
    
        [image: cover image]
    

  Development of Reference Values for the Functional Mobility Assessment

Marchese, Victoria G. PT, PhD; Oriel, Kathryn N. PT, EdD; Fry, Jessica A. PT; Kovacs, Jamie L. PT; Weaver, Ryan L. PT; Reilly, Maureen M. RN, BSN; Ginsberg, Jill P. MD

Pediatric Physical Therapy .
			24(3):224–230, Fall 2012.


				doi: 10.1097/PEP.0b013e31825c87e7

Author Information

Department of Physical Therapy (Drs Marchese and Oriel, Mss Fry and Kovacs, and Mr Weaver), Lebanon Valley College, Annville, Pennsylvania; Penn State Hershey College of Medicine (Dr Marchese), The Pennsylvania State University, Hershey, Pennsylvania; Division of Oncology (Ms Reilly and Dr Ginsberg), The Children's Hospital of Philadelphia, Philadelphia, Pennsylvania.

Correspondence: Victoria G. Marchese, PT, PhD, Department of Physical Therapy, Lebanon Valley College, Annville, PA 17003 (marchese@lvc.edu).

The authors declare no conflict of interest.

Abstract

Purpose: To obtain reference values for healthy participants performing the Functional Mobility Assessment (FMA). The FMA is a reliable and valid tool used to examine functional abilities subjectively and objectively in patients with lower-extremity sarcoma in all components of the International Classification of Functioning, Disability, and Health model (body function, activity, and participation).

Methods: Children, adolescents, and young adults who were healthy, representing a sample of convenience (n = 503; 260 females, age 10–21 years), participated in this study.

Results: Means and standard deviations for all participants: Timed Up and Down Stairs 6.18 ± 0.8 seconds, Timed Up and Go 3.78 ± 0.6 seconds, 9-minute run/walk 4161 ± 893 feet, and the FMA total 59 ± 3.

Conclusion: The reference values provided in this study will allow health care professionals to compare the functional abilities of children, adolescents, and young adults with lower extremity sarcoma to age- and gender-matched healthy peers when using the FMA.
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INTRODUCTION

Lower-extremity sarcomas of bone and soft tissue include Ewing's sarcoma, osteosarcoma, rhabdomyosarcoma, and synovial sarcoma. These tumors account for approximately 11% of all pediatric cancers.1 Therapy is multimodal and often includes aggressive chemotherapy in addition to surgery and/or radiation.1,2 Innovative surgical procedures, amputation/limb sparing/rotationplasty, and advances in chemotherapy and radiation have significantly contributed to improved outcomes.3–7 However, these procedures oftentimes still cause severe impairments in body structure/function, activity limitations, and participation restrictions.

The short- and long-term effects from the surgical procedures include limitations in range of motion, strength, pain, and endurance.8–17 Chemotherapy-related effects include vincristine peripheral neuropathy, corticosteroid-related osteonecrosis, and anthracycline-induced cardiovascular disease.10,12,13 Adverse effects of radiation include skin adhesions and fibrosis.12 These impairments in body structure/function may lead to activity limitations such as decreased ambulation speed and distance, difficulty ascending/descending stairs, and performing transitional movements such as sit to stand.8–14 Because of the improved survival rates in this pediatric population, we must focus on improving the functional mobility and quality of life of children, adolescents, and young adults with lower-extremity sarcoma. Thus, there is a need to identify tests that appropriately measure long-term impairments in body structure, activity limitations, and participation restrictions.11,12,18

The most commonly used outcome measure designed specifically for patients with lower-extremity tumors is the Musculoskeletal Tumor Society Rating Scale.19 This tool is primarily a physician-/nurse-administered assessment based on the patient report of pain, function, emotional acceptance, use of supports, walking, and gait. The Musculoskeletal Tumor Society Rating Scale is a subjective measure, dependent on the opinion of the person giving the ratings and contains no objective measures of functional mobility. Another commonly used tool is the Toronto Extremity Salvage Score (TESS) lower extremity version.20 The TESS is a self-administered questionnaire that allows participants to indicate the level of difficulty experienced in dressing, grooming, mobility, work, sports, and leisure. The TESS does not include any objective measures of functional mobility.

Physical therapists have a variety of norm and criterion-referenced tests to choose from when examining motor development, motor proficiency, and functional assessment in children, such as the Peabody Developmental Motor Scales, Bruininks-Oseretsky Test of Motor Proficiency, Gross Motor Function Measure, and Pediatric Evaluation of Disability Inventory. However, these outcome measures are oftentimes not appropriate for the needs of patients and survivors of lower-extremity sarcoma due to either the age limits of the scale or the actual complexity or simplicity of the items on the test. Physical therapists may also choose to select a battery of single-item tests that best fit the patients' specific needs versus 1 test with many items. Two examples of outcome measures are Timed Up and Go (TUG) and 9-minute run-walk. These 2 measures have reference data available; however, the TUG reference data are for an older population and a limited younger population, and the 9-minute run-walk reference values were obtained from performances on a large track (laps), which is not appropriate for clinical practice.21,22 The choice of test may depend on the clinician preference (physical therapist or physician) and may vary from practitioner to practitioner. To identify body function impairments, activity limitations, and participation restrictions in this specific patient population, an outcome measure that includes both subjective and objective measures of all components of the International Classification of Functioning, Disability, and Health is required.23

The Functional Mobility Assessment (FMA) was developed to fill the need of such a functional outcome measure for this specific patient population (Table 1).11,18 The FMA combines subjective and objective outcome measures. The FMA is a reliable and valid tool to measure functional mobility in childhood cancer survivors with lower-extremity sarcoma.16 Several motor tasks such as walking, running, and stair climbing are evaluated.11 The 6 subcategories of the FMA are (1) pain; (2) function with 2 specific measures, timed up and down stairs (TUDS) and TUG time, heart rate (HR), and rate of perceived exertion (RPE) measured during the TUDS and TUG; (3) supports; (4) satisfaction with walking quality; (5) participation in work, school, sports; and (6) endurance measured by the 9-minute run-walk test, HR and RPE are also measured during the 9-minute run-walk.11 The raw scores in each subcategory in the FMA are converted to a table score. The table scores are from 0 (worst) to 5 (best), with a maximum score of 70 points. The FMA allows the clinician to subjectively and objectively measure the patient's progress and focus on persistent body structure/function impairments (subcategories 1, 2, and 6), activity limitations (subcategories 2, 3, and 6), and participation restrictions (subcategories 4 and 5).16
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The purpose of this study was to establish reference data from children, adolescents, and young adults who are healthy specifically for the FMA. Considering the well-known gender and age differences in motor skills and walking speed of children, adolescents, and young adults, our study provides gender- and age-specific reference values.22,24 Reference data on this new tool will allow health care professionals to make clinically relevant comparisons between the body structure/function, activity, and participation of healthy children and patients/survivors with lower-extremity sarcoma. In addition, the data may assist with providing justification for physical therapy services even when the child, adolescent, or young adult has completed medical treatment for cancer but continues to have body structure/function impairments, activity limitations, and participation restrictions as compared to age- and gender-matched peers. Thus, by having a standard outcome measure that is easy to administer, clinicians are more likely to make an appropriate referral to a physical therapist.
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METHODS

Participants

Participants included 503 healthy children and adolescents, aged 10 to 21 years, from Lebanon Valley College, Annville, Pennsylvania; Cedar Crest Middle School, Lebanon, Pennsylvania; Cedar Crest High School, Lebanon, Pennsylvania; and Julia R. Masterman Laboratory and Demonstration School, Philadelphia, Pennsylvania. To be eligible for this study, participants were required to meet several criteria, including (1) no known cardiorespiratory complications expected to affect physical function as reported by the participant or participants' caregiver; (2) no history of a neuromuscular disorder or lower-extremity abnormality, such as a fracture or amputation; and (3) no history of lower-extremity sarcoma.
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Outcome Measure

The FMA is composed of 6 subcategories: (1) pain; (2) function with 2 specific measures, TUDS time and TUG time and both HR and RPE are also measured during the TUDS and TUG; (3) supports; (4) satisfaction with walking quality; (5) participation in work, school, sports; and (6) endurance as measured by the 9-minute run-walk test. Physiologic cost index (PCI), HR, and RPE are also measured during the 9-minute run-walk.
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Procedures

Raters performing the FMA with the participants included 5 pediatric physical therapists, 3 nurses, and 1 physician. To ensure consistency of data collection, each rater received training before performing the assessment with the participants. The training program was written in a log and provided to each rater. The training log included language that each therapist would use with the participants throughout the testing. For example, on the 9-minute run-walk, the raters could say to the participants “you are allowed to walk if you need to.” The first author provided the training for all the raters to allow for consistency of the instruction. During this training, each rater performed the scoring measures on 5 people while the first author observed the process. Formal intra- and interrater reliability testing was not performed for each rater because of the observed accuracy of each rater during the training session. In addition, intraclass correlation coefficients (ICCs) for intrarater reliability ICCs [3,1] and interrater reliability ICCs [2,1] ranging from 0.97 to 0.99 were achieved for the FMA with a mixed group of professionals on a prior study.16

This was a collaborative study between Lebanon Valley College and The Children's Hospital of Philadelphia. This study was approved by both Institutional Review Boards. Prior to students' participation in this study, the investigators of this study met with the principals of each of the schools and received school board approval to perform this study at each of the separate institutions. Following this approval, consent forms with an attached letter to parents were sent home with the students. The students who returned the consent forms were allowed to participate in the study. The investigators of this study worked closely with the physical education teachers at the middle and high schools to coordinate the data collection during the students' physical education class period. The college students who participated in this study were asked to participate by the investigators through verbal requests during class periods, sorority/fraternity meetings, and interactions with friends/family.

The examiners performed the data collection at 2 middle schools, 2 high schools, and 1 college. Participants performed the outcome measure tasks in a single period of time. The outcome measures were consistently gathered in the following order: resting HR, pain scale score, satisfaction with walking quality, supports, walking quality, participation, TUDS, TUG, and the 9-minute run/walk. During the TUDS, TUG, and 9-minute run/walk, participants' HR and RPE were obtained. In addition, PCI was calculated for the 9-minute run/walk.
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Statistical Analysis

The primary objective of this study was to develop normative values for the functional mobility subcategories of the FMA; therefore, descriptive statistics such as means, standard deviations, medians, and ranges (FMA total, pain, supports, satisfaction with my walking quality, and participation, TUDS time, TUDS HR, TUDS RPE, TUG time, TUG HR, TUG RPE, 9-minute run/walk distance, 9-minute run/walk HR, 9-minute run/walk RPE, and 9-minute run/walk PCI) were obtained in data analysis. The median and ranges were provided for the age categories for the males and females, so that the wide range in values could be appreciated. This is important for clinicians to note when making decisions regarding the need for physical therapy intervention for children with lower-extremity sarcoma.

The Mann-Whitney U test was performed to determine whether there was a significant difference between males and females on the FMA total score. The Kruskal-Wallis analysis of variance by ranks was used to identify whether there was a significant difference between age levels for both males and females.
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RESULTS

Data were analyzed on 503 participants (260 females and 243 males) in this study. Table 2 provides the number of participants in each age group for males and females. Table 3 presents the frequency of participants across different races and gender. Races were represented similarly in all age groups except for the 18- to 21-year age group where there were no African American participants. The means and standard deviations for all participants were as follows: TUDS 6.18 ± 0.8 seconds, TUG 3.78 ± 0.6 seconds, 9-minute run/walk distance 4161 ± 893 feet, and FMA total 59 ± 3. Median and ranges were calculated for each age category with the females and males separated (Tables 4 and 5).
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Table 4 and 5 do not include the FMA subcategory supports, satisfaction with my walking quality, or participation, because the maximum scores were achieved for all participants. Pain was also not included because on the 0 to 10 pain scale, 94% of the participants reported zero pain, 12 participants reported a 1, 4 participants reported a 2, 7 participants reported a 3, 2 participants reported a 4, and 1 participant reported a 7. The participants who reported experiencing pain stated that the pain would not limit them from participating in the study (pain in a finger, shoulder, skin, and back, headache, and menstrual discomfort). These subcategory scores were included in the data analyses for the FMA total scores.

None of the participants used any assistive devices (cane, walker, and crutches), thus reporting a score of 5 on the FMA. All participants reported that they were “very satisfied” with their walking quality, thus reporting a 5 on the FMA. Regarding participation, all participants reported either an FMA score of 5 “participating in work or school and sports” or an FMA score of 4 “participating in all activities including work/school, but limited in sports.”

The FMA outcome measure provides a possible maximum score of 70 when totaling the table scores in each subcategory; the median total FMA score for all the females was 58.81 (range, 46–68) and males 59.74 (range, 47–68). This healthy sample achieved scores greater than or equal to a 3 in all subcategories of the FMA.

A significant difference was found between females and males for total FMA score (P = .02) with males achieving higher scores than females. Significant differences were found between ages of both males and females for the FMA total score (P < .01).

Back to Top

DISCUSSION

The purpose of this study was to obtain reference values for individuals who are healthy performing the FMA to allow for the comparison of FMA scores of children, adolescents, and young adults with lower-extremity sarcoma to gender- and age-matched children, adolescents, and young adults who are healthy. The healthy sample scored at or more than a 3 in all subcategories of the FMA, thus supporting the recommendation that patients with lower-extremity sarcoma who perform less than a 3 on any subcategory would benefit from a physical therapy evaluation. The clinical relevance of this information is that any patient scoring less than a 3 in any subcategory or less than a 42 total FMA score warrants a more comprehensive examination by the clinician and/or a referral to physical therapy.

The TUG scores for our study were similar for those of other studies that examined a healthy population. Gocha-Marchese et al25 reported TUG scores, in seconds, as part of a study to examine strength and functional mobility in children with acute lymphoblastic leukemia as compared with age- and gender-matched reference values for children aged 4 to 15 years. The mean TUG scores, in seconds, for the children who were developing typically were 4.0 ± 0.81, whereas, for our study, the mean TUG score, in seconds, for children aged 10 to 14 years was 3.8 ± 0.64. Katz-Leurer et al26 reported as part of a study to examine balance abilities and gait characteristics, TUG time in seconds in a group of children who were developing typically with a mean age of 9 ± 2 years.26 The mean TUG times reported were 5.8 ± 0.6, whereas, for our study, the mean TUG time for our 10-year age group was lower with a mean time of 3.9 ± 0.7 seconds. In addition, Williams et al27 reported mean TUG time of 5.9 ± 1.3 seconds in 5-year-old children who were developing typically.27 In sharp contrast to these studies of children, the mean TUG times for the healthy older adult population are much higher. Thompson and Medley21 reported mean TUG times, 12.9 ± 1.3 seconds, for a 64- to 87-year-old healthy control group in a study on performance of individuals with Parkinson disease.

There are limited studies that have obtained reference values for the TUDS. However, Zaino et al,24 in their study of reliability and validity of the TUDS, reported median TUDS times for children who were developing typically (13 males and 14 females) for 3 separate age groups 8 to 10 years of age (n = 14), 11 to 12 years of age (n = 6), and 13 to 14 years of age (n = 7). Median TUDS times, in seconds, were as follows for the 3 age groups, 8.3 (7.4–12.6), 7.1 (6.3–10.3), and 7.5 (6.3–8.3), respectively, as compared with our study, in which median TUDS times, in seconds, for these same age groups were 6.2 (5.1–7.5), 5.9 (4.5–8.4), and 6.0 (3.8–8.1), respectively.

The Health Related Physical Fitness: Test Manual provides reference values for children and adolescents aged 5 to 18 years who are healthy for the 9-minute run-walk.22 The testing manual recommends running laps; however, this is not feasible in a hospital or outpatient hospital or clinic. Therefore, the 9-minute run-walk was modified by having participants run-walk 65-ft lengths (run out 65 ft, turn around, and return 65 ft), similar to what could be performed in a clinical setting. Therefore, when comparing the distance covered in the 9-minute time period, the type of course must be considered. The original 9-minute run-walk requires the participants to run in a circular type lap pattern where the FMA requires the participants to perform start and stop movements at each turn. Thus, it would be expected that the original 9-minute run-walk reference values would be higher than the FMA 9-minute run-walk reference values. This was consistent with our findings. For example, the 50 percentile score for both the original study and our study were found to be: 10-year-old males, 5070 ft versus 4154 ft; 10-year-old females, 4380 ft versus 3512 ft; 17-year-old males, 6507 ft versus 4675 ft; 17-year-old females, 5187 ft versus 4550 ft, respectively.

Regarding the pain and participation scores, it is the authors' recommendation that these numbers need to be examined in context for each individual on the day the FMA is administered. The individual may report pain, but the pain may be due to a headache that just occurred that day or pain in an extremity that has been present for a week.

The authors recognize the limitations of this study regarding the small sample size, specifically for the 10-year-old children. This study also has an imbalance of racial diversity in the 18- to 21-year age group, thus limiting the generalizability of the data. Also, this study does not report body mass index for the participants. With these limitations considered, the authors still support the use of the reference data of the FMA tool established in this study as a means to assist health care professionals (physical therapists, physicians, nurses) in making clinically relevant decisions regarding the functional abilities of children with lower-extremity sarcoma. These reference data may also help clinicians in guiding the focus of physical therapy services. In addition, the data may assist in providing justification (insurance companies, school-based physical therapy) for the need of physical therapy services after medical treatments are completed following an amputation, limb-sparing, or rotationplasty when the individual presents with secondary complications from the surgery and/or chemotherapy treatments, such as body function impairments (pain, decreased endurance, postural deformities), activity limitations (decreased speed and distance of walking, limitations in stair climbing), or participation restrictions (decreased participation in school sports activities, social functions, or employment).

In previous studies, intra- and interrater reliability has been excellent for the FMA, TUG, TUDS, and 9-minute run-walk with ICCs [3,1] and [2,1] ranging from 0.93 to 0.99.16,24,25 A weakness of our study might be that these measurements were not obtained on the specific raters in this study.
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CONCLUSION

The FMA, with the 6 subcategories, was developed to measure functional mobility with a focus on all components of the International Classification of Functioning, Disability, and Health model in individuals who have survived lower-extremity sarcoma. To better serve the clinicians using the FMA, reference data were collected to allow health care professionals to compare the functional abilities of children, adolescents, and young adults with lower extremity sarcoma to age- and gender-matched children, adolescents, and young adults who are healthy. Future research should focus on the effectiveness of physical therapy interventions for patients with and survivors of lower-extremity sarcoma. In addition, the FMA could be used to monitor a patient's progress during a course of physical therapy.
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Asian

Caucasian
Hispanic

Other

Total

32 (males 14, females 18)

43 (males 17, females 26)
400 (males 198, females 202)
26 (males 14, females 12)

2 (females 2)

503
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Age,y

TUDS Time, s

TUDS HR

TUDS RPE

TUG Time, s

TUG HR

TUG RPE

9-min Run/Walk
Total in Feet

9-min

Run/Walk HR

9-min RPE

9-min PCI

FMA Total

10
11
12
13
14
15
16
17
18
19
20
21

6.41 (5.47-7.47)
6.04 (5.33-7.49)
6.02 (4.94-8.39)
6.08 (5.31-7.19)
6.67 (5.06-8.13)
6.43 (5.44-9.15)
6.34 (5.29-8.04)
5.92 (5.34-7.88)
6.37 (5.03-8.59)
6.43 (5.51-8.15)
6.33 (5.56-8.03)
6.75 (5.84-7.99)

150 (132-161)
132 (66-167)
136 (99-167)
125 (96-161)
129 (61-180)
132 (90-155)
125 (102-188)
125 (96-145)
139 (73-180)
136 (94-155)
132 (110-161)
136 (107-161)

7 (6-11)
6 (6-9)
7(6-9)
6 (6-11)
6 (6-11)
6 (6-10)
6 (6-9)
6 (6-9)
7(6-11)
7(6-11)
7 (6-8)
7(6-9)

4.40 (3.27-5.29)
3.80 (3.28-5.89)
3.78 (3.13-9.09)
3.95 (3.36-5.54)
3.95 (2.79-6.85)
3.80 (3.47-5.48)
3.79 (3.21-4.55)
3.73 (2.55-4.42)
4.01 (2.92-5.32)
4.08 (3.51-4.81)
3.84 (2.82-5.11)
3.69 (2.85-5.00)

132 (115-155)
118 (44-161)
125 (70-153)
114 (78-241)
112 (67-144)
115 (74-141)
114 (83-212)
122 (94-132)
120 (65-150)
108.5 (60-136)
122 (70-162)
129 (79-155)

6 (6-8)
6(6-9)
6(6-8)
6(6-7)
6(6-8)
6(6-7)
6 (6-8)
6 (6-9)
7 (6-10)
7(6-9)
7(6-9)
7(6-11)

3457 (3057-5005)
3723 (3120-4887)
4048 (3250-5160)
3884 (2860-4940)
3975 (2210-5207)
3640 (2210-5200)
3918 (1950-5107)
4030 (2210-4885)
4301 (2093-5485)
4339 (2730-4943)
3754 (2060-6740)
3975 (2678-6196)

192 (161-200)
170 (135-205)
188 (83-214)

174 (111-196)
170 (118-205)
161 (84-196)

167 (116-205)
167 (118-196)
181 (132-196)
175 (135-205)
161 (98-188)

173 (114-206)

15 (9-18)
10 (6-18)
13 (8-20)
13 (7-19)
12 (6-17)
10 (6-19)
11 (6-15)
12 (6-17)
12.5 (6-19)
12 (6-19)
11 (6-15)
13 (7-15)

.63 (.36-.70)
.54 (.20-.90)
.68 (.02-1.06)
.57 (.02-.93)
.61 (.27-.90)
.64 ((11-1.04)
.67 (.29-1.32)
.59 (.24-1.01)
.69 (.44-.95)
.71 (.38-.94)
.64 (.30-.95)
.68 (.38-.95)

52 (49-58)
60 (51-66)
58 (48-67)
60 (54-65)
61 (50-67)
60 (54-68)
59 (53-66)
60 (56-63)
57 (46-64)
60 (48-62)
60 (51-68)
59 (53-63)

Abbreviations: FMA, Functional Mobility Assessment; HR, heart rate; TUG, Timed Up and Go; TUDS, Timed Up and Down Stairs; PCI, Physiologic Cost Index; RPE, Rate of Perceived Exertion.
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Pain 0 to 10 Scale

Function

TUDS TUG
(0 = None,
Score 10 = Worst) Time, s HR, beats/min RPE (6-20 Scale) Time, s HR, beats/min RPE (6-20 Scale)
5 0 =8 =127 =7 <4 <127 <7
4 <2 9-12 128-137 8-9 5 128-137 8-9
3 =4 13-16 138-147 10-11 6 138-147 10-11
2 <6 17-20 148-157 12-13 7 148-157 12-13
1 <8 21-24 158-167 14-15 8 158-167 14-15
0 <10 >24 >167 >15 >8 >167 >15
Subtotal
Endurance (9-Min Walk Run)
Satisfaction With My
Score Supports Walking Quality Participation Distance (feet) PCl1 HR RPE
H None Very satisfied Participate in work or >4000 <0.20 <115 <7
school and sports.
4 1 crutch or cane < Happy with my Participate in all 3000-3999 0.21-0.41 115-134 8-9
5 hours a day walking quality. activities including
work/school, but
limited sports.
B 1 crutch or cane all Happy but hope it Limited in work or 2250-2999 0.42-0.62 135-154 10-11
day improves. school and sports.
2 2 crutches or canes Disappointed and Limited in work or 1500-2249 0.63-0.83 155-174 12-13
<5 hours a day want to improve. school and do not
participate in sports.
1 2 crutches or canes Disappointed and Limited in work or 1000-1499 —0.84 10 1.09 175-194 14-15
>5 hours a day afraid it will not school and activities of
improve. daily living.
0 ‘Wheelchair Very unhappy and Unable to go to work or <1000 >1.10 >195 15
rarely leave the school.
house.
Subtotal

Total score .
Abbreviations: HR, heart rate; PCI, Physiologic Cost Index; RPE, Rate of Perceived Exertion; TUDS, Timed Up and Down Stairs; TUG, Timed Up and Go.





OEBPS/images/Original.00001577-201224030-00004.TT2.jpeg
Age,y Males Females

10 8 7
11 20 19
12 20 25
13 28 28
14 21 29
15 15 25
16 20 24
17 20 19
18 20 22
19 20 20
20 20 21

21 22 21






