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Abstract: 25 

 26 
Objective: To provide preliminary information about the relationships between self-reported 27 

fear of falling (FOF) in healthy community-dwelling women, the number of falls, and recovery 28 

kinematics in response to a laboratory-induced trip.        29 

Design: Cohort study 30 

Setting: Clinical research laboratory 31 

Participants: A subset of community dwelling older women (N=33) recruited from studies of 32 

laboratory induced trips and fall-prevention.   33 

Intervention: A laboratory-induced trip. 34 

Main Outcome Measures: The number of fallers in the FOF vs. the control group.  Recovery 35 

kinematics of FOF falls vs. control group falls, and FOF recoveries vs. control group recoveries 36 

were compared. The degree of FOF was assessed by Activities Balance Confidence Scale 37 

(ABC).   38 

Results: Falls occurred in 6/14 (43%) of the FOF and 4/16 (25%) of control subjects (p=0.26). 39 

Kinematics of FOF falls were similar to those of control falls. At the completion of the initial 40 

recovery step, FOF showed significantly greater trunk extension velocity than controls (-82.1±-41 

66.1 vs. -25.0±-53.0 degrees/sec respectively; p=0.05). All other variables were not significantly 42 

different. ABC scores of FOF subjects did not differ significantly between fallers and those who 43 

recovered (mean=75.2±5.6, 71.1±11.8, respectively; p=0.84). 44 

Conclusion: Healthy community-dwelling older adults would benefit from fall prevention, 45 

regardless of the presence of self-reported FOF.    46 

 47 
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Introduction: 49 

 50 

Fear of falling (FOF) affects approximately half of community-dwelling older adults.  51 

Prospective studies report an association between FOF and increased number of falls in this 52 

population.1,2  However, it is unclear how FOF contributes to falls.  Gait adaptations to FOF do 53 

not appear to increase fall risk. Adults with FOF typically alter gait by decreasing velocity and 54 

step length,3 which has been shown decrease the likelihood of a fall following a laboratory-55 

induced trip.4  Trips may account for over 30% of community-occurring falls.5  56 

 57 

Important predictors of falls following laboratory-induced trips are the step and trunk kinematics 58 

during the initial recovery step. Our work with healthy community-dwelling adults demonstrated 59 

that the ability to arrest/reverse trunk flexion is crucial to recovery from a laboratory induced 60 

trip.6 This is accomplished, in part, by a rapid response following the trip and by spatially and 61 

temporally appropriate stepping kinematics and kinetics.6,7  It is possible that FOF could 62 

contribute to falls by deleteriously affecting recovery task variables, but this does not appear to 63 

have been previously studied.  64 

 65 

The purpose of this study was to provide preliminary information about the relationships 66 

between self-reported fear of falling (FOF) in healthy community-dwelling women, the number 67 

of falls, and recovery kinematics following a laboratory-induced trip.  68 

 69 

Methods: 70 

 71 
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Thirty three female subjects (aged: 60.3 ± 5.8 years, height: 163.34 ± 7.4 cm, mass: 74.38 ± 72 

15.69 kg) participated in this study.  Subjects were part of two larger fall prevention studies 73 

targeting women concurrently conducted in our laboratory.  The study was approved by our 74 

Institutional Review Board. Subjects provided written informed consent prior to participation. 75 

Each subject was screened and excluded for neurological, cardiovascular, pulmonary and/or 76 

musculoskeletal impairments including femoral neck bone mineral density of <0.61 g/cm2 77 

(Hologic QDR 4500, Waltham, MA).   78 

 79 

Subjects were classified as either FOF or control (non-fearful) based on their response to the 80 

question, “Do you have any fear of falling that concerns you when you go about your daily 81 

activities?” Although multiple measurement techniques for FOF are reported in the literature, 82 

this direct question allowed us to estimate the prevalence of self-perceived FOF8 among a group 83 

of subjects willing to participate in a protocol which induces falls. To determine if differences in 84 

the degree of fear and balance confidence existed among those who answered “yes”, the 85 

Activities-specific Balance Confidence Scale; a 16-item questionnaire which rates confidence 86 

from 0% (no confidence) to 100% (very confident) was implemented.9  87 

 88 

Subjects, wearing a safety harness, walked several times at a self-selected speed across an 8m 89 

walkway. Trips were induced using a hidden, pneumatically driven obstacle that rose 5.1cm from 90 

the floor in 175ms when manually triggered.6 Subjects were tripped only once during an 91 

unspecified pass across the walkway. Trips were classified as a fall (weight supported by 92 

harness), recovery, or a miss (resulting from either poor timing of the triggering of the tripping 93 

mechanism). Misses were excluded from further analysis. Based on FOF and trip outcome, 94 
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subjects were assigned to one of four analysis categories: FOF falls, FOF recoveries, control 95 

falls, or control recoveries. 96 

 97 

The motions of 23 passively reflective markers over bony landmarks10 were tracked using an 98 

eight camera motion capture system operating at 120 Hz (Motion Analysis, Santa Rosa, CA). 99 

From these markers, custom software (Matlab, Mathworks, Natick, MA) was used to create 12-100 

segment rigid body model from which the whole body center of mass (COM) and kinematic 101 

variables were computed at the instant of initial recovery step completion. Recovery step length 102 

was the distance in the sagittal plane between the centroids of the support (trailing) and recovery 103 

(leading) feet, respectively. Anterior-posterior COM (APCOM) represented the sagittal plane 104 

perpendicular distance between the centroid of the recovery foot and the vertical projection of 105 

the whole body COM; a positive APCOM indicated the recovery foot contacted the ground 106 

anterior to the whole body COM. Trunk angle and angular velocity were calculated relative to 107 

vertical. Walking velocity, normalized to body height (BH) was calculated as the rate of 108 

displacement of the sacral reflective marker for all recorded steps prior to trip initiation.    109 

 110 

A Fisher’s exact test was used to compare the number of FOF falls and control group falls. 111 

Independent t-tests were used to compare the ABC scores of FOF fallers vs. non-fallers. Pre-112 

planned comparisons using independent t-tests were used to compare kinematic variables for 113 

FOF falls vs. control group falls and FOF recoveries vs. control recoveries. All analysis was 114 

done using SPSS 17.0 (Chicago, IL), with significance level set to p≤0.05. 115 

 116 

Results: 117 
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 118 

Falls occurred in 6/14 (43%) of the FOF and 4/16 (25%) of control subjects (p=0.26). ABC 119 

scores (range: 43.8 – 95.6) of FOF subjects did not differ significantly between those who fell 120 

(mean ± SD: 75.2 ±5.6) and those who did not fall (mean ± SD: 71.1±11.8; p=0.84). Normalized 121 

walking velocity was not significantly different between FOF (mean ± SD: 0.71 ±0.11 BH/sec) 122 

and control group subjects (mean ± SD: 0.78±0.10 BH/sec; p = 0.08). 123 

 124 

The differences between the kinematics of FOF falls and control group fall were not significant 125 

(Table 1). With the exception of trunk angular (extension) velocity, which was significantly 126 

larger for FOF recoveries than for control group recoveries (p=0.05), between-group differences 127 

did not achieve significance for any of the variables. 128 

 129 

Discussion: 130 

 131 

Our purpose was to provide preliminary information about the relationships between self-132 

reported fear of falling in healthy community-dwelling women, the number of falls, and recovery 133 

kinematics following a laboratory-induced trip. We found that the number of FOF falls vs. 134 

control group falls was not significantly different, and generally, no between-group differences 135 

in the selected kinematics prior to and following the induced trip. One possibility for the failure 136 

of the between-group differences to achieve significance may be the small sample size.  137 

However, many of the between-group differences are relatively small and difficult, at present, to 138 

attribute biomechanical importance. Although a preliminary study, to our knowledge, this is the 139 

first biomechanical study of falls and recoveries by women with self-reported FOF.  140 
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 141 

ABC scores did not distinguish those women who fell from those who did not fall. Previous 142 

work utilizing retrospective fall data of a large sample (including residents of senior 143 

communities and nursing homes) associated ABC scores of less than 67% with increased fall-144 

risk.11 However, our subjects were healthy and self-sufficient women, willing to participate in a 145 

laboratory-based fall-prevention study. Although each FOF subject answered a definitive “yes” 146 

to the initial screening question, the subsequent large range in ABC scores included one score 147 

(95.6) that would generally not be classified as FOF. It is possible that these women represent 148 

“early-stage” fearful adults who contextually view themselves as fearful but have not, as yet, 149 

restricted their activities. Those with FOF sufficient to restrict activity may be unwilling to 150 

participate in experiments which induce falls; indeed one subject refused participation upon 151 

learning of the protocol details. Furthermore, the ABC scale addresses self-reported confidence 152 

associated with performance of multiple activities, including those frequently performed by self-153 

sufficient adults. It is possible that self-perception of FOF may develop simultaneously with 154 

initial diminution in confidence in one or more activities addressed by the scale, and may 155 

develop independently of kinematics associated with falls.    156 

 157 

Study Limitations: 158 

Limitations to this study include a small sample size of community dwelling women who were 159 

willing and able to travel to a laboratory. Generalizations to other populations may not be 160 

appropriate. Furthermore the controlled environment of the laboratory, although necessary for 161 

the examination of kinematics, does not allow for observation of behavior in the community.  162 
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However, we believe this is an important first step in directly examining fall kinematics in adults 163 

reporting FOF.   164 

 165 

Conclusion:  166 

Healthy, community-dwelling older adults would benefit from fall prevention, regardless of the 167 

presence of self-reported FOF.   168 
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 208 

   FOF falls (n=6) 
Control falls (n 
= 4)  P 

FOF recovery 
(n = 8) 

Control recovery 
(n = 12)  P 

AP COM  (mm)   ‐330.8 ± 146.0   ‐261.0 ± 257.3  0.60   104.9 ± 95.4    69.3 ±  96.8  0.44

Recovery step 
length/BH (%)   22.8 ± 17.5   39.1 ±  4.3   0.07   48.7  ±  9.7    53.7 ±  6.0  0.19

Trunk angle at 
recovery (deg)   32.0 ± 9.5   36.9± 7.6  0.41   19.4 ± 14.1    24.4 ± 10.0  0.38
Trunk angular 
velocity at 
recovery(deg/sec))   43.4 ± 58.1   21.7 ± 25.1  0.44  ‐82.1 ± 66.1    ‐25.0 ± 53.0   0.05
 209 
Table 1.  Mean and standard deviations of kinematic variables for FOF and control subjects, at 210 
the instant of recovery. Numbers of subjects are indicated in parentheses.  Negative values of 211 
APCOM reflect that recovery foot is posterior to whole body COM. Negative trunk angular 212 
velocity indicates trunk is extending.   213 
 214 


