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Introduction

Since the beginning of the 20th century, there has been nearly an eleven-fold increase in the number of Americans greater than 65 years of age from 3.1 million in 1900 to 34 million in 1994.  It is predicted that by the year 2020, 22% of the U.S. population will be greater than 65 years old.  This is approximately 70 million people or one in five Americans.1  This substantial growth in the elderly population has a significant effect on the healthcare system, particularly in the area of orthopedics.


The elderly population is prone to a unique set of health conditions.  One of the biggest problems among elders is falls.  In the U.S., one out of every three adults greater than 65 years old will suffer from falls each year.  Approximately 3% of these falls will result in fracture, the most common sites being the pelvis, hip, femur, vertebrae, humerus, hand, forearm, leg and ankle.2  The costs of care for trauma relating to falls are substantial.  Fall injuries are projected to cost $20.2 billion by the year 2020.4


Due to the rising elderly population and the significant medical costs accrued for injuries caused by falling in this population, it is clear that a method of prevention is essential.  Therefore, as part of the curriculum of the Northeastern University Department of Physical Therapy, a group of five Northeastern graduate students designed a research project for the purpose of examining the effects of sensory deprivation (blindfolding) on balance as measured by postural sway.  The purpose was to compare training under these conditions with traditional balance training in order to select the most beneficial set of interventions for patients with impaired balance.  The elderly population, as mentioned above, is the most affected by impairments in balance the most likely to seek treatment for this condition.  Thus, this group was selected as our target group with younger subjects used for the purpose of comparison.

Section I: Review of the Project

Rationale


The mentor for this research project is Dr. Timothy Hilliard.  Dr. Hilliard’s background is in research on kinesiology and motor control. The five students in this research team had worked with Dr. Hilliard during their third year of the Physical Therapy program and enjoyed his teaching style very much.   When Dr. Hilliard approached the graduate class about his interest in exploring the effects of sensory deprivation on balancing training, we too became interested in this area of study. The hypothesis was that training under these conditions would heighten proprioception and vestibular sense due to the fact that the subjects are forced to rely less on vision.  These two senses are extremely important to the elderly population, as vision is one of the first senses to be affected by age-related changes.  In further discussing the project with Dr. Hillard, his passion for the subject matter became contagious and this group of students selected the subject for their Master’s Physical Therapy project, believing the results would offer a worthwhile contribution to the world of Physical Therapy and the elderly population in general. 

Overview


The research team of Dr. Hilliard, Nicole Boyko, Lee Beasley, Carrie Jose, Frank Giordano, and Dan Kevorkian set out to develop methods of balance training based on conditions of visual occlusion and no visual occlusion.  These training methods were to be compared with the effects of no training at all. The project was initiated in Spring 2001 and has continued into Winter 2002.  It is known that differences in postural sway exist between the young and old.  Thus, both groups were selected for inclusion in the study so the effects of balance training could be compared and contrasted based on age.  Originally, sex differences were also going to be explored; however, because of the larger availability of women for participation in the study, only this sex was studied.  Several hypotheses were generated based upon the factors of age and training group.  They were:

1) The younger subjects would have less postural sway than the older subjects.

2) Dramatic changes in postural sway pre- and post-training would not be seen in the younger subjects due to the fact that the majority of healthy young subjects do not exhibit impairments in balance.

3) The groups trained under the condition of sensory deprivation (blindfolding) would experience a greater reduction in sway than the groups that received traditional balance training.

Approval for human subjects review was granted by the Internal Review Board (IRB) in spring 2001. During the summer of 2001, training of younger subjects was completed.  Older subjects were examined during the fall of 2001, and data analysis was completed in winter 2002.

Methods of Data Collection

This study was split into two smaller research studies, one examining postural sway and the effect of balance training in young subjects, and one examining older subjects.

Subjects


Twenty-three young female subjects were obtained from a convenience sample of college students participating in the Physical Therapy program at Northeastern University in Boston, MA.  Fourteen subjects volunteered to participate in the five-week balance training and were randomly assigned to one of two groups- traditional balance training or balance training with sensory deprivation- via sampling without replacement.  The remaining seven subjects served as the control group.  These subjects were notified of pre- and post-testing dates only, and were not instructed in any lifestyle changes.  The younger subjects ranged in age from 19 to 23 with a mean age of 21 years.


Fifteen older female subjects were obtained from a convenience sample at Spring House in Jamaica Plain, MA, an assisted-living facility for older adults.  All subjects were randomly assigned to one of the three groups with the exception of two subjects who did not feel they would be able to tolerate the rigors of the proposed exercise program, and therefore, elected to serve as controls.  The elders ranged in age from seventy-eight to ninety-two with a mean age of 85.1 years.

The minimum requirements for participation in the study were the ability to stand independently (i.e. without assistance or an assistive device) for 60 seconds and willingness to attend an exercise program for 15-30 minutes three times a week for five weeks.  Subjects were excluded if gross lower extremity strength was <3/5 upon manual muscle testing (MMT) or if they showed evidence of extensive lower extremity sensory deficits.  Subjects were also excluded if they had major cardiopulmonary, neurological or orthopedic issues that would preclude them from participating in a formal balance-training program or were currently receiving Physical Therapy for any reason.

Subject Screening


To ensure that subjects fit the study criteria, each participant filled out a medical and physical history questionnaire to determine fall history, past and present medical history level of physical activity and history of previous physical therapy treatment.  Participants also signed an informed consent form.


All subjects were screened for gross lower extremity sensation and muscle strength.  Manual muscle testing (MMT) was performed by one researcher on the following muscle groups: hip flexors, knee flexors, knee extensors, ankle dorsiflexors and ankle plantarflexors.  Manual muscle testing was performed according to the guidelines established by Reese et al, which has previously been proven reliable and valid.5  Lower extremity sensation was assessed by the same researcher for the L1-S2 dermatomes.  Response to light touch was recorded as intact, impaired or absent for each of these dermatomes in accordance with the guidelines established by O’Sullivan and Schmidt, which has been proven reliable and valid.6

Postural Sway Velocity


Each subject participated in two days of pre-testing and two days of post-testing using the sound wave assessment (SWA) device.  Two trials were taken on day one and two trials were taken on day two. Measurements included both anterior-posterior and mediolateral sway.  The order in which these two measurements were taken was varied on each test day to ensure internal consistency.  Subjects were instructed to stand with a comfortable, natural base of support while wearing their normal footwear and with arms resting at their sides.  Subjects had to be able to stand independently for the 60-second measurement or were excluded from the study.  One researcher fitted each subject with a Velcro belt to which a miniature sonar camera was attached.  This belt was applied to the subject’s trunk at the level of the seventh thoracic vertebra. A second transducer, on a stable tripod, was placed 72 inches away from where the subject was standing.  Transducer alignment error was minimized via use of a laser pointer.  


Once the subject was in a comfortable standing position, a second researcher, operating the computer, began the measurement.  The subjects were instructed to remain focused on a mirror placed in front of them and remain as still as possible for the duration of the 60-second measurement.  Background noise was minimized so as not to serve as a distraction to the subjects.  At the end of the 60-second time period, the data was assessed by the second researcher for bad fits and could be corrected once.  Data was then entered on the subject’s data sheet as root mean square velocity (VRMS).  The subject was then allowed a two-minute rest period before trial two of the same sway measurement was taken.  This same procedure was repeated for the two trials of the second sway measurement.  At any point during the testing, the subject could request to stop and/or sit down to rest as needed.  Testing was stopped immediately if the subject complained of dizziness or vertigo.  One researcher guarded the subject at all times to minimize the risk of falling.

Timed Up and Go (TUG) 

Each subject participated in two trials of the Timed Up and Go (TUG) for each of the two pretest and two posttest days.  The TUG has previously been found to be a sensitive (sensitivity= 87%) and specific (specificity= 87%) measure for identifying individuals who are prone to falls.7  One researcher facilitated all the TUG measurements.  Each subject was seated in a chair, which had a back support but no arm supports.  On the researcher’s mark, the subject was instructed to get up, walk a distance of three meters to a taped line on the ground and then return to the chair.  The subjects were timed, using a stopwatch that measured to the nearest tenth of a second, from the moment the researcher instructed her to begin to the moment she sat down.  A rest period of two minutes was permitted between trials one and two.  The subjects were guarded at all times to minimize the risk of falling, and were told ahead of time that they had the option of terminating the test at any time if they felt they could not complete it for any reason.  If subjects used assistive devices on a regular basis for ambulating, they were instructed to use this assistive device while performing the TUG as per protocol of the TUG test.7 

Balance Training

Younger Subjects

The younger subjects participated in group balance training sessions 15-20 minutes in length, three times per week for a duration of five weeks.  Subjects were permitted to miss no more than three sessions with several opportunities for make-up sessions available during the five-week period.  Subjects attended an average of 11.6 sessions (range 11 to 13 sessions).


Three levels of balance training activities- beginner, moderate, and advanced- were established prior to the start of the study.  The same researcher(s) consistently led the balance groups in their exercises for each session. The groups were progressed at the discretion of the researcher(s) based on competency with the given exercises.  A variety of static and dynamic activities were prescribed including: tandem stance, unilateral stance with or without reaching, perturbations to stance, stance on foam, tandem walking, sidestepping, backwards walking, cross-over walking and rocker board activities.  Flow sheets were maintained to track individual attendance and progression of activities.  Subjects were always guarded by one or more researchers or assistants to minimize falling.  Subjects were given the option of refusing to perform an exercise for any reason at any time.  

Older Subjects


The older subjects performed similar balance training exercises, following the same protocol as the young subjects, with the exception of individualized balance training sessions and no dynamic exercises.  Subjects attended an average of 14.2 sessions (range 12-15 sessions).

Results and Clinical Relevance


Significant differences by group were found in that the younger subjects had significantly less postural sway, as a group, than the older subjects.  There was a trend towards a day effect, but no other significant differences were found.  However, a survey was taken at the end of our study in the form of a Likert scale.  Seventy-four percent of the subjects felt that had overall improvement in balance after participating in the balance exercises.


Although not a significant finding, there was a trend towards a day effect, meaning that postural sway tended to improve in the balance training groups from pre to post testing.  This is clinically relevant in that it is possible that with a larger pool of subjects and more intensive balance training, significant reductions in postural sway would be found.  In this study, balance training occurred three times a week for 15-20 minutes for 5 weeks.  In the clinic, physical therapy sessions usually occur three times a week for 30-45 minutes for 4-6 weeks.  Based on the preliminary findings, we belief that further research is warranted and that balance training using either of the interventions tested would be beneficial to the elderly population.

Section II: Communication of the Project

Audience Analysis

Now that we have completed our research project, we feel that it is important to share our results and findings with relevant public.  We have chosen to present to a specific elderly population, some of whom were actually participants in our study.


Our intended audience will consist of older males and females over the age of sixty-five who reside at Springhouse, an assisted living facility in Jamaica Plain, MA.  The members of our audience will primarily be Caucasian persons of white anglo-saxan descent, with a few Hispanic and African-American individuals.  Our audience members will all be retired and stem from varying socioeconomic backgrounds, although most will be from upper middle class since the costs of living at Springhouse are not usually covered by Medicare or Medicaid.  The highest level of education for most of our audience members will most likely be through high school due to the time period in which they grew up, and their previous occupations will include housewives, factory workers, salesmen, or bankers.  

We chose this particular population because older adults from this facility comprised half of the participants in our study.  This presentation gives us the opportunity to thank them for their time and let them know that their participation is highly valued and appreciated.  This will hopefully encourage them to participate in future studies of similar nature.  We also chose this population as our audience because the results of our study directly affect and benefit the elderly.  By showing them that participation in balance training similar to that in our study can improve balance and reduce the risk of falls, we are promoting good health and fall prevention.  This is particularly important in the elderly population because, as previously discussed, a fall can lead to a fractured hip, which may result in much pain and suffering.

Content

The results of our study can be somewhat confusing for the lay person, therefore, we will only show our audience pertinent information in language that they will understand.  We will begin our presentation by listing some statistics on falls that occur in the elderly population.  We will explain that due to irreversible physiological changes that naturally occur as we get older, people begin to lose their balance more easily and, thus, become more prone to falls.  Their vision becomes less clear and their reaction time slower, making it increasingly difficult to regain balance if suddenly perturbed.  Therefore, an effective means of balance training is obviously important for the elderly population.  This will segue our presentation into the specifics of our particular balance training intervention.  We will review what our interventions entailed and comment on the ability of all participants to adequately perform the interventions prescribed to them.  All of the balance exercises were determined on an individual basis for each participant and it will be important to point out that all safety was the priority of the researchers elderly are often fearful and skeptical about trying new things.  After discussing the importance of balance training for the elderly and reviewing specific exercises, we will discuss our actual results to show that the interventions really worked.  We will explain to the audience that there was a large difference found between postural sway in the young groups and old groups – this will reconfirm the fact that balance becomes more variable as we age.  We will then show that when compared to the control group who performed no balance exercises, the group who performed balance exercises demonstrated a positive trend toward improved balance.  It is likely that a stronger trend may have been evident if the balance sessions had been for longer intervals and spread out over a few more weeks.  Unfortunately, due to time constraints, this was not possible.  Finally, we will present the results of the Likert Scale to show that all of the participant felt an improvement in their balance after participation in our study.

Medium

Our preferred medium for communicating this project is a poster (see Appendix).  We chose this medium because the preferred learning style for most elderly persons is visual demonstration followed by auditory learning.  In a study by Van-Wynen involving older adults between the ages of 64 and 88, visual learning was ranked as the primary mode of learning by 77% of the subjects and 46% chose auditory learning.8  Visual learners benefit most from visual aides or handouts during a presentation and auditory learners learn best by listening.  Additionally, researchers have found that in general, people remember 50% of what is both seen and heard.9  Therefore, a poster is a very appropriate medium for this population.  In our poster, we will include highlights from the presentation as previously describes such as fall statistics and benefits of balance training.  We will also distribute handouts to the audience members so that they can take something tangible away with them.

Mode of Dissemination


We will communicate to our audience via presentation.  This is a preferred method of dissemination for older adults because they prefer a structured, formal design and they enjoy humanized presentation that allows for interaction.  Methods of dissemination such as booklets or pamphlets are not preferred by the elderly because this is a passive learning approach.8  Some additional factors to consider during the presentation are time and environment.  Short organized presentations discussing topics that are useful and practical are preferred.8  We plan to give just a 30-minute presentation, communicating only pertinent information from our project that will seem practical for our audience.  For example, we will focus on the importance of balance training in the prevention of falls because this is an important concern for the elderly population.  We will not bore our audience on the specifics of postural sway and its connection with visual stimuli because our audience will not be able to relate to this information or find it very useful.  Preferablely, will try to present this information to our audience during the late morning or evening hours and in a room with bright light and a slightly warmer temperature, because it is shown that older adults learn best in this type of environment.8
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