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ABSTRACT

Background: Cervical spondylotic myelopathy, which is a common degenerative
disorder, may lead to impairment of upright postural control. The cervical decompression
surgery is an invasive treatment for cervical myelopathy to remove the cord compression.
However, there are few studies conducted on the relationship between functional
outcomes and upright postural control, as well as effect of decompression surgery on

upright postural control.

Purpose: (1) To determine the association between functional assessment with upright
postural control of patients with myelopathy and to compare the upright postural control
among patients with different severity of cervical myelopathy, patients with
radiculopathy and healthy age-matched control; (2) To evaluate functional outcomes and
upright postural control of patients with myelopathy after cervical decompression surgery
and determine which statistical methods that reflect the clinically meaningful measure in

upright postural control following cervical decompression surgery

Design: Observational study

Methods: In Experiment 1, participants were be recruited for myelopathy (63 subjects),
radiculopathy (24 subjects) and age-matched control group (19 subjects). Only
myelopathy and radiculopathy group were assessed by functional outcome measures, (i.e
Neck Disability Index (NDI), Japanese Orthopaedic Association Cervical Myelopathy

Evaluation Questionnaire (JOACMEQ)-lower extremity function, Nurick scale, and
Vi
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modified Japanese Orthopaedic Association (JOA) scale-motor dysfunction of lower
extremity (mJOA-MDLE)), and functional performances (i.e. foot taping test, five-

times-sit-to-stand test and 10 second step test). Meanwhile, force platform was used to
record the anteroposterior (AP) and mediolateral (ML) COP displacement of all
participants in neutral and narrow stance with eyes-open and eyes-closed respectively. In
Experiment 2, participants were recruited for myelopathy (53 subjects) and age-matched
control group (22 subjects). The functional assessments, including NDI and JOACMEQ-
lower extremity function and 10 second step test, were performed in myelopathy group
at four phase: preoperative phase together with postoperative 3 months, 6 months and 1
year respectively. The standing balance assessment using force platform was performed
in in myelopathy group at four phases and in age-matched control group only at

recruitment day.

Results: In Experiment 1, the correlations between JOACMEQ-lower extremity function
and COP variables were significantly fair (r < 0.5, p < 0.05). The COP variables of
myelopathy group classify with Nurick score showed significant differences (p < 0.05) in
all eyes-closed condition. The myelopathy group with Nurick score ‘2 or 3> demonstrated
significantly increased COP variables than radiculopathy and age-matched control group
(p < 0.05). In Experiment 2, the NDI score (p = 0.036) and JOACMEQ-lower extremity
function score of myelopathy group (p = 0.036) improved after decompression surgery.
Significant improvement was shown in 95% confidence ellipse area (p = 0.022), mean
velocity (p = 0.019), range-AP (p = 0.007), and RMS distance-AP (p = 0.023) in neutral
stance with eyes-opened. However, the COP variables was significantly instable than
healthy age-matched control (p < 0.05) before and after surgery in all standing condition.
vii
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The effect size and standard response mean of all three postoperative phases ranged from
-0.49 to 0.03 if the preoperative phase was set as baseline. Only minimally clinically
important difference (MCID) for 95% confidence ellipse area, range-AP, range-ML, root
mean square (RMS) distance ML (area > 0.7) in eyes-closed condition at postoperative 3
months were determine with first question of JOACMEQ-lower extremity function as

anchor by receiver operating characteristic (ROC) curve analysis.

Conclusion: The Nurick scale may reflect severity of postural instability in patients with
myelopathy. The myelopathy patients with higher Nurick score had obviously impaired
upright postural control compared to patients with radiculopathy or healthy age-matched
control. Besides, the subjective functional outcomes and COP variables in eyes-open
condition significantly improved after decompression surgery. The COP variables were

more suitable to reflect long-term change after decompression surgery.

Keywords: Cervical myelopathy, decompression surgery, functional assessment, upright

postural control, center of pressure (COP)

viii
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Chapter 1 Introduction

Cervical myelopathy is one of the consequences of common degenerative change
of cervical spine during aging.® Myelopathy is the clinical symptom caused by the
compression of the spinal cord. The clinical manifestations of cervical myelopathy are
determined by the severity or location of the spinal cord compression.? The signs and
symptoms of cervical myelopathy, such as neck pain, upper and lower extremity
paresthesia, muscle weakness, muscle spasticity and gait disturbance,® may deteriorate

the functional activities and living quality.

The incidence of cervical myelopathy were estimated at a minimum of 41 and 605
per million in North America! and 349.5 per million person in Taiwan* annually. The
conservative treatment for cervical myelopathy patients includes neck immobilization
with cervical collar or head halter), bed rest, exercise and medication.! If the disorder

becomes severe and progressive, the cervical decompression surgery may be suggested.®

The patients with myelopathy may have postural control impairment due lesion
on spinal cord. The long-term outcome of surgical decompression was variable, and some
patients may have late functional deterioration even after adequate decompression and
initial improvement.® This purposes of this study were to investigate relationships
between functional outcomes and postural control, as well as examine the progression of

upright postural control after cervical decompression surgery.
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Chapter 2 Literature Review

2.1 Background and Epidemiology

Cervical spondylotic myelopathy is attributed to compression of the spinal cord
secondary to degeneration change in cervical spine,! that can lead to direct injury to
neurons and glia and may be followed by ischemia, excitotoxicity, and apoptosis’ on
nerve tissues. Symptoms of cervical myelopathy include gait imbalance, lower extremity
stiffness and jerking, sensory loss, muscles weakness, loss of hand dexterity or bladder

dysfunction, corresponding to the level of cervical spine.®

Cervical myelopathy may be caused by static or dynamic factor. Static factors of
the cervical myelopathy include cervical spondylosis, disc degeneration and ossification
of posterior longitudinal ligament/ ligamentum flavum,’ hyperostosis (hypertrophy and
osteophyte formation) of the vertebrae.? The dynamic factors of cervical myelopathy
include increase spinal canal stenosis on flexion and extension of degenerative cervical
spine,2 which narrow the cervical spinal canal dynamically and place increased strain and

shear forces on the spinal cord.’

Few researchers had depicted the epidemiology of cervical myelopathy. A study
from the United Kingdom reported a total of 41 patients with averaged age of 68.7 years
who presented with cervical myelopathy.® Cervical myelopathy was found to be more
common in male patients to the ratio of approximately 2.7:1, whereas C5/6 being the most
commonly affected level. This study also concluded that cervical myelopathy
predominantly affects men after 70 years old.® A Japanese study indicated that the annual

rate of operations per 100,000 residents in a north-eastern prefecture was 5.7% and that
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most of these patients were in their sixth or seventh decade of life.X° In North America,
the incidence and prevalence of cervical myelopathy were approximated at a minimum
of 41 and 605 per million, respectively.!! Incidence of myelopathy-related
hospitalizations has been estimated at 4.04/100,000 person-years, and the surgical rates

seem to be increasing.!

In Taiwan, from 1998 to 2009, National Health Insurance Research Database
indicated that 349.5 million person-years was diagnosed with cervical myelopathy;
14,140 patients were admitted to hospital for cervical myelopathy.* The overall incidence
of myelopathy-related hospitalization was 4.04 per 100,000 person-years with higher
incidence in males and elderly.*? During the follow-up of these patients for 13,461

person-years, a total of 166 patients were diagnosed with spinal cord injury.*

Apart from cervical myelopathy, cervical radiculopathy is another neurological
disorder related to degenerative change of cervical spine, which is caused by dysfunction
of nerve roots exiting cervical spinal cord.®* The typical clinical presentations are arm
pain, which can disrupt sensation, motor strength, and the reflex arc along the path of
innervation of the affected root.*3* The etiology of cervical radiculopathy is commonly
related to mechanical compression, neuropraxia, or chemical irritation of the nerve
roots.'* Degenerative change of joint and soft tissues in cervical spine can affect the
neuroforamen from all directions, consequently limits nerve root excursion.}* For
instance, disk degeneration reduces foraminal height and alters the kinematics of the
cervical spine, leading to osteophyte formation arising from the uncinate process and

zygophophyseal joints.1*
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The previous studies performed in Rochester Minnesota estimated the annual
incidence of cervical radiculopathy to be 107.3 per 100,000 for men and 63.5 per 100,000
for women from 1976 to 1990.'° The age-specific annual incidence rate per 100,000
population reached a peak of 202.9 for the age group 50 to 54 years within that 15 years.®
Another more recent study in United States military indicated that 24,742 service
members were diagnosed with cervical radiculopathy from 2000 to 2009 resulting in an

incident rate of 1.79 per 1000 person-years.®

2.2 Postural Control System in Upright Position

Most of daily functional activities are performed in upright position, such as
walking, jumping and squatting. In human upright standing position, approximately two-
thirds of human body mass are insecurely balanced some distance from the ground (about
two-thirds of human height) over two legs, which provide base of support.}” The ability
to stand upright on two feet is essential which work as a precursor to initiation of other
daily living activities.® Previous study revealed that the poor functional outcome in
modified Japanese Orthopaedic Association (JOA) scale for lower extremity function
manifested worse postural stability in standing.*® Hence, the postural control system is

critical demand to execute movement in upright position.

The postural control system has two main functions.?® The first function is
mechanical antigravity function to build up posture against gravity and ensure that
balance is maintained if center of gravity is under base of support under stance
condition.?’ The second function is to serve as a reference frame to fix the orientation and
position of the segments for perception and action as regards the external world.?°

4
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Winter et al. (1990) suggested that the postural control system comprises three
subsystem: the sensory system (consists of vestibular, visual and proprioception system),
the central nervous system (CNS) and the musculoskeletal system.!” The proprioception
system which is made up by muscle, joint and cutaneous receptors provide two type of
information: the information about the state if the effector system (such as muscle length,
muscle force output and relative orientation of body segment) and the information about
environment (such as temperature, contact surface condition, pressure distribution and
presence of any noxious stimuli).!” The vestibular system provides information about
body orientation in the inertia frame of reference and acceleration of the body.l” The
visual system provides information about environment, body orientation and body
movement.t” The rich inputs from sensory system are evaluated and integrated by CNS
to decide a suitable action plan.}” The action plan is executed by the musculoskeletal

system to regulate body posture and movement.’

Massion (1994) depicted that the central organization of posture involves
interactions between external forces (such as gravity), the body mechanical properties
and the neuromuscular forces. This postural control system involves the feedback and
feedforward system. The human posture is the result of positioning and orientation of the
body and limbs in equilibrium with motion and gravitation.?! Postural adjustments are
based on visual, vestibular and somatosensory input integrated into a complex feedback

regulatory system.?
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2.3 Pathological Change in Spinal Cord of Patients with

Cervical Myelopathy

Spinal cord plays important role for human movement. The cord compression
may result in demyelination of spinal cord and apoptosis of spinal cord,?? consequently
lead to motor impairment if action potential conduction of muscle is affected. The space
available for the cervical spinal cord decreases, thus, the compression on spinal cord
increase.?? The compression on white matter trigger long tract sign; the compression on
grey matter trigger segmental sign.?* Therefore, the spinal cord compression can lead to

sensorimotor impairment which may affect functional activities.

The cervical myelopathy signs and symptoms are also based on the location of the
associated cord compression, such as posterior, dorsolateral and ventrolateral columns,
the ventral horns of the spinal cord.” For instance, the symptoms and signs in the trunk
and lower limbs result from damaged white matter involvement of the long tracts at the
cervical level.® The neural signals concerning proprioception ascend through the
posterior columns of the spinal cord through the dorsal root ganglion on the same side of

the peripheral nerve.®

Apart from location, the previous animal studies also indicated that severity?? and
duration?® of compression on spinal cord also affect the clinical manifestation of cervical
myelopathy. The greater compression on spinal cord may lead to more occurrence of
microcirculation arrest, which is predominant in the watershed area of the cord and mostly
affects the highly vulnerable anterior horn cells, give rises to neuronal death, necrosis,
and eventual cavitation at the junction of the dorsal and anterior horns.?? Longer period

of compression on spinal cord also lead to complete ischemic blood flow in spinal cord

6
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and bring greater physiological damge.?® Longer period of compression on spinal cord
also lead to complete ischemic blood flow in spinal cord and bring greater physiological

damge.?®

The destruction of the axonal tissue and myelin sheath may lead to prolong
conduction to peripheral muscle (such as leg muscles), eventually causing to conduction
block. In normal human motor evoked potentials latency depends on the stimulus
intensity and the state of the target muscles.?® The stimulus intensity determines whether
cortical motor neurons are activated directly or indirectly and also determines the site of
activation.?® Damage to spinal motor neurons could play an important role directly (loss
of spinal motor neurons with faster conduction velocity) or indirectly (insufficiency of
synapse from corticospinal tract to spinal motor neurons) in physiology of prolonged
central motor conduction time.?® Prolongation central motor conduction time in the
patients with cervical myelopathy mainly manifested the severity of corticospinal

conduction block, which may cause the loss of functional axons.?

The postural adjustment during standing and ambulation involved complex
mechanism including polysynaptic spinal reflex mechanisms, depending on afferent
sensory pathway, efferent motor pathway, and supraspinal influences.® The ascending
tract (spinocerebellar tract) in the spinal cord mainly refers to the dorsal column, which
conducts the deep joint sensation into cerebellum.® The long descending tracts, which
consist of corticospinal tract (anterior and lateral), reticulospinal tract, tectospinal tract,

vestibulospinal tract, raphespinal tract, function for motor control.?®

The anterior corticospinal tract are with respect in paraspinal and axial muscle

function.?® The lateral corticospinal tract facilitates the performance of skilled movements,
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whereas the reticulospinal tracts act on motor neurons of axial and proximal limb
muscles.?® These tracts are considered part of the extra-pyramidal system of motor control
(with the lateral vestibulospinal and tectospinal tracts), which are involved in locomotion
as well as posture.?® With damage to the corticospinal tract, which are related to motor
system syndrome, the spasticity, or motor weakness of the lower extremities'® may be

manifested during maintenance of postural stability in upright standing.

2.4 Standing Balance in Patients with Cervical Myelopathy

Center of pressure (COP) is the location of the vertical reaction vector on the
surface of a force platform on which the subject stands.?® The COP indicates the
orientations of the body segments (joint angles), and the movements of the body (joint
angular velocities and accelerations) to hold the center of gravity over base of support.*
Displacement of COP is measured by force platform in anteroposterior (AP) and

mediolateral (ML) direction for evaluation of upright postural control.*°

The deterioration of postural stability in quiet standing was identified in previous
studies in patients with myelopathy. The patient with cervical myelopathy demonstrated
broader sway area and longer locus length per environmental area comparing with age-
matched control in eyes-closed stance.!® The later study showed further support to
instable standing balance in patient with cervical myelopathy based on body COP
displacement in upright standing.3* The body sway of patients with cervical myelopathy
were larger comparing patients with cervical spondylosis and healthy normal in standing
with and eyes-open and eyes-closed.®! The tibialis anterior also delayed response to the

perturbation during standing.®
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The sensorimotor dysfunction was suggested to be the primary cause of upright
postural control impairment in patients with myelopathy.3! The severe compression on
spinal cord may damage the dorsal column and the ventral column, which neural signals
referring to proprioception ascend through the dorsal columns of the spinal cord by way
of the dorsal root ganglion on the same side of the peripheral nerve.®? The delay of tibialis
anterior antagonist reaction in patients with cervical myelopathy was consistent with an
intensely abnormal transmission of the proprioceptive input to the suprasegmental centers

during stance with perturbation.!

2.5 Functional Outcomes after Cervical Decompression

Surgery

The conservative treatment is one of the selections for cervical myelopathy. The
interventions of conservative management include cervical immobilization, head halter
traction, plaster bed for head and trunk, exercises, bed rest and medication.! However,
conservative methods were not always effective to reduce clinical presentations of
cervical myelopathy and improve functional status.®® Therefore, cervical decompression
surgery is a common invasive intervention for cervical myelopathy. Two main
approaches are usually used for cervical surgery: anterior and posterior approach. The
anterior approaches of surgery include anterior decompression and fusion. Whereas, the
posterior approaches of surgery include laminectomy and laminoplasty, which are usually

indicated for multilevel myelopathy.?

After decompression surgery, recovery of daily functional activities is essential to
determine whether surgery is beneficial to patients. The effectiveness of cervical
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decompression surgery was usually evaluated by the functional outcomes in research or
clinical setting. The functional outcome measures for this cohort are related to the clinical
manifestation such as neck pain, hand numbness and clumsiness, gait difficulties or
sphincter dysfunction.3* Several studies of functional outcomes in postoperative cervical
myelopathy were published to determine effect of surgery.®3" Even though
decompression surgery can stabilize or improve the sign or symptom of myelopathy, the
surgical outcomes may be also affected by the age, preoperative severity and duration of
symptoms.®® Longer symptom duration was associated with worse outcomes measured
with for leg assessment associated to functional activities requiring stability in upright

position, such as standing and walking.*

One of the studies disclosed that pain were found improved but functional
outcomes and quality of life were not improved after cervical decompression surgery.®
However, some research results indicated different conclusion. A prospective study
examined the potential effects of age, sex, duration of preoperative symptoms, and
preexisting medical comorbidities on functional outcomes and postoperative
complications in patients in cervical myelopathy underwent cervical decompression
surgery.®® The results showed that patients, who were significantly older and with more
pre-existing medical comorbidities, had tendency to develop postoperative
complications.®® Overall, the mean Nurick grades, modified JOA score and Berg Balance
Scale were significantly improved at 6 month and 1 year postoperatively,®® whereas
functional recovery reached a plateau at 6 months postoperatively.®® The other studies
also reported the remarkable improvement in JOA scale*” (or modified JOA scale®),
Neck Disability Index3"*® and some component in SF-36 form®”=° (physical functioning,

physical role functioning, bodily pain, social role functioning and emotional role
10
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functioning), after 6 months,3’ 1 year®® or 2 years®’ of surgery respectively.

Even though the balance performance had been evaluated at postoperative phase,
no standing balance is assessed in biomechanical method yet after decompression surgery
in patients with cervical myelopathy. However, several studies about gait analysis of
patients with decompression surgery were published. Regarding to the biomechanical
analysis on walking, some previous studies demonstrated the improvement of spatial-
temporal gait parameter after decompression surgery, for instance, velocity,*>*! step
length,*®4! cadence,* stance phase duration** and single-stance phase duration.** The
vertical component of the ground reaction force, and maximal flexion angle of the hip
joint, maximal flexion angle of the knee joint, extension angle of the knee joint (single-
stance phase and swing phase) and dorsiflexion of the ankle joint* were also reported

improving after decompression surgery.

A later study did not completely agree to previous postoperative gait analysis
result of patients with cervical myelopathy.*? None of the measured spatial-temporal
parameters changed significantly. Gait speed slightly increased from a mean of 1.05 m/s
preoperatively to 1.08 m/s at the 12-month postoperatively.*? However, peak ankle
plantarflexor moment and ankle power at pre-swing increased significantly.*?
Electromyography (EMG) analysis of the muscle activation timing demonstrated only
significant increase in duration of activation of tibialis anterior from 37 % gait cycle
duration preoperatively to 41.7 % postoperatively.*> EMG change of tibialis anterior was
suggested to be a compensatory strategy to improve control around the ankle during
single limb support to create a more stable ankle joint.*? This could then facilitate a higher
plantarflexor moment and power burst at pre-swing to contribute greater power
absorption by the knee during swing phase.*?

11

d0i:10.6342/NTU201800337



Generally, the patients with decompression surgery displayed improvement in
functional outcomes and some of the gait parameters in the previous studies. However,
the effect of surgery on postural control need to be investigated to identify the recovery
sensorimotor dysfunction on upright standing. The COP also should be discussed whether

applicable to reflect improvement after surgery.

2.6 Research Question

The association between functional assessment result and upright postural control
in patients with myelopathy had not been discussed in previous studies. The upright
postural control between patients with cervical myelopathy and radiculopathy also had
not been distinguished in the previous studies. The research questions of experiment 1 in
this study were:

1. Did the results of functional assessments associate with upright postural

control in patients with myelopathy?
2. Was the upright postural control different between myelopathy group with

radiculopathy group and age-matched control group?

Apart from investigation of upright postural control in patients without surgery,
the change of upright postural control after cervical decompression surgery had not been
determined in patients with myelopathy. The research questions of experiment 2 in this
study were:

1. Did the functional outcomes and upright postural control change after cervical

decompression surgery in patients with myelopathy?
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2. Can the upright postural control reflect the change after cervical

decompression surgery in patients with myelopathy?

2.7 Study Objective
The purposes of experiment 1 in this study were:

1. To determine the association between functional assessments and upright

postural control in patients with myelopathy

2. To compare upright postural control among patients with different severity of
cervical myelopathy, patients with cervical radiculopathy, and healthy age-

matched control
The purposes of experiment 2 in this study were:

1. To investigate change of functional outcomes and upright postural control in

patients with myelopathy after cervical decompression surgery

2. To determine which statistical methods and minimally clinically importance
difference thresholds representing the clinically meaningful measure in

upright postural control following cervical decompression surgery

2.8 Hypotheses

The hypotheses of experiment 1 in this study were:
1. The results of functional assessments would associate with upright postural

control in patients with myelopathy.
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2. The patients with myelopathy would show less stable upright postural control

than patients with radiculopathy and healthy age-matched control group.

The hypotheses of experiment 2 in this study were:

1. The functional outcomes and upright postural control would be improved after
cervical decompression surgery in patients with myelopathy.

2. The internal and external responsiveness characteristic would reflect the
degree of change in upright postural control after cervical decompression

surgery in patients with myelopathy.
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Chapter 3 Study Method

3.1 Experiment 1

3.1.1 Study Design

This study was cross-sectional observational study for determining the
relationship between functional assessments and center of pressure (COP) in patients with
cervical myelopathy. This study was approved by the National Taiwan University
Hospital Research Ethics Committee (IRB reference number: 201505093RIN) and

registered (ClinicalTrials.gov ID: NCT03396055).

3.1.2 Study Procedure

This study flowchart is shown in Figure 2. The participants of myelopathy,
radiculopathy and age-matched control group were assessed for eligibility. Before data
collection, the recruited participants were provided the experimental explanation and
written informed consent at Department of Surgery in National Taiwan University
Hospital. For myelopathy and radiculopathy group, the data collection included
demographic data, anthropometric data, functional assessments and standing balance
assessment (Figure 2). For age-matched control group, the same data collection was

applied, except functional assessments.

3.1.3 Participants

The participants of myelopathy and radiculopathy group were assessed by a same

neurosurgeon for diagnosis.

15

d0i:10.6342/NTU201800337



Were:

Were:

The inclusion criteria of the participants for myelopathy and radiculopathy group

Aged between 20 to 80 years old.
With diagnosis of cervical myelopathy or radiculopathy according to relevant

imaging examination.

The exclusion criteria of the participants for myelopathy and radiculopathy group

Unable to stand upright for 1 minute without support.

With traumatic spinal injury.

With previous neurological dysfunction of central nervous system (CNS).
Unable to communicate or follow instruction.

With recent musculoskeletal injury on lower extremities.

With vestibular dysfunction.

With infection or metastasis on spine and lower extremities.

Besides, the inclusion criteria of the participants from age-matched healthy

control group were:

1.

2.

Aged between 20 to 80 years old.
Without neck or back pain.
No history of severe musculoskeletal injury on lower extremities or spine,

vestibular dysfunction and neurological dysfunction or neurosurgery.
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3.1.4 Data Collection

3.1.4.1 Functional Assessments
The functional assessments in this study included functional outcome measures
and functional performances. The functional outcome measures were assessed in

myelopathy and radiculopathy group using following assessments:

o Neck Disability Index (NDI)

NDI is a questionnaire used to assess neck pain affecting functional activities,
including pain intensity, personal care, lifting, reading, headaches, concentration, work,
driving, sleeping and recreation. The total scores of this questionnaire is 50, which are
converted to percentage to represent the level of severity.** The percentage of NDI
correlates positively with the severity of neck functional loss. NDI is a valid and reliable
clinical test.***9 The intraclass correlation coefficients (ICCs) range of NDI from 0.50 to
0.98.%¢ The content validity as well as construct and convergent validity were proven in

patient with neck disorder.*3-46:48

o Japanese Orthopaedic Association Myelopathy Evaluation Questionnaire

(JOACMEQ)

Japanese Orthopaedic Association established JOACMEQ for self-administered
assessment of patients with cervical myelopathy. The questionnaire is divided to 5 parts:
cervical spine function, upper extremity function, lower extremity function, bladder
function and quality of life.>® The total mark of each division is higher since the patient

condition of self-assessment is getting better.
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In this study, the lower extremity function (JOACMEQ-lower extremity function)
was prioritized. This section includes 5 questions corresponding to ability of walking on
flat surface, single leg stand, going up stairs, bending forward, kneeling or stooping and
walking more than 15 minutes.!>*® JOACMEQ is the highly valid clinical assessment
tools.1?% The test-retest reliability of JOACMEQ is 0.79-0.00 and the correlation

coefficient between JOACMEQ-quality in life and NDI is -0.76.

e Modified Japanese Orthopaedic Association Scale (Modified JOA scale)
Modified JOA scale is common multidirectional assessment tool for cervical
myelopathy. This scale is an investigator-administered scale separately assessing motor
dysfunction of the upper extremity, motor dysfunction of the lower extremity, sensory
loss of the upper extremity, and sphincter dysfunction.>® The motor dysfunction of the
upper extremity component was modified from the original Japanese Orthopaedic

Association (JOA) scale to adapt for non-Japanese culture.>

In this study, the motor dysfunction of lower extremity (mJOA-MDLE) was
prioritized. The score was determining in regards to the ability of ambulation as well as
sensory and motor function of lower extremities,>* which could be classified into 0 grades
from 7. The participant with complete loss of sensory and motor function was scored with

0. Conversely, the participant without dysfunction was scored with 7.%!

The inter- and intra-observer reliabilities of the JOA scoring system for cervical
myelopathy were high.%? For modified JOA scale motor dysfunction of the lower
extremity, the internal consistency was moderate with a Cronbach o of 0.63.%% Regarding
to the convergent and divergent validity, modified JOA scale correlated with the Nurick

score (r = —0.625) but was not associated with subscales of the Short-Form 36 that
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measure different constructs.>® The modified JOA scale was responsive to change as

reflected by a Cohen effect size of 1 after 12 months of decompression surgery.>®

e Nurick Scale

The Nurick scale is an investigator-administered scale to assess walking ability of
patients regarding to severity of gait impairment.>* The higher score reflects more
unstable gait. Nurick scale was reported as an appropriate outcome measure in prior
studies focused on its reliability and construct validity in the patients with cervical
myelopathy.>® Nurick grade also well correlated with motor dysfunction of lower
extremity in modified JOA scale (Spearman’s p 0.901 and 0.886).>® Cervical cord
compression and intrinsic magnetic resonance imaging (MRI) signal change was also

correlated with Nurick grading.®’

The functional performances were assessed in myelopathy and radiculopathy group
using following assessments:
e oot Taping Test
Foot tapping test is a quantitative analysis of lower limb motor dysfunction that
was widely used for other neurological disorder.’® The participant was seated on a chair
with hips and knees at approximate 90°flexion.’® The sole of the foot tap as many times
as possible for 10 seconds while keeping the heel in contact with the floor.>® The number
of foot taping within the 10 seconds was recorded. This test was repeated on the other
side. This whole process was repeated once. The mean of the results was adopted for data

analysis.
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The mean of foot tapping test was 23.8+7.2 in patients with myelopathy, which
was significantly lower than 31.7+6.4 in healthy age-matched controls and reduced with
age.”® The number of foot tap in 10 seconds significantly correlated with the lower
extremity motor function of modified JOA score and results of grip and release test.®
This test can detect the effect of decompression surgery on patients with myelopathy.
This test showed postoperative improvement among myelopathy patient with
decompression surgery after 12 months of surgery.>® Postoperative gain of foot taping

test significantly correlated with the gain of JOA score.>®

o Five-times-sit-to-stand Test
Five-times-sit-to-stand test is a test used to assess the muscle strength of the lower
extremity. The participant sat on chair with back support for the preparation position,
which was standing upright with the arm crossed front of the chest. When the timer started,
the participant was instructed to sit to stand five times at the fastest speed. The timer was

stopped as the patient sat on the chair after the last count of standing up.

If the patient completed the test for more than 15 seconds, he/she was at high risk
of falling.®® The sensitivity of this test is 55% and specificity is 65%.> Discriminant
analysis demonstrated that the test correctly identified 65% of subjects with balance
dysfunction.®® Previous study demonstrated that individuals with times for 5 repetitions
sit-to-stand exceeding the following can be considered to have worse than average
performance: 11.4 seconds for 60 to 69 years, 12.6 seconds to 70 to 79 years and 14.8

seconds 80 to 89 years.5!
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e 10 Second Step Test
10 second step test was recognized as a quantifiable measure of severity in
cervical myelopathy.%? The participants were instructed to take a step by lifting their
thighs parallel to the floor (hip and knee joints in 90° flexion) in the same place without
support to maintain balance.®? The number of steps in 10 seconds was counted. Each
participant was requested to perform the test at maximum speed.®? For purpose of safety,

the examiner stood at side of participant for close supervision to prevent fall incident.

Previous study indicated that average number of steps in myelopathy patients was
10.7+£5.5 before surgery whereas the average number of steps in the control was
19.6+5.5.52 Number of steps significantly correlated with the number of grip and release,
walking grade of JOA scores, and total JOA score.®? This test was responsive to reflect
effect of decompression surgery on patients with myelopathy.®? This test showed
significant postoperative improvement (p < 0.01) among myelopathy patient with

decompression surgery after 12 months of surgery.5?

3.1.4.2 Standing Balance Assessment
e Procedure of Standing Trial
The standing balance assessment was conducted on all participant to determine
the static balance performance in upright standing. The participants were asked to stand
on a force platform (Kistler, Switzerland) for 30 seconds with sampling rate of 1000Hz
in each standing trial. The participants performed the standing task with eyes-open and
eyes-closed in two different foot positions (Figure 3). Overall, four trials were performed

for each participant: neutral stance with eyes-open (OE) and eyes-closed (CE) as well as
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narrow stance with eyes-open (RSOE) and eyes-closed (RSCE). Participants were

allowed to rest if they felt tired or leg soreness.

e Data Processing of Center of Pressure (COP)

Force platform signals were analogue-to-digital converted at a sampling rate of
1000 Hz. LabVIEW (National Instruments Corp., Austin, TX) software was used to
compute the COP regarding ground reaction force and moment in anteroposterior (AP)
and mediolateral (ML) direction. Then the data was processed and filtered with second

order of Butterworth low-pass filter at 5 Hz by Matlab R2010a software.

COP were further analyzed for time domain measures.®® First, 95% confidence
ellipse area was defined as area enclosed approximately 95% of the points on the COP
path. Next, mean velocity was defined as length of the COP path per second. Third, range
was defined as maximum distance between any two points on the COP path, which was
calculated in AP and ML direction respectively. Lastly, root mean square (RMS) distance
was defined as RMS distance from the mean COP, which was calculated in AP and ML

direction respectively.

3.1.5 Statistical Analysis

Descriptive data of participants from three groups (myelopathy group,
radiculopathy group and age-matched group) were presented as means with standard
deviation. Statistical analysis was performed using PASW Statistics 18 for Macintosh
(SPSS, Chicago, IL). The normality of the functional assessments and COP variables

were determined by Shapiro—Wilk test. The nonparametric tests were used for all data
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analysis as the variables were not normally distributed. P value of less than 0.05 (alpha,

o) was considered statistically significant.

The data of NDI, JOACMEQ-lower extremity function, foot taping test, 5-times
sit-to-stand test, and 10 second step test were continuous variables. Within myelopathy
group, the correlations between COP variables and results of NDI, JOACMEQ-lower
extremity function, foot taping test, 5-times-sit-to-stand test, and 10 second step test were
determined by non-parametric Spearman test. The correlation coefficient within 0.00 to
0.25 represents little or no relationship between two variables.®® The correlation
coefficient within 0.25 to 0.50 represents fair relationship between two variables.5® The
correlation coefficient within 0.50 to 0.75 represents moderate to good relationship
between two variables.%® The correlation coefficient above 0.75 represents good to

excellent relationship between two variables.®

The Nurick scale and modified JOA scale-motor dysfunction of lower extremity
(mJOA-MDLE) were ordinal variables. The COP variables (95% confidence ellipse area,
mean velocity, range-AP, range-ML, RMS distance-AP, and RMS distance-ML) were
categorized based on the score of Nurick scale and mJOA-MDLE. Kruskal-Wallis test
was used to test the differences among groups in COP variables with different scores of

Nurick scale and mJOA-MDLE respectively.

The functional variables with most considerable association with COP variables
would be selected for subgrouping participants in myelopathy group to compare COP
variables among myelopathy, radiculopathy and age-matched control groups. The
myelopathy group was classified into two subgroups: group with Nurick score ‘0 or 1’

and group with Nurick score ‘2 or 3. Main effect of group difference among myelopathy
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group with Nurick score ‘0 or 1°, radiculopathy, and age-matched control group was
examined by Kruskal-Wallis test. The same test was repeated among myelopathy group
with Nurick score ‘2 or 3°, radiculopathy, and age-matched control group. If the main
effect of group difference was significant, each pairwise comparisons between two
groups were performed by Mann-Whitney U test. The level of significance was adjusted
by Bonferroni correction (o/3) to avoid Type | error. The effect size of each pairwise

comparison was calculated by the below equation®?:

mean of group A—mean ofgroup B

Effect size = (Equation 1)

pooled standard deviation

where mean from group A and mean of group B is the mean of myelopathy group or
radiculopathy group or age-matched control group in pairwise comparison between two

different groups.

3.2 Experiment 2

3.2.1 Study Design

This study was longitudinal observational study for determining the progression
of functional outcomes and COP variables during postoperative 3 months, 6 months and
1 year. This study was approved by the National Taiwan University Hospital Research
Ethics Committee (IRB reference number: 201505093RIN) and registered

(ClinicalTrials.gov ID: NCT03396055).
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3.2.2 Study Procedure

This study flowchart is shown in Figure 5. The participants of myelopathy, and
age-matched control group were assessed for eligibility. Before data collection, the
recruited participants were provided the experimental explanation and written informed
consent at Department of Surgery in National Taiwan University Hospital. For
myelopathy group, the data collection included demographic data, anthropometric data,
functional assessments (NDI, JOACMEQ-lower extremity function and 10 second step
test) and standing balance assessment. The data collections of myelopathy group were
initiated before decompression surgery and repeated at postoperative 3 months, 6 months
and | year as follow-up (Figure 5 and 6). For age-matched control group, the same data

collection was applied, except functional assessments.

3.2.3 Participants

The participants of myelopathy group were assessed by a same neurosurgeon to

determine the requirement of the decompression surgery.

The inclusion criteria of the participants were:
1. Aged between 20 to 80 years old

2. With diagnosis of cervical myelopathy according to MRI imaging

The exclusion criteria of the participants were:
1. Unable to stand upright for 1 minutes
2. With traumatic spinal injury

3. Unable to communicate or follow instruction
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4. Not suit to cervical decompression surgery due to other medical conditions
5. With previous neurological dysfunction of CNS

6. With recent musculoskeletal injury on lower extremities

7. With vestibular dysfunction

8. With infection or metastasis on spine and lower extremities

Besides, the inclusion criteria of the participants from healthy age-matched
control group were:
1. Aged between 20 to 80 years old
2. Without neck or back pain
3. No history of severe musculoskeletal injury on lower extremities or spine,

vestibular dysfunction and neurological dysfunction or neurosurgery

3.2.4 Data Collection and Data Analysis

3.2.4.1 Functional Assessments

The following functional assessments were conducted in myelopathy group:

e Neck Disability Index (NDI)
NDI is a self-administered assessment for level of neck pain effect on functional
activities, including different level of the patient on pain intensity, personal care, lifting,
reading, headaches, concentration, work, driving, sleeping and recreation.*® Higher NDI

score reflects higher severity of pain on functional activities.*>
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o Japanese Orthopaedic Association Myelopathy Evaluation Questionnaire

(JOACMEQ)

JOACMEQ is a self-administered assessment of patients with cervical
myelopathy for function loss, health condition and satisfaction. The questionnaire
assessed cervical spine function, upper extremity function, lower extremity function,
bladder function and quality of life.>® The total mark of each division is higher since the
patient condition of self-assessment is getting better. In this study, the lower extremity
function (JOACMEQ-lower extremity function) was prioritized. The evaluated lower
extremity function includes 5 questions corresponding to ability of walking on flat surface,
single leg stand, going up stairs, bending forward, kneeling or stooping and walking more

than 15 minutes.2%0

The 5 questions of lower extremity function in JOACMEQ were listed as below:*

1. “Can you walk on a flat surface?”

2. “Can you stand on either leg without the support of your hand? (the need to

support yourself)?”

3. “Do you have difficulty in going up the stairs?”

4. “Do you have difficulty in one of the following motions; bending forward,

kneeling or stooping?”

5. “Do you have difficulty in walking more than 15 minutes?”

27

d0i:10.6342/NTU201800337



e 10 Second Step Test
10 second step test is recognized as a quantifiable measure of severity in cervical
myelopathy.5? The participants were instructed to take a step by lifting their thighs parallel
to the floor (hip and knee joints in 90° flexion) in the same place without support at
maximum speed.®? The number of steps in 10 seconds was counted. Each participant was
requested to perform the test at maximum speed.®? For purpose of safety, the examiner

supervised at side of participant to prevent fall incident.

3.2.4.2 Standing Balance Assessment
e Procedure of Standing Trial

The standing balance assessment was conducted on myelopathy group at four
phase of surgery and age-matched control group on the recruitment day. 16 participants
were asked to stand on a force platform (Kistler, Switzerland) for 30 seconds with
sampling rate of 1000Hz in each standing trial. All participants stood in neutral stance
(feet shoulder-width apart) with eyes-open (OE) and eyes-closed (CE) respectively
(Figure 7). The other 37 participants were conducted the same standing balance
assessment on different force platform (AMTI Newton, MA) with sampling rate of

1000Hz. Participants were allowed to rest if they felt tired or soreness on legs.

e Data Processing of Center of Pressure (COP)
Force platform signals were analogue-to-digital converted at a sampling rate of
1000 Hz. LabVIEW (National Instruments Corp., Austin, TX) software was used to

compute the COP based on ground reaction force and moment in AP and ML direction.
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Then the data was processed and filtered with second order at Butterworth low-pass filter

of 5 Hz by Matlab R2010a software.

COP were further analyzed for time domain measures.®® First, 95% confidence
ellipse area was defined as area enclosed approximately 95% of the points on the COP
path. Second, mean velocity was defined as length of the COP path per second. Third,
range was defined as maximum distance between any two points on the COP path, which
was calculated in AP and ML direction respectively. Lastly, RMS distance was defined
as RMS distance from the mean COP, which was calculated in AP and ML direction

respectively.

3.2.5 Statistical Analysis

Descriptive data of participants from myelopathy group and age-matched control
group were presented as means with standard deviation. Statistical analysis was
performed using PASW Statistics 18 for Macintosh (SPSS, Chicago, IL). The normality
of the functional outcomes and COP variables were determined by Shapiro-Wilk test. The
nonparametric tests were used for data analysis as the results of functional assessments
and COP variables were not normally distributed. P value of less than 0.05 (alpha, o) was

considered statistically significant.

Myelopathy group was assessed at the preoperative phase, as well as
postoperative 3 months, 6 months and 1 year. The main effect of differences on four
phases in functional outcomes (NDI, JOACMEQ-lower extremity function, and 10
second step test) and in COP variables were tested by Friedman test. If the main effect of
phase difference was significant, the pairwise comparisons of the variables between two
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phases were examined by Wilcoxon signed-rank test with Bonferroni adjustment (o/6).
The difference in COP variables between the myelopathy group and age-matched control

group was determined by Mann-Whitney U test at four phases, respectively.

To assess degree of change in the myelopathy group after surgery, the effect size
(ES), standardized response mean (SRM), standard error of measurement (SEM), and
minimal detectable difference on 95% confidence interval (MDDgs) were calculated for

all COP variables. The following equations were used for calculation:%?

X ost_Ypre
aq) ES = —Bost _—pre
) Opre

(Equation 2)

where Ypost is the mean of COP variables at postoperative 3 months, 6 months and

1 year respectively; Ypre is the mean of COP variables at preoperative phase; o,y is

the standard deviation of COP variables data at preoperative phase.

Y 0s _Y re H
b) SRM = % 5 d = Xpost — Xpre (Equation 3)

where Ypost is the mean of COP variables at postoperative 3 months, 6 months and

1 year respectively; Ypre is the mean of COP variables at preoperative period; o, is
the standard deviation of COP variables data change between postoperative period
and preoperative phase; d is the change between preoperative period and
postoperative 3 months, 6 months and 1 year respectively; x,,s: is COP variables at
postoperative 3 months, 6 months and 1 year respectively; x,,. is COP variables at

preoperative period.
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C) SEM = 0y /1 — 1y (Equation 4)

where gy is the standard deviation of COP variables at postoperative 3 months, 6
months and 1 year respectively, r« is test-retest reliability coefficient form previous

studies®+%°

d) MDDys = 1.96 * SEM * /2 (Equation 5)

To determine the cutoff score for minimally clinically importance difference
(MCID), the receiver operating characteristic (ROC) curve analysis was used to analyze
the change of COP variables between preoperative phase vs. postoperative 3 months,
preoperative phase vs. 6 months, and preoperative phase vs. 1 year. External
responsiveness reflected that the relationship between the change of COP variables
against the change in a reference measurement, that is, JOACMEQ-lower extremity
function, was determined by calculating the area under the ROC curve and its 95%
confidence interval (C1).2 The change of each question of JOACMEQ-lower extremity
function scoring was set as anchor, as the question reflected the lower extremity function

in upright position.

The data in each COP variables was dichotomized in “improved” group and “non-
improved” group regarding to change of score occurring on five questions of JOACMEQ-
lower extremity function between preoperative phase vs. postoperative 3 months,
preoperative phase vs. postoperative 6 months, and preoperative phase vs. postoperative
1 year. If the score was improved at postoperative phase, the data would be classified as

“improved” group. The other participants without change or with worsening score would
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be classified as “non-improved” group. The point on the ROC curve closest to the upper
left corner representing the optimal trade-off between sensitivity and specificity for

detecting clinical improvement was used to determined MCID.®® (Figure 8)

The ROC analysis was repeated with dichotomization COP variables to “worsen”
group and “non-worsen” group. If the score was worsened at postoperative phase, the
data would be classified as “worsen” group. The other participants without change or with

improving score would be classified as “non-worsen” group.

32

d0i:10.6342/NTU201800337



Chapter 4 Study Results

4.1 Experiment 1

4.1.1 Demographic Data

Descriptive characteristics of the participants in myelopathy group, radiculopathy
group and healthy age-matched control are summarized in Table 1. The results of

functional assessments in myelopathy and radiculopathy group are listed in Table 1.

4.1.2 Association between Center of Pressure Variables and Results of

Functional Assessment in Myelopathy Group

Table 2 shows the Spearman correlation between center of pressure (COP)
variables and results of Neck Disability Index (NDI), Japanese Orthopaedic Association
Myelopathy Evaluation Questionnaire (JOACMEQ)-lower extremity function
(JOACMEQ-lower extremity function), foot taping test, 5-times-sit-to-stand test and 10
second step test for 63 participants in myelopathy group. The JOACMEQ-lower
extremity function score displayed significant fair correlation with COP variables. The
number of foot taping test displayed significant fair correlation with mean velocity and
root mean square (RMS) distance-mediolateral (ML) in neutral stance with eyes-open

(OE) and all COP variables in neutral stance with eyes-closed (CE).

The length of time for 5 times sit-to-stand displayed significant fair correlations
with 95% confidence ellipse area, range-ML, and RMS distance-ML in OE condition.

The length of time for 5 times sit-to-stand also displayed significant fair correlations with
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95% confidence ellipse area, range, and root mean square (RMS) distance of both
anteroposterior (AP) and ML direction in CE condition. The number of steps in 10 second
step test displayed significant fair correlations with 95% confidence ellipse area and mean
velocity in OE condition. The number of steps in 10 second step test also displayed
significant fair correlations with 95% confidence ellipse area, range-AP, and RMS

distance-AP in CE condition.

Figure 9 shows the results of Kruskal-Wallis test for relationship between
modified Japanese Orthopaedic Association scale- motor dysfunction of lower extremity
(mJOA-MDLE) score and COP variables. The results of Kruskal-Wallis test for
relationship between mJOA-MDLE and COP variables show less remarkable significant
differences. In OE condition, significant differences were found between score of the
mJOA-MDLE and all COP variables (95% confidence ellipse area: p = 0.002; mean
velocity: p =0.025; range-AP: p = 0.022; range in mediolateral (ML) direction: p =0.003;
RMS distance-AP: p = 0.025; RMS distance-ML: p = 0.003). In CE condition, significant
differences were also found between score of mJOA-MDLE and most of COP variables
expect RMS distance-AP (95% confidence ellipse area: p = 0.001; mean velocity: p =
0.012; range-AP: p = 0.031; range-ML: p < 0.001; RMS distance-ML: p < 0.001). In
narrow stance with eyes-open (RSOE) condition, significant differences were found in
range-AP (p = 0.049) and RMS distance-AP (p = 0.024). In narrow stance with eyes-
closed (RSCE) condition significant difference was found in RMS distance-AP (p =

0.046).

Figure 10 shows the results of Kruskal-Wallis test for relationship between Nurick
score and COP variables. The significant differences between COP variables with Nurick
score 0 and 3 was most remarkable (p < 0.05/6). Higher Nurick score demonstrated
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increased upright postural instability in participants with myelopathy. Therefore, Nurick
scale was selected to be reference for subgrouping the participants in myelopathy group.
The two myelopathy subgroups were then used to compare the upright postural stability

with radiculopathy group and age-matched control group.

4.1.3 Comparison COP Variables among Myelopathy Subgroup,

Radiculopathy Group and Age-matched Control Group

The myelopathy group was classified to two subgroups: first subgroup with
Nurick score ‘0 or 1’ (n = 33) and second subgroup with Nurick score ‘2 or 3” (n = 30).
Table 3 summarizes the results of Kruskal-Wallis test for COP variables among group
with Nurick score ‘0 or 1°, radiculopathy group, and age-matched control group.
Significant differences were found in 95% confidence ellipse area in RSCE condition,
range-AP in RSCE condition as well as RMS distance-AP in OE condition, in RSOE
condition and in RSCE condition. Table 4 shows the pairwise comparisons of COP
variables between myelopathy group with Nurick score ‘0 or 1’ vs. radiculopathy group,
myelopathy group with Nurick score ‘0 or 1’ vs. age-matched control group, and
radiculopathy vs. age-matched control group. Significant difference was found in
pairwise comparison between myelopathy group with Nurick score ‘0 or 1’ vs. age-
matched control group in 95% confidence ellipse area, range-AP and, RMS distance-AP

in RSCE condition.

Table 5 shows the results of Kruskal-Wallis test for COP variables among group
with Nurick score ‘2 or 3°, radiculopathy group and age-matched control. Significant
differences were identified in most COP variables among three groups of participants,
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except range-ML in OE condition. Table 6 shows the pairwise comparisons of COP
variables between myelopathy group with Nurick score ‘2 or 3’ vs. radiculopathy group,
myelopathy group with Nurick score ‘2 or 3” vs. age-matched control group, and
radiculopathy vs. age-matched control group. No significant difference was found in
pairwise comparison between myelopathy group with Nurick score ‘2 or 3° vs.
radiculopathy group in all COP variables in OE condition, and in all pairwise comparison

between radiculopathy vs. age-matched control group.

4.2 Experiment 2

4.2.1 Demographic Data

Descriptive characteristics and surgical information of the patients are
summarized in Table 7. The most common surgical method for patients with myelopathy

was anterior cervical discectomy and fusion (ACDF).

4.2.2 Functional Outcomes after Decompression Surgery

Figure 11 shows the Friedman test results for phase factor in functional outcomes
(i.e., NDI, JOACMEQ-lower extremity function and 10 second step test). Significant
difference was found between phases in NDI (p = 0.036) and JOACMEQ-lower extremity
function (p = 0.036). The pairwise comparison between preoperative phase vs.
postoperative 1 year displayed significant difference in NDI (p = 0.007). The pairwise
comparison between postoperative 3 months vs. 1 year displayed significant difference

in JOACMEQ-lower extremity function (p = 0.002).
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4.2.3 COP Variables after Decompression Surgery

Figure 12 shows the results of Friedman test results for phase factor in COP
variables in OE condition. Significant differences were found between phases of
decompression surgery in all COP variables (95% confidence ellipse area: p = 0.022;
mean velocity: p = 0.019; range-AP: p = 0.007; range-ML.: p = 0.017; RMS distance-AP:
p = 0.023; RMS distance-ML: p = 0.028) in OE condition. The pairwise comparison
identified significant differences between preoperative phase vs. postoperative 6 months
in 95% confidence ellipse area (p = 0.006), mean velocity (p = 0.008) and RMS distance-
AP (p = 0.004; Figure 12). The pairwise comparison identified significant differences
between preoperative phase vs. postoperative 1 year in mean velocity (p = 0.004), range-
AP (p = 0.001) and RMS distance-AP (p = 0.004; Figure 12). Figure 13 shows no
significant was found between phases of decompression surgery in all COP variables in

CE condition.

Figure 12 and Figure 13 shows the results of Mann-Whitney U test between age-
matched control and myelopathy group from four phases of surgery in OE and CE
conditions respectively. The 95% confidence ellipse area showed significant differences
between age-matched control and myelopathy group during preoperative phase,
postoperative 3 months and 1 year respectively (p < 0.05) in both OE and CE conditions
(Figure 12 and 13). The mean velocity, range-AP and RMS distance-AP displayed
significant differences between age-matched control and myelopathy group from four

phases of surgery (p < 0.05) in in both OE and CE conditions (Figure 11 and 12).
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4.2.4 Responsiveness of COP variables

Internal responsiveness results of the all participants in myelopathy group (n =53)
are summarized in Table 8. Generally, from postoperative 3 months to 1 year, the effect
size (ES) and standardized response mean (SRM) showed an increasing trend. However,
the standard error of measurement (SEM) and minimal detectable difference on 95%
confidence interval (MDDgs) showed decreasing trend.

Receiver operating characteristic (ROC) curve analysis was used to determine the
minimally clinically importance difference (MCID) for the COP variables. The MCID
was not be determined when the area under the ROC curve of a given COP variable was
below the threshold of considerable acceptance (i.e., 0.7).6” With dichotomization to
“improved” group vs. “non-improved” group, MCID for all COP variables was not able
to be determined in both OE and CE conditions at all phases.

With dichotomization to “worsen” group vs. “non-worsen” group, MCID for all
COP variables was also not able to be determined in OE condition at all phases. However,
in CE condition, when the first question of JOACMEQ-lower extremity function was
used as the anchor, MCID for 95% confidence ellipse area, range-AP, range-ML and
RMS distance-ML were able to be determined in postoperative 3 months (Table 9). When
the second to fifth questions of JOACMEQ-lower extremity function were used as the
anchor, MCID was not able to be determined for COP variables in both OE and CE
conditions at all phases. Therefore, Table 9 summarizes the result of ROC analysis of
COP variables at postoperative 3 months under dichotomization to “worsen” group vs.
“non-worsen” group when the first question of JOACMEQ-lower extremity function was
used as the anchor. Since no other MCID of COP variables are significant to be displayed,

only the ROC analysis shown in Table 9 is reported.
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Chapter 5 Discussion

5.1 Experiment 1

This study is proposed to investigate the association between the functional
assessments result and upright postural control to determine the most applicable
assessment tool for reflecting postural stability in clinical setting. The findings of the
study indicate that Nurick scale is the most remarkable assessment tool to reflect upright
postural control, as myelopathy patients with instable upright postural control
demonstrated a high Nurick score. Meanwhile, the upright postural control of myelopathy
patients with a high Nurick score was less stable than patients with radiculopathy or age-

matched control.

Relationship between Functional Outcomes and Upright Postural

Control

Continuous variables

This study demonstrates the significant fair correlation between functional
assessment results (i.e. JOACMEQ-lower extremity function, foot taping test, five-times-
sit-to-stand test and 10 second step test) and upright postural control, which are consistent
with some previous studies.®®"? For example, the Dizziness Handicap Inventory’* scores
showed significant association with results of posturography in patients with traumatic
brain injuy.” In another study, both timed-up-and-go scores and Dizziness Handicap
Inventory scores showed significant correlation with results of posturography in patients

with peripheral vestibular hypofunction.” All participants of these studies demonstrated
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somatosensory impairment which can affect the regulation of postural stability. However,
some other studies did not show correlation between functional outcomes and upright
postural control. For example, the functional performances (i.e. functional reach,®"
timed 10-meter walk,®® chair rise,®® chair stand,”® Duke Functional Mobility Skills® and
six-minute walk®®) did not exhibit association with postural sway area in community-
dwelling elderly. The patients with myelopathy demonstrated impaired proprioception in
distal lower extremities.®> Thus, the association between functional assessment result

and postural stability may appear in patients with neurological involvement.

In this study, NDI did not exhibit significant association to upright postural
control. NDI contents are related to neck pain and also neck movement in various
functional activities. The previous study revealed that only concentration score of NDI
was related to postural sway in patients with chronic neck pain.” The NDI is more
suitable to assess the level of neck pain severity affecting general daily living activities,
such as self-care, reading, driving, work and recreation activities. Hence, NDI is not

applicable to assess the postural stability or specific lower extremities function.

The JOACMEQ-lower extremity function displayed fair association with COP
variables in this study. The functional activities evaluated in JOACMEQ-lower extremity
function, including walking, standing with one foot and going up stairs.>® The ability to
stand upright is essential to perform functional activities.!® The gait performance of
patients with peripheral neuropathy in lower extremities also correlated with standing
balance control like the present study.’® However, functional activities in standing
position also can be affected by other factor, such as leg strength.”” Hence, the
JOACMEQ-lower extremity function score did not display strong association with
upright postural control.
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The number of foot taping and stepping within 10 seconds showed fair association
with the upright postural control of patients with myelopathy in neutral stance. The ankle
dorsiflexion and plantarflexion control is essential to maintain anteroposterior (AP)
balance during normal standing’® and also to perform fast repetitive foot taping
movement.>® The ankle joint was also suggested to provide the correcting action during
single leg stance on ground.’® The patients with spinal cord compression on corticospinal
tract may have sensorimotor impairment in the lower extremities, which could affect foot
motor control. Besides, the number of foot taping and stepping within 10 seconds was
more related to postural stability with eyes-closed rather than eyes-open. Therefore, the
upright standing with eyes-closed required more efficient somatosensory and motor
control in the lower extremities,® which are reflected in foot tapping test and 10 second

step test.

The five-times-sit-to-stand test displayed fair association with upright postural
control of patients with myelopathy in neutral stance. The sit-to-stand movement is a
particular transfer skill, which requires efficient muscle control of the lower extremities,5!
to shift the center of mass forward and upward to rise the body from sitting to upright
position.828 The compensation strategy adapt to musculoskeletal disorder may change
the joint coordination of lower extremities during sit-to-stand. The previous study has
reported that the range and velocity of the hip movement during sit-to-stand reduced in
patients with low back pain because of compensatory responses to pain.®* Patients with
myelopathy may have impaired motor control and proprioception in the lower extremities.
They may need greater contribution from the hip joint (more related in ML stability) to

maintain postural steadiness. In addition, the sit-to-stand performance may also be
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affected by other factors, such as sensorimotor function, balance control, and

psychological status®, which may cause fair correlation with upright postural control.

Ordinal variables

The upright postural stability decreased when score of mJOA-MDLE increased.
In this evaluation, the participants were scored regarding to their ability of walking
without aids, walking up/down stairs or walking pattern based on their walking
performance. The ability of upright postural control is critical for successful performance

of daily activities, including ambulation and transferring activities.®

The upright postural stability decreased when Nurick score decreased. The
participants were scored regarding to the sign of spinal cord dysfunction, walking ability
during working, ability to walk without aids and ability to stand upright. Nurick scale is
used to assess the ability of ambulation, full-time employment and doing housework.
Previous studies demonstrated that the instable postural control was related to poor
socioeconomic conditions.8” Therefore, our findings showed the Nurick score is

postulated to be related to upright postural control in all standing position.

The mJOA-MDLE and Nurick scale are considered to be used to classify the
severity of patients in myelopathy. Using Nurick scale to classify postural stability of
patients with myelopathy showed more distinguishable results when compared to using
mJOA-MDLE, especially in eyes-closed condition. The patients with myelopathy may
tend to have instable postural control without vision input due to sensorimotor
impairment in lower extremities. Hence, Nurick scale was more appropriate to be used in

classification in postural stability for patients with myelopathy.
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Group Comparisons in Upright Postural Control

The myelopathy group with Nurick score ‘0 or 1’ showed significant increased
95% confidence ellipse area, range-AP and, RMS distance-AP in narrow stance with
eyes-closed compared to radiculopathy and age-matched control groups. The ML postural
stability, which is related to hip control,*® did not significantly deteriorate in the
myelopathy group with Nurick score ‘0 or 1’ (mild myelopathy). The spinal cord
compression might have cause more impairment to the muscle control of ankle

dorsiflexor/plantarflexor than hip abductor/adductor.

The study finding implied that the mild myelopathy group may appear postural
instability in narrow stance, but not in natural stance. During neutral stance, the postural
control mostly relied on passive stiffness of the legs-pelvis complex with less active
neural control,*3% je. lower extremity muscles were activated in larger magnitude
during narrow stance compared with neutral stance.® The patients with myelopathy may
have delayed muscle activation in tibialis anterior if the lateral corticospinal tract was
compressed.®! Hence, the postural control of patients with myelopathy become instable
in AP direction due to inefficient motor control on the distal end of lower limbs during

narrow stance.

The study results also indicated that patients in myelopathy group with Nurick
score ‘2 or 3’ (severe myelopathy) showed instable upright postural control compared to
radiculopathy and age-matched control group in both AP and ML direction. This finding
may suggest that the compression on spinal cord of myelopathy group with Nurick score

2 or 3° were more severe than with Nurick score ‘0 or 1°. Therefore, the muscle control
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of both ankle dorsiflexor/plantarflexor and hip abductor/adductor may be impaired in

severe myelopathy group.

Besides, the postural instability of severe myelopathy group also decreased in the
most of conditions except in neutral stance with eyes-open compared to other participants.
This study finding may suggest that the proprioception of the severe myelopathy group
may be impaired, as the postural stability decreased with diminished visual input and
reduced base of support. The sensorimotor impairment secondary to cord compression,
which included impaired proprioception in lower extremities, may weaken the passive
stiffness of legs-pelvis complex®2! in standing. The transmission of nerve impulse in the
corticospinal tract may be impaired or delayed, consequently affect the active ankle
control.®® The previous study reported that increased sway was correlated with delayed
latency of ‘antagonist reaction’ between tibialis anterior and soleus.! Thus, the severe

myelopathy group may have inefficient upright postural control.

Overall, the RMS distance-AP in narrow stance during eyes-closed (RSCE) was
the best COP variables to identify the myelopathy patients. All the patients with
myelopathy of this study had notably less stable postural control compared to other
participants corresponding to 95% confidence ellipse area, range-AP and RMS distance-
AP in RSCE condition. However, 95% confidence ellipse area can be affected by COP
displacement to ML direction; RMS distance-AP may give misleading information if
participants swayed forward-backward abruptly during standing. Besides, the RMS
distance of COP is related to the effectiveness of, or the stability achieved by the postural
control system.*® The RMS distance-AP provide more holistic results with quadratic
mean of COP displacement in AP direction for standing trial. Lastly, postural stability
was not distinguishable statistically between radiculopathy group and age-matched
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control group. The cervical radiculopathy is associated to nerve root compression, which

is more relevant to the signs and symptoms of the upper limb function.®

Clinical Relevance

This study denoted that the upright postural control may partially reflect clinical
functional outcomes, or vice versa. The Nurick scale can be used as a screening tool for
the assessment of postural stability and for the evaluation of the intervention effect in
patients with myelopathy. The patients with high Nurick score are recommended to have
standing balance assessment on force platform for further understanding of sensorimotor
deficit. Besides, using force platform to evaluate postural stability may be an easy way in
a clinical and rehabilitation setting®® to distinguish severity of myelopathy. The RMS
distance-AP was suggested to be the most representative COP variable for identifying

patients with myelopathy.

Limitation and Future Studies

Our study has several limitations. First, the participants may have minor
psychosocial problems which may not be detected in the short-time assessment periods.
The participants might not honestly enlighten their real condition. This might affect the
credibility of subjective assessment results. Second, this study was only limited to the
participants whom were able to stand without support. The patients with walking aids

who could not stand for one minute were excluded in this study. Therefore, the results
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were not generalized to all patients with myelopathy because more severe patients, such

as patients with wheelchair, were not included.

This study illustrated the static balance of patients with myelopathy. Thus, the
future studies should incorporate dynamic balance of patients with myelopathy, such as
walking and postural perturbation. Besides, the advanced biomechanical studies for the
static and dynamic balance should be conducted to identify the postural control
mechanism for patients with myelopathy. For example, the change of angles between
COP and center of mass, and comprehensive electromyography in lower extremity

muscles should be further investigated.

5.2 Experiment 2

The first aim of this study was to investigate the changes of functional activities
and upright postural control of patients with myelopathy after cervical decompression
surgery. The finding suggested the improvement appeared in functional outcomes (NDI
and JOACMEQ-lower extremity function) and in upright postural control with visual
input. However, compared to healthy age-matched control, the upright postural control

of myelopathy group was less stable both before and after surgery.

The second aim of this study was to determine the internal and external
responsiveness characteristic of COP variables to decompression surgery. The postural
control variables in AP direction were more responsive to reflect the important change
after 1 year of surgery compared to ML direction. However, the minimally clinically
importance difference (MCID) could not be determined for COP variables as the change
of score in each question in JOACMEQ-lower extremity function as anchor by receiver
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operating characteristic (ROC) curve analysis. The exception was the 95% confidence
ellipse area, range-AP, range-ML and RMS distance-ML in eyes-closed stance at
postoperative 3 months with first question of JOACMEQ-lower extremity function as

anchor when COP variables were dichotomized to “worsen” group and ‘“non-worsen”

group.

Functional Outcomes after Surgery

The subjective functional assessments for this study were NDI and JOACMEQ-
lower extremity function. The NDI score, which is related to neck pain, improved at 1
year postoperatively and showed consistency with previous studies using numerical
rating scale® and ND1.%® The JOACMEQ-lower extremity function score did not improve
immediately after surgery but demonstrated the improvement at 1 year postoperatively as
previous studies using Nurick score.®*%® However, the objective functional assessment,
i.e. 10 second step test, did not show significant improvement after surgery. The
movement in 10 second step test may relied on the loading and unloading of lower
extremities in the ML plane by hip abductor/adductor.®® In our study, the patients with
myelopathy showed AP postural control impairment. Thus, the 10 second step test may

not reflect the recovery in these patients.

Upright Postural Control Before and After Surgery

The upright postural control gradually improved in patients with myelopathy at 6
months and 1 year postoperatively. The slow healing of the injured neural tissues in spinal
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cord may cause the delayed improvement of upright postural control at the early stage of
postoperative phase. Previous animal study about spinal cord injury reported that
sprouting of corticospinal tract fibers occurred between 3 weeks and 3 months after injury,
with penetration of the axons of this tract into the lesion matrix occurring over a long
period of time.%? Besides, patients were usually asked to wear neck collar, which limited
the neck movement for the first three months after surgery. The patients may also become
inactive postoperatively due to postoperative fear of movement at early 3 months.* Thus,
the improvement of postural steadiness started after termination of the immobilization
phase. Postoperative motor re-learning and balance training should be initiated before 6
months to accelerate the recovery in postural control. Patients with shorter time between
symptom onset and rehabilitation are expected to achieve better improvement in

functional outcomes.®*

The upright postural control gradually was improved in patients with myelopathy
in eyes-open condition but not in eyes-closed condition. The sensorimotor impairment
should be considered, as the ascending (sensory) and descending (motor) fibers in spinal
cord may be injured or damaged after chronic compression.3! Patients with myelopathy
may be more mobile and active in daily functional with upright position in eyes-open
condition. To maintain postural stability, various sensory input may be reweighted by the
CNS.%9 In this study, the visual input may outweigh the proprioceptive input of lower
extremities to regulate postural control in patients with myelopathy during eyes-open
stance.>’* The delayed recovery of proprioception may increase postural sway of patients
with myelopathy during eyes-closed stance.%® Impaired proprioception could trigger
inefficient sensory integration for upright postural control. Proprioception impairment

may decrease sensory information about external environment and internal state of the

48

d0i:10.6342/NTU201800337



muscle of lower limbs.!” Therefore, the recovery of eyes-closed postural stability of the

patients were delayed postoperatively.

Either before or after decompression surgery, the postural steadiness of patients
with myelopathy (particularly in AP direction) were less stable than healthy age-matched
control in both eyes-open and eyes-closed stance. Several assumptions were suggested to

explain the poor upright postural control in patient in myelopathy:

1. Incomplete recovery of sensorimotor deficit

Firstly, the sensorimotor deficit may not fully recover after 1 year of surgery.
Patients with chronic compressive spinal cord which could trigger pathological change in
spinal cord, particularly in gray matter of corticospinal tract.?? The tissue displacement
secondary to compression on spinal cord may cause changes of viscoelastic properties®®
and internal stress.®” A long period of spinal cord compression may further induce delayed
nerve conduction and more extensive tissue damage, then would impair functional

recovery.®

Decompression surgery was indicated to expanse the transverse area of the
cervical canal for reversible cord injury. The expansion in the spinal canal may facilitate
morphological plasticity of the injured nerve tissues.’” However, various pathological
processes may eventually reduce the viscoelasticity of the cervical spinal cord; thus
reflecting the delay and small degree of gradual expansion of spinal cord.®” The
remodeling duration for spinal cord injury could last for months to years and become
difficult to be predicted.®® The delayed recovery of injured cord tissues may impair ankle
dorsiflexor and plantarflexor control in upright standing, which are responsible to AP

balance control.’8%

49

d0i:10.6342/NTU201800337



2. Irreversible damage of the spinal cord

Secondly, some patients with myelopathy may sustained irreversible damage on
part of spinal cord,*® particularly on corticospinal tract. The severe compression on spinal
cord may lead to permanent destruction on cord nerve tissues. The decompression
surgical outcomes was indicated to be affected by the severity of histological change

secondary to spinal cord compression.*?1% The histological changes, such as gliosis,'®

demyelination,'® or microcavities,'® necrosis,**1%2 myelomalacia®®*1%? or spongiform
change!®1%2 of neuronal cells may be caused by severe spinal compression or repetitive

microtrauma in spinal cord.'%

The irreversible pathological change in spinal cord would lead to permanent
impairment in proprioception of lower limbs and in control of distal muscles (such as
tibialis anterior). Thus, the patients’ recovery may not in further progress at 1 year
postoperatively. The sensory integration may be improved after decompression surgery

but later the recovery was halted by the permanent damage on some of neuronal cells.

3. Cortical reorganization and sensorimotor network plasticity

Thirdly, the cortical reorganization and sensorimotor network plasticity before
and after surgery may retard the recovery of upright postural control to level of healthy
age-matched control, particularly in eyes-closed condition. Previous study of brain
functional MRI suggested that the intrinsic functional plasticity in the sensorimotor
network of patients with myelopathy become responsive to the insufficient sensory and
motor experience® due to prolong motor conduction impairment. This phenomenon may
be adaptive mechanism followed by the loss of afferent sensory conditions, which
attributed to the inefficient funneling of neural processing under decreased sensory
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impulse conduction.%

The improvement of postural control may denote that the cortical reorganization
was triggered!®>1% since the decompression surgery terminate the chronic or repetitive
injury mechanism in corticospinal tract on spinal cord. Surgical decompression may
induce cortical reorganization by allowing recovery of conduction in injured and
reversible damaged axons.'% This may result in growing cortical activation (recruitment)
or reduced extent of cortical activation (focusing), depending on the availability of
cortical neuron pools and the ability of existing corticospinal projections to activate spinal
motor pools.!® The plasticity of sensorimotor network in brain may facilitate

postoperative recovery of postural control in participants with myelopathy.

However, the patients with decompression surgery may have fear of falling or
perceived lack of stability as they were adapted to previous compensatory strategy as
‘safer way’ to move.*? The patients with lumbar spinal fusion in previous studies may
reduce distance to reach forward due to fear avoidance.'%1% This may cause them stand
in a compensatory pattern, even when sensorimotor spinal pathway was recovering.
Previous studies implied that recovery of ankle dorsiflexion!® were associated with
change toward normal control in cerebral activation pattern. Consequently, the cortical
reorganization of the patients toward normal may be delayed due to lack of task-specific

practice, 105109

4. Adaptive or compensatory mechanism in motor function

Lastly, the adaptive or compensatory mechanism are not only occurring in brain,
but also in musculoskeletal system. In patients with cervical myelopathy, the

sensorimotor dysfunction is predominantly related to the local injury of the ascending or
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descending tract fiber'®*!1° in spinal cord. The pathological change in spinal tract may
trigger altered movement strategy in lower extremities to compensate the sensorimotor
dysfunction.* For instance, to maintain postural stability, the delayed antagonist reaction
of tibialis anterior®! may trigger correcting responses of trunk and proximal joint.*> The
habitual compensatory pattern may persist after surgery if the patients have not learned

the correct movement pattern.

Besides, the impairment on ascending and descending pathway in CNS may
induce compensation or adaptation secondary to fatigability after repetitive functional
actitivities.!'® The fatigability with incomplete spinal cord lesion may associated with
muscle properties alteration and poor control, such as-muscle weakness, muscle atrophy
and delayed activation*? in distal end of lower extremities. The patients with myelopathy
may have abnormal muscle co-activation and torque coupling**3!*# of ankle dorsiflexior
and plantarflexor under compensated central and peripheral pathways of motor control
during task in upright posture, such as walking.!*® The compensatory pattern may need
time and practice to reverse back to normal pattern although the injured cord tissue

recovered.

Responsiveness of COP variables

In this study, the internal and external responsiveness of COP variables were
attempted to be determined. No previous study had been done to reveal the responsiveness
COP variables in patients with cervical myelopathy to detect the effect of cervical
decompression surgery. The COP variables of this group of patients did not reflect

obvious change corresponding to the meaningful change determined by distribution
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method. The effect size (ES) and standardized response mean (SRM) of COP variables

ranged from -0.49 to 0.09 for all postoperative phases with preoperative as baseline.

The ES and SRM of the COP variables overall displayed increasing trend from 3
months to 1 year postoperatively. COP is one of the neural controlled variable,’® which
may suitable to evaluate participants with myelopathy in sensorimotor impairment. The
remodeling of injured nerve tissues may need longer time compared to other soft tissue
injury.® This may suggest that COP variables would be more responsive in long-term

evaluation for surgical effect on the neurological impaired patients.

The range and RMS distance in AP direction demonstrated the highest ES and
SRM at 1 year postoperatively. These results also could be caused by the pathophysiology
of cervical myelopathy. The patients with myelopathy commonly sustained the
compression injury on corticospinal tract.!*® The corticospinal tract is motor pathway for
movement of the distal end of lower extremities, which is associated to ankle control for
postural stability in AP direction.” Therefore, the postural sway of AP direction would

be more obviously change also compared to ML direction.

We had attempted to determine minimally clinically importance difference
(MCID) of COP variables by ROC curve as the change of JAOCMEQ-lower extremities
function was set as anchor. MCID of 95% confidence ellipse area, range-AP, range-ML
and RMS distance in ML direction during eyes-closed stance were able to be determined
as change of first question of the JOACMEQ-lower extremity function as anchor,*® which
was associated to ambulation on flat surface at only 3 month postoperatively. However,
most of MCID for COP variables could not be determined at 3 month, 6 month and 1 year

postoperatively if other questions were set as anchor. The results reflected that the
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question of JOACMEQ-lower extremity function may not suitable as anchors for
determining MCID of COP variables. The multiple selection for answer in the questions
of JOACMEQ may display high variability to reflect improvement or worsening in

upright postural control.

Although human walking is essential to move body forward, but patients’
perception only allows MCIDs related to side-by-side trunk control to be determined.
ROC analysis need external outcome criterion,*® which is based on what the patients
figure out. Regarding to Figure 12, the participants with myelopathy have less stable
postural control in AP direction than in ML direction, either preoperatively or after
postoperatively. The patients may more depend on postural control in ML, which was
controlled by more proximal segment'!? from ankle to compensate the AP control
dysfunction. They may be more sensitive to the change of ML postural control as this can

affect their postural stability.

Clinical Relevance

This study revealed the progression of functional outcomes and upright postural
control until postoperative 1 year. The finding of this study provides biomechanical
evidence of postural control after decompression surgery. Besides, the incomplete
recovery of upright postural control indicates a theoretical evidence that postoperative
rehabilitation should be launched at 3 months. The motor re-learning program and
customized balance training should be introduced in the postoperative rehabilitation as
soon as possible. The standing balance assessment should be conducted for long-term

follow-up, as the postural control would indicate recovery of sensorimotor function.
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Therefore, COP variables can be used for objective examination of upright postural

control for patients with myelopathy in clinical setting.

Limitation and Future Studies

Our study has several limitations. First, the lifestyles and the exercise habits of
our participants were not fully under control after decompression surgery. The
participants may live in remote area from our hospital and only seek for consultation and
attend to our follow-up assessment regarding given appointment time. This may cause
high variability of patients in postoperative recovery. Second, the participants with minor
psychosocial problems may not provide real information during assessments with
questionnaires. Third, our control group was not followed-up till 1 year. Thus, the aging

effect of control group within one year could not excluded in this study.

The current study only investigated the static balance in neutral stance. The future
study should include challenging balance position, such as narrow stance and tandem
stance, to obviously reveal the proprioception recovery. Besides, the future studies should
incorporate dynamic balance of patients with myelopathy, such as walking and postural
perturbation. Furthermore, the advanced biomechanical studies for the static and dynamic
balance should be conducted to identify the postural control mechanism for patients with
myelopathy postoperatively. For instance, the angle between COP and center of mass,
kinetic and kinematic analysis, as well as comprehensive electromyography on head,
trunk and lower extremities, may provide further information about change of mechanism

of postural control after surgery.
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Chapter 6 Conclusion

In conclusion, the functional assessments, including JOACMEQ-lower extremity
function, foot taping test, 5-times-sit-to-stand test and 10 second step test, were fairly
correlated with upright postural control, typically in AP direction. This may be results
from the corticospinal tract dysfunction, which may impair ankle control in upright
postural stability. Compared to modified Japanese Orthopaedic Association (JOA) scale-
motor dysfunction of lower extremities, the Nurick scale was suggested to be more
suitable to classify the severity of postural instability in patients with myelopathy. The
upright postural control of myelopathy group with higher Nurick score was less stable
than non-myelopathy group. In general, the COP variables can differentiate between the
patients with myelopathy and age-matched control in eyes-closed narrow stance. The
RMS distance-AP was suggested to be most representative COP variable for identifying

patients with myelopathy.

In addition, the functional outcomes overall were improved after the cervical
decompression surgery. The postoperative improvement of upright postural control was
only during eyes-open stance. The upright postural control in patients with myelopathy
were less stable than healthy age-matched control. These results may be caused by
incomplete recovery of cervical spinal cord injury, permanent damage on spinal cord cell,
on-going cortical reorganization and musculoskeletal adaptation change of patients with
decompression surgery. The biomechanical parameter such as COP can reflect the long-
term change of upright balance control after decompression surgery. The distribution-
based responsiveness characteristic demonstrated highest responsiveness at 1 year

postoperatively. At the same time, the external responsiveness of COP variables was
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difficult to be determined with either improved or worsen JOACMEQ-lower extremity

function as anchor.
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Table 1 Descriptive characteristic and functional outcomes of the participants.

Age-matched

p value

Myélrgﬂzthy Radicc;:LrJ(IJ(l)Jgathy Control
Group
Subject Number (male: female) 63 (45:18) 24 (12:12) 19 (4:19) v
Age (years) 58.34 + 9.16 50.08 + 7.62 58.16 + 8.06 0.924
Height (m) 1.64 + 0.08 1.62 * 0.07 161 * 0.07 0.170
Weight (kg) 68.89 + 11.42 63.97 *+ 8.99 63.05 * 10.66 0.064
BMI (kg/m?) 2549 + 331 2426 * 2.76 2434 + 371 0.234
Functional Outcomes
NDI (%) 19.92 + 19.27 25.68 * 19.88 NA 0.210
JOACMEQ-lower extremity function 83.40 + 21.44 90.91 * 13.67 NA 0.247
mJOA-MDLE 5.87 + 111 6.83 * 0.48 NA <0.001*
Nurick Scale 1.44 + 0.86 0.17 * 0.48 NA <0.001*
Foot Taping (repetition/10 secs) 2459 * 6.14 2536 * 528 NA 0.890
5-times-sit-to-stand Test (secs) 9.85 + 3.37 891 * 148 NA 0.144
10 Seconds Step Test (steps/10 secs) 6.16 + 1.70 6.80 * 0.99 NA 0.115

*Statistical significance between groups (p < 0.05).

BMI: body mass index; NDI: Neck Disability Index; JOACMEQ: Japanese Orthopaedic Association Cervical Myelopathy Evaluation
Questionnaire; mJOA-MDLE: modified Japanese Orthopaedic Association scale-motor dysfunction of lower extremity; NA: not available
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Table 2 Correlation between COP variables and functional assessments in myelopathy group (n = 63).

NDI Lgvzgcexigwity Foot Taping Test 5-;21”(;;-;2;0- 3N Seic;r;? Step
Standing unction
Variables Condition r p r p r p r p r p
95% OF 0.188 0140 -03447 0006  -0218 0086 0310~ 0013 -0.248* 0.050
Eﬁ:’;;gexfeea CE 0147 0251 -0.496' <0.001 -0.287* 0.023 0307* 0014 -0.267* 0.034
(mm? RSOE 0.144 0260 -038" 0002 -0111 0386 0169 0187 -0.239  0.059
RSCE 0.188 0140 -0421' 0001  -0.167 0190 0265¢* 0036 -0.145 0.256
Mean OF 0.001 0992 -0.275* 0.029 -0.255* 0044 0181 0155 -0.271* 0.031
z/rre"'rg/cs')ty CE 0.07L 0578 -0.409' 0001 -0.264* 0037 0233 0066 -0.227 0.073
RSOE 0032 0801 -0.300+ 0017 -0170 0183 0025 0847 -0177 0.165
RSCE 0031 0811 -038" 0002 -0172 0178 0163 0202 -0.167 0.192
Range-AP  OF 0.237 0062 -0392" 0002 -0096 0455 0195 0126 -0.219 0.085
(mm) CE 0137 0283 -0517" <0001 -0.271* 0032 0308 0014 -0.338" 0.007
RSOE 0.104 0419 -0.252* 0046  -0013 0918 0148 0248 -0.193 0.129
RSCE 0158 0215 -0.442' 0000 -0175 0170 0242 0056 -0.177 0.166
Range-ML  OF 0.121 0344 -0305*~ 0015 -0240 0058 0298* 0018 -0.245 0.053
(mm) CE 0.089 0489 -0477" <0.001 -0.276* 0.029 0255%* 0044 -0.229 0.072
RSOE 0112 0384 -0376' 0002 -0159 0215 0142 0266 -0.242 0.056
RSCE 0115 0371 -0.364f 0003 -0117 0360 0156 0223 -0.055 0.669
RMS OE 0.245 0053 -0.292* 0020 -0121 0346 0206 0106 -0.204 0.110
?r‘;z;‘ce‘Ap CE 0208 0102 -0.487" <0.001 -0276* 0.029 0301* 0017 -0.292* 0.020
RSOE 0157 0219 -0.282* 0025 0033 0799 0099 0438 -0.160 0.210
RSCE 0.188 0141 -0427" 0000 -0163 0202 0247 0051 -0.155 0.226
RMS OE 0.088 0492 -0.296* 0018 -0.251* 0048 0304* 0016 -0.223 0.079
?;f:g;‘ce'ML CE 0105 0412 -0465' <0.001 -0.263* 0.038 0.290* 0021 -0.228 0.073
RSOE 0.096 0454 -0399" 0001  -0206 0105 0211 0097 -0.288* 0.022
RSCE 0128 0317 -0373' 0003 -0132 0304 0213 0093 -0.124 0.335

* Statistical significance for 2-tailed correlation (p < 0.05).
+ Statistical significance for 2-tailed correlation (p < 0.01).

NDI: Neck Disability Index; JOACMEQ: Japanese Orthopaedic Association Cervical Myelopathy Evaluation
Questionnaire; OE: eyes-open in neutral stance; CE: eyes-closed in neutral stance; RSOE: eyes-open in narrow stance;

RSCE: eyes-closed in narrow stance; AP: anteroposterior; ML: mediolateral; RMS: root mean square
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Table 3 Comparison COP variables among myelopathy with Nurick score 0 or 1°, radiculopathy
group and age-matched control group.

Age-matched

Myelopathy Radiculopathy Control % vaFI)ue
Standing (n=33) (n=24) (0=19)  value
Variable Condition Mean (SD) Mean (SD) Mean  (SD)
95% OE 108.16 (106.45) 147.66 (116.64) 88.42 (83.41)  3.633 0.163
gﬁ:‘g;ge/'lﬁga CE 157.24 (160.62) 144.97 (155.41) 119.35 (108.43) 1.009 0.604
(mm?) RSOE 332.66 (196.11) 287.00 (196.74) 239.47 (143.38) 4.202 0.122
RSCE 963.19 (599.24) 660.46 (393.70) 551.10 (248.57) 6.603 0.037*
Mean OE 6.40 (2.29) 651 (1.80) 612 (166)  0.760 0.684
zﬁ:ﬁ/‘:s')ty CE 1179 (6.31) 9.45 (3.18) 861 (249) 2046 0.360
RSOE 1301 (4.18) 10.63 (3.02) 10.89 (2.93) 5454 0.065
RSCE 2547 (10.43) 2121 (6.79) 1911 (4.70) 4548 0.103
Range-AP  OE 17.41  (4.90) 18.39 (6.08) 1524 (497)  3.158 0.206
(mm) CE 2622 (1251) 2099 (6.77) 1981 (6.89) 3568 0.168
RSOE 20.42 (7.82) 19.79  (9.20) 15.85 (4.60) 5364 0.068
RSCE 3473 (13.24) 2867 (10.46) 2582 (6.97)  7.996 0.018*
Range-ML  OE 8.32 (7.64) 10.57 (7.36) 8.46 (4.62) 1477 0478
(mm) CE 7.99 (4.08) 8.79 (5.49) 8.06 (4.34) 0215 0.898
RSOE 2238 (7.33) 19.75  (6.29) 2064 (7.48) 2571 0.276
RSCE 36.67 (1157) 3342 (12.08)  31.02 (1049) 2.827 0.243
RMS OE 356 (0.93) 376 (1.12) 296 (110)  6.146 0.046*
?;f}%‘ce‘AP CE 515 (2.54) 4.08 (1.28) 3.86 (1.25) 3.879 0.144
RSOE 406 (L.77) 3.65 (1.35) 315 (1.09) 6246 0.044*
RSCE 6.76 (2.60) 526 (1.63) 508 (154) 8233 0.016*
RMS OE 1.74  (1.69) 2.04 (1.31) 159 (0.91) 1255 0.534
ﬁjlsia(r;ﬁ;) CE 1.50 (0.76) 1.72 (1.14) 157 (1.07) 0.484 0.785
RSOE 430 (152) 3.99 (1.24) 150 (150) 0914 0.633
RSCE 7.07 (2.42) 6.28 (2.04) 579 (176) 3641 0.162

*Statistical significance (p < 0.05) between groups.

+Statistical significance (p < 0.01) between groups.

SD: standard deviation; OE: eyes-open in neutral stance; CE: eyes-closed in neutral stance;
RSOE: eyes-open in narrow stance; RSCE: eyes-closed in narrow stance; AP: anteroposterior;
ML.: mediolateral; RMS: root mean square
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Table 4 The pairwise comparisons of COP variables between two groups among myelopathy group

with Nurick score "0 or 1°, radiculopathy group and age-matched control.

Myelopathy vs. Myelopathy vs. Radiculopathy vs.
Radiculopathy Control Control
Standing  Effect U p Effect U p Effect U p
Variable Condition size  value value size value value size  value value
95% OE -3.75 31500 0.190 2.00 265.00 0.357 586 156.00 0.078
Confidence CE 0.98 369.00 0.663 3.20 261.00 0318 221 20500 0.574
Ellipse RSOE 325 31200 0175 7.03 21300 0.056 3.62 198.00 0.463
,(Areaz) RSCE 13.43 289.00 0.084 19.11 185.00 0.015* 6.02 201.00 0.509
mm
Mean OE -0.08 356.00 0518 0.19 305.00 0.872 0.29 190.00 0.353
Velocity CE 1.05 353.00 0487 144 23700 0.146 049 202.00 0.525
(mm/s) RSOE 124 271.00 0.043 110 217.00 0.067 -0.15 211.00 0.678
RSCE 144 323.00 0.238 222 20800 0.045 0.87 181.00 0.250
Range-AP  OE -0.42 366.00 0.628 098 241.00 0.168 1.33 158.00 0.087
(mm) CE 1.66 309.00 0.160 199 22400 0.089 045 212.00 0.696
RSOE 0.22 333.00 0.309 1.78 191.00 0.020 1.47 178.00 0.221
RSCE 175 279.00 0.059 270 172.00 0.007* 0.95 197.00 0.448
Range-ML OE -0.82 327.00 0.265 -0.05 270.00 0.408 0.85 213.00 0.714
(mm) CE -0.37 372.00 0.698 -0.04 310.00 0.947 033 211.00 0.678
RSOE 1.00 306.00 0.146 0.64 25400 0.258 -0.34 210.00 0.660
RSCE 095 343.00 0.392 1.69 22500 0.093 0.71 197.00 0.448
RMS OE -0.20 365.00 0.616 0.60 206.00 0.041 0.76 133.00 0.020
distance- CE 0.76 302.00 0.129 0.90 223.00 0.085 0.20 210.00 0.660
AP (mm)  RSOE 0.33 309.00 0.160 0.75 189.00 0.018 045 176.00 0.203
RSCE 1.02 255.00 0.023 1.13 182.00 0.012* 0.14 219.00 0.826
RMS OE -0.25 328.00 0.272 0.13 303.00 0.842 043 196.00 0.434
distance- CE -0.22 367.00 0.639 -0.08 305.00 0.872 0.13 198.00 0.463
ML (mm) RSOE 0.26 350.00 0.457 0.29 269.00 0.398 0.03 224.00 0.922
RSCE 053 320.00 0.219 0.87 219.00 0.073 0.36 199.00 0.478

*Statistical significance (p < 0.05/3 after Bonferroni’s adjustment)
SD: standard deviation; OE: eyes-open in neutral stance; CE: eyes-closed in neutral stance;

RSOE: eyes-open in narrow stance; RSCE: eyes-closed in narrow stance; AP: anteroposterior;

ML.: mediolateral; RMS: root mean square
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Table 5 Comparison COP variables among myelopathy group with Nurick score ‘2 or 3’,
radiculopathy group and age-matched control group.

Myelopathy Radiculopathy Age-matched

Control
_ (n =30) (n=24) (n = 19) x? value p value
Standing
Variable  Condition =~ Mean (SD) Mean (SD) Mean (SD)
95% O 20492 (326.73) 14766 (116.64) 8842 (8341) 8349 0015*
Eﬁ:‘;;‘geg‘;sa CE 466.87 (369.99) 14497 (155.41) 119.35 (108.43) 20.917 <0.001'
(mm?) RSOE 51019 (330.45) 287.09 (196.74) 239.47 (143.38) 16.288 <0.001'

RSCE 1578.54 (1220.06) 660.46 (393.70) 551.10 (24857) 18.764 <0.001'

Mean OE 9.28 (5.04) 6.51 (1.80) 6.12 (1.66) 6.720  0.035*
E/n?:r?/csl)ty CE 18.22 (10.70) 9.45 (3.18) 861 (249)  27.686 <0.001
RSOE 14.89 (5.29) 1063 (3.02) 1089 (2.93)  13.173 0.001*
RSCE 31.60 (12.480 21.21 (6.79) 19.11 (470)  20.311 <0.001
Range-AP  OE 24.89 (15.00) 18.39 (6.08) 1524 (4.97) 6.327  0.042*
(mm) CE 39.35 (17.87) 20.99 (6.77) 1981 (6.89)  26.255 <0.001f
RSOE 25.35 (9.76) 19.79 (9.20) 1585 (4.60)  16.072 <0.001f
RSCE 45.05 (19.20) 28.67 (10.46) 2582 (6.97)  18.187 <0.001'
Range-ML  OE 1559 (11.99) 1057 (7.36) 8.46 (4.62) 4835 0.089
(mm) CE 17.65 (9.53) 8.79 (5.49) 8.06 (4.34)  19.116 <0.001f
RSOE 28.18 (7.87) 19.75 (6.29) 2064 (7.48)  17.183 <0.001f
RSCE 49.66 (21.17) 33.42 (12.08) 31.02 (10.49) 12.683 0.002'
RMS OE 478 (2.34) 376 (1.12) 2.96 (1.10) 9.677  0.008'
?;f}f\;‘ce'AP CE 741 (3.30) 408 (1.28) 386 (1.25) 24169 <0.001'
RSOE 4.95 (1.96) 3.65 (1.35) 315 (1.09) 15122 0.001f
RSCE 850 (3.41) 526 (1.63) 508 (154)  21.065 <0.001
RMS OE 3.05 (2.28) 2.04 (1.31) 159 (0.91) 6.333  0.042*
ﬁ/'lslfa(”nﬁfn) CE 3.15 (1.60) 172 (1.14) 157 (1.07)  17.998 <0.001f
RSOE 529 (1.67) 3.99 (1.24) 396 (1.21) 12555 0.002'
RSCE 9.03 (3.98) 6.28 (2.04) 579 (176)  11.979 0.003'

*Statistical significance (p < 0.05) between groups.

+Statistical significance (p < 0.01) between groups.

SD: standard deviation; OE: eyes-open in neutral stance; CE: eyes-closed in neutral stance;
RSOE: eyes-open in narrow stance; RSCE: eyes-closed in narrow stance; AP: anteroposterior;
ML.: mediolateral; RMS: root mean square
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Table 6 The pairwise comparisons of COP variables between two groups among myelopathy group
with Nurick score "2 or 3', radiculopathy group and age-matched control.

Myelopathy vs.

Myelopathy vs.

Radiculopathy vs.

Radiculopathy Control Control
Standing  Effect U p Effect U p Effect U p
Variable  Condition size  value value size  value value size value value
95% OE 9.63 271.00 0.121 13,51 155.00 0.008* 5.86 156.00 0.078
Confidence CE 19.41 141.00 <0.001* 21.16 98.00 <0.001* 2.21 205.00 0.574
Ellipse RSOE 13.54 178.00 0.002* 16.83 112.00 <0.001* 3.62 198.00 0.463
Area RSCE 31.41 170.00 0.001* 35.28 94.00 <0.001* 6.02 201.00 0.509
(mm?)
Mean OE 1.46 260.00 0.082 1.63 167.00 0.015* 0.29 190.00 0.353
Velocity CE 3.23 111.00 <0.001* 350 68.00 <0.001* 0.49 202.00 0.525
(mm/s) RSOE 2.06 180.00 0.002* 191 142.00 0.003* -0.15 211.00 0.678
RSCE 3.29 167.00 0.001* 4.05 87.00 <0.001* 0.87 181.00 0.250
Range-AP OE 1.95 298.00 0.280 2.89 170.00 0.018 1.33 158.00 0.087
(mm) CE 510 113.00 <0.001* 5.29 76.00 <0.001* 0.45 212.00 0.696
RSOE 1.80 203.00 0.006* 3.40 101.00 <0.001* 1.47 178.00 0.221
RSCE 4,18 169.00 0.001* 5.05 101.00 <0.001* 0.95 197.00 0.448
Range-ML OE 1.59 259.00 0.079 2.35 192.00 0.056 0.85 213.00 0.714
(mm) CE 3.18 147.00 <0.001* 3.49 109.00 <0.001* 0.33 211.00 0.678
RSOE 3.14 145.00 <0.001* 2.71 132.00 0.002* -0.34 210.00 0.660
RSCE 3.92 201.00 0.006* 451 132.00 0.002* 0.71 197.00 0.448
RMS OE 0.76 294.00 0.251 1.33 145.00 0.004* 0.76 133.00 0.020
distance- CE 2.15 126.00 <0.001* 2.24 82.00 <0.001* 0.20 210.00 0.660
AP (mm) RSOE 1.00 194.00 0.004* 142 117.00 0.001* 045 176.00 0.203
RSCE 2.00 136.00 <0.001* 2.08 100.00 <0.001* 0.14 219.00 0.826
RMS OE 0.74 261.00 0.085 1.11 170.00 0.018 0.43 196.00 0.434
distance- CE 1.21 153.00 <0.001* 1.33 116.00 0.001* 0.13 198.00 0.463
ML (mm) RSOE 1.07 183.00 0.002* 1.09 146.00 0.004* 0.03 224.00 0.922
RSCE 155 212.00 0.010* 1.83 131.00 0.002* 0.36 199.00 0.478

*Statistical significance (o < 0.05/3 after Bonferroni’s adjustment)
SD: standard deviation; OE: eyes-open in neutral stance; CE: eyes-closed in neutral stance;
RSOE: eyes-open in narrow stance; RSCE: eyes-closed in narrow stance; AP: anteroposterior;
ML.: mediolateral; RMS: root mean square
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Table 7 Descriptive characteristic of myelopathy group with surgery and healthy age-matched

control group.

Myelopathy Age-matched p value
Group Control Group

Subject Number (Male: Female) 53 (40:13) 22 (6:16) -
Age (years) 5550 + 9.63 56.41 + 9.66 0.861
Height (m) 1.65 + 0.08 1.62 + 0.07 0.087
Weight (kg) 68.73 * 11.28 63.32 + 9.90 0.054
BMI (kg/m?) 25.19 * 3.33 2424 + 3.32 0.268
Surgical Method

ACDF 24 NA

Laminoplasty 15 NA

Arthroplasty 1 NA

ACDF + Arthroplasty 12 NA

Other 1 NA

BMI: body mass index; ACDF: anterior cervical discectomy and fusion; NA: not available
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Table 8 Responsiveness of COP variables determined by distribution method.

Standing Post-op 3 months Post-op 6 months Post-op 1 year
Variab|es Cond|t|0n ES SRM SEM MDD95 ES SRM SEM MDDQS ES SRM SEM MDDQS
95% Confidence OE -0.10 -0.09 96.92 26864 -0.30 -0.34 5332 14779 -029 -0.33 4731 13112
Ellipse Area (mm?) CE -0.19 -032 11898 329.78 -0.12 -0.10 19529 54131 -0.27 -0.35 8854 24541
Mean Velocity OE 021 -0.22  1.28 355 -030 -039 086 238 -031 -044 090 249
(mm/s) CE -0.15 -0.33  2.88 798  -0.19 -038 237 656 -017 -026 227  6.28
Range-AP (mm) OE 017 -016  7.92 21.94 -029 -030 576 1595 -040 -049 496 13.76
CE -0.20 -0.29 1114 3089 -0.22 -0.26 1012 2806 -0.27 -0.35 722  20.02
Range-ML (mm) OE -0.02  -0.02 425 11.79  -023 -026  2.62 726 -020 -023 205 569
CE -0.20 -0.24 267 740 -025 -029 275 761 -026 -029 261 @ 7.24
RMS distance-AP OE -0.19 -0.18 154 426 -036 -038 121 336 -040 -047 116  3.23
(mm) CE -0.24 -034 167 464 -016 -016 197 546  -026 -034 126  3.49
RMS distance-ML OE 0.03  0.03 0.65 181 -025 -031 0.39 1.09 -012 -013 047 1.31
(mm) CE -0.12 -0.14  0.50 138 -016 -0.17  0.56 156  -020 -0.22 049 1.37

ES: effect size; SRM: standardized response mean; SEM: standard error of measurement; MDDgs: minimal detectable difference on 95%
confidence interval; OE: eyes-open on neutral stance; CE: eyes-closed on neutral stance; AP: anteroposterior; ML: mediolateral;
RMS: root mean square
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Table 9 ROC analysis of COP variables for postoperative 3 months with dichotomization to “worsen” group vs. “non-worsen” group

when the first question of JOACMEQ-lower extremity function was used as the anchor (total n = 31).

95%
Standing Area under Confidence Cutoff point
Variables condition ROC curve interval p value (Sensitivity, Specificity)

95% confidence ellipse area OE 0.712 0.468-0.965 0.078 -
(mm?) CE 0.832 0.000-1.000 0.006* 24.671 (0.750,0.870)
Mean Velocity (mm/s) OE 0.565 0.312-0.818 0.588 -

CE 0.690 0.459-0.921 0.114 -
Range-AP (mm) OE 0.587 0.345-0.829 0.470 -

CE 0.745 0.525-0.954 0.042* 5.615 (0.500,0.957)
Range-ML (mm) OE 0.620 0.375-0.865 0.321 -

CE 0.826 0.000-1.000 0.007* 3.156 (0.750,0.913)
RMS distance-AP (mm) OE 0.565 0.338-0.793 0.588 -

CE 0.723 0.519-0.927 0.064 -
RMS distance-ML (mm) OE 0.652 0.413-0.891 0.206 -

CE 0.799 0.380-1.000 0.013* 0.592 (0.750,0.913)

*Statistical significance (p < 0.05)

OE: eyes-open on neutral stance; CE: eyes-closed on neutral stance; AP: anteroposterior; ML: mediolateral; RMS: root mean square
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Assessed for eligibility
(n =161)
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criteria (n = 55)
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Myelopathy group
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Age-matched
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(n=19)

Figure 1 Allocation participants to myelopathy, radiculopathy and age-matched control

group.
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Assessment for eligibility

$

Experimental explanation & consent form signing

¥

Allocation of participants

|

b |

Myelopathy/Radiculopathy Group

Age-matched Control Group

o

o

Data collection

Data collection

Functional Standing Balance
Assessments Assessment
NDI Neutral Stance in

JOACMEQ - lower
extremities function
mJOA-MDLE

Nurick Scale

Foot Taping Test
5-times-sit-to-stand
Test

10 Second Step Test

Eyes Open (OE)
Neutral Stance in
Eyes Closed (CE)
Narrow Stance in
Eyes Open (RSOE)
Narrow Stance in
Eyes Closed (RSCE)

Figure 2 Flowchart of the assessment in Experiment 1.

NDI: Neck Disability Index; JOACMEQ: Japanese Orthopaedic Association Cervical
Myelopathy Evaluation Questionnaire; mJOA-MDLE: modified Japanese Orthopaedic
Association scale-motor dysfunction of lower extremity
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~— — & narrow
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(CE) Force platform

(Kistler, Switzerland)

Figure 3 Standing trials in Experiment 1.

77

d0i:10.6342/NTU201800337



[ Enrollment ]

Assessed for eligibility

(n =147

Excluded (n = 65)
¢ Not meeting inclusion criteria

" (n=96)

Recruitment (n=83)

S

Allocation

\4

Allocated to myelopathy group (n = 63)
¢ Received cervical decompression
surgery

Allocated to control group (n = 19)

| (

Follow-Up

Lost to follow-up (n = 0)

Analysis

Analysed (n = 63)

Figure 4 Flowchart of participant recruitment in Experiment 2.
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Assessment for eligibility

Experimental explanation & consent form signing

Allocation of participants

¢

|

Myelopathy Group

Age-matched Control Group

.

.

Data collection
Functional Assessments &

Data collection

Standing Balance Assessment

Standing Balance Assessment .
(Recruitment day)

{Preoperative phase)

.

1% follow-up data collection
(Postoperative 3 months)
2" follow-up data collection
(Postoperative 6 months)

.

3 follow-up data collection
(Postoperative 1 year)

Figure 5 Flowchart of the assessment in Experiment 2.
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Data Collection

Functional Standing Balance
Assessments Assessment
JOACMEQ- 10 Eyes Eyes
lower Second
NDI . open closed
extremity Step OF CE
function Test (OE) (CE)

Figure 6 Experimental setup for single session of assessment for myelopathy group.
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Figure 7 Standing trials in Experiment 2.
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Figure 8 The example of ROC curve of RMS distance-ML for determining the MCID at
postoperative 3 months. The cutoff point for MCID was determined based on the point on
the ROC curve closest to the upper left corner (d is the shortest distance between ROC

curve and upper left corner of y-axis).
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Figure 9 COP variables of myelopathy group in different mJOA-MDLE score: (A) 95%
confidence ellipse area, (B) mean velocity, (C) range-AP, (D) range-ML, (E) RMS distance-
AP and (F) RMS distance-ML.

MJOA-MDLE: modified Japanese Orthopaedic Association scale-motor dysfunction of
lower extremity; OE: Eyes-open in neutral stance; CE: Eyes-closed in neutral stance; RSOE:
Eyes-open in narrow stance; RSCE: Eyes-closed in narrow stance

*Statistical significance (p < 0.05) among different scores
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Figure 10 COP variables of myelopathy group in different Nurick score: (A) 95%

confidence ellipse area, (B) mean velocity, (C) range-AP, (D) range-ML, (E) RMS distance-
AP and (F) RMS distance-ML.
OE: Eyes-open in neutral stance; CE: Eyes-closed in neutral stance; RSOE: Eyes-open in
narrow stance; RSCE: Eyes-closed in narrow stance
*Statistical significance (p < 0.05) among different scores
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Figure 11 Comparison of Neck Disability Index (NDI), Japanese Orthopaedic Association
Myelopathy Evaluation Questionnaire(JOACMEQ)-lower extremities function and 10
second step test after 3 months, 6 months and 1 year of surgery (preoperative phase as
baseline).

OM: preoperative phase; 3M: postoperative 3 months; 6M: postoperative 6 months; 1Y
postoperative 1 year

* Significant difference between OM and 1Y (p < 0.05/6 after Bonferroni’s adjustment)

# Significant difference between 3M and 1Y (p < 0.05/6 after Bonferroni’s adjustment)
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Figure 12 Comparison between phases and groups in COP variables during eyes-open
condition (OE) in (A) 95% confidence ellipse area, (B) mean velocity, (C) range-AP, (D)

range-ML, (E) RMS distance-AP and (F) RMS distance-ML.

OM: myelopathy group at preoperative phase; 3M: myelopathy group at postoperative 3
months; 6M: myelopathy group at postoperative 6 months; 1Y: myelopathy group at
postoperative 1 year; Control: age-matched control group

* Significant difference between phases of surgery (p <0.05)

8 Significant difference between myelopathy group and age-matched control group

(p<0.05)
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Figure 13 Comparison between phases and groups in COP variables during eyes-closed
condition (CE) in (A) 95% confidence ellipse area, (B) mean velocity, (C) range-AP, (D)
range-ML, (E) RMS distance-AP and (F) RMS distance-ML.

OM: myelopathy group at preoperative phase; 3M: myelopathy group at postoperative 3
months; 6M: myelopathy group at postoperative 6 months; 1Y: myelopathy group at
postoperative 1 year; Control: age-matched control group

* Significant difference between phases of surgery (p<0.05)

§ Significant difference between myelopathy group and age-matched control group

(p<0.05)
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Appendix 3: FE3% 4 it £ % (Neck Disability Index, NDI)

g8 2 giﬁlé'%%& Ver.1, 2011/12/30

HESHPAETLBRG TARAELERNE B A EROFEBEK > BETHRATATE
BEN - A B —AFEE—EARAEHVELFESRKANEEDX

FAR 1— R R A2 A
(] HRALLRLIZRR -
[l HRALFBREBMBIER -
(] RALH T EREHAIRER -
(] RALEFAMEGREINAINER °
O KRAEFFEFTRENAIAER -
(] RALEHFREA R TRESHHEIER -

KBRS (4o @ BB FRIR)

TR AEE RBERG B EES > ARG HEARERR -
TR—AREBRBENBEES 2 ELARR -

— B RBENB FEHGEELRR  TARLANCHER -
ST AR AR AR B B EE) 2 F B —ukifa o

RARI 0 B FEGARE BRI ARBI A RET AR ©
HEFATER RBE BORLBEHFLERE -

Oooooo i
o

Mra=—dRRRLeTy
(] HRTRRREMARELRR -
(] RTURREMEEELRR
[] RABEFERRE REZAORLEIY B REBEVRELLD ERELAE -
[] BASEIFRRB KEFALOREED) FEoREBITEFESHRRELEI D ERELRE -
[ &AERALREBHYME -
] ek RRAEMIH -

PlRAva — B3R (fho @ R4~ 2E35 > F45-)
L) T R o PTG BISR > R @ &2 £ SRR
] &T o RATRMBE - 129 £ £ B SASTRIE °
[ RT R RATRME 2L P EREYAINRKR -
L] B AR T FRENARR - RRT AR RATFAN B -
L] B ARG E R - AT RERR -
L] #re &b -

KR8 B — SRR IR

L] &KRARIFHER -

(] #ia@&HBMER -

(] s@@eh TERENER -

[l &FEFEHTERENRER -
(] &FFCHMRENHER -
(] #HETF—EARFEERE -

97

d0i:10.6342/NTU201800337



BlAax—itEAh
[ KREZEABHYREEFEESN -
(] REXTDEPEEANEETA —SIRE -
[ RAE-—BR#EFZL2HEFEES -
[ &KABBEZL2HNEFEESN -
[ HIFFTHRER2>HEPEEN -
(1 ®E2&BEEFEEN -

FlRE £ — T4k
[ RAETRATAH R B TAE -
(] HiERETAR—&BH A -
(1 HiERETARRNIE, —#& B F TA4F -
[] #HEETAR KB FIAF-
(] KREF&EHBIETHTAE -
[ RE28BEHAETH T -

FI#E A\ —F &
(] #HMAER > REeELKRR
(] HME—&ERE > e AL BMOBIER -
[] HME—&KREM > eALEFTEREQAIAR -
[] RABHFTEREGER > ATABRFEHRANE -
(] RABEIRERENER > PAUKRTRKAERE
(] #H&xmME -

Fﬁ%ﬂa_ﬁﬁ ER
[ kA& HeERayrizg -

() SESPeh 7R AR A0 THE T R sEoR (3 EMREERY 17t 1 16F) o

() SRRt T4 T RWER (P EEREMA 12 185) -

L1 sa3meysogm b FREN TR T KoK (B FREIRIFME & 2-3 /[ 6) -

(] v som BB oy T4 T ResEm (B EaEmIFp 4 35 16§) -

L] SppeyZom kR R Zey T4 T &9 sEiR (B B BEOR BT ] #) 5-7 1 BF) -

FlAE+ —ARM4R27F S

RAES B E IR R LTS -

RIS EAERH IR LT 2 @R E A H LARR -
B &SRR > BAERES LRI YRR L5 S -
B A IR RIEESE DI OIRM IR LTS
B &SI ISR RS AR AR LTS

K BIE S BET R IR E ) -

ooggn

98

d0i:10.6342/NTU201800337



Appendix4: p * ¥ $#F § ¥ I FRHEF F L (Japanese Orthopaedic
Association Myelopathy Evaluation Questionnaire, JOACMEQ)
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Appendix 5: The Modified Japanese Orthopaedic Association Scale and Grading
of Nurick Scale

TABLE 1. The Modified Japanese Orthopaedic Association Scale

Motor Dysfunction score of the upper extremity

0 — Inability to move hands

1 - Inability to eat with a spoon, but able to move hands

2 — Inability to button shirt, but able to eat with a spoon
3 — Able to button shirt with great difficulty

4 — Able to button shirt with slight difficulty

5 — No dysfunction

Motor dysfunction score of the lower extremity

0 — Complete loss of motor and sensory function

1 — Sensory preservation without ability to move legs

2 — Able to move legs, but unable to walk

3 — Able to walk on flat floor with a walking aid

4 — Able to walk up and/or down stairs with hand rail

5 — Moderate-to-significant lack of stability, but able to walk up and/or down stairs without hand rail

6 — Mild lack of stability but walks with smooth reciprocation unaided

7 — No dysfunction

Sensory dysfunction score of the upper extremities

0 — Complete loss of hand sensation

1 — Severe sensory loss or pain

2 — Mild sensory loss

3 - No sensory loss

Sphincter dysfunction score

0 — Inability to micturate voluntarily

1 — Marked difficulty with micturation

2 — Mild-to-moderate difficulty with micturation

3 — Normal micturation

Table 1 Nurick grades(7)

0  Signs or symptoms of root involvement but without evidence of spinal cord
disease

1  Signs of spinal cord disease but no difficulty in walking

2 Slight difficulty in walking which did not prevent full-time employment

3 Difficulty in walking which prevented full-time employment or the ability to do
all housework, but which was not so severe as to require someone else’s help to walk
4 Able to walk only with someone else’s help or with the aid of a frame

5 Chair bound or bedridden
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