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Abstract - The objective of this study was to evaluate if neuromusculoskeletal training (i.e., weight and balance training) for 
older adults could reduce the likelihood of slip-induced fall accidents. The study focused on evaluating biomechanics among 
the elderly at pre- and post-training stages during processes associated with slip-induced fall accidents.18 older adults 
participated in the study for 8 weeks: 6 individuals in balance group, 6 individuals in weight group, and 6 individuals in 
control group (social group). Each group met three times a week and each session lasted for 1 hour. Biomechanical 
dependent measures and psychosocial dependent measures were evaluated to the effects of training. 
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I. INTRODUCTION 
 
More than 25% of older adults fall every year (Sattin, 
1992), and older adults and their family members fear 
their falls and fall-related injuries due to the 
associated high mortality rate (Jensen, 2003). The 
Center for Disease Control (CDC) reported in 2003 
that emergency departments treated more than 1.6 
million seniors due to fall-related injuries and, among 
them, 373,000 were admitted to the hospital. To 
minimize economic and personal losses, tribometric 
techniques for assessing shoe/floor interactions, the 
biomechanical responses in walking on slippery floor 
surfaces, and postural control were studied. Still, the 
elderly population is at a high risk of falling, severe 
enough that it is a major cause of hospitalization 
(CDC, 2003). Yet reasons for slip-induced fall 
accidents are not clear. Therefore, mechanisms 
involving fall accidents must be explored and, further, 
interventions to minimize fall accidents must be 
discovered and implemented.                           
In the present study, intrinsic changes associated with 
aging such as gait adaptation and musculoskeletal and 
sensory degradation were evaluated, and an 8-week 
weight or balance training routine was implemented 
to assess the effects of the training on the initiation, 
detection, and recovery processes of slips and falls.   
 
II. METHODS 
 
Six individuals for each group totaling 18 individuals 
were examined: weight, balance, and control groups. 
Prior to recruiting participants for the study, a power 
analysis was perform to determine the number of 
participants necessary to satisfy Type I error of 0.05 
and Type II error of <0.35 (Power>0.65) using JMP 
statistical packages (SAS Institute Inc. Cary, NC, 
USA).  
Twenty-four healthy, community-dwelling older 
individuals (2 males and 22 females) agreed to 
participate. Older adults were excluded from the 
sample if they indicated any physical problems (i.e. 

hip, knee, ankle problems). It was acceptable for 
persons to be involved in other types of physical 
exercise (e.g., walking, golf, tennis, swimming) or if 
exercises to improve muscle strength as well as 
balance did not exceed more than total 30 minutes a 
week.The investigator interviewed the elderly for 
screening for the study before evaluating their gait 
characteristics and other parameters.  
See training regimens in Kim and Lockhart (2010). 

 
III. RESULTS &DISCUSSSIONS 
 
3.1. Slip Initiation 
In the present study, slip severity,evaluated by SD 2, 
decreased after 8 weeks in both training groups 
although SD 1 and PSHV did not change. After 
training, participants in the training groups were able 
to recover from the initial slip (i.e. no difference in 
SD 1, but significant reductions in SD 2). These 
results suggest that exercise training would influence 
recovery mechanisms. Also, the difference seen in 
TA COM in the present study further supports the 
idea that training has an effect on recovery 
mechanisms. A study by Lockhart et al. (2003) and 
Lockhart and Kim (2005) reported that younger 
adults were exposed to severe slips more frequently 
than older adults, however, younger adults fell less 
often than older adults. The authors in those studies 
suggested that fewer falls for younger adults was due 
to the fact that they exhibited faster TA COM than 
older adults. The present study found similar 
resultswhen participants in training groups recovered 
more frequently and exhibited enhancements in TA 
COM. No such changes were observed in the control 
group. These results suggested that the training 
played a role in improving a mechanism contributing 
to the forward progression of the whole body COM 
after heel contact. Authors in the present study found 
that all fallers at the pre-training stage fell backward 
in a similar manner. The upper body (i.e. head, trunk, 
and arms) twisted backward while lower body (i.e. 
slipping foot) continuously moved forward. However, 
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non-fallers who fell at the pre-training stage exhibited 
a forwardly progressing upper body motion while 
slipping when they recovered from slipping. These 
video analyses further support the fact that a faster 
TA COM plays an important role in recovering from 
slipping. The present study suggests that, in order for 
the elderly to recover effectively or efficiently from a 
dangerous slip, it is advantageous to have the whole 
body center of mass progress forwardafter heel 
contact is made.  
 
3.2. Slip Detection and Slip Recovery 
The objective of the present study was to determine 
whether 8 weeks of balance or weight training would 
improve proprioception sensitivity, postural stability, 
ankle joint stiffness, and limb stability to reduce the 
likelihood of slip-induced falls. Understanding the 
effects of balance or weight training on the likelihood 
of slip-induced falls may help identify intervention 
strategies for the elderly. 
 
3.2.1. Effects of neuromusculoskeletal training on 
proprioception and postural stability. 
Proprioception sensitivity for ankle plantarflexion 
and knee extension also improved in all groups 
including the control group. These results indicate 
that, in addition to improved leg strength, being 
socially active can provide stimulation for 
proprioceptive system and delay its degradation with 
advancing age. Despite the improved ankle 
plantarflexion proprioception sensitivity, however, 
the dorsiflexion sensitivity did not show significant 
improvement after 8 weeks. This was due to the fact 
that the range of motion of dorsiflexion for the 
elderly was too small. For most participants, 5 of 
dorsiflexion was almost at the end of rotation. This 
factor may contribute to boosting proprioceptive 
sensitivity level in dorsiflexion direction.  
 
3.2.2. Relationships between proprioception 
sensitivity and postural stability and the likelihood 
of slip-induced falls 
In agreement with previous studies (Stelmach and 
Worringham, 1985; Thelen et al., 1998; Teasdale et al. 
1991; Wolfson et al. 1995), when proprioception 
sensitivity, postural stability, and strength were 
enhanced due to training, participants in training 
groups had a better chance of recovering from the 
slip-event. Generally, after 8 weeks, individuals in the 
training group generally exhibited improvement in all 
of these risk factors. Individuals in the control group 
exhibited improvements only in leg strength and in 
proprioception sensitivity. The number of falls 
occurring among the training group decreased during 
the post-stage evaluation whereas the same number of 
falls was observed for the control group. During a 
dangerous slip event, the slipping leg is sliding away 
from the body and the majority of the body weight is 
shifted toward the supporting leg. Therefore, to turn 
this event into a recovery, an individual must first 

sense the changes in body position relative to normal 
position. The individual must then employ their 
neural control systems and generate adequate muscle 
force to resist the fall. In the present study, the ability 
to sense changes in ankle or knee joint position 
played a large role in helping participants recover 
from slip events. These results indicate that 
proprioception sensitivity, postural stability, and 
strength played a major role in reducing the 
likelihood of slip-induced falls.  
 
3.2.3. Effects of training on Joint Stiffness (JS) and 
Limb Stability (LS)  
In agreement with a previous study (Salsich and 
Mueller, 2000), JS was mainly improved due to 
improvements in flexibility rather than improvements 
in ankle plantarflexor strength. In the present study, 
decrements in JS in the balance group after 8 weeks 
of training were generally a result of an increased 
range of motion from foot flat to heel off. These 
results suggest that balance training would help 
improve the range of motion at ankle joints. Reduced 
flexibility at the ankle joint was suggested to 
contribute to the increased risk of falls among the 
elderly (Gehlesen and Whaley, 1990). The effects of 
balance training on JS in the present study definitely 
suggested that balance training played a role in 
improving flexibility at the ankle joint. Better 
flexibility led to the lower JS, in turn, decreased the 
risk of falls for the elderly.  
 
3.3. Effects of Training on Gait Asymmetry and 
Relationships between Gait Asymmetry and Slip-
initiation 
Slip severity would increase as the difference 
between the Required Coefficient of Friction (RCOF) 
and available dynamic COF of the floor surface 
increases (Hanson et al., 1999, Redfern and Andres, 
1984). Thus, RCOF at the shoe-floor interface 
(indication of the constant available dynamic COF) 
predicts the slip-initiation severity (Irvine, 1986; 
Perkins and Wilson, 1983) and also the risk of falling 
for older adults.Gait instability for the elderly is 
indicated as a risk factor for falls because it indicates 
a lack of limb coordination in producing smooth 
rhythmical motion, and, further, it implies 
deteriorationin the ability of individuals to walk in a 
repetitive and stable manner. Older adults are known 
to exhibit an unsteady gait (i.e. wobbling in medio-
lateral direction of the whole body center of mass) 
which disperses the smooth rhythmical transition 
across the terrain. 
In agreement with previous findings (Campbell et al., 
1999; Gardner et al., 2002), the present study found 
that an exercise training program was effective in 
gaining strength for the elderly. The training groups 
showed much greater gain in knee strength in 
comparison to the control group. Strength gain for the 
elderly was credited for improvements in 
proprioceptive sensitivity and, more significantly, for 
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improvements in postural stability. The 
improvements in postural stability in the previous 
study may be due to a significant role of training in 
improving neural recruitment patterns (Fiatarone et al, 
1990) while standing quietly.  
The results from the present study suggested that, 
after 8 weeks of training, the non-dominant leg’s 
HCV decreased much more than the dominant leg’s 
HCV. In addition, HCVs of both legs were decreased 
significantly due to training.  
It was indicated by the previous studies (Grönqvist et 
al., 1989; Lockhart et al., 2003) that horizontal shear 
force was an important indicator for the RCOF since 
RCOF is determined by a ratio of Fh (horizontal shear 
force) over Fv(vertical force) (Redfern and Andres, 
1984). The results from the present study suggested 
that the horizontal shear force was reduced in both 
legs although a greater reduction was observed in the 
non-dominant leg. The reductions in the horizontal 
shear force at the heel contact phase could have been 
influenced by the slower HCV found among 
individuals in the training groups. HCV was found to 
influence horizontal shear force (Lockhart et al., 
2003).  
In the present study, chance of a slip-induced fall was 
greater during the heel contact phase of the non-
dominant leg. The authors thought that these results 
were due to the fact that the non-dominant leg aged 
faster than the dominant leg. However, greater 
improvements seen in the non-dominant leg in 
comparison with the dominant leg suggests that the 
risk of a dangerous slip could be reduced by 
introducing an exercise training program for the non-
dominant leg. Still, higher risk of slip remained in the 
non-dominant leg in comparison with the dominant 
leg after 8 week training. The authors recommended 
that longer or more intense exercise training routine 
would result in lowering the likelihood of slip-
induced falls for the elderly and that particular 
exercise routines that help strengthen the non-
dominant leg more effectively would result in 
reducing the likelihood of slip-induced falls for the 
elderly in overall.  
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