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 สาลินี  แนวหลา้. 2555. ความสัมพันธ์ระหว่างความเร็วในการเดินและความสามารถในการทํางาน

ที�วัดโดยการเดิน ในเวลา 6 นาที (6MinWT) ในผู้ป่วยบาดเจ็บไขสันหลังที�เดินได้เอง. 

วิทยานิพนธ์ปริญญาวิทยาศาสตรมหาบณัฑิต สาขาวิชากายภาพบาํบัด บณัฑิตวิทยาลัย  

มหาวทิยาลยัขอนแก่น. 

อาจารย์ที�ปรึกษาวทิยานิพนธ์: รศ.ดร. สุกลัยา อมตฉายา, ผศ.นพ. ปรีดา อารยาวชิานนท ์

 

บทคัดย่อ 

การทดสอบระยะทางการเดินในเวลา 6 นาที (6-minute walk test: 6MinWT) เป็นการ

ประเมินทีBช่วยสะทอ้นความสามารถในการดาํเนินกิจวตัรประจาํวนั ผลการทดสอบสามารถแปลง

เป็นความเร็วในการเดินได ้แต่การทดสอบนีG ตอ้งใช้เวลานานและใช้สถานทีBสําหรับการทดสอบ

กวา้ง ในขณะทีBการประเมินความเร็วในการเดินระยะทาง 10 เมตร (10-meter walk test: 10MWT) 

เป็นการทดสอบทีBทาํได้ง่าย ใช้เวลาน้อย  ผลการทดสอบช่วยสะทอ้นความสามารถในกิจวตัร

ประจาํวนัและคุณภาพการเดินโดยรวม อย่างไรก็ตาม การทดสอบ 10MWT สามารถทาํไดห้ลาย

แบบ ไดแ้ก่ ความเร็วปกติ ความเร็วสูงสุด ความแตกต่างระหวา่งความเร็วปกติและความเร็วสูงสุด 

และสัดส่วนระหวา่งความเร็วปกติและความเร็วสูงสุด ดงันัGน การศึกษานีG จึงมีวตัถุประสงคห์ลกัเพืBอ

ศึกษาความสัมพนัธ์ระหวา่งการทดสอบ 6MinWT และตวัแปรต่างๆ ทีBไดจ้ากการทดสอบ 10MWT 

และมีวตัถุประสงคร์องเพืBอศึกษาความสัมพนัธ์ระหวา่งการทดสอบทัGงสอง ในผูป่้วยบาดเจ็บไขสัน

หลงัทีBสามารถเดินไดเ้องทีBมีความสามารถระดบัต่างๆ อาสาสมคัรจาํนวน 74 ราย ไดรั้บการทดสอบ

ความสามารถโดยใช้ 10MWT และ 6MinWT ผลการศึกษาพบว่าการทดสอบ 10MWT ด้วย

ความเร็วปกติมีความสัมพนัธ์ทีBดีทีBสุด (r = 0.91, p<0.01) และสามารถทาํนายการทดสอบ 6MinWT 

ไดดี้ทีBสุด (R2 = 0.82) อย่างไรก็ตาม เมืBอวิเคราะห์ความสัมพนัธ์ตามระดบัความสามารถของ

อาสาสมคัรพบวา่การทดสอบทัGงสองมีความสัมพนัธ์กนัดีทีBสุดในอาสาสมคัรทีBเดินไดร้ะยะทางไกล

โดยไม่ตอ้งใช้อุปกรณ์ช่วยเดิน ผลการศึกษานีG แสดงให้เห็นว่าการทดสอบ 10MWT ดว้ยความเร็ว

ปกติ สามารถใช้แทนการทดสอบ 6MinWT ได ้ในกรณีทีBมีขอ้จาํกดัดา้นเวลาและสถานทีBในการ

ทดสอบ  อยา่งไรก็ตาม ความสามารถในการทดแทนของ 10MWT จะดีทีBสุด เมืBอทาํการทดสอบใน

ผูป่้วยบาดเจบ็ไขสันหลงัทีBมีความสามารถดี 
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ABSTRACT 
 The 6-minute walk test (6MinWT) reflects functional ability for daily 

activities. Results of the test can be converted to a walking speed but it needs 

considerable time and area to conduct the test. In contrast, the 10-meter walk test 

(10MWT) can easily be measured and requires less time to complete. The findings 

reflect motor function and overall quality of gait. However, the test can be reported in 

various forms including preferred walking speed, maximum walking speed, difference 

of walking speed and percentage of walking speed. Thus, this study aimed primary to 

evaluate the correlation between the 6MinWT and outcome derived from the 10MWT 

and secondary to evaluate the correlation between 2 tests in independent ambulatory 

patients with SCI who had different levels of walking ability. Seventy-four subjects 

were tested their functional abilities using the 10MWT and 6MinWT. The results 

demonstrated that the preferred walking speed of the 10MWT had the best correlation 

(r = 0.91, p<0.01) and best predictive ability for the 6MinWT (R2 = 0.82).  However, 

when analyzed the relationship in subjects with different levels of walking ability, the 

correlation was highest in subjects who could walk at a long distance without a 

walking device. The findings suggest that preferred walking speed of the 10MWT 

could be used as an alternative test for the 6MinWT when time and area of 

assessments are limited. However, alternative ability would be optimum when using 

in SCI patients with good walking ability.  
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CHAPTER I 

INTRODUCTION 

1. Rationale and background  

 Spinal cord injury (SCI) is one of the most devastating conditions that a person 

can experience (Jaeger et al., 1989). Most of patients are males, age between 16-30 

years, and more than half of them have an incomplete injury (Wyndaele & Wyndaele, 

2006). Approximately 80% of these patients can regain ambulatory function (Tang et 

al., 1994; National Spinal Cord Injury Statistical Center, 2006). However, the quality 

and degrees of their ambulation are affected by age, medical conditions, spasticity, 

muscle weakness, and coactivation of muscle groups. Thus, ambulatory capacity of 

the patients are likely restricted to a certain location such as within the house, at only 

a short distance, or with the support of assistive devices (Brotherton et al., 2007).  

 Presently, there is a trend that patients with SCI have shorter length of stay in 

hospitals (Cardenas et al., 2004). National Spinal Cord Injury Statistical Center (2008) 

reported that average admission time of patients with SCI reduced from 25 days in 

1974 to 15 days in 2005. Van Hedel et al (2008) reported that physical ability of these 

patients was greatest increased within 3 months after injury; only slight improvement 

was demonstrated afterward. Van den Berg-Emon et al (2008) also found a similar 

trend of improvement. These evidences suggested that the patients cannot achieve 

maximum levels of functioning prior to discharge. After discharge, their functional 

ability is also affected by the lack of mobility aids and home adaptations (van Hedel 

et al., 2008). In addition, many studies indicated that the patients encountered a high 

risk of complications and falls that affected levels of functioning and increased rate of 

rehospitalization (van den Berg-Emon, 2008). In Thailand, Amatachaya et al (2011) 

reported that subjects with SCI demonstrated small changes of functional ability in 6 

months after discharge. The study also found that 91% of the subjects experienced at 

least 1 medical complication (range 1–5 times/subject) and 74% of the subjects 

sustained at least one fall during this follow up time (1–24 times/subject). Thus, these 

findings emphasize the important roles of community rehabilitation and the need of a 

practical screening tool in order for health care professionals to effectively monitor 

and early detect functional alteration of the patients with SCI after discharge.  
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 In general, clinical assessments can be done in the forms of system assessments 

and functional assessments using qualitative or quantitative methods. The 

neurological system assessments encompass the methods established by the American 

Spinal Injury Association (ASIA) which are standardized examinations of the motor 

and sensory assessments (Maynard et al., 1997). Findings of these methods indicate 

system disorders which provide insight into treatment plan. However, thorough 

system assessments take considerable time and the results may not correlate with 

functional ability. As a result, qualitative functional assessments are firstly applied in 

order to provide information for underlying systems that involve with the disorders 

(van Wieringen, 1996). However, these methods are rather subjective and depend 

largely on experience of the assessors. In addition, decisions about clinical relevant 

changes can be difficult when time intervals between visits are long or with changes 

in the assessors. Thus quantitative functional measures are more preferable because 

the tests are more objective and easier to be standardized. Results of the tests can also 

be compared among the testers and the test intervals (van Iersel et al., 2008). 

 In the field of SCI research, there are many functional tests have been advocated 

to assess ambulatory ability of the patients such as the Walking Index for Spinal Cord 

Injury II (WISCI II), Functional Independence Measure Locomotor (FIM-L) scores, 

6-Minute Walk Test (6MinWT), and 10-Meter Walk Test (10MWT) (Jackson et al., 

2008). The WISCI II and FIM-L scores categorize ambulatory ability of the patients 

using ordinal scales (Jackson et al., 2008; Finch et al., 2002). Thus the tests have been 

criticized for their sensitivity and responsiveness compared to timed walking tests 

(van Hedel et al., 2006; 2008)  

 The 6MinWT and 10MWT are timed-based assessments that can be converted 

into walking speed. The 6MinWT measures distance walk in 6 minutes whereas the 

10MWT investigates the time required to over a walk 10 meter walkway (van Hedel 

et al., 2008). Both tools are valid, reliable and sensitive to address ambulatory 

capacity of patients with SCI (van Hedel et al., 2005). Results of the 6MinWT 

indicate the global and integrated responses of pulmonary, cardiovascular and 

muscular systems; and reflect functional status for daily activities (ATS statement, 

2002). However, using the 6MinWT encounters problems of time consuming and 

standardization of the test due to setting and method of instruction (van Hedel et al., 
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2008). The 10MWT is a quick and easy administered tool that is considered as a 

surrogate for the overall quality of gait and motor function (Dobkin, 2006). Thus, an 

evidence on correlation between the 6MinWT and 10MWT would warrant the use of 

the 10MWT as an alternative that to the 6MinWT. However, the 10MWT can be 

executed using preferred or maximum walking speed, and results of the test can be 

reported in various forms (Lusardi et al., 2003). Preferred or usual walking speed is 

valuable to inform health status and ambulatory ability of individuals (Purser et al., 

2005; Cesari et al., 2005). However, van Hedel et al (2007) that preferred walking 

speed might only partially reflect the potential to participate in a community. The 

ability to voluntarily increase walking speed may better reflect the remaining capacity 

for a community challenge. In addition, percentages of preferred and maximum 

walking speed may clearly indicate and quantify how well the patients can modify 

their walking pattern to varying demands during daily life (van Hedel et al., 2007).   

 Previously, there were studies that evaluated the correlation between the 

6MinWT and 10MWT (van Hedel et al., 2005). Van Hedel et al (2007) assessed the 

correlation using preferred and maximum walking speed of the 10MWT in 18 

subjects. Thus, the results may not ensure the use of the 6MinWT. Van Hedel et al 

(2005) reported that preferred and maximum walking speed of the 10MWT had 

correlation with the 6MinWT in subjects with SCI who had good and poor walking 

ability. However, the study applied criteria of the WISCI II scores to classify levels of 

walking ability of the subjects. The WISCI II scores categorize ability of the subjects 

according to device use and assistance requirement over a 10-meter walkway which 

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

 

2. Objectives of the study   

    Primary objectives:  

1. To quantify the relationship between the 6MinWT and outcomes derived 

from the 10MWT (including preferred speed, maximum speed, difference of walking 

speed, or percentage of walking speed) in patients with SCI. 

2. To determine a predictive equation for the 6MinWT using outcomes 

derived from the 10MWT 
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 Secondary objective: 

  To evaluate the correlation between the 6MinWT and outcomes derived 

from the 10MWT in patients with SCI who had different levels of walking ability 

 

3. Research question 

1. Which outcomes derived from the 10MWT had best correlation with the 

6MinWT? 

2. Could outcomes derived from the 10MWT use to predict data of the 

6MinWT?  

3. Could outcomes derived from the 10MWT be used as an alternative test 

to the 6MinWT in patients with SCI who had different levels of walking ability? 

 

4. Hypothesis of the study 

        Percentage of preferred and maximum walking speed indicated relative 

remaining capacity. Thus the researcher hypothesized that it would have best 

correlation with the 6MinWT. However, outcomes derived from the 10MWT could be 

used as an alternative test to the 6MinWT only in patients with good walking ability. 

 

5. Scope of the study 

        The study recruited patients with SCI who were able to walk with and 

without any devices for at least 6 minutes in order to be able to complete the tests in 

the study.  

 Determinant of terminologies 

- FIM-L = Functional Independence Measure Locomotor scores  

 FIM-L 5 refers to patients who are able to walk only short distances (a 

minimum of 17 m [50 ft]) independently with or without a 

device. 

 FIM-L 6 refers to patients who are able to walks a minimum of 50 m 

(150 ft) with the requirement of assistive devices such as a 

brace (orthosis) or prosthesis, special adaptive shoes, cane, 

crutches, or walker. 
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 FIM-L 7 refers to patients who can walk a minimum of 50 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 difference of maximum and 

preferred walking speed  

[maximum walking speed - preferred walking speed (m/s)] 

- Percentages of walking speed is a ratio of preferred and maximum  

walking speed. It can be calculated using the formula  









×100

speed  walkingMaximum

 speed  walkingPreferred
(%) 

 

6.     Benefits of the study 

         The 10MWT is an objective/practical test to document walking ability in 

patients with SCI. However, results of the tests can be documented using various 

forms. The 6MinWT indicates global endurance or functional capacity of individuals 

but it encounters problems of time and space consuming. Thus, results of the study 

would indicated the best outcome derived from the 10MWT to be used as an 

alternative test to the 6MinWT. Moreover, the predictive equation would help to 

determine outcome of the 6MinWT using data from the 10MWT when time and space 

limited. 
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7. Conceptual Framework 

                                                                                                                                                                                                                                                                                                                                                                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Conceptual Framework of the study 
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1. To quantify the relationship between the 6MinWT and 

outcomes derived from the 10MWT  in patients with 

SCI. 

2. To determine a predictive equation for the 6MinWT 

using outcomes derived from the 10MWT  

          Secondary objective: 

     To evaluate the correlation between the 6MinWT and 

outcomes derived from the 10MWT in patients with SCI 

at different levels of walking ability 

        Warrant the use of the 10MWT as an 

alternative test to the 6MinWT in clinics and 

communities 

Objectives of the study 

Benefits of the study 
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- 10MWT  is a standard and practical measure  
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CHAPTER II 

LITERATURE REVIEW 

 

 This chapter reviews literatures relating to the study. The contents include 

overview of spinal cord injury (SCI), consequences of SCI, terminologies relating, 

severity of the lesion, factors affecting affecting ambulatory potential after SCI, and 

clinical ambulatory assessment in patient with SCI. Details of each topic are as 

follows;  

 

1. Spinal cord injury (SCI) 

1.1 Definition causes and prevalence of spinal cord injury 

              The term ‘spinal cord injury (SCI)’ refers to any damages or injuries to the 

neural elements within the spinal canal (spinal cord and cauda equina) that disrupt the 

ascending and/or descending nerve impulses.  

 In the United State, there are approximately 12,000 new cases with SCI each 

year (National Spinal Cord Injury Statistical Center., 2008). Barbeau et al (1999) 

reported that the number of patients with SCI has steadily increased from 45.9% in 

the 1970s to 55.3% in 2005 Most of them are males (80%), age between 16 and 30 

years at the time of injury (Somers, 2001; National Spinal Cord Injury Statistical 

Center., 2008).  

 

2. Consequences of spinal cord injury   

Spinal cord injury induces the loss or impairments of voluntary movement 

control, sensation, and autonomic functions below the level of injury (Widerstom-

Noga et al., 1999; Bloemen-Vrecken et al., 2005). SCI is mostly occurred due to a 

direct or indirect trauma to the vertebral column such as motor vehicle crashes (42%), 

falls (27.1%), acts of violence (15.3%), and sporting activities (7.4%) (figure 2) 

(National Spinal Cord Injury Statistical Center., 2008). In addition, SCI can be 

occurred as a result of nontraumatic causes such as transverse myelitis, vascular 

occlusion, compression by infective process or haemorrhage (New, Epi, 2005; 

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



8 

 

life. As a consequence, persons with SCI are at risk of developing a hypoactive 

lifestyle more than the able-bodied population with possible detrimental effects on 

physical fitness, social participation, and quality of  the life of patients (Manns, Chad, 

1999; van den Berg-Emons et al., 2004). The reduction of physical fitness affects 

functional activity (Janssen et al., 2002), functional status (Noreau et al., 1993), and 

community participation that increase risk of developing secondary health problems 

later in life (Noreau, Shephard, 1992). 

  

 

                                           Figure 2 Etiology of SCI since 2005  

                           (National Spinal Cord Injury Statistical Center., 2008) 

 

 Although many studies reported that ability of patients with SCI improves after 

participation in a rehabilitation program (Steins et al., 2002; van den Berg-Emons et 

al., 2004; Heinemann et al., 1989, Middleton et al., 1998), the improvement does not 

continue after discharge (van den Berg-Emons et al., 2004). The decrement of 

functional ability after discharge due often to the lack of mobility aids and home 

adaptations (van den Berg-Emon et al., 2004). In addition, persons with SCI are at a 

greater risk of medical complications that increase rate of rehospitalization throughout 

their lifetime (Cardenas et al., 2004).  

In Thailand, Amatachaya et al (2011) reported that 91% of persons with SCI 

experienced medical complications (range 1–5 times/subject) and 74% sustained at 

least 1 fall during 6 months after discharge (1–24 times/subject). A high incidence of 

complications is associated with a lower level of health-related aspects, such as 

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

Motor vehicle 

 crashes 

42% 

Falls  

27.1% 

 

Other 

8.1% 

Sporting activities 

7.4% 
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2005;). Complications may disturb the start of active rehabilitation, can form a 

disappointing set-back during rehabilitation, frequently lead to re-hospitalization, and 

cause mortality following SCI (Cardenas et al., 2004; van den Bossche et al., 2005; 

Meyers et al., 2000; Devivo et al., 1999). Therefore, a practical monitoring measure is 

important, on the one hand, to early detect clinical changes of the possible positive 

treatment effects, and on the other hand, to minimize harmful effects of treatments or 

secondary complications before conditions of the patients becomes seriously affected 

(van Hedel et al., 2008). 

 

3. Terminologies relating to  

    The International Standards for Neurological and Functional Classification of 

Spinal Cord Injury (ISNCSCI) is a widely accepted system describing the level and 

extent of injury based on a systematic motor and sensory examination of neurological 

functions (American Spinal Injury Association., 2000). The following terminologies 

have been developed around the classification of SCI:  

Paraplegia 

           This term refers to the impairments or less of motor and/or sensory function in 

the thoracic, lumbar or sacral segments of the spinal cord and neural element within 

the spinal canal (below the T-1 spinal level). Typically these injuries result in some 

degrees of weakness and sensory changes in the trunk, and lower extremities.  The 

term is also used to infer to cauda equina and conus medullaris injuries, but not to 

lumbosacral plexus or injury to peripheral nerves outside the neural canal (Fride, 

Guralnik, 1997). 

           Tetraplegia  

          This term refers to the impairments or less of motor and/or sensory functions in 

the cervical segments of the spinal cord and neural elements within the spinal canal a 

spinal cord injury (at or above the T-1 spinal level). Typically, tetraplegia results in 

weakness or sensory changes upper extremities, trunk, lower extremities and pelvic 

organs. It does not include brachial plexus lesions or injury 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 absence of sensory and motor function in the 

lowest sacral segments (Waters et al., 1991). 

          Incomplete spinal cord injury 

          The incomplete SCI (iSCI) is use to describe partial preservation of sensory or 

motor functions below the neurological level include the lowest sacral segments. 

Sacral sensation includes sensation at the anal mucocutaneous junction as well as 

deep anal sensation. The test of motor function is the presence of voluntary 

contraction of the external anal sphincter upon digital examination (Maynard et al., 

1997).  

 

4.    Severity of the Lesion 

      American Spinal Injury Association (ASIA) Impairment Scale (AIS) has proposed 

standard criteria to the neurological severity of a SCI classify using the following 

categories: 

 

A - Complete:    No sensory or motor function is preserved in the sacral 

segments S4-S5 

B - Incomplete:   Sensory, but not motor, function is preserved below the 

neurologic level and extends through the sacral segments S4-

S5 

C - Incomplete:   Motor function is preserved below the neurologic level, and 

more than half of key muscles (Appendix D) below the 

neurologic level have muscle grade less than 3  

D - Incomplete:   Motor function is preserved below the neurologic level, and 

more than half of key muscles (Appendix D) below the 

neurologic level have muscle grade greater than or equal to 3 

E - Normal:    Sensory and motor functions are normal 

 

Complete SCI constitutes the most severe form, with only 2% to 3% of such 

patients recovering to AIS class D at 1 year after injury (Marino et al., 1999). On the 

contrary, patients with iSCI have various prognosis with large differences observed 
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between individuals depending upon residual motor and sensory functions. These 

differences are particularly evident for patients with motor complete but sensory 

incomplete (AIS B), which represents a small but significant percentage of the total 

SCI population (10.3% of SCI cases a year). Such patients have some sensory 

preservation through the sacral segments but lack any volitional motor function below 

the zone of injury, thus have worse prognosis than those with some motor ability (Go 

et al., 1995). For persons who with a motor-incomplete injury, 28% of the injuries 

were classified as “motor functional” (AIS D) and 11.6% as “motor nonfunctional” 

(AIS C) at the time of inpatient discharge (National Spinal Cord Injury Statistical 

Center, 2006).  

 

5.   Factors affecting ambulatory potential after spinal cord injury 

      Literatures relating to neurological recovery after a traumatic SCI emphasized that 

functional recovery is mostly occurred within the first or second year post-injury 

(Marino et al., 1999; Water et al., 1994). The highest motor recovery occurs within 

the first 6 months post-injury with the greatest rate of change occurring within the first 

3 months (Water et al., 1995; van Hedel et al., 2006). Tang et al (1994) indicated that 

approximately one-third of all SCI patients can become functional walkers within 1 

year after injury (Tang et al., 1994).  However, the quality and efficiency of walking 

capacity can be adversely affected by a many of factors such as age, body weight, 

spasticity, pain, motor and sensory scores, duration of rehabilitation and balance 

(Visintin,  Barbeau., 1989; Dietz et al., 1995; Scivoletto et al., 2008). Details of each 

factor are follows; 

 Age 

 Burns et al (1997) found that walking recovery in patients with SCI depends on 

age, where the recovery is more possible in young patients; similar results were 

reported by several studies (Burns et al., 1997; Penrod et al., 1990; Scivoletto et al., 

2003). 

 Spasticity 

 The spasticity could benefit in patients with a lower limb strength deficit 

because it might increase the supportive function. However, more recent studies have 

demonstrated the negative correlation between spasticity and walking ability in 
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patients with neurological lesions of various etiologies (e.g., stroke and cerebral 

palsy) (An-Lun et al., 2003; Lebiedowska et al., 2004). Elevated muscle tone impairs 

the smoothness of movements and, therefore impediment of walking ability. 

Furthermore, the inability to perform fluid movements and the need to overcome 

spasticity (which also tends to increase with an increase in physical work) causes an 

increase in effort and energy consumption during walking (Scivoletto et al., 2008). 

 Motor and sensory scores 

 The ratio of patients with tetraplegia to those with paraplegia is reported as 

54:46 (Stover, 1986). Lesions below T10 associated with a higher residual functional 

levels and a greater ability of walking. Associated injuries, surgical procedure, and 

medical conditions also affect ambulatory potential. Even if a patient has residual 

motor function, and the presence of contractures, pain or uncontrolled spasticity 

(Subbarao, 1991). 

 

 

 Balance 

 The correlation between balance and walking has already been studied in 

healthy subjects and in patients with neurological disorder. In healthy subjects, loss of 

balance worsens walking features and exposes people to the risk of falls (Bogle, 

Newton., 1996). Leroux et al (2006) studied the postural adaptation of SCI patients 

during walking and concluded that this adaptation could lead to a loss of balance or a 

fall. The alteration of balance control restricted ambulatory ability the patients to a 

certain location such as within the houses, at only a short distance, and require the 

support of an assistive device (Brotherton et al., 2007; Lam et al., 2007).  

 

6. Clinical ambulatory assessments in patients with spinal cord injury 

 Efficient and accurate measurements of walking ability are necessary for both 

clinical practice and research trials. In order to evaluate change and predict outcomes 

(Cole, 1994). Clinical assessments can be executed using qualitative or quantitative 

assessments in which the quantitative measures are more preferable (van Iersel et al., 

2008). The quantitative assessments can be classified into categorical and timed-base 

ambulatory assessments (Lam, 2008). Details of assessment are as follows: 
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        6.1 Categorical ambulatory assessments  

              Categorical ambulatory assessments involve the use of ordinal scales to 

discriminate levels of walking ability. The tools offer advantage to capture both 

walkers and non-walkers, and the transition between ambulatory status (Lam, 2008). 

The categorical ambulatory assessments that are likely used in patients with SCI 

include the Walking Index for Spinal Cord Independence Measure (SCIM), 

Independence Measure-Locomotor (FIM-L), Spinal Cord Injury (WISCI), and 

functional details of each measurement are as follows; 

 

     6.1.1 The Spinal Cord Independence Measure (SCIM) 

      Catz et al (1997) has developed the SCIM specifically for patients with 

SCI to evaluate performance in a daily life and functional ability of the patients (Catz 

et al., 2001). Since then, there are 3 versions of SCIM including SCIM I, SCIM II, 

and SCIM III (Anderson et al., 2008). The tool consists of 3 subscales, including: self 

care, respiration and sphincter management and mobility. The mobility subscale 

consists of two subscales which are ‘room and toilet’ and ‘indoors and outdoors, on 

even surface’ (figure 3). The scores of task is weighted according to the clinical 

relevance with respect to the overall activity of individuals with SCI. Patients with 

higher scores indicate more independence (Ackerman et al., 2010).  
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 Figure 3 The Spinal Cord Independence Measure III (SCIM-III) (Itzkovic et al., 

2007) 

 

                6.1.2 The Functional Independence Measure-Locomotor (FIM-L) 

         The FIM locomotor item (FIM-L) has been used in stroke and SCI 

populations (Dokin et al., 2006; Yagura et al., 2006; Behrman, Harkema., 2000). The 

test has two distinct subscales, which allow individuals with widely varying ability to 

be included in one. Scoring is dependent on walking aids or assistance used to cover a 

distance over level ground up to 150 feet. A score is assigned on a 7-point scale 

depending on the assistance used to ambulate: 1 is equal to total assistance, 2 

maximum assistance with 1 person, 3 is moderate assistance, 4 minimal assistance 

with hands on contact, 5 supervision, 6 modified independence (with equipment), and 

7 independent without equipment (figure 4) (Jackson et al., 2006). Results of the test 

has been correlated with the WISCI-II (ρ = 0.89 - 0.92 and 6MWT (ρ = 0.62 - 0.78) 

(Ditunno, 2007). 



 

 

Figure 4 The Functional Independence Measure

Independence Measure: Guide for the Uniform Data Set for Medical 

Rehabilitation (Adult FIM), 1993)

 

    6.1.3 The Waking Index for Spinal Cord Injury (WISCI)

                 The WISCI was proposed by Ditunno et al (2000) to measure walking 

in patients with SCI. The ranking scores are ordered along the dimension of 

impairments from the level of the most severe im

impairment (20) where the lower the number indicates the higher impairment (figure 

5). The scores are dependent on the requirement of devices, braces, and physical 

assistance used to complete the 10

simple construct, minimal equipment use, minor time requirements, and ease of 

understanding of the WISCI II make the test being a promising outcome measure 

(Ditunno et al., 2000). 

tests such as the 6MinWT (Spearman’s correlation coefficient 

(ρ = -0.68) and the TUGT (

II does not account for gait quality and has less sensitivity to the changes 

chronic subjects than that of the 10MWT, 6MinWT, and TUGT (Wirz et al., 2005)

In addition, the WISCI levels are based on a 10 m distance (33ft), which is closer to 

The Functional Independence Measure-Locomotor (FIM

Independence Measure: Guide for the Uniform Data Set for Medical 

Rehabilitation (Adult FIM), 1993) 

The Waking Index for Spinal Cord Injury (WISCI)

The WISCI was proposed by Ditunno et al (2000) to measure walking 

in patients with SCI. The ranking scores are ordered along the dimension of 

impairments from the level of the most severe impairment (0) to the least severe 

where the lower the number indicates the higher impairment (figure 

The scores are dependent on the requirement of devices, braces, and physical 

assistance used to complete the 10-meter walking distance (Ditunno et al., 2001). 

simple construct, minimal equipment use, minor time requirements, and ease of 

understanding of the WISCI II make the test being a promising outcome measure 

(Ditunno et al., 2000). Results of the test showed good correlations with

tests such as the 6MinWT (Spearman’s correlation coefficient ρ = 0.60), the 10MWT 

0.68) and the TUGT (ρ = -0.76) (van Hedel et al., 2005). However, the WISCI 

II does not account for gait quality and has less sensitivity to the changes 

chronic subjects than that of the 10MWT, 6MinWT, and TUGT (Wirz et al., 2005)

In addition, the WISCI levels are based on a 10 m distance (33ft), which is closer to 

15 

 

Locomotor (FIM-L)    (Functional    

Independence Measure: Guide for the Uniform Data Set for Medical 

The Waking Index for Spinal Cord Injury (WISCI)  

The WISCI was proposed by Ditunno et al (2000) to measure walking 

in patients with SCI. The ranking scores are ordered along the dimension of 

pairment (0) to the least severe 

where the lower the number indicates the higher impairment (figure 

The scores are dependent on the requirement of devices, braces, and physical 

Ditunno et al., 2001). The 

simple construct, minimal equipment use, minor time requirements, and ease of 

understanding of the WISCI II make the test being a promising outcome measure 

Results of the test showed good correlations with other walking 

= 0.60), the 10MWT 

However, the WISCI 

II does not account for gait quality and has less sensitivity to the changes of gait in 

chronic subjects than that of the 10MWT, 6MinWT, and TUGT (Wirz et al., 2005).  

In addition, the WISCI levels are based on a 10 m distance (33ft), which is closer to 
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household ambulation (50ft) than to community ambulation, which is 150 ft 

(Morganti et al., 2005). The scale does not take into account the two additional 

extremely important parameters which are walking speed and energy consumption.  

 

 

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

 

6.2  Timed base ambulatory assessments 

 Since categorical ambulatory assessments have been criticized for their 

sensitivity and responsiveness, the time-based assessment are encouraged to measure 

ability of patients. Such tools include Timed Up and Go Test (TUGT), 6-Minute Walk 



 

Test (6MinWT), 10-Meter walk test (10MWT). Details of each test are as follows;

 

     6.2.1 The Timed Up and Go Test (TUGT)

          The TUGT is mainly applied to evaluate balance ability and functional 

mobility in community

basic activities required in a daily life such as standing up from a chair, walking 

forward, turning around, walking back to the chair, and sitting down (figure 6) 

(Podsiadlo, Richardson., 1991). Thus, the advantage

more complex task rather than ‘just’ walking, which may better reflect daily activities 

(van Hedel et al., 2008). The total time taken to complete the TUGT is normally used 

to predict the risk of falling 

 In patients with SCI, the TUGT has an excellent intra

(r > 0.97). The test also shows strong correlation with the WISCI II, 6MinWT and 

10MWT which warrant concurrent validity of the tool (

0.88 for 6MinWT, and r = 0.89 for 10MWT) (van Hedel et al., 2005). In patients with 

a WISCI II score of 0 to 10, the correlation coefficients of the TUGT and the 10MWT 

was 0.92 and the 6MinWT was 0.70. These values were 0.79 and 0.78 respectively in 

patients with the WISCI II scores of 11 to 20 (van Hedel et al., 2005). 

 

Figure 6 

     6.2.2 The 6-minute walk test (6MinWT)

                    The test was firstly developed by Balke in the 1960s (figure 7) and 

initially tested the distance walk in 12 minutes of patients with respiratory 

impairments (Olsson et al., 2005). Later, Lipkin et al (1986) introduce the 6MinWT as 

a functional exercise test that is generally well tolerated by patients. The results highly 

correlated with those of the 12MinWT (Butland et al., 1982). Several studies 

confirmed that the 6MinWT is a submaximal exercise test that mimics daily 

Meter walk test (10MWT). Details of each test are as follows;

Timed Up and Go Test (TUGT) 

The TUGT is mainly applied to evaluate balance ability and functional 

mobility in community-dwelling and frail older adults (aged 70–84 years). It contains 

basic activities required in a daily life such as standing up from a chair, walking 

forward, turning around, walking back to the chair, and sitting down (figure 6) 

(Podsiadlo, Richardson., 1991). Thus, the advantage of the TUGT is that it embraces a 

more complex task rather than ‘just’ walking, which may better reflect daily activities 

(van Hedel et al., 2008). The total time taken to complete the TUGT is normally used 

to predict the risk of falling (Whitney et al., 2004).  

In patients with SCI, the TUGT has an excellent intra- and interrater reliability 

(r > 0.97). The test also shows strong correlation with the WISCI II, 6MinWT and 

10MWT which warrant concurrent validity of the tool (ρ = -0.76 for WISCI II, 

88 for 6MinWT, and r = 0.89 for 10MWT) (van Hedel et al., 2005). In patients with 

a WISCI II score of 0 to 10, the correlation coefficients of the TUGT and the 10MWT 

was 0.92 and the 6MinWT was 0.70. These values were 0.79 and 0.78 respectively in 

with the WISCI II scores of 11 to 20 (van Hedel et al., 2005). 

 

Figure 6 The Timed Up and Go Test (TUGT)  
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a functional exercise test that is generally well tolerated by patients. The results highly 
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confirmed that the 6MinWT is a submaximal exercise test that mimics daily 
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(Sparrow et al., 1994; Eng et al., 2002). Nowadays, the 6MinWT has been widely 

used to objectively indicate functional capacity and exercise intolerance of 

individuals. Results of the test related to the maximal symptom-limited oxygen 

consumption, and overall response of the systems involved, such as the 

cardiopulmonary, musculoskeletal, sensory, and neurologic systems (Zugck et al., 

2000; Hamilton, Haennel, 2000; Opasisch et al., 2001; ATS statement, 2002; Woo et 

al., 1995; Smidt 1990).  It reflects exercise tolerance required for the performance of 

daily activities, and predicts ability to walk in the community (van Loo et al., 2004). 

In the clinical setting, the 6MinWT could be useful for rehabilitation practitioners as 

an integrated measure of mobility function. However, the test has been criticized for 

its application in terms of time consuming and standardization of the test due to 

setting of the test and method of instruction (van Hedel et al., 2008). Several studies 

suggested factors of affecting the 6MinWT including;  

- Learning effects 

Wu et al (2003) report learning effects on outcomes of the 6MinWT. The 

study was designed to determine whether the learning effect persist after 2 months in 

fifty healthy subject who were unfamiliar with the 6MinWT. Subjects completed 3 

tests at baseline (walks 1-3) and 3 tests at 2 months follow-up (walks 4-6). The results 

demonstrated that the distance walked significantly increased between walks 1 and 3, 

4 and 6. However, there no differences in distance walked between walks 3 and 4, 

which were conducted 2 months apart. The results confirmed carry-over effects of 

repeated the 6MinWT tests.  

- Encouragement 

Guyatt et al (1984) reported that encouragement significantly increased the 

distance walked of the 6MinWT. Thus, authors suggested that the test should be 

conducted using standardized phrases such as You’re doing well’ or ‘keep up the 

good work’, ‘you are doing well, you have only 1 minute to go’.   

     When applied in patients with SCI, the 6MinWT demonstrated good 

validity and reliability (Gibbon et al., 2001). It has high correlation coefficients for 

inter-rater (r > 0.97) and intra-rater reliability (r > 0.98), and correlated well with the 

10MWT and TUGT (r > 0.88) (van Hedel et al., 2005) and has good responsiveness 

in patients with SCI (van Hedel et al., 2008). 



 

                    

 

                                    

 

     6.2.3  The 10

         The 10MWT is a quick, inexpensive and easy measurement when 

using in clinical settings (Guralink et al., 2000; Hardy et al., 2008). The test is 

normally performed on a flat, smooth, non slippery surface without any disturbing 

factors (van Hedel et al., 2008). Subjects walk along a straight line in 10 meters with a 

‘‘flying start’’ to minimize acceleration and deceleration effects. The speed was 

mostly recorded during 10, 6 and 4 m distances, and reported in 37, 20 and 11 studies 

respectively (Graham et al., 2008).  Commonly, acceleration and deceleration periods 

of up to 3 meters is provided and subjects are permitted to use their preferred assistive 

devices (figure 8) (Finch et al., 2002). The measurement requires 2 to 3 minutes to 

complete in the outpatient clinical setting (Studenski et al., 2003). Result of the test 

represent walking speed of individuals that is a surrogate for the overall quality of gait

and motor function (Jackson et al., 2008). Results of the test correlate with other 

parameters such as balance control, use of walking aids and number of fall, and reflect 

activities of daily living and future health status (Kollen et al., 2006)

         It has been used for gait assessment in stroke, Parkinson’s disease, 

and other neurological movement disorders.  More recently the test has been 

successfully utilized in the SCI 

SCI, the 10MWT is likely 

2006; van Hedel et al., 2005; 2006). However, preferred walking speed may partially 

reflect the potential to participate in the community. The ability to increase walking 

speed toward the maximum 

the community challenges (

be measured in terms of percentage of preferred divided by maximum walking speed 

                     

 

                                            Figure 7 The 6-minute walk test (6MinWT)

6.2.3  The 10-Meter Walk Test (10MWT) 

The 10MWT is a quick, inexpensive and easy measurement when 

using in clinical settings (Guralink et al., 2000; Hardy et al., 2008). The test is 

erformed on a flat, smooth, non slippery surface without any disturbing 

factors (van Hedel et al., 2008). Subjects walk along a straight line in 10 meters with a 

‘‘flying start’’ to minimize acceleration and deceleration effects. The speed was 

ded during 10, 6 and 4 m distances, and reported in 37, 20 and 11 studies 
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parameters such as balance control, use of walking aids and number of fall, and reflect 

activities of daily living and future health status (Kollen et al., 2006)

It has been used for gait assessment in stroke, Parkinson’s disease, 

and other neurological movement disorders.  More recently the test has been 

successfully utilized in the SCI population (Jackson et al., 2008).

SCI, the 10MWT is likely used to assess at a preferred walking speed (Kollen et al., 

2006; van Hedel et al., 2005; 2006). However, preferred walking speed may partially 

reflect the potential to participate in the community. The ability to increase walking 

speed toward the maximum capacity may give better insight into ability to response to 

the community challenges (Kollen et al., 2006; van Hedel et al, 2007). This ability can 

be measured in terms of percentage of preferred divided by maximum walking speed 
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Van Hedel et al (2007) suggested that the percentage of preferred divided by 

maximum walking speed indicates the remaining capacity that the patient has to 

increase toward the maximum walking speed.

how well the walking pattern can adapt to varying demands during daily life. 
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CHAPTER III 

METHODOLOGY 

 

This chapter presents methodology of the study. The contents are divided into 

study design, sample size, experimental protocol, outcome measures, instrumentation, 

and statistical analyses. Details of each topic are as follows;  

 

1.  Study Design and Setting 

 This study was cross-sectional by conducted in independent ambulatory patients 

with SCI from hospitals and communities in the Northeast areas of Thailand. 

 

2.  Sample sizes 

 The sample size of this study was calculated using the formula; 

               n   = 3
2

)(
+


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 +
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ZZ βα
        

 n   =  sample size  
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    r   =  level of correlation  

            Z(r)  = 
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 The study used r = 0.8 that referred to excellent correlation. The study set levels 

of significant level at 0.05 and power of test at 0.90; thus  

                       Z(r)  = 




 +
0.8 - 1

0.8  1
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            Z (r)  =  1.0986 

    n   =  3
0986.1

28.196.1
2

+




 +
     

         =     11.70   or 12 subjects 

 However, patients with SCI are likely to have heterogeneous individual 

characteristics. Thus, 12 subjects were too small to warrant findings of the study. In 

order to minimize the effects, the study considered number of sample size from 

hospital record that would be possible to recruit in a year that was 70 subjects. 
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3. Subjects 

The study recruited ambulatory patient with SCI from either traumatic or non-

traumatic causes [ASIA impairment scale (AIS) C or D]. The eligible subjects needed 

to have at least 18 years of age, and were able to walk with or without any walking 

devices (FIM-L scores = 5 – 7). Patients were excluded from the study if they 

presented signs and symptoms that might affect participation in the study such as pain 

in the muscles or joints of the extremities with a pain scale more than 5 out of 10 on a 

visual analog scale, deformity of the spine and lower extremities, or medical 

complications that limited mobility. Subjects provided a written inform consent 

approved by the Khon Kaen University Ethics Committee for Human Research prior 

to participation in the study.  

 

4.  Experimental protocol  

Subjects were interviewed and assessed their baseline demographics, SCI 

characteristics including causes, levels of injury, severity of SCI (AIS classes) and 

post-injury time, and baseline walking ability (FIM-L scores). Then, subjects were 

assessed their functional ability using the 10MWT and 6MinWT in a random order. 

Details of the tests are as follows; 

4.1 The 10-meter Walk Test (10MWT) 

               The test measured walking speed both preferred and maximum walking 

speed of the subjects along a 10-meter walkway. The time required during the middle 

4-meter of the walkway was recorded in order to minimize acceleration and 

deceleration effects (Graham et al., 2008; Finch et al., 2002). Prior to the test, the 

assessor explained the aim of the test to the subjects that ‘the goal of this test is to 

assess the time you need to walk 4 meters, please walk in a straight line without any 

break to the end point’ (van Hedel et al., 2008). Then, the subjects were instructed to 

walk at ‘a preferred or comfortable speed’ for the test of preferred walking speed and 

‘as fast and safely as you can, but do not run’ for a maximum walking speed. Subjects 

needed to perform 3 trials for each speed; then the average time required for each 

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

          The test represents functional capacity of the subjects using the longest 

distance walk in 6 minutes (ATS Statement., 2002). The test was performed along a 

rectangular walkway in order to minimize effects of turning that attributed significant 

impact on distance walk after 6 minutes (Brooks et al., 2003; Enright, 2003). Prior to 

the test, the assessor explained objectives of the test to the subject that ‘the goal of 

this test is to assess the distance you can cover during 6 minutes. I will inform you 

every minute about the time you have left. If you feel uncomfortable, you can stop at 

any time. If you want to take a rest, you can stop for a while and continue walking as 

soon as you feel better’ (van Hedel et al., 2008). Every minute during the test, the 

assessor informed the time left and encouraged the subjects to continue in a good 

manner by using words ‘You’re doing well’ or ‘keep up the good work’. After 5 

minutes, subjects were informed ‘you are doing well, you have only 1 minute to go’. 

After 6 minutes, the total distance covered was recorded in meters. (van Hedel et al., 

2008; ATS Statement., 2002). 

 

5.  Outcome measures  

          Outcomes of the study included; 

5.1 The 6MinWT: 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 speed-Preferred walking 

speed)  (m/s) 

- Percentage of walking speed 







×100

speed  walkingMaximum

 speed   walkingPreferred
 (%) 

6.  Instrumentations 

6.1 Stopwatch  

6.2 Color tapes  

6.3 A chair for subjects to take a rest during the tests 

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

        Data analyses were executed using the SPSS for window program (version 17.0). 

Descriptive statistics were applied to explain baseline demographics, SCI 

characteristics and findings of the study. Findings in subjects with FIM-L 5, 6 and 7 

were compared using the One-way Analysis of Variance (ANOVA). Then, the data of 

every pairwise were analyzed using the post-hoc (Sheffe) test. Correlation between 

the 2 tests was analyzed using Pearson product-moment correlation coefficient. Then, 

the simple  linear  regression  analysis was applied to formulate a predictive equation 

for the 6MinWT using outcomes derived from the 10MWT (y = ax + b), where x is an 

independent variable (10MWT), y is a dependent variable (6MinWT), a represent 

slope of the graph, and b infers intercepting point with the y-axis (Chatburn et al., 

2004). If the 6MinWT speed could be perfectly deduced from the 10MWT, a should 

be equal to 1 and b = 0. Then the linear regression equation (y = ax + b) would be 

6MinWT speed = 10MWT speed (van Hede et al., 2007). Levels of significant 

differences were set at p<0.01. 
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CHAPTER IV  

RESULTS 

 

1. Subject characteristics 

    Seventy-four independent ambulatory patients with SCI participated in the study. 

Most subjects had a chronic stage of injury (64 subjects) and non-traumatic lesions 

(42 subjects). Their demographics and baseline characteristic are presented in table 1. 

 

       Table 1: Demographics and SCI characteristics of subjects  

Variables 
Findings 

(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: Tetraplegia /Paraplegia (n) 25/49 

      * Data were presented using Mean±SD (range) 

         AIS: American Spinal Injury Association (ASIA) Impairment Scales 

 

2. Functional ability and correlation between the 6MinWT and outcomes derived 

from the 10MWT 

     Table 2 presents data of the 6MinWT and outcomes derived from the 10MWT 

were demonstrated in table 2. The 6MinWT had excellent correlation with the 

preferred and maximum walking speed, but fair to poor correlation with the difference 

and percentages of walking speed (figure 9). Thus, the study formulated predictive 

equations for the 6MinWT only from the preferred and maximum walking speed, the 

results are as follows; 

 Preferred walking speed:  

                 6MinWT speed = 0.70× 10MWT speed + 0.04; (R2 = 0.82) 

 Maximum walking speed:  

                 6MinWT speed = 0.57 ×10MWT speed + 0.02; (R2 = 0.78) 
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 Table 2: Walking ability of the subjects (N = 74) 

Variables  Mean±SD Range 

Outcomes derived from the 10MWT 

- Preferred walking speed (m/s) 

- Maximum walking speed  (m/s) 

- Difference of walking speed (m/s) 

- Percentages of walking speed (%) 

 

0.58 ± 0.34 

0.72 ± 0.41 

0.16 ± 0.13 

77.46 ± 12.60 

 

0.70 - 1.45 

0.90 - 1.66 

0.01 - 0.69 

24.18 - 95.12 

6MinWT (m) 155.96 ± 93.65 18.50 - 381.39 

            Note: Difference of walking speed  

                         = Maximum walking speed - preferred walking speed (m/s) 

                     Percentages of walking speed =  







×100

speed  walkingMaximum
 speed  walkingPreferred

 (%) 
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r = .91, p < .01 

(a) 

r = .89, p < .01 

(b) 
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 Figure 9 Correlation between the 6MinWT and outcomes derived from the 10MWT  

(a) Preferred walking speed  

(b) Maximum walking speed 

(c) Difference of walking speed  

(d) Percentages of walking speed 

r = .19, p < .05 

(c) (d) 

r = .40, p < .01 
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3.  Walking ability of subjects with different levels of ability 

      In order to clearly quantify the correlation between the 6MinWT and outcomes 

derived from the 6MinWT, the study further analyzed the data according to levels of 

functional independence in environment using the FIM-L scores. There were 10 

subjects with FIM-L 5, 31 subjects with FIM-L 6, and 33 subjects with FIM-L 7. 

There were no significant differences of age, BMI and post-injury time among the 3 

groups (p>0.05). The detail of baseline demographics and SCI characteristics were 

given in table 5 (Appendix E). 

      Figures 10 and 11 present data of outcomes derived from the 10MWT and 

6MinWT in subjects with FIM-L 5-7. The data illustrated that subjects with FIM-L 5 

walked at the slowest speed with the least differences between preferred and 

maximum walking speed (figure10). The differences of walking speed in subject with 

FIM-L 5, 6, 7 were 0.05, 0.15 and 0.21 m/s respectively. The subjects also achieved 

shortest distance walk in 6 minutes (figure 11). On the contrary, subjects with FIM-L 

7 walked at the highest speed with the greatest differences between preferred and 

maximum speed. The subjects also obtained longest distance walk in 6 minutes 

(figure 11). The findings of subjects with FIM-L 7 were significant difference from 

those of subjects with FIM-L 5 and 6 (p<0.001). 

 

 

 

 

 

 

 

 

 



 

Figure10  Preferred and maximum walking speed of subjects with  FIM

 -  The dashed lines (    ) represent statistic

walking speed

 -  The solid lines (    ) demonstrate statistical analyses maximum walking   

speed 

 

Figure 11 Distance walk in 6 minutes (6MinWT) in

 

 

 

Preferred and maximum walking speed of subjects with  FIM

The dashed lines (    ) represent statistical analyses for preferred   

walking speed 

The solid lines (    ) demonstrate statistical analyses maximum walking   

Distance walk in 6 minutes (6MinWT) in subjects with FIM
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Preferred and maximum walking speed of subjects with  FIM-L scores 5-7 

al analyses for preferred   

The solid lines (    ) demonstrate statistical analyses maximum walking   

 

subjects with FIM-L scores 5-7 
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4. Correlation between data of the 6MinWT and outcomes derived from the 

10MWT in subjects with different levels of walking ability 

     The data were analyzed only in variables with significant correlation when 

analyzed in all subjects (figure 9). Similarly, the data indicated that preferred walking 

speed had best correlation with the findings of the 6MinWT, followed by the 

maximum walking speed and the difference of walking speed. However, levels of 

correlation were highest in subjects with FIM-L 7 but lowest in those with FIM-L 5. 

Significant correlation was demonstrated in subjects with FIM-L 6 and 7 (p<0.001) 

but not in subjects with FIM-L 5. The data in subjects with FIM-L 5 also showed 

inversed correlation (table 3). The study further analyzed predictive equations for the 

6MinWT according to walking ability of subjects (table 4.) 

 

      Table 3: Correlation between the 6MinWT and outcomes derived from the 

10MWT in subjects with different levels of walking ability (FIM-L 

scores) 

Variables derived from the 10MWT FIM-L 5 

(N=10) 

FIM-L 6 

(N=31) 

FIM-L 7 

(N=33) 

Preferred walking 

speed 

r 

p-value* 

-0.33 

0.36 

0.74 

<0.001** 

0.83 

<0.001** 

Maximum walking 

speed 

r 

p-value* 

-0.29 

0.42 

0.58 

<0.001** 

0.83 

<0.001** 

Difference of walking 

speed 

r 

p-value* 

-0.16 

0.65 

-0.22 

0.91 

0.37 

<0.05 

      *p-value from Pearson product-moment correlation coefficient 

        **Indicated significant difference 
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        Table 4: Predictive equations for the 6MinWT in subjects with different levels of 

walking ability (FIM-L scores) 

   

 Equations 

FIM-L 5 

(N=10) 

 

Preferred walking speed:  

      6MinWT speed = -0.10× 10MWT speed + 0.12; (R2 = 0.10) 

Maximum walking speed:  

      6MinWT speed = 0.59 ×10MWT speed + 0.12; (R2 = 0.07) 

FIM-L 6 

(N=31) 

 

Preferred walking speed:  

     6MinWT speed = 0.51 ×10MWT speed + 0.13; (R2 = 0.55) 

Maximum walking speed:  

     6MinWT speed = -0.32× 10MWT speed + 0.16; (R2 = 0.34) 

FIM-L 7 

(N=33) 

Preferred walking speed:  

    6MinWT speed = 0.70× 10MWT speed + 0.04; (R2 = 1.00) 

Maximum walking speed:  

     6MinWT speed = 0.55 ×10MWT speed + 0.50; (R2 = 0.89) 
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CHAPTER V 

DISCUSSION 

 

This study investigated the correlation between the 6MinWT and outcomes 

derived from the 10MWT in independent ambulatory patients with SCI (AIS C or D). 

The preferred walking speed had significant correlation with the 6MinWT followed 

by the maximum walking speed and difference of walking speed, whereas percentages 

of walking speed had inverse, no significant correlation with the 6MinWT. Data of 

preferred and maximum walking speed of the 10MWT had excellent ability to predict 

distance walk in 6 minutes (R2 = 0.82 and 0.78 for the preferred and maximum speed, 

respectively). However, when analyzed data according to ability of walking, the high 

correlation was demonstrated only in subjects with good walking ability (FIM-L 7, 

table 3). 

The results offered different findings from those reported previously (van 

Hedel et al., 2005, 2007). Van Hedel et al (2007) reported that the 10MWT had 

excellent correlation with the 6MinWT both when tested using preferred and 

maximum walking speed (regression coefficients did not differ from 1). In addition, 

the findings suggested that their subjects achieved 109% of the predicted distance of 

the 10MWT. In  this study, regression coefficients were slightly lower (r = 0.91 and 

0.89 for preferred and maximum speed, respectively), and the linear regression 

equation suggested that subjects achieved only 74% of the predicted distance of the 

10MWT. The different findings may relate to characteristics of subjects and methods 

of test. Van Hedel et al (2007) recruited subjects with good walking ability (median 

WISCI II scores = 17.5) and at a subacute stage of injury (average post-injury time 

=1.5 months). In contrast, most of subjects in this study were at a chronic stage of 

injury (average post-injury time = 42.19 months) and more than half of them required 

a walking device (n = 43). Being at a chronic stage and walking with a device posed 

negative impacts onto functional endurance. Bateni and Maki, (2005) indicated that 

using a walking device promoted levels of independence of the patients. However, 

manners of walking put a considerable demand onto upper extremities and energy 

expenditure (Subbarao, 1991, Melis et al., 1999). These may have significant impact 
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on the total distance covered in 6 minutes. In addition, van Hedel et al (2007) assess 

the 6MinWT using a hallway that the walking path contained as few turn as possible 

in order to avoid the influence of turn on walking speed. In this study, however, the 

tests were performed in a rehabilitation ward and subjects’ houses. Thus, the 6MinWT 

was executed using a 19-meter square walkway in order to offer similar testing area 

among subjects. Using a square walkway might help to minimize effects of total 

turning that occurred when testing using up and down walkway. However, small area 

of test might increase the number of turns that had impact on  overall distance walk 

after 6 minutes. Therefore, findings of this study suggested that data of the short 

distance walk (10MWT) overestimated those of long distance walk (6MinWT). The 

findings were associated with those of Dean et al (2001) who found that stroke 

subjects could actually achieve 84% of the predictive  distance of the  10MWT. The 

study recruited subjects at a chronic stage who had poor walking ability. Although, 

the study tested the 6MinWT using  up and down walkway around traffic cones, the 

total distance per round was rather long (50 meters). Thus the findings were coherent 

with those in this study. 

Van Hedel et al (2005) reported that the 10MWT had high correlation with the 

6MinWT in patients with SCI who had good and poor walking ability (r = -0.93 to -

0.96 for subjects with good and poor walking ability, respectively). However, the 

study applied WISCI II scores as standard criteria of subject classification The WISCI 

II scores rank orders of walking ability at least 10 meters along the dimension of 

impairments based on the use of assistive devices, braces and physical assistance of 

person(s) (Jackson et al., 2008). The result indicates ability of walking in a standard 

environment, thus it may not truly reflect ability of subjects in their environment 

(Ditunno et al., 2005; Dobkin, 2006).  In contrast, the FIM-L has been indicated as a 

disability scale which by definition to assess functions of subjects in different 

environments (the ranking scores are dependent on walking aids or assistance used to 

cover a distance over level ground up to 150 feet), that the data truly represents 

burden of care (Ditunno et al., 2005). FIM-L 5 refers to individuals who can walk at 

least 17 meters with or without a walking device. FIM-L 6 are those who can walk at 

least 50 meters with a walking device, and FIM-L 7 are those who are able to walk at 

least 50 meters without a walking device (Functional Independence Measure: Guide 
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for the Uniform Data Set for Medical Rehabilitation (Adult FIM), 1993). Thus, using 

the FIM-L scores may better classify levels of functioning  of subjects than the WISCI 

II scores.  

Finding of this study indicated that the correlation between the 6MinWT and 

10MWT was highest in subjects with FIM-L 7, followed by those with FIM-L 6 and 

FIM-L 5, respectively. Melis et al., (1999) reported that walking with a walking 

device puts a considerable demand onto upper extremities and energy expenditure. 

This may attribute higher impact onto a more challenge task of 6MinWT than a less 

demand task of the 10MWT. As a result, the correlation between the 6MinWT and 

10MWT was lower in subjects with FIM-L 6 than those with FIM-L 7 (table 3) 

FIM-L 5 inferred that the subjects could walk at only a short distance. The 

results also showed that these subjects had lowest walking ability (walked at the 

lowest speed with the least differences between preferred and maximum walking 

speed) (figure 10). Ability of walking at a short distance implied that the subjects had 

minimal functional endurance due to severity of the lesion or just start of walking. 

Minimal difference of walking speed also inferred that the subjects retained meager 

remaining capacity to modify movement patterns according to the task demands in a 

daily life (Dobkin, 2006). This may pose higher impact on a more challenge task of 

the 6MinWT than the 10MWT. Thus, the correlation between the 2 tests was lowest 

in these subjects (table 3). The inverse correlation also implied that the subjects who 

walked at a higher speed could achieve shorter distance walk in 6 minutes and vice 

versa. These results are consistent with those in van Hedel et al (2005). The study 

found that, in subjects with poor walking ability (WISCI II <10), the WISCI II scores 

had positive correlation with the TUGT and negative correlation with the 6MinWT. 

The data implied that, in subjects with poor walking ability, improved walking ability 

was associated with increased time to complete the TUGT and decreased distances 

walked in 6 minutes. However, this study recruited a small number of subjects with 

FIM-L 5, thus an investigation in a larger number of subjects would warrant this 

assumption 
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CHAPTER VI 

CONCLUSION 

1. Conclusion 

 This study evaluated levels of correlation between the 6MinWT and outcomes 

derived from the 10MWT in 74 subjects with SCI (FIM-L scores = 5-7). The 

excellent correlation was demonstrated when tested the 10MWT using preferred and 

maximum walking speed. Findings of the 10MWT could predict data of the 6MinWT 

using equation: 6MinWT speed = 0.70× 10MWT speed + 0.04 (for a preferred 

walking speed, R2 = 0.82) and equation:  6MinWT speed = 0.57 ×10MWT speed + 

0.02 (for a maximum walking speed, R2 = 0.78). However, when analyzed the data 

according to walking ability, the excellent correlation was demonstrated only in 

subjects with good walking ability (FIM-L 7). Findings of this study suggest that, 

when space and time are limited, preferred walking speed of the 10MWT can be used 

as an alternative test to the 6MinWT. The tool may help health care professionals to 

early detect change of functional capacity and administer an appropriate program for 

the patients. This will enhance effectiveness of rehabilitation strategies and reduce the 

rate of rehospitalization of patients with SCI 

  

2. Limitation of the study and suggestion for further study 

 There was small number of subjects with FIM-L 5 participating in the study 

because of the demanding of the 6MinWT. Further study with more number of 

subjects with FIM-L 5 is necessary to confirm results of the study. 
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แบบคาํชีRแจงเพื�ออธิบายแก่อาสาสมคัรสําหรับโครงการวจิยัทางคลนิิก 

แบบคาํชีRแจงอาสาสมคัร 

ชื�อโครงการวจิยั ความสมัพนัธ์ของความเร็วในการเดินและความสามารถในการทาํงานทีBวดั โดยการเดินในเวลา 6 

นาที ในผูป่้วยบาดเจบ็ไขสนัหลงัทีBเดินไดเ้อง 

หัวหน้าโครงการวิจัย: นางสาวสาลินี แนวหลา้ นกัศึกษาวิทยาศาสตรมหาบณัฑิต สาขาวิชากายภาพบาํบดั คณะ

เทคนิคการแพทย ์มหาวทิยาลยัขอนแก่น 

หัวหน้าโครงการวจิยัร่วม: ผศ.ดร.สุกลัยา อมตฉายา 

บทนํา  

การบาดเจ็บของไขสนัหลงัก่อใหเ้กิดผลกระทบทีBสาํคญัต่อตวัผูป่้วย โดยเฉพาะอยา่งยิBงเมืBอการบาดเจ็บ

ของไขสนัหลงัทีBมกัเกิดกบัผูป่้วยทีBมีอายนุอ้ยกวา่ 30 ปี มีรายงานวา่ประมาณ 1 ใน 3 ของผูป่้วยบาดเจ็บไขสันหลงั

สามารถเดินไดอี้กครัG งภายใน 1 ปี อยา่งไรก็ตาม ปัจจุบนัมีแนวโนม้ทีBผูป่้วยจะสามารถอยูรั่กษาตวัในโรงพยาบาล

ไดเ้ป็นเวลาสัGนลง ทาํใหผู้ป่้วยยงัไม่ไดรั้บการพฒันาความสามารถไปสู่ระดบัสูงสุดของแต่ละคน ทาํให้ผูป่้วยตอ้ง

พึBงพาบุคคลอืBนในการทาํกิจวตัรประจาํวนั นอกจากนีG  เมืBอกลบัไปอยู่ทีBบ้าน ผูป่้วยยงัมีความเสีBยงสูงทีBจะเกิด

ภาวะแทรกซ้อนทีB ส่งผลต่อการคงหรือการพัฒนาความสามารถของผู ้ป่วย ดังนัG น การตรวจประเมินทีB มี

ประสิทธิภาพทีBสามารถใช้ได้จริงและระบุการเปลีBยนแปลงความสามารถของผูป่้วย ในชุมชนต่างๆได้จึงมี

ความสาํคญัในการติดตามการเปลีBยนแปลงความสามารถของผูป่้วยในชุมชนตัGงแต่ระยะแรกๆ เพืBอให้การพฒันา

ความสามารถของผูป่้วยกลุ่มนีG มีประสิทธิภาพมากยิBงขึGน การทดสอบโดยใชค้วามเร็วในการเดิน (10MWT) เป็น

การทดสอบความเร็วในการเดินทีBทดสอบทัGงความเร็วปกติ (preferred walking speed) และความเร็วสูงสุด 

(maximum walking speed) โดยผลการทดสอบช่วยสะทอ้นความสามารถในการทาํงาน และคุณภาพการเดิน

โดยรวม และการทดสอบโดยการเดินในเวลา 6 นาที เป็นการประเมินทีBดีทีBสุดในการสะทอ้นความสามารถในการ

ทาํงาน (functional capacity) แต่การทดสอบนีG มีขอ้จาํกดัในการนาํไปใชง้านในชุมชนต่างๆ เนืBองจากตอ้งใช้

เวลานานในขณะทีBการประเมินความเร็วในการเดินไดแ้ต่ เป็นการประเมินทีBสามารถทาํได้ง่าย และสะท้อน

ความสามารถดา้นต่างๆ ทีBเกีBยวขอ้งกบัการทาํงานและการเดิน การรายงานผลการประเมินความเร็วในการเดิน 
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สามารถทาํไดห้ลายวธีิ ซึBงปัจจุบนัยงัไม่พบรายงานวา่ขอ้มูลใดของความเร็วในทีBสามารถใชแ้ทนการทดสอบการ

เดินในเวลา 6 นาทีไดดี้ทีBสุด  

วตัถุประสงค์ของการวจิยั  

เพืBอศึกษาความสมัพนัธ์ระหวา่งผลการทดสอบระยะทางเดินในเวลา 6 นาที (6MinWT) และความเร็วใน

การเดิน (10MWT) ทีBรายงานโดยค่าต่างๆ ในผูป่้วยบาดเจบ็ของไขสนัหลงั  

การเข้าร่วมโครงการวจิยัของท่านเป็นไปด้วยความสมคัรใจ   

การเขา้ร่วมโครงการนีG เป็นไปไดโ้ดยความสมคัรใจ   หากท่านไม่ยนิดีเขา้ร่วมการศึกษา หรือตอ้งการยติุ

การเขา้ร่วมการศึกษา   ท่านสามารถขอยติุการเก็บขอ้มูลหรือถอนตวัจากโครงการวจิยันีG ไดต้ามตอ้งการโดยไม่มี

ผลกระทบใดๆ ต่อการรักษาและการดาํรงชีวติประจาํวนัตามปกติของท่าน ทัGงในปัจจุบนัและอนาคต 

ขัRนตอนการปฏิบตัติวัหากท่านเข้าร่วมโครงการวจิยั 

              เมืBอท่านตดัสินใจเขา้ร่วมในการวจิยัและไดล้งนามเป็นหลกัฐานในแบบยนิยอมเขา้ร่วมการวจิยัแลว้ ผูว้จิยั

ขอความร่วมมือจากท่านในการใหข้อ้มูลและการประเมินความสามารถทางการเคลืBอนไหวของท่าน และขัGนตอน

การปฏิบติั ดงันีG   

1. หลงัจากผูว้ิจยัไดอ้ธิบายความสําคญัและวตัถุประสงค์ให้ท่านไดท้ราบแลว้ จะทาํการสัมภาษณ์ขอ้มูล

ทัBวไปและความผิดปกติเนืBองจากภาวะไขสนัหลงับาดเจ็บของท่าน เพืBอเป็นขอ้มูลพืGนฐาน (การทดสอบ

กาํลงัของกลา้มเนืGอและการรับความรู้สึก ได้รับการตรวจประเมินจากแพทยเ์พืBอยืนยนัผลของการ

ทดสอบ) 

2. ผูว้จิยัจะทาํการทดสอบความเร็วในการเดินทัGงเดินปกติและเดินเร็วทีBสุด โดยใชร้ะยะทาง 10 เมตรและ

ทดสอบระยะทางเดินในเวลา 6 นาที 

3. ผูว้จิยัจะสรุปขอ้มูลความสามารถของท่านใหท้ราบ 

ความเสี�ยงและ/หรือความไม่สบายที�อาจเกดิขึRน 

 ในการทดสอบการเดินอาสาสมคัรอาจรู้สึกเหนืBอยลา้ หรือมีความเสีBยงในการลม้ได ้ดงันัGน เพืBอความ

ปลอดภยัในขณะทีBทาํการทดสอบ ผูว้ิจัยจะให้ทุกท่านใส่เข็มขดันิรภัยและเดินตามด้านขา้งของอาสาสมคัร
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ตลอดเวลาในการทดสอบ เพืBอคอยดูแลและให้ความช่วยเหลือตามความจาํเป็นระหว่างการทดสอบแต่ละอย่าง

อาสาสมคัรสามารถพกัไดจ้นหายเหนืBอยหรือพร้อมทีBจะประเมินต่อไป 

ประโยชน์ที�อาสาสมคัรจะได้รับ 

 ท่านไดท้ราบถึงการเปลีBยนแปลงความสามารถในการทาํงานในเวลา 6 เดือน รวมถึงและวิธีการติดตาม

การเปลีBยนแปลงความสามารถดว้ยตวัท่านเอง ซึB งจะเป็นประโยชน์ในการติดตามและพฒันาความสามารถของ

ตนเองไดอ้ยา่งต่อเนืBอง 

ค่าใช้จ่ายในการวจิยั/ค่าชดเชยเดนิทาง/ค่าเสียเวลา 

ในการเขา้ร่วมในการวจิยันีG ท่านจะไดรั้บค่าชดเชยเดินทางหรือค่าเสียเวลาครัG งละ 100 บาท  

การรักษาความลบั 

คณะผูว้ิจัยจะใช้รหัสของอาสาสมคัรในแบบบันทึกขอ้มูล การสืบคน้ขอ้มูล และรหัสประจาํตวัของ

อาสาสมคัรโดยจะมีเพียงผูว้ิจัยนีG เท่านัGนทีBทราบขอ้มูล  หากผูว้ิจัยได้มีการตีพิมพ์ผลการศึกษาในวารสารทาง

การแพทย ์ผูว้จิยัจะไม่มีการระบุชืBอของอาสาสมคัรไม่วา่กรณีใดๆ  ความสมคัรใจเขา้/ไม่เขา้ร่วมการวจิยัไม่ไดมี้ผล

ต่อการดาํรงชีวติในประจาํวนัและการไดรั้บการฟืG นฟคูวามสามารถของท่านแต่อยา่งใด 

ชื�อ/ที�อยู่/โทรศัพท์ของผู้รับผดิชอบโครงการวจิยัที�ตดิต่อได้สะดวก  

นางสาวสาลินี แนวหลา้ นกัศึกษาวทิยาศาสตรมหาบณัฑิต สาขาวชิากายภาพบาํบดั คณะเทคนิค

การแพทย ์มหาวทิยาลยัขอนแก่น หมายเลขโทรศพัท ์085-490-5073  

ผศ.ดร.สุกลัยา อมตฉายา สายวชิากายภาพบาํบดั คณะเทคนิคการแพทย ์มหาวทิยาลยัขอนแก่น โทรศพัท ์

081-346-6036  

แหล่งให้ข้อมูลหากมข้ีอสงสัยเกี�ยวกบัสิทธิอาสาสมคัร  

สํานักงานคณะกรรมการจริยธรรมการวจิยัในมนุษย์มหาวทิยาลยัขอนแก่น ชัRน 17 อาคารสมเดจ็ พระ

ศรีนครินทราบรมราชชนนี คณะแพทยศาสตร์ โทร. 043-366616, 366617 เบอร์ภายใน 66616, 66617 โทรสาร 

043-36617 
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APPENDIX C 

Inform Consent of Subjects 

(Thai version) 
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แบบยนิยอมอาสาสมคัรสาํหรับโครงการวจิยัทางคลินิก 

แบบยนิยอมอาสาสมคัร 

ขา้พเจา้ (นาย, นาง, นางสาว)…….........……………………..นามสกลุ……….........................อาย…ุ……….…ปี 
อยูบ่า้นเลขทีB…………….…..หมู่ทีB……….ตาํบล…………….อาํเภอ…………จงัหวดั………………...……… 
ไดรั้บฟังคาํอธิบายจาก.............................................…………………………………………….     (ชืBอผูใ้หข้อ้มูล) 
เกีBยวกบัการเป็นอาสาสมคัรในโครงการวจิยั ความสัมพนัธ์ของความเร็วในการเดนิและการเปลี�ยนแปลง

ความสามารถในการทาํงานที�วดัโดยการเดนิในเวลา 6 นาท ีไดรั้บทราบถึงรายละเอียดของโครงการวจิยัเกีBยวกบั 
- วตัถุประสงคแ์ละระยะเวลาทีBทาํการวจิยั 
- ขัGนตอนและวธีิการปฏิบติัตวัทีBขา้พเจา้ตอ้งปฏิบติั 
- ผลประโยชนที์Bขา้พเจา้จะไดรั้บ 
- ผลขา้งเคียงหรืออนัตรายทีBอาจเกิดขึGนจากการเขา้ร่วมโครงการ (ระบุตามความเหมาะสมให้

สอดคลอ้งกบัลกัษณะโครงการ) 
ขา้พเจา้สามารถถอนตวัจากการศึกษานีG เมืBอใดก็ไดถ้า้ขา้พเจา้ปรารถนา โดยไม่เสียสิทธิr ใดๆ ในการรับ

การรักษาพยาบาลทีBจะเกิดขึGนตามมาในโอกาสต่อไปทัGงในปัจจุบนัและอนาคต ณ สถานพยาบาลแห่งนีGหรือ

สถานพยาบาลอืBน และหากเกิดมีอาการขา้งเคียงขึGน ขา้พเจา้จะรายงานใหค้ณะผูว้จิยัทีBกาํลงัปฏิบติังานอยูใ่น

ขณะนัGนทราบทนัที   

ขา้พเจา้ไดอ่้านและเขา้ใจคาํอธิบายขา้งตน้แลว้ จึงไดล้งนามยนิยอมเป็นอาสาสมคัรของโครงการวจิยัดงักล่าว  
ลายมือชืBออาสาสมคัร…………………………….……….…………. 

                     (……………..........................…………..…….) 

  ลายมือชืBอผูใ้หข้อ้มูล…………………….…………………...………. 
           (…………………………………..……….…)        

                                                                                                    พยาน…………………………… (ไม่ใช่ผูอ้ธิบาย) 
                                                                                            (………………………………...……………….) 

                        วนัทีB……..…เดือน……….……..….พ.ศ……….…… 
หมายเหตุ:   (1) ในกรณีทีBอาสาสมคัรเป็นเด็กโตแต่อายไุม่ถึง 18 ปี สามารถตดัสินใจเองได ้ใหล้งลายมือชืBอ ทัGง

อาสาสมคัร (เด็ก) และผูป้กครองดว้ย 
 (2) พยานตอ้งไม่ใช่แพทยห์รือผูว้จิยั 
 (3) ผูใ้หข้อ้มูล/คาํอธิบายชดัเจนตอ้งไม่เป็นแพทยผ์ูว้จิยัเพืBอป้องกนัการเขา้ร่วมโครงการดว้ยความเกรงใจ 

 (4) ในกรณีทีBอาสาสมคัรไม่สามารถ อ่านหนงัสือ/ลงลายมือชืBอ ได ้ใหใ้ชก้ารประทบัลายมือแทนดงันีG :  
 
 
 

 

 ขา้พเจา้ไม่สามารถอ่านหนงัสือได ้แต่ผูว้จิยัไดอ่้านขอ้ความในแบบยนิยอมนีGใหแ้ก่ขา้พเจา้ฟังจนเขา้ใจดี ขา้พเจา้จึงประทบัตรา

ลายนิGวมือขวาของขา้พเจา้ในแบบยนิยอมนีGดว้ยความเตม็ใจ 

                               ลายมือชืBอผูอ้ธิบาย…………………………………………………..………….. 

          (….………………………………….………………………..) 

              พยาน…………………………..………………...(ไม่ใช่ผูอ้ธิบาย) 

                    (…..…………………………………………………….. .….)       
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APPENDIX D 

Questionnaire to Interview and Assess 

Baseline Demographics of Subjects 

(Thai version) 
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                                                                         ID 

                                                                                                         วนัทีBสมัภาษณ์.........../........../2554 

แบบสัมภาษณ์และบันทกึข้อมูลเพื�อการวจัิย  

เรื�อง ความสัมพนัธ์ของความเร็วในการเดินและการเปลี�ยนแปลงความสามารถ 

ในการทาํงานที�วดัโดยการเดินในเวลา 6 นาที 

 

แบบสมัภาษณ์และบนัทึกชุดนีG เป็นเครืBองมือสาํหรับการวจิยัเรืBอง ความสัมพันธ์ของความเร็วในการเดินและ

การเปลี�ยนแปลงความสามารถในการทํางานที�วัดโดยการเดินในเวลา 6 นาที ทีB มีวตัถุประสงค์เพืBอศึกษา
ความสัมพนัธ์ระหวา่งการเปลีBยนแปลงของผลการทดสอบระยะทางในการเดิน 6 นาที (6-Minute Walk Test 
(6MinWT)) และความเร็วในการเดิน (10-Meter Walk Test (10MWT))  ทีBรายงานโดยค่าต่างๆ ในผูป่้วยบาดเจ็บ
ของไขสนัหลงัทีBสามารถเดินไดเ้อง ขอ้มูลทีBไดจ้ะช่วยให้ไดว้ิธีการประเมินทีBสามารถใชติ้ดตามการเปลีBยนแปลง
ความสามารถของผูป่้วยในชุมชนต่างๆตัGงแต่ระยะแรกๆ เพืBอใหก้ารพฒันาความสามารถของผูป่้วยมีประสิทธิภาพ
มากยิBงขึGน และเพืBอช่วยให้บุคลากรทางการแพทยจ์ะไดว้างแผนการตรวจประเมินเชิงลึกต่อไป ขอ้มูลทีBไดจ้าก
การศึกษาจะนาํเสนอเป็นภาพรวม โดยไม่ก่อใหเ้กิดผลกระทบต่อผูใ้หข้อ้มูลแต่อยา่งใด จึงใคร่ขอความร่วมมือใน
การให้ขอ้มูลอยา่งครบถว้นและตรงกบัความเป็นจริงมากทีBสุด เพืBอให้ผูว้ิจยัสามารถนาํผลการศึกษาไปวิเคราะห์
และสามารถตอบคาํถามของการวจิยัไดดี้มากทีBสุด  

 
คาํชีRแจง แบบสมัภาษณ์ชุดนีG  แบ่งเป็น 3 ส่วน ดงันีG  
ส่วนทีB 1  แบบสมัภาษณ์และบนัทึกขอ้มูลพืGนฐานส่วนบุคคล  
ส่วนทีB 2  แบบบนัทึกขอ้มูลพืGนฐานเกีBยวกบัการบาดเจ็บของไขสนัหลงั และความสามารถในการเคลืBอนไหว  
ส่วนทีB 3  ตารางบนัทึกผลการทดสอบความสามารถของอาสาสมคัร 
 

 

 

 

 

 

 

 



 

ส่วนที� 1 แบบสัมภาษณ์และบันทกึข้อมูลพืRนฐานส่วนบุคคล

 

คําชีRแจงการบันทึกข้อมูล ผูว้ิจยัเป็นผูส้ัมภาษณ์

การสัมภาษณ์/สังเกตอาสาสมคัรโดยให้กาเครืBองหมายถูก 

เพียงขอ้เดียว  

 

1. เพศ (   ) 1. ชาย                                           

2. อาย…ุ………ปี 

3. นํG าหนกั………………………

4. ท่านมีอาการเหล่านีGหรือไม่

(   ) 4.1 มีอาการปวดทีBส่งผลกระทบต่อความสามารถดา้นการเ

........................................................................

            โดยมีระดบัความเจ็บปวด

      หมายเหตุ: รูปแสดงอาการเจบ็ปวด

 (   ) 4.2 มีแผลกดทบัทีBตอ้งจาํกดัการเคลืBอนไหว
 (   ) 4.3 มีความผิดปกติของแขนหรือขาทีBส่งผลต่อความสามารถดา้นการเดิน เช่น ความยาวของขาไม่เท่ากนัทัGง 

ขา้งทีBไม่สามารถแกไ้ขไดโ้ดยการใส่รองเทา้เสริมสน้  กระดูกสนัหลงัผิดรูป เช่น กระดูกสั
(scoliosis) ทีBทาํใหเ้หนืBอยง่าย  อืBนๆ 
.............................................................................................................................

แบบสัมภาษณ์และบันทกึข้อมูลพืRนฐานส่วนบุคคล  

ผูว้ิจยัเป็นผูส้ัมภาษณ์/สังเกตโดยใชค้าํถามทีBเป็นตวัเลือก และจดบั

สังเกตอาสาสมคัรโดยให้กาเครืBองหมายถูก ( / ) ในช่อง (  ) หนา้ตวัเลือกทีBตรงกบัขอ้มูลมากทีBสุด 

ชาย                                           (  ) 2. หญิง 

………………………กก.  ส่วนสูง……………………..ซม. BMI = ………………..

ท่านมีอาการเหล่านีGหรือไม่ 

มีอาการปวดทีBส่งผลกระทบต่อความสามารถดา้นการเดิน ระบุ

............................ 

โดยมีระดบัความเจ็บปวด…………………………………         

รูปแสดงอาการเจบ็ปวด 

มีแผลกดทบัทีBตอ้งจาํกดัการเคลืBอนไหว 
มีความผิดปกติของแขนหรือขาทีBส่งผลต่อความสามารถดา้นการเดิน เช่น ความยาวของขาไม่เท่ากนัทัGง 
ขา้งทีBไม่สามารถแกไ้ขไดโ้ดยการใส่รองเทา้เสริมสน้  กระดูกสนัหลงัผิดรูป เช่น กระดูกสั

ทีBทาํใหเ้หนืBอยง่าย  อืBนๆ ระบุ
.............................................................................................................................
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สังเกตโดยใชค้าํถามทีBเป็นตวัเลือก และจดบนัทึกขอ้มูลทีBไดจ้าก

หนา้ตวัเลือกทีBตรงกบัขอ้มูลมากทีBสุด 

. BMI = ……………….. 

 

มีความผิดปกติของแขนหรือขาทีBส่งผลต่อความสามารถดา้นการเดิน เช่น ความยาวของขาไม่เท่ากนัทัGง 2 
ขา้งทีBไม่สามารถแกไ้ขไดโ้ดยการใส่รองเทา้เสริมสน้  กระดูกสนัหลงัผิดรูป เช่น กระดูกสนัหลงัคด 

................................................................................................................................ 
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ส่วนที� 2 แบบบันทกึข้อมูลเกี�ยวกบัการบาดเจ็บของไขสันหลงั และความสามารถในการเคลื�อนไหว  
 

คาํชีRแจงการบันทกึข้อมูล ขอ้มูลในขอ้ 5-9 เป็นขอ้มูลทีBไดก้ารตรวจประเมินของผูว้ิจยั แลว้บนัทึกขอ้มูลทีBได ้โดย

การกาเครืBองหมายถูก (/) ในช่อง (  ) หนา้ตวัเลือกทีBตรงกบัขอ้มูลทีBไดม้ากทีBสุด เพียงขอ้เดียว และ/หรือเขียนตอบ

ดว้ยตวับรรจง 

 

5. สาเหตุของการบาดเจ็บของไขสนัหลงั 
( ) 1. Traumatic SCI ระบุสาเหตุ......................................................................... 
( ) 2. Non-traumatic SCI  ระบุสาเหตุ......................................................................... 

 (  ) 1. Progressive diseased       (  ) 2. Non progressive diseased       
6.  ระดบัการบาดเจบ็ของไขสนัหลงั (levels of  SCI) 

(  ) 1. Quadriplegia      (  ) 2. Paraplegia ระบุระดบั................................... 
6. ความรุนแรงของการบาดเจ็บของไขสนัหลงั (AIS class) 
      (  ) 1. AIS C     (  ) 2. AIS D 
7. ระยะการบาดเจ็บของไขสนัหลงั (stages of SCI) 

(  ) 1. Subacute ระยะเวลา...................................เดือน 
(  ) 2. Chronic ระยะเวลา………………………..ปี............................เดือน 

8. ระยะทางทีBสามารถเดินได ้(FIM locomotor scores) 
(  ) 1. FIM-L = 5 (เดินไดอ้ยา่งนอ้ย 17 เมตร แต่นอ้ยกวา่ 50 เมตร) โดย 

(  ) ไม่ใชอุ้ปกรณ์ช่วยเดิน        (  ) ใชอุ้ปกรณ์ช่วยเดินระบุ.................................. 
(  ) 2. FIM-L = 6 (เดินไดอ้ยา่งนอ้ย 50 เมตร โดยใชอุ้ปกรณ์ช่วย) 

                ระบุอุปกรณ์ช่วยเดิน...................................................... 
(  ) 3. FIM-L = 7 (เดินไดอ้ยา่งนอ้ย 50 เมตร โดยไม่ใชอุ้ปกรณ์ช่วย) 
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ส่วนที� 3 ตารางบันทกึผลการทดสอบความสามารถของอาสาสมัคร  

 
คาํชีRแจงการบันทกึข้อมูล ขอ้มูลส่วนนีGไดจ้ากการทดสอบความเร็วในการเดิน โดยบนัทึกความเร็วปกติ ความเร็ว
สูงสุดอยา่ง ละ 3 ครัG ง และระยะทางในการเดิน 6 นาที และการตรวจร่างกายทางกายภาพบาํบดั  
 

ตารางบันทกึผลความสามารถในการเดนิ 

 เดนิด้วยความเร็วปกต ิ

(Preferred speed) 
  

เดนิด้วยความเร็วสูงสุด 

(Maximum speed) 

เวลา 
(วนิาที) 

ความเร็ว  
(เมตร/วนิาที) 

เวลา  
(วนิาที) 

ความเร็ว  
(เมตร/วนิาที) 

 
 

 
10 

MWT 

 
ครัG งทีB 1 

    

 
ครัG งทีB 2 

    

 
ครัG งทีB 3 

    

 

ค่าเฉลี�ย 

    

 

6 MinWT 

 

  

 หมายเหต…ุ………………………………………………………………………………………………………
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ผลการทดสอบกาํลงัของกล้ามเนืRอและการรับความรู้สึก 
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APPENDIX E 

Additional Data of the Study 
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               Table 5:  Baseline demographics and SCI characteristics of subjects with FIM-L scores 5-7 

Parameters 

(N = 74) 

FIM-L 5 

(N = 10) 

FIM-L 6 

(N = 31) 

FIM-L 7 

(N = 33) 

p-value* 

Age [Mean±SD] (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) 7/3 11/20 16/17 - 

Levels of injury [Tetraplegia/Paraplegia] (n) 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 (one-way ANOVA) 

    FIM-L:  Functional Independence Measure Locomotor scores 

                  AIS: American Spinal Injury Association (ASIA) impairment scales 
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Table 6: The 6MinWT and outcomes derived from the 10MWT in subjects with different levels of walking ability 

Data were presented using mean±SD (95%CI)   

FIM-L:  Functional Independence Measure Locomotor scores 

*p-value from one-way analysis of variance (one-way ANOVA) 

** Indicated differeces significant  

 

 

 

Parameters FIM-L 5 

(N=10) 

FIM-L 6 

(N=31) 

FIM-L7 

(N=33) 

p-value* 

Outcomes derived from the 10MWT 

- Preferred speed (m/s) 

- Maximum speed  (m/s) 

- Difference of walking speed (m/s) 

    - Percentages of walking speed (%) 

 

0.16±0.10 (0.1-0.23) 

 

0.39±0.18 (0.23-0.30) 

 

0.83±0.27 (0.81-1.12) 

 

0.001** 

0.21±0.14 (0.11-0.31) 

0.05 ± 0.4 (0.02-0.08) 

76.71 ± 8.73 (57.14 – 88.24) 

0.54±0.23 (0.30-0.56) 

0.15± 0.15 (0.10-0.20) 

74.18±16.47 (68.14-80.22) 

1.04±0.32 (1.07-1.40) 

0.21±0.12 (0.17-0.25) 

81.95±112.99 (17.94-85.95) 

0.001** 

0.005** 

0.07 

6MinWT (m) 36.56±11.19 (28.56-44.57) 112.23±41.80 (82.34-142.13) 284.68±67.48 (235.82-332.38) 0.001** 
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Figure 12 Correlation between the 6MinWT and outcomes derived from the 10MWT 

in subjects with different levels of walking ability: x-axis refers to 6MinWT 

(m), y-axis demonstrate outcomes derived from the 10MWT 

  

 

(a)  Correlation subjects with FIM-L 5  

(b)  Correlation subjects with FIM-L 6  

(c)  Correlation subjects with FIM-L 7 

 

r = .58, p < .001 r = .74, p < .001 

r = .83, p < .001 r = .83, p < .001 

r = -.33, p = .36 r = -.29, p = .42 

(a) 

(c) 

(b) 
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