the arms was reduced.

o ~ w0 BN

Rotation the trunk with the pelvis instead of twisting it in the opposite direction.
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Increases stride to stride variability, a marker of arrhythmicity and reduced automaticity of
gait is related to gait disturbances and risk of fall in PD. All of the abnormalities were observed in
advanced PD patients. In the previous study of Yang YR.et.al. [33] which compared the gait
parameters between early Parkinson patients and normal healthy aging in normal walking speed.
They demonstrated significantly differences in only velocity and stride length between early PD and

normal controls.



Chapter lll

Research Methodology

1. Research Design

The cross — sectional analytic study in early Parkinson’s disease patients comparing to age and
sex matched healthy aging in the ratio of 1:1 in order to identify the gait abnormality following the
natural history of disorder.

2. Research Methodology

Target population

All early Parkinson patients who did not as yet complain of gait difficulty.

Study population

Early PD patients who attended the out patient department at Chulalongkorn Movement Disorders
clinic, Chulalongkorn university hospital during January 2010 — January2011 were recruited.
Healthy aging without neurological problems or orthopedic problems that may affect the gait

patterns were also recruited as a control group.

Inclusion criteria

- Age > 18 years old.

- Both male and female.

- Patients were diagnosed with idiopathic Parkinson’s disease according to United Kingdom
Parkinson’s Disease Society Brain Bank criteria (UKPDSBB).

- Hoehn and Yahr the stage | and Il with no complaint on gait abnormality.

- Subjects were able to walk independently.
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- Healthy aging were defined as no neurological problems or orthopedic problems that may affect
the gait pattern.

- Subjects were freely participated in the study by signing in the informed consent form.

Exclusion criteria

- Subjects who were unable to complete the study assessments according to investigator's
discretion.
- Subjects who had other neurological or orthopedic problems that may affect the gait pattern.

- Subjects with atypical parkinsonian disorder.

Sample size calculation

Early Parkinson’s disease patients comparing to age and sex matched healthy aging were recruited
in the ratio of 1:1 in order to identify the gait abnormality. The gait parameters along with H&Y,
UPDRS and TMSE were assessed for both patients and control. The quantitative data of gait
parameters were examined between PD patients versus age-matched control by using paired t-
test. The statistical significant was set at O 0.05.

The sample size was calculated using formula for dependent samples as below

N= (Za+ZB)’G
dz
N = number of pair
Za =Z g5 = 1.96 (two-tailed) at 95% confidence interval

ZI3 =Z g.20 (power 80% ) = 0.84 (one-tailed)
2
O = variance of difference between 2 groups

d = estimated difference in mean

A sample size was calculated based on the data from the previous study of Yang YR.et.al. [33]
which compared the gait parameters between early Parkinson patients and normal healthy aging.
They demonstrated significant differences in stride length between early PD and normal controls.
The variance of difference was calculated from the standard deviation of difference in stride length

in the study of Yang YR.et.al. which is 4.54. The estimated difference of gait parameters is 1.5.
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N=(196+084)° x454

15°

= 15.81

The required sample size was 15.81 in both arms. The dropout rate is about 10%, so the sample
size was 17.56. Therefore at least 18 PD patients and 18 controls were recruited to study in order

to compensate for uncompleted data or missing data.

3. Methodology

Assessment battery for both patients and control.

1. The Vital Signs, Physical Examination and Neurological Examination were evaluated in both
patients and controls.

2. The following study assessments were evaluated in PD patients as

- The stage of Hoehn and Yahr (H&Y).

- The score of the Unified Parkinson's Disease Rating Scale (UPDRS) part Il and Il during OFF
period.

- The score of Thai Mental State Exam (TMSE).

- Concurrent medical illnesses and medications.

- Other parameters as side of predominantly symptoms, duration of disease, predominating
symptoms of Parkinson’s disease, dose and duration of dopaminergic’s treatment, motor
complication.

3. The gait assessments were performed by using the GAITrite and gait parameters as speed
(cm/s), cadence (steps/min), stride length (cm), cycle time (s) single support time(%), double
support time(%), swing time(%), stance time(%), step width (cm) are measured. The gait analysis
is performed during patient ‘OFF stage to avoid effect of anti-parkinsonian treatment. All early PD
patients were assessed in the morning, at least 12 hours after they took their last anti-parkinsonian
medication. The assessment included the evaluation of motor function with part Il and Il of UPDRS
and performance of gait analysis with the GAITrite with various conditions. The age-matched

controls also performed the gait analysis with the same conditions as the PD patients.
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Walking protocols

1. Normal through normal passage : The patients were instructed to stand on the ground and
started walking toward the platform by verbal command. The patients continued walking through
the platform with various conditions as following,
- Normal Walking.
- Walk with external rhythmic stimulus. The patients were instructed to walk corresponding
with the metronome which is set at 100 — 110% of patients’ cadence.
- Walk with cognitive overload : The patients were instructed to count the name of months
backward and perform calculation with serial 100 - 7 while walking. (May change to count
the days backward if they could not count the months )

Each trial has to be repeated for 3 times.

2. Walking through narrow passage : The patients were instructed to walk on the platform with a
board placed on both sides of the platform. The width and height of the passage wais
approximately 0.8 x0.8 m. The patients were instructed to walk with various conditions as following,
- Normal walking. (The new cadence was recorded.)
- Walk with external rhythmic stimulus : The patients were instructed to walk corresponding
with the metronome which was set at 100 — 110% of patients’ new cadence.
- Walk with cognitive overload : The patients are instructed to count the months
backward and perform calculation with serial 100 - 7 while walking. (May change to count
the days backward if they could not count the months )
Each trial has to be repeated for 3 times. The total was 18 walking trials. The subjects were
allowed to rest approximately 2 minutes after each set of trial in order to avoid fatigue or boredom.
Observer and assistant stood beside the subjects in order to assist in case of needing help. These
assessments were applied to both the patients and the control in recording spatial-temporal gait

parameters.
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4. Data collection

All data included the baseline characteristic of both groups, the result of neurological examination,

gait and balance parameters were collected in the case recording form shown in an appendix.

5. Data analysis

The quantitative data of gait and balance parameters were collected and examined between PD
patients versus age and sex matched control by using paired t-test or Wilcoxon Sign Rank test.
The non-parametric statistic will be used in this study because of small sample size. The statistical

significant was set at a 0.05.



Chapter IV

Research Result

1. Study populations

Total 22 early PD patients who met the inclusion criteria of the study and attended the
outpatient department at Chulalongkorn Movement Disorders clinic, Chulalongkorn university
hospital during January 2010 — January 2011 were recruited. All patients were explained about the
objectives, research methodology and expected benefit. One out of 22 patients (4.5%) was
dropped out because she had no time to perform the walking protocol.

The age and sex-matched controls without neurological problems or orthopedic problems

that may affect the gait patterns were also recruited as a control group.

2. Demographic Data

The total number of patients that met the inclusion criteria were 21. The detail of the
demographic data was described in Table 4.1 and 4.2.

- There were 12 female (57.1%) and 9 male (42.9%) patients

- The mean age of the early Parkinson’s participants was 63.52 + 9.41 years old whereas
the mean age of controls was 62.43 + 8.04 years old. The mean age of both groups was not
significant different.  (p = 0.69)

- The mean BMI of the early Parkinson’s participants was 23.72 + 2.83 whereas the mean
age of controls was 23.92 + 3.12. The mean BMI of both groups was also not significant different.
(p = 0.84)

- All patients were in the early PD stage. The mean Hoehn and Yahr stage was 1.62. Most
of the patients (10 patients out of 21, 47.6%) were Hoehn and Yahr stage 1.0, the rest of the
patients were Hoehn and Yahr stage 2.0 (7 patients out of 21, 33.3%) and 2.5 (4 patients out of
21, 19%).

- The mean duration of disease since diagnosis was 2.77 years.
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- More patients were the tremor-dominant subtype (13 patients out of 21, 62%) than the
akinetic-rigid subtype (4 patients out of 21, 19%) and the mixed subtype (4 patients out of 21,
19%).

- The number of the patients with unilateral disease (46.7%) was about the same as
bilateral disease (52.4%) and the symptoms predominately on the left side (52.4%) was about the
same as the right side (47.6%) as well.

- The mean UPDRS score part Il during “OFF” period was 3.59. The mean UPDRS score
part Il during “OFF” period was 7.71.

- Most of the patients (81%) had no motor complication. 57.1% of the patients were on
levodopa. The mean dose of levodopa was 193.81mg. Most of the patients (76.2%) were on
dopamine agonist. The patients on Monoamine oxidase B (MAO-B) inhibitor were 23.8% and

Catechol -O- methyltransferase (COMT) inhibitor were 23.8%.

Table 4.1 The demographic of Parkinson’s disease participants and age and sex matched controls

Data PD patients (N=21) Controls (N=21) P value
1. Age (years) 63.52 + 9.41 62.43 + 8.04 0.69
2. Weight (kg) 62.32 £+ 9.99 61.31 £ 9.52 0.74
3. Height (cm) 160.76 + 8.26 160.00 + 7.93 0.49
4. BMI 23.72 £ 2.83 23.92 + 3.12 0.84

BMI ; body mass index

Table 4.2 The demographic and disease characteristics

Characters PD patients (N=21)
1. Sex, %
- female 12 (57.1%)
- male 9 (42.9%)
2 Hoehn and Yahr stage 1.62 £ 0.63
3. Disease duration (years) 277 + 1.67
4. TMSE 28.69 + 1.08




Characters

PD patients (N=21)

5. PD subtype, %

- Tremor dominant subtypes
- Akinetic-rigid subtypes

- Mixed subtypes

13 (61.9%)
4 (19%)
4 (19%)

6. Symptoms of PD , %
- Unilateral

- Bilateral

10 (47.6%)
11 (52.4%)

7. Side of symptom predominate

- Left

11 (52.4%)

- Right 10 (47.6%)
8. UPDRS

- UPDRS II 3.59 + 2.81
- UPDRS Il 7.71 £ 3.90

9. Medication , %

- Levodopa

- Dopamine agonist
- MAOB inhibitor

- COMT inhibitor

12 (57.1%)
16 (76.2%)
5 (23.8%)
5 (23.8%)

10. Levodopa dose (mg)

193.81+ 187.58
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3. Gait Parameters from gait analysis
3.1 Normal passage
3.1.1 Normal walking
There was no significant difference in gait parameters between PD patients and age and

sex matched controls in normal passage with normal walking as shown in Table 4.3.

Table 4.3 Gait parameters of Parkinson’s disease patients and age and sex matched

controls in normal passage with normal walking

Gait parameters PD (N=21) Controls (N=21) P value
Step Count 12.95 + 1.56 12.65 + 1.37 0.54
Ambulation Time (s) 7.00 £ 1.03 7.16 £ 1.49 0.72
Velocity (m/s) 106.51 £ 14.02 106.03 + 18.11 0.94
Cadence(steps/min) 111.59 + 9.82 108.63 + 12.29 0.39
Step length (cm) 58.26 + 5.65 58.14 + 5.98 0.95
Stride length (cm) 115.87 £ 10.49 116.95 + 11.55 0.76
Step time (s) 0.54 + 0.05 0.59 + 0.07 0.40
Cycle time (s) 1.08 + 0.10 1.11+£0.14 0.38
Swing time (s) 0.40 + 0.03 0.41 £ 0.04 0.38
Stance time (s) 0.68 + 0.08 0.70 £ 0.10 0.41
Single support time (s) 0.40 £ 0.04 0.41 £ 0.04 0.39
Double support time (s) 0.28 £ 0.04 0.29 + 0.07 0.48
Swing % of cycle (%) 37.31 £ 1.33 37.09 +1.73 0.70
Stance % of cycle (%) 62.69 + 1.33 62.91 +1.73 0.70
Single support % of cycle (%) 37.32 £ 0.97 37.17 £1.79 0.75
Double support % of cycle (%) 2551 £1.93 25.79 £ 0.70 0.75
Toe infout (degree) 9.94 +6.18 8.21 + 5.56 0.36
Stride width (cm) 8.44 + 2.83 7.45 + 247 0.16




3.1.1 Normal passage with metronome.
There was no significant difference in gait parameters between PD patients and age and

sex matched controls in normal passage with metronome as shown in Table 4.4.

Table 4.4 Gait parameters of Parkinson’s disease patients and age and sex matched

controls in normal passage with metronome.

Gait parameters PD (N=21) Controls (N=21) P value
Step Count 13.76 + 3.28 12.33 £ 1.49 0.08
Ambulation Time (s) 7.53 + 1.84 6.87 + 1.54 0.14
Velocity (m/s) 101.66 £ 19.20 109.14 + 18.34 0.17
Cadence(steps/min) 110.64 + 11.06 110.06 + 13.01 0.86
Step length (cm) 56.89 + 7.82 58.63 + 6.63 0.42
Stride length (cm) 113.63 £ 14.93 117.78 £ 13.65 0.32
Step time (s) 0.54 + 0.05 0.56 + 0.08 0.42
Cycle time (s) 1.08 £ 0.11 1.12 £ 0.16 0.41
Swing time (s) 0.41 £ 0.03 0.42 £ 0.05 0.30
Stance time (s) 0.68 + 0.08 0.70 £ 0.12 0.49
Single support time (s) 0.41 £ 0.04 0.42 + 0.05 0.42
Double support time (s) 0.27 £ 0.05 0.29 + 0.08 0.53
Swing % of cycle (%) 37.55 + 1.49 37.60 £ 2.03 0.94
Stance % of cycle (%) 62.46 + 1.49 62.41 + 2.03 0.94
Single support % of cycle (%) 37.49 + 1.11 37.39 £ 1.89 0.83
Double support % of cycle (%) 2513 £ 2.36 25.35 + 3.76 0.84
Toe in/out (degree) 10.00 + 6.05 7.70 £ 5.08 0.21
Stride width 8.56 + 3.16 7.72 £2.95 0.30
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3.1.1 Normal passage with cognitive load.

There were significant differences in gait parameters between PD patients and age and sex
matched controls in normal passage with cognitive overload in cadence (p=0.04), cycle time
(p=0.04), swing time (p=0.02), single support time (p=0.01) and stride width (p=0.04) as shown in
Table 4.5. The cadence of PD patients was greater than that of the controls. The gait cycle time of
PD patients was shorter than that of the controls. In the PD patients, the swing time and single

support time were also shorter but the stride width was wider when compared to the controls.

Table 4.5 Gait parameters of Parkinson’s disease patients and age and sex matched

controls in normal passage with cognitive overload.

Gait parameters PD (N=21) Controls (N=21) P value
Step Count 16.25 £ 2.78 14.71 £ 2.06 0.10
Ambulation Time (s) 15.34 £ 12.499 22.94 £ 16.78 0.16
Velocity (m/s) 62.93 + 19.81 51.60 + 25.32 0.20
Cadence(steps/min) 78.85 + 20.71 59.60 + 28.05 0.04*
Step length (cm) 4738 +7.79 50.86 + 6.82 0.19
Stride length (cm) 94.09 + 14.73 101.62 + 13.71 0.15
Step time (s) 0.91 + 0.56 1.51 £ 1.11 0.16
Cycle time (s) 1.78 £ 1.09 3.06 + 2.11 0.04*
Swing time (s) 0.52 + 0.09 0.92 £ 0.74 0.02*
Stance time (s) 1.26 + 1.03 214 + 1.53 0.07
Single support time (s) 0.53 + 0.14 0.91 £ 0.60 0.01*
Double support time (s) 0.74 £ 0.91 1.26 £+ 1.10 0.16
Swing % of cycle (%) 32.67 +5.93 32.38 £6.32 0.89
Stance % of cycle (%) 67.33 £ 5.93 67.62 + 6.33 0.89
Single support % of cycle (%) 32.59 + 5.15 32.45 + 6.38 0.94
Double support % of cycle (%) 35.40 + 12.09 36.10 £ 10.77 0.87
Toe infout (degree) 9.69 + 6.99 8.43 +5.15 0.53
Stride width 9.39 + 3.11 7.26 + 3.46 0.04*

*p value < 0.05




3.2 Narrow passage

3.2.1 Normal walking
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There was no significant difference in gait parameters between the PD patients and the age

and sex matched controls in normal passage with normal walking as shown in Table 4.6.

Table 4.6 Gait parameters of Parkinson’s disease patients and age and sex matched

controls in narrow passage with normal walking.

Gait parameters PD (N=21) Controls (N=21) P value
Step Count 13.19 £ 1.55 12.62 + 1.55 0.24
Ambulation Time (s) 7.02+1.12 6.88 + 1.19 0.75
Velocity (m/s) 106.86 + 15.30 109.24 + 16.58 0.67
Cadence(steps/min) 113.69 + 12.19 111.34 + 11.55 0.55
Step length (cm) 56.63 + 6.30 58.60 + 5.62 0.29
Stride length (cm) 113.34 £ 11.52 117.67 £ 11.62 0.21
Step time (s) 0.53 + 0.06 0.54 £ 0.59 0.57
Cycle time (s) 1.06 £ 0.12 1.09 £ 0.11 0.60
Swing time (s) 0.40 + 0.03 0.40 £ 0.04 0.34
Stance time (s) 0.67 + 0.09 0.68 + 0.08 0.74
Single support time (s) 0.39 + 0.04 0.40 + 0.04 0.37
Double support time (s) 0.28 + 0.06 0.28 + 0.05 0.87
Swing % of cycle (%) 3715 + 1.41 37.42 +£1.28 0.55
Stance % of cycle (%) 62.85 + 1.41 62.58 + 1.28 0.55
Single support % of cycle (%) 37.29 + 1.53 37.54 £ 1.59 0.61
Double support % of cycle (%) 25.57 + 2.63 25.36 + 2.53 0.81
Toe in/out (degree) 10.76 £ 7.11 8.65 + 6.37 0.31
Stride width 8.19 + 2.88 7.76 £ 2.15 0.55




3.2.2. Narrow passage with metronome.
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There was no significant difference in gait parameters between the PD patients and the age

and sex matched controls in narrow passage with metronome as shown in table 4.7.

Table 4.7 Gait parameters of Parkinson’s disease patients and age and sex matched

controls in narrow passage with metronome.

Gait parameters PD (N=21) Controls (N=21) P value
Step Count 12.90 £ 1.29 12.22 £+ 1.29 0.09
Ambulation Time (s) 6.88 + 0.92 6.67 + 1.09 0.54
Velocity (m/s) 108.00 + 13.45 112.20 £ 17.42 0.41
Cadence(steps/min) 113.79 + 11.96 111.32 £ 12.27 0.52
Step length (cm) 57.43 + 5.67 60.35 + 5.60 0.11
Stride length (cm) 114.53 £ 10.42 121.11 £ 11.22 0.06
Step time (s) 0.53 + 0.06 0.55 + 0.06 0.50
Cycle time (s) 1.07 £ 0.12 1.09 £ 0.12 0.54
Swing time (s) 0.39 + 0.03 0.41 £ 0.04 0.22
Stance time (s) 0.67 + 0.09 0.67 + 0.08 0.74
Single support time (s) 0.40 £ 0.04 0.41 £ 0.04 0.32
Double support time (s) 0.27 + 0.06 0.27 £ 0.05 0.96
Swing % of cycle (%) 37.64 + 1.66 38.11 £ 1.10 0.28
Stance % of cycle (%) 62.35 + 1.66 661.90 £ 1.10 0.31
Single support % of cycle (%) 37.73 £ 1.37 38.02 +1.24 0.42
Double support % of cycle (%) 2477 + 2.90 24.22 + 2.20 0.47
Toe in/out (degree) 10.43 + 6.97 8.16 + 5.98 0.26
Stride width 7.98 + 3.09 7.80 +2.34 0.81
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3.2.3 Narrow passage with cognitive load.

There were significant differences in gait parameters between PD patients and age and sex
matched controls in narrow passage with cognitive overload in cadence (p=0.04), swing time
(p=0.01), single support time (p=0.03) as shown in Table 4.8. The cadence of the PD patients was
greater than that of the controls. The swing time and single support time in the PD patients were

shorter than in the controls.

Table 4.8 Gait parameters of Parkinson’s disease patients and age and sex matched

controls in narrow passage with cognitive overload.

Gait parameters PD (N=21) Age-matched (N=21) P value
Step Count 16.52 £ 2.96 14.81 £ 2.53 0.71
Ambulation Time (s) 14.68 + 14.63 19.69 + 14.96 0.33
Velocity (m/s) 67.62 £ 21.06 58.31 £ 27.85 0.27
Cadence(steps/min) 85.98 + 22.19 67.39 + 30.28 0.04*
Step length (cm) 47.06 + 8.57 51.19 £ 7.29 0.13
Stride length (cm) 93.24 + 15.09 101.96 + 15.26 0.09
Step time (s) 0.85 +0.72 1.32 £ 0.92 0.10
Cycle time (s) 1.68 + 1.33 2.61+1.82 0.10
Swing time (s) 0.49 £ 0.12 0.76 £ 0.45 0.01*
Stance time (s) 1.19 £ 1.22 1.84 £ 1.39 0.46
Single support time (s) 0.50 £ 0.17 0.83 £ 0.61 0.03*
Double support time (s) 0.70 £ 1.10 1.03 £ 0.93 0.35
Swing % of cycle (%) 32.78 £ 5.75 32.08 + 5.21 0.71
Stance % of cycle (%) 67.22 + 5.75 67.92 + 5.21 0.71
Single support % of cycle (%) 33.27 + 4.58 33.36 £ 5.52 0.96
Double support % of cycle (%) 34.03 + 10.84 34.96 + 10.27 0.79
Toe in/out (degree) 1112 £ 7.74 9.74 £ 5.38 0.54
Stride width 8.63 £3.24 7.59 + 3.31 0.31

*p value < 0.05
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3.3 Comparative gait parameters of PD patients between walking in the normal
passage and narrow passage in various tasks.

3.3.1 Normal walking
There was no significant difference in gait parameters of PD patients between normal

walking in the normal passage and narrow passage as shown in Table 4.9.

Table 4.9 Gait parameters of PD participants comparing between normal walking in the

normal passage and narrow passage.

Gait parameters PD (N=21) PD (N=21) P value
Normal passage Narrow passage
Step Count 12.95 + 1.56 13.19 £ 1.55 0.25
Ambulation Time (s) 7.00 £ 1.03 7.02+£1.12 0.92
Velocity (m/s) 106.51 £ 14.02 106.86 + 15.30 0.86
Cadence (steps/min) 111.59 + 9.82 113.69 + 12.19 0.10
Step length (cm) 58.26 + 5.65 56.63 + 6.30 0.08
Stride length (cm) 115.87 £ 10.49 113.34 + 11.52 0.12
Step time (s) 0.54 + 0.05 0.53 £ 0.06 0.15
Cycle time (s) 1.08 + 0.10 1.06 + 0.12 0.17
Swing time (s) 0.40 + 0.03 0.39 £ 0.03 0.15
Stance time (s) 0.68 + 0.08 0.67 £ 0.09 0.40
Single support time (s) 0.40 £ 0.04 0.39 £ 0.04 0.76
Double support time (s) 0.28 £ 0.04 0.28 £ 0.06 0.75
Swing % of cycle (%) 37.31 £ 1.33 37.15 + 1.41 0.49
Stance % of cycle (%) 62.69 + 1.33 62.85 + 1.41 0.49
Single support % of cycle (%) 37.32 £ 0.97 37.29 + 1.53 0.92
Double support % of cycle (%) 2551 £1.93 25.57 £+ 2.63 0.92
Toe infout (degree) 9.94 +6.18 10.76 £ 7.11 0.23
Stride width 8.44 + 2.83 8.19 +2.88 0.30
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3.3.1 Walking with metronome
There was significant difference in gait parameters of PD patients between normal passage
and narrow passage when walking with metronome in stride width (p < 0.01) as shown in Table
4.10. The stride width was slightly lesser when walking in the narrow passage compared with

normal passage.

Table 4.10 Gait parameters of Parkinson’s disease patients comparing between normal

passage and narrow passage when walking with metronome.

Gait parameters PD (N=21) PD (N=21) P value
Normal passage Narrow passage
Step Count 13.76 + 3.28 12.90 £ 1.29 0.19
Ambulation Time (s) 7.53 + 1.84 6.88 + 0.92 0.1
Velocity (m/s) 101.66 £ 19.20 108.00 + 13.45 0.13
Cadence (steps/min) 110.64 + 11.06 113.79 + 11.96 0.06
Step length (cm) 56.89 + 7.82 57.43 £ 5.67 0.64
Stride length (cm) 113.63 £ 14.93 114.53 + 10.42 0.70
Step time (s) 0.54 + 0.05 0.53 £ 0.06 0.06
Cycle time (s) 1.08 + 0.11 1.07 £ 0.12 0.12
Swing time (s) 0.41 £ 0.03 0.39 £ 0.03 0.14
Stance time (s) 0.68 + 0.08 0.67 £ 0.09 0.13
Single support time (s) 0.41 £ 0.04 0.40 £ 0.04 0.21
Double support time (s) 0.27 £ 0.05 0.27 £ 0.06 0.20
Swing % of cycle (%) 37.55 + 1.49 37.64 + 1.66 0.65
Stance % of cycle (%) 62.46 + 1.49 62.35 + 1.66 0.56
Single support % of cycle (%) 37.49 + 1.11 37.73 £ 1.37 0.35
Double support % of cycle (%) 2513 £ 2.36 2477 + 2.90 0.38
Toe infout (degree) 10.00 + 6.05 10.43 + 6.97 0.58
Stride width 8.56 + 3.16 7.98 + 3.09 < 0.01*

*p value < 0.05
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3.3.1 Walking with cognitive overload
There were significant differences in gait parameters of PD patients between normal
passage and narrow passage when walking with cognitive overload in cadence (p=0.01) and swing
time (p=0.04) as shown in Table 4.11. The cadence was greater but the swing time was less when

walking in the narrow passage compared with normal passage.

Table 4.11 Gait parameters of Parkinson’s disease patients comparing between normal

passage and narrow passage when walking with cognitive overload.

Gait parameters PD (N=21) PD (N=21) P value
Normal pathway Narrow passage
Step Count 16.25 + 2.78 16.52 + 2.96 0.51
Ambulation Time (s) 15.34 + 12.49 14.68 = 14.63 0.55
Velocity (m/s) 62.93 + 19.81 67.62 + 21.06 0.13
Cadence(steps/min) 78.85 £ 20.71 85.98 £ 22.19 0.01*
Step length (cm) 47.38 +7.79 47.06 + 8.57 0.77
Stride length (cm) 94.09 + 14.73 93.24 + 15.09 0.67
Step time (s) 0.91 + 0.56 0.85 +0.72 0.31
Cycle time (s) 1.78 £ 1.09 1.68 + 1.33 0.29
Swing time (s) 0.52 + 0.09 0.49 £ 0.12 0.04*
Stance time (s) 1.26 £ 1.03 1.19 £ 1.22 0.42
Single support time (s) 0.53 +0.14 0.50 + 0.17 0.08
Double support time (s) 0.74 £ 0.91 0.70 £ 1.10 0.61
Swing % of cycle (%) 32.67 +5.93 32.78 + 5.75 0.86
Stance % of cycle (%) 67.33 £ 5.93 67.22 + 5.75 0.87
Single support % of cycle (%) 32.59 + 5.15 33.27 + 458 0.35
Double support % of cycle (%) 35.40 + 12.09 34.03 + 10.84 0.41
Toe infout (degree) 9.69 + 6.99 1112 £ 7.74 0.21
Stride width 9.39 £ 3.11 8.63 £3.24 0.11

*p value < 0.05




Chapter V

Discussion, Limitation, Conclusion

Discussion

Gait disturbances are among the most important problems associated with PD. Gait is
affected in all stages of PD and is one of the hallmarks of disease progression. At the early stages
of the disease, gait disturbances can be present but in most patients, it does not cause significant
functional disability and fall-related problems. Inconsistent with the previous studies in both early
and advanced Parkinson’s disease which demonstrated slower walking speed and shorter stride
lengths [33, 38], there were no significant differences in any gait parameters in normal walking
speed in the normal passage in the present study. The reasons of the inconsistency were the
characteristics of the PD patients recruited in the study. Firstly, they were in the very early stage.
The mean Hoehn and Yahr stage was only 1.62 and most of them were in stage I. Secondly, the
less severity of the symptoms, demonstrated by UPDRS part Il and lll was observed. The less
severity was also supported by the smaller proportion of levodopa prescribed and the smaller dose
of levodopa in the PD participants. Thirdly, more PD patients in the present study were in the
tremor dominant subtype than the akinetic-rigid and mixed subtype. Tremor-predominate patients
usually have milder gait disturbances. Finally, there were differences in methodology of data
analysis especially in the previous study of Yang YR.et.al. comparing the gait parameters between
early Parkinson patients and controls. There was no detail of the methodology of data analysis in
that study while the quantitative data of gait parameters from predominant side of PD symptoms
were selected to compare with the same side of age and sex matched controls in the present
study.

External cues such as metronome did not show any effect on the gait in our study.
Eventhough the participants with PD in this study were all the early PD patients, the role of
cognitive overload such as dual tasking did affect gait parameters. As we know, symptomatic
PD patients have significant loss of striatal dopamine in the substantial nigra par compacta. There

may only be sufficient dopamine left to perform limited tasks. With the additional cognitive
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overload, the depleted nigrostriatal dopamine are overridden which leads to over-inhibition of the
pedunculo-pontine nucleus, the gait rhythm generating system, resulting in increasing gait
disturbances such as freezing of gait in PD. [39-41] The study of dual tasking effect on gait in
moderately severe PD patients (Hoehn and Yarh stage Il-Ill) have shown an increasedin stride to
stride variability comparing to normal controls. [42] This impairment implied alteration in regulation
of gait rhythmicity in patients with PD which may be related to alteration in the ability to generate
internal cues and increasing risk of fall. [42] This finding confirmed the effect of executive function
on gait in moderate to advanced PD. There is no study on effect of dual tasking on gait in early
PD patients. In our study, there was significant increase in cadence, shorter cycle time, swing time
and single support time compared to age and sex matched controls when walking with cognitive
overload in both normal and narrow passage. The reasons for an increasing cadence may be the
compensation for slightly shorter stride length, in order to keep the walking speed. The walking
speed was affected by cognitive overload in both PD patients and controls but was not significantly
different. In addition, shorter cycle time, swing time and single support time may suggest that dual
tasking affect balance control mechanism in PD even in the early stage of the disease. However,
the results of the present study did not demonstrate the swing time and stride time variability as in
the previous study in moderately severe PD patients. [42] All of our findings in dual tasking raise
the possibility of effect of cognitive overload on gait even in the early PD patients who do not as
yet complain of gait difficulty. The mechanisms of compensation in regulation of gait and balance
may be impaired and related to increase fall risk.

The effect of narrow passage on gait was shown only in cognitive overload but not the
normal walking speed and walking with metronome. There was a significant increase in cadence
and shorter swing time in the PD patients in the narrow passage compared with the normal
passage when walking with cognitive overload. Walking in a narrow passage may have sensory
overload from external visual stimuli that affect the cortical and basal ganglion circuit for control of
gait and balance in PD patients but this effect may be lesser than the effect of dual tasking.

The limitation of the present study is a small sample size. Most of the patients were in the
Hoehn and Yarh stage 1. Therefore the results could not be implied to all early PD patients but just
the very early PD group. The control group might be confounded by subtle disease eventhough
the study had extensive exclusion criteria. These would affect the results of the gait parameters
when comparing to PD patients. This may be reason why some parameters were not significantly

different as in the previous study.
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The additional analysis of stride and swing time variability could further study gait
rhythmicity. A study with larger sample size in different subtypes of PD and dopaminergic therapy
may provide some more interesting data. Further study about the pharmacological therapy whether

delay the gait abnormality in PD patients is still interested.

The present study can be applied in clinical practice the following ways; (1) To identify
subclinical gait abnormalities in early PD patients, they should ask to walk with cognitive overload
either in normal pathway or narrow passage. (2) Even in early PD patients, the dual tasking during
walking should be avoided. (3) Cognitive training and rehabilitation should be done early in early

PD patients to improve gait and balance stability and reduced risk of falling.

Conclusion

The subclinical gait abnormality in early PD patients who do not as yet complain of gait
difficulty can be identified only when dual tasking during walking. Narrow passage does not have
much as affect on gait as cognitive overload. Cognitive training and rehabilitation should be done

early in early PD patients to improve gait and balance stability and reduced risk of falling.
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Case Record Form

Subject number: OO0

Eligibility: O+ yes, 0> No, specify reason

Date of exclusion: 1110 0,80000
Which group: O1pD 02 healthy aging

Weight: OO0 kg Height:l:”:“:l.l:l cm

PD assessment:

first diagnosis: O0,/0000000

duration of disease [1 [

current H&Y staging: OO0

Presenting symptoms: 1. Tremor |:|2Rigidity |:|3.Bradykinesia 4. Postural
instabilityDS.Freezing of gait |:|6.Shuffling of gait O7.En bloc turning

Os. Stoop posturel:l 9. Speech disorders[10. Sleep disorders[]
11.Behavioral disorder [J12 ANS disorder

Current Symptoms: OJ1.Tremor |:|2Rigidity DS.Bradykinesia O4. Postural
instabilitst.Freezing of gait |:|6.Shuffling of gait O7.En bloc turning

Os. Stoop postureD 9. Speech disorders[J10. Sleep disorders[
11.Behavioral disorder [112 ANS disorder

Medications: [ 1 levodopa, dose__ mg duration mth [ 2 DA
O 3 comT inhibitor 1 4 MAO-B inhibitor [ 5Anti-cholinergics

Os other, specify

Motor fluctuation: 1 0 No [ yes, which type: O 1wearing-off O 2dyskinesia
[ 3 on-off fluctuation 1 4other, specify

OFF time

UPDRS part Il subscores: a0 UPDRS part Ill subscores: O



PE: vis - sp OOO,/,O000

mmHg PR OO

43

WNL(0)

Abnormal(1)

WNL(0)

Abnormal(1)

Systemic

Resting tremor

Cranial nerve

Postural tremor

Motor power

Kinetic tremor

Sensory
- PPS

- propioception

Tone
-spasticity

-rigidity

Reflexes
-DTR
- clonus

- BBK

Bradykinesia

Coordination
- cerebellar sign

- Romberg test

Postural instability

Concurrent Medical/surgical illnesses:

Concomitant medications:

Number of fall within previous 12 months: a0

Questionnaire assessments

1. TMSE: Total score = 1 (Max total scores 30)

Interpretation: O 0 no O 1 mild O 2 severe
(Note: score 24-30=no, 18-23 mild, 0-17 severe )



Gait Assessment

1. Normal pathway

2.Narrow passage

: 1-3 Walk at a normal walking speed

: 4-6 Walk with metronome

: 7-9 Walk with cognitive load

:10-12 Walk at a normal walking speed
: 13-15 Walk with metronome

: 16-18 Walk with cognitive load
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Parameters

1 2

left right left

right

Step time (sec)

Cycle time (sec)

Step length(cm)

Stride length (cm)

Single support (%)

Double support (%)

Swing (%)

Stance (%)

Distance (cm)

Ambulation time (sec)

Gait velocity (cm/s)

Number of steps

Cadence (steps/min)

Have subject completed the study?

Oo yes, on date O0O0,0000000

O No, what is primary reason for early termination
(Termination date: DD/DDD/DDDD)

O + unable to complete measurements

O 2 non compliance/deviation/violation

|:| 3 consent withdrawal

O 4 other specify

Principal Investigator’s certified statement

I, hereby, certify that the information in this CRF is true.

Pl name: Dr Pattamon Panyakaew Signature:

date:
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Patient Information Sheet
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