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The Health Benefits of Exercise Program and Factors Related to 
Participation in People with Schizophrenia

                                                                                                                                                                                                                    OCCUPATIONAL THERAPY              
 

Chun-Ying Hsua,b, Yen-Ching Changc,
Chang-Chih Kuoa, Chwen-Yng Sua, Ming-De Chena,d,*

Abstract
Background and objectives: Exercise training may improve health of people with 

schizophrenia. Most literature focused on the improvement in physical fitness and 
psychiatric symptoms, but less on other aspects of health outcomes. There is limited 
understanding about their subjective perspectives and experiences on exercise program. 
The objectives of the qualitative study were to (1) explore the health benefits of exercise 
intervention in people with schizophrenia; (2) investigate the facilitators of and barriers to 
regular participation in exercise program. 

Method: Volunteers were randomly assigned into a flexibility exercise group or an 
aerobic exercise group. After the 3-month structured exercise program, participants were 
invited to a focus group. Qualitative data were analyzed using the content analysis method. 

Results: Seven focus groups were conducted, including 33 respondents in total. 
Participants obviously experienced some benefits on health , including decreased body 
weight, and improved vitality, quality of sleep, agility, mood stability, self-confidence, 
attention, regular lifestyle, and motivation to social interaction and participate in daily 
activities, as well as development of health promotion concepts. Facilitators of exercise 
participation were company of the professional, rewards, willpower, and obligation to 
complete the exercise program. Barriers to participation contained physical fatigue, body 
discomfort at the beginning, monotonous exercise design, and low motivation. 

Conclusion: Both exercise groups perceived improvement in physical and mental 
health. The identified facilitators and barriers could be used to develop exercise program 
for schizophrenia. Future research should examine subjective health benefits by 
quantitative measurements.  

Keywords: Exercise Participation, Health Promotion, Physical Activity, Psychiatric 
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Chun-Wei Changa, Yu-Chu Sua,b, Chiung-Yi Changc,
Hung-Chia Huanga, Cheng-Sheng Chenc, Hui-Men Chena,*

Abstract
Many older adults with dementia require constant assistance from caregivers when 

completing activities of daily living (ADL). This study aimed to determine the effects of 
ADL training consisting of the use of supporting prompts on ADL performance of patients 
with dementia, as well as the quality of life (QoL) of caregivers.  

A randomized controlled trial was designed for patients with Alzheimer’s disease 
(AD) and their family caregivers. The intervention was conducted in sessions once a month 
over a 4-month training program, or during a usual care group. One task was chosen, from 
grooming, dressing, shopping and medicine use, as the focus of an ADL training session, 
which then provided supporting skills in terms of verbal, visual, gesture, or physical 
prompts. The Disability Assessment of Dementia (DAD), Caregiver Burden Inventory (CBI) 
and 36-Item Short Form Health Survey (SF-36) were used to assess changes in ADL 
function, caregiver burden and QoL, respectively. 

Thirty-three (68.7%) community-dwelling older adults with AD completed the whole 
study, including the final assessments. The treatment group (n=16) exhibited a significant 
delay in decline according to the DAD-basic ADL score (p=0.04), and optimal 
improvement in the SF-36 Physical Component Summary (PCS) score was observed for 
caregivers in the treatment group (p=0.009) in comparison with the control group (n=17). 
There was no significant change in the scores of the DAD-instrumental ADL (p=0.29), SF-
36 MCS (p=0.95) or CBI (p=0.60) after the intervention. 

We demonstrated that an intervention in which caregivers were taught to modify 
activity demands using prompts had immediate effects in terms of alleviating basic ADL 
disabilities in patients and perception of better physical health of caregivers. Thus, our 
study provided suggestions in terms of designing and implementing supportive 
intervention services for community-dwelling patients with dementia and their caregivers. 

Keywords: Activities of Daily Living, Alzheimer’s Disease, Caregiver 
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1. Introduction

Dementia is one of the most common diseases among the elderly and has 

become an important issue in gerontology. In Taiwan, there are now more 

than 100 thousand people with dementia, and this figure will increase to at 

least 200 thousand by 2026 (Taiwan Alzheimer’s Disease Association, 2012). 

Many dementia patients with mild to moderate functional disability live at 

home and receive care from their families (Akerborg et al., 2016; Rist, 

Capistrant, Wu, Marden, & Glymour, 2014). Patients’ cognitive problems 

make it difficult to complete activities of daily living (ADL), and they therefore 

rely heavily on their cargivers. Evidence has shown that family caregivers 

experience high levels of burden and negative changes in their quality of life 

(QoL) due to the dementia patient’s disability, psychological disorders, and 

behavioral problems (Bedford, Melzer, & Guralnik, 2001; Brodaty, Draper, & 

Low, 2003; Chiu, Hsieh, & Tsai, 2007), which prevent patients from being 

independent in ADL. Limitation in performing ADL is the main symptom of 

degenerative dementia. Individuals with dementia may not be able to perform 

a particular ADL task due to processing difficulties. Memory is critical for 

tasks that require the recall of numerous details (e.g., grocery shopping for a 

recipe). Patients with Alzheimer’s disease (AD) show abnormal information 

processing following attentional processes with target stimuli during ADL 

owing to progressive decline of their memory. Investigators have 

demonstrated a link between memory deficits and everyday functional 

difficulties in patients with AD (Giovannetti, Schmidt, Gallo, Sestito, & Libon, 
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2006). Consequently, patients with dementia compensate for changes in ADL 

performance by decreasing the frequency of performing tasks, or by having 

caregivers provide assistance. Thus, there is a need to facilitate spontaneous 

initiation of ADL tasks within the home-based environment for dementia 

patients. 

Most previous research has focused on maximizing life skills through 

various forms of specific types of prompt in populations with intellectual 

disability (van Vonderen, 2004; van Vonderen, Duker, & Didden, 2010). AD 

patients might perform best when task instructions are simplified or are 

supported by an explicit external prompt. A prompt can be a verbal command, 

a visual prompt, or a tactile/physical prompt such as gently guiding the body 

through the movement (Ledford, Lane, Elam, & Wolery, 2012; Mihailidis, 

Boger, Craig, & Hoey, 2008). It has been determined that use of prompts can 

allow participants to make significant gains in processing abilities and 

improve processing skills during ADL and other occupational activities 

(Padilla, 2011). 

Compliance with clinical intervention is frequently compromised owing 

to financial strain or logistical difficulties, or for social and psychological 

reasons (Spijker et al., 2013). Caregiver-delivered intervention has emerged 

as an attractive alternative for increasing the quality of life of caregivers and 

potential treatment adherence of patients. However, regarding non-

pharmacological interventions delivered through family caregivers, effective 

treatments for reversing ADL disability to delay decline as the disease 

progresses are still lacking.  
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The purpose of our study was to examine patient outcome in terms of 

ADL capacity following ADL skills training based on supporting prompts from 

caregivers in a hospital setting. In addition, another aim was to examine the 

benefits to caregivers in relation to burden and quality of life after 

participating in the intervention. 

2. Methods

The study was designed as a single-blinded, randomized, controlled 

intervention trial. To evaluate the effectiveness of ADL skills training using a 

supporting prompt program, we carried out a randomized control trial (RCT). 

In the RCT, there were two parallel groups: the treatment group, in which 

caregivers took part in the ADL skills training intervention; and a control 

group, in which caregivers received the usual consultation intervention. 

2.1 Participants

This study was conducted in patients diagnosed with AD from a 

university-affiliated outpatient memory disorders clinic. Patients were 

included if they were mild or moderate AD based on both criteria of National 

Institute of Neurological and Communicative Disorders and Stroke–

Alzheimer's Disease and Related Disorders Association criteria for probable 

Alzheimer's disease and Diagnostic and Statistical Manual of Mental Disorder, 

Fourth Edition (DSM-IV) and were aged at least 65 years. Patients were 

excluded from the study if they had mental illness and/or cognitive 

impairment, or if they had been the primary caregiver for less than 1 month. 
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This study enrolled family caregivers who met the following inclusion 

criteria: (1) aged at least 18 years and could speak and read Chinese; and (2) 

had provided care for at least 1 continuous month during the previous 3 

months. Caregivers were excluded from the study if their patient had a mental 

illness and/or cognitive impairment, or if they had been the primary caregiver 

for less than 1 month. Written informed consent was obtained from patients 

and caregivers prior to baseline interviews using forms approved by the 

Institutional Review Board. 

2.2 Procedures

Following baseline interviews, family caregivers were randomized 

assigned by blocked randomization to the treatment or control group. Block 

randomization with variable sizes was used as the randomization method. 

The allocation schedule was created using a computerized random number 

generator by an independent researcher and was unknown to the 

investigators of this study. Assessor (CY) blind to treatment assignment 

conducted assessments at baseline and after 4 months. 

2.3 Intervention program

2.3.1 Treatment group 

Four tasks, consisting of grooming, dressing, shopping and medicine use, 

were chosen as the focus of the specific ADL training program, because these 

tasks, which require planning and initiation, are relatively safe activities for 

older adults with dementia. Each task was accompanied by four levels of 

assistance, including verbal or visual prompting, demonstration, or physical 
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assistance, that provided support for the patient (Seelye, Schmitter-

Edgecombe, Das, & Cook, 2012). Training focused on increasing supporting 

skills through face-to-face training for caregivers. The teaching materials 

included a PowerPoint presentation and a booklet received at the initial 

training session. The training content included knowledge regarding 

dementia and our hierarchical prompts education. Levels of prompt may 

range from neutral verbal statements (e.g., “It is the beginning of the day”) to 

directive statements (e.g., “Please get dressed now” or “Put this sock on your 

left foot”), and, when needed, may be accompanied by visual gestures (e.g., 

pointing at an item) or demonstrating movement or physical prompts (e.g., 

touching the person’s left foot while stating).  

In addition, facilitator techniques were taught through role-playing with 

the use of ‘simulated patients’ to teach caregivers ways in which to effectively 

use the newly-learned skills in their homes. The simulated patients were 

designed to be able to provide a range of cues and responses during 

communication in the role-play, and provided a safe opportunity during 

which to practice communication behaviors without distressing patients. In 

this study, the simulated patient role was played by the second author, who 

has a license in occupational therapy and experience and knowledge of the 

issue of communication difficulties in patients with dementia. This program 

was conducted under the supervision of the first researcher, who has several 

years of experience as a university assistant professor in psychiatry. The 

experimental group attended up to four 30-minute face-to-face ADL training 

sessions, which were held once per month. 
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2.3.2 Control group 

The control group received only a booklet containing a brief explanation 

of the program content. They then attended up to four face-to-face interviews 

consisting of normal consultations once a month for 4 months.  

2.4 Outcome measures

The Chinese version of the Disability Assessment for Dementia (DAD) 

(Mok et al., 2005) is an informant-rated questionnaire consisting of 40 items 

regarding the subject's involvement in ADL. Seventeen items address basic 

ADL (BADL; including hygiene, dressing, continence and eating), and 23 

items relate to instrumental ADL (IADL; including meal preparation, 

telephoning, going on an outing, finance and correspondence, medications, 

and leisure and housework). Items can be categorized into initiation, planning 

and organization, and effective performance subscales, though the total score 

is used most frequently. Non-applicable items (e.g., those that a patient did 

not participate in even before the onset of their illness) are excluded from 

scoring, with the final scores being converted to a percentage. Scores thus 

have a potential range from 0 to 100%, with higher percentage scores 

representing greater competence in ADL. The DAD has a satisfactory internal 

consistency (Cronbach’s alpha of 0.91 for the total score) and excellent test–

retest and inter-rater reliabilities of 0.99 and 0.98, respectively (Mok et al., 

2005). 

The Chinese version of the Caregiver Burden Inventory (CBI) (Chou, 

Jiann-Chyun, & Chu, 2002) is a 24-item, caregiver-reported measure of 

burden. Responses to each item are rated on a self-reported 5-point Likert 
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scale, ranging from 0 (not at all disruptive) to 4 (very disruptive). The CBI has 

5 domains: time-dependence burden, developmental burden, physical 

burden, social burden and emotional burden. The global score is obtained by 

summing the scores of each subscale; higher scores correspond to greater 

levels of perceived burden. The C-CBI has been demonstrated to have a 

satisfactory internal consistency (Cronbach’s alpha of 0.9) and an appropriate 

content validity (Chou, Jiann-Chyun, & Chu, 2002). 

The Chinese Short Form (SF)-36 Health Survey (Fuh, Wang, Lu, Juang, 

& Lee, 2000) is a patient-reported survey of patient health. The SF-36 is a 

measure of health status and an abbreviated variant of the full version. The 

SF-36 consists of eight scaled scores, which are the weighted sums of the 

question scores in each section. Each scale is directly transformed into a 0–

100 scale on the assumption that each question carries equal weight. On the 

SF-36, health status is broken down into two general factors by calculating 

the means of mental health-related quality of life (HRQOL) (e.g., vitality, social 

functioning, mental health, emotional role-limitations) and physical HRQOL 

(e.g., physical functioning, physical role-limitations, pain, general health). 

These eight scales can be aggregated into two summary measures: the 

Physical and Mental Component Summary (PCS and MCS, respectively) 

scores. The lower the score, the greater disability; i.e., a score of zero is 

equivalent to maximum disability and a score of 100 is equivalent to no 

disability. Studies have shown that the SF-36 has good reliability and validity 

for health status measurement in Taiwanese populations. The Cronbach 
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alpha coefficient of the SF-36 remained above 0.70 (Fuh, Wang, Lu, Juang, 

& Lee, 2000). 

2.5 Data analysis

Statistical analyses were performed using SPSS version 20. All data 

collected were initially analyzed by descriptive statistics, with continuous 

variables expressed as means (SD) and categorical variables as percentages. 

Student’s t-tests or chi-square analyses were conducted to compare the 

demographic data and baseline outcome measures (DAD-BADL, DAD-IADL, 

CBI, SF-36 PCS and SF-36 MCS) of caregivers and care recipients between 

the intervention and the comparison groups. Non-parametric statistical 

analyses were conducted on the scores of the DAD-BADL, DAD-IADL, CBI, 

SF-36 PCS and SF-36 MCS to assess within-group and between-group 

differences. All statistical tests were two-tailed. The alpha criterion for 

significance was 0.05 or less.  

3. Results
3.1 Sample characteristics

Descriptive statistics of the primary caregivers are shown in Table 1. Of 

68 caregivers screened, 43 (63%) were eligible for enrollment, of whom 33 

dyads were willing to participate. The main reasons for non-participation 

included caregivers’ time constraints and failure to return. Comparison of the 

demographic and baseline characteristics between the intervention group 

(n=16) and the comparison group (n=17) indicated that the two groups were 

comparable in terms of all demographic variables, as well as all baseline 
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measures; none of the p-values was significant. The differences in 

demographic variables between the two groups (Table 1) were not significant 

at baseline. In the patient sample, the participants were of a mean of 78.8 

years of age, with a mean duration from dementia diagnosis of 2.2 years at 

baseline. In the caregiver sample, 64% were women, with an average age of 

57.0 years; over half of them were children (61%) of the patients, and had a 

level of education greater than high school (59%). 

3.2 Effects of intervention on study outcomes

The values at baseline and post-intervention, and changes in the mean 

or median scores of the DAD-BADL, DAD-IADL, CBI, SF-36 PCS and SF-36 

MCS of the intervention and control groups are displayed in Table 2. Non-

parametric statistics (Wilcoxon-Mann-Whitney U-test) were conducted to 

examine whether the effects of intervention differed within and between 

groups. Figure 1 illustrates using box plots the differences in the scores on 

the DAD, CBI and SF-36 within and between groups. 

In terms of patient outcomes, the total score of the DAD-BADL of the 

intervention group increased from 83.0 (SD = 23.3; median = 84.0) at entry 

to 85.3 (SD = 27.3; median = 84.2) (p = 0.78) at the end of intervention, while 

that for the comparison group reduced from 79.7 (SD = 39.9; median = 77.3) 

to 62.1 ± 37.4 (SD = 37.4; median = 64.0) (p = 0.008). The total score of the 

DAD-IADL of the intervention group increased from 42.6 (SD = 30.7; median 

= 42.2) at entry to 45.5 (SD = 37.4; median = 45.7) (p = 0.92) at the end of 

intervention, while that for the comparison group reduced from 32.2 (SD = 

30.9; median = 32.1) to 21.5 (SD = 20.7; median = 21.3) (p = 0.11). 

37



C-W Chang, Y-C Su, C-Y Chang, H-C Huang, C-S Chen, H-M Chen

Comparisons of the changes in the DAD subscale scores between the two 

groups revealed a statistically-significant delayed disability only in terms of 

BADL capacity (p = 0.04). 

Regarding caregiver outcomes, the score of the SF-36 PCS of the 

intervention group increased from 50.0 (SD = 3.9; median = 50.0) at entry to 

51.7 (SD = 4.8; median = 50.9) (p = 0.03) at the end of intervention, while that 

for the comparison group reduced from 50.7 (SD = 5.4; median = 51.1) to 49.6 

(SD = 7.0; median = 49.0) (p = 0.13). The score of the SF-36 MCS of the 

intervention group increased from 49.8 (SD = 7.3; median = 50.0) at entry to 

50.8 (SD = 6.5; median = 50.2) (p = 0.22) at the end of intervention, while that 

for the comparison group reduced from 48.69 (SD = 9.5; median =49.6) to 

48.3 (SD = 7.4; median = 49.5) (p = 0.73). Comparison of the change in the 

SF-36 PCS score between the two groups revealed statistical significance (p = 

0.009); however, the change in the score of the SF-36 MCS was not significant. 

The total score of the CBI of the intervention group reduced from 36.3 (SD = 

19.5; median = 39.0) at entry to 35.6 (SD = 17.8; median = 35.0) (p = 0.71) at 

the end of intervention, while that for the comparison group increased from 

36.1 (SD = 18.8; median = 34.0) to 37.3 (SD =19.8; median = 36.0) (p = 0.78). 

The change in the score of the CBI (p = 0.60) did not differ in terms of 

statistical significance between the two groups. 
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Table 1
Demographic and baseline characteristics of the intervention and control groups

Intervention
group
(n = 16)

Control group 
(n = 17)

Statistics p value

Demographic characteristics
Patients

Disease duration (years) 
Care receipt age

Caregivers
Age (years) (SD)
Female (%)

Years of education 

7–9
10–12

12
Caregiver relationship

Spouse
Child
Other

Baseline characteristics
DAD-BADL
DAD-IADL
SF-36 PCS
SF-36 MCS
CBI

2.0 (0.8)
79.5 (8.5)

54.8 (10.0)
11 (69%)

0
1 (6%)
4 (25%)
11 (69%)

3 (19%)
10 (62%)
3 (19%)

83.0 (23.3)
42.6 (30.7) 
51.7 (3.9)
50.8 (7.3)
36.3 (19.5)

2.3 (1.4)
78.1 (8.1)

59.2 (10.7)
10 (59%)

5
1 (6%)
3 (18%)
8 (47%)

5 (29%)
10 (59%)
2 (12%)

79.7 (39.9)
32.2 (30.9)
49.6 (5.4)
48.9 (9.5)
36.1 (18.8)

t = 0.46
t = -0.523

t = 0.37
X2 = 0.26

X2 = 5.6

X2 = 0.67

U = 102
U = 104
U = 89
U = 113
U = 116.5

0.84
0.61

0.23
0.51

0.13

0.72

0.29
0.28
0.23
0.80
0.85

DAD: Disability Assessment for Dementia; DAD-BADL: DAD sub-score for Basic Activities of Daily 
Living; DAD-IADL: DAD sub-score for Instrumental Activities of Daily Living; SF-36 PCS: Short Form-
36 Physical Component Summary; SF-36 MCS: Short Form-36 Mental Component Summary; CBI: 
Caregiver Burden Inventory.
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Table 2
Baseline and post-test scores, and comparisons of changes in DAD, CBI and SF-36 scores in 
both groups

Intervention group Control group

Baseline Post-
test

Within-group
p value

Baseline Post-test
Within-
group

p value

Between-
group

p value

DAD-BADL
Mean 83.0 85.3 0.78 79.7 62.1 0.008* 0.04*
SD 23.3 27.3 39.9 37.4
Median 84.0 84.2 77.3 64.0

Min–Max 31-100 37-100 28-100 26-100
DAD-IADL

Mean 42.6 45.5 0.92 32.2 21.5 0.114 0.29
SD 30.7 37.4 30.9 20.7
Median 42.2 45.7 32.1 21.3

Min–Max 0-100 0-100 0-100 0-94
SF-36 PCS

Mean 50.0 51.7 0.03* 50.7 49.6 0.13 0.009*
SD 4.8 3.9 7.0 5.4
Median 50.0 50.9 51.1 49.0

Min–Max 40-59 38-61 44-58 41-56
SF-36 MCS

Mean 49.8 50.8 0.22 48.3 48.9 0.73 0.95
SD 6.5 7.3 7.4 9.5
Median 50.0 50.2 49.6 49.5

Min–Max 40-63 38-65 36-57 31-65
CBI

Mean 36.3 35.6 0.71 36.1 37.3 0.78 0.60
SD 19.5 17.8 18.8 19.8
Median 39 35 34 36

Min–Max 5-62 7-71 9-78 7-70

SD: standard deviation; Min: minimum value; Max: maximum value; DAD: Disability Assessment for 
Dementia; DAD-BADL: DAD sub-score for Basic Activities of Daily Living; DAD-IADL: DAD sub-score 
for Instrumental Activities of Daily Living; SF-36 PCS: Short Form-36 Physical Component Summary;
SF-36 MCS: Short Form-36 Mental Component Summary; CBI: Caregiver Burden Inventory.
*Statistically significant at p < 0.05.
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Figure 1

Box plots of the baseline and post-test scores, and comparisons of changes in the DAD, SF36 and CBI within (intervention /control) 

and between groups. Group medians and quartiles are shown for each outcome variable. Open circles represent outlying points, while 

(*) represents extreme points. DAD: Disability Assessment for Dementia; DAD-BADL: DAD sub-score for Basic Activities of Daily 

Living; DAD-IADL: DAD sub-score for Instrumental Activities of Daily Living; SF-36: Short Form-36, PCS: Physical Component 

Summary; MCS: Mental Component Summary; CBI: Caregiver Burden Inventory.
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4. Discussion

The objective of this study was to investigate the effectiveness of ADL 

skills training for caregivers using hierarchical prompts based on four ADL 

tasks, with the aim of reducing disability in patients and improving quality of 

life and lessening the burden of family caregivers. We found that an 

intervention using modified activity demands through cues had immediate 

effects in terms of alleviating BADL disabilities in patients, as well as resulted 

in a perception of a higher physical QoL of caregivers. Thus, our intervention 

through caregiver-mediated, ADL task-based interventions employing the 

prompting technique provides the basis for potential service provision for 

community-dwelling patients with dementia and their caregivers.  

In our participants, a decreased IADL performance preceded the decrease 

in BADL performance, which is consistent with the nature of dementia 

progression. Our results showed maintenance of DAD-BADL capacity within 

the intervention group, whereas the control group exhibited a significantly 

greater decline in the BADL score. This result indicated that our program was 

associated with a reduced rate of BADL decline, as compared with the more 

rapid BADL decline seen in the dementia patients in the control group. A 

previous report observed that the rate of change of the DAD-BADL score was 

4.4 points in 6 months (Feldman et al., 2001). The slightly smaller BADL 

improvement of the intervention group in the current study (of about 2.3 

points) likely eliminated the onset of accelerated BADL decline and 

maintained daily functioning in the patients with dementia during the 4-

42



Intervention for dementia patients and caregivers

 

month intervention period. These findings may reflect that the sooner the 

ADL skills program for dementia caregivers is initiated, the greater the 

preservation of BADL capacity. In contrast, there was no significant 

improvement or change in the IADL score within and between groups. This 

finding might suggest that our ADL skills training with supporting prompts 

can delay the most important aspects of BADL decline and provide benefits 

in terms of basic activities of daily living performance for caregivers 

supporting patients with dementia, but has no effect on IADL. A possible 

reason for this is that caregivers are more concerned with preserving a patient

s ability to perform basic ADL than they are about preserving instrumental 

ADL for patients with dementia (Hauber et al., 2014). As such, caregivers are 

most likely to serve as facilitators in the BADL context, providing the most 

needed care and assistance cues, rather than in the IADL context. Using 

prompts with structured caregiving education appears to be a feasible 

training method owing to the strong link between executive function and 

processing skills in the ADL context in dementia patients. The results of this 

study may enable healthcare providers and developers of dementia 

treatments to maximize ADL functioning, which is an important factor in 

maintaining QoL. Further studies are needed in order to evaluate the 

potential long-term benefits of our intervention on daily life performance. 

We also observed improvement in terms of the SF-36 score only in the 

physical domain within the intervention group, and not in the mental domain. 

Apparently, our intervention, which focused primarily on increasing ADL 

capacity, improved physical well-being. The physical impact of caregiving is 
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closely associated with the physical tasks that caregivers are expected to 

perform. Such a perception of caregivers regarding physical health is a 

possible reason for the reduction in decline of disability in terms of BADL 

tasks according to the DAD score in our intervention group. This effect of 

minimizing BADL disability was likely due to the more positive physical well-

being of family caregivers. Caregivers in the intervention group might have 

become more aware that ADL assistance is not only physical in nature, but 

also involves non-physical support when providing care for patients with 

dementia; this may result in maintenance of a sustained effect on the physical 

health of the caregiver. Thus, our findings suggested that ADL skills training 

is a successful problem-focused coping strategy that improves the physical 

well-being of caregivers who are caring for family members with dementia. 

In this study, a slight decrease in the CBI score of the caregivers in the 

intervention group was observed, whereas this was greater in the control 

group, despite not reaching statistical significance. Assistance with many 

routine ADL tasks involves high emotional and physical demands on the 

caregiver (Kesselring et al., 2001). As caregiver burden has been shown to be 

more highly correlated with the SF-36 mental components than the physical 

dimensions (Martinez-Martin et al., 2007), this led to failure to perceive global 

benefits of the intervention. Although our intervention resulted in a slowing 

of ADL decline, which is important for patients, these differences may be lost 

on caregivers.  

ADL tasks involve repetitive practice in real life. The use of ADL-oriented 

training is supported by procedural memory, which is retained into the later 
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stages of dementia and allows researchers to target the cognitive strengths of 

patients with dementia (Ciro, Hershey, & Garrison, 2013; Preissner, 2010). 

In this study, the daily context of ADL-oriented training by progressively 

stronger assistive prompts appeared to result in maximizing the ADL capacity 

for everyday tasks, and marked improvement was observed in the basic ADL 

abilities of the patients and the physical well-being of the caregivers. These 

finding suggested that ADL-oriented programs are a feasible option in certain 

healthcare systems. 

It is generally accepted that enabling people to continue to perform 

activities that they were previously able to carry out is good for self-esteem 

(Ide-Okochi, Tadaka, & Fujimura, 2013; Landa-Gonzalez & Molnar, 2012). 

Indeed, providing a means of support for activities that involve several steps 

is considered to be important in terms of the quality of life of people with 

dementia (Orpwood, Sixsmith, Torrington, Chadd, & Chalfont, 2007). Most 

caregivers are the spouse or a close relative of the patient, and therefore live 

in the same environment and are likely to have the same living pattern. As 

such, they are most likely to be able to serve as facilitators for the patients, 

providing the most needed care and daily living skills. The results of this 

study showed that our program effectively maintained or enhanced the ability 

of the caregiver to administer care. Our program may be helpful with regards 

to the long-term effect of preserving ADL functioning of dementia patients. 

Some limitations of this study need to be addressed. First, the patients 

and their caregivers were enrolled from memory clinics, and thus were not 

entirely community-dwelling adults with dementia and caregivers. 
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Furthermore, only a small number of subjects were recruited, so the results 

cannot be generalized to all dementia patients and their caregivers. Future 

studies with large samples are needed in order to explore the relationships 

between treatment, ADL decline, and caregiver burden or QoL. The study did 

not involve long-term follow-up of the patients after intervention, which would 

enable us to ascertain whether the intervention effects persisted past the end 

of the treatment period.  

In summary, the entire treatment group of dementia patients 

demonstrated gains in terms of maintenance of BADL capacity, and there was 

an improved sense of physical QoL of the caregivers. These data 

demonstrated that this intervention was beneficial for a community-dwelling 

population of dementia patients and caregivers. The findings also suggested 

that further research is warranted to evaluate a more long-term intervention 

involving supporting prompts, and assess the underlying mechanisms and 

the impact on caregiver QoL. Finally, the findings provided preliminary 

evidence of the importance of examining intervention effects for caregivers to 

enable them to cope successfully with long-term caring. 
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(Hale, 

Bronik, & Fry, 1997) 10

(Sowerby et al., 2011)
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1 (Oldfield, 1971)

40 40

(Baddeley, 2003)

2 96

100 15

3 (Swanson, Nolan, 

and Pelhan, Version IV, SNAP-IV) 95 4

0 3 9 0 27
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(Block recall BR)

(Spatial recall, SR)

100 15
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(Spatial scores, S) (Total scores, T)

(Memory for Designs Delayed, MDD)

10 3

( ) 

96a 96b

6 16 (Digit Span Forward, DSF)
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10 3

SNAP-IV
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1 1.5

SPSS 20.0 (SPSS Inc., Chicago, IL, United States)

p < 0.05  ± 

SNAP-IV

(Two-way Analysis of Variance)

(interaction effect)

(simple main effect)

SPSS p
2

68 ADHD

ADHD 21

11 6 4

SNAP-IV ADHD 

12 8 4 ADHD

4 1 3 ADHD

4 2 7.8 ± 0.6

11.6 ± 0.7

1 2
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SNAP-IV

ADHD 

1

ADHD 
(n = 18) (n = 18)

ADHD 
(n = 16) (  = 16)

( ) 7.6±0.5 7.9±0.6 11.4±0.6 11.8±0.8
TONI 102±13 103±14 103±12 111±16

(%) 72±43 79±27 75±35 74±43
Inattention 17.3±6.2 9.7±4.5 16.4±5 6.4±4.3
Impulsivity 16.3±6.2 7.3±3.9 12.4±5.1 4.3±4.1

TONI Inattention SNAP-IV Impulsivity SNAP-IV

2

\ df = (1,64) df = (1,64)
 ×  

df = (1,64)

F p p
2 F p p

2 F p p
2

( ) 3.89 0.053 0.057 635.58 <0.001 0.909 0.25 0.616 0.004
TONI 1.63 0.206 0.018 1.78 0.187 0.005 1.19 0.279 0.001

1.16 0.287 0.025 0.34 0.560 0.027 0.05 0.824 0.018
Inattention 50.55 <0.001 0.441 2.96 0.090 0.044 0.98 0.326 0.015
Impulsivity 51.67 <0.001 0.447 8.54** 0.005 0.118 0.15 0.698 0.002

TONI Inattention SNAP-IV Impulsivity SNAP-IV

NEPSY-II

3 4
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ADHD

NPESY-II ADHD

ADHD

3

ADHD (n = 18) (n= 18) ADHD (n = 16) (n = 16)

AWMA
BR 100±15 109±14 104±12 116±11
BR-HM 3.7±0.7 4.2±0.8 5.1±0.9 5.9±0.6
SR 106±12 120±11 119±12 125±15
SR-HM 3.1±0.9 3.9±0.7 5±0.8 5.4±1

NEPSY-II
MD-C 9.4±2.2 10.1±2.5 9.5±3.2 11.1±2.7
MD-S 10.3±2.7 11.2±2.3 10.7±3.2 11.4±2.1
MD-T 9.4±2.4 10.4±2.1 9.7±3.1 10.8±2.8
MDD-C 10±2.3 10.9±2.7 8.9±2.9 10.9±2
MDD-S 9.9±2.2 11.1±2.2 12.4±1.7 12.4±1.7
MDD-T 10±2.3 11.2±2.6 9.9±2.7 11.2±2

AWMA BR BR-HM SR
SR-HM MD MDD

-C -S -T
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4

df = (1,64) df = (1,64)
 ×  

df = (1,64)

F p p
2 F p p

2 F p p
2

AWMA
BR 10.18 0.002 0.137 2.62 0.110 0.039 0.19 0.661 0.003 
BR-HM 11.76 0.001 0.155 75.50 <0.001 0.541 0.47 0.495 0.007
SR 10.53 0.002 0.141 7.74 0.007 0.108 1.69 0.198 0.026 
SR-HM 8.52 0.005 0.117 68.64 <0.001 0.518 1.23 0.272 0.019

NEPSY-II
MD-C 3.16 0.080 0.047 0.84 0.363 0.013 0.55 0.460 0.009 
MD-S 1.68 0.199 0.026 0.20 0.654 0.003 0.01 0.913 <0.001
MD-T 2.70 0.106 0.040 0.28 0.599 0.004 0.02 0.887 <0.001
MDD-C 5.81* 0.019 0.083 0.96 0.332 0.015 0.75 0.391 0.012 
MDD-S 1.45 0.233 0.022 15.44 <0.001 0.194 1.45 0.233 0.022 
MDD-T 4.59* 0.036 0.067 0.02 0.893 <0.001 0.01 0.939 < 0.001

AWMA BR BR-HM SR
SR-HM MD MDD -

C -S -T

5 6

ADHD

(DSB, 

p
2 = .216) (SR, p

2 = 0.141)
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(BR, p
2 = 0.137) (LN, p

2 = 0.130) (DSF, 

p
2 = 0.110)

5

ADHD (n =18) (n = 18) ADHD (n = 16) (n = 16)

DSF 8.7± 2.2 9.6±2.7 7.8±2.8 10.7±3.3
DSF-HM 6.8±0.9 7±1.3 7.6±1.2 8.4±0.9
DSB 9±1.8 10.5±3.4 8.5±2.1 12.4±3
DSB-HM 3.1±0.8 3.8±1.4 4.4±1.1 6.2±1.4

LN 9.8±3.2 12.1±2.6 10.3± 1.2 11.6±2.1
LN-HM 3.5±0.9 4.5±1.1 5.6±1 6.1±1

DSF DSF-HM DSB DSB-HM
LN LN-HM

6

df = (1,64) df = (1,64)
 × 

df = (1,64)

F p p
2 F p p

2 F p p
2

DSF 7.90 0.007 0.110 0.04 0.836 <0.001 2.20 0.143 0.033 
DSF-HM 3.60 0.062 0.053 16.63 <0.001 0.206 1.57 0.215 0.024
DSB 17.63 <0.001 0.216 1.15 0.287 0.018 3.44 0.068 0.051 
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LN 9.60 0.003 0.130 0.00 0.972 <0.001 0.59 0.447 0.009 
LN-HM 9.76 0.003 0.132 60.99 <0.001 0.488 1.08 0.302 0.017

DSF DSF-HM DSB DSB-HM
LN LN-HM
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Working Memory Deficits in Children with Attention-
Deficit/Hyperactivity Disorder

                                                                                                                                                                                                                    OCCUPATIONAL THERAPY              
 

Wei-En Wanga, I-Hsuan Shena,b,*, Hsing-Chang Nic,d

Abstract

Previous studies indicated that children with Attention Deficit/Hyperactivity 
Disorder (ADHD) have deficits of working memory (WM), but the findings were 
inconsistent. Little is known about the age-related changes of WM in ADHD. Therefore, 
we investigated performance in children with ADHD while they performed 
visuospatial/phonological WM tasks across different age groups by using psychological 
assessments (PA). 

We recruited 34 children with ADHD and 34 controls, who were matched in age, 
gender and intelligence quotient (IQ). There were 18 participants in each young group (7.8 
± 0.6 years) and 16 participants in each old group (11.6 ± 0.7 years). Every child 
accomplished both visuospatial/phonological PA.  

Results showed short-term memory (STM) and WM deficits in children with ADHD 
in both types of tasks. In the phonological STM task, although there were no significant 
differences in memory size between the ADHD and control groups, the ADHD group 
performed less stable and less well than the control group, suggesting central executive 
deficits in children with ADHD. In addition, deficits in memory retrieval of visuospatial 
long-term memory (LTM) were found in children with ADHD. In both types of tasks, the 
old group had bigger memory size than the young group, and the control group had bigger 
memory size than the ADHD group. 

Our findings revealed that children with ADHD had WM deficits and didn’t catch up 
with their peers later. It might be helpful to identify the characteristics of WM deficits in 
children with ADHD and provide appropriate interventions. 

Keywords: ADHD, Age-related difference, Children, Working Memory 
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Immediate Effects of Laterally-Wedged Insoles with Arch 
Support on Dynamic Stability During Level Walking in People 

with Medial Knee Osteoarthritis
                                                                                                                                                                                                                    OCCUPATIONAL THERAPY              

 
Li-Fei Chena, Hsiu-Chen Yehb,*, Wei-Chun Hsuc,
Tung-Wu Lud,e, Lin-Fen Hsieha,f, Hao-Ling Cheng

Abstract
Objective: This study aimed to investigate the immediate effects of laterally-wedged 

insoles with arch support (LWAS) on dynamic stability during level walking in people 
with bilateral medial knee osteoarthritis (OA).  

Methods: Fifteen women with bilateral medial knee OA and 15 healthy control 
subjects were recruited. A 6-camera motion analysis system and 2 forceplates were used 
to record the kinematic data and ground reaction force when subjects walked with LWAS. 
The inclination angles (IA) and the rate of change of IA (RCIA), representing the relative 
distance and velocity between the body's center of mass and the center of pressure, were 
calculated for evaluating changes in dynamic stability.  

Results: Wearing LWAS decreased the IA and RCIA in the anterior-posterior (A/P) 
direction. In the medial-lateral (M/L) direction, the IA during transition from single leg 
stance to double leg stance was greater.  

Conclusion: For people with bilateral medial knee OA, the LWAS may improve A/P 
dynamic stability during level walking; however, the increased demand in maintenance 
of M/L dynamic stability was found. Thus, it is suggested that the balance training 
program might be required for user of LWAS to improve balance, and the effects of LWAS 
on other locomotion with more difficulty than level walking, such as obstacle crossing and 
uphill walking, should be addressed in future studies. 

Keywords: Dynamic Stability, Knee Osteoarthritis, Laterally-Wedged Insoles 
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1. Introduction

Medial knee osteoarthritis (OA), the most common degenerative disease 

in middle-aged and older adults, induces knee pain and disturbs physical 

function (Yildiz et al., 2010), and it often results in falls (Leveille et al., 2002), 

a major cause of death for older people (Hoyert, Arias, Smith, Murphy, & 

Kochanek, 2001). It has been reported that laterally-wedged insoles with arch 

support (LWAS) reduces internal knee abductor moments and knee pain after 

immediate and long-term usage (Hsu et al., 2015; Yeh et al., 2014). However, 

the effects of LWAS on dynamic stability remain unclear. 

 Gait analysis of people with conditions that disturb gait, such as knee 

OA, have mainly focused on alteration of the joint mechanics of locomotor 

system during level walking (Gök, Ergin, & Yavuzer, 2002; Huang, Wei, et al., 

2008; Hurwitz, Ryals, Case, Block, & Andriacchi, 2002; Annegret 

Mündermann, Dyrby, & Andriacchi, 2005; Anne Mündermann, Dyrby, 

Hurwitz, Sharma, & Andriacchi, 2004). However, the findings of those studies 

do not apply to dynamic stability during level walking. Some studies have 

used the motion of the body center of mass (COM), and its position respect to 

the center of pressure (COP) or supporting foot to represent dynamic stability 

during human locomotion (Chou, Kaufman, Brey, & Draganich, 2001; Chou, 

Kaufman, Hahn, & Brey, 2003). Greater displacement of the COM or greater 

distance between the COM and the COP may indicate that the demands of 

maintaining dynamic stability are increased. However, these variables might 

have inter-subject variability due to differences in each subject's stature 
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(Berger, Trippel, Discher, & Dietz, 1992). In order to remove this variation, 

COM-COP inclination angles (IA), the angles formed by the vertical line and 

the line connecting the COP and COM, and the rate of change of IA (RCIA) 

have been used to assess dynamic control during human locomotion (Chien, 

Lu, & Liu, 2014; Hong et al., 2015; Hsu et al., 2010). The IA represents the 

spatial relationship between the COM and COP, and the RCIA represents the 

velocity of the COM respect to the COP; thus, the greater IA as well as the 

greater RCIA with opposite direction toward the COP may indicate a risk of 

falls. To prevent falls, dynamic stability should be maintained by both the 

appropriate COM position respect to the COP and a range of COM velocities 

(Pai & Patton, 1997). Hsu et al. found that the posterior location of the COM 

respect to the COP at the beginning of leading single leg stance might require 

a greater anterior COM velocity for maintaining dynamic stability during 

obstacle crossing (Hsu et al., 2010). Addressing not only the positions of the 

COM and COP but also their velocities provides a better description of 

dynamic control of the human body (Chien, Lu, & Liu, 2013; Chien et al., 

2014; Hong et al., 2015; Hsu et al., 2010; Huang, Lu, Chen, Wang, & Chou, 

2008). 

 Past studies that addressed the effects of laterally-wedged insoles in 

people with knee OA have mainly focused on joint mechanics and 

spatiotemporal parameters. Internal knee abductor moments have been the 

primary outcome parameter due to their high correlation to compressive 

medial compartment loads (Zhao et al., 2007), the leading cause of knee OA, 

and to knee pain, OA severity, and rate of progression (Anne Mündermann et 
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al., 2004; Miyazaki et al., 2002). These studies have shown the positive effects 

of wearing laterally-wedged insoles on reducing peak internal knee abductor 

moments (Butler, Barrios, Royer, & Davis, 2009; Hinman, Bowles, Metcalf, 

Wrigley, & Bennell, 2012; Hinman, Bowles, Payne, & Bennell, 2008; Hsu et 

al., 2015; Kakihana, Akai, Nakazawa, Naito, & Torii, 2007; Schmalz, 

Blumentritt, Drewitz, & Freslier, 2006; Shimada et al., 2006; Yeh et al., 2014). 

Some studies have addressed the peak values of the joint angles and joint 

moments of the lower extremities in the medial-lateral (M/L) and anterior-

posterior (A/P) direction during stance phase (Butler et al., 2009; Kakihana 

et al., 2007), and others have focused on these variables when peak internal 

abductor moments occurred (Hsu et al., 2015; Yeh et al., 2014). Several 

studies have also addressed the mechanism of frontal ground reaction force 

(GRF) and lever arm relative to the joints of the lower extremities (Hinman et 

al., 2012; Hsu et al., 2015; Yeh et al., 2014) and spatiotemporal parameters 

such as step length, step width, and walking speed (Hinman et al., 2008; 

Schmalz et al., 2006; Shimada et al., 2006). It has been reported that people 

with medial knee OA wearing laterally-wedged insoles with arch support 

(LWAS) immediately demonstrate decreased peak internal knee abductor 

moments due to the laterally-shifted COP; however, the M/L COM position 

remained unchanged (Yeh et al., 2014). A long-term follow-up study also 

found similar effects on M\L COP position (Hsu et al., 2015). These studies 

showed that the LWAS might have benefit in reducing knee joint loading as 

well as joint pain. However, the altered COP position might affect the dynamic 

stability of level walking and people would adopt different strategies during 
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level walking. To our knowledge, there were no study investigate the effects 

of LWAS on dynamic stability during level walking in people with medial knee 

OA. Studies on this issue might be beneficial to give consideration to both the 

comfort on knee joint and the safety during locomotion for people with medial 

knee OA, and would be helpful for clinical application of the LWAS to people 

with medial knee OA. 

 Therefore, the present study aimed to investigate the effects of LWAS on 

the motion of the body COM in terms of IA and RCIA during level walking. It 

was hypothesized that the demand for maintaining dynamic stability would 

increase due to larger IA, and people with medial knee OA would demonstrate 

different strategies, such as the RCIA with opposite direction, to maintain 

dynamic stability immediately upon wearing LWAS. 

2. Methods

2.1 Participants

 Fifteen women diagnosed with bilateral medial knee OA (the OA group; 

age: 66.80 ± 5.45 years old; body height: 1.53 ± 0.04 m; body mass: 57.40 ± 

6.32 kg) were recruited by a physician. The inclusion criteria for people with 

medial knee OA were: (1) bilateral medial knee OA, (2) grade 2 or 3 for both 

knees according to Kellgren/Lawrence grading (Kellgren & Lawrence, 1957), 

and (3) ability to walk without assistive devices. Participants were excluded if 

they (1) had received treatment including foot orthoses, intra-joint injections, 

or an operation in the past 6 months; or (2) had other neuromusculoskeletal 
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disorders, visual impairment, or cognitive dysfunction that might cause gait 

problems. Age- and gender-matched healthy control (HC) group (age: 65.27 ± 

4.04 years old; body height: 1.54 ± 0.05 m; body mass: 57.40 ± 7.53 kg) with 

normal or corrected-to-normal vision and no neuromusculoskeletal pathology 

were recruited. The purposes of recruiting HC group were to ensure whether 

the findings belonged to OA group by statistical analysis. The present study 

was approved by the Institutional Human Research Ethics Committee. 

Written informed consent was obtained from participants prior to the 

experiments. 

2.2 Laterally-wedged insoles with arch support

 Participants underwent gait analysis in kung fu shoes with a flat insole 

(FLAT) and the LWAS bilaterally (Fig. 1). Kung fu shoes are the shoes that 

middle-aged and older adults commonly wear in Taiwan. For the FLAT 

condition, participants wore kung fu shoes with the original flat insoles inside. 

For the LWAS condition, the flat insoles were replaced with custom-made 

insoles consisting of a lateral wedge extending along the entire length of the 

foot with arch support placed medially. The LWAS were made by an 

occupational therapist and composed of ethylene vinyl acetate with a 7° 

lateral inclination. Individual footprints and the height of the navicular 

tuberosity were used to determine the location of the arch support under the 

foot and its height. 
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Figure 1 

Laterally-wedged insole with arch support from (A) medial and (B) lateral views.

2.3 Data collection

 Each participant was asked to walk on an 8-meter walkway at a self-

selected pace in the FLAT and LWAS conditions in random order, determined 

by a random number table. The participants were allowed several practice 

trials to ensure that they could walk comfortably along the walkway while 

wearing markers and the LWAS. Six successful trials, defined as trials during 

which the subject did not step outside the forceplates, were recorded for each 

condition. Infrared retroreflective markers were attached on the following 

locations: the C7-T1 junction as well as the left and right sides of the body 

on the ear canal, acromion processes, lateral and medial humeral epicondyles, 

ulna styloids, anterior superior iliac spines, posterior superior iliac spines, 

greater trochanters, mid-thighs, lateral and medial femoral epicondyles, tibial 

tuberosities, fibular heads, lateral and medial malleoli, heels, navicular 

tuberosities, and fifth metatarsal bases (Wang, Chen, Hsu, Liu, & Lu, 2010). 

While the shoes were worn, small holes were made in the shoes to place 

markers directly on the navicular tuberosities and fifth metatarsal bases. A 
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6-camera motion analysis system (Vicon MX13+ camera system, Oxford 

Metrics Ltd, Oxford, UK) with a sampling rate of 120 Hz and 2 forceplates 

(OR-6-7-1000, Advanced Mechanical Technology Inc., Watertown, MA, USA) 

with a sampling rate of 1,080 Hz were used to capture three-dimensional 

marker trajectories and GRF, respectively. 

2.4 Data analysis

 For dynamic analysis, the body was modeled as a 12-link system, 

including trunk-head-neck, upper arms, forearm-hands, pelvis, thighs, 

shanks, and feet (Lu, Chien, & Chen, 2007). According to the convention 

recommended by the International Society of Biomechanics (Wu & Cavanagh, 

1995), each link was embedded with an orthogonal coordinate system having 

the positive x axis directed anteriorly, the positive y axis directed superiorly, 

and the positive z axis to the right. The rotational movements of each joint 

were described by a Cardanic rotation sequence (z-x-y) (Cole, Nigg, Ronsky, 

& Yeadon, 1993). Intersegmental forces and internal moments at the joints 

of the lower limbs were calculated using inverse dynamics with the measured 

GRF and kinematic data (Chen, Lu, Wang, & Huang, 2008). Inertial 

properties for each body segment, namely mass, COM, and moment of inertia, 

The body’s COM position was calculated as the weighted sum of all the body 

segments, including head and neck, trunk, pelvis, arms, forearms, thighs, 

shanks, and feet. The COP positions were calculated using forces and 

moments measured by the forceplates (Hsieh, Lu, Chen, Chang, & Hung, 

2011). The M/L positions of the COM and COP were described relative to the 
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line of progression that bisected the M/L range of motion of the body COM 

during a gait cycle, a positive value being to the side of the contralateral limb 

(Huang, Lu, et al., 2008). The A/P positions of the COM and COP were 

described relative to the position of heel-strike, a positive value being anterior 

to that position (Chien et al., 2014). During the double-stance phase, a 

resultant COP was calculated for both feet using the COP and vertical ground 

reaction force from each foot (Jian, Winter, Ishac, & Gilchrist, 1993). The 

method described by Lee and Chou was used to obtain M/L and A/P IA, 

representing the distance between the COM and COP (Lee & Chou, 2006). 

The M/L and A/P RCIA, indicating the velocity of the COM relative to the COP, 

were also calculated by smoothing and differentiating the trajectories of M/L 

and A/P IA by the generalized cross-validatory spline method (Woltring, 1986). 

2.5 Biomechanical indices

The M/L as well as A/P IA and RCIA at the following instances were 

extracted: toe-off of the contralateral leg (T1), occurrences of the first and 

second peak internal knee abductor moments (T2 and T3), heel-strike of the 

contralateral leg (T4), toe-off of the ipsilateral leg (T5), and heel-strike of the 

ipsilateral leg (T6). The step length and step width were defined as the 

horizontal and lateral distances between the heel markers on both limbs 

when the heel contacted the forceplate, respectively. The duration of stance 

phase was defined as the percentage of stance phase in gait cycle. The gait 

speed was also calculated. 
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2.6 Statistical analysis

 A 2 (group) × 2 (condition) mixed-model analyses of variance was used to 

evaluate the effects of insole and group on biomechanical indices ( =.05). A 

pairwise comparison was used when an interaction was found; otherwise, the 

main effects were reported. All statistical analyses were performed using 

SPSS (version 17). 

3. Results

Only main effects of group and/or insole are reported because no 

interactions between group and insole were found for any biomechanical 

indices.  

3.1 Spatiotemporal parameters

The spatiotemporal parameters are shown in Table 1. There was no main 

effect of insole for any of the spatiotemporal parameters. The main effects of 

group were found only in gait speed. The walking speed of the OA group (pg = 

0.01) was slower than that of the HC group.  

3.2 The M/L IA and RCIA

The ensemble-averaged curve of M/L IA and RCIA shown in Figure 2(A) 

and Figure 2(B). Their values at critical time points are shown in Table 2. 

There was no main effect of group or insole for M/L RCIA. The OA group had 

smaller M/L IA at the occurrences of the second peak internal knee abductor 

moment (T3; pg = 0.03). While wearing LWAS, both groups demonstrated 

larger M/L IA at the occurrences of the first and second peak internal knee 
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abductor moments, heel-strike of the contralateral leg, and heel-strike of the 

ipsilateral leg (T2, T3, T4, and T6; pi < 0.05). 

 

Table 1 

Means and standard deviations of spatiotemporal parameters

FLAT LWAS Effects

Stance phase (%)
OA 61.78 ± 1.22 61.82 ± 1.83 Fg=0.04 pg=0.84

HC 61.40 ± 1.63 62.49 ± 1.80 Fi=4.09 pi=0.06

Speed (m/s)
OA 0.84 ± 0.12 0.85 ± 0.12 Fg=7.96 pg=0.01*

HC 0.98 ± 0.06 0.96 ± 0.08 Fi=0.19 pi=0.67

Step length (%LL)
OA 61.20 ± 4.83 61.70 ± 5.70 Fg=0.32 pg=0.77

HC 62.18 ± 3.98 62.02 ± 3.70 Fi=0.09 pi=0.58

Step width (%LL)
OA 11.73 ± 4.08 11.84 ± 4.10 Fg=0.003 pg=0.89

HC 11.58 ± 2.78 11.51 ± 3.46 Fi=0.02 pi=0.96

NOTE. Values are mean ± SD unless indicated otherwise.

Abbreviations: Fg and pg, F-value and p-value of group effect; Fi and pi, F-value and p-value of insole 
effect;*: pg <.05.

3.3 The A/P IA and RCIA

The ensemble-averaged curve of A/P IA and RCIA shown in Figure 2(C) 

and Figure 2(D). Their values at critical time points are shown in Table 3. 

There was no main effect of group in A/P IA or RCIA. While wearing LWAS, 

both groups demonstrated smaller A/P IA at heel-strike of the contralateral 

leg (T4; pi = 0.02) and smaller A/P RCIA at toe-off of the ipsilateral leg (T5; pi 

= 0.004) and heel-strike of the ipsilateral leg (T6; pi = 0.003). 
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Figure 2

Ensemble-averaged curve of (A) M/L IA, (B) M/L RCIA, (C) A/P IA, and (D) A/P RCIA for both groups 
and insoles. Abbreviations: M/L, medial/lateral; IA, COM-COP inclination angles; RCIA, the rate of 
change of IA; A/P, anterior/posterior; T1, toe-off of the contralateral leg; T2, occurrence of first peak knee 
internal abductor moment; T3, occurrence of second peak knee internal abductor moment; T4, heel-strike 
of the contralateral leg; T5, toe-off of the ipsilateral leg; T6, heel-strike of the ipsilateral leg.
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Table 2 

Means and standard deviations of M/L IA and RCIA at critical instance

FLAT LWAS Effects

IA

T1
OA 4.15 ± 0.78 4.15 ± 0.93 Fg=0.06 pg=0.81

HC 4.09 ± 0.85 4.42 ± 0.99 Fi=1.94 pi=0.18

T2
OA 3.28 ± 0.56 3.50 ± 0.50 Fg=0.31 pg=0.58

HC 3.46 ± 0.63 3.63 ± 0.77 Fi=6.24 pi=0.02**

T3
OA 3.06 ± 0.64 3.30 ± 0.70 Fg=5.03 pg=0.03*

HC 3.75 ± 0.61 4.00 ± 0.83 Fi=4.71 pi=0.04**

T4
OA 3.60 ± 0.74 3.94 ± 0.81 Fg=1.89 pg=0.19

HC 4.14 ± 0.84 4.44 ± 0.92 Fi=8.97 pi=0.009**

T5
OA -2.51 ± 0.81 -2.64 ± 0.95 Fg=0.34 pg=0.57

HC -2.74 ± 0.62 -2.83 ± 0.74 Fi=1.67 pi=0.22

T6
OA -3.69 ± 0.78 -3.98 ± 1.09 Fg=1.26 pg=0.28

HC -4.16 ± 0.72 -4.39 ± 0.81 Fi=6.66 pi=0.02**

RCIA

T1
OA -10.46 ± 6.75 -8.92 ± 8.97 Fg=2.40 pg=0.14

HC -5.27 ± 6.43 -4.62 ± 5.02 Fi=0.90 pi=0.36

T2
OA -16.61 ± 77.77 33.50 ± 122.27 Fg=0.33 pg=0.57

HC 74.10 ± 133.83 -17.15 ± 22.94 Fi=0.49 pi=0.50

T3
OA -3.65 ± 2.08 -2.76 ± 2.63 Fg=1.79 pg=0.20

HC -2.15 ± 4.67 -0.51 ± 2.95 Fi=4.49 pi=0.05

T4
OA -20.53 ± 18.65 -18.14 ± 14.47 Fg=2.86 pg=0.11

HC -30.74 ± 23.69 -35.96 ± 24.44 Fi=0.08 pi=0.79

T5
OA -45.52 ± 15.91 -46.86 ± 12.77 Fg=0.79 pg=0.79

HC -50.32 ± 18.72 -38.15 ± 17.15 Fi=3.23 pi=0.09

T6
OA -9.16 ± 4.66 -9.34 ± 4.71 Fg=2.23 pg=0.16

HC 6.10 ± 2.87 -7.37 ± 3.07 Fi=0.92 pi=0.35

NOTE. Values are mean ± SD unless indicated otherwise.

Abbreviations: M/L, medial/lateral; IA, COM-COP inclination angles; RCIA, the rate of change of IA; 
T1, toe-off of the contralateral leg; T2, occurrence of first peak knee internal abductor moment; T3, 
occurrence of second peak knee internal abductor moment; T4, heel-strike of the contralateral leg; T5, 
toe-off of the ipsilateral leg; T6, heel-strike of the ipsilateral leg; Fg and pg, F-value and p-value of 
group effect; Fi and pi, F-value and p-value of insole effect;*: pg <.05; **: pi <.05.
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Table 3 

Means and standard deviations of A/P IA and RCIA at critical instance

FLAT LWAS Effects

IA (°)

T1
OA -9.58 ± 1.04 -10.12 ± 1.48 Fg=1.04 pg=0.32

HC -10.47 ± 0.88 -10.30 ± 1.20 Fi=1.41 pi=0.25

T2
OA -4.51 ± 1.64 -4.43 ± 1.75 Fg=0.06 pg=0.80

HC -5.01 ± 1.56 -4.25 ± 0.72 Fi=2.37 pi=0.14

T3
OA 4.93 ± 1.85 5.26 ± 1.12 Fg=0.002 pg=0.97

HC 4.75 ± 2.62 5.50 ± 1.70 Fi=3.49 pi=0.08

T4
OA 9.11 ± 0.46 8.93 ± 0.48 Fg=2.41 pg=0.14

HC 9.72 ± 0.79 9.19 ± 0.84 Fi=6.59 pi=0.02*

T5
OA -5.64 ± 0.69 -5.65 ± 0.70 Fg=2.90 pg=0.10

HC -6.35 ± 1.19 -6.34 ± 1.00 Fi>0.001 pi=0.99

T6
OA 10.07 ± 0.95 10.30 ± 1.05 Fg=0.54 pg=0.47

HC 10.13 ± 1.67 9.36 ± 1.71 Fi=1.00 pi=0.33

RCIA

(°/sec)

T1
OA 57.63 ± 23.17 60.62 ± 13.36 Fg=1.51 pg=0.24

HC 54.12 ± 14.10 47.81 ± 10.19 Fi=0.23 pi=0.64

T2
OA 404.14 ± 476.76 365.53 ± 387.98 Fg=1.87 pg=0.19

HC 263.34 ± 359.38 100.69 ± 161.80 Fi=1.33 pi=0.27

T3
OA 41.64 ± 6.79 40.97 ± 5.08 Fg=0.001 pg=0.98

HC 42.87 ± 15.40 40.01 ± 11.35 Fi=1.46 pi=0.25

T4
OA -15.48 ± 51.25 -5.85 ± 25.29 Fg=2.84 pg=0.11

HC -50.80 ± 58.56 -32.93 ± 56.95 Fi=0.90 pi=0.36

T5
OA -92.11 ± 61.94 -81.43 ± 63.46 Fg=0.07 pg=0.79

HC -106.85 ± 54.41 -53.78 ± 34.78 Fi=11.26 pi=0.004*

T6
OA 66.73 ± 7.45 64.98 ± 6.42 Fg=0.47 pg=0.51

HC 65.12 ± 6.39 62.25 ± 7.23 Fi=12.41 pi=0.003*

NOTE. Values are mean ± SD unless indicated otherwise.

Abbreviations: A/P, anterior/posterior; IA, COM-COP inclination angles; RCIA, the rate of change of 
IA; T1, toe-off of the contralateral leg; T2, occurrence of first peak knee internal abductor moment; 
T3, occurrence of second peak knee internal abductor moment; T4, heel-strike of the contralateral 
leg; T5, toe-off of the ipsilateral leg; T6, heel-strike of the ipsilateral leg; Fg and pg, F-value and p-
value of group effect; Fi and pi, F-value and p-value of insole effect;*: pi <.05.
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4. Discussion

The aims of the present study were to investigate the dynamic stability of 

people with medial knee OA while wearing LWAS during level walking. 

Walking at a self-selected gait speed, the people with medial knee OA 

generally showed similar gait patterns, such as similar step length, step width, 

and duration of stance phase, that were similar to those of the healthy control 

group. While wearing LWAS, the people with medial knee OA demonstrated a 

increased demand for dynamic control in the M/L direction. However, such 

demand decreased in the A/P direction with unchanged gait speed. 

 The contralateral leg toe-off (T1) indicated the end of double leg stance 

(DLS) and the beginning of single leg stance (SLS). At this instance, the 

unchanged IA and RCIA in the A/P and M/L direction indicated that, while 

wearing LWAS, people with medial knee OA adopted strategies similar to 

those of the HC group during the transition from DLS to SLS. However, the 

changes appeared when the first and second peak internal knee abductor 

moments occurred (T2 and T3), the two moments at which maximal joint 

loading was needed for balance control during SLS, as well as at heel-strike 

of the contralateral leg and the ipsilateral leg (T4 and T6), the time points of 

transition from SLS to DLS. During these two periods, people with medial 

knee OA had greater IA with unchanged RCIA in the M/L direction while 

wearing LWAS. Previous studies have suggested that maintaining balance 

depends on the positions of COM and the magnitude and direction of COM 

velocity with respect to the base of support (Pai, Naughton, Chang, & Rogers, 
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1994; Pai & Patton, 1997). For this reason, the greater M/L IA has been seen 

as a sign of instability (Chou et al., 2003; Lee & Chou, 2006). Previous studies 

showed that the LWAS had positive effects in reducing the internal knee 

abductor moments and joint pain (Hsu et al., 2015; Yeh et al., 2014); however, 

the increased M/L IA found in the present study, indicating that the LWAS 

seemed to induce instability in the M/L direction and increase demands on 

dynamic control. 

 Some studies that addressed dynamic control during locomotion have 

suggested that smaller M/L IA were the strategies that people would adopt 

when facing imbalance; whereas, when greater M/L IA appeared, greater M/L 

RCIA with opposite direction was required to prevent falls (Chien et al., 2014; 

Hong et al., 2015; Hsu et al., 2010). Once away from the base of support, the 

COM with faster velocity in the opposite direction were used for keeping an 

appropriate distance between the COM and the base of support; otherwise, 

falls may occur during locomotion. Furthermore, the increased M/L IA may 

also be accompanied by an increased step width during the transition from 

SLS to DLS. This is one way to enlarge the base of support and thereby to 

prevent falls (Chien et al., 2014). However, the step width and M/L RCIA in 

the present study was unchanged when LWAS were worn. The M/L RCIA and 

step width may have remained unchanged due to the amount of challenge in 

the task. The task in the present study was level walking with LWAS worn in 

regular shoes, which may be easier than crossing an obstacle or wearing 

narrow-heeled shoes (Chien et al., 2013, 2014; Hsu et al., 2010). Yeh et al. 

reported that the LWAS would not change the M/L COM position but make 
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the COP lateral-shifted to reduce internal knee abductor moments in people 

with medial knee OA (Yeh et al., 2014). These finding indicated that the 

increased M/L IA were induced by the lateral-shifted COP. Thus, although 

the M/L IA increased, level walking, a relatively easier task, enabled the 

people with medial knee OA to maintain COM trajectory in the M/L direction 

without increasing their M/L RCIA and step width. The unchanged duration 

of stance phase and step length found in the present study also support this 

explanation. The challenge of increased M/L IA with unchanged RCIA and 

step width while wearing LWAS during level walking seemed not to cause 

instability in people with medial OA; thus, they were stable enough to 

complete the swing phase. However, when facing a more challenging task, 

including obstacle crossing and uphill walking, people with knee OA may 

require different control strategies to maintain dynamic stability in the M/L 

direction. It may be necessary to design training in M/L balance control for 

people with medial knee OA when applying LWAS. 

  Although the increased M/L IA while wearing LWAS during level walking 

seemed not to affect balance control more in the M/L direction, several effects 

of LWAS on the dynamic stability in the A/P direction could be found. At heel-

strike of the contralateral leg (T4), people with medial knee OA tended to 

reduce their A/P IA. Shortening the distance between the COM and the COP 

has been suggested as a conservative control strategy for dynamic stability 

(Huang, Lu, et al., 2008). It might be helpful for people with medial knee OA 

to maintain sufficient A/P stability with minimal effort under the greater M/L 

sway of the COM with respect to the COP. The smaller A/P RCIA with 
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unchanged IA found at toe-off and heel-strike of the ipsilateral leg indicated 

that a different strategy was adopted by the people with medial knee OA while 

wearing LWAS. At toe-off of the ipsilateral leg, when the COM was located 

posterior to the COP, the smaller negative RCIA in the A/P direction indicated 

that the COM moved posteriorly with a slower velocity. The slower velocity 

directed posteriorly may prevent the COM from moving posteriorly too fast 

and thus keep the COM forward. This strategy could be helpful in further 

propulsion after toe-off. The smaller negative RCIA in the A/P direction at 

heel-strike of the ipsilateral leg may also be beneficial to postural control. At 

this instance, when the COM is located anteriorly to the COP, the slower 

forward velocity might prevent the COM from moving outside the base of 

support, thereby preventing falls. 

5. Conclusion

The immediate effects of the LWAS on level walking were investigated in 

people with medial knee OA. In the A/P direction, shortening the distance 

between the COM and the COP at heel-strike of the contralateral leg and 

reducing the velocity of the COM at toe-off and heel-strike may help to 

maintain balance and prevent the COM from moving outside the base of 

support. In the M/L direction, increased IA during translation between SLS 

and DLS indicated an increased demand on postural control. However, the 

people with medial knee OA could still manage this challenge during level 

walking with unchanged RCIA. It suggested that the balance training 
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program for M/L dynamic stability were required for users. Furthermore, the 

effects of the LWAS on other types of locomotion, such as obstacle crossing 

and uphill walking, should be also addressed in future studies. 
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(sustained attention)

(Virk, Williams, Brunsdon, Suh, & Morrow, 2015)

(46~92%)

(Hyndman, Pickering, & Ashburn, 2008)

(Hyndman & Ashburn, 2003)

(Computerized Digit Vigilance Test, C-DVT)

(Yang, Lin, Chen, Hsueh, & Hsieh, 2015) C-DVT

1 C-DVT 36

O X

2 C-DVT 10

C-DVT

3

C-DVT

(Yang et al., 2015) C-DVT

C-DVT (random measurement error)

(Portney & Watkins, 2009)

(percentage of minimal detectable change, MDC%)
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MDC% 15% (Yang et al., 2015)
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(Beckstead, 2013)
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(Lu, Huang, & Hsieh, 2009)
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(n = 8)

/
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4 (50.0%) 4 (50.0%)
65.3 ± 9.2 53.4 ± 9.8

(%)

4 (50.0%)
3 (37.5%)
1 (12.5%) 
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4 (50.0%)
0 (0.0%)

(%)
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3 (37.5%)
5 (62.5%)

4 (50.0%)
4 (50.0%)

3 (37.5%) 3 (37.5%)
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<8 8 (100.0%) 6 (75.0%)
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300.3 263.3 286.5 249.9

(p = 0.089 0.122)
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C-DVT (N = 16)
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± 249.9 ± 27.9 286.5 ± 43.3 248.4 ± 25.8
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Pei-Chieh Tsaic, Ching-Lin Hsiehb

Abstract

The Computerized Digit Vigilance Test (C-DVT) is an efficient and valid measure of 
sustained attention that has a great potential to be used routinely in clinical settings. 
However, the random measurement error of the C-DVT remains large. The purpose of this 
study was to investigate potential methods of administration to minimize random 
measurement errors of the C-DVT. Test-retest reliability and practice effects of these 
methods were also compared. Sixteen patients with stroke were randomly assigned to two 
groups (i.e., "increased practice time" and "averaging two assessments") with each of 8 
patients. The results of the original C-DVT group were extracted from the "averaging two 
assessments" group (i.e., the first testing at the pre- and post-assessments). Regarding the 
random measurement error, we found that both "increased practice time" (19.4%) and 
"averaging two assessments" (21.4%) groups had smaller percentages of minimal 
detectable change than that of the "original C-DVT group" (22.9%). Considering test-retest 
reliability, only the "averaging two assessments" group had a higher intraclass correlation 
coefficient (0.74) than that (0.69~0.70) of the others. About practice effect, both "increased 
practice time" (d = 0.34) and “averaging two assessment sets" (0.37) groups had smaller 
effect sizes than that (0.39) of the "original C-DVT" group. Our findings support that 
increased practice time has the potential to reduce random measurement errors of the C-
DVT; whilst averaging two assessments may be a better choice for reducing test-retest 
reliability and practice effect. Further study can verify effect of increased practice time on 
random measurement error with a larger sample size. 
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