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ABSTRACT
The 6-minute walk test (6MInNWT) reflects functidnability for daily

activities. Results of the test can be convertedhtwalking speed but it needs
considerable time and area to conduct the testoirrast, the 10-meter walk test
(1OMWT) can easily be measured and requires less tb complete. The findings
reflect motor function and overall quality of gditowever, the test can be reported in
various forms including preferred walking speedximaum walking speed, difference
of walking speed and percentage of walking sp&hds, this study aimed primary to
evaluate the correlation between the 6MINWT andaut derived from the 10MWT
and secondary to evaluate the correlation betwetst® in independent ambulatory
patients with SCI who had different levels of walkiability. Seventy-four subjects
were tested their functional abilities using theMWWT and 6MIinWT. The results
demonstrated that the preferred walking speedeol@MWT had the best correlation
(r = 0.91, p<0.01) and best predictive ability foe 6MinWT (R = 0.82). However,
when analyzed the relationship in subjects witlfiedént levels of walking ability, the
correlation was highest in subjects who could watka long distance without a
walking device. The findings suggest that prefemeadking speed of the 1I0MWT
could be used as an alternative test for the 6MinWfien time and area of
assessments are limited. However, alternativetaiould be optimum when using

in SCI patients with good walking ability.
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CHAPTER |

INTRODUCTION

1. Rationale and background

Spinal cord injury (SCI) is one of the most dea#isg conditions that a person
can experience (Jaeger et al., 1989). Most of mistiare males, age between 16-30
years, and more than half of them have an incomphgtiry (Wyndaele & Wyndaele,
2006). Approximately 80% of these patients caniregenbulatory function (Tang et
al., 1994; National Spinal Cord Injury Statisti€nter, 2006). However, the quality
and degrees of their ambulation are affected by aglical conditions, spasticity,
muscle weakness, and coactivation of muscle grolipgs, ambulatory capacity of
the patients are likely restricted to a certairataan such as within the house, at only
a short distance, or with the support of assisierces (Brotherton et al., 2007).

Presently, there is a trend that patients with B&Je shorter length of stay in
hospitals (Cardenas et al., 2004). National Sprmat! Injury Statistical Center (2008)
reported that average admission time of patients ®CI reduced from 25 days in
1974 to 15 days in 2005. Van Hedel et al (2008prteyal that physical ability of these
patients was greatest increased within 3 montles adffury; only slight improvement
was demonstrated afterward. Van den Berg-Emon €2Qfl18) also found a similar
trend of improvement. These evidences suggestddthibapatients cannot achieve
maximum levels of functioning prior to dischargeftek discharge, their functional
ability is also affected by the lack of mobilitydaiand home adaptations (van Hedel
et al., 2008). In addition, many studies indicateat the patients encountered a high
risk of complications and falls that affected levef functioning and increased rate of
rehospitalization (van den Berg-Emon, 2008). InilEmal, Amatachaya et al (2011)
reported that subjects with SCI demonstrated satalhges of functional ability in 6
months after discharge. The study also found thét 8f the subjects experienced at
least 1 medical complication (range 1-5 times/sipjand 74% of the subjects
sustained at least one fall during this follow upe (1-24 times/subject). Thus, these
findings emphasize the important roles of commuretyabilitation and the need of a
practical screening tool in order for health carefgssionals to effectively monitor

and early detect functional alteration of the pasewith SCI after discharge.



In general, clinical assessments can be doneeifiotims of system assessments
and functional assessments using qualitative orntijaive methods. The
neurological system assessments encompass thedaetstablished by the American
Spinal Injury Association (ASIA) which are standaetl examinations of the motor
and sensory assessments (Maynard et al., 199@ingsof these methods indicate
system disorders which provide insight into treatmplan. However, thorough
system assessments take considerable time andesb#sr may not correlate with
functional ability. As a result, qualitative funatial assessments are firstly applied in
order to provide information for underlying systethat involve with the disorders
(van Wieringen, 1996). However, these methods atieer subjective and depend
largely on experience of the assessors. In additienisions about clinical relevant
changes can be difficult when time intervals betwessits are long or with changes
in the assessors. Thus quantitative functional oreasare more preferable because
the tests are more objective and easier to be atdizéd. Results of the tests can also
be compared among the testers and the test intemeaat lersel et al., 2008).

In the field of SCI research, there are many fiometl tests have been advocated
to assess ambulatory ability of the patients swctih@ Walking Index for Spinal Cord
Injury Il (WISCI 1l), Functional Independence Measu.ocomotor (FIM-L) scores,
6-Minute Walk Test (6MinWT), and 10-Meter Walk T€4OMWT) (Jackson et al.,
2008). The WISCI Il and FIM-L scores categorize atatory ability of the patients
using ordinal scales (Jackson et al., 2008; Fineh.£2002). Thus the tests have been
criticized for their sensitivity and responsivenessnpared to timed walking tests
(van Hedel et al., 2006; 2008)

The 6MinWT and 10MWT are timed-based assessmbatscan be converted
into walking speed. The 6MINWT measures distanck wa6 minutes whereas the
10MWT investigates the time required to over a wlkmeter walkway (van Hedel
et al., 2008). Both tools are valid, reliable arehsstive to address ambulatory
capacity of patients with SCI (van Hedel et al.020 Results of the 6MinWT
indicate the global and integrated responses ofmpuoary, cardiovascular and
muscular systems; and reflect functional statusdfaty activities (ATS statement,
2002). However, using the 6MinWT encounters prolslesh time consuming and
standardization of the test due to setting and atetf instruction (van Hedel et al.,



2008). The 10MWT is a quick and easy administeced that is considered as a
surrogate for the overall quality of gait and madiamction (Dobkin, 2006). Thus, an
evidence on correlation between the 6MinWT and 10Mbuld warrant the use of
the 10MWT as an alternative that to the 6MIinWT. Heer, the 10MWT can be
executed using preferred or maximum walking speed, results of the test can be
reported in various forms (Lusardi et al., 2003ef@red or usual walking speed is
valuable to inform health status and ambulatoryitgbof individuals (Purser et al.,
2005; Cesari et al., 2005). However, van Hedell é2@07) that preferred walking
speed might only partially reflect the potential garticipate in a community. The
ability to voluntarily increase walking speed magttbr reflect the remaining capacity
for a community challenge. In addition, percentagéspreferred and maximum
walking speed may clearly indicate and quantify heell the patients can modify
their walking pattern to varying demands durindydifie (van Hedel et al., 2007).
Previously, there were studies that evaluated dbeelation between the
6MINWT and 10MWT (van Hedel et al., 2005). Van Heeleal (2007) assessed the
correlation using preferred and maximum walking espef the 10MWT in 18
subjects. Thus, the results may not ensure theoutfiee 6MINWT. Van Hedel et al
(2005) reported that preferred and maximum walkspged of the 10MWT had
correlation with the 6MIinWT in subjects with SCI avinad good and poor walking
ability. However, the study applied criteria of MA#SCI Il scores to classify levels of
walking ability of the subjects. The WISCI Il scereategorize ability of the subjects
according to device use and assistance requireaventa 10-meter walkway which

may not truly reflect ability in a real environmeafitthe patient (Ditunno et al., 2005)

2. Objectives of the study
Primary objectives:

1. To quantify the relationship between the 6MinWT awatdcomes derived
from the 20MWT (including preferred speed, maximsjpeed, difference of walking
speed, or percentage of walking speed) in patigitksSCI.

2. To determine a predictive equation for the 6MinW3ing outcomes
derived from the 10MWT



Secondary objective:
To evaluate the correlation between the 6MinWd antcomes derived
from the 10MWT in patients with SCI who had diffetéevels of walking ability

3. Research question

1. Which outcomes derived from the 10MWT had bestetation with the
6MINWT?

2. Could outcomes derived from the 10MWT use to ptedata of the
6MINWT?

3. Could outcomes derived from the 10MWT be used aali@nnative test
to the 6MInWT in patients with SCI who had diffetéevels of walking ability?

4.  Hypothesis of the study

Percentage of preferred and maximum wallspged indicated relative
remaining capacity. Thus the researcher hypothésihat it would have best
correlation with the 6MinWT. However, outcomes ged from the 10MWT could be

used as an alternative test to the 6MIinWT onlyatigmts with good walking ability.

5.  Scope of the study
The study recruited patients with SCI wherevable to walk with and
without any devices for at least 6 minutes in ortdebe able to complete the tests in
the study.
Determinant of terminologies
- FIM-L = Functional Independence Measure Locomstmres
FIM-L 5 refers to patients who are able to wallkkyashort distances (a
minimum of 17 m [50 ft]) independently with or witht a
device.
FIM-L 6 refers to patients who are able to walksiaimum of 50 m
(150 ft) with the requirement of assistive devisesh as a
brace (orthosis) or prosthesis, special adaptiveshcane,

crutches, or walker.



FIM-L 7 refers to patients who can walk a minimaf50 m (150 ft)

without assistive devices (Functional Independence
Measure: Guide for the Uniform Data Set for Medical
Rehabilitation (Adult FIM), 1993).

- Difference of walking speed represents the diffeeeof maximum and
preferred walking speed
[maximum walking speed - preferred walking speefsn

- Percentages of walking speed is a ratio of pradleeed maximum

walking speed. It can be calculated using the féamu

PrefgrredNaIklr.wgspeed 100/ (%)
Maximumwalkingspeed

6. Benefits of the study

The 10MWT is an objective/practical testdocument walking ability in
patients with SCI. However, results of the tests ba documented using various
forms. The 6MinWT indicates global endurance orcfional capacity of individuals
but it encounters problems of time and space comgunthus, results of the study
would indicated the best outcome derived from tiMWT to be used as an
alternative test to the 6MinWT. Moreover, the potiste equation would help to
determine outcome of the 6MIinWT using data fromBMWT when time and space

limited.



7. Conceptual Framework

Spinal cord injury

A practical object tool is important to
- Early detect functional change
- Minimize negative impacts of complication and fall

- Promote outcomes of rehabilitation

A

Qualitative
assessments

A 4

Quantitative
assessments

N

- Subjective information

- Depending on level of
testers

- Difficult to compare
between the testers an

test intervals

- Objective information

- Easier to be standardized

- Data can be compared
among testers and test

intervals

- Changes in assessors

Figure 1 Conceptual Framework of the study

6MinWT j

falls

High risk of functional deterioration due to
- Lack of assistive devices
- Home adaptation

- Frequent medical complications and

- Best measure to address
functional capacity of

individuals

- Encounter problems of

time and space consuming

- 10MWT is a standard and practical measufe

but results of the test can be reported usin

different  variables

walking speed, maximum walking speed,
difference of walking speed, or percentage

walking speed

including preferred

(Objectives of the study) _____________________

’
’
’

Primary objectives: \
1. To quantify the relationship between the 6MinWT andI
outcomes derived from the 10MWT in patients withi

SCI. |

|

2. To determine a predictive equation for the 6MinWT,

using outcomes derived from the 10MWT |
Secondary objective:

1
|
1
To evaluate the correlation between the 6MinAfMd |
outcomes derived from the 10MWT in patients withl SC,
1

at different levels of walking ability ,

’

Warrant the use of the 10MWT as an |

1

alternative test to the 6MinWT in clinics and
1

communities

_________________________________



CHAPTER Il
LITERATURE REVIEW

This chapter reviews literatures relating to thedgt The contents include
overview of spinal cord injury (SCI), consequencésSCI, terminologies relating,
severity of the lesion, factors affecting affectiagpbulatory potential after SCI, and
clinical ambulatory assessment in patient with SO&tails of each topic are as

follows;

1. Spinal cord injury (SCI)
1.1 Definition causes and prevalence of spinal cordjury

The term ‘spinal cord injury (SCigfers to any damages or injuries to the
neural elements within the spinal canal (spinatiGrd cauda equina) that disrupt the
ascending and/or descending nerve impulses.

In the United State, there are approximately 1208w cases with SCI each
year (National Spinal Cord Injury Statistical Cent€2008). Barbeau et al (1999)
reported that the number of patients with SCI haadily increased from 45.9% in
the 1970s to 55.3% in 2005 Most of them are ma8@84)), age between 16 and 30
years at the time of injury (Somers, 2001; NatioSainal Cord Injury Statistical
Center., 2008).

2. Consequences of spinal cord injury

Spinal cord injury induces the loss or impairmenfsvoluntary movement
control, sensation, and autonomic functions belbe level of injury (Widerstom-
Noga et al., 1999; Bloemen-Vrecken et al., 2008)l 8 mostly occurred due to a
direct or indirect trauma to the vertebral coluraclsas motor vehicle crashes (42%),
falls (27.1%), acts of violence (15.3%), and spaytiactivities (7.4%) (figure 2)
(National Spinal Cord Injury Statistical CenterQ08). In addition, SCI can be
occurred as a result of nontraumatic causes suctraasverse myelitis, vascular
occlusion, compression by infective process or ladmge (New, Epi, 2005;

McKinley et al., 1998). The changes are lifelongd affect every aspect of a person's



life. As a consequence, persons with SCI are &t ofsdeveloping a hypoactive

lifestyle more than the able-bodied population wptbssible detrimental effects on
physical fitness, social participation, and quatitythe life of patients (Manns, Chad,
1999; van den Berg-Emons et al., 2004). The redaadf physical fithess affects

functional activity (Janssen et al., 2002), funcéibstatus (Noreau et al., 1993), and
community participation that increase risk of dep&hg secondary health problems
later in life (Noreau, Shephard, 1992).

Sporting activities Other

7.4% 8.1%

Motor vehicle
Falls

27.1%

crashes
42%

Acts of violence
153%

FigureE2iology of SCI since 2005
(National Spinal Corguiry Statistical Center., 2008)

Although many studies reported that ability ofigats with SCI improves after
participation in a rehabilitation program (Steirisak, 2002; van den Berg-Emons et
al., 2004; Heinemann et al., 1988iddleton et al., 1998), the improvement does not
continue after discharge (van den Berg-Emons et 26104). The decrement of
functional ability after discharge due often to thek of mobility aids and home
adaptations (van den Berg-Emon et al., 2004). thtiad, persons with SCI are at a
greater risk of medical complications that incree of rehospitalization throughout
their lifetime (Cardenas et al., 2004).

In Thailand, Amatachaya et al (2011) reported 81 of persons with SCI
experienced medical complications (range 1-5 tisudgéct) and 74% sustained at
least 1 fall during 6 months after discharge (1t@ves/subject). A high incidence of
complications is associated with a lower level eflth-related aspects, such as

physical capacity, activities and functional outesm(Bloemen-Vrencken et al.,



2005;). Complications may disturb the start of \&trehabilitation, can form a

disappointing set-back during rehabilitation, freqtly lead to re-hospitalization, and
cause mortality following SCI (Cardenas et al., £00an den Bossche et al., 2005;
Meyers et al., 2000; Devivo et al., 1999). Therefar practical monitoring measure is
important, on the one hand, to early detect clinateanges of the possible positive
treatment effects, and on the other hand, to mizerhiarmful effects of treatments or
secondary complications before conditions of thieepts becomes seriously affected
(van Hedel et al., 2008).

3. Terminologies relating to
The International Standards for Neurological anchdional Classification of

Spinal Cord Injury (ISNCSCI) is a widely acceptgatem describing the level and
extent of injury based on a systematic motor am$@g examination of neurological
functions (American Spinal Injury Association., B)0The following terminologies
have been developed around the classification &f SC

Paraplegia

This term refers to the impairmentseass| of motor and/or sensory function in
the thoracic, lumbar or sacral segments of theasmiord and neural element within
the spinal canal (below the T-1 spinal level). Tally these injuries result in some
degrees of weakness and sensory changes in tHe and lower extremities. The
term is also used to infer to cauda equina and £onedullaris injuries, but not to
lumbosacral plexus or injury to peripheral nervegsimle the neural canal (Fride,
Guralnik, 1997).

Tetraplegia

This term refers to the impairments @slef motor and/or sensory functions in
the cervical segments of the spinal cord and netleahents within the spinal canal a
spinal cord injury (at or above the T-1 spinal lgv@ypically, tetraplegia results in
weakness or sensory changes upper extremitiesk, ttonver extremities and pelvic
organs. It does not include brachial plexus lesmmsjury to peripheral nerve outside
the neural canal (Fride, Guralnik, 1997).
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Complete spinal cord injury

This term is used when there is an alessehsensory and motor function in the
lowest sacral segments (Waters et al., 1991).

Incomplete spinal cord injury

The incomplete SCI (iSCI) is use to démrpartial preservation of sensory or
motor functions below the neurological level in@uthe lowest sacral segments.
Sacral sensation includes sensation at the anabeutaneous junction as well as
deep anal sensation. The test of motor functionthis presence of voluntary
contraction of the external anal sphincter upontaligexamination (Maynard et al.,
1997).

4. Severity of the Lesion
American Spinal Injury Association (ASIA) Imipment Scale (AIS) has proposed
standard criteria to the neurological severity 06@l classify using the following

categories:

A - Complete: No sensory or motor function is preserved ie #acral
segments S4-S5

B - Incomplete: Sensory, but not motor, function is preservetbwethe
neurologic level and extends through the sacrahseds S4-
S5

C - Incomplete: Motor function is preserved below the neuroldgiel, and
more than half of key musclééppendix D) below the
neurologic level have muscle grade less than 3

D - Incomplete: Motor function is preserved below the neuroldgiel, and
more than half of key musclééppendix D) below the
neurologic level have muscle grade greater thaqoal to 3

E - Normal: Sensory and motor functions are normal

Complete SCI constitutes the most severe form, wiily 2% to 3% of such
patients recovering to AIS class D at 1 year aftgmy (Marino et al., 1999). On the
contrary, patients with iISCI have various prognagith large differences observed
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between individuals depending upon residual motad sensory functions. These
differences are particularly evident for patientghwmotor complete but sensory
incomplete (AIS B), which represents a small bgnsgicant percentage of the total
SCI population (10.3% of SCI cases a year). Sudema have some sensory
preservation through the sacral segments but lagk/alitional motor function below
the zone of injury, thus have worse prognosis thase with some motor ability (Go
et al., 1995)For persons who with a motor-incomplete injury, 28%the injuries
were classified as “motor functional” (AIS D) and.6% as “motor nonfunctional”
(AIS C) at the time of inpatient discharge (Natiofgpinal Cord Injury Statistical
Center, 2006).

5. Factors affecting ambulatory potential after pinal cord injury
Literatures relating to neurological recovefter a traumatic SCI emphasized that

functional recovery is mostly occurred within thestf or second year post-injury
(Marino et al., 1999; Water et al., 1994). The lgthmotor recovery occurs within
the first 6 months post-injury with the greatese @it change occurring within the first
3 months (Water et al., 1995; van Hedel et al. 6200ang et al (1994) indicated that
approximately one-third of all SCI patients candrae functional walkers within 1
year after injury (Tang et al., 1994However, the quality and efficiency of walking
capacity can be adversely affected by a many dbfasuch as age, body weight,
spasticity, pain, motor and sensory scores, duratib rehabilitation and balance
(Visintin, Barbeau., 1989; Dietz et al., 1995;\@¢etto et al., 2008). Details of each
factor are follows;

Age

Burns et al (1997) found that walking recoverypatients with SCI depends on
age, where the recovery is more possible in youaiiepts; similar results were
reported by several studies (Burns et al., 199%rdeket al., 1990; Scivoletto et al.,
2003).

Spasticity

The spasticity could benefit in patients with avés limb strength deficit
because it might increase the supportive functitmwever, more recent studies have
demonstrated the negative correlation between isppasand walking ability in



12

patients with neurological lesions of various ages (e.g., stroke and cerebral
palsy) (An-Lun et al., 2003; Lebiedowska et al.020 Elevated muscle tone impairs
the smoothness of movements and, therefore impaediné walking ability.
Furthermore, the inability to perform fluid moventerand the need to overcome
spasticity (which also tends to increase with ameaase in physical work) causes an
increase in effort and energy consumption durintkivg (Scivoletto et al., 2008).

Motor and sensory scores

The ratio of patients with tetraplegia to thoséhwparaplegia is reported as
54:46 (Stover, 1986). Lesions below T10 associatéld a higher residual functional
levels and a greater ability of walking. Associatepiries, surgical procedure, and
medical conditions also affect ambulatory potentialen if a patient has residual
motor function, and the presence of contractur@sn r uncontrolled spasticity
(Subbarao, 1991).

Balance

The correlation between balance and walking hasady been studied in
healthy subjects and in patients with neurologiisbrder. In healthy subjects, loss of
balance worsens walking features and exposes péoplee risk of falls (Bogle,
Newton., 1996). Leroux et al (2006) studied thetpas adaptation of SCI patients
during walking and concluded that this adaptationld lead to a loss of balance or a
fall. The alteration of balance control restrictathbulatory ability the patients to a
certain location such as within the houses, at anghort distance, and require the
support of an assistive device (Brotherton e28lQ7; Lam et al., 2007).

6. Clinical ambulatory assessments in patients with spal cord injury

Efficient and accurate measurements of walkingditpbare necessary for both
clinical practice and research trials. In ordeewaluate change and predict outcomes
(Cole, 1994). Clinical assessments can be exeadied) qualitative or quantitative
assessments in which the quantitative measuresi@me preferable (van lersel et al.,
2008). The quantitative assessments can be ckbsifio categorical and timed-base
ambulatory assessments (Lam, 2008). Details osassmt are as follows:
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6.1 Categorical ambulatory assessments

Categorical ambulatory assessments involve the afiserdinal scales to
discriminate levels of walking ability. The tooldfer advantage to capture both
walkers and non-walkers, and the transition betwasabulatory status (Lam, 2008).
The categorical ambulatory assessments that aedy liksed in patients with SCI
include the Walking Index for Spinal Cord Indepemcke Measure (SCIM),
Independence Measure-Locomotor (FIM-L), Spinal Cdnjury (WISCI), and
functional details of each measurement are aswsllo

6.1.1 The Spinal Cord Independence Measure (80)

Catz et al (1997) has developed the SCIMifpalty for patients with
SCI to evaluate performance in a daily life andctional ability of the patients (Catz
et al.,, 2001). Since then, there are 3 versionS@M including SCIM |, SCIM I,
and SCIM Il (Anderson et al., 2008). The tool astsof 3 subscales, including: self
care, respiration and sphincter management and litgobihe mobility subscale
consists of two subscales which are ‘room andttaaed ‘indoors and outdoors, on
even surface’ (figure 3). The scores of task isgied according to the clinical
relevance with respect to the overall activity odividuals with SCI. Patients with

higher scores indicate more independence (Ackeehah, 2010).
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Mobility (indoors and outdoors, on even surface)

12. Mobility Indoors [(TTTTT]

0, Requires total assistance

1. Needs electric wheelchair or partial assistance to operate manual wheelchair
2, Moves independently in manual wheelchair

3. Requires supervision while walking (with or without devices)

4, Walks with a walking frame or crutches (swing)

5. Walks with crutches or two canes (reciprocal walking)

6. Walks with one cane

7. Needs leg orthosis only

8. Walks without walking aids

13. Mobility for Moderate Distances (10-100 meters) |:|:|:|:]:|:|

. Requircs total assistance
1. Needs electric wheelchair or partial assistance to operate manual wheelchair
2. Moves independently in manual wheelchair
3. Requires supervision while walking (with or without devices)
4, Walks with a walking frame or crutches (swing)
5. Walks with erutches or two canes (reciprocal walking)
6. Walks with one cane
7. Neads leg orthosis only
8. Walks without walking aids
14. Mobility Outdoors (more than 100 meters) m
0, Requires total assistance
1. Needs electric wheelchair or partial assistance to operate manual wheelchair
2. Moves independently in manual wheelchair
3. Requires supervision while walking (with or without devices)
4, Walks with a walking frame or crutches (swing)
5. Walks with crutches or two canes (reciprocal waking)
6. Walks with one cane
7. Needs leg orthosis only
8. Walks without walking aids
15. Stair Management D:l:l]:l:l
{. Unable to ascend or descend stairs
1. Ascends and descends at least 3 steps with support or supervision of another person
2. Ascends and descends at least 3 steps with support of handrail and/or crutch or cane
3. Ascends and descends at least 3 steps without any support or supervision

Figure 3The Spinal Cord Independence Measure Il (SCIM{ltikovic et al.,
2007)

6.1.2 The Functional Independence Measure-LocomotgFIM-L)

The FIM locomotor item (FIM-L) has beenredsin stroke and SCI
populations (Dokin et al., 2006; Yagura et al., @0Behrman, Harkema., 2000). The
test has two distinct subscales, which allow indlinals with widely varying ability to
be included in one. Scoring is dependent on walkidg or assistance used to cover a
distance over level ground up to 150 feet. A sderassigned on a 7-point scale
depending on the assistance used to ambulate: equal to total assistance, 2
maximum assistance with 1 person, 3 is moderatstasse, 4 minimal assistance
with hands on contact, 5 supervision, 6 modifiedependence (with equipment), and
7 independent without equipment (figure 4) (Jacksbal., 2006). Results of the test
has been correlated with the WISCI#l £ 0.89 - 0.92 and 6MWTp(= 0.62 - 0.78)
(Ditunno, 2007).
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Locomeotion: Walk/Wheelchair, Includes walking, once in a standing pasition, o, if using a wheslchair, once in o seated position, on
E ehve| surface. Performs safely. Check the most frequent mode of locomation [walk or wheelchair). IF both are used about equally, chec
ofh.

Ne Helper

7 Complete Independence—Subject walks a minimum of 50 m (150 ) without assistive devices. Does not use a wheelchair. Performs
easily.

& Moditied Independence— Subject walks a minimum of 50 m (150 f) but uses a brace [orthosis) or prosthesis on leg, specicl adaptive
shoes, cane, crutc%es, of wuilcere!fe_: takes more than a rensanable amount of time, or there are sa ely considerations.

I not walking, subiecbfezpemfes manual or motorized wheelchair independently for a minimum of 50 m ﬁlSO H): turns around; maneuve
the chair 1o a table, , toilet; negofiates at least a percent grade; maneuvers on rugs and over doorsills.

5 Exception LHousehoH Ambulation] —Subject walks only short distances [a minimum of 17 m [50 H]) independently with or without o
evice. Takes more than recsonable amount of time, or there are safety considerations, or operates a manual or motorized wheelchair
independently only short distances [a minimum of 17 m [50 ).

Helper

5 Supervision .
If walking, subject requires standby supervision, cueing, or coaxing fo go a minimum of 50 m (150 fi|.

I not walking, requires standby supervision, cueing, or coaxing to go a minimum of 50 m {150 fi) in wheelchair.
4 Minimal Contact Assistance —Subject performs 75% or more of locomotion effort to go a minimum of 50 m {150 f).
3 Moderate Assistance—Subject performs 50% to 74% of lacomation effort to go a minimum of 50 m [150 fi].

2 Maximal Assistance—Subiject performs 25% to 49% of locomation effart to go @ minimum of 50 m (150 ). Requires assistance of |
person only.

1 Totaol Assistance— Subject performs less than 25% of effort, or requires assistance of 2 people, or doss not walk or wheel a minimum of

17 m 150 Hi.

Figure 4 The Functional Independence Mea-Locomotor (FIN-L)  (Functional
Independence Measure: Guide for the Uniform Data f8e Medical
Rehabilitation (Adult FIM), 199:

6.1.3The Waking Index for Spinal Cord Injury (WISCI)

The WISCI was proposed by Ditunno et al (2000) &asure walkin
in patients with SCI. The ranking scores are omeadong the dimension 1
impairments from the level of the most sever¢pairment (0) to the least seve
impairment (20where the lower the number indicates the highemimment (figure
5). The scores are dependent on the requirement otelevbraces, and physi
assistance used to complete th-meter walking distanceébftunno et al., 2001 The
simple construct, minimal equipment use, minor tineguirements, and ease
understanding of the WISCI Il make the test beingremising outcome meastL
(Ditunno et al., 2000 Results of the test showed good correlations other walking
tests such as the 6MInWT (Spearman’s correlati@fficeent p = 0.60), the 10MW1
(p = 0.68) and the TUGTp = -0.76) (van Hedel et al., 2005jowever, the WISC
Il does not account for gait quality and has le=ssgivity to the changeof gait in
chronic subjects than that of the 10MWT, 6MinWTdarUGT (Wirz et al., 200%.
In addition, the WISCI levels are based on a 10istadce (33ft), which is closer
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household ambulation (50ft) than to community arabah, which is 150 ft
(Morganti et al., 2005). The scale does not take mccount the two additional

extremely important parameters which are walkingesiband energy consumption.

Table 2. Walking Index for Spinal Cord Injury. Version I1
Name Date
Check descriptors that apply to current walking performance, then assign the highest level of walking
performance. (In scoring a level, one should choose the level at which the patient is safe as judged by the
therapsst. If devices other than stated in the standard definitions are used, they should be documented as
descriptors. If there is a discrepancy between wo observers, the higher level should be chosen.)
Descriptors: (circle or check)
Gail: reciprocal : swing through
Devices Braces Assistance
Ifbars < 10 meters Long Leg Braces—Uses 2 Uses | Max Assist x 2 people
{fbars 10 meters Short Leg Braces—Uses 2 Uses | Min/Mod assist x 2 people
Walker— Locked at knee Min/mod assist x | person
Standard Unlocked at knee
Rolling
Platform
Crutches— Other:
Uses 2
Uses |
Canes—Quad
Uses 2
Uses |
MNo devices No braces No assistance
WISCI Levels
Level Devices Braces Assistance Distance
0 Unable
1 Parallel bars Braces 2 persons Less than 10 meters
2 Parallel bars Braces 2 persons 10 meters
3 Parallel bars Braces | person 10 meters
4 Parallel bars Mo braces | person 10 meters
hl Parallel bars Braces No assistance 10 meters
] Walker Braces | person 10 meters
7 Two cruiches Braces | person 10 meters
8 Walker Mo braces | person 10 meters
9 Walker Braces No assistance 10 meters
10 One canefcrutch Braces | person 10 meters
11 Two cruiches No braces. | person 10 meters
12 Two crutches Braces No assistance 10 meters
13 Walker Mo braces. No assistance 10 meters
14 One canefcrutch Mo braces. | person 10 meters
15 One canefcrutch Braces No assistance 10 meters
16 Two crutches No braces No assistance 10 meters
17 Mo devices No braces | person 10 meters
18 No devices Braces No assistance 10 meters
19 One caneferutch Mo braces No assistance 10 meters
20 Mo devices Mo braces No assistance 10 meters
Level assigned Revised 3/19/2002
Reprinted from Ditunno PL. Walking Index for Spinal Cord Injury (WISCI 1Dz seale revision. Spinal Cord, 2001;309:654 656,
Copyright © 2001.

Figure 5The Walking Index for Spinal Cord Injury Il (Ditao et al., 2001)

6.2 Timed base ambulatory assessments

Since categorical ambulatory assessments have loedinized for their
sensitivity and responsiveness, the time-basedssis®at are encouraged to measure
ability of patients. Such tools include Timed Ugla®o Test (TUGT), 6-Minute Walk



17

Test (6MINWT), 10Meter walk test (LOMWT). Details of each test asdalows

6.2.1 TheTimed Up and Go Test (TUGT
The TUGT is mainly applied to evaluate balanceigbdnd functiona
mobility in communit-dwelling and frail older adults (aged ®%years). It contain
basic activities required in a daily life such aansling up from a chair, walkir
forward, turning around, walking back to the chand sitting down (figure €
(Podsiadlo, Richardson., 1991). Thus, the adva of the TUGT is that it embraces
more complex task rather than ‘just’ walking, whiolay better reflect daily activitie
(van Hedel et al., 2008). The total time takendmplete the TUGT is normally us:
to predict the risk of fallin(Whitney et al., 2004).
In patients with SCI, the TUGT has an excellenta- and interrater reliabilit
(r > 0.97). The test also shows strong correlatigih the WISCI 1l, 6MinWT anc
10MWT which warrant concurrent validity of the tqp = -0.76 for WISCI ll,p = -
0.88 for 6MinWT, and r = 0.89 for 1L0MWT) (van Hedela., 2005). In patients wit
a WISCI Il score of 0 to 10, the correlation coa#nts of the TUGT and the 10MW
was 0.92 and the 6MinWT was 0.70. These values &% and 0.78 respectively
patientswith the WISCI Il scores of 11 to 20 (van Hedeakt 2005).

L€
_,_,f £
Ej A 3 metres “l! )

Figure 6 The Timed Up and Go Test (TUGT)

6.2.2 The @ninute walk test (6MinWT)

The test was firstly developed by Balke in the 19figure 7) anc
initially tested the distance walk in 12 minutes of patients widspiratory
impairments (Olsson et al., 2005). Later, Lipkirak{1986) introduce the 6MIinWT
a functional exercise test that is generally waitated by patients. The results hig
correlated wih those of the 12MinWT (Butland et al., 1982). SaVestudies

confirmed that the 6MInNWT is a submaximal exerdesg that mimics dailactivities
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(Sparrow et al., 1994; Eng et al., 2002). Nowaddlys, 6MinWT has been widely
used to objectively indicate functional capacitydamxercise intolerance of
individuals. Results of the test related to the makx symptom-limited oxygen
consumption, and overall response of the systemshed, such as the
cardiopulmonary, musculoskeletal, sensory, and ategic systems (Zugck et al.,
2000; Hamilton, Haennel, 2000; Opasisch et al. 12@0'S statement, 2002; Woo et
al., 1995; Smidt 1990). It reflects exercise takere required for the performance of
daily activities, and predicts ability to walk ihet community (van Loo et al., 2004).
In the clinical setting, the 6MinWT could be usefoi rehabilitation practitioners as
an integrated measure of mobility function. Howewbe test has been criticized for
its application in terms of time consuming and dtadization of the test due to
setting of the test and method of instruction (adel et al., 2008). Several studies
suggested factors of affecting the 6MinWT including
- Learning effects

Wu et al (2003) report learning effects on outcomiethe 6MinWT. The
study was designed to determine whether the leguefifect persist after 2 months in
fifty healthy subject who were unfamiliar with tleéinWT. Subjects completed 3
tests at baseline (walks 1-3) and 3 tests at 2 msdotlow-up (walks 4-6). The results
demonstrated that the distance walked significanttyeased between walks 1 and 3,
4 and 6. However, there no differences in distamatked between walks 3 and 4,
which were conducted 2 months apart. The resuligirooed carry-over effects of
repeated the 6MINWT tests.

- Encouragement

Guyatt et al (1984) reported that encouragemenifgigntly increased the
distance walked of the 6MinWT. Thus, authors sutggkshat the test should be
conducted using standardized phrases such as Ydairgy well’ or ‘keep up the
good work’, ‘you are doing well, you have only 1rnate to go’'.

When applied in patients with SCI, the 6MinWdEmonstrated good
validity and reliability (Gibbon et al., 2001). itas high correlation coefficients for
inter-rater (r > 0.97) and intra-rater reliabilty> 0.98), and correlated well with the
10MWT and TUGT (r > 0.88) (van Hedel et al., 20@By has good responsiveness
in patients with SCI (van Hedel et al., 2008).
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Figure 7The 6minute walk test (6MinW1

6.2.3 The 1-Meter Walk Test (L0MWT)

The 10MWT is a quick, inexpensive and easy measemérwher
using in clinical settings (Guralink et al., 2008ardy et al., 2008). The test
normally performed on a flat, smooth, non slippery surfactheut any disturbin
factors (van Hedel et al., 2008). Subjects walkgla straight line in 10 meters witt
“flying start” to minimize acceleration and deeehtion effects. The speed w
mostly recoded during 10, 6 and 4 m distances, and report&d,i20 and 11 studit
respectively (Graham et al., 2008). Commonly, lre&on and deceleration peric
of up to 3 meters is provided and subjects are pEunto use their preferred assist
devices(figure 8) (Finch et al., 2002). The measuremequires 2 to 3 minutes |
complete in the outpatient clinical setting (Stusleret al., 2003). Result of the t
represent walking speed of individuals that is rcggate for the overall quality of g
and motor function (Jackson et al., 2008). Resoltshe test correlate with oth
parameters such as balance control, use of watkdsyand number of fall, and refle
activities of daily living and future health stat{gollen et al., 200¢

It has been used for gait assessment in strok&jnBan’s disease
and other neurological movement disorders. Moreentdy the test has be
successfully utilized in the S(population (Jackson et al., 20( In patients with
SCI, the 10MWT is likelyused to assess at a preferred walking speed (Ketlanh,
2006; van Hedel et al., 2005; 2006). However, pretewalking speed may partia
reflect the potential to participate in the comntyniThe ability to increase walkir
speed toward the maximucapacity may give better insight into ability tepense t
the community challengeKollen et al., 2006van Hedel et al, 2007). This ability ¢

be measured in terms of percentage of preferradativby maximum walking spet



20

or the differences of memum and preferred walking speed (van Hedel eaby).
Van Hedel et al (2007) suggested that the percent#gpreferred divided b
maximum walking speed indicates the remaining c&pdbat the patient has
increase toward the maximum walking sp This measure may imply and quant
how well the walking pattern can adapt to varyiegnénds during daily life

The concurrent validity of the 10MWT has been tw@steth the
6MINWT (p = 0.95), TUGT p = 0.89) and WISCI Il ¢ = - 0.68). Compared to t
TUGT and 6MIinWT, the 10MWT showed better it- and intrirater reliability in
SCI (van Hedel et al., 2005). The correlation dogfht for inte-rater reliability were
r=0.974, p <0.001 and r = 0.983, p <0.001 fare-rater reliability (van Hedeet
al., 2005).

B
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Figure 8 The 10-Meter Walk Test (LOMWT) (Finch et al., 20t

The 6MIinWT is a robusttest for functional capacity but it encount
problems of time and area consuming. The 10MWT pratical tool but can k
reported using diérent forms. Therefore, an investigation on thealation betweel
the 6MinWT and 10MWT would direct an effective/eaaftative method to addre

functional changes in clinics or communit



CHAPTER IlI
METHODOLOGY

This chapter presents methodology of the study.cdméents are divided into
study design, sample size, experimental protoagbame measures, instrumentation,

and statistical analyses. Details of each topi@ar®llows;

1. Study Design and Setting
This study was cross-sectional by conducted iepeddent ambulatory patients

with SCI from hospitals and communities in the Ke#st areas of Thailand.

2. Sample sizes

The sample size of this study was calculated usiagormula;

2
0 {L+zq 3
Zmn

n = sample size

a, B = a error and errror
r = level of correlation
1 1+r
=Z|n| =—
4 2 [1-r}
The study used r = 0.8 that referred to exceltentelation. The study set levels
of significant level at 0.05 and power of test &) thus
Z :iln 1+ 0.8
2 1-0.8
Zy = 1.0986

_[196+ 1287
=== =="| +3
1.0986

= 11.70 or 12 subjects
However, patients with SCI are likely to have hegeneous individual
characteristics. Thus, 12 subjects were too sroalvdrrant findings of the study. In
order to minimize the effects, the study considenethber of sample size from

hospital record that would be possible to recrui iyear that was 70 subjects.
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3. Subjects

The study recruited ambulatory patient with SChireither traumatic or non-
traumatic causes [ASIA impairment scale (AIS) Mr The eligible subjects needed
to have at least 18 years of age, and were abhelio with or without any walking
devices (FIM-L scores = 5 — 7). Patients were ek@tlifrom the study if they
presented signs and symptoms that might affecicgaation in the study such as pain
in the muscles or joints of the extremities withaan scale more than 5 out of 10 on a
visual analog scale, deformity of the spine and elovextremities, or medical
complications that limited mobility. Subjects prded a written inform consent
approved by the Khon Kaen University Ethics Comeaittor Human Research prior

to participation in the study.

4.  Experimental protocol

Subjects were interviewed and assessed their baselemographics, SCI
characteristics including causes, levels of injugyerity of SCI (AIS classes) and
post-injury time, and baseline walking ability (FIMscores). Then, subjects were
assessed their functional ability using the 10MWi0 &MIinWT in a random order.
Details of the tests are as follows;

4.1 The 10-meter Walk Test (10MWT)

The test measured walking speed Ippierred and maximum walking
speed of the subjects along a 10-meter walkway.tifine required during the middle
4-meter of the walkway was recorded in order to imipe acceleration and
deceleration effects (Graham et al., 2008; Fincllet2002). Prior to the test, the
assessor explained the aim of the test to the aisbijpat ‘the goal of this test is to
assess the time you need to walk 4 meters, plealkeinva straight line without any
break to the end point’ (van Hedel et al., 2008)er, the subjects were instructed to
walk at ‘a preferred or comfortable speed’ for thest of preferred walking speed and
‘as fast and safely as you can, but do not runafaraximum walking speed. Subjects
needed to perform 3 trials for each speed; thenattegage time required for each

speed was recorded.
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4.2 The 6-minute walk test (6MIinWT)

The test represents functional capacftyhe subjects using the longest
distance walk in 6 minutes (ATS Statement., 2002g test was performed along a
rectangular walkway in order to minimize effectstwiing that attributed significant
impact on distance walk after 6 minutes (Brookalgt2003; Enright, 2003). Prior to
the test, the assessor explained objectives ofesteto the subject that ‘the goal of
this test is to assess the distance you can cawergdé minutes. | will inform you
every minute about the time you have left. If yeelfuncomfortable, you can stop at
any time. If you want to take a rest, you can s$topa while and continue walking as
soon as you feel better’ (van Hedel et al., 20@R8)ry minute during the test, the
assessor informed the time left and encouragedsubgects to continue in a good
manner by using words ‘You're doing well’ or ‘keep the good work’. After 5
minutes, subjects were informed ‘you are doing walu have only 1 minute to go'.
After 6 minutes, the total distance covered wasnaed in meters. (van Hedel et al.,
2008; ATS Statement., 2002).

5.  Outcome measures
Outcomes of the study included;
5.1 The 6MIinWT: Distance walk in 6 minutes (m)
5.2 Outcomes derived from the 10MWT including
- Preferred walking speed (m/s)
- Maximum walking speed (m/s)
- Difference of walking speed (Maximum walking spd&@ferred walking

speed) (m/s)

- Percentage of walking speﬁc.l‘: refgrredwalklhgspeedxloo (%)
Maximumwalkingspeed

6. Instrumentations
6.1 Stopwatch
6.2 Color tapes
6.3 A chair for subjects to take a rest duringtédsts

6.4 Four small cones to mark the turning points
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7.  Statistical analyses

Data analyses were executed using the $#S8ndow program (version 17.0).
Descriptive statistics were applied to explain base demographics, SCI
characteristics and findings of the study. Findimgsubjects with FIM-L 5, 6 and 7
were compared using the One-way Analysis of Vagag@dNOVA). Then, the data of
every pairwise were analyzed using the post-hoef(8htest. Correlation between
the 2 tests was analyzed using Pearson product-niaogelation coefficient. Then,
the simple linear regression analysis was agpbeformulate a predictive equation
for the 6MINWT using outcomes derived from the 10M\{y = ax + b), where x is an
independent variable (LOMWT), y is a dependentaide (6MinWT), a represent
slope of the graph, and b infers intercepting peiith the y-axis (Chatburn et al.,
2004). If the 6MINWT speed could be perfectly destbérom the 20MWT, a should
be equal to 1 and b = 0. Then the linear regressguration (y = ax + b) would be
6MINWT speed = 10MWT speed (van Hede et al., 20Qé\els of significant

differences were set at p<0.01.



CHAPTER IV
RESULTS

1. Subject characteristics

Seventy-four independent ambulatory patienth W&CI participated in the study.
Most subjects had a chronic stage of injury (64jesttb) and non-traumatic lesions
(42 subjects). Their demographics and baselineactexistic are presented in table 1.

Table 1:Demographics and SCI characteristics of subjects

_ Findings
Variables

(N=74)
Age (years)* 49.24+12.06 (25-47)
Post-injury time (months)* 42.19+36.99 (2-180)
Genders: males/females (n) 55/19
AIS classes: C/D (n) 29/45
Levels of injury: TetraplegiéfParaplegia (n) 25/49

* Data were presented using MeanzSD (range)

AIS: American Spinal Injury Association$M) Impairment Scales

2. Functional ability and correlation between the MinWT and outcomes derived
from the 10MWT
Table 2 presents data of the 6MinWT and outmerived from the 10MWT
were demonstrated in table 2. The 6MINWT had egoélicorrelation with the
preferred and maximum walking speed, but fair torpmrrelation with the difference
and percentages of walking speed (figure 9). Tkhes,study formulated predictive

equations for the 6MIinWT only from the preferredlanaximum walking speed, the
results are as follows;

Preferred walking speed:
6MIiNWT speed = 0.70x 10MWT spee@l64; (R = 0.82)
Maximum walking speed:

6MIinWT speed = 0.57 x1IOMWT speedl682; (R = 0.78)



Table 2: Walking ability of the subjects (N = 74)

Variables MeanxSD Range
Outcomes derived from the 10MWT

- Preferred walking speed (m/s) 0.58+0.34 0.70- 1.45

- Maximum walking speed (m/s) 0.72+0.41 0.90- 1.66

- Difference of walking speed (m/s) 0.16 +£0.13 0.01-0.69

- Percentages of walking speed (%) 77.46 +12.60  24.18 - 95.12
6MINWT (m) 155.96 £+ 93.65  18.50 - 381.39

Note: Difference of walking speed
= Maximum walking speegreferred walking speed (m/s)

Preferredvalkingspeed <10
Maximumwalkingspeed

Percentages of walking spee{d OJ (%)
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3. Walking ability of subjects with different levds of ability

In order to clearly quantify the correlatibetween the 6MinWT and outcomes
derived from the 6MIinWT, the study further analyzbd data according to levels of
functional independence in environment using th®l-El scores. There were 10
subjects with FIM-L 5, 31 subjects with FIM-L 6, dr83 subjects with FIM-L 7.
There were no significant differences of age, BMdl goost-injury time among the 3
groups (p>0.05). The detail of baseline demographied SCI characteristics were
given in table 5 (Appendix E).

Figures 10 and 11 present data of outcomewede from the 10MWT and
6MInWT in subjects with FIM-L 5-7. The data illuated that subjects with FIM-L 5
walked at the slowest speed with the least diffegenbetween preferred and
maximum walking speed (figure10). The differencéwalking speed in subject with
FIM-L 5, 6, 7 were 0.05, 0.15 and 0.21 m/s respebti The subjects also achieved
shortest distance walk in 6 minutes (figure 11).tRa contrary, subjects with FIM-L
7 walked at the highest speed with the greate$trdiices between preferred and
maximum speed. The subjects also obtained longsetinde walk in 6 minutes
(figure 11). The findings of subjects with FIM-Lwere significant difference from
those of subjects with FIM-L 5 and 6 (p<0.001).
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4. Correlation between data of the 6MInWT and outcmes derived from the
10MWT in subjects with different levels of walkingability

The data were analyzed only in variables wstgnificant correlation when
analyzed in all subjects (figure 9). Similarly, thhata indicated that preferred walking
speed had best correlation with the findings of &MinWT, followed by the
maximum walking speed and the difference of walkspged. However, levels of
correlation were highest in subjects with FIM-L Gt bowest in those with FIM-L 5.
Significant correlation was demonstrated in sulgjecith FIM-L 6 and 7 (p<0.001)
but not in subjects with FIM-L 5. The data in sutgewith FIM-L 5 also showed
inversed correlation (table 3). The study furthealgzed predictive equations for the

6MInWT according to walking ability of subjectsjta 4.)

Table 3: Correlation between the 6MinWT and outcomes derifiean the
10MWT in subjects with different levels of walking abyli{fFIM-L

scores)
Variables derived from the 10MWT | FIM-L 5 FIM-L 6 FIM-L 7
(N=10) (N=31) (N=33)
Preferred walking r -0.33 0.74 0.83
speed p-value* 0.36 <0.001** | <0.001**
Maximum walking r -0.29 0.58 0.83
speed p-value* 0.42 <0.001** | <0.001**
Difference of walking| r -0.16 -0.22 0.37
speed p-value* 0.65 0.91 <0.05

*p-value from Pearson product-moment correhacoefficient

**|ndicated significant difference




32

Table 4: Predictive equations for the 6MinWT in subjectshwdifferent levels of
walking ability (FIM-L scores)

Equations

FIM-L 5 | Preferred walking speed:
(N=10) 6MIinWT speed = -0.10x 10MWT speed + 0.12% £R.10)
Maximum walking speed:

6MIinWT speed = 0.59 x1I0MWT speed + 0.1% £R.07)

FIM-L 6 | Preferred walking speed:
(N=31) 6MIinWT speed = 0.51 x10MWT speed + 0.13 £F0.55)
Maximum walking speed:

6MInWT speed = -0.32x 10MWT speed + 0.16% £M0.34)

FIM-L 7 | Preferred walking speed:
(N=33) 6MIinWT speed = 0.70x 10MWT speed + 0.04 £RL.00)
Maximum walking speed:

6MInWT speed = 0.55 x10MWT speed + 0.50% £/0.89)




CHAPTER V
DISCUSSION

This study investigated the correlation between @MenWT and outcomes
derived from the 10MWT in independent ambulatorgigras with SCI (AIS C or D).
The preferred walking speed had significant coti@bawith the 6MinWT followed
by the maximum walking speed and difference of wallspeed, whereas percentages
of walking speed had inverse, no significant catieh with the 6MinWT. Data of
preferred and maximum walking speed of the 10MWQa &ecellent ability to predict
distance walk in 6 minutes tR 0.82 and 0.78 for the preferred and maximumdpee
respectively). However, when analyzed data accgrtbnability of walking, the high
correlation was demonstrated only in subjects wiblod walking ability (FIM-L 7,
table 3).

The results offered different findings from thosparted previously (van
Hedel et al., 2005, 2007). Van Hedel et al (20@f)orted that the 10MWT had
excellent correlation with the 6MIinWT both when tegk using preferred and
maximum walking speed (regression coefficients riddl differ from 1). In addition,
the findings suggested that their subjects achidw®%o of the predicted distance of
the 10MWT. In this study, regression coefficiemtsre slightly lower (r = 0.91 and
0.89 for preferred and maximum speed, respectivedpd the linear regression
equation suggested that subjects achieved only gi4#éhte predicted distance of the
10MWT. The different findings may relate to chaeaistics of subjects and methods
of test. Van Hedel et al (2007) recruited subjedts good walking ability (median
WISCI Il scores = 17.5) and at a subacute stagejofy (average post-injury time
=1.5 months). In contrast, most of subjects in #tigly were at a chronic stage of
injury (average post-injury time = 42.19 monthsjl anore than half of them required
a walking device (n = 43). Being at a chronic stagd walking with a device posed
negative impacts onto functional endurance. Baa@wol Maki, (2005) indicated that
using a walking device promoted levels of indep&cdeof the patients. However,
manners of walking put a considerable demand opfmeuextremities and energy

expenditure (Subbarao, 1991, Melis et al., 1998ps€ may have significant impact
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on the total distance covered in 6 minutes. In taadi van Hedel et al (2007) assess
the 6MINWT using a hallway that the walking patmt@ined as few turn as possible
in order to avoid the influence of turn on walkisgeed. In this study, however, the
tests were performed in a rehabilitation ward angexts’ houses. Thus, the 6MInNWT
was executed using a 19-meter square walkway iardadoffer similar testing area
among subjects. Using a square walkway might helpninimize effects of total
turning that occurred when testing using up andrdaalkway. However, small area
of test might increase the number of turns that ingzhct on overall distance walk
after 6 minutes. Therefore, findings of this stuglyggested that data of the short
distance walk (10MWT) overestimated those of loigjashce walk (6MIinWT). The
findings were associated with those of Dean et280() who found that stroke
subjects could actually achieve 84% of the predictdistance of the 10MWT. The
study recruited subjects at a chronic stage whopduat walking ability. Although,
the study tested the 6MIinWT using up and down walkaround traffic cones, the
total distance per round was rather long (50 meté&tsus the findings were coherent
with those in this study.

Van Hedel et al (2005) reported that the L0MWT higgh correlation with the
6MINnWT in patients with SCI who had good and po@lking ability (r = -0.93 to -
0.96 for subjects with good and poor walking aypilitespectively). However, the
study applied WISCI Il scores as standard critefiaubject classification The WISCI
Il scores rank orders of walking ability at lea$t theters along the dimension of
impairments based on the use of assistive devimases and physical assistance of
person(s) (Jackson et al., 2008). The result inelscability of walking in a standard
environment, thus it may not truly reflect abiliof subjects in their environment
(Ditunno et al., 2005; Dobkin, 2006). In contrabe FIM-L has been indicated as a
disability scale which by definition to assess fimts of subjects in different
environments (the ranking scores are dependentatking aids or assistance used to
cover a distance over level ground up to 150 fabgt the data truly represents
burden of care (Ditunno et al., 2005). FIM-L 5 reféo individuals who can walk at
least 17 meters with or without a walking devicBM{E 6 are those who can walk at
least 50 meters with a walking device, and FIM-aré those who are able to walk at
least 50 meters without a walking device (Functidndependence Measure: Guide
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for the Uniform Data Set for Medical RehabilitatiGhdult FIM), 1993). Thus, using
the FIM-L scores may better classify levels of fiimaing of subjects than the WISCI
Il scores.

Finding of this study indicated that the correlatimetween the 6MinWT and
10MWT was highest in subjects with FIM-L 7, follodidy those with FIM-L 6 and
FIM-L 5, respectively. Melis et al., (1999) repatt¢hat walking with a walking
device puts a considerable demand onto upper eitiggenand energy expenditure.
This may attribute higher impact onto a more clmgéetask of 6MInNWT than a less
demand task of the I0MWT. As a result, the corni@babetween the 6MinWT and
10MWT was lower in subjects with FIM-L 6 than thagigh FIM-L 7 (table 3)

FIM-L 5 inferred that the subjects could walk atyoa short distance. The
results also showed that these subjects had lowalting ability (walked at the
lowest speed with the least differences betweefepsel and maximum walking
speed) (figure 10). Ability of walking at a shorstnce implied that the subjects had
minimal functional endurance due to severity of x&on or just start of walking.
Minimal difference of walking speed also inferrddht the subjects retained meager
remaining capacity to modify movement patterns etiog to the task demands in a
daily life (Dobkin, 2006). This may pose higher iagp on a more challenge task of
the 6MINWT than the 10MWT. Thus, the correlatioriviEen the 2 tests was lowest
in these subjects (table 3). The inverse correfatiso implied that the subjects who
walked at a higher speed could achieve shortearttist walk in 6 minutes and vice
versa. These results are consistent with thoseamHedel et al (2005). The study
found that, in subjects with poor walking abilif[SCI Il <10), the WISCI Il scores
had positive correlation with the TUGT and negatbegrelation with the 6MinWT.
The data implied that, in subjects with poor wadkability, improved walking ability
was associated with increased time to completeTth€T and decreased distances
walked in 6 minutes. However, this study recruitgedmall number of subjects with
FIM-L 5, thus an investigation in a larger numbérsabjects would warrant this

assumption



CHAPTER VI
CONCLUSION

1. Conclusion

This study evaluated levels of correlation betw#en 6MinWT and outcomes
derived from the 10MWT in 74 subjects with SCI (FIMscores = 5-7). The
excellent correlation was demonstrated when tested OMWT using preferred and
maximum walking speed. Findings of the 10MWT copitddict data of the 6MinWT
using equation: 6MIinWT speed = 0.70x 10MWT speed.04 (for a preferred
walking speed, R= 0.82) and equation: 6MinWT speed = 0.57 x10M¥yEed +
0.02 (for a maximum walking speed? R 0.78). However, when analyzed the data
according to walking ability, the excellent corteda was demonstrated only in
subjects with good walking ability (FIM-L 7). Findys of this study suggest that,
when space and time are limited, preferred walkipged of the 10MWT can be used
as an alternative test to the 6MinWT. The tool rhalp health care professionals to
early detect change of functional capacity and adster an appropriate program for
the patients. This will enhance effectiveness balwlitation strategies and reduce the
rate of rehospitalization of patients with SCI

2. Limitation of the study and suggestion for furtherstudy
There was small number of subjects with FIM-L Stiggpating in the study
because of the demanding of the 6MIinWT. Furthedystwith more number of

subjects with FIM-L 5 is necessary to confirm résoff the study.
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APPENDIX E
Additional Data of the Study



Table 5:Baseline demographics and SCI characteristicstyésts with FIM-L scores 5-7
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Parameters FIM-L 5 FIM-L 6 FIM-L 7 p-value*
(N=74) (N =10) (N =31) (N =33)

Age [MeanzSD] (years) 41+11.82 51.97+13.23 49.18+10.00 0.42
Post-injury time [Mean£SD] (months) 53.80+35.66 44.26+43.18 36.72+30.63 0.41
Gender [males/females] (n) 8/2 25/6 23/10 -
Causes [Non-traumatic/Traumatic] (n) 713 11/20 16/17 -
Levels of injury [Tetraplegia/Paraplegia]) 4/6 5/26 16/17 -
AIS classes [C/D] (n) 9/1 18/13 30/3 -

*p-values from one-way analysis of variance (area- ANOVA)
FIM-L: Functional Independence Measure Locamstores
AIS: American Spinal Injury Assation (ASIA) impairment scales
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Table 6: The 6MInWT and outcomes derived from the 10MWiBubjects with different levels of walking abylit

Parameters FIM-L 5
(N=10)
Outcomes derived from the 10MWT
- Preferred speed (m/s) 0.16+0.10 (0.1-0.23)
- Maximum speed (m/s) 0.21+0.14 (0.11-0.31)

- Difference of walking speed (m/s 0.05 £ 0.4 (0.02-0.08)

FIM-L 6 FIM-L7 p-value*
(N=31) (N=33)
0.39+0.18 (0.23-0.30) 0.83+0.27 (0.81-1.12) 0.001**
0.54+0.23 (0.30-0.56) 1.04+0.32 (1.07-1.40) 0.001**
0.15+ 0.15 (0.10-0.20) 0.21+0.12 (0.17-0.25) 0.005**

- Percentages of walking speed (%Y6.71 + 8.73 (57.14 — 88.24) 74.18+16.47 (68.14-80.22) 81.95+112.99 (17.94-85.95)  0.07

BMINWT (m) 36.56+11.19 (28.56-44.57)

’L*i

112.23+41.80.84-142.13) 284.68+67.48 (235.82-332.38) 0.00!

Data wergresented using mean+SD (95)

FIM-L: Functional Independence Measure Locomotoras
*p-value from one-way analysis of variance (one-WOVA)

** Indicated differeces significant
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