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Abstract 

Objective: The purpose of this study was to investigate the effect of a lighted tilted frame on 

symmetrical weight bearing in 2 individuals who have had a cerebral vascular accident 

(CVA). Design: Single-subject design with 2 subjects, one who had a right CVA and the 

other had a left CVA. Methods: Subjects had 6 weeks of the intervention. The intervention 

consisted of standing for 15 minutes without visual stimulation during the A (control) phase, 

standing with a lighted frame tilted towards the subject’s involved side for 15 minutes during 

the B phase and standing with a lighted frame tilted toward the subject’s uninvolved side for 

15 minutes during the C phase. The subjects were examined transferring from sit to stand on 

the EquiTest® System before and after each intervention to determine their left/right 

symmetry in standing. Balance and gait assessments were performed before and after each 

phase. Data Analysis: Acceleration line, mean level and two standard deviation band width 

method were used to analyze the data. Results: Both subjects had more weight on their 

uninvolved lower extremities during the A and B phases and had a more symmetrical stance 

during the C phase. Conclusion: These results may assist in providing visual stimulation to 

improve symmetrical standing in a clinical setting to patients who have had a CVA. 

 

Key Words: cerebral vascular accident; hemiparesis; asymmetry; sit to stand; stroke; 

lighting; EquiTest®; balance; vision 
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Introduction 

 A cerebral vascular accident (CVA) is defined as “a devastating vascular event that 

results in damage to the surrounding brain tissue.”1 Each year approximately 700,000 

individuals will have a CVA, which is the leading cause of serious, long-term disability in 

adults, and is the third leading cause of death in the United States.1,2,3 In 2007 there were 4.7 

million CVA survivors, 2.3 million of them were men and 2.4 million were women.2 

 Some common impairments associated with CVA are; decreased motor function, 

range of motion (ROM), sensation, symmetry, and abnormal muscle tone.1 These are 

impairments that commonly affect only one side of the body, which is known as hemiparesis.  

Other impairments resulting from a CVA are decreased balance, visual field deficits, and 

impaired coordination.1 

  Following a CVA, hemiparesis remains a long term effect in almost 50% of the CVA 

survivors.1 A study by Chou et al4 performed research with individuals who have hemparesis, 

and results showed that there is an altered weight distribution pattern where less weight is 

taken through the involved lower extremity (LE) in standing resulting in an asymmetrical 

posture.  With hemiparesis, asymmetrical posture is one of the main problems individuals 

will face.5 Asymmetric posture and movement is the most prevalent deficit in stroke-related 

hemiparesis.4 This asymmetrical posture will impede the ability to perform independent 

ambulation and activities of daily living due to impaired balance related to asymmetrical 

weight bearing.5,6  Balance impairments can increase an individual’s risk for falls and cause 

them to have difficulty with activities of daily living and gait.3 Balance control is defined as 

“the condition in which the internal and external forces acting on the body are evenly 

distributed so that the center of mass is over its base of support.”7,8  Balance control is often 
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impaired following a CVA and is characterized by an asymmetrical distribution between the 

LE’s.7 During sit to stand and stand to sit tasks, those with hemiparesis will often put more 

weight on their uninvolved LE.  Reports have shown that this asymmetrical weight bearing 

may be a contributing factor to falls in those with hemiparesis due to a CVA.9 

  One of the primary goals for the individual with CVA is fall prevention. Many falls 

that occur with individuals who have had a CVA, occur during activities that involve a 

change in position such as standing up, sitting down and initiating walking.9 Approximately 

40% of people who have had a CVA will have a serious fall within 1 year.10 If increased 

symmetrical weight bearing can be improved by shifting weight to the involved side it will 

increase balance and decrease risk for falls.  Increasing symmetry involves several systems 

such as; somatosensory, vestibular systems and vision.  Following a CVA, central vestibular 

function, proprioceptive perception and visual perception are impaired.11 

 The somatosensory system includes information from the skin and musculoskeletal 

systems and provides information about our external environment used in movement control.  

Consciously, the somatosensory system helps to discriminate between different sensations 

such as touch, proprioception, pain and temperature and improve our ability to control fine 

movements. Unconsciously, the somatosensory system provides information which 

contributes to postural control and movement.12 

 The vestibular system provides sensory information regarding head positions and 

movements in relation to gravity. The vestibular system is also used for gaze stabilization, 

posture and balance, and also contributes to the conscious awareness of our body’s 

orientation in space and maintains postural stability during stance and ambulation.13  The 
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vestibular system is important for balance control especially when there is conflicting 

information from the visual and somatosensory systems.14  

 Postural control is not only affected by input from the visual system, but also from the 

environment, proprioceptive and vestibular systems.  Postural stability and postural 

orientation are two aspects of postural control.  Postural stability refers to the ability to 

maintain the body’s position in equilibrium.15 Postural orientation refers to the body’s ability 

to incorporate information about the environment to complete activities.13 

 Posture and gait control is based upon the body’s ability to utilize pre-programmed 

patterns of muscle activation initiated by the vestibular, somatosensory and visual systems.  

Without appropriate vestibular and somatosensory reference there is a reliance on vision to 

detect self motion and object motion.  When individuals have deficits in the vestibular or 

somatosensory systems, they make rapid use of visual information for postural reactions.14 

 Vision is important for maintaining balance by providing the nervous system with 

constant input regarding awareness of the body’s movements in space.16 Visual 

proprioception allows conscious and unconscious awareness about the environment to guide 

movement.  The body integrates visual proprioception with other systems such as the 

somatosensory and vestibular systems which are important in maintaining balance.  Studies 

show that following a CVA, individuals are more dependent on their vision for balance.7,11,17  

When individuals have impaired balance they will rely heavily on the visual system, which 

may be a natural way to compensate for these balance impairments.17  Bonan et al17 

conducted a study where they assessed vestibular, somatosensory and visual information 

using the Sensory Organization Test (SOT) to determine if deficits in these systems were the 

cause of postural imbalance in individuals (n=40) at least 12 months post CVA. They 
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reported individuals with chronic CVA relied heavily on their vision and over time this 

becomes an automatic response. This reliance may be a result of impairments in the 

vestibular and somatosensory systems.  Bonan et al17 reported SOT 5 (eyes closed on uneven 

surface) scores were significantly lower for individuals with right hemispheric lesions 

(P=0.004) and not significantly lower for left hemispheric lesions. This finding may indicate 

that individuals with right hemispheric lesions rely more on visual input than those with left 

hemispheric lesions.  

Individuals rely on their visual system for postural stability; if vision is impaired then 

they are at greater risk for falls due to the decrease in postural stability.  Without visual cues, 

postural stability is decreased and body sway is increased.  In a study by Cheng et al9, when 

comparing subjects with a CVA (n=33) to aged matched healthy subjects (n=25), the 

researchers assessed sit to stand performance to determine its relationship to falls in those 

with a CVA.  They concluded that postural sway abnormalities in individuals with 

hemiparesis may be due to impaired somatosensory, vestibular and visual systems and a poor 

ability to integrate spatial information.9 

 Postural deficits are common following a stroke and can delay improvements in 

functional independence secondary to weakness and decreased motor control.4,18  Chou et al4 

conducted a study in which they assessed postural control during sit to stand and gait in 

individuals who had a CVA (n=40) compared with age matched healthy individuals (n=22).  

The participants were seated on an armless, backless chair with their feet parallel and on a 

force platform (Advanced Mechanical Technology Inc.) which analyzes their anteroposterior 

and mediolateral sway, vertical forces and their center of pressure (COP).  The participants 

were instructed to rise from sitting at their usual pace.  They stood for approximately 30 
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seconds and were then asked to sit down at their normal pace.  Three trials were conducted 

and analyzed.  The results showed that those individuals who had a CVA required greater 

time to go from sit to stand than their age matched healthy peers (P <0.01).  They also 

reported that the individuals who had a stroke demonstrated a significant increase in 

mediolateral COP sway.  When gait analysis was performed they found that those who had a 

CVA demonstrated decreased gait velocity, step length, cadence, and single support as well 

as increased stride time, double support and increased asymmetry.  They reported that those 

who had hemiplegia following a CVA and who could rise from sitting in less than 4.5 

seconds or had a maximal vertical force difference of less than 30% of body weight 

distributed between both lower extremities, they had better gait performance than those who 

did not.  Following a CVA an individual will have weakness of the hemiparetic side and 

impaired postural control causing the automatic reflex of rising from sitting to become more 

asymmetric.4 Cheng et al9 reported individuals with a CVA who had greater mediolateral 

COP sway had poor dynamic postural stability and were at a greater risk for falls. 

 Individuals who have had a CVA will often have asymmetry due to weakness and 

somatosensory issues as well as difficulty with their vertical orientation. Assessment of 

verticality in the upright position requires the vestibular and visual systems. Somatosensory 

input is required when the head or whole body is tilted, as with individuals with hemiparesis. 

Tilting of one’s body can make a vertical line look as if it were tilted to the opposite side. 

This is termed the Aubert Effect, or the “A” effect.19 The “A” effect occurs when an 

individual is unable to maintain an upright symmetrical position. When this occurs the 

individual’s perception of verticality is skewed and this is seen when the individual leans in 
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the direction that the line is tilted towards.20 Brandt et al21 reported that an individual utilizes 

information from the visual, proprioceptive and vestibular systems to interpret vertical. 

 In a study by Snowdon and Scott18, where they compared individuals with CVA 

(n=12) to healthy individuals (n=9), perception of vertical was determined by showing them 

a line or rod that could be rotated within their frontal plane. The subject indicated when they 

thought the line was vertical and the average of 10 trials was then termed “subjective visual 

vertical”.  They found that subjects who had a CVA  tilted their bodies in the same direction 

as the line and that the subjects who had a less accurate perception of vertical demonstrated 

increased upright postural deficits with the subjective visual vertical (P < 0.001).18 Deviation 

of subjective visual vertical has been shown to occur in individuals following a CVA.11  

Brandt et al21 showed that 23 out of 52 patients with a middle cerebral artery infarct had a 

subjective visual vertical that was tilted more than 2.5º, which could lead to balance and 

postural impairments; therefore putting them at a greater risk for falls.   

 Figueiro et al15 performed a study to investigate the effectiveness of a novel self-

illuminous light emitting diode (LED) night lighting system that provided linear spatial 

orientation cues plus low ambient illumination for increasing postural control in healthy 

adults. This device was a lighted frame that was constructed similar to a door frame that is lit 

with LED bulbs around it. Tests were performed with healthy seniors (n=16) and postural 

control was assessed using a standardized sit-to-stand (STS) test (EquiTest® System)22 , as a 

measure of the individual’s ability to transfer from STS. Sway velocity (SV) and left/right 

(L/R) weight symmetry were used to measure the person’s ability to move from the sit 

position to the stand position because these measures are affected by the visual information 

presented in the study. SV documents control of the center of gravity over the base of support 
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during the rising phase and for 5 seconds after coming to the standing position and is 

expressed in degrees per second. L/R symmetry measures the difference in the percentage of 

body weight on each foot while subjects are transferring from the sit position to the stand 

position during one trial.15 

 The study tested three separate conditions, 1) the lighted frame at midline, 2) the 

lighted frame tilted to the right, and 3) the light tilted to the left. During each of these 

separate conditions the background lights were off and only the lighted frame was on. 

Subjects completed three STS trials for each condition, in a randomized order. The results of 

the study found that there is an influence between the visual environments on postural 

orientation. When the door was tilted to the left, the healthy older adults leaned more to the 

left, and when the door was tilted to the right the same subjects leaned to the right.15  

 In a follow up study performed by Gras et al, 200823, researchers looked at the affects 

of the lighted tilted frame with individuals who have had a CVA (n=5). The subjects went 

through four different lighted frame trials. The trials consisted of the frame tilted to the 

involved side, the frame tilted to the uninvolved side, and two trials of the frame in midline.  

Three trials of STS were completed for each condition. Results showed that when the frame 

was in midline the percentage of weight bearing (% WB) on their uninvolved LE was 28.8%, 

when the frame was tilted toward their involved side the % WB on their involved side was 

20%, and when tilted toward their involved side the % WB on their uninvolved LE was 

35.6%.23 These results again illustrate the strong reliance on the visual system in maintaining 

postural control for subjects who had a CVA. 

 Due to the results of these two studies using the lighted tilted frame, we wanted to 

determine if this system would be a valid instrument for use as an intervention with 
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individuals who have had a CVA, resulting in hemiparesis that causes them to weight bear 

asymmetrically. 

 The purpose of this single subject design is to investigate the effect of a lighted tilted 

frame on symmetrical weight bearing in two individuals who have had a CVA. 

 It was hypothesized that when the lighted frame was tilted towards the subjects’ 

involved side, it would prompt the subjects to put more weight on their involved side creating 

a more symmetrical stance. By improving symmetrical weight bearing, we hypothesized that 

the subjects would have improved scores on the Berg Balance Scale (BBS), Fugl-Myer 

Assessment (FMA) and increased gait velocity and stride length.  

 

Methods 

 The study took place in the Physical Therapy Department at The Sage Colleges in 

Troy, New York with the approval of Sage’s Institutional Review Board 

 

Subjects 

 Two subjects were recruited from a previous study “The Use of a Lighted Tilted 

Frame to Assist in Midline Orientation for Individuals Who Had a Stroke”, by Gras, Flatebo 

and Knapp23 as a convenient sample. The two subjects who were chosen from the above 

mentioned article for this study because they had the most involved asymmetrical stance, 

which is an increase in weight-bearing on the uninvolved LE in standing. Subject 1 is a 58 

year old male who has right hemiparesis as the result of a left CVA which occurred in 2003. 

After conducting the research on Subject 1, it was decided to add a second subject to 

determine if there is a difference between individuals with a right and left CVA. Subject 2 is 
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a 58 year old female with left hemiparesis as the result of a right CVA which occurred in 

2003. The subjects were chosen with the following inclusion criteria: presence of a CVA 

greater than one year, ability to transition from STS independently, and ability to understand 

simple instructions. The exclusion criteria included: absence of Pusher’s syndrome, or any 

other neurological condition that could interfere with standing balance, and absence of 

orthostatic hypotension.  Upon arrival subjects signed an informed consent, approved by 

Sage’s Institutional Review Board prior to participating. 

Examination 

 At the initial visit a physical therapy examination was performed on the subjects 

consisting of a history, review of systems (blood pressure, gross strength as measured by 

manual muscle testing, goniometric measurements of range of motion), vision as measured 

with the Snellen chart and visual acuity testing8, and tests for balance and gait. The balance 

examination was performed using the BBS. The Sit to Stand (STS) Test on the EquiTest®  

System was used to assess the subjects’ percent weight bearing (% WB) between both LE’s 

during the process of rising from the chair. The gait examination included velocity and stride 

length utilizing the GAITRite Mat system. The FMA and Modified Ashworth Scale (MAS) 

were used to assess impairment. These tests were selected because they are often used for 

identifying impairments in patients who have had a CVA. 

 The BBS has been found to be a psychometrically sound measure for balance 

impairment in patients following CVA. It is responsive to change and is often useful for 

measuring outcomes of post CVA rehabilitation interventions.24 The BBS has an inter-rater 

reliability (intraclass correlation coefficients [ICC]=.95-.98), intra-rater reliability (ICC=.97), 

and test-re-test reliability (ICC=.98).24 
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 Hemiparetic gait characteristics include slow walking speed and asymmetrical step 

length which leads to increased energy expenditure and increased risk for falls.6  

In a single subject case report by McDonough et al25 looking at the concurrent validity of the 

GAITRite Mat, they reported correlations for the GAITRite for right step length, ICC=.97, 

and left step length, ICC=.99, and correlation for walking speed measures are ICC=.96.25  

The subjects were instructed to begin walking at their normal pace 2 meters before the mat to 

ensure that they had reached their self selected pace and 2 meters after the mat to account for 

deceleration.  Subject 2 requires the use of a straight cane and a knee-ankle-foot orhthosis 

(KAFO) for ambulation and was allowed to use the device during the GAITRite 

measurements as the program accounts for this extraneous data. 

 The FMA was chosen because it is a tool that is specific for individuals who have had 

a CVA and is a performance-based impairment index. The FMA was used to test reflex 

activity in the LE, LE range of motion in supine, standing and sitting, coordination of the 

LE’s, and sensation of upper and lower extremities in individuals who have had a CVA 

resulting in hemiparesis.26  FMA inter-rater reliability is ICC=.96, reliability coefficients for 

pain, ICC=.61, and upper extremity items, ICC=.97. 27 Intra-rater reliability for the Fugl-

Myer is ICC=.86-.99.28 

 The Modified Ashworth Scale (MAS) was used to measure tone in the LE’s. The 

scale ranges from 0-4 with the higher numbers corresponding to increased tone. MAS intra-

rater reliability is ICC=.567 for the lower extremity.29 

 The ability to transfer from STS is important for performing ADL’s independently 

and requires more LE strength than walking or climbing stairs. Lomagio and Eng30 looked at 

the relationship between weight-bearing symmetry and STS performance in individuals with 
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chronic CVA (n=22).  They found that greater weight-bearing symmetry related to faster STS 

performance (r=0.565).  The results of the study by Lomagio and Eng30 show that the STS 

test may be useful in determining an individuals’ functional level.  The STS test measures % 

WB between sides and measures the right/left symmetry during the first 5 seconds of 

standing, with the objective to decrease the % WB on the uninvolved lower extremity so that 

weight-bearing is more symmetrical.   

  Upon arrival, the subject first performed the STS prior to the standing intervention 

and again after the intervention. This was done for each phase in order to determine if the 

intervention had an effect on symmetrical weight-bearing, with each subject.  A screen was 

placed between the examiner and the subject in order to reduce visual distractions, and the 

subject was instructed to look straight ahead. The subjects were seated on blocks on a long 

force plate (EquiTest® System) which examines mediolateral sway, and they were instructed 

to stand after the examiner said “GO” and to remain standing until instructed to sit back 

down.  This was repeated 3 times for each trial. The subject was guarded while performing 

the STS by one of the researchers who stood behind them.   

Intervention 

 The study design was a single subject design with two subjects, including an A, B, 

and C phase. The interventions were performed one subject at a time. Data collection for 

Subject 1 occurred between October 2007 through December 2007, and for Subject 2 from 

January 2008 through March 2008. During the A, B, and C phase a standard armless chair 

was placed 60 inches from the wall and marked with a piece of tape. The distance of 60 

inches was used since it was the same distance used in the study by Gras et al. The subject 

was seated in the chair and instructed to stand when ready, at which time a stop watch was 
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used to time the subject for a duration of 15 minutes. The subject was guarded by a licensed 

physical therapist or physical therapy student who was directly supervised by the licensed 

physical therapist standing outside of the subjects’ periphery. Phase A (control phase) 

consisted of the subject standing in front of a white wall and instructed that they could speak, 

but that in order to eliminate distraction the researchers would not speak and this was 

reinforced during all phases.  During Phase B (intervention phase) the lighted frame, which is 

a frame that was constructed similar to a door frame that is lit with LED bulbs around it was 

tilted toward their involved side, and during Phase C (intervention phase) toward their 

uninvolved side. Phase C was added after the researchers noticed a tendency to lean in the 

opposite direction of the tilt while guarding the subject. A 4.3º tilt was achieved using a 9.5 

cm wedge placed under the frame. The degree of tilt was chosen as it was previously used in 

the study by Figueiro et al.15 

 The following tests and measures were used at the beginning and end of every phase: 

BBS and gait velocity and stride length using the GAITRite Mat. The MAS and the FMA 

were performed at baseline, prior to beginning Phase A and at the end of Phase C.  Each 

phase consisted of 6 sessions; however, subject 1 had 7 sessions during Phase A and 9 

sessions during Phase C due to fatigue from traveling. Subject 2 also had added sessions, 

with a total of 8 sessions during Phase B, secondary to complications with her KAFO which 

were resolved prior to beginning Phase C. Postural assessment was performed during each 

session through visual observation. 
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Data Analysis 

 Descriptive/qualitative postural assessment was performed through researcher 

observation of the subject’s static standing posture during each standing intervention period 

of the session.  

 Statistical analysis was performed on the % WB data during the STS test using a 

split-middle line31, two band width method, and mean level. The data was collected using the 

EquiTest® System measuring the % WB.  The data was analyzed using the STS test before 

and after the standing intervention of each session. The pre standing data and post standing 

data of Phase B and Phase C was compared to the pre standing and post standing data of 

Phase A to determine if the tilt of the lighted frame caused a true change.   

 The split-middle line is used to compare the trend of data between 2 adjacent phases. 

Trend refers to the direction of change within a phase. When there is a change in trend from 

baseline to the intervention phase it may be indicative of a true change caused by the 

intervention.31  To determine the trend within each phase a celeration line is drawn for the 

pre and post Phase A and the split-middle line is extended to the pre and post B and C Phase 

(intervention phases). If there is no difference between the phases, then the split-middle line 

for baseline data should also be the spit-middle line for the intervention phase. Therefore, 

50% of the data in the intervention phase should fall on or above that line, and 50% should 

fall on or below it. If the intervention made a change then more than 50% of the data should 

fall on, above or below the spilt-middle line. 31 

 The two standard deviation band width method involves measuring a change within 

the baseline phase by calculating the mean and standard deviation within that phase.  A line 

was drawn to represent the mean during the baseline phase (A phase) and was extended on 
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the graph into the B and C phases.  Then the two standard deviation away from the mean was 

calculated and lines were drawn to represent two standard deviations above and below the 

mean and extended into the B and C phases.  If at least two consecutive data points in the 

intervention phases extend above or below the two standard band width, then it is said to be 

significant.31 

 A change in the level refers to the shift of the subject’s performance at the point of 

the intervention. 31 The mean level was calculated for each phase, and a line was drawn 

across for each of the phases in the graph.  If there is a difference between the mean lines of 

one phase compared to the other phases, a change in level is shown. 

 Descriptive analysis comparing the change in scores on the BBS, FMA and GAITRite 

measurements following each phase was documented using charts.  This was done to 

determine the effects of the tilted frame.  

 

Results 
  
Subject 1  

 Subject 1 is 5 years post CVA, which resulted in right hemiparesis. Static standing 

posture revealed right shoulder depression, cervical side bend to the right with head rotation 

to the left, right genu recurvatum, and bilateral hip external rotation.  Subject 1’s standing 

posture did not change throughout the study.  Visual field was tested and subject 1 had no 

deficits.8 The Snellen test was performed and revealed 20/30 vision for the left and right eye 

when tested individually, and 20/20 when tested together. FMA scores were 128/226 at 

baseline and 131/226 upon completion of the study. BBS scores were 41/56 at baseline and 

46/56 upon completion of the study. Scores for standing unsupported with feet together 
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remained the same from baseline through the end of Phase B, and increased at the end of 

Phase C by 3 points. Scores for turning to look behind over left and right shoulders increased 

by 1 point from baseline for all phases. Scores for standing unsupported, 1 foot in front, was 

0 at baseline and increased by 1 upon completion of the study. Gait velocity was 66.4 cm/s at 

baseline and 70.7 cm/s upon completion of the study. Stride length measures decreased from 

baseline to completion of the study for bilateral LE’s (Table 1).  

 When comparing pre-intervention A to pre-intervention B and pre-intervention A to 

pre-intervention C subject 1 showed an increase in mean % WB (Figure 1), and a 

decelerating trend line indicating the subject was putting more weight on the uninvolved side 

(Figures 2 and 3). The two standard deviation band method was significant when comparing 

pre-intervention A to pre-intervention B, indicating the subject was putting more weight on 

the uninvolved side (Figure 4). The two standard deviation band method was not significant 

during any other phase.  

 When comparing post-intervention A to post-intervention B subject 1 showed an 

increase in % WB on the uninvolved side, however; when comparing post-intervention A to 

post-intervention C the % WB decreased indicating movement toward a more symmetrical 

stance (Figure 5). When comparing the post-intervention A to post-intervention B, and post-

intervention A to post-intervention C, there was an accelerating trend line, indicating the 

subject was putting more weight on the involved side (Figure 6 and 7).  

Subject 2 

 Subject 2 is 5 years post CVA, which resulted in left hemiparesis. Her static standing 

posture reveals a depressed left shoulder, posterior pelvic tilt, hands clasped in front of her 

body, left scapular protraction and abduction. Subject 2’s standing posture did not change 
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throughout the study.  Subject 2 wears a KAFO on her left LE. Visual field was tested and 

subject 2 had no deficits.8 The Snellen test was performed with subject 2 wearing glasses, 

and the results were 20/13 for the right, 20/50 for the left, and 20/13 when tested together. 

FMA scores were 129/226 at baseline, and 147/226 upon completion of the study. Joint range 

of motion, sensation and balance increased by 3 points from baseline to completion of the 

study. The LE score increased by 4, and the UE increased by 5 from baseline to completion 

of the study.  BBS scores were 43/56 at baseline, decreased by 1 point following Phase A, 

and increased by 1 point following Phase B and C (Table 2). Gait velocity and bilateral stride 

length measures increased from baseline to completion of the study (Table 2).  

 When comparing pre-intervention A to pre-intervention B and pre-intervention A to 

pre-intervention C, Subject 2 showed a decrease in mean % WB for the STS test (Figure 8) 

and an accelerating trend line indicating the subject was putting more weight on the involved 

side (Figure 9 and 10). 

 When comparing post-intervention A to post-intervention B subject 2 showed an 

increase in mean % WB on the uninvolved side, however; when comparing post-intervention 

A to post-intervention C the mean % WB decreased indicating movement towards a more 

symmetrical stance following Phase C (Figure 11). 

 When comparing post-intervention A to post-intervention B and post-intervention A 

to post-intervention C, there was an accelerating trend line (Figure 12 and 13) indicating the 

subject was putting more weight on the involved side and moving towards a more 

symmetrical stance.  
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Discussion 

 The study was performed with 2 subjects who have chronic hemiparesis. The purpose 

of the study was to find out if repeated exposure to a lighted tilted frame could bring the 

subjects back to midline and a more symmetrical stance.  It was hypothesized that when the 

lighted frame was tilted towards the subjects’ involved side, it would prompt the subjects to 

put more weight on their involved side creating a more symmetrical stance.  This hypothesis 

was based on the findings of Gras, Flatebo, and Knapp23, which found that when performing 

the STS with the frame tilted towards the involved side, the subjects leaned towards the 

involved side, therefore; creating a more symmetrical stance.  

 When comparing both subjects, the results of our study showed that during Phase B, 

when the frame was tilted toward the involved side, both subjects demonstrated an increase 

in mean % WB on the uninvolved side compared to Phase A, indicating that they may have 

been attempting to right themselves by overcorrecting for the tilt. Three sessions were also 

added for Subject 1, during Phase C, when the frame was tilted toward the uninvolved side, 

after reports of fatigue during several sessions. During Phase B, Subject 2 reported that her 

KAFO was broken, which may account for the increase in mean % WB on the uninvolved 

side. We attempted to account for the broken KAFO by adding 3 additional sessions to Phase 

B. Following Phase C, Subject 1 showed an increase in his BBS score from 41/56 at baseline 

to 46/56 upon completion of the study. A score less than 45 indicate that an individual is at a 

high risk for falls8; therefore, Subject 1 is no longer in the high risk category for falls which 

may have been the result of the intervention performed during the study.  Blum24 reported 

that the BBS is responsive to change and is useful in measuring various outcomes of CVA 

rehabilitation interventions. Stevensen32 reported that a change of ± 6 BBS points is 
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necessary to be 90% confident of a genuine change. Subject 1 had a 5 point change.  During 

Phase C, both subjects, had a decrease in mean % WB compared to Phase B, however; 

subject 1 did not return to the results seen during Phase A, where as subject 2 decreased her 

mean % WB by 4.83% from Phase A. It appears that when the frame was tilted towards the 

subjects uninvolved side there was a more symmetrical stance. These findings are not in 

agreement with the findings of Gras et al, 200823, which showed that when the frame was 

tilted toward the involved side there was a more symmetrical stance.   

 Figuero et al15 found that initially there is a reliance on visual cues and then after 

periods of standing there is a greater reliance on proprioceptive and vestibular input.  Bonan 

et al17 reported that individuals with left CVA rely on vestibular input and individuals with 

right CVA rely more on vision.  Subject 1’s % WB varied session to session compared to 

Subject 2 (Appendix B) during all phases, showing no consistency. The findings by Figuero 

et al15 and Bonan et al17 may explain factors which contributed to the variability of Subject 1. 

Standing for longer periods of time may have caused Subject 1 to rely more on 

proprioceptive and vestibular input than on the visual input from the lighted tilted frame. The 

fact that Subject 1 had a left CVA may also indicate that he does not have a strong reliance 

on visual input. Subject 1 demonstrated decreased proprioception as seen by his FMA scores 

which were 0-1 for the involved lower extremity.  Many patients with hemiplegia rely more 

on visual input according to Bonan et al17, and this may be more common with those who 

have had a right CVA. This may be why Subject 2, who had a right CVA, did much better 

with this intervention than Subject 1.  These findings suggest that it is important to assess the 

individual’s specific impairments prior to beginning rehabilitation to determine if they rely 

more on vision or proprioceptive and vestibular input and tailor the interventions to that 
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need.  Research has found that visual feedback has been effective in increasing and 

maintaining symmetrical weightbearing.5 Our study showed that the use of a lighted tilted 

frame may be a possible intervention to use with those who rely more on visual input. 

 When considering the variability seen with Subject 1, it should be noted that 

individuals who have hemiparesis are less apt to put weight through their involved side due 

to fear of instability when going from sit to stand. When given a choice those with 

hemiparesis may not put as much weight through their involved side as they are capable of 

due to fear of instability and weakness of the involved side.33 The symmetry seen while the 

subjects were performing the standing intervention may not carry over when the subjects are 

moved to the EquiTest® to perform the STS test to measure their % WB. The STS test may 

not have shown the symmetry resulting from the standing intervention because the subjects 

may not have been putting as much weight as they are capable of on their involved side. 

Even with symmetrical foot placement during STS, individuals may have asymmetrical knee 

effort, therefore; they use the uninvolved side, which is stronger, to propel themselves into 

standing. 33 This may have been reflected in the results seen during the STS portion of the 

study.  It may be useful for future studies to use a device that would measure the subject’s % 

WB while standing in front of the lighted tilted frame to see if the intervention was causing a 

true change in the subjects’ symmetrical stance.   

 Gait parameters for both subjects were compared using the GAITRite mat. Subject 1 

had increased velocity following Phase B and Phase C, and Subject 2 had increase gait 

velocity and bilateral stride length following all phases compared to baseline. Yavuzer et al6 

reported that individuals with hemiparesis often have slow and asymmetrical gait patterns, 

both of which are associated with an increase risk of falls. Slower walking speeds and shorter 
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stride length have been attributed to increased risk for falls in elderly subjects as well.34 Falls 

occur while individuals are walking and poor gait performance is associated with falling, so 

the increase shown by both subjects in our study, may be an indicator that they have 

decreased their risk of falling. It has also been shown that when individuals who have had a 

CVA resulting in hemiparesis, have a difference in % WB less than or equal to 30% they 

have better gait performance.4 Both subjects had increases in gait velocity and their mean % 

WB was below 30% following all Phases, with the exception of post-intervention Phase B 

for Subject 2 which was 31.13% on the uninvolved LE.   

 Lee et al35 reported that during STS those with hemiparesis who put more weight 

through their uninvolved side showed lower mobility scores on the Functional Independence 

Measure; therefore, individuals with symmetrical weight bearing may become more 

functional. Upon completion of the study, Subject 1 reported that he was able to stand in the 

shower with more ease. This may be attributed to his increase scores on the BBS, as well as 

the movement toward a more symmetrical stance following Phase C. Subject 2 reported 

greater ease with getting up and down in the pews at church, which may be attributed to the 

more symmetrical stance following Phase C.  Subject 1 showed a decrease in %WB 4 out of 

7 times during the pre-intervention of Phase A (Figure 14), and Subject 2 showed a decrease 

3 out of 6 times during the pre-intervention of Phase A (Figure 15) and 3 out of 8 times 

during Phase B (Figure 16)and 2 out of 6 times during Phase C (Figure 17). These may have 

been due to carryover effects. Also the fact that both subjects experienced subjective 

improvements post research demonstrates possible carryover effects as well.   

 When comparing the data analysis with the mean % WB and split-middle lines, the 

same data can be viewed differently. Means and split-middle lines are visual analysis and 
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often used in single subject designs, because with basic information researchers are able to 

accurately describe outcomes.31 Using the mean % WB comparing post-intervention Phase A 

to Phases B and C, we see that Subject 1 showed an increase mean % WB in Phase B and 

decrease in Phase C. When looking at the same data with the split-middle line, Subject 1 

showed an accelerating trend following both Phase B and Phase C. The reasoning is that even 

though the mean % WB may show that the subject is putting more weight on the uninvolved 

side, the data may have been skewed by a couple of sessions when the subject was reporting 

fatigue and there was variability in his scores. Also, the accelerating trend lines are useful as 

an estimate of the trend, but the interpretation may be limited because it is not affected by 

extreme scores.31 

A strength of this study is that both subjects experienced CVA’s in the same year. 

Our study wanted to show the effects of visual input alone as an intervention for individuals 

who have had a CVA for at least 6 months. We selected subjects who have chronic CVA’s to 

show if any changes in %WB were due to our intervention and not due to spontaneous 

recovery or neuroplasticity. Studies have shown that the most significant changes in motor 

function occur during the first 3 months of recovery.36 However Verheyden et al36, and 

Schaechter37 et al showed that by using motor skills that challenge the subjects we can still 

see motor recovery 6 months after a CVA.  Another strength was that all three researchers 

performed the outcome measures together and discussed the results which increase the 

reliability of the results of the outcome measures. 

 Limitations of the study include; using the STS before and after standing as opposed 

to using it while standing to see when the subjects were most symmetrical.  Another 

limitation was that the subjects’ subjective visual vertical was not assessed prior to the study. 
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Bonan et al38 performed a study of individuals with hemiplegia (n=30) and found that 

subjective visual vertical misperception is directly related to poor balance after CVA 

(P<.001). A test of subjective visual vertical may be a simple tool for adapting rehabilitation 

programs for individuals with impaired perception of verticality.38 Due to the small sample 

size and that this was a convenience sample; this decreases the power of the study.  We did 

not exclude those with musculoskeletal impairments which may have affected the subjects’ 

performance during the standing intervention as both subjects had knee osteoarthritis.  The 

study also included one male subject and one female subject that had different lesion sites 

which do not allow the results to be generalizable to all individuals who have had a CVA 

resulting in hemiparesis.   

 Further research is needed to determine therapeutic parameters and should 

incorporate an ABACA design in order to determine which phase showed the most 

improvement.  It is also suggested that the Clinical Test for Sensory Interaction in Balance 

(CTSIB) be used prior to the intervention so that can determine which system the subject 

relies on for balance. The time of the standing intervention may need to be on a progressive 

scale as 15 minutes may have initially been too long for the subjects.  The lighted tilted frame 

may also be used during the acute phase of rehabilitation as most of the recovery occurs in 

the first one week to one month post CVA.36 The lighted tilted frame can be used in the acute 

setting or in the outpatient setting, and should be in a room where there are no auditory or 

visual distractions. 

Conclusion 

 In conclusion this is the first study to look at the use of a lighted tilted frame as an 

intervention for individuals who have had a CVA resulting in hemiparesis.  The results of our 
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study may be useful for clinicians in developing an intervention for asymmetrical weight 

bearing with the use of visual feedback.  Further research is needed to determine the 

appropriate parameters to use with the lighted tilted frame as an intervention to promote 

symmetrical weight bearing in those who have had a CVA resulting in hemiparesis. 



26 
 

References 
 
1. Goodman CC, Fuller, KS, Boissonnault WG. Pathology: Implications for the Physical 

Therapist. Philadelphia, PA: Elsevier; 2003:1054-1071. 
2. http//:www.strokecenter.org. Patients and Family page. Accessed on October 7, 2008.  
3. Tyson SF, Hanley M, Chillala J, Selley A, Tallis RC. Balance disability after stroke. Phys 

Ther.2006;86(10):30-38. 
4. Chou SW, Wong AMK, Leong CP et al. Postural control during sit-to-stand and gait in 

stroke patients. Am J Phys Med Rehabil.2003;82:42-47. 
5. Yoo E, Chung B. The effect of visual feedback plus mental practice on symmetrical 

weight-bearing training in people with hemiparesis. Clin Rehabil.2006;20:388-397. 
6. Yavuzer G, Eser F, Karakus D, Karaoglan B, Stam HJ. The effects of balance on gait 

after stoke: a randomized controlled trial. Clin Rehabil. 2006;20:960-969. 
7. Laufer Y, Schwarzmann R, Sivan D, Sprecher E. Postural control of patients with 

hemiparesis: force plates measurements based on the clinical sensory organization test. 
Physiother Theory Pract. 2005;21:163-171. 

8. O’Sullivan SB, Schmitz TJ. Physical Rehabilitation Assessment and Treatment. 4th ed. 
Philadelphia, PA: F.A. Davis Company; 2001. 

9. Cheng P-T, Liaw M-Y, Wong M-K, Tang F-T, Lee M-Y, Lin P-S. The sit-to-stand 
movement in stroke patients and its correlation with falling. Arch Phys Med Rehabil. 
1998;79:1043-1046.  

10. http//:www.strokeassociation.org/presenter.jhtml. Falls page, Keeping Your Balance. 
Accessed on October 20, 2008. 

11. Yelnik AP, Kassouha A, Bonan IV et al. Postural visual dependence after recent stroke: 
assessment by optokinetic stimulation. Gait and Posture. 2006;24:262-269. 

12. Lundy-Eckman L. Neuroscience: Fundamentals for Rehabilitation. 2nd ed. Philadelphia, 
PA: Saunders; 2002. 

13. Shumway-Cook A, Woollacott MH. Motor Control: Translating Research Into Clinical 
Practice. 3rd ed. Philadelphia, PA: Lippincott Williams and Wilkins; 2007. 

14. Paulus WM, Straube A, Brandt T. Visual postural performance after loss of 
somatosensory and vestibular function. J Neurol Neurosurg Psych. 1987;50:1542-1545. 

15. Figueiro MG, Gras L, Qi N, Rizzo P, Rea M, Rea MS. A novel lighting system for 
postural control and stability in seniors. Lighting Res Technol. 2007;18:1-16. 

16. Lord SR, Clark RD, Webster IW. Visual acuity and contrast sensitivity in relation to falls 
in an elderly population. Age and Aging. 1991;20:175-181. 

17. Bonan IV, Colle FM, Guichard JP, et al. Reliance on visual information after stroke. Part 
I: Balance on dynamic posturography. Arch Phys Med Rehabil. 2004;85:268-273. 

18. Snowdon N, Scott O. Perception of vertical and postural control following stroke: a 
clinical study. Physiotherapy. 2005;91:165-170. 

19. Yelnik AP, Lebreton FO,  Bonan IV, et al. Perception of verticality after reent cerebral 
hemisphere stroke. Stroke. 2002;33:2247-2253. 

20. Guerraz M, Poquin D, Luyat M, Ohlmann T. Head orientation involvement in assessment 
of the subjective vertical during whole body tilt. Perceptual and motor skills. 
1998;87:643-648 

21. Brandt T, Dieterich M, Danek A. Vestibular cortex lesions affect the perception of 
verticality. Ann Neurol. 1994;35:403-412. 



27 
 

22. Copyright NeuroCom International, Inc. 2005. NeuroCom EquiTest® System. All rights 
Reserved. 

23. Gras L, Flatebo K, Knapp J, Qi N, Figueiro M. The use of a lighted tilted frame to assist 
in midline orientation for subjects who had a stroke. Abstract presented at the 
International Conference of Ageing, Disability, and Independence. (ICADI). February 
2008, St. Petersburg, FL. 

24. Blum L, Korner-Bitensky N.  Usefulness of the Berg Balance Scale in stroke 
rehabilitation: A systematic review. Phys Ther. 2008;88(5):559-566. 

25. McDonough AL, Batavia M, Chen FC, Kwon S, Ziai J.  The validity and reliability of the 
GAITRite systems measurements: A preliminary evaluation.  Arch Phys Med Rehabil. 
2001;82:419-425. 

26. Fugl-Meyer AR, Jaasko L, Leyman I, Olsson S, Steglind S.  The post-stroke hemiplegic 
patient.  Scand J Rehab Med. 1975;7:13-31.  

27. Sanford J, Moreland J, Swanson LR et al.  Reliability of the Fugl-Meyer assessment for 
testing motor performance in patients following stroke.  Phys Ther. 1993;73:36-43. 

28. Duncan PW, Propst M, Nelson SG.  Reliability of the Fugl-Meyer assessment of the 
sensorimotor recovery following cerebrovascular accident.  Phys Ther. 1983;63:1606-
1610. 

29. Blackburn M, van Vliet P, Mockett SP.  Reliability of measurements obtained with the 
Modified Ashworth Scale in the lower extremities of people with stroke. Phys Ther. 
2002;82:25-34. 

30. Lomaglio MJ, Eng JJ. Muscle strength and weight-bearing symmetry relate to sit-to-stand 
performance in individuals with stroke.  Gait and Posture. 2005;22:126-131. 

31. Portney LG, Watkins MP. Foundations of clinical research: application to practice. Upper 
Saddle River, NJ: Prentice Hall; 2000:252-257. 

32. Stevenson TJ.  Detecting change in patients with stroke using the Berg Balance Scale. 
Aust J Physiother. 2001;47:29-38. 

33. Roy G, Nadeau S, Gravel D, Piotte F, Malouin F, McFadyen BJ.  Side difference in the 
hip and knee joint moments during sit-to-stand and stand-to-sit tasks in individuals with 
hemiparesis.  Clin Biomech. 2007;22:795-804. 

34. Kerrigan DC, Lee LW, Nieto TJ, Markman JD, Collins JJ, Riley PO.  Kinetic alterations 
independent of walking speed in elderly fallers.  Arch Phys Med Rehabil. 2000;81:730-
735. 

35. Lee MY, Wong MK, Tang FT, Cheng PT, Lin PS.  Comparison of balance responses and 
motor patterns during sit-to-stand task with functional mobility in stroke patients.  Am J 
Phys Med Rehabil. 1997;76:401-410. 

36. Verheyden G, Nieuwboer A, De Wit L, Thijs V et al.  Time course of trunk, arm, leg and 
functional recovery after ischemic stroke.  Neurorehabil Neural Repair. 2008;22(2):174-
179. 

37. Schaechter JD, Perdue KL.  Enhanced cortical activation in the contralesional hemisphere 
of chronic stroke patients in response to motor skill challenge.  Cereb Cortex. 
2008;18:638-647. 

38. Bonan IV, Guettard E, Leman MC, Colle FM, Yelni AP.  Subjective visual vertical 
perception relates to balance in acute stroke.  Arch Phys Med Rehabil. 2006;87:642-646. 

 



28 
 

Table 1: Descriptive Analysis of Outcome Measures (Subject 1) 

 Baseline Post Phase A Post Phase B Post Phase C 
Velocity (cm/s) 66.64 57.50 78.50 70.70 
Stride Length 
(cm)  Left                           

84.69 70.94 85.88 81.76 

Stride Length 
(cm)  Right                   

85.89 73.30 84.58 80.09 

Berg Balance 
Scale 

41/56 43/56 42/56 46/56 

 
 
 
 
 
 

Table 2: Descriptive Analysis of Outcome Measures (Subject 2) 
 
� Baseline Post Phase A Post Phase B Post Phase C 
Velocity (cm/s) 46.40 49.30 50.30 51.30 
Stride Length 
(cm) Left 

86.87 82.27 84.69 96.73 

Stride Length 
(cm) Right 

93.13 83.07 88.62 97.81 

Berg Balance 
Scale 

43/56 42/56 44/56 44/56 
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Figure 1:  Mean % WB Pre Intervention (Subject 1) 
 
 
 

 
Figure 2: Split Middle Pre Intervention A vs. B Phase (Subject 1) 
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Figure 3: Split Middle Pre Intervention A vs. C Phase (Subject 1) 
 
 

 
Figure 4: Two Standard Deviation Band Width Method; Pre Intervention A vs. B Phase 
(Subject 1) 
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Figure 5: Mean % WB Post Intervention (Subject 1) 
 
 
 
 

 
Figure 6: Split Middle Post Intervention A vs. B Phase (Subject 1) 
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Figure 7: Split Middle Post Intervention A vs. C Phase (Subject 1) 
 
 
 

 
Figure 8: Mean % WB Pre Intervention (Subject 2) 
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Figure 9: Split Middle Pre Intervention A vs. B Phase (Subject 2) 
 
 
 

 
Figure 10: Split Middle Pre Intervention A vs. C Phase (Subject 2) 
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Figure 11: Mean % WB Post Intervention (Subject 2) 
 
 
 
 

 
Figure 12: Split Middle Post Intervention A vs. B Phase (Subject 2) 
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Figure 13: Split Middle Post Intervention A vs. C Phase (Subject 2) 
 
 
 

 
Figure 14: Pre Intervention vs. Post Intervention Phase A (Subject 1) 
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Figure 15: Pre Intervention vs. Post Intervention Phase A (Subject 2) 
 
 
 
  

 
Figure 16: Pre Intervention vs. Post Intervention Phase B (Subject 2) 
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Figure 17: Pre Intervention vs. Post Intervention Phase C (Subject 2) 
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