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The incidence of falls is common in older adults and becomes more frequent

with advancing age. Falls and injuries associated with falls are among the most

debilitating and traumatic medical problems encountered by the elderly. There is

evidence that indicates there may be a cause and effect relationship between specific

gait parameters and falling. If a simple gait test can predict fallers, it could become a

valuable tool for identifying individuals at high risk of falling. The purposes of this

study were 1) to determine whether performance on the Functional Ambulation

Profile (FAP) could accurately predict fallers and non-fallers in a prospective

manner and 2) to identify gait parameters within the FAP that would best classify

fallers. My hypothesis for this study include 1) the Functional Ambulation Profile

(FAP) will accurately predict subjects as fallers and non-fallers and 2) of the five

variables that comprise the FAP walking velocity, right and left step length:leg

length ratio, step width will be the most powerful predictors of fall status. Two

hundred twenty six subjects were evaluated using the GAITRite electronic walkway.

Falls surveillance was conducted for 8 months after each participant's specific
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GAITRite testing date. Average height, weight and BMII were 161.9 ± 8.7 cm, 68.1±

16.7 kg, and 25.9 ± 4.1 kg/rn2, respectively. Men and women were analyzed

separately using analysis of variance, logistic regression and relative operating

characteristic curves. There was no difference between fallers and non-fallers for any

of the FAP variables for both the men and women. Regression results indicated the

overall model for FAP to predict fallers was not statistically significant for either

men or women, (p = 0.706 and p = 0.543, respectively). In addition, none of the five

variables that make up the FAP was significant enough to be included in a stepwise

logistic model, thus we were unable to develop an alternative model for predicting

fallers based on gait variables. A secondary analysis found that the FAP was unable

to distinguish multiple fallers (3 or more) from occasional and non-fallers in this

same study population. The results of this study indicate that the FAP does not

predict falls in independently living men and women over the age of 70. Further,

none of the five gait variables that compose the FAP was a significant independent

predictor of falls in this same population. Based on the results of this study we

conclude that the FAP alone is not sufficient to predict risk of falling among older

adults. Because of the complexity of all the physical, psychological and

environmental elements that can lead to falling, tests based on only spatial and

temporal gait characteristics do not appear to be good fall predictors for independent

older adults.
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GAIT PARAMETERS AND FALLING IN THE ELDERLY: A PROSPECTIVE

STUDY

CHAPTER ONE: INTRODUCTION

Literature Review

Falls and Fall Related Injuries.

Falls and injuries associated with falls are among the most debilitating and

traumatic medical problems encountered by the elderly. It is estimated that about

30% of individuals over sixty years of age and approximately 50% of those over the

age of 75 fall each year (Melton, O'Fallon, & Riggs, 1987). Falls are a great concern

because 90% of the 300,000 hip fractures reported annually result from a fall (Apple

& Hayes, 1994). In the U.S., hip fractures alone carry an estimated cost of $17

billion annually (National Osteoporosis Foundation, 2002). The incidence of falls

and hip fractures is predicted to increase two to three times over the next fifty years

(Melton & Cummings, 1987). The National Osteoporosis Foundation recently

reported that 4,110 fractures occur daily, approximately one every twenty seconds, in

part due to osteoporosis (National Osteoporosis Foundation, 2002). It is estimated

that one in three women and one in six men will have a hip fracture in their lifetime

(National Osteoporosis Foundation, 2002). Given the high incidence of hip fractures

that occur from a fall, identifying those at risk for falling may systematically reduce

hip fractures.
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Risk Factors for Falling

Lower body strength is central to the maintenance of an independent lifestyle

for the elderly (Whipple, Wolfson & Amerman, 1987) and reduced lower extremity

strength is a risk factor for falls (Robinovitch, Hayes, & McMahon, 1991). Declines

in muscle mass and strength in older persons may go unnoticed until their weakness

results in a loss of physical function that predisposes them to a fall. The reductions in

activity can exacerbate the physical declines and lead to a cycle of decreased

mobility and increased frailty. In particular, Wolfson and colleagues (Wolfson,

Judge, Whipple & King, 1995) noted that lower extremity weakness was directly

related to impaired gait and falls. Other common risk factors for falling include

decreased sensation, vision, balance, reaction time and mobility as well as increased

age (American Geriatrics Society, British Geriatrics Society, & American Academy

of Orthopedic Surgeons Panel on Falls Prevention, 2001; Lord & Fitzpatrick 2001;

Lord, Murray, Chapman, Munro & Tiedmann, 2002). Even falls that do not result in

fractures can result in a loss in confidence and decrease in mobility (Tinetti,

Doucette & Claus, 1995; Tinetti & Powell, 1993). Nearly 25% of those who have

fallen reduce their daily activities because they fear falling again (Cummings &

Nevitt, 1994).

Gait Parameters as Risk Factors for Falls

Several studies have reported a difference in gait between fallers and non-

fallers. Since most falls occur during ambulation, identifying aspects of gait that

predict falls may prove important in fall prevention. One of the most frequently cited
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papers within the realm of gait variables or risk factors for falling is a study

conducted by Maid (Maid BE, 1997). He examined gait characteristics of 61 women

(82 ± 6 years) to identify differences in gait parameters between fallers and non-

fallers. The purposes of this study were 1) to determine spatial-temporal measures of

foot placement during gait and 2) to predict the likelihood for future falls. Spatial

gait parameters were collected via digitized foot swatches and inkpads glued to the

base of tightly fitted slippers. The participant was instructed to walk over a sheet of

plotter paper (8m long, im wide). The location of the ink marks was measured with

the use of a drum plotter. The drum plotter cursor was placed of the midpoint at the

forefoot for each step (Figure 1.0). Maid noted that older individuals who had a

history of falling tended to walk more slowly and took shorter but wider strides.

While those variables were not able to predict fall status, the stride to stride

variability in those variables was significantly greater among those participants who

experienced a fall. When Maid looked at step width, stride length, and stride velocity

he was not able to predict fallers. However, when he evaluated the step-to-step

variability of those gait same parameters he was able to differentiate fallers from

non-fallers.



Hausdorff and associates (Hausdorff, Edelberg, Mitchel, Goldberger & Wei,

1997) compared stride-to-stride variability of stride time, stance time, swing time

and percent stance time during a six-minute walk between fallers, non-fallers and

young healthy adults. Participants wore force sensitive insoles while walking at a

self selected pace. All measures of gait variability were significantly greater among

the elderly fallers (n=1 7; age=82.2 ± 4.9 years) when compared to both the elderly

non-fallers (n18; age=76.5 ± 4.0 years) and the young group (n22; 24.6 ± 1.9

years). Interestingly, walking speed of the fallers and non-fallers were similar.

Stride-to-stride temporal gait variations remained consistent in the elderly non-fallers

compared to age matched elderly fallers

Few studies have measured gait and falls prospectively in older adults. In a

follow-up study, Hausdorffet al., (Hausdorff, Rios & Edelberg, 2001) examined

stride-to-stride gait variance using the same six-minute walking test described

previously. Over the following 12-months, participants (n=52) reported their fall

status on a weekly basis. Hausdorff and colleagues (2001) reported that almost 40%

(n=20) of the participants fell during the 12-month follow-up period. Stride time
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variability was significantly greater among those who fell than those who did not

fall, 106 ± 3Oms versus 49 ± 4ms, respectively. Further, Hausdorff and associates

noted that stride time variability was twice as great in participants who reported

multiple falls than those who reported only a single fall. One of the main strengths of

these studies was that gait was measured over a six-minute walk, and that stride-to-

stride variability was again an important indicator of fall risk.

Further, Wolfson and colleagues (Wolfson, Judge, Whipple & King, 1995)

evaluated gait and other measures in nursing home residents (21 fallers 17 non-

fallers) to determine gait quality and retrospective occurrence of falls. The gait

measures that they evaluated consisted of stride length and walking speed

determined from digitized videotaped-based analysis. Unlike Maid and Hausdorff,

Wolfson reported that both walking speed and stride length of the fallers was

significantly slower and shorter between fallers and non-fallers in this frail

population (p=O.001). Eighteen of 21 participants with a walking speed below 0.45

meter/sec were classified as fallers and 15 out of 18 who had walking speeds greater

than 0.55 meters/sec were classified as non-fallers. This study suggests that

kinematic variables may be enough to determine fall status among a frail nursing

home population.

Nelson (Nelson AJ, 1974) defined a set of gait parameters that provide a

practical assessment of locomotion performance in a non-clinical setting. This test of

locomotion was labeled functional ambulation profile (FAP). The FAP is a

combination of gait parameters, and includes the right and left step length:leg length

ratio, walking velocity, bilateral step length difference, stride width, and mean



double support time. A FAP score of 98 to 100 is considered most stable in a healthy

population and progressively lower scores indicate less stability.

Nelson and associates (Nelson, Lembo, Lopez, Manfredonia, Vanichpong &

Zwick, 1999) examined 24 men and women between the ages of 66 to 94 years using

the GAITRite electronic walkway. Prior to testing, 11 participants had been

identified as fallers and 14 had been identified as non-fallers. Nelson and colleagues

aimed to see if the PAP scores would correctly identify them as fallers or non-fallers.

Each participant performed four passes on the GAIITRite at his or her preferred

velocity. The FAP scores of the fallers (75 ± 15) were significantly lower than the

non-fallers (95 ± 5). The results of this study indicate that falters had significantly

lower scores in step:leg length ratios and mean normalized velocity, and greater

values for step time, heel to heel base of support and double support time. In

addition, fallers demonstrated significantly increased double support time, decreased

stride length and decreased walking speed compared to non-fallers. Bilateral step

ratios were also found to be statistically different between fallers and non-fallers.

While encouraging, this study used a small sample of subjects (n 24), a

retrospective design, and no description of fall history.

Not all investigators found differences in gait characteristics between fallers

and non-fallers. Heitman et al., (Heitman, Grossman, Shaddeau & Jackson, 1989)

examined balance performance and step width in fallers (n=26; 75.1 ± 7.7 years) and

non-fallers (n=84; 73.1 ± 7.0 years) among non-institutionalized elderly women. A

record of each subject's gait pattern was made with 1.5" moleskin triangles and 1.5"

moleskin squares attached to the soles of the subject's shoes at the midline of toe and



heels, respectively. Red ink was applied to triangles and black ink to the squares.

The subject was instructed to walk at his/her typical speed across a sheet of paper

measuring 2' x 30'. At the end of the paper they turned and stepped onto another

piece of 2' x 30' paper to complete the testing. Using the edge of the paper as a

reference point, a measurement was taken from the midpoint of the back edge of the

right foot square (heel) to the edge of the paper and similarly done to the left foot.

Step width equaled the distance of the right foot to the paper edge minus the distance

of the left foot to the same paper edge. A representation of the step cycle was

selected from the middle 20 feet of each paper for each participant and used for

analysis. Thus, a total of two-step cycles represent the gait pattern for each

participant. Hietman reported no significant differences between fallers and non-

fallers in any of the step width variables. The authors commented that one reason

why they did not see differences between groups was that they did not separate

fallers according to the cause of falls. Hietman noted that there might have been

differences between fallers and non-fallers if they had grouped them into intrinsic

and extrinsic causes of falls. In addition, their methodology of taking a single stride

from 20' of data collection may be a source of error. Some subjects may have

stepped 8 times over the 20' trails and others may have stepped 20 times. If there

was a lot of variability within the 20 steps then the mean score and standard

deviation will not depict the real step-to-step variability.

Feitner and associates (Feitner, MacRae & McNitt-Gray, 1994) also reported

that quantitative kinematic gait variables alone are not enough to identify risk factors

for falls. Feitner recorded the fall history over the previous year for 17 community-



dwelling women (73.4 ± 1.4 years). The participants were videotaped while they

were walking at their preferred speed and analyzed to determine their gait

characteristics. Participants reported their fall status every week over a 10-month

period. None of the gait characteristics, retrospectively or prospectively, identified

fallers from non-fallers. These studies seem to suggest that traditional kinematic gait

variables are not sufficient to predict falling among community-dwelling older

adults, but measurements of stride-to-stride variability and the FAP may be more

promising measures.

The GAITRIte

The GAITRite is an electronic walkway mat that is connected to a PC. The

walkway contains six sensor pads holding 2304 sensors each; the overall area of the

mat is 91.44 x 457.2 cm with an active area of 61 x 366 cm. Leg length

measurements are taken from the greater trochanter to the floor beneath the lateral

maleolus (with footwear on) for each leg. As the participant ambulates over the

walkway the sensor pads determine the area of the subjects' feet and transfers this

information to the computer. The application software then translates these data into

footfall patterns and computes selected gait measures. Thus, the software generates a

FAP score on the participant's gait based on the right and left step length:leg length

ratio, walking velocity, bilateral step length difference, stride width, and mean

double support time.

Several validity and reliability studies compared the GAITRite electronic

walkway to video-based taping methods to assess gait characteristics in both healthy



and disabled populations (McDonough, Batavia, Chen, Kwon & Ziai, 2001; Cutup,

Mancinelli, Huber & DiPasquale, 2000). GAITRite has been able to characterize

unique gait qualities among several disabled populations (McDonough et at., 2001;

Nelson, Zwick, Brody, Doran, Pulver, Roonz, Sadownick, Nelson & Rothman,

2002; Cutup et al., 2000). Using the GAITRite, Nelson and associates (Nelson et al.,

2002) demonstrated that selected footfall patterns classified individuals with early

stage Parkinson's disease. Nelson reported the Functional Ambulation Profile (FAP)

of individuals with Parkinson's disease was significantly (p=O.O5) lower than a

similar control group. As previously mentioned, Nelson also reported that the FAP

could differentiate fallers and non-fallers among an independent older adult

population (Nelson et al., 1999).

Purpose

Overall very few studies have focused on the issue of gait parameters as risk

factors for falling, only two have been done prospectively, and only one published

study has taken advantage of a computerized system (GAITRite) to evaluate gait as a

potential risk factor. Little is known about the contribution gait parameters may have

on the ability to predict risk of falling and the results of currently published studies

are mixed. Therefore, the main purpose of this study was to determine whether gait

variables associated with increased risk for falling can be used to predict fallers and

non-fallers. There is evidence that indicates there may be a cause and effect

relationship between fallers and specific gait parameters, thus, completion of this

research may provide important information to better understand and facilitate these
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relationships. Therefore, if a simple test can predict fallers, it could become a

valuable tool for identifying individuals at high risk of falling.

Specific Aims and Hypothesis

Research Question One

Does performance on the functional ambulation profile (FAP) predicts falls?

Hypothesis One: FAP will accurately predict subjects as fallers and non-fallers.

Aim One: As part of a larger falls study, (n=226) older adults were recruited and

tested on the electronic walkway from which the FAP and its components were

measured. After the testing, eight months of falls surveillance was collected. Both

ANOVA and logistic regression were conducted to determine differences in FAP

scores between fallers and non-fallers and then to determine the capability of the

FAP to classifying fallers.

Research Question Two

What specific gait parameters within the FAP best classify fallers?

Hypothesis Two: Of the five variables that comprise the FAP walking velocity,

right and left step length:leg length ratio, step width will be the most powerful

predictors of fall status.
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Aim Two: The same population and testing procedures identified in Aim I will

be applied to Aim 2. However, in analysis independent variables will include the

specific gait parameters that comprise the FAP the right and left step length:leg

length ratio, walking velocity, bilateral step length difference, stride width, and

mean double support time and the dependent variable will be fall status. To

determine which variables within the FAP best predict falling, we will conduct a

forward-stepping logistic regression using the gait variables listed above.
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Abstract

The purposes of this study were 1) to determine whether prospective

performance on the Functional Ambulation Profile (FAP) could accurately predict

falters and non-fallers and 2) to identify gait parameters within the FAP that could

best classify fallers. Two hundred twenty six subjects from the community were

recruited and tested at normal walking speed across the GAITRite electronic

walkway. Fall surveillance was conducted every two months over the eight-month

study. Average height, weight and BIvil were 161.9 ± 8.7 cm, 68.1± 16.7 kg, and

25.9 ± 4.1 kg/rn2, respectively. Men and women were analyzed separately with

ANOVA, logistic regression and relative operating characteristic curves. There was

no difference between falters and non-falters in performance on the FAP for either

men or women. Regression results indicated the overall model for FAP to predict

fallers was not statistically significant in either men or women, (p = 0.708 and p

0.547 respectively). Furthermore, none of the five variables that comprise the FAP

was significant enough to be included in a stepwise logistic regression, thus we were

unable to develop an alternative model for predicting fallers based on the gait

variables measured. This study shows that the FAP does not predict falls in

independent older adults over the age of 70. Further, none of the five gait variables

that comprise the FAP was a significant independent predictor of falls in this same

population. Given that this test is composed exclusively of gait parameters derived

from the GAITRite testing apparatus, it appears that FAP alone is not sufficient to

predict falls and fall risk among older adults.
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Introduction

Falls and injuries associated with falls are among the most debilitating and

traumatic medical problems encountered by the elderly. Over 90% of hip fractures

result from a fall (Apple & Hayes, 1994) and the estimated annual cost of hip

fractures in the U.S is $17 billion annually (National Osteoporosis Foundation,

2002). It is estimated that about 30% of individuals over 60 years old and

approximately 50% of those over the age of 75 fall each year (Melton, O'Fallon &

Riggs, 1987). The incidence of falls and hip fractures is predicted to increase two to

three times over the next 50 years (Melton & Cummings, 1987). The National

Osteoporosis Foundation recently reported that 4,110 fractures occur daily,

approximately one every twenty seconds, due to osteoporosis (National Osteoporosis

Foundation, 2001). It is estimated that one in three women and one in six men will

have a hip fracture in their lifetime (National Osteoporosis Foundation, 2001). Given

the high incidence of hip fractures that occur from a fall, identifying those at risk for

falling may systematically reduce hip fractures.

Even falls that do not result in fractures can result in a loss in confidence and

decrease in mobility (Tinetti, Doucette & Claus, 1995; Tinetti & Powell, 1993).

Nearly 25% of those who have fallen reduce their daily activities because they fear

falling again (Cummings & Nevitt, 1994). Lower body strength is central to the

maintenance of an independent lifestyle for the elderly (Whipple, Wolfson &

Amerman, 1987) and reduced lower extremity strength is a risk factor for falls

(Robinovitch, Hayes, & McMahon, 1991). Declines in muscle mass and strength in
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older persons may go unnoticed until their weakness results in a loss of physical

function that predisposes them to a fall. In particular, Wolfson and colleagues

(Wolfson, Judge, Whipple & King, 1995) noted that lower extremity weakness was

directly related to impaired gait and falls. Other common risk factors for falls include

decreased sensation, vision, balance, reaction time, and mobility as well as increased

age (American Geriatrics Society, British Geriatrics Society, & American Academy

of Orthopedic Surgeons Panel on Falls Prevention, 2001; Lord & Fitzpatrick 2001;

Lord, Murray, Chapman, Munro & Tiedmann, 2002).

Since most falls occur during ambulation, identifying aspects of gait that

predict falls may prove important in fall prevention. Indeed, there are limited reports

that gait parameters are different between fallers and non-fallers in both retrospective

and prospective studies (Wolfson et al., 1995; Nelson, Lembo, Lopez, Manfredonia,

Vanichpong & Zwick, 1999; Hausdorif, Edelberg, Mitchell, Goldberger & Wei,

1997; Hausdorif, Rios & Edelberg, 2001). Compared to non-fallers, older individuals

with a history of falling tend to 1) walk more slowly, 2) have a shorter stride length,

3) have a wider base of support and 4) spend a greater proportion of their gait cycle

in double-leg support when compared to age matched non-fallers, although these

differences are not statistically different (Maki, 1997). However, fallers in this

group do have greater step-to-step variability in these parameters. Wolfson et al.,

(1995) reported that walking speed and stride length were different between fallers

and non-fallers living in nursing homes. Hausdorif and associates (1997) found that

the stride-to-stride temporal variation of gait in elderly community-dwelling men and

women fallers was significantly greater than a similar non-falling cohort. Using a
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computerized system, Nelson and colleagues (1999) demonstrated that the functional

ambulation profile (FAP) was significantly different between fallers (75 ± 15) and

non-fallers (95 ± 5). The components of the FAP are: the right and left step

length:leg length ratio, walking velocity, bilateral step length difference, stride

width, and mean double support time. Only one study, (Hausdorffet al., 2001), has

reported success in prospectively predicting fallers based on differences in gait

parameters, specifically stride time variability. Other studies have found no

differences in the gait characteristics of elderly falters and non-fallers (Feltner,

MacRae & McNett-Grey, 1994; Heitman, Grossman, Shaddeau & Jackson, 1989).

While only a few studies have attempted to predict fallers based on gait

characteristics and the results of these studies were mixed, if a simple test could

predict fallers it would become a valuable tool for identifying individuals at high risk

of falling. The purpose of this study was to replicate the work of Nelson et al.,

(1999) using a prospective design. Specifically, the aims of this studywere to 1)

determine whether performance on the FAP could accurately predict fallers and non-

fallers in a prospective manner and 2) to identify gait parameters within the FAP that

best classify fallers.

Material and Methods

Subjects

Two hundred twenty six participants (54 men and 172, women) who

averaged 82 years of age were recruited from independent living retirement

communities in western Oregon to participate in the Falls Study screening. The
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participants were recruited from posted advertisements and recruitment lectures at

targeted retirement and independent-living retirement communities. Before testing,

all potential participants were required to complete a health history questionnaire and

a detailed medication survey. Individuals who completed all of the paperwork

without confusion and were able to follow the instructions to the testing protocol

were considered mentally competent and allowed to participate in the study. Subjects

who used assistive devices were not excluded, however participants were not

allowed to use them during the test. If support was needed subjects were allowed to

hold onto the arm of the evaluator, who walked along side of the mat. This study was

approved by the Oregon State University Institutional Review Board and all subjects

were required to give written informed consent prior to their participation.

Ten subjects (eight females and two males) were removed from the final

analysis due to decreased mental status, which impaired their ability to accurately

report falls. There was no difference between fallers and non-fallers for any of the

physical characteristics or the FAP variables for both the men and women (Table 1).

Average height, weight and BMI were 161.9 ± 8,7 cm, 68.1 ± 16.7 kg and 25.9 ± 4

kg/rn2, respectively.

Table 1. Physical Characteristics for Women and Men Who Completed our Study.
Values presented as means ± standard deviation. No significant differences (p
0.05) were found between the groups.

Women (n = 164) Men (n = 52)
Non-Faller (n=96) Faller (n=68) Non-Faller (n=21) Faller (n=3 1)

Age (years) 84.90 ± 6.33 84.76 ± 5.59 85.05 ± 6.21 84.65 ± 6.34
Weight(kg) 65.12 ±11.07 66.28 ±16.75 78.73 ± 9.49 78.79± 11.54
Height(crn) 159.04±10.26 157.42±11.38 171.84±5.62 172.43±7.17



Measurements

Within a three-month period the gait characteristics of all subjects were

assessed using an electronic walkway that determines gait characteristics (GAITRite,

Clifton, NJ). Prior to testing, bilateral leg length (cm) was determined by measuring

the distance from the greater trochanter to the floor below the lateral maleolus. This

information was entered into a computer that interfaced with the walkway, a 3.66-

meter mat embedded with pressure sensitive sensors. Participants started walking

three feet prior to the beginning of the walkway and continued walking another three

feet past the end of the walkway to minimize the effects of acceleration and

deceleration (figure 2). The subject was instructed to walk at his/her preferred speed

across the electronic mat a total of six times (one time = one pass). The computer

generated three FAP scores, each representing the average of two consecutive

passes. As the subject walked across the mat, data from pressure sensors within the

walkway were collected in a computerized system. Using system-specific software

(GAITRite, Clifton, NJ) detailed gait parameters were calculated including right and

left step length:leg length ratio, walking velocity, bilateral step length difference,

stride width, and mean double support time. These data were used to calculate the

Functional Ambulation Profile (FAP), a global assessment of gait that corrects for

individual age and leg length.
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Starting position

Electronic Walkway

Finish position

Figure 2. GAITRite Electronic Walkway

Falls Surveillance

Falls surveillance was conducted for 8 months after each participant's

specific GAITRite testing date. Each participant received a "falls diary" at the

initiation of the study to record falls and pertinent information regarding the fall (i.e.

time of day, injuries etc.). In addition, every two months participants were sent a

self-addressed stamped postcard asking whether they had experienced a fall during

the prior two months. When an individual indicated that they had experienced a fall,

a member of the research team would call the participant on the phone to learn the

details of how the fall happened and the extent of any injuries. Participants who did

not return their postcards were also called to determine their fall status so the fall

status of all participants was verified for every two-month interval. The same person

(S.C.) conducted all phone interviews.



Data Analysis

Prior to analysis data was screened for homogeneity of variance, skewness

and kurtosis. Men and women were analyzed separately; ANOVA was used to

determine differences in the physical characteristics as well as differences in FAP

scores between subjects who fell and those who did not. Logistic regression analysis

was conducted to determine the capability of the FAP to predict fallers. Our

hypotheses were that non-fallers would have a significantly higher FAP score than

fallers and that the regression model would be able to predict fallers based on their

FAP score. Next, a stepwise logistic regression analysis was conducted to determine

which of the five variables that comprise the FAP (right and left step length:leg

length ratio, walking velocity, bilateral step length difference, stride width, and

mean double support time) would best predict falls status. All five of the variables

were entered into a forward-stepping regression function with the enter/exit cutoff

set at p=O.2. Relative Operating Characteristic (ROC) curves were used to test the

sensitivity and specificity of all regression models that demonstrated significance

(Beck & Schultz, 1986). Our hypothesis was that walking velocity, bilateral

step/extremity ratios, and step width would be the most powerful predictors for

identifying fallers. All data were analyzed using SPSS version 11.0 statistical

software.

Results

There were no differences in any of the FAP scores between fallers and non-

fallers who completed the study (Tables 2 & 3). Regression results indicated the overall
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model for FAP to predict fallers was not statistically significant for either men or

women, (p = 0.708 and p = 0.547 respectively). In addition, none of the five variables

that comprise the FAP was significant enough to be included in a stepwise logistic

model, thus we were unable to develop an alternative model for predicting fallers based

on the FAP gait variables.

Table 2. Functional Ambulation Profile Scores for Women. Values presented as
mean ± standard deviation. No significant differences (p 0.05) were found between
the groups.

Average FAP Score
Velocity (cmls)
Step Length/Leg Length Ratio
Mean Double Support Time (s)
Mean H-H Base of Support (cm)
Step Length R/L Difference (cm)

Women (n = 164)
Non-Faller (n=96) Faller (n=68)

90.83 ±10.04 91.66 ± 6.25
97.04±21.94 98.77±20.34
2.37 ± 2.91 1.93 ± 2.01
0.26 ± 0.08 0.26 ± 0.07

10.29 ± 2.97 10.09 ± 3.15
0.034 ± 0.004 0.027 ± 0.003

Table 3. Functional Ambulation Profile Scores for Men. Values presented as mean ±
standard deviation. No significant differences (p 0.05) were found between the
groups.

Average FAP Score
Velocity (cmls)
Step Length/Leg Length Ratio
Mean Double Support Time (s)
Mean H-H Base of Support (cm)
Step Length R/L Difference (cm)

Men (n = 52)
Non-Faller (n=21) Faller (n=3 1)

92.33 ± 5.76 91.68 ± 6.48
102.38 ±19.58 95.19 ± 17.55

2.50±2.09 3.17±3.66
0.26 ± 0.08 0.27 ± 0.07

10.09 ± 5.12 6.68 ± 7.04
0.039 ± 0.004 0.046 ± 0.011



22

Table 4. Results of Logistic Regression Analysis to Predict Fallers and Non-Fallers.

Women B S.E. Wald df Sig. Exp(B)
FAP -0.18 .047 .141 1 .708 .982
Constant 2.019 4.355 .215 1 .643 7.528

Men B S.E. Wald df Sig. Exp(B)
FAP .011 .019 .363 1 .547 1.011
Constant -1.370 1.712 .641 1 .423 .254

We completed a secondary analysis comparing the FAP scores of multiple

fallers to participants who fell occasionally or not at all over the eight-month study.

We re-analyzed both the men and the women contrasting individuals who

experienced three or more falls (multiple fallers) with those participants who

experienced two or fewer falls (occasional/non-fallers). Similar to our previous

findings, when logistic regression was performed to see if the FAP could predict the

fall status of these two groups, the results were not significant (pO.75l and pO.286

for the women and men respectively). We also reran the stepwise logistic regression

analysis of the five components of the FAP and found that none of the variables was

able to significantly predict falls for the men. However, step length difference was

significant (p=0.04) for predicting multiple fallers among the women. Using a cutoff

of 0.32 (< 0.32=non-faller/occasional, ?0.32=multiple faller), the resulting model

correctly identified multiple fallers 60.8% of the time (i.e. sensitivity) and correctly

classified non-fallers 46.0% of the time (i.e. specificity). We used an ROC curve to

evaluate the sensitivity and specificity of the regression model to predict fall status

along the continuum of possible cutoff points. Results of the ROC analysis
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confirmed the poor performance of the model with an area under the curve equal to

0.56 1 (Figure 3). Based on this, it appears that the FAP is not able to predict those

individuals at risk for experiencing frequent and multiple falls.

Figure 3.0 Relative Operating Characteristic Curve Analysis of a Model to Predict
Multiple Falters among Older Women. Sensitivity and specificity are not greater
than chance no matter the cut-point used to differentiate either groups. This analysis
is non-significant (p = 0.212) with an area under the curve = 0.561.

ROC Curve
1.00

.75

0.00 .25 .50 .75 1.00

- Specificity

Discussion

Our aims were 1) to determine whether performance on the FAP accurately

predicted fallers and non-fallers in a prospective manner and 2) to identify gait

parameters within the FAP that best classified fallers. The results demonstrated that

performance on the FAP did not predict falls in independently living men and

women over the age of 70. Further, none of the five gait variables that comprise the

FAP was a significant independent predictor for falls in this same population. Our

secondary analysis found similar results when trying to predict frequent fallers.
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Given that this test is composed exclusively of gait parameters derived from the

GAITRite testing apparatus, it appears that gait characteristics alone are not

sufficient to predict falls and fall risk for occasional fallers or frequent and multiple

falters.

A strength of this study was the large number of participants (n216). There

was enough power to demonstrate statistical significance when differences were

present. Further, fall status was determined prospectively which is a more rigorous

study design than a retrospective study where fall status is known prior to testing.

Each participant was responsible for documenting and reporting all falls for an eight-

month period. Subjects who had difficulty reporting and documenting falls were

excluded from the final analysis, thereby maximizing the quality of the fall data used

in the prediction equations. We also had detailed information about how the falls

happened and who experienced multiple falls, allowing us to investigate whether the

FAP could predict multiple fallers. Finally, we used a similar population and

methodology as reported by Nelson et at. (1999), which allowed us to directly

compare the results of our study to theirs.

This study also has several limitations. Even though a strength of this study

was the eight-months of fall surveillance, caution must be used regarding these data

because they were self-reported. Further, fall surveillance data were collected every

two months, which may be too long of a time span for this population to accurately

remember the details of their falls. However throughout the study a single researcher

was responsible for interviewing all fallers and thus had a context by which to

determine how well the participants were able to remember the details of their falls.
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Another limitation of this study was that the participants who normally used assistive

devices (i.e. walkers, wheel chairs and canes) for ambulation were encouraged not to

use them during the GAITRite test. Instead, a spotter held onto the participants' arm

or onto a belt around the participants' waist while they walked on the electronic mat.

Therefore, the FAP score may not accurately represent their true gait pattern. Finally,

the high variability of scores between subjects made it more difficult to identify

statistically significant differences between the groups. This is a concern, but is a

common issue when studying older adults.

Our results were similar to those of Heitman et al., (1989) and Feltner et al.,

(1994) who found no differences in gait between fallers and non-fallers. These

studies are similar in that both studies tested community dwelling older adults and

both used fairly basic methods to assess gait (i.e. footprints marked with ink onto

long strips of paper and video taping). Moreover, both studies quantified gait using

spatial and temporal characteristics, such as step width, step length and walking

velocity. Heitman and colleagues commented that one reason why they did not see

differences between falters and non-fallers might have been that they did not

separate fallers according to the cause of the falls. They noted that there might have

been differences between fallers and non-fallers if they had grouped the falls into

intrinsic and extrinsic causes of falls, implying that they might have been more

successful predicting just intrinsic-caused falls as some alterations in gait are thought

to be intrinsic risk factors for falling. We agree, but question the applicability of a

test that could only predict falls from intrinsic causes, particularly for independent

older adults since 41% of falls experienced by this cohort are from extrinsic causes
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(Rubenstein Josephson, & Osterweil, 1996). In reality, the majority of falls are most

likely due to a combination of intrinsic and extrinsic factors thus it would be most

useful to develop a test that can predict all types of falls.

Feitner et al. (1994) used both a retrospective and a prospective design in

their study, and was unsuccessful in differentiating fallers from non-fallers during

either time frame. This suggests that the more rigorous prospective design is not the

reason for walking velocity and step length being insufficient to differentiate groups.

It is more likely that these spatial and temporal gait characteristics are not indicative

of fallers in this population.

Wolfson and colleagues (Wolfson et al., 1995) reported that walking speed

and stride length were significantly different between fallers and non-fallers

(p=O.001) among older adults living in a nursing home. Eighteen of twenty one

participants with a walking speed below 0.45 meters/sec were classified as fallers

and fifteen out of eighteen who had walking speeds greater than 0.55 meters/sec

were classified as non-fallers. At first glance these results seem contradictory to

Heitman et al. and Feltner et al., in that walking speed and stride length were able to

differentiate between fallers and non-fallers. However, Wolfson evaluated a very

frail and homogeneous population. By definition, residents of nursing homes

typically require regular care due to limitations in their physical and cognitive

abilities. The environment is low risk and residents tend to be fairly sedentary. Most

falls experienced by nursing home residents are due to intrinsic factors (Rubenstein

et al., 1996), thus spatial and temporal characteristics of gait may be a useful

predictor of falls in this population while those same variables may not be able to
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predict falls in a more active, independent population. The participants in our study

were more active and living in independent retirement communities, and were more

likely to experience falls of both intrinsic and extrinsic causes, thus spatial and

temporal gait parameters alone may not be sufficient to predict falls among this

group even though they are useful in a nursing home population.

Maid noted that older independent living adults who had a history of falling

tended to walk more slowly and had a shorter and wider stride (Maid BE, 1997).

However, he concluded that these spatial and temporal gait characteristics were

predictive of those with a fear of falling but not predictive of those who would

actually experience a fall. Maid went on to report that while those variables were not

able to predict fall status, the stride to stride variability in those variables was

significantly greater among those participants who experienced a fall. When Maid

looked at step width, stride length, and stride velocity he was not able to predict

fallers. However, when he evaluated the step-to-step variability of those gait same

parameters he was able to differentiate fallers from non-fallers. This adds additional

strength to the notion that spatial and temporal gait characteristics may not be

sensitive enough to predict fallers, but a more in-depth analysis of the step-to-step

variability of these characteristics seems to be more useful.

Hausdorff and associates (Hausdorff et al., 1997; Hausdorff et at., 2001)

compared stride-to-stride variability of stride time, stance time, swing time and

percent stance time during a 6-minute walk between older adult fallers, older non-

fallers and young healthy adults. All measures of gait variability were significantly

greater among the elderly fallers when compared to both the elderly non-fallers and



the young group. Walking speed of the fallers and non-fallers was similar and thus

not a good predictor offal! status. However, stride-to-stride temporal gait variations

remained consistently greater in the elderly fallers compared to age matched elderly

non-fallers. This is the second study to find that stride-to-stride variability of gait

variables is a better predictor of fall status than the gait variables themselves.

Nelson et al. (1999), used the GAIITRite derived FAP score to retrospectively

compare gait performance between a small group of community-dwelling fallers

(n=1 1) and non-fallers (n=13). The FAP is a composite of several spatial and

temporal gait parameters including step width, stride length and velocity. It does not

evaluate the stride-to-stride variability of these variables. Contrary to several of the

previously discussed studies, Nelson et al. (1999) found that the fallers in their

studies had significantly lower FAP scores than the non-fallers (75 ± 15 verses 95 ±

5 respectively) indicating that the spatial and temporal gait variables were enough to

differentiate fallers from non-fallers among community-dwelling older adults. When

we tried to replicate Nelson's findings we were unable to do so, finding the FAP

unable to predict fall status among our subjects. It is difficult to explain the

differences in our results since the subjects in Nelson's study were similar to ours

and the methodologies for testing were identical, however differences in design and

potential differences in how we defined fallers may provide some insights.

Nelson et al. used a retrospective study design, using known fallers and non-

fallers. They do not report how fall status was defined, particularly what length of

time was considered and how they defined a faller. When asking subjects to

remember events from the past, there is a risk that some events will be forgotten,
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biasing the group to include some non-fallers who may have actually been fallers.

Those who self identify themselves as fallers are likely to be frequent fallers or have

experienced a pretty significant fall while minor falls may be forgotten. This is less

likely to happen in a prospective study and may result in differences in the ability to

predict a faller based on the GAITRite data. Since it is not clear how Nelson et al.

determined the fall and non-fall groups, we are unable to comment on how they were

able to differentiate fallers and non-fallers using variables that other researchers,

including us, found to be insufficient for that purpose.

The FAP was originally developed to characterize gait parameters in order to

identify and classify gait abnormalities (Nelson, 1974). The GAITRite electronic

walkway has been validated as a reliable tool for evaluating and identifying

abnormalities in gait among various disabled populations such as persons with burn

injuries or Parkinson's disease (McDonough, Batavia, Chen, Kwon & Ziai, 2002;

Nelson, Zwick, Brody, Doran, Pulver, Roonz, et al., 2002; Cutup, Mancinelli, Huber

& DiPasquale, 2000), but only the one study by Nelson et al. (1999) has shown the

GAITRite able to predict fall status among otherwise healthy older adults. In the

current study we report that the FAP is not able to predict falls in independently

living men and women over the age of 70 and none of the five gait variables that

compose the FAP was a significant independent predictor of falling. The GAITRite

electronic walkway has been proven to be a reliable test for documenting gait

characteristics and determining changes in gait over time. Because of the complexity

of all the physical, psychological and environmental elements that can lead to falling,

tests based on only spatial and temporal characteristics do not appear to be good fall
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predictors for independent older adults (Feitner et al., 1994). However, evaluating

the step-by-step variability of these gait parameters holds promise. It is possible to

derive step-by-step variability from the GAITRite computerized system, although it

is not part of the FAP score developed by Nelson. The GAITRite system may prove

to be a useful tool for determining stride-to-stride variability of gait. Further work is

needed to determine if the GAITRIte can be used to predict falls of independent-

living older adults.
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CHAPTER THREE: CONCLUSION

GAIITRite was developed to quantify and characterize multiple aspects of

gait. The GAITRite has been successful in identifying individuals who have

impairments in their gait and characterizing the unique features of their gait pattern

(Gretz et a!, 1998; Nelson et al, 2002; Silverberg et al, 2000). Nelson et al. (1997)

used the GAITRite to differentiate older fallers and non-fallers based on differences

in the Functional Ambulation Profile (FAP) scores. However, when we applied the

same testing protocol prospectively to a sample of community-dwelling older men

and women, the FAP was not able to predict who would fall and who would not in

the subsequent eight-month period. It was not able to predict even those who fell

frequently versus those who did not fall at all. In addition, no single parameter or

combination of parameters that compose the FAP was able to predict fall status.

Only step length was different among women frequent fallers versus occasional/non-

fallers, but this variable was not able to predict fall status in this group. Based on the

results of this study we conclude that temporal and spatial gait parameters alone are

not sufficient to predict risk of falling among older adults. However, evaluating the

step-by-step variability of these gait parameters holds promise. It is possible to

derive step-by-step variability from the GAITRite computerized system, although it

is not part of the FAP score developed by Nelson. The GAITRite system may prove

to be a useful tool for determining stride-to-stride variability of gait. Further work is

needed to determine if the GAITRite can be used to predict falls of independent-

living older adults.
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Side Fall Risk Index Experiments: Informed Consent Form

Purpose: In the United States, nearly 300,000 hip fractures occur each year, and 90% of them
are associated with falls. Although not every fall has serious consequences, a fall which results
in a hip fracture ranks amongst the most serious of medical conditions. Previous work has
indicated that the type of fall a person takes can increase the risk of hip fracture. Specifically, a
sideways fail increases the risk of hip fracture 6 to 30 times.

This series of experiments have been developed to assist in identifying people at risk for a
sideways fall. Several risk factors for falling will be examined including balance, mobility, and
strength.

Subjects: I have been invited by Dr. Christine Snow (Principle Investigator) to participate in
this study. I understand that the purpose of this study is to identify physical characteristics which
may predict a sideways fall. I have been selected as a subject in this study because I am in good
health and between the ages of 18-95 years old. I will be asked to fill out a questionnaire
regarding my general health and if I am over 60 years, I will be asked to complete two additional
questionnaires: a Balance Confidence Questionnaire and a Mini Mental State Questionnaire. I
am able to participate in physical activity and I agree to inform the investigator of any condition
which may effect my performance in this series of experiments.

Protocol: I will participate in the series of measurements that follow:

1. Quick Step Test: I will stand in a relaxed position in front of a light signal. When the light
turns red I will step to the side as quickly as possible. The test will be repeated 5 times on each
leg.

2. Physical Function: I will be asked to walk in a straight line at normal speed then as quickly as
possible for 4 other tests of walking, a heel to toe, wide and narrow stance and a curved path.
AlsO, I will be asked to stand up from a seated position as quickly as possible, and to stand up
walk a short distance then return to my seat as quickly as possible.

3. Strength testing: I will have my leg strength measured with a simple device that I will press
against in different directions. I will also have my ankle strength measured by strapping my foot
to a foot plate an&pressing against it in different directions.

4. Muscf power testing: I will have my leg power tested on a seated leg press machine and be
asked to press as hard as possible against a foot pedal. The test will be repeated 5-10 times on
each leg.

5. Balance Testing: I will be asked to stand on a stationary platform, with my feet in various
positions. I will also be asked to stand on an unsteady platform with my eyes open and then
closed If I feel at all unstable performing this task, I may choose to use a harness.



Risks and Benefits: It has been explained to me that the benefit of participating in this study is
to help identify simple procedures to predict women who may be at risk for a side fall.

I understand that the risk involved in the performance of these tests is small. To further
minimize the risk I will be assisted by a trained "spotter" at all timôs. Also, due to the physical
nature of these tests I may experience some minor muscle soreness. This should clear up
completely in a day or two. I understand that Oregon State University does not provide a
research subject with compensation or medical treatment in the event a subject is injured, or as a
result of participation in the research project.

Confidentiality
I understand that my confidentiality will be maintained and that only the researchers will have
access to my results. I have been informed that the results of this study may be published in
scientific literature, and that these data will not reveal my name.

Participation and Questions
I understand that participation is voluntary and that I may stop doing a test if it is uncomfortable
or may withdraw at anytime without penalty. The researchers have offered to answer any
questions that I may have. I understand that my participation is voluntary and that I may
withdraw without penalty at any time. I understand that any questions I have about the research
study and/or specific procedures should be directed to Dr. Karen White at 541-737-8198, 125
Women's Building, Oregon State University or Dr. Snow at 541-737-6788, 106 Women's
Building, Oregon State University. Any other questions that I have should be directed to Mary
Nunn, Sponsored Programs Officer, OSU Research Office, 541-737-0670.

I have read the above consent form and 1 agree to participate.

Subject Signature Date

Investigatofs Signature____________________________ Date
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APPENDIX C

Oregon State University
Bone Research Laboratory

Standard Operating Procedures

GAITRite

BRL 001-SOP Version 1.0
June 27, 1998

latest revision: March, 2002

Written by: Scott Macdonald
Responsibility of: K. White

Laboratory Director: C. Snow

Summary: This is the standard operating procedure for the GAJTRite. This is designed
to measure gait characteristics. This document will cover apparatus setup, participant
instruction, and testing.

Words: GAITRIte, Functional Ambulation Profile (FAP),

Apparatus Setup

1. Room Setup
1.1 Place the (3AITRite electronic walkway on a flat hard surface.
1.2 Roll out the electronic mat so that the ends of the mat are at least eight feet

from any immovable object(s).
1.3 Tape both ends of the mat to the floor to prevent movement of the electronic

walkway while testing.
1.4 Place a set of start and finish lines four feet from both ends of themat (the plug

located on the GAITRIte mat will be on the "finish" end of the walkway). The
added length will insure that participants are at their normal walking velocity and
do not turn off the mat while ambulating across the instrumented portion of the
walkway (Figure 1.0).



Figure 1.0 GAITRIte electronic walkway testing layout.

2. Walkway and Computer Setup
2.1 Connect the "walkway connector's" five pin circular female receptacle (in the

white box) to the five pin male receptacle located on the GAITRite mat (Figure
2.). I ------

GA!TR1ie0'

LIFç___
l2volt power

Figure 2. GA1TRite control box.

2.2. Connect the "serial port connector" of the interface cable (stored in the white
box) to the nine pin male receptacle located on the backside of the computer.

2.2 Plug in the power cord labeled "GAITRite ONLY" to a 1 lOv grounded outlet and
the "power connector" end to the "power input" pin on the GA1TRite control box.
A green light should appear on the gray cover of the "network controller" when
all of the connections are done properly.

2.3 Plug in computer cables using cables marked "computer only" (stored with the
laptop computer).

2.4 Start the GAITRite software program by locating the "GAITRite" short cut icon
on the monitor/screen.

2.5 Enter "Setup" into the user ID and click "OK"
Testing

1. Testing Procedure
1.1. Click on "New Test" from the main module tool bar.
1.2. Fill in participants: name, gender (M,F) and age.
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1.3. Measure leg length of both legs in centimeters while standing, (measuring
tape stored in white box) from the greater trochanter to the lateral malleous.
Measure both sides, most people have some asymmetry.

1.4. Fill in leg length measurements in the "Left Leg" and "Right Leg" boxes.

2. Gait Pattern Protocols
2.1. Click on "Pattern" to bring up a pull-down menu of testing. Select one of the gait

patterns testing protocols from the pull-down menu.
2.1.1. Select "Standard w/o Cane or Crutch" for average/larger sized individuals

with soft sole shoes.
2.1.2. Select "Long heel/toe gap 1" for average/larger sized individuals with

rigid shoes.

2.1.3. Select "Long Gap 2 (Toe In/Out) for individuals that have sever toe ia/out
foot strikes in one or both feet.

2.1.4. Select "Standard w/Cane or Crutch" for individuals that require the
assistance of a cane or crutch in order to traverse the electronic walkway.

2.1.5. Select" Small or Light Subject" for very small subjects.
Note, 2.1.1 and 2.15 are the most commonly used options when testing
participants in stocking feet, although other choices are possible.

3. Participant Instructions
3.1. The participant will ambulate across the walkway in stocking feet (wear shoes

only if needed for safety reasons, note on data window).
3.2. Prior to setting up the apparatus for the participant, the investigator demonstrates

testing procedures by performing the entire process. Describe the testing process
as you demonstrate. Instruct the participant to walk at their normal pace, show
foot placement while walking on the GAITRite mat, starting and finish positions.

3.3. Upon a signal from the test staff, the participant will ambulate straight across the
walkway to the end of the four-foot extended portion of the mat.

3.4. After a pass along the walkway, the participant will return to the starting location
and wait for a signal from the test staff to repeat the process.

3.5. Each participant will make six passes along the electronic walkway.

4. Computer Software Procedure
4.1. Select "New Patient" and enter participants data.
4.2. Select "Start First Pass"
4.3. Instruct participant to ambulate across mat.
4.4. Once they walk off the mat click the "Done" box.
4.5. Select "Accept as Shown", ifa "Reprocess" message occurs try another gait

pattern test protocol algorithm and then re-compute the footfall parameters.
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4.5.1. If the "Reprocess" message continues after attempting all of the gait
pattern algorithms click the "FootFall Editor" box (see below section titled
"FootFall Editor") (Figure 3.)

Figure 3. Footfall retry screen with footfall algorithm menu and footfall editor option.

4.6. Select "Save"
4.7. A box labeled "Quick Registration" will appear, click "OK".
4.8. GAITRite save data window appears next, click "YES".
4.9. Go to "File" Pull-down menu and select "Export Data to ASCII file".
4.10. Select "All" on "Detailed Fields"
4.11. Check box for "Last Test"
4.12. Change file name.

4.12.1. Typically the Export Data File names look similar to this example:

C:\PROGRAM FLLES\GAITRITE\exDl23.txt

Change only the "\exD 123". portion of the file name. To assign a new file
name use the first three letters of the participants last name and the trial
number. For example:

C: PROGRAM FILES\GAITRITE\smi0l,txt

smi= Smith
01 = first of six trials
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4.5.1. If the "Reprocess" message continues after attempting all of the gait
pattern algorithms click the "FootFall Editor" box (see below section titled
"FootFall Editor") (Figure 3)

Figure 3. Footfall retry screen with footfall algorithm menu and footfall editor option.

4.6. Select "Save"
4.7. A box labeled "Quick Registration" will appear, click "OK".
4.8. GA.ITRite save data window appears next, click "YES".
4.9. Go to "File" Pull-down menu and select "Export Data to ASCII file".
4.10. Select "All" on "Detailed Fields"
4.11. Check box for "Last Test"
4.12. Change file name.

4.12.1. Typically the Export Data File names look similar to this example:

C:\PROGRAM FLLES\GAITRITE\exD123.txt

Change only the "\exD 123". portion of the file name. To assign a new file
name use the first three letters of the participants last name and the trial
number. For example:

C: PROGRAM FILES\GAITRITE\smi0l.txt

siui = Smith
01 = first of six trials



4.13. Select "Write Export File" and enter. A window appears that will either
identify a similar file name already exists or if the saving parameters are
acceptable if yes than click that icon.

4.13.1. If a similar file name exists in the GAITRite database add the participants
first letter of their first name to the file name. For example:

C: PROGRAM FLLES\GAITRITE\msmiOl.txt

msmi = Mike Smith

4.14. Next on the participants test screen select and click "Replay".
4.15. In the "View Options" box check the "Center Pressure" box.
4.16. Select "Export COP" box. A box entitled "Export COP" will appear, change

the file name to include the participants name and the trial number, select OK.
4.17. Select "BACK".
4.18. Repeat the testing procedure six times for each participant.

Trouble Shooting

5. Footfall Editor

5.1. To activate the FootFall Editor click "Patterns (feet)" on the menu bar, then click
"FootFall Editor (remove objects)". There are six edit options; cane/crutch,
walker, touching, wide walker, mid-line and auto mid-line.

5.1.1. Cane/Crutch = This tool is used to erase a small square section similar to
the shape of a cane tip.

5.1.2. Walker = Thi tool is used to erase a single row of sensors from the
beginning to the end of the walkway similar to one made by a walker
wheel.

5.1.3. Touching = This tool is used to erase one column of sensors, useful when
the participant has a gait that records two touching feet (within 1/2 inch of
each other) as one footfall.

5.1.4. Wide Walker = This tool is used to erase the outer rows of sensors from
the beginning to the end of the walkway similar to the one made by a wide
wheel walker.

5.1.5. Mid-Line = This tool is used to establish a dividing line between the left
and right foot falls. It can be used in combination with other tools.

5.1.6. Auto Mid-Line = This tool will establish a dividing line between the left
and right footfalls. If there are no continuous line on the "Y" axis the
system will not place a midline. It can be used in combination with other
tools.
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Figure 5. Advanced footfall editor screen.



Figure 6. Advanced footfall editor "advanced foot separation" option.

6. GAITR1te electronic walkway environmental troubleshooting.
6.1 If the footprint window completely fills with gray there is an outside

electromagnetic source (i.e. fan, refrigerator, air conditioner or projection
television) near the electronic walkway. The solution is to turn off the
electromagnetic device or if the source cannot be located move the electronic
walkway to another location and retry.
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APPENDIX D -

GAITRiIe User's Guide

Spatial Measurements

The walkway does not only sense the geometry of the activating footprints but also the relative

arrangement between them in a two dimensional space. Figure 38, illustrates three footprints, and

for the purpose of this discussion two very small steps.

rigure is .XZtIa1 Measurements.

Points (A), (D) and (G) are the geometric centers of the heel for each of the three footprint& The

length of line (AG) is the stride length of the left fool The length of line (AX), along the
horizontal axis, is the step length of the right foot, while the length of line (YG) is the step length of

the second left footprint Base width or Heel-to-Heel bas of support is the length of line (DL); the

height of the triangle (ADG). Some investigators report the height of triangle (BEH) for base

width, but it is not a pure number since it heavily relies on the direction of each of the three

footprints, Toe In/Out angle. Point (M) is the mid-point of line (AD) and point (N) is the mid-

point of line (DO). The line of progression can be found by connectingthe two mid-points (M) and

(N). Angle alpha (a), the Toe-In/Ont angle is the angle between the geometric mid-line of the right

footprint and the line of progression. The angle is zero if the geometric mid-line of the footprint is
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parallel to the line of progression; positive if the mid-line of the footprint is outside the line of
progress on and negative if inside the line of progression.
The application requires at least one complete stride for each side in order to compute the gait
measurements.

Spatial Definitions

Forward Point Illustrated in Figure 37, point (J). It is the geometric center of trapezoid (EPRG)
of the toe/metatarsal area.

Heel Point illustrated in Figure 37, point (1). It is the geometric center of trapezoid (ALNC) of
the heel area.

Leg Length (LL) is measured in cm from the greater trocanter to the floor, bisecting the lateral
Malleolus. Each leg should be measured separately.

Line of Progression illustrated in Figure 38, is the line connecting the two mid-points (M) and

Spatial Parameters

Step Length is measured along the horizontal axis, from the geometric heel center of the current
footfall to the geometric heel center of the previous footfall on the opposite foot. The step length
can be a negative value if the suFject fails to bring the landing foot heel point forward of the
stationary foot heel point. In Figure 38, (AX) is the step length of the right foot, and (YG) the
step length of the left foot.

Stride Length is measured on the line of progression between the heel points of two consecutive
footfalls of the same foot (left to left, right to right). In Figure 3, (GA) is the stride length of the
lefifoot.

SteplExtremity Ratio is Step Length divided by the Leg Length of the same leg.

Toe In I Toe Out is the angle between the line of progression and the line connecting the heel
point to the forward point of the footfall. This angle is reported positive for toe out and negative
fortoein. InFigure 38, angie alpha(a) istheToe out fortheright foot.

H-H Base of Support or Base Width is the vertical distance from heel point of one footfall to
the line of progression of the opposite foot. In Figure 38, line (DL) is the base width of the right
foot.

Distance is measured on the horizontal axis from the heel point of the first footfall to the heel
point of the last footfall.
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1) Foot flat is defined as the point at which the footfall contains the most active sensors
approximately 83% of the maximum number of sensors

2) First Contact is our equivalent for heel strike.

3) Last Contact is our equivalent for toe off

Right

OSl 0S2glee
4Left Step Time H Right Step T,me)

No Contact

Lelt Swing * Left Stance

Right Stance 444Right Swing -44

Right de

TIME

- Figure 41. Temporal Parameters.

Temporal Parameters

.1 - Floor Contact
- - - No Contact

Floor Contact

1) Step Time is the time elapsed from the first contact of one foot to the first contact of the

opposite foot.

2) GaIt Cycle Time is the elapsed time between the first contact of two consecutive footfalls
of the same foot.

3) Ambulation Time is the time elapsed between the first contacts of the first and the last

footfalls.

4) Velocity is obtained after dividing the Distance by the Ambulation time.

5) Mean Normalized Velocity is obtained after dividing the Velocity by the Average Leg
Length and it is expressed in leg length per second (LL/sec). The average Leg Length is

computed (left leg length + right leg Iength)/2.

6) Single Support time is the time elapsed between the Last Contact of the current footfall to

the First Contact of the next footfall of the same foot. This is equal to the Swing Time of

the opposite foot.

7) Double Support is the time elapsed between First Contact of the current footfall and the

Last Contact of the previous footfall, added to the time elapsed between theLast Contact of
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Tested on: 115101 1i:20O9AM

Oregon State University
790 Bloomfield Ave TeI# 2017731996

Suite 10, 2nd Floor

Clifton NJ 07012

J Ag GdrT Le? LEG RM (Uht Wgh1
176 162 621 1

Parameters
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FAP Deduction From 100
Step Functions Left -2

Step Functions Right -2
01ff Step Extr. Ratio -2

HH Dyn. Base of Supp -1
Ambulatory Aids
Assisting Devices

FAP Score 93



APPENDIX F

FALL SURVEILLANCE SURVEY

Completed By: Subject Unit #:

Date Completed:_______ Subject Name (last, first):

Address Change:

FRACTURE INFORMATION

uic suoJec uac.wre nipi

1 = yes
2 = no

IF NO, GO TO NEXT SECTION

Date of fracture:_______ Associated Injuries:

Time of fracture (24 hrs):

Affected side (please cirde): RIGHT LEFT

Fracture Type:

0 = unknown 2 = intertmchanteiic
I = cervical 3= subtrochantenc

How did the fracture occur?

I = fall 3 = possible spontaneous fracture
2 = accident other than fall (car, etc.) 4 other

IF SPONTANEOUS FRACTURE OR TRAUMA OTHER THAN FALL ... PLEASE STOP HERE!

FALL CHARACTERISTICS

Date of Fall:

Fall description:

52
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Fall was:

0= unknown
1 = witnessed
2 = unwitnessed

Events at the onset of the fall:

at time of fall:

= unknown
= lying still
= sitting still
= standing still
= lransfemng or changing position

slow walk

sQ height

6 = fast walk
7 = ascending steps or curb
8 descending steps or curb
9 vigorous recreational activity
10 = other

= UnknoWn 4 = fall from standing height
= fall in horizontal position from bed (18") 5 = standing fall from height of one step (8')
= fall from seated position (chair, toilet, stairs, 17') 6 = standing fall from height of two steps (16 ")
= fall from height inbetween sitting and standing 7 = standing fall from chair or stool (18-20")

as there warning prior to the fall?

= unknown 3= weakness
no 4limp

= dizziness

Events during the fall:

311 direction:

= unknown 4= backwanls
= foiward 5 = straight down

sideways-right 6other
sideways - left

id you grab onto something wheti you fell?

= unknown
= yes

no

id you attempt to break the fall with arm or hand?

= unknown
= yes

no

Did you tzy to recover from falling with quick steps?

0 unknown
1 = yes
2= no



Characteristics of the impact

surface:

o = unknown
1 = thick, padded rug/carpet
2 = rug without padding
3 bare wood floor
4= linoleum or soft tile

5= ceramic tile
6= concrete, cement, asphalt
7 dirtlgrass
8= ice/snow
9 other

Impact location (which body part hit the hardest):

0=unknown 7=back 14=other
1 =head 8hiporside leg
2=neck 9=buttocks
3 = shoulder 10 = groin
4=armhand 11=frontoflegs
5=chest/nbs 12=backoflegs
6=abdomen 13=knee

scond impact location:

unknown 5=chest(nbs 10=groin
=head 6=abdomen 11 =frontof legs
= neck 7=bacic 12=back of legs
= shoulder 8 = hip or side leg 13 = knee
= armlband 9 =buttocks 14 =other

Injury location

01 no injury
02 = face
03 = back of head
04 = right sideof head
05 = left side of head
06 = neck
07 = right shoulder
08= left shoulder
09 = right arm
10 left arm
11 right hand
12= left hand
13 = chest (front)
14 = back
15= abdomen
16= nghtflank
17 = left flank
18 =nghthip
19 = left hip
20 = buttocks
21 =rightthigh
22 = left thigh
23 = right knee
24= left knee
25 = right shin (calf)
26 = left shin (calf)
27= right foot
28 = left foot
29 = pelvis
30 prosthesis

Type of injury

01 = not applicable
02 = abrasion - scraping of skin
03 = laceration -skin tear
04 = bruise, swelling
05 = fracture
06 dislocation
07 = other

Location Type Location Type
Injury 1: lnjury4:
lnjury 2: Injury 5:
Injury 3: Injury 6:



Have you fallen previously this year?

O=unknown lyes
Previous fracture history:

1 = hip

2 peMs
3= humerus

Residence:

1 = designated senior housing
2= apartment building (>2 stones)

Mental Status:________

1 = normal
2= mild impairment

2= no

4 distal radius 7= none
5 = spine 8= unknown
6= other

3 = other home
4= nursing home

3= moderate impairment
4 severe impairment




