
BioMed Research International

New Technologies for the 
Management and Rehabilitation of 
Chronic Diseases and Conditions

Guest Editors: Gianluca Castelnuovo, Giancarlo Mauri, Susan Simpson, 
Angela Colantonio, and Stephen Goss



New Technologies for the Management and
Rehabilitation of Chronic Diseases
and Conditions



BioMed Research International

New Technologies for the Management and
Rehabilitation of Chronic Diseases
and Conditions

Guest Editors: Gianluca Castelnuovo, Giancarlo Mauri,
Susan Simpson, Angela Colantonio, and Stephen Goss



Copyright © 2015 Hindawi Publishing Corporation. All rights reserved.

This is a special issue published in “BioMed Research International.” All articles are open access articles distributed under the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.



Contents

New Technologies for the Management and Rehabilitation of Chronic Diseases and Conditions,
Gianluca Castelnuovo, Giancarlo Mauri, Susan Simpson, Angela Colantonio, and Stephen Goss
Volume 2015, Article ID 180436, 2 pages

Effects of Supervised Multimodal Exercise Interventions on Cancer-Related Fatigue: Systematic Review
and Meta-Analysis of Randomized Controlled Trials, José Francisco Meneses-Echávez,
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The economic burden of chronic diseases and conditions
(such as cardiovascular pathologies, diabetes, obesity, chronic
obstructive pulmonary disease, chronic pain, and traumatic
brain injuries) requires new solutions not only in traditional
clinical settings (in-patient treatments), but also in innovative
healthcare scenarios (out-patient long-term monitoring).

New technologies can provide clinicians andpatientswith
many solutions at different levels: diagnostic andmonitoring,
early risk detection, treatment and rehabilitation, provision of
feedback and alerts, and motivational strategies that facilitate
changes in dysfunctional behaviors ormaintenance of healthy
lifestyles. A health technology assessment approach is neces-
sary in order to collect evidence to evaluate the clinical and
cost effectiveness of new tools and to strengthen the political
choice to use health technologies in clinical fields.

Telemedicine, e-health, and m-health scenarios can im-
prove health outcomes, quality of life, and well-being and
facilitate functional patient empowerment and engagement.
Mobile technologies in particular can offer advantageous
solutions: m-health could be considered an evolution of e-
health and defined as the practice of medicine and pub-
lic health as supported by mobile communication devices.
Indeed, the m-health approach has the potential to overcome

many of the limitations associated with the traditional,
restricted, and highly expensive in-patient treatment of many
chronic pathologies.

A range of electronic health systems have been imple-
mented in chronic disease management using stationary and
mobile computers, smartphones, and other mobile platforms
with differing access to data technology. New innovations
in technology are required to meet the challenges associated
with overcoming various barriers such as organizational and
technological difficulties, lack of technology acceptance, costs
of system implementation and maintenance, lack of system
interoperability with other informatic tools, reduced com-
munication between clinicians and patients, and difficulties
in data processing due to the limitations of devices used in
patient monitoring.

There is potential for the development of a new and
innovative model of healthcare as represented by such tech-
nologies as telemedicine, e-health applications, biomedical
sensors and devices, integrated platforms and technologies
for remote monitoring and management, web and Internet
based clinical protocols, and m-health solutions. This model
has the potential to offer healthcare that is tailored to the
specific needs of the individual, whilst providing the benefits
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of a mobile, noninvasive, balanced, integrated, and lifestyle
friendly framework that is useful from both a preventative
and intervention-focused perspective.

The major aim of this special issue is to bring to light
new international developments in the management and
rehabilitation of a range of chronic diseases and clinical
conditions, such as stroke, dementia, cardiovascular diseases,
dialysis patients, or those with facial paresis. A range of tech-
nological developments, lifestyle, and environmental factors
have been described in relation to these diseases, including
a rehabilitation system for stroke patients using vibrotactile
feedback, a new system of facial movement analysis for facial
paresis, an exploration of the effects of exercise for dialysis
and cancer patients, and the influence of environment on
those with dementia and coronary artery disease.

In conclusion, as demand for the management of a range
of chronic conditions increases in the imminent future, there
is likely to be considerable scope for the integration of clinical
psychology and medicine. A key future challenge for those
working in both traditional and m-health/e-health settings
will be to further develop the evidence base for chronic care
management in order to enhance technological standards and
fine-tune both clinical protocols and organisational models.

Gianluca Castelnuovo
Giancarlo Mauri
Susan Simpson

Angela Colantonio
Stephen Goss
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2Departamento de Enfermeŕıa, Facultad de Enfermeŕıa, Universidad de Granada, Campus de Melilla, Granada, Spain

Correspondence should be addressed to Robinson Ramı́rez-Vélez; robin640@hotmail.com

Received 7 July 2014; Revised 10 November 2014; Accepted 18 November 2014

Academic Editor: Gianluca Castelnuovo
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Objective. Cancer-related fatigue (CRF) is the most common and devastating problem in cancer patients even after successful
treatment. This study aimed to determine the effects of supervised multimodal exercise interventions on cancer-related fatigue
through a systematic review and meta-analysis. Design. A systematic review was conducted to determine the effectiveness of
multimodal exercise interventions onCRF.Databases of PubMed, CENTRAL, EMBASE, andOVIDwere searched between January
and March 2014 to retrieve randomized controlled trials. Risk of bias was evaluated using the PEDro scale. Results. Nine studies
(𝑛 = 772) were included in both systematic review and meta-analysis. Multimodal interventions including aerobic exercise,
resistance training, and stretching improved CRF symptoms (SMD = −0.23; 95% CI: −0.37 to −0.09; 𝑃 = 0.001).These effects were
also significant in patients undergoing chemotherapy (𝑃 < 0.0001). Nonsignificant differences were found for resistance training
interventions (𝑃 = 0.30). Slight evidence of publication bias was observed (𝑃 = 0.04).The studies had a low risk of bias (PEDro scale
mean score of 6.4 (standard deviation (SD) ± 1.0)). Conclusion. Supervised multimodal exercise interventions including aerobic,
resistance, and stretching exercises are effective in controlling CRF. These findings suggest that these exercise protocols should be
included as a crucial part of the rehabilitation programs for cancer survivors and patients during anticancer treatments.

1. Introduction

The number of people diagnosed with cancer worldwide has
been estimated to be as high as 10 million [1]. The respective
numbers with regard to cancer survivors may reach approx-
imately 25 million [1]. In Colombia, the National Cancer
Institute (NCI) declared that malignant tumors present the
third cause of mortality, increasing the mortality burden
during the last sixty decades from 6% to 15% in 2002
[2, 3]. Cancer-related fatigue (CRF) is a common problem
in cancer patients. Approximately, 80% to 100% of cancer
patients report suffering from CRF [4]. Furthermore, it has
been shown that patients continue to experience fatigue
symptoms for months or years after successful treatment
[4]. Several concepts of CRF have been published in the

biomedical literature. The National Comprehensive Cancer
Network (NCCN) [5] defined CRF as “a distressing, persis-
tent, subjective sense of physical, emotional and/or cognitive
tiredness or exhaustion related to cancer or cancer treatment
that is not proportional to recent activity and interferes with
usual functioning.” Besides, CRF has a severe impact on
daily activities, social relationships, reintegration, and overall
quality of life [6]. Some evidence has postulated that CRFmay
be considered as a predictor of survival for these patients [7].

Recent systematic reviews have shown that supervised
exercise has the power to combat many of the side effects
of cancer treatment and, thus, can be of significant benefit
to patients in the short and long term [8–11]. A recent
Cochrane systematic review on supervised multimodal exer-
cise and CRF [11] concluded that exercise can be considered
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as a beneficial intervention for individuals with CRF and
encouraged further research in this field. Benefits include
improved muscle strength and body composition in patients
with cancer [8, 12, 13]. The effects of multimodal exercise
have been attributed to improvements in adherence and
intensity [14], perhaps because of greater encouragement
or confidence to work when health professional help is at
hand. Therefore, it has been suggested that exercise must be
individualized to specific conditions of cancer survivors to
achieve the numerous benefits of exercise for the treatment
of cancer, such as prevention and symptoms management
[14, 15]; other authors reported that breast [16] and colon
[17] cancer survivors prefer supervised exercise training over
unsupervised exercise. In light of this, Lin et al. [18] compared
the effects of a supervised exercise intervention with those
of usual care for 12 weeks in colorectal cancer patients
during chemotherapy and found significant improvements
in the supervised exercise group on fatigue, physical activity
level, and physical functioning, social functioning, hand-
grip strength, cardiorespiratory fitness, and pain subscales of
quality of life (QoL). The authors concluded that supervised
exercise interventions result in larger benefits for cancer
patients on these outcomes when compared with usual
care. Likewise, Schneider et al. [15] reported that moderate
intensity individualized exercise improves cardiopulmonary
function and fatigue during and after treatment in a sample of
113 breast cancer patients. In a past review, Velthuis et al. [14]
addressed a subgroup analysis of supervised exercise only,
but they integrated this analysis within diagnosis groups,
thus limiting the power of their conclusions. The current
systematic review aims to update this growing evidence
adding specific analyses regarding the effects of supervised
multimodal exercise on CRF in cancer survivors.

2. Methods

2.1. Design. This systematic review is reported according to
the PRISMAStatement [19].We also followed the recommen-
dations described in the Cochrane Handbook for Systematic
Reviews of Interventions version 5.1.0 [20].

2.2. Literature Search. PubMed, CENTRAL, EMBASE, and
OVID databases were searched between January and March
2014 independently by two blinded authors (JFM-E and
RR-V). Search strategy incorporated the recommendations
for a highly sensitive search strategy for the retrieval of
clinical trials on PubMed [21]. The title and abstract were
examined and full text was obtained if there was ambiguity
regarding eligibility. The final search strategy was as follows:
(randomized controlled trial) OR controlled clinical trial)
OR randomized) OR trial) OR “clinical trials as topic”)
AND cancer) OR neoplasm∗) OR tumour∗) OR tumor∗)
OR carcino∗) OR leukaemi∗) OR leukemi∗) AND physical
activity) OR exercise) OR resistance) OR strength) OR
stretching) AND fatigue). In addition, the authors checked
the reference lists of the identified studies and the meeting
abstracts of the American Society of Clinical Oncology
(ASCO) Annual Meeting on its website from 2004 to 2013, as
well as certain journals (i.e., The Lancet Oncology, Journal of

Clinical Oncology, Journal of the National Cancer Institute,
Journal of Breast Cancer,The Breast Journal, andThe Breast).
No language restrictionswere applied.Attemptsweremade to
contact authors of trial reports if clarification was necessary.
See the Appendix for further details of the search strategy
procedures.

3. Selection Criteria

Selection criteria were built based on the PICO acronym as
follows.

3.1. Participants. This systematic review included studies
with patients (age > 18 years) diagnosed with any type of
cancer regardless of the stage of diagnosis or treatment.There
were no restrictions for sex, ethnicity, or race.

3.2. Intervention. The experimental intervention was multi-
modal exercise including aerobic, resistance, and stretching
exercise, whilst the control intervention was conventional
care, where patients did not participate in any exercise
intervention program. In this sense, resistance training (RT)
interventions were considered as any form of physical activity
that is designed to improve muscular fitness by exercising a
muscle or a muscle group against external resistance, per-
formed in a systematic manner in terms of frequency, inten-
sity, and duration, and is designed to maintain or enhance
health-related outcomes [22]. All interventions had to be
supervised by health professionals; therefore, home-based
programs, telephonemonitoring interventions, and cognitive
approaches were excluded. Yoga and tai-chi interventions
were not included because, although these interventions can
be supervised by healthcare providers, they do not exert a
large physiological impact (energy expenditure).

3.3. Outcome Measures. Primary outcome measure was CRF
symptoms measured using the Functional Assessment of
Cancer Therapy- (FACT-) Fatigue Scale, European Orga-
nization for Research and Treatment of Cancer Quality
of Life Questionnaire (EORTC QLQ-C30), Piper Fatigue
Scale (PFS), Schwartz Cancer Fatigue Scale (SCFS), and the
Multidimensional Fatigue Inventory (MFI).

Selection criteria were verified independently by two
blinded authors (JFM-E and RR-V) and disagreements were
solved through consensus and active participation of a third
author (EG-J).

3.4. Assessment of the Risk of Bias andMethodological Quality.
The methodological quality and risk of bias of the studies
were assessed using the Physiotherapy Evidence Database
(PEDro) scale [23]. The PEDro scale scores the method-
ological quality of randomized controlled studies out of 10.
Scores were based on all information available both from the
published version and from communicationwith the authors.
A score of 5 of 10 was set as the minimum score for inclusion
in the current meta-analysis. Publication bias was evaluated
through visual appraisal of the funnel plot built for CRF and
by Egger’s test (𝑃 < 0.05). Risk of bias was evaluated by two
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independent authors (JFM-E and EGJ) and a third author
mediated for consensus (RR-V). Interrater reliability between
authors was determined by calculating Cohen’s kappa.

3.5. Data Extraction and Analysis. Key characteristics of
the identified studies were also extracted including authors’
information, publication year, study design, cancer treat-
ment, time since diagnosis, and characteristics of the mul-
timodal exercise interventions (mode of training, length,
duration, and frequency) and effect estimates.Data extraction
was conducted independently by two authors (JFM-E and
RR-V) using a standard form; a third author (EG-J) arbitrated
in cases of disagreement if necessary. Comprehensive Meta-
Analysis Version 2.0 was used for the analyses. Continuous
outcomes were pooled calculating standardized mean dif-
ferences (SMD) with 95% confidence intervals (CI). Statis-
tical heterogeneity was evaluated through visual appraisal
of the forest plots and using the 𝐼2 statistic, which was
defined using the following cut-off parameters: not important
heterogeneity, 0% to 40%; moderate heterogeneity, 30% to
60%; substantial heterogeneity, 50% to 90%; and considerable
heterogeneity, 75% to 100% [20]. In the presence of high
heterogeneity (𝐼2 > 50%), the pooled effects were calculated
by a random effects model reported in accordance with
the DerSimonian and Laird method, which considers both
within-study and between-study differences [20]. On the
contrary, when substantial heterogeneity was not detected,
we conducted a fixed-effects model reported by using the
inverse variance method [20]. We performed a metaregres-
sion analysis to explore the predictor effects of the supervised
multimodal exercise characteristics, such as length (weeks),

frequency (sessions per week), and duration (minutes per
session), on the effect estimates. Subgroup analysis was
undertaken according to the stage of anticancer treatment
(active or not where reported) and by the mode of exercise
training. Publication bias was evaluated with Egger’s test and
a funnel plot [20]. All 𝑃 values were two-sided and were
considered significant at the 0.05 level.

4. Results

4.1. Characteristics of the Included Studies. A total of nine
randomized controlled trials (𝑛 = 772) were included [24–
32] (Figure 1). The assessment of risk of bias showed a mean
score of 6.4 (SD ± 1), indicating a low risk of bias and a
consistent methodological quality in the studies included
(Table 1). Interrater reliability between the two authors was
high (mean kappa = 0.81).

CRF levels were measured using the Functional Assess-
ment of Cancer Therapy- (FACT-) Fatigue Scale (FS) in
54.5% of the studies included, the European Organization for
Research and Treatment of Cancer Quality of Life Question-
naire (EORTC QLQ-C30; 30 items) in 36.3% of the studies,
the Piper Fatigue Scale (PFS) in 9.0% of the studies, and the
Schwartz Cancer Fatigue Scale (SCFS) in 9.0% of the studies
included.

4.2. Characteristics of Cancer Survivors. The mean age of
the cancer survivors ranged from 46 to 60 years with a
mean of 55.5 (SD ± 7.2) years. Most cancer survivors were
female (𝑛 = 419; 54.2%). Regarding cancer treatment stage,
most studies were performed during current treatment [24,
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Study name Statistics for each study Std. diff. in means and 95% CI

Adamsen et al. 2009
Campbell et al. 2005

Ergun et al. 2013

Milne et al. 2008
Mutrie et al. 2007
Segal et al. 2009
Winters-Stone et al. 2012

Standard 
error
0.131
0.476
0.260

0.317
0.263
0.284
0.152
0.223
0.245
0.072

Variance
0.017
0.227
0.068

0.100
0.069
0.081
0.023
0.050
0.060
0.005

0.00 1.00 2.00

Galvão et al. 2010

Cantarero-Villanueva 
et al. 2013

Std. diff.
in means

−0.132

−0.776

−0.468

−0.158

−0.183

−0.169

−0.071

−0.214

−0.123

−0.237

0.313
0.103
0.072

0.617
0.486
0.000
0.642
0.338
0.617
0.001

Lower 
limit

−0.388

−1.710

−0.978

−0.779

−0.699

−1.726

−0.368

−0.651

−0.603

−0.378

Upper 
limit
0.124
0.158
0.041

0.462
0.332

0.227
0.223
0.358
−0.097

−0.612

−2.00 −1.00

Z value

−3.310

−0.500

−0.959

−0.465

−4.114

−0.697

−0.500

−1.802

−1.629

−1.009

Multimodal exercise Conventional care

P value

Figure 2: Effect estimate of supervised multimodal exercise on CRF. Standardized mean difference (SMD) was calculated for the random
effects model of meta-analysis. IV, inverse of variance; CI, confidence interval.

25, 28–31]; the most common treatment was chemotherapy
(𝑛 = 522). The average number of months since cancer
diagnosis was 8.2 (SD ± 10.7), although this report was not
consistent across the studies included. Breast cancer was the
most investigated cancer type (𝑛 = 6) [25–30, 32], followed
by prostate cancer (𝑛 = 2) [28, 31], and one trial included
diverse types of cancer [24]. Time since diagnosis was not
consistently reported by authors, althoughmost of the studies
recruited women who were beyond five years since primary
cancer diagnosis. Table 2 summarizes the characteristics of
the studies included.

4.3. Characteristics of Supervised Multimodal Exercise Inter-
ventions. Multimodal exercise interventions had a mean
duration of 16.5 (SD ± 12.3) weeks with an average of 3 (SD ±
1.2) sessions per week. The mean session duration was 45
minutes (SD ± 29.1min). These interventions usually started
with aerobic training using stationary bicycle/cycle ergome-
ter, walking periods followed by strengthening exercises of
the upper limbs, and a final set of cooldown stretching exer-
cises. Training intensity varied considerably among studies,
ranging from 50% to 90% maximum heart rate. All studies
reported preexercise screening before exercise (Table 2).

4.4. Follow-Up in the Studies Included. Two studies commu-
nicated follow-up for their outcome measures. Milne et al.
[29] obtained data for follow-up from 97% of the participants
with an adherence rate of 61.3%; the authors reported a
significant increase in QoL, fatigue, anxiety, and physical
fitness at 12 and 24 weeks of their follow-up period. Mutrie
et al. [30] stated that the benefits in CRF observed from the
exercise group continued until 6 months of follow-up.

4.5. Adverse Events among Studies. Two studies [26, 31]
reported adverse events related to multimodal exercise inter-
ventions. Cantarero-Villanueva et al. [26] reported discom-
fort or low-intensity pain/stiffness in 3 patients; however,
these patients completed the multimodal exercise program.
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Figure 3: Funnel plot for the assessment of publication bias.

Fong et al. [33] reported three adverse events where one
case resulted in hospitalization or disability, one participant
referred to chest pain related to exercise with negative
cardiologic results, and in the aerobic group there was a case
of syncope without complications.

4.6. Pooled Analysis. Nine studies reported appropriate sta-
tistical measures for the meta-analysis [24–32]. Supervised
multimodal exercise interventions resulted in an overall
reduction in fatigue in cancer survivors (SMD = −0.23;
95% CI −0.37 to −0.09), 𝑃 = 0.001 with low statistical
heterogeneity (𝐼2 = 46.7%) (Figure 2).

4.7. Publication Bias. Visual appraisal of the funnel plot
showed slight evidence of publication bias, although the
reduced number of studies included could limit this analysis
(Figure 3) confirmed by Egger’s test (𝑃 = 0.04).

4.8. Subgroup Analyses: Stage of Treatment and Mode of
Exercise. Six randomized controlled trials involved cancer
patients undergoing active treatment; chemotherapy was the
most common regimen [24, 25, 28–31]. The pooled effects
showed overall significant improvements in CRF among
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Figure 4: Effect estimate of supervised multimodal exercise on CRF according to anticancer treatment stage. Standardized mean difference
(SMD) was calculated for the random effects model of meta-analysis. IV, inverse of variance; CI, confidence interval.
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Figure 5: Effect estimate of supervised multimodal exercise on CRF according to the mode of exercise. A + RT + ST, aerobic exercise +
resistance training + stretching; RT, resistance training. Standardized mean difference (SMD) was calculated for the random effects model of
meta-analysis. IV, inverse of variance; CI, confidence interval.

cancer patients receiving anticancer treatment (SMD=−0.23,
95% CI −0.39 to −0.07), 𝑃 < 0.0001 with moderate statistical
heterogeneity (𝐼2 = 64%). Nonsignificant differences were
found after anticancer treatment (𝑃 = 0.10) (Figure 4).

With regard to mode of exercise, multimodal exercise
interventions including aerobic exercise + resistance training
+ stretching were implemented by seven studies [24–30]; the
pooled effect estimate for this subgroup showed significant
reductions in CRF symptoms (SMD = −0.35, 95% CI −0.62
to −0.08), 𝑃 = 0.01. Two studies evaluated the effects of
resistance training on CRF [31, 32]. The pooled effects were
not statistically significant (SMD = −0.17, 95% CI −0.50 to
0.15), 𝑃 = 0.30 (Figure 5).

4.9. Metaregression: Heterogeneity and Dose-Response Rela-
tionships. Our metaregression model showed that length
(weeks of training), frequency (sessions/week), and duration
(minutes/session) of the supervised multimodal exercise
interventions were lineally associated with overall improve-
ments in CRF levels (Tau-squared = 0.04, 𝑃 = 0.04)
(Figure 6). No significant dose-response interactions were
observed for publication year and training intensity (𝑃 >
0.05).
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Figure 6: Bubble plot for the dose-response relationship between
the intervention duration (minutes/session) and effect estimates
changes for CRF from the nine randomized controlled trials
included in the metaregression analysis (𝑃 = 0.04).

5. Discussion

Our pooled analysis demonstrated that supervised multi-
modal exercise improves CRF when compared with con-
ventional care. Similar results have been presented in prior
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meta-analyses on fatigue symptoms [8, 14], depression [34],
and QoL [35] in cancer survivors. Further, our results are
in line with those published by Fong et al. [33], where
physical activity including strengthening exercises, with or
without supervision, was positively associated with body
composition, physical functioning, and psychological out-
comes including fatigue. Nevertheless, there is insufficient
information available to elucidate the physiological mecha-
nisms for the effects of supervised multimodal exercise in
reducing fatigue during cancer therapy and further research
is warranted in this field [36–40].

Different from other systematic reviews, a novel finding
of this review is that most interventions included in this
meta-analysis were performed during an active treatment
stage, especially chemotherapy. In this sense, recent findings
published by Oechsle et al. [41] in a prospective randomized
pilot trial found that structured exercise improved CRF
in 48 patients receiving myeloablative chemotherapy who
received supervised exercise five times a week with ergometer
training and strength exercises for 20min each during the
hospitalization period. Our results and the current body of
evidence demonstrate that RT and exercise interventions
can provide significant effects on fatigue during cancer
treatment, especially in patients receiving chemotherapy;
however, further trials are needed to reinforce this evidence
and encourage structured exercise interventions for cancer
survivors undergoing anticancer treatment.

In this sense, the present meta-analysis revealed that
supervised multimodal exercise leads to a significant reduc-
tion in fatigue scores in cancer survivors during and after
cancer treatment. The effects of RT were not addressed by
the American Cancer Society [3] that recommended RT
but have been recently examined in patients undergoing
cancer treatment [42]. Nevertheless, further studies are
needed before RT can be recommended for cancer patients
undergoing cancer therapy. Specifically, more information is
required regarding the effects of initial chemotherapy and
radiation therapy on muscle satellite (progenitor) cells that
proliferate in response to supervised multimodal exercise [8,
42]. Clinically, this may allow the maintenance or an increase
in functional performance, as well as a reduction of the risk
of developing CRF, and improve perceived energy, mental
capacity, and psychological status. It is not clear whether
previously sedentary patients can or will adhere to an exercise
program as proposed by ACSM and, if they cannot, whether
the amount of exercise they do engage inwill still be of benefit
in terms of symptom relief (i.e., anxiety, depression, lack of
sleep, and mood change) and reduction of the risk of adverse
events [43].

In light of this evidence and considering that supervised
exercise is broadly accepted as a beneficial intervention for
cancer survivors, it is necessary to carefully conduct pre-
screening procedures for cancer survivors in order to achieve
an adequate prescription of exercise programs, adjusting
patient’s specific variables, such as physiological responses
and physical disturbances underlying carcinogenic process
and its treatment [38]. Thus, healthcare providers who have
knowledge of exercise prescription in cancer patients are
ideally placed to pursue further research in this area and

to prescribe physical exercise among cancer survivors [43–
46]. Our findings indicate that health professionals must
recognize the important benefits of adjuvant interventions
in cancer survivors, such as exercise, that counteract the
negative side effects of cancer treatments.

Naturally, our study has some limitations that need to be
addressed. First, the average score of the quality of the studies
included in this is greater than the average score for trials in
physiotherapy. The risk of bias was evaluated by one author
and this could be a limitation for this process, although this
limitation could be counteracted considering that PEDro
scale is a broadly validated tool. A second limitation is that
considerable statistical heterogeneity was present in all effect
estimates. Possible explanations for this heterogeneity are the
diversity of sample sizes, the characteristics of strengthening
programs (i.e., length, duration, and intensity) evaluated
in the studies included, and the wide variety in outcome
measurement tools used among studies. This heterogeneity
can be observed in the forest plots (Figures 2–4).

6. Conclusion

In summary, the findings of this systematic review can be
used to promote professional supervision in cancer rehabil-
itation settings and, eventually, to reinforce the conception
that supervised exercise is safe and beneficial for cancer
survivors through amajor recommendation of strengthening
programs by health professionals. A broader recommen-
dation of exercise will lead to achievement of consistent
weekly volumes of exercise if possible, including exercise
twice weekly, and stretching exercises on days of nonexercise.
Likewise, these results supported the implementation of
personalized supervision in research, since it can optimize
patient’s adherence to and compliance with interventions.

Appendix

Full Search Strategy

PubMed Search Strategy

(1) randomized controlled trialPublication Type
(2) controlled clinical trialPublication Type
(3) randomi∗edTitle/Abstract
(4) trialTitle
(5) “clinical trials as topic” MeSHMajor Topic
(6) #1 OR #2 OR #3 OR #4 OR #5
(7) cancerTitle/Abstract
(8) neoplasm∗Title/Abstract
(9) (tumour∗ or tumor∗)Title/Abstract
(10) carcino∗Title/Abstract
(11) (leukaemi∗ or leukemi∗)Title/Abstract
(12) #7 OR #8 OR #9 OR #10 OR #11
(13) Physical activityTitle/Abstract
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(14) ExerciseTitle/Abstract
(15) AerobicTitle/Abstract
(16) ResistanceTitle/Abstract
(17) StrengthTitle/Abstract
(18) StretchingTitle/Abstract
(19) #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19
(20) fatigueTitle/Abstract
(21) #6 AND #12 AND #20 AND #21.

CENTRAL Search Strategy. (randomized controlled trial)
OR controlled clinical trial) OR randomied) OR trial) OR
“clinical trials as topic”) AND cancer) OR neoplasm∗) OR
tumour∗) OR tumor∗) OR carcino∗) OR leukaemi∗) OR
leukemi∗) AND physical activity) OR exercise) OR resis-
tance) OR strength) OR stretching) AND fatigue.

EMBASE Search Strategy. (randomized AND controlled
AND trial) OR controlled) AND clinical AND trial) OR
randomied OR trial OR “clinical trials as topic”/exp OR
“clinical trials as topic”) AND (cancer/exp OR cancer))
OR neoplasm∗ OR tumour∗ OR tumor∗ OR carcino∗ OR
leukaemi∗ OR leukemi∗) AND physical AND activity) OR
exercise/exp OR exercise OR resistance OR strength/exp OR
strength OR) AND (fatigue/exp OR fatigue).

OVID Search Strategy. (randomized and controlled and trial)
OR controlled) AND clinical and trial) OR randomied
or trial).mp. OR “clinical trials as topic”/exp OR “clini-
cal trials as topic”.mp.) AND (cancer/exp or cancer.mp.))
OR neoplasm∗.mp. OR tumour∗.mp. OR tumor∗.mp. OR
carcino∗.mp. OR leukaemi∗.mp. OR leukemi∗.mp.) AND
physical.mp. AND activity.mp.) OR exercise/exp OR exer-
cise.mp. OR aerobic.mp. OR resistance.mp. OR strength/exp
OR strength.mp) AND (fatigue/exp OR fatigue.mp.) mp =
title, abstract, full text, caption text.
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Gait asymmetry caused by hemiparesis results in reduced gait efficiency and reduced activity levels. In this paper, a portable
rehabilitation device is proposed that can serve as a tool in diagnosing gait abnormalities in individuals with stroke and has
the capability of providing vibration feedback to help compensate for the asymmetric gait. Force-sensitive resistor (FSR) based
insoles are used to detect ground contact and estimate stance time. A controller (Arduino) provides different vibration feedback
based on the gait phase measurement. It also allows wireless interaction with a personal computer (PC) workstation using the
XBee transceiver module, featuring data logging capabilities for subsequent analysis. Walking trials conducted with healthy young
subjects allowed us to observe that the system can influence abnormality in the gait.The results of trials showed that a vibration cue
based on temporal information was more effective than intensity information.With clinical experiments conducted for individuals
with stroke, significant improvement in gait symmetry was observed with minimal disturbance caused to the balance and gait
speed as an effect of the biofeedback. Future studies of the long-term rehabilitation effects of the proposed system and further
improvements to the system will result in an inexpensive, easy-to-use, and effective rehabilitation device.

1. Introduction

Gait disturbance results in functional disability after stroke,
and improving walking functionality is the most often stated
goal of such subjects among all stroke-related impairments
[1–5]. One-sided weakness, also known as hemiparesis, is the
most common impairment pattern among the subjects suffer-
ing stroke, which can result in gait asymmetry. As gait sym-
metry and energy expenditure are related, the most efficient
pattern is a symmetrical gait [6, 7]. Individuals with stroke
have higher energy expenditures during gait and extremely
low ambulatory activity levels compared with healthy con-
trols [8, 9]. The poststroke asymmetric gait pattern appears
to be an important factor in the increased energy expenditure
observed. The musculoskeletal health of the nonparetic limb
is also negatively affected by an asymmetric poststroke gait.

High forces repeatedly applied to a limb can lead to pain
and joint degeneration [10, 11]. In a poststroke gait, increased
vertical ground reaction forces through the nonparetic lower
limb are positively correlated with temporal asymmetry [12].
Thus, over time, the asymmetric gait of such subjects exposes
the nonparetic limb to increased loading.

Severalmethods can be used to evaluate and diagnose gait
problems,with different classifications according to the sever-
ity of the disorder, based on the level of functionality, com-
pared with a healthy gait [13]. Clinical therapists apply spe-
cialized rehabilitative techniques to correct the abnormalities
[13, 14]. The objective of gait rehabilitation is to increase the
functional walking ability of the patient to an acceptable level
for performing normal tasks, thus reducing risks for sub-
sequent health defects. Due to variation in the causes and
symptoms of gait disorders, rehabilitative methods are often
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focused on the individual patient [15]. Adequate gait rehabil-
itation demands committed time with a therapist, expensive
instrumentation and training devices, and the use of a gait
laboratory [15–17]. In stationary settings, force plates and
force mats are used for their accuracy, but size, cost, and
usability limit their implementation outside the clinic [18, 19].
Instrumented treadmills are able to gather large amounts of
step data, but are limited by the controlled environment and
prescribed walking pattern necessary [20]. Portable systems
are also available to measure gait parameters [21–23]. Differ-
ent implementations of these mobile systems have been eval-
uated and shown to provide accurate gait data, but they are
expensive and complex equipment and the training required
has limited their use [24–27].

Gait rehabilitation research has recently focused on the
development ofmeasurement and biofeedback devices.Novel
air bladder sensors have been developed for gait analysis and
have been used to provide visual feedback for correction of
applied pressure under the foot [28, 29]. Visual-auditory feed-
back had been suggested for amputees, based on force sensors
requiring a desktop computer for monitoring and feedback;
the device is used in conjunction with a treadmill [30].
Recently, a force sensor insole andmotion sensors were com-
bined to record running data, demonstrating that the system
is wearable with sensors for long periods of time and the data
recorded by these sensors can be used for analysis of gait and
movement [31]. The visual biofeedback devices implemented
for individuals with stroke are either limited to use in pro-
viding assistance for improvement of quite standing, such as
restoration of weight-shifting capacity and reduction in body
sway [32, 33], or used with treadmill for gait assistance [34,
35]. Similarly the audio-biofeedback devices introduced to
individuals suffering stroke can be used for assistance in quite
standing and walking. Enhancement of weight-bearing has
been reported to improve in poststroke using an audio-
biofeedback device “SmartStep” [36]. Vibrotactile systems
have been used recently in postural sway reduction and gait
rehabilitation applications. Vibrotactile-based biofeedback
systems were found to be an effective method in improving
postural stability of healthy young subjects in complex stand-
ing tasks like quite stance onwobble board and tandem-Rom-
berg stance [37, 38]. In community-dwelling elderly subjects,
vibrotactile biofeedback delivered control of mediolateral
sway during gait and reduction of fall risk [39]. Vibrotactile
biofeedback reduced trunk sway during quite standing and
locomotor activities in patients with vestibular loss [40–44].
Balance training in Parkinson’s disease patients using a
biofeedback system showed beneficial effects on trunk sta-
bility [45]. These studies demonstrate the effectiveness of
vibrotactile biofeedback in providing instructional cueing.
Vibrotactors can provide effective cues with the least inter-
ference to the subject’s activities of daily life in portable
biofeedback devices.

The purpose of this paper is to describe the design, man-
ufacture, and verification of an inexpensive and portable gait
rehabilitation biofeedback device for use by individuals with
stroke. A major goal of this paper is to develop a system that
can ultimately be available at low cost for use in gait symmetry
rehabilitation outside of the traditional clinical environment

and to demonstrate its effectiveness in enhancing gait sym-
metry using the proposed system. To our knowledge, this is
the first reported system to apply vibration feedback to indi-
viduals with stroke for gait symmetry training. The current
system is capable of determining common gait parameters
through force-sensitive resistors (FSRs) embedded in a cus-
tom insole that can be easily implemented in patient’s existing
shoes. A waist-mounted microcontroller provides sensor
sampling and vibrotactile biofeedback, as well as the ability to
transmit real-time gait data wirelessly to a PC via an XBee
module. By accurately measuring gait data and providing
biofeedback to the user, the system provides an inexpensive
and valuable tool for use in clinical rehabilitation. Using the
proposed system, clinical trials were carried out in subjects
suffering from poststroke gait asymmetry to evaluate and
improve the effects of the device in reducing gait asymmetry.
The effects of biofeedback were evaluated to provide efficient
training with adequate feedback. Here, we describe our
system, provide details of our subjects and protocols, and
describe the parameters measured and our results. A discus-
sion follows.

2. Materials and Methods

2.1. System Design. Individuals with stroke suffering from
hemiparesis are highly motivated to recover a symmetrical
gait cycle during normal walking. Temporal asymmetry
measurement can be used to design a biofeedback system to
assist patients in gait rehabilitation. To detect the temporal
gait parameters, such as stance time and swing time, contact-
based footswitches can be used. Change in pressure applied to
a point can be detected using force-sensitive resistors (FSRs).
A FSR-based footswitch system can work in the detection of
foot contact with the ground, identifying the heel and toe
contacts. This ground contact information for the right and
left lower limbs is the basis of two important gait parameters:
the time between first heel strike to toe off (stance time) and
toe off to next heel strike (swing time). Manipulating these
times can provide useful insight in determining gait abnor-
malities. The idea of our system is to match stance time for
both legs and hence adopt temporal symmetry in the gait
cycle, targeting subjects suffering from stroke. The wearable
system is centered on anArduinoDuemicrocontroller board;
the elements of the system are shown in Figure 1.

Our system collects heel and toe contact data with two
insoles containing four FSRs on each insole, positioned at the
heel, toe, fifth metatarsal, and first metatarsal. FSRs placed at
the metatarsals allow validation in detecting ground contact.
To ensure that male and female participants with diverse foot
morphology could use this system, insole pairs of various
sizes (Korean shoe sizes: 230, 240, 260, and 280) were built. A
pair of insoles are connected physically to the Arduino board
with wires; FSR signals are sampled at 1 kHz. The analog
inputs of the Arduino board continuously read the FSR
signals.TheArduino board calculates the stance time on each
side by reading the FSR sensors and identifying ground con-
tact. FSRs (A401 by Tekscan) utilized in insoles are capable of
measuring forces up to 30 kNwith a response time of less than
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Figure 1: The device setup: (a) system diagram, (b) FSR-based
insoles, (c) vibrotactors used for feedback, (d) controller with XBee
transceiver and battery packed inside project case.

5 microseconds, linearity within ±3%, repeatability within
±2.5% of full scale, and hysteresis of less than 4% of full scale
[46].

The Arduino board is connected to the XBee [47] tran-
sceiver module (Series 1 PRO) through the serial commu-
nication port, and the XBee can wirelessly send data to a
personal computer (PC) or wirelessly receive a command
signal (paretic/handicapped side, vibration mode, and target
symmetry ratio) from the PC. The wireless transceiver mod-
ule also allows monitoring of FSR sensor data for calibration
purposes. The portable system is connected with a 2100mAh
polymer lithium-ion battery, allowing an ample continuous
operation time of 8 h. A small project case is used to enclose
all the circuitry; the case size is 9 × 12 × 5 cm and the whole
system, including the battery, weighs about 450 g. An elastic
belt, containing an array of six vibrotactors securely attached
to the inside of the belt, is used for the vibrotactile biofeed-
back application on the subject. The vibrotactors used in
our system are coin style, with a diameter of 10mm and
body length of 2.7mm. Each vibrotactor operates at 3.3 V
and 66mA, producing an amplitude of 1.4 G [48]. The belt
is worn by the subjects on the lower leg (between the knee
and calf) instead of an in-shoe vibrotactor, so it should not
interfere with proprioceptor information from the ground, as
reduced feedback due to proprioceptive loss is likely to impair
balance [49]. Also, directmuscle stimulation could contribute
in enhancing the gait modification through afferent signal of
vibration [50, 51].The six vibrotactors cover the whole shank,
from front to back. The vibrotactor array is interfaced with
Arduino board’s output to provide vibrotactile biofeedback.
Control signals are proportionally generated on the Arduino
board to drive vibrotactors. The modulation of intensity and
duration is performed inside the Arduino, which generates
the control signal proportionally depending on the mode of
operation. An interface circuit provides capability of utilizing
six vibrotactors simultaneously at 200Hz and 3.3 V. The
on/off status of the vibration signal can be visualized using the
LED light connected to the array of vibrotactors. The whole
system can be worn easily using elastic Velcro belts.

2.2. Vibration Modes. To achieve symmetry, subjects using
this device get vibrational cues provided through the vibro-
tactors. Characteristics of the vibrational cue can differ to
identify parameters of information being supplied. Currently,
the system features three vibration modes: stance time
matching constant vibration (StMCV)mode, symmetry ratio
matching proportional vibration (SrMPV) mode, and swing
phase constant vibration (SpCV) mode (Figure 2). StMCV
and SrMPV modes provide cues targeting gait modification
with information supplied in terms of vibration time and
intensity, respectively. SpCV mode provides information on
the swing phase to modify gait parameters.

In StMCVmode, vibration with constant intensity is pro-
vided on the handicapped/paretic side; vibration starts at heel
strike and stays for time equal to the measured stance time of
healthy side. In this mode, amplitude of vibration is 1.4 G and
frequency of vibration is 200Hz. In SrMPV mode, contin-
uous vibration during the whole gait is provided on the
handicapped/paretic side with varied vibration intensity. The
vibration intensity is varied proportionally with difference
between measured and target symmetry ratio. The target
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Table 1: Details of individuals with stroke.

Patient Gender Age Height Weight Side of hemiplegia Cause of stroke
1 Male 65 163 cm 57 kg Left Infarction
2 Male 67 165 cm 70 kg Right Infarction
3 Female 75 165 cm 65 kg Left Infarction
4 Male 52 166 cm 62 kg Right Infarction

symmetry ratio is matched with the measured symmetry
ratio of the previous cycle. If the measured symmetry ratio
is close to the target symmetry ratio, the vibration intensity is
less and vice versa. In thismode, amplitude of vibration is var-
ied between 0 and 1.4G and frequency of vibration remains
samewhich is 200Hz. In SpCVmode, vibrationwith constant
intensity is provided during the swing phase, regardless of
the symmetry ratio and stance time of the healthy leg. In this
mode, amplitude of vibration is 1.4 G and similarly frequency
of vibration is 200Hz.

2.3. Study Participants. To use the system for gait rehabil-
itation in individuals with stroke, it was first necessary to
check the credibility and functionality of the system. For this
purpose, five healthy young subjects (age 26.2 ± 3.27 years,
males, weight 72.3 ± 5.63 kg, height 170.8 ± 10.68 cm) were
recruited to check the effectiveness of influencing gait param-
eters by our proposed system. The subjects had no history of
musculoskeletal or neurological disorders. Trials with healthy

young subjects were performed to show whether gait param-
eters measured with the proposed system could be used
effectively to identify gait symmetry and provide biofeedback.

We also performed trials for proof-of-concept with four
individuals with stroke to validate the use of our proposed
system in increasing gait symmetry for patients and to
demonstrate the possibility of implementing biofeedback in
a gait training system. Demographic details of these subjects
are provided in Table 1.

All individuals with stroke were inpatients of the Reha-
bilitation Center of GyeongsangNational University Hospital
(Jinju, Republic of Korea). All subjects suffering stroke had
clear symptoms of lower extremity weakness on the paretic
side. All subjects gave written informed consent in accor-
dance with the rules of our local Ethics Committee.

2.4. Experimental Protocol. Each subject was first introduced
to the system and its use, and given instructions on how
to interpret the feedback. Each subject installed the insole
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Figure 3: Device attachment: (a) healthy young subject and (b) individual with stroke.

system inside their shoes and affixed the device to their waist
over their clothes, using the easily attachable Velcro belts,
which also handle the compact wire connections between the
Arduino board and the insoles (Figure 3). Once the initial
setup was complete, the subject was asked to walk in an
empty, spacious area. FSR values acquired from the insoles
on ground contact may vary depending on the participant,
so prior to trials a preliminary walk was performed by each
subject to determine the ground contact detection threshold.
Each trial was conducted with different tasks given to the
subject randomly. During each walking trial, the system
is initialized from the PC via the XBee transceiver, which
receives commands from the PC according to trial conditions
and initializes the onboard processor. The system starts
sending gait data to the PC and the PC logs the gait data for
post-experimental analysis. All subjects performed trials at
their self-preferred walking speed.

In our experimental trials different vibration modes were
selected for the subjects (Table 2).

Healthy young subjects were asked to participate in walk-
ing tests to assess the system’s ability to influence gait. The
trials on healthy young subjects were conducted with seven
different scenarios: normal walk, walk with left-side hand-
icapped without vibration, walk with left-side handicapped
with StMCV mode, walk with left-side handicapped with
SrMPV mode, walk with right-side handicapped without
vibration, walk with right-side handicapped with StMCV
mode, and walk with right-side handicapped with SrMPV
mode. In the normal walk scenario, the subjects were asked

Table 2: Trial modes for subjects.

Vibration
mode

Subjects

Healthy young Individual with
stroke

Without
vibration

(1) Normal walk
(1) Normal walk(2) Left-side handicapped walk

(3) Right-side handicapped walk

StMCV mode (4) Left-side handicapped walk (2) Normal walk
(5) Right-side handicapped walk

SrMPV mode (6) Left-side handicapped walk
(7) Right-side handicapped walk

SpCV mode (3) Normal Walk

to walk with their natural gait and gait data were gathered. In
the handicapped situation, the subjects were asked to induce
the effect of gait asymmetry, so that the stance time of the
handicapped side was double that of the healthy side (target
symmetry ratio = 0.5).The aimof the trial was to demonstrate
that a specific target symmetry ratio could be achieved by
providing feedback. A 10m randomized walking trial was set
up for the healthy young subjects.

Individuals with stroke suffer from temporal asymmetry
in their normal walk. Our experiments with such subjects
were intended to demonstrate how the use of biofeedback
could be helpful in improving temporal symmetry in gait. For
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these subjects, a 6m walking trial was set up. Trials with sub-
jects suffering from stroke were conducted in three different
scenarios: normal walk, walk with StMCV mode, and walk
with SpCV mode. Subjects suffering from stroke were more
comfortable in walking trials with use of their ordinary walk-
ing aid (single cane); thus all subjects used their canes in all
trials. To improve gait symmetry using the vibrotactors’ cue
provided, the patients were asked tomatch the stance time on
both lower limbs (target symmetry ratio = 1.0) by interpreting
the vibrational feedback.

2.5. Data Collection and Analysis. All walking trials were
conducted with coordination of the PC and an operator. A
custom-built MATLAB GUI (Figure 4) was used to handle a
two-way real-time communication with the Arduino board.
The live link was set up between Arduino andMATLAB with
the use of XBee transceivers ensuring real-time communica-
tion. The Arduino communicates with MATLAB at the baud
rate of 57600 bps. Through the GUI, command signals (deci-
mal format) were sent to Arduino board, which identify these
command signals for determining the vibration mode, target
symmetry ratio, and handicapped/paretic side (right or left)
with a communication delay of approximately 10ms.The gait
data as a packet (sent from Arduino as a decimal format)
was sent at the end of each gait cycle with the nearly same
communication delay of 10ms. Calibration of the system was
performed by analyzing the sampled data of FSRs from an
insole (Figure 4); utilizing this data, threshold for ground
contact detection was determined. In each walking trial
conducted with the subjects who suffered stroke, an Android
smartphone was also used to identify mediolateral (ML) tilt
and acceleration.The smart phone was physically attached to
the waist with a leather belt. The frontal plane of the body
was aligned with the 𝑋

𝑠
𝑌
𝑠
plane of the phone to allow mea-

surement of ML tilt and acceleration (Figure 4). An Android
application running continuously on the smartphone calcu-
lated and sent data (String format) over Wi-Fi. The data sent
from the smartphone were received on a router physically
connected to the particular PC used in the experiment. The
PCwas also running a custom-built softwarewritten inVisual
C++. It monitored the network card continuously, decoded
data packets from the smart phone, and stored data for
post-experiment analysis. Recently, we used smartphone as
a reliable tool to assess body sway parameters and designed
a biofeedback system [52]. Now our custom-made android
program can identify ML tilt and ML acceleration and
provide this information to a socket program on the PC along
with information of time at 100Hz. Walking distance (6m)
was a known parameter and time spent during each walk
was extracted from the smartphone data to calculate the gait
speed during trials. For trials of subjects who suffered stroke,
gait speed was calculated after experiments, to observe how it
was affected under the use of our vibrotactile device.

The distance of walking trial was 10m and 6m for
participantswhowere healthy young andwho suffered stroke,
respectively. For trials of both subject groups, we utilized a
margin of 2m, before and after the specified distances, to
make sure of the exclusion of the gait initiation and ter-
mination steps. Each subject (healthy young and individual

with stroke) performed each trial twice, an average of the
measured gait data was utilized for analysis. The gait data
logged for post-experimental analysis can be assessed in a
more comprehensive and easily interpretable way by the use
of symmetry ratio (𝑅) [53], defined as

𝑅 =
Stance time of healthy side

Stance time of Paretic or Handicapped side
. (1)

The symmetry ratio (𝑅) is considered for assessing gait
modification/improvement. For individuals with stroke, ML
tilt (RMS) and ML acceleration (RMS) were observed to
determine the balance condition. To assess the significance of
gait modification/improvement upon provision of feedback,
a one-way ANOVA was used.

3. Results

3.1. Results of Healthy Young Subjects. The vibrotactile cues
provided intuitive feedback to the subjects; it helped in
influencing gait symmetry without intensive training. In the
normal walking test conducted with healthy young subjects,
the ratio was calculated using right leg stance time over left
leg stance time, which is expected to be unity as the subjects
walked with their natural gaits.The results of this trial were as
follows for the five subjects: 1.098±0.02, 1.022±0.03, 0.991±
0.01, 1.041 ± 0.02, and 0.983 ± 0.01. The data stored from
this experiment are displayed in Figure 5.

Trials with healthy young subjects performing left-side
handicappedwalk and right-side handicappedwalk were also
conducted in three separate conditions for each: without
vibration, StMCV mode, and SrMPV mode. Table 3 shows
the symmetry ratio (𝑅) determined from the gait data of
these trials. Figure 6 shows a more comparative analysis of
the effects of different vibrationmodes in achieving the target
symmetry ratio. These values are the means and standard
deviation of 𝑅 collected over the 10m walking trial.

Here, Exp. 𝑅 is the expected symmetry ratio and S [1–5] is
the subject number. Using ANOVA, we determined 𝑝-values
for left handicapped without vibration versus StMCV mode
(𝑝 = 0.0008), left handicapped without vibration versus
SrMPV mode (𝑝 = 0.0065), right handicapped without
vibration versus StMCVmode (𝑝 = 0.0002), and right hand-
icapped without vibration versus SrMPVmode (𝑝 = 0.0823).
In all five participants, lateral dominance resulted in reduced
efforts and deviations in achieving target symmetry ratio dur-
ing the right-side handicapped trials. The 𝑝-values indicate
that feedback effectively provided cues to modify the gait
of healthy young subjects in achieving the target symmetry
ratios.

3.2. Results of Subjects Suffering from Stroke. Trials with
subjects suffering from stroke were conducted in a similar
manner, in which subjects were asked to walk in three sce-
narios: normal walk, walk with StMCV mode, and walk
with SpCV mode. Patients used the vibration modes and
attempted to improve their temporal symmetry in stance
time. Tables 4 and 5 show the results for these subjects.
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Table 3: Results of healthy young subjects.

Exp. 𝑅
Left-side handicapped Right-side handicapped

Without vibration StMCV mode SrMPV mode Without vibration StMCV mode SrMPV mode
0.5 0.5 0.5 0.5 0.5 0.5

S1 0.891 (±0.16) 0.604 (±0.07) 0.573 (±0.08) 0.605 (±0.20) 0.478 (±0.09) 0.472 (±0.11)
S2 0.745 (±0.19) 0.540 (±0.09) 0.617 (±0.05) 0.587 (±0.19) 0.503 (±0.10) 0.556 (±0.06)
S3 0.703 (±0.20) 0.539 (±0.11) 0.621 (±0.10) 0.592 (±0.16) 0.504 (±0.08) 0.560 (±0.09)
S4 0.718 (±0.17) 0.594 (±0.04) 0.475 (±0.11) 0.539 (±0.18) 0.469 (±0.11) 0.489 (±0.07)
S5 0.729 (±0.12) 0.543 (±0.10) 0.656 (±0.09) 0.594 (±0.13) 0.506 (±0.09) 0.585 (±0.10)
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Figure 5: Normal walking trials of healthy young subjects. The
stance time of the right side is marked by red circles and the stance
time of the left side is marked by green asterisks. The distinct lines
show the corresponding ratio (right to left) for each subject.

In Table 4, the symmetry ratio (𝑅) is the mean value col-
lected over 6m walking to identify the effect of the proposed
system on gait symmetry.TheML tilt (RMS) and acceleration
(RMS) shows the body balancemeasured during trials. Using
ANOVA for symmetry ratios listed in the table, we deter-
mined 𝑝-values for without vibration versus StMCV mode
(𝑝 = 0.0493) and without vibration versus SpCV mode
(𝑝 = 0.0427). Using ANOVA for ML tilt gave 𝑝-values for
without vibration versus StMCV mode (𝑝 = 0.8489) and
without vibration versus SpCVmode (𝑝 = 0.9143). Similarly,
𝑝-values for ML acceleration were calculated using ANOVA
for without vibration versus StMCV mode (𝑝 = 0.6077)
and without vibration versus SpCV mode (𝑝 = 0.8006). The
results are shown in Figure 7 and represent a comprehensive
analysis of the trials conducted for individuals with stroke.

Comparative analysis of the right leg stance time, left leg
stance time, and the gait speed, over 6m walking is shown
in Table 5. Improvement in stance time of the paretic side is
evident with comparison of without vibration and vibration
modes. Similar to balance of these subjects, gait speed was
not disturbed on provision of vibrotactile feedback (without
vibration versus StMCV mode 𝑝 = 0.7810 and versus SpCV
mode 𝑝 = 0.8823). Increase in stance time on paretic side
was noticeable (without vibration versus StMCV mode 𝑝 =
0.1014 and versus SpCVmode𝑝 = 0.2106) but not significant
enough to have 𝑝-value <0.05. Nonparetic side experienced
slight changes in stance times but they were highly insignifi-
cant (without vibration versus StMCV mode 𝑝 = 0.7913 and
versus SpCV mode 𝑝 = 0.4401).

Change in stance time on the provision of vibration
modes is represented in Figure 8. On the paretic side pro-
vision of feedback caused an increase of stance time for
both vibration modes. Mean increase in stance time of the
paretic side was 72 milliseconds for the StMCVmode and 59
milliseconds for the SpCV mode.

4. Discussion

Stroke induces gait asymmetry as an after effect, resulting in
decreased ambulatory activities and increased energy expen-
diture for mobility.The current methods for addressing a gait
abnormality in the clinical setting are to establish a diagnosis
and then prescribe a treatment [13]. Error-reduction and
error-augmentation are two of the major control strategies
employed for gait training robots [49]. Error-reduction is
appliedmore often and it includes the impedance control and
assist-as-needed paradigm. Impedance control may ensure
correct kinematics but may impair motor learning effects. In
the assist-as-needed paradigm gait training robot interferes
in phases which cannot be performed independently by the
patients. Error-augmentation based controllers make a func-
tion or movement more difficult than real task. This is based
on the assumed importance of error correction in motor
learning, with the hypothesis that error amplification leads to
an increased rate of motor skill acquisition. Currently we
employed error-reduction method and plan to consider the
comparison of error-reduction and error-augmentation in
the vibration feedback as a future work. A recent study dem-
onstrated the possibility that poststroke asymmetric walking
patterns could be remediated utilizing the split-belt treadmill
as a long-term rehabilitation strategy [54]. Likewise, turning-
based treadmill training may be a feasible and effective
strategy to improve turning ability, gait symmetry, muscle
strength, and balance control for individuals with chronic
stroke [55]. These treadmill based rehabilitation strategies
outcome promising results on the expense of high cost, com-
plex protocols, and therapists’ involvement throughout the
training. Gait asymmetry usually occurs as a result of the
difficulty in loading the paretic lower extremity during stance
[56–58]. Thus, our system is based on the idea of matching
stance time for both legs and adopting temporal symmetry in
the gait cycle. Our system proposes a tool to gather gait data
on the subject, as well as a subsequent treatment device. The
inexpensive and compact system features themeasurement of
gait data in real-time, which can be further logged wirelessly
on a PC for post-experimental analysis. Also, biofeedback
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Figure 6: Comparison of vibration modes for trials of healthy young subjects in achieving target symmetry ratio (∗𝑝 < 0.05).
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Figure 7: Comparative analysis of different vibration modes in trials conducted with subjects suffering from stroke (∗𝑝 < 0.05).

based on the gait data, which can influence gait symmetry,
can be provided by our system through vibrotactors. Human
tactile perception is robust and suitable for multimodal
sensing [59]. Our system influenced gait symmetry with a
feedback signal provided as a vibration to the subject. They

were able to use the cue and significantly modify gait without
extensive training.This form of feedback could easily help the
users during daily life activities. With an estimated prototype
cost of US$ 300, our system provides an economical solution,
compared with the more expensive ones currently available.
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Figure 8: Comparative analysis of stance time on provision of different vibration modes.

Customizable feedback can be designed because the system is
modular and easily modifiable.

4.1. Effects of Vibrotactile Feedback on Gait Symmetry. Exper-
iments conducted on healthy young subjects supported the
validity of the system. Trial results from normal walking
by healthy young subjects confirmed that the system can
measure gait data and useful information for providing
biofeedback can be extracted from it. In the trials with a
handicapped scenario, the healthy young subjects were asked
to achieve a target symmetry ratio of 0.5; that is, the stance
time of the handicapped side should be double the stance time
of the healthy side. Without vibration signals, the subjects
were unable to achieve the target in either left or right hand-
icapped situations with large deviations from the achieved
symmetry ratio. When using StMCV mode, the results were
improved significantly, as indicated by the 𝑝-values (𝑝 =
0.0008, 0.0002) compared with the results of trials without
feedback,with smaller deviation from the achieved symmetry
ratio. Similarly, using SrMPV mode, healthy young subjects
had smaller deviations from the achieved symmetry ratio
and, compared with the no vibration mode, the target sym-
metry ratio was approached well, as indicated by the 𝑝-values
(𝑝 = 0.0065, 0.0823). Provision of feedback contributed to
the reduced deviation in achieving target symmetry ratio in
all trials. Healthy young subjects acquainted well with the
matching temporal information provided from StMCVmode
in comparison to the proportional intensity information
provided from SrMPV, which may be due to the difficulty
of identification in variation of vibration intensity during
walk. Time is objective and absolute, so it can be easily inter-
preted, whereas intensity is relative and depends on personal
perception. Although both biofeedback modes improved the

chances of achieving the target symmetry ratio, neither was
actually able to comprehensively achieve an exact value. This
inability to achieve a target symmetry ratio may be due to
the lack of prior training on the system. From these results,
it was decided to use StMCV mode for tests with subjects
suffering from stroke. Before conducting trials on individuals
with stroke, rehabilitation therapists in our team suggested
use of SpCVmode and that it might provide another effective
dimension of feedback.

The trials conducted with subjects suffering from stroke
allowed the clinical assessment of the system and its effective-
ness for rehabilitation. It was observed from the results that
gait asymmetry existed even with the use of a walking aid
(cane). During clinical trials, LED light allowed therapists to
observe the vibration signals being generated visually. In two
of the patient trials, toe contact was not detectable consis-
tently due to an irregular walking pattern, so FSRs placed
at the metatarsal were used to calculate the stance time. The
biofeedback provision with the use of our system induced an
effective influence on the gait symmetry as observed in the
StMCV mode (𝑝 = 0.0493) although target ratio was not
fully achieved since it requires extensive training programs
and rehabilitation. Also, measured symmetry ratio indicates
large deviations while utilizing the feedback to improve gait
symmetry.This result correlates with the earlier findings from
the LEAFS system [17] that large permanent gait changes
must bemade gradually.The SpCVmode provided a constant
vibration during swing phase to reduce the spasticity and
hence improving the smoothness of lower extremity during
gait cycle. Trials conducting with SpCV mode also showed
significant improvements in gait symmetry (𝑝 = 0.0427).
This result may be due to broader role of proprioception and
some central structures during human locomotion. Simi-
larly, step-synchronized vibration stimulation of the soles



BioMed Research International 13

Table 6: Pearson correlation coefficient for balance analysis of individuals with stroke.

ML tilt (RMS) ML acceleration (RMS)
Without vibration

versus StMCV mode
Without vibration
versus SpCV mode

Without vibration
versus StMCV mode

Without vibration
versus SpCV mode

Pearson correlation
coefficient 0.998 0.995 0.970 0.975

improved gait steadiness in Parkinson’s disease patients with
predominantly balance impairment, presumably by enhanc-
ing sensory feedback [60]. Proprioceptive afferents can play
a key role in calibrating the spatial motor frame of reference
and provide a powerful sensory augmentation to the central
nervous system [61]. The afferent signals due to vibration
increase the excitability of several segments of the spinal cord
and could facilitate triggering of locomotor-like movements
[50, 51]. In a recent study it was found that auditory-motor
synchronizationwasmore stable during treadmill walking for
double-metronome than single-metronome conditions, with
subjects suffering from stroke exhibiting an overall weaker
coupling of footfalls to metronome beats than controls [62],
and this result could be due to the high cognition demands
of audio-biofeedback in such system as the patients with
least Mini Mental State Examination (MMSE) exhibited least
adoption. A case study has been reported with two sub-
jects suffering from stroke, providing combined visual and
proprioceptive feedback employed with treadmill walking.
6-week training with the system resulted in improved gait
speed and spatiotemporal symmetry [35]. Use of vibrotactile
feedback for individuals with stroke in improvement of
somatosensory function resulted in reduced body sway dur-
ing quite stance and normal walk [63]. Our system provides
a simplified vibrotactile cuing to modify gait. Our trials were
conductedwith no prior training to the system, yet significant
improvement was observed in stance time symmetry during
normal gait. After trials, individuals with stroke discussed
the convenience of vibration modes and reported that SpCV
mode was comfortable, which in their words “provided an
effect of massage during swing phase of the walk and helped
in reducing plasticity.”

In the post-experiment data analysis, Pearson correlation
coefficients were calculated for ML tilt (RMS) and ML
acceleration (RMS), withmodes of without vibration, StMCV
mode, and SpCVmode, andwere found to be linear (Table 6).

These results clearly show that the balance of the body is
not disturbed regardless of vibrational cues generated from
the device. The cues were intuitive and helpful in reducing
asymmetry, showing a high level of effectiveness in influ-
encing the gait with no significant disturbance in the ML
tilt (RMS) or ML acceleration (RMS), in conjunction with
the results of Figures 7(b) and 7(c). The vibrational cues
provided by the system helped the individuals with stroke in
loading the paretic lower extremity during stance (Table 5),
contributing effectively to reducing gait symmetry (Table 4).
Moreover, balance and gait speed were not disturbed by
provision of the vibrotactile feedback.

Biofeedback method selection is an imperative task; var-
ious researches have shown the pros and cons of utilizing the

specific feedback method in poststroke rehabilitation. In our
system, StMCVmode provided a vibrational cue of time and
challenged subjects to follow that time of vibration to match
with their stance time of handicapped/paretic side. Lee et al.
reported a similar approach of attractive cuing [64], where
healthy young subjects successfully replicated the task of
slowly bending at waist using attractive vibrotactile instruc-
tional cues. Likewise in our system, SrMPV mode provided
a vibrational cue of varied intensity, inspiring the users to
reduce the vibrations until they could match their symmetry
ratio with target. Such a method for achieving target sym-
metry ratio showed promising results in a recent research of
gait feedback and training [65], where healthy young subjects
were provided with vibrotactile feedback on a smartphone to
match their symmetry ratio with target. The therapists’ team
suggested a SpCV mode, in which direct muscle stimulation
during swing phase contributed in enhancing the gait mod-
ification through afferent signal of vibration. In the current
study, the proof-of-concept was demonstratedwith a few sub-
jects, but future studies with a larger population are needed
to further evaluate and analyze these effects.

4.2. Study Limitations and Future Works. Following these
positive initial results, the next step is to use this device
in a study to determine long-term rehabilitation effects on
subjects with gait abnormalities. In our current analysis the
small number of participants is limitation of the data set;
future research with a larger group of participants is obliga-
tory.The implementation of rehabilitation devices in the daily
life environment can help with progress in individuals with
stroke. The proposed system is not limited to use with
subjects suffering from stroke; it can also be applied to other
patients suffering from gait asymmetry. Our current system
features an inexpensive, portable, and easily operable device,
the clinical functionality of which was demonstrated in this
research. FSR-based insoles have 10–25ms delay for gait
phase detection mainly due to FSR properties. The vibrotac-
tors used in our system have lag time of 40ms and rise time of
87ms. But thesewere oblivious to the participants and did not
contribute in functionality of feedback provision. Currently,
the system requires pretrial calibration of the FSRs for precise
gait measurements. Furthermore, the system’s biofeedback
update is based on information from the previous gait cycle;
velocity changes during the subject’s walking are not con-
sidered. The current implementation does not incorporate a
double-stance phase during feedback assignment, which will
be addressed in a future study. Further modifications in the
current system can result in a fully patient-operable device to
assist the subject in rehabilitation. Perhaps, the system paired
with smart phone (using a Bluetooth transceiver instead
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of XBee) can provide data logging and analysis, for daily
life use of the device outside the rehabilitation clinic. These
modifications will provide a cost-effective, complete, self-
usable rehabilitation system, which will be a valuable tool for
wearable and independent gait feedback.

5. Conclusion

It is evident from this research that the portable system
described is suitable for clinical applications relating to
gait symmetry and functional improvements. The system is
capable of assisting physical therapists in training individuals
with stroke suffering from hemiparesis. The portability and
effectiveness of the system are the key features demonstrated
in these experiments. From trial results with healthy young
subjects, it was concluded that temporal information pro-
vided in StMCV mode was more effective than proportional
intensity information provided from SrMPV, due to the
difficulty of identifying variation in vibration intensity during
walking. The vibrotactile feedback influenced the improve-
ments in symmetry of gait with negligible disturbance to the
balance of individuals with stroke during walking.The results
show the importance of biofeedback in helping the subjects
to simulate target symmetry ratios, which points towards
an important addition to rehabilitation procedures. With
further recommended modifications, the system will provide
assistance to therapists during gait rehabilitation sessions.
This will help in reducing the therapy cost with increased
patient effort in recovering the gait abnormalities.
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Purpose. The aim of this study was to assess the impact of a 3-month physical training program, conducted in an aquatic
environment with end-stage renal disease patients (ESRD), on the physical fitness and functional parameters of the knee joint
muscles. Patients and Methods. The study included 20 ESDR patients with mean age 64.2 ± 13.1 y. treated with hemodialysis in
Dialysis Center of the University Hospital inWroclaw. Before and 3months after the physical training in water, a test was performed
to evaluate the physical fitness of each patient; additionally, a measurement was taken of force-velocity parameters. The 3-month
training program took place on nonhemodialysis days, in the recreational pool of the University of Physical Education inWroclaw.
Results. After aquatic training cycle, an improvement was observed in all parameters measured using the Fullerton test.The value of
peak torque and its relation to body mass increased in the movement of flexors and extensors of left and right lower extremities in
all tested velocities. Conclusions. In assessing the physical fitness of studied women, the biggest improvement was achieved in tests
assessing the strength of upper and lower extremities as well as lower body flexibility. Higher values of force-velocity parameters
are conducive to women achieving better physical fitness test results.

1. Introduction

Chronic kidney disease (CKD) is a syndrome that evolves
as a result of progressive and irreversible impairment of
renal function. End-stage renal disease (ESRD) or CKD
stage V is characterized by structural and functional dam-
age to the kidneys (loss of glomerular filtration) resulting
in many metabolic disturbances, due to accumulation of
waste products in the blood which are toxic to the body.
In ESRD any form of renal replacement therapy (kidney
transplantation, hemodialysis, or peritoneal dialysis) must be
started. Hemodialysis treatments are most frequently chosen

in developed countries. Standard chronic hemodialysis pro-
gram consists of 3 times per week sessions with a duration of
4 to 6 hours, the length of which is determined individually
depending on the patient’s condition.

The ongoing nature of the disease and the lengthy of life-
long renal replacement therapy are factors that significantly
deteriorate the physical fitness of patients with CKD. Patients
with ESRD undergoing hemodialysis treatments have a
significantly reduced exercise tolerance, exercise capacity,
strength, and endurance compared to healthy individuals and
patients with a lighter form of the disease, who do not require
dialysis treatments [1, 2].
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Most dialysis patients lead a sedentary lifestyle and are
functionally limited due to deteriorating health. It should
be noted that the hemodialysis treatment itself takes place
in a supine or semisitting position from 4 to 6 hours per
visit, which adds up to around 400 to 900 hours per year
without any physical activity. A low level of physical fitness
is associated with significant impairment of daily activities,
including those related to self-care (e.g., bathing, housework,
dressing, and shopping), paid work, functioning in the
community, and recreation [3, 4]. It is unknown to what
extent limitations in physical functioning are inevitably a
result of renal failure and/or dialysis treatment and to what
extent a result of reduced physical activity. We do know,
however, that a reduction in daily physical activity lowers the
quality of life of the patient and that it is an independent
predictor of mortality [3–6].

Patients on hemodialysis who lead a sedentary lifestyle
are exposed at a risk of mortality by 62% per annum com-
pared to physically active patients [7]. It is estimated that each
month of dialysis reduces their physical activity level by 3.4%
[8].

Many studies have shown that patients on dialysis have
weaker muscle strength and endurance than healthy individ-
uals. This applies to both the phasic and postural muscles
[1, 8–11].The causes ofmuscle weakness are complex and have
not been fully elucidated. The main reasons for the reduced
muscle strength and endurance are loss of muscle mass,
atrophy of both types of fibers (especially type II), decline
of the ability to generate force per unit of mass (myopathy),
and decrease in the motoneurons activity [1, 9–12]. This
also leads to a reduction in the muscle capillarization [11].
Structural changes within the ailing muscles, resulting from
CKD, translate into functional changes, including changes in
muscle strength, muscle endurance, and activity of muscle
ergoreceptors, which is an indication that regular exercise
needs to be undertaken, even by patients with end-stage renal
failure.

The effects of regular physical exercise of moderate-
intensity performed during or between dialysis treatments
have many physiological and functional benefits [3, 4, 13–15].
Regardless of whether the physical training is performed on a
nondialysis day or during the first two hours of dialysis treat-
ment, it leads to an improvement in aerobic capacity, resulting
in, among other positive effects, an increase in left ventricular
ejection fraction (LVEF), a decrease in blood pressure, and
modification of other risk factors [16]. An adaptation to
physical exercise also causes skeletal muscle hypertrophy
(increases in surface area of fibers type I as well as fibers types
IIa and IIx in cross-section) [12] and subsequently leads to
improved muscular strength, power, reduction in the level of
fatigability, and an overall improvement in physical fitness of
patients with end-stage renal disease [17].Their quality of life
and daily functioning also improve [18].

Introducing endurance and strength training to a reha-
bilitation program for patients on hemodialysis provides
various health benefits. Aerobic training increases insulin
sensitivity, improves lipid profile, raises hemoglobin concen-
trations, leads to increased endurance, lowers blood pressure,

and improves quality of life. Resistance training, however,
improves muscle strength, increases the level of physi-
cal fitness, and causes elevated concentrations of insulin-
like growth factor 1 (IGF-1) to decrease, particularly when
accompanied by persisting acidosis and the use of a low-
protein diet [19, 20].

A combination of endurance-strength training is possi-
ble under aquatic conditions, in which water features like
buoyancy and resistance are used with a minimal risk of
musculoskeletal injury. Exercises in water are therefore a safe
formof physical activity for peoplewithmultiple illnesses, the
effectiveness of which is confirmed by research results [21].

In the literature, there are only a few studies on health
benefits gained from aquatic exercises in patients with
chronic renal failure [22–24]. Therefore, the purpose of this
work is to assess the impact of a 3-month physical training
program, conducted in an aquatic environment with end-
stage renal disease patients, on the physical fitness and
functional parameters of the knee joint muscles.

2. Material and Methods

2.1. Patients Characteristics. The study included 20 ESDR
patients (16 females and 4 males) with mean age 64.2±13.1 y.
treated with hemodialysis in Dialysis Center of theUniversity
Hospital in Wroclaw.

Review of medical contraindication in all patients in
hemodialysis wasmaintained inDialysis Center of University
Hospital; 𝑛 = 86. 30 patients were excluded due to dementia,
disability or leg amputation, deafness, blindness, heart failure,
skin dermatitis, skin wound/hematoma, pleural effusion,
recurrent infections, or severe malnutrition.

Inclusion study criteria were arteriovenous fistula as
vascular access for hemodialysis (permanent central catheter
was considered as contraindication), patient being able to
reach swimming pool and to swim, stable clinical condition
(controlled hypertension, no congestion or edemas, and no
chest pain), and acceptable parameters of dialysis adequacy.
40 patients met inclusion criteria and were proposed to
participate in the study. Finally, 20 of them gave informed
consent and were enrolled in the study.

In order to carry out the study, an approval from the
Bioethics Committee of the University of Physical Education
in Wroclaw was obtained. All patients gave their informed
written consent to participate in the study.

Hemodialysis treatment period before the program
ranged from 4 to 174 months, 42.3 ± 6months on average.

A list of causes of chronic renal failure in the study group
is presented in Table 1.

Patients were informed at the beginning that they may
opt out of exercises at any stage without giving a reason, and
that is why the dropout rate is 35%. There was one death in
study group (5%) unrelated to physical training. A full cycle
of 3 months of physical training in water was completed by 12
women out of 20 persons entering the program (60%).

Before and 3 months after the physical training in water,
a test was performed to evaluate the physical fitness of
each patient; additionally, a measurement was taken of
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Table 1: Summary of the causes of chronic renal failure in the study
group.

Causes of chronic renal failure Number of patients %
Hypertensive nephropathy 10 50
Chronic glomerulonephritis 4 20
Interstitial nephropathy 2 10
Polycystic kidney disease 1 5
Diabetic nephropathy 2 10
Renal cortical necrosis 1 5

force-velocity parameters. We performed these tests at the
Laboratory of Functional Studies in Internal Medicine of the
University of Physical Education in Wroclaw. The 3-month
physical training program took place on nonhemodialysis
days, in the recreational pool of the University of Physical
Education in Wroclaw (measuring 16.5m by 4.5m with a
depth of 0.9m). Training was performed in groups.

2.2. Description of Aquatic Exercises. Physical aquatic train-
ing was conducted in water for a period of 3 months, once a
week for 60minutes at a time. It was in the formof specialized
gymnastics in water with music, using various types of gear
(including foam tubes, buoyancy belts, foam dumbbells, and
gloves). The training consisted of a warm-up, the main
part (including endurance exercises, exercises strengthening
particular muscle groups, and coordination exercises), and
the end part, which consisted of stretching, breathing, and
relaxation exercises. Withdrawal from exercise took place in
the case of a patient feeling unwell or tired, experiencing
nausea, vomiting, shortness of breath, dizziness, muscular,
joint, or coronary pain. During the training, the participants
were under constant supervision of a physiotherapist, a
doctor, and a lifeguard.

3. Study Methods

The respondents’ physical fitness was assessed on two occa-
sions by the Fullerton Functional Fitness Test by Rikli and
Jones, whereas the force-velocity parameterswere takenusing
functional dynamometry in isokinetic conditions.

3.1. Fullerton Functional Fitness Test by Rikli and Jones
(Senior Fitness Test). The Fullerton test assesses functional
capacity of the elderly and patients undergoing a process of
rehabilitation. It provides an opportunity to assess the level
of basic motor skills: strength, flexibility, coordination, and
physical endurance, which are evaluated in 6 motor tasks,
carried out in the following order.

(1) Arm curl is an indirect test evaluating the strength
of the upper body. The result of the test comprises
the number of bends made with supination of the
dominant forearm, holding a hand weight of 8 lbs
(for men) and 5 lbs (for women), during a period of
30 seconds in a seated position on a chair without
backrest.

(2) Chair stand is an indirect test evaluating the strength
of the lower body. The result of the test comprises the
number of risesmade from the chair, with arms across
the chest to a full upright position, during a period of
30 seconds.

(3) Back scratch is an indirect test evaluating the flexibil-
ity of the upper body. A measurement is made using
a 30 cm ruler to determine the distance between the
middle finger of the dominant hand placed on the top
of the back (fingers pointing down) and the middle
finger of the nondominant hand placed on the bottom
of the back (fingers pointing upward).
If the fingertips touch then the score is zero. If they
do not touch,measure the distance between the finger
tips (a positive score); if they overlap, measure by how
much (a negative score). Practice two times, and then
test two times, selecting the best result. Stop the test if
the subject experiences pain.

(4) Chair sit-and-reach is an indirect test evaluating the
lower body flexibility. A measurement is made using
a ruler, to determine the distance between the tip
of the fingertips and the toes. If the fingertips touch
the toes then the score is zero. If they do not touch,
measure the distance between the fingers and the toes
(a negative score); if they overlap, measure by how
much (a positive score). The test is performed twice,
selecting the best result.

(5) Eight-foot up and go is an indirect test evaluating
the motor agility and dynamic balance in conjunc-
tion with the respondent’s balance. A measurement
is made of the shortest possible time it takes the
respondent to rise from a chair, walk around a cone
placed at a distance of 8 foot, return to his or her
chair, and take a sitting position.The test is performed
twice, selecting the best result.

(6) A 6-minute walk test (6MWT) is an indirect test
evaluating the level of exercise capacity. The outcome
of the test comprises the distance covered along a
marked 30-meter corridor in 6minutes at a marching
pace: one that the respondent uses daily. Prior to
the test, the respondent is informed of the possibility
of stopping for a moment if needed during the
test. The test is discontinued when the respondent
reports dizziness, occurrence of nausea, extreme
fatigue, pain, or alarming symptoms noticed by the
researcher. For the subjective assessment of fatigue,
a 10-point Borg scale was used (where 0 means
no fatigue or dyspnea, and 10 indicates maximum
fatigue or dyspnea) (ATS Statement, 2002). Prior to
commencement of the Fullerton test and after trials 1,
2, and 6, measurements of hemodynamic parameters
of blood pressure and heart rate were made using
an arm-type electronic sphygmomanometer. Before
commencing these tests, subjects were given specific
instructions; in addition, each test was preceded by a
demonstration [25–28].
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Figure 1: Patient using Biodex station during the test (own source).

3.2. Assessment of Muscle Strength of the Lower Extremities in
Isokinetic Conditions. Studies of the force-velocity parame-
ters were performed using the Biodex Multi-Joint System 3
isokinetic dynamometer (Figure 1). An assessment was made
of the functionality of flexors and extensors of the knee joint.

Before each test, the seat, dynamometer, and a suit-
able knee attachment were adjusted so that the tip of the
dynamometer became an extension of the axis of rotation
in the examined joint. For all respondents, the same range
of flexion and extension of the knee joint was established
at 90∘ (S 0-0-90), with an allowance for gravity adjustment.
The thigh and pelvis of a patient were stabilized using
straps attached to the chair so as to eliminate movements
in neighboring joints. A starting position for the test was a
maximal flexion of the lower extremity at the knee joint.

The test consisted of a warm-up—the subject performed
3 submaximal flexion and extensionmovements in each knee
and 1 maximummovement in order to become familiar with
a given load—and the main part, which involved measuring
peak torque (Nm) at preset angular velocities, respectively,
60∘/s, 180∘/s, and 300∘/s.

With the angular velocity of 60∘/s, respondents per-
formed 5 repetitions, while at 180∘/s and 300∘/s they per-
formed 10 reps. Muscle function parameters were recorded:
peak torque [Nm], peak torque/body weight [%], total work
[J], and average power [W]. There was a 60-second break
between subsequent attempts. It was imperative for partic-
ipants to exert maximum muscle strength in the shortest
possible time for each movement [29–31].

4. Methods Used for Statistical Analysis

A basic statistical description of the analyzed material
determined the mean values and standard deviation. The
significance of changes in measured values (PT: peak torque,
TW: total work, and AvP: average power) was assessed using
Student’s 𝑡-test for dependent samples. A relationship of

Table 2: Summary of comorbidities in the studied group.

Comorbidities Number %
Hypertension 18 90
Ischemic heart disease 8 40
Occlusive artery disease 5 25
Pacemaker 1 5
Artificial aortic valve 1 5
Mitral regurgitation 1 5
Atrial fibrillation 2 10
Stroke 1 5
Diabetes type 1 1 5
Diabetes type 2 2 10

change in the muscle strength and angular velocity of move-
ment of the knee joint was determined using a nonparametric
Friedman test [32].

An interdependence of the characteristics of physical
fitness (results of Fullerton test) and the force-velocity param-
eters (BIODEX) was analyzed by determining Spearman’s
rank-order correlation coefficient-𝜌.

5. Research Results and Discussion

The most common comorbidities that were identified in the
study group were hypertension, which had prevailed in 18
patients (90%), ischemic heart disease (IHD) in 7 patients
(35%), and peripheral artery disease of the lower extremities
in 5 patients (25%) (Table 2).

5.1. Physical Fitness. The results of six Fullerton tests are
shown in Table 3.

After a 3-month specialized aquatic training cycle, an
improvement was observed in all parameters measured using
the Fullerton test. The biggest increase was recorded in the
“arm curl” and “chair stand” test trials, corresponding to
the strength of upper and lower extremities. Flexibility of
the lower part of the body also increased significantly (chair
seat and reach, 1.5 cm further). An improvement was also
achieved in the agility and dynamic balance of exercising
respondents, at a borderline significance (𝑃 = 0.05). Subjects
obtained a faster time by 1.22 seconds (average).

5.2. Force-Velocity Parameters of the Flexor and Extensor
Muscles of the Knee Joint. After a 3-month cycle of aquatic
training, the value of peak torque and its relation to body
mass increased in the movement of flexors and extensors of
left and right lower extremities in all tested velocities.

Most of the observed changes in torque are statistically
significant; however, in the case of left extremity, these
changes concern a movement performed at a velocity of
300∘/s for extensors and a velocity of 180∘ and 300∘/s for the
flexor muscles (Table 4).

In isokinetic conditions, the lesser the angular veloc-
ity, the more the movement becomes resistive for the
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Table 3: Results of Fullerton test before and after aquatic gymnastics.

Fullerton test Before water exercises After 3-month water exercises Student’s 𝑡-test
Mean SD Mean SD 𝑡 𝑃 value

Eight foot up and go [s] 7.02 3.02 5.80 1.48 2.240 0.050
Arm curl [n] 15.8 4.7 18.4 5.3 7.005 <0.001
Chair stand [n] 12.3t 4.1 15.5 4.8 6.550 <0.001
Back scratch [cm] 10.9 11.8 8.1 9.0 2.950 0.016
Chair seat and reach [cm] 5.5 2.4 4.0 2.6 5.582 <0.001
6-minute walk test [m] 345.0 101.0 424.5 76.0 3.185 0.011

respondent, provoking muscles to generate maximum force.
At a high velocity, the speed of executing movement
increases with force, which indirectly determines the muscu-
lar strength/resistance being examined.

Analyzing the data, it can be concluded that as a result of
a 3-month specialized aquatic training cycle, there has been
a significant increase in the total work and average power
of flexors and extensors of the knee joint in all measured
velocities. Only in the case of the lower left extremity was
there no significant change in the values of TW and AvP
for the extensors at a velocity of 60∘/s (𝑃 = 0.1535, 𝑃 =
0.1794); similarly, for flexor muscles, there was no statistical
improvement of AvP (𝑃 = 0.1074) (Table 4).

5.3. Peak Torque Gain of Flexors and Extensors of the Knee
Joint at Different Angular Velocities. The process of changes
in the average values of particular parameters, describing the
torque of flexors and extensors of the knee joint, is presented
in Table 5.

We observe that an increase in angular velocity causes a
decrease in peak torque [N-m]. In the case of the lower right
extremity, these changes are statistically significant, while
in the case of the lower left extremity, these changes are
slightly smaller. A significant relationship between torque
with reference to body mass and angular velocity can only
be determined in the case of knee joint extensors (𝑃 =
0.011). Changes in peak torque produced by the lower left
extremity were insignificant. It should be noted, however,
that the effect of diminishing muscle torque with increasing
angular velocity has been observed in all tested values, and
the lack of statistical significance in the left extremity is a
consequence of a small amount of data.

5.4. Physical Fitness and Peak Torque. Table 6 shows Spear-
man’s rank-order correlation coefficient-𝜌between the results
of individual Rikli and Jones test trials and peak torque at
angular velocities of 60∘/s, 180∘/s, and 300∘/s.

Higher correlations of statistical significance (and there-
fore stronger) in both examined velocities were found in
tests that measured the following: balance and coordination
(8-foot up and go test), strength of the lower extremities
(chair stand), and exercise capacity/endurance (6MWT). At a
velocity of 60∘/s, PT correlates positively with the strength of
upper extremities. Higher values of force-velocity parameters

therefore contribute towards better test results of physical
fitness in women.

6. Discussion

Chronic renal failure and prolonged or even lifelong pro-
cesses of dialysis treatments cause deterioration of phys-
ical fitness in patients, which translates into their daily
functioning and quality of life [3, 4, 18, 33]. Comorbid
disorders are a common reason for deliberate reduction of
physical activity by patients with ESRD, for fear of health
deterioration. However, substantial research shows beneficial
effects of a properly selected exercise program for this group
of patients as an integral part of the rehabilitation process
[5, 13]. The type of physical rehabilitation for patients with
ESRD is associated with obtaining various physiological and
functional benefits. Training where one unit encompasses
both endurance and strength exercises gives more benefits
than a one-track unit [19]. Physical training in an aquatic
environment provides the opportunity to develop all motor
skills; therefore, undertaking the problem of the impact
of water exercises on the physical fitness of hemodialysis
patients became a goal of this work.

Aquatic exercise was chosen since only data on beneficial
effect on CKD (stage 2–4) patients (no dialysis population)
were published (usually small groups) but no data on dialysis
(high risk of cardiovascular event) patients were available.
This mode of physical activity was chosen as the efficacy
of physical exercises in aquatic environments has confirmed
their cardioprotective effect in patients withCKD, including a
reduction in systolic and diastolic blood pressure (hyperten-
sion in present in 90% of renal patient) as well as increased
oxygen uptake.

Results of our own research confirm a significant impact
of specialized aquatic training on the increase of physical
fitness, especially in the strength of the extremities. This is
a desirable effect of rehabilitation due to muscular atrophy,
structural changes of muscle fibers, and accompanying neu-
rodegenerative changes in the motor unit as well as atrophy
of capillaries [1, 9, 11, 12].

Studies by Konstantinidou et al. [34] which evaluated
the effectiveness of three rehabilitation programs of patients
with ESRD—supervised exercises on days without dialy-
sis, exercises during dialysis, and unsupervised exercises at
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Table 4: Values of force-velocity parameters of flexors and extensors of the knee joint before and after aquatic exercise.

Knee extensors

Joint angle Parameter Leg Before exercise After exercise Student’s 𝑡-test
Mean SD Mean SD 𝑡 𝑃

60∘/s

Peak torque [N-m] Right 62.31 16.55 68.84 15.25 4.621 0.0024
Left 65.26 24.52 66.64 21.10 0.360 0.7293

Peak torque/body weight [%] Right 106.16 26.10 124.48 20.92 4.478 0.0029
Left 109.33 36.13 120.16 25.21 1.347 0.2199

Total work [J] Right 375.73 98.88 438.56 83.89 5.695 0.0007
Left 368.51 137.09 399.80 113.82 1.601 0.1535

Average power [W] Right 41.89 12.40 48.38 10.89 7.326 0.0002
Left 41.96 15.67 45.85 13.46 1.492 0.1794

180∘/s

Peak torque [N-m] Right 44.44 10.66 49.13 9.13 4.727 0.0021
Left 41.93 11.78 44.63 10.61 1.783 0.1178

Peak torque/body weight [%] Right 68.39 11.11 77.49 8.41 6.974 0.0002
Left 65.14 15.37 69.81 13.04 1.984 0.0877

Total work [J] Right 531.39 145.57 607.19 123.65 4.760 0.0021
Left 484.05 157.76 548.48 162.82 4.324 0.0035

Average power [W] Right 71.34 16.78 83.23 14.61 7.031 0.0002
Left 67.38 21.63 74.90 22.29 2.974 0.0207

300∘/s

Peak torque [N-m] Right 38.39 3.57 39.94 3.62 4.116 0.0045
Left 36.63 5.03 39.24 6.31 2.457 0.0436

Peak torque/body weight [%] Right 61.85 5.07 63.15 5.32 3.111 0.0171
Left 60.16 11.99 61.24 12.10 0.422 0.6857

Total work [J] Right 383.69 91.82 467.25 84.62 10.933 <0.0001
Left 357.13 97.64 419.35 92.24 3.672 0.0079

Average power [W] Right 72.13 17.76 85.55 16.63 9.695 0.0000
Left 67.69 22.38 79.55 25.58 2.508 0.0405

Knee flexors

Joint angle Parameter Leg Before exercise After exercise Student’s 𝑡-test
Mean SD Mean SD 𝑡 𝑃

60∘/s

Peak torque [N-m] Right 34.80 7.80 40.36 6.74 3.341 0.0124
Left 33.53 9.88 37.25 8.99 1.500 0.1774

Peak torque/body weight [%] Right 57.54 13.84 67.55 11.28 4.678 0.0023
Left 58.09 18.19 63.63 15.39 1.344 0.2208

Total work [J] Right 188.25 48.42 237.53 41.56 4.137 0.0044
Left 191.46 69.09 223.81 53.06 2.469 0.0429

Average power [W] Right 20.24 5.30 24.16 4.52 6.871 0.0002
Left 19.79 7.78 22.73 6.33 1.846 0.1074

180∘/s

Peak torque [N-m] Right 26.20 4.91 31.38 7.36 2.815 0.0260
Left 24.83 5.91 30.41 7.89 2.834 0.0253

Peak torque/body weight [%] Right 43.64 8.70 48.78 9.04 3.744 0.0072
Left 41.18 12.17 45.95 12.49 4.779 0.0020

Total work [J] Right 235.31 54.22 280.59 67.94 5.006 0.0016
Left 211.30 63.32 266.34 70.07 6.898 0.0002

Average power [W] Right 30.49 6.25 37.35 8.52 5.053 0.0015
Left 27.96 8.48 35.29 8.86 8.909 0.0000

300∘/s

Peak torque [N-m] Right 25.61 3.93 26.48 4.42 1.842 0.1080
Left 25.96 3.93 27.24 4.04 4.295 0.0036

Peak torque/body weight [%] Right 42.13 4.89 42.84 5.26 1.164 0.2826
Left 42.11 6.80 43.88 6.50 4.760 0.0021

Total work [J] Right 154.54 48.26 175.24 56.40 2.604 0.0352
Left 138.93 60.54 183.31 62.88 3.297 0.0132

Average power [W] Right 27.21 7.28 31.28 8.45 2.908 0.0227
Left 23.84 10.01 31.99 9.53 4.289 0.0036

∗Significance of changes at level 𝑃 < 0.05; 𝑃 < 0.01; 𝑃 < 0.001.
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Table 5: Peak torque of flexor and extensor muscles of the knee joint at different angular velocities.

Increase muscle strength Friedman test
Move Parameter Leg 60∘/s 180∘/s 300∘/s

Mean SD Mean SD Mean SD 𝑥
2

𝑃 value

Extension
Peak torque [N-m] Right 6.53 3.99 4.69 2.80 1.55 1.07 7.75 0.021

Left 1.38 10.80 2.70 4.28 2.61 3.01 2.25 0.325

Peak torque/body weight [%] Right 18.31 11.57 9.10 3.69 1.30 1.18 10.75 0.005
Left 10.84 22.75 4.68 6.66 1.08 7.21 9.00 0.011

Flexion
Peak torque [N-m] Right 5.56 4.71 5.18 5.20 0.86 1.32 7.00 0.030

Left 3.73 7.03 5.59 5.58 1.28 0.84 4.75 0.093

Peak torque/body weight [%] Right 10.01 6.05 5.14 3.88 0.71 1.73 10.75 0.005
Left 5.54 11.65 4.78 2.83 1.76 1.05 3.25 0.197

Table 6: The coefficients of Spearman’s-𝜌 rank correlation between Fullerton test results and peak torque value at angular velocities of 60∘/s,
180∘/s, and 300∘/s in the group of studied women. Coefficients that were statistically significant at 𝑃 < 0.05 were highlighted in bold.

Fullerton test
Peak torque PT [N-m]

Extensor Extensor Flexor Flexor Extensor Extensor Flexor Flexor Extensor Extensor Flexor Flexor
60 R 60 L 60 R 60 L 180 R 180 L 180 R 180 L 300 R 300 L 300 R 300 L

Eight foot up and go [s] −0.71 −0.66 −0.64 −0.46 −0.69 −0.66 −0.38 −0.51 −0.67 −0.65 −0.35 −0.48
Chair stand [n] 0.66 0.65 0.35 0.42 0.66 0.65 0.26 0.35 0.65 0.65 0.24 0.31
Arm curl [n] 0.65 0.66 0.31 0.36 0.61 0.60 0.32 0.36 0.60 0.59 0.30 0.28
Chair seat and reach [cm] 0.17 0.31 0.26 0.31 0.13 0.03 0.16 0.14 0.10 0.05 0.20 0.16
Back scratch [cm] 0.15 0.11 0.22 0.14 0.06 0.09 0.12 0.21 0.05 0.03 0.1 0.03
6-minute walk test [m] 0.71 0.65 0.41 0.47 0.69 0.65 0.39 0.53 0.67 0.65 0.37 0.51
R—right, L—left.

home—showed dominance of the first program in achieving
significant improvements in the body’s aerobic fitness. In
the literature on the subject, there have been assessments
of physical exercise programs most often conducted on
dialysis days and less frequently on days without dialysis,
the frequency of which varies from two to three times a
week with training cycle duration from three to six months
[13, 16].The functional benefits attained by the female patients
who participated in a 3-month supervised aquatic training
program once a week are confirmed by the results of this
study, which indicate a high efficacy of the proposed training.

To date, studies evaluating the efficacy of physical exer-
cises in aquatic environments have confirmed their cardio-
protective effect in patients with ESRD, including a reduction
in systolic and diastolic blood pressure, increased oxygen
uptake (VO2max), and lower levels of both the urinary
protein excretion rate (proteinuria) and levels of cystatin C,
which indicate an improvement of renal function [22, 23]. As
a result of the long-term regular aquatic training undertaken
by patients with CKD, discontinuance of progression of the
disease has taken place as well as a reduction inmortality rate
in a 10-year observation period [24].

Ali et al. [35] measured the effect of swimming exercise
(three days a week for 45min) on adenine-induced CKD in
nephrectomized rats. They observed that swimming exercise
did not affect the salutary action of dietary supplement

gum acacia on renal histology, but it partially improved
some biochemical and physiological analyses, suggesting that
addition of this mode of exercise may improve further the
benefits of dietary supplementation of gum acacia.

The level of muscle strength and endurance measured by
the functional dynamometry is a significant factor condition-
ing the physical capacity of the patient [36, 37].

Peak torque (PT) is considered the most important
indicator of muscle strength. It can be used to identify early
impairment of muscle performance as well as to evaluate the
maximum level of muscular strength [36].

The total work (TW) is work performed bymuscle groups
throughout the entire test, indicating endurance capability of
particular muscle groups. It is considered the most sensitive
parameter for the assessment of muscle fatigue [36].

Maximum force, developed in a few seconds during the
most intense workouts, is more useful than muscle strength
as an indicator of the ability to perform dynamic efforts.
It conditions the physical capacity of moving about and
performing many daily tasks, especially in the elderly [37].

A three-month physical training program performed in
an aquatic environment led to an improvement in almost all
force-velocity parameters assessed at three angular velocities
(60∘, 180∘, and 300∘/s), in both the flexor and extensor
muscles of the knee joint. Only in the case of the left
lower extremity is the significance of test results not fully
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confirmed; this may be associated with habitual use of the
dominant lower extremity, which in this case was the right
extremity and because of a small number of respondents the
functional improvement of this extremity was not significant.

In a study by Kouidi et al. [12], a 6-month rehabilitation
of hemodialysis patients led to an increase in the proportion
of type II fibers (by 51%) as well as an increase of the area
of muscle fibers (by 29%) in the quadriceps (thigh) muscle.
Changes have also been confirmed in the capillarization;
moreover, the number of mitochondria has increased [12].
The results of these studies are supported by the increase in
strength and muscular endurance, expressed as peak torque,
average power, and total work, achieved after a 3-month
rehabilitation program in an aquatic environment.

Confirmation of our research also follows research by
Headley et al. [38], in which force-velocity parameters were
measured using the Cybex Norm isokinetic dynamometer.
After a 12-week cycle of resistance training in patients with
ESRD, a significant increase was reported in peak torque
at an angular velocity of 90∘/sec (139.1 +/− 19.3N-m), in
addition, an increased distance was reported in the 6-minute
corridor test (548.3 +/− 52.1m), as well as a time reduction
in performance of ten repetitions of “sit-to-stand-to-sit” test
(17.8 +/− 1.9 sec) [38].

An improvement in physical fitness of hemodialysis
patients was also shown in selected trials of the Fullerton
test in a study by Painter et al. [18]. It led to a significant
increase in the distance covered and acceleration of walking
speed (6MWT test) as well as to an increase in strength of
lower extremities measured in the “sit-to-stand” test [18]. In
the results of our own research, a statistical significance of
changes has been observed in all Fullerton tests; however,
only the “arm curl,” “chair stand,” and “chair sit-and-reach”
tests showed a high level of significance (𝑃 < 0.001).

The relationship between muscular strength and partic-
ular test trials that evaluate physical fitness can be helpful
in determining the patient’s level of functioning in everyday
life. In our study, this relationship applies to strength of
lower extremities, marching capacity, dynamic balance, and
coordination of the studied women. Csuka and McCarty
[39] have demonstrated a significant correlation of peak
torque and muscle strength of lower extremities assessed by
the “chair stand” test. This indicates that changes in muscle
function translate into overall physical fitness in patients with
chronic renal failure.

Findings on the effects of exercise in an aquatic envi-
ronment on the health and functioning of dialysis patients
show many positive changes; however, a small number of
studies leave a significant gap in defining its scope. Our
findings refer to the improvement of physical fitness in most
investigated parameters; however, continuation of further
studies is warranted, in order to further assess various aspects
of life of patients with ESRD, including social functioning.

Twelve female patients who regularly exercised in water
willingly took part in the classes.

The variety of exercises, use of attractive aiding tools,
and physical activity in an aquatic environment have all
contributed to the full involvement of respondents in the
rehabilitation process. An additional motivating factor was

the group nature of the activities, which contributed to the
making of social contacts among the respondents.

Among patients with end-stage renal failure, the safety
that the water offers during classes in a recreational pool
is also an important factor in undertaking regular physical
effort as was observed in this study. Both the endurance
and strength aspects of water activities should be important
elements of a comprehensive rehabilitation program for this
group of patients.

The study patients were highly motivated to continue
aquatic exercise (role of social and emotional factors).

7. Conclusions

(1) After a 3-month physical training course in water,
an improvement has been recorded in the force-
velocity parameters and physical fitness of women on
hemodialysis.

(2) In assessing the physical fitness of studied women, the
biggest improvement was achieved in tests assessing
the strength of upper and lower extremities as well as
lower body flexibility.

(3) Higher values of force-velocity parameters are con-
ducive to women achieving better physical fitness test
results.
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Aim. To test the hypothesis that walking in a park has a greater positive effect on coronary artery disease (CAD) patients’
hemodynamic parameters than walking in an urban environment.Methods. Twenty stable CAD patients were randomized into two
groups: 30-minute walk on 7 consecutive days in either a city park or busy urban street.Wilcoxon signed-rank test was employed to
study short-term (30min) and cumulative changes (following 7 consecutive days of exposure) in resting hemodynamic parameters
in different environments. Results. There were no statistically significant differences in the baseline and peak exercise systolic blood
pressure (SBP), diastolic blood pressure (DBP), heart rate (HR), exercise duration, or HR recovery in urban versus park exposure
groups. Seven days of walking slightly improved all hemodynamic parameters in both groups. Compared to baseline, the city park
group exhibited statistically significantly greater reductions in HR and DBP and increases in exercise duration and HR recovery.
The SBP and DBP changes in the urban exposed group were lower than in the park exposed group. Conclusions. Walking in a park
had a greater positive effect onCADpatients’ cardiac function thanwalking in an urban environment, suggesting that rehabilitation
through walking in green environments after coronary events should be encouraged.

1. Introduction

There is some evidence that green environments are associ-
ated with better self-reported health [1], lower blood pres-
sure [2], lower psychophysiological stress [3, 4], and lower
mortality risks [5]. However, the benefits of physical activity
in green environments of CAD patients in terms of func-
tional capacity are uncertain. Rehabilitation after coronary
events, such as myocardial infarction, requires a specific
approach to increase physical activity taking into account
low cardiorespiratory fitness, impaired coronary flow reserve,
and cardiac autonomic nervous system response [6–8]. The
appropriate level of physical strain on the heart may improve
these unfavourable changes. Long-term exercise training in

patients with CAD is associated with a relative enhancement
of vagal tone, improved HR recovery after exercise, and
improved prognosis [9–13]. The effects of physical training
in patients after acute MI on hemodynamic parameters
may occur through improved autonomic nervous system
function: HR recovery, resting HR, and SBP [8, 14–17]. Car-
diac rehabilitation programmes include low- and moderate-
intensity exercise such as walking. Regular walking has been
shown to reduce anxiety and tension, improve cholesterol
profile, and control blood pressure [18] and can help to lower
SBP and DBP in hypertensive patients [19]. However, some
authors have found that comprehensive rehabilitation after
MI has no significant effect on risk factors, health-related
quality of life, or physical activity [20]. The discrepancies
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Figure 1: Flowchart, illustrating randomization and investigations scheme of urban street and park environment exposure groups.

between the studies’ results may be a result of differences in
study design and the environment where physical activity is
conducted.

The underlying mechanisms for health benefits of green
spaces are not fully understood. Recent studies have reported
that green space, such as city parks, can reduce noise and air
pollution [21, 22], enhance mood and related psychological
outcomes [23], positively influence self-reported health [24–
26], lower cumulative risk of cardiometabolic diseases [27],
and lower metabolic syndrome scores [28].

There is some evidence that walking in a natural envi-
ronment compared to an urban environment has benefits
in terms of psychological and physical restoration in young
subjects [2, 29] and also in hypertensive elderly patients
[30]. Therefore we hypothesize that CAD patients walking in
park will experience greater improvements in hemodynamic
parameters than those walking in urban environment. Tar-
geting patients with established CAD will have direct clinical
applications for the use of different types of natural envi-
ronment in cardiac rehabilitation. This study was conducted
as part of EC FP7 PHENOTYPE project (Positive Health
Effects of the Natural Outdoor Environment in Typical
Populations in Different Regions in Europe) [31, 32]. This
randomized study is the first to investigate whether the effect

of walking for 30min per day for seven days in a city park has
greater positive impact on the CAD patients’ hemodynamic
parameters than walking in an urban environment.

2. Methods
2.1. Design of the Experiment. The study was conducted in
Kaunas, Lithuania. Twenty male and female Kaunas city
residents (62.3 ± 12.6 years of age) with CAD (functional
class by theNewYorkHeart Association (NYHA) I-II chronic
heart failure) participated in the study. The patients were
treated at the Cardiologic Clinic of theHospital of Lithuanian
University of Health Sciences because of MI or unstable
angina pectoris and were consecutively selected from the
patients register. The mean duration since the last period of
CAD hospitalization and cardiac rehabilitation was 1.03 ±
0.5 years. Inclusion criteria were as follows: 45–75 years of
age, men or women, who survived MI or unstable angina
pectoris, and signed informed consent to take part in the
study. Exclusion criteria were as follows: unstable angina pec-
toris, cardiomyopathy, idiopathic or organic valvular disease,
hypertension with SBP > 160/110mmHg, diabetes mellitus
type 2, electrocardiostimulation, neurological diseases, and
limited capacity (less than 300m achieved after 6min walk-
ing on treadmill) (Figure 1).
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The study was performed under the regulations of the
Lithuanian Bioethics Committee and in accordance with the
Declaration of Helsinki.

2.2. Study Protocol. Patients were randomly assigned to
either green or urban exposure groups. The urban exposure
(𝑛 = 10) was a busy street behind the Cardiology Clinic
(10,000 cars/d). The green exposure (𝑛 = 10) was a
pine park located within a 5min walk of the Cardiology
Clinic, accessed through clinic park (in total 30min green
exposure). Patients’ normal medication regimens were not
changed during the study.We used standardised protocols for
environmental exposure and measurement of physiological
responses. Both groups were similar, clinically and in terms
of their residential environmental characteristics. Physical
activity, eating, anddrinkingwere controlled during the study
periods. Data collection took place at the clinic between
12:00 and 15:00,May–September 2013. Tominimise the social
interaction effects during the environmental exposure, the
same trained researcher supervised all subjects, their walking
intensity, and their social interaction during the 30min
walk. Exercise capacity testing using a spiroergometer on
a treadmill and with ECG monitoring was performed at
baseline and day 7.The test provides an accurate assessment of
maximal and functional aerobic capacity. Walking intensity
was estimated to be 10% lower of the capacity determined
during spiroergometry. Patients walked for 30min each day
in their allocated environment, for 7 consecutive days. We
studied the short-term (1min and 30min after walk) and
cumulative 7-day effects of walking alone in the urban or park
environment and 7-day changes in specific exercise capacity
parameters. Changes in hemodynamic parameters at rest and
at peak exercise (HR, SBP, and DBP, cardiorespiratory fitness,
and HR recovery) were assessed. Before and after 7 days
of walking in different environments, we compared changes
in hemodynamic parameters between those walking in the
urban and the park environments including resting data
beforewalking, 1min afterwalking, 30min afterwalking, and
3 hours after walking.

2.3. Measurements. On the day prior to the experiments,
subjects before signing the Informed Consent Form were
informed of the aims and procedures and then completed the
standard PHENOTYPE questionnaires and took part in the
1st laboratory test to estimate baseline physical capacity. The
standard questionnaires included questions regarding the
respondent’s personal characteristics, wellbeing and health,
health behaviour, CAD anamnesis, residence history, and
neighbourhood.We used the CS-200 Schiller spiroergometer
on a treadmill following the Naughton protocol, after eval-
uation of indication and contraindication for the exercise
test [33]. We evaluated cardiac autonomic nervous system
effects on hemodynamic parameters by measuring resting
HR, SBP, DBP, and HR recovery following exercise [11, 16].
Resting cardiovascular parameters were measured in a seated
position at least 15min before the start of the spiroergometric
testing. At baseline, the exercise intensity was determined
according to the baseline HR at the individual level of the
ventilatory level threshold, assessed by spiroergometry. The

treadmill exercise test began at 3 km/h with a 10% incline.
This increased every 3min by 1.8 km/h and 2% incline. HR
recovery was estimated by difference between HR at peak
exercise and HR 1min after completion of exercise. The
exercise was terminated when the patients reached 75% of
theirmaximalHRor displayed limiting symptoms (chest pain
or pressure, dizziness, dyspnoea, weakness) or ST depression
on the ECG of more than 2mm. This was followed by a
10min recovery and assessment of exercise capacity and
cardiovascular parameters. To estimate physical capacity in
W,wemeasuredworkloadwhich refers to the work donewith
a given load and total energy output. We assessed changes
in physical capacity by the cardiopulmonary exercise test
before and after 7 days of different environment exposures.
On day 1 and day 7, arterial distensibility was estimated
by pulse wave velocity (PWV) using SphygmoCor. Subjects
also completed 24-hour ambulatory BP monitoring (ABPM)
using the Microlife WatchBP 03, which took measures at
15min intervals during the day (09:00–21:00) and at 30min
intervals overnight. Peak SBP and DBP were recorded as
the highest values achieved when walking in the different
environments.

2.4. Statistical Analysis. We used the exact Fisher tests to
compare the personal characteristics of the urban and park
exposed patients. Quantitative variables are reported as
means and standard error. Quantitative clinical and envi-
ronmental variables in both groups were compared using
the Mann-Whitney U test and the chi-square test. We used
nonparametric tests because the data were not normally dis-
tributed.TheWilcoxon signed-rank test was used to compare
measurements before and after each walk and between day 1
and day 7. The level of statistical significance was 𝑃 < 0.05.
All statistical analyses were performed using SPSS version
18.0 (SPSS Inc. Released 2009; PASW Statistics for Windows,
Version 18.0; Chicago: SPSS Inc).

3. Results

Therewere no statistically significant differences in the demo-
graphic or clinical characteristics between the two exposure
groups (Table 1).

The mean age, body mass index (BMI), duration of CAD
anamnesis, and time since last CAD hospitalisation were all
similar for patients in the urban and park groups. Residential
environmental characteristics were also similar: the mean
residential NO

2
concentration of patients exposed to urban

environment was 18.5 ± 5.4 𝜇g/m3 and that exposed to park
environment was 20.1 ± 5.3 𝜇g/m3 (𝑃 = 0.37), while the
residential proximity to the nearest city park was 321.7 ±
251m and 490 ± 356m, respectively (𝑃 = 0.114). There
were significant differences in the characteristics of the urban
versus park environments, with higher levels of air pollution
(NO
2
concentration 3.84𝜇g/m3 higher, PM2.5 6.41 𝜇g/m3

higher) and noise (19.03 dBA higher) compared with the park
environment.

The two groups did not differ significantly in terms of
mean SBP, DBP, and HR before exposure (Table 2).
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Table 1: Baseline characteristics of the urban street and park environment study groups (data shown as mean values ± standard deviation or
numbers and percentages).

Baseline characteristics Urban street
mean ± SD

Park environment
mean ± SD 𝑃

∗

Men 6 (60%) 7 (70%) 0.500
Age, years 66.0 ± 12.5 58.5 ± 12.2 0.162
Body mass index, kg/m2 27.9 ± 1.8 27.9 ± 4.9 0.264
CAD anamnesis, years 9.3 ± 8.8 8.8 ± 11.7 0.353
Duration after the last CAD hospitalization, years 1.16 ± 0.6 0.90 ± 0.4 0.176
NO2 in living environment, 𝜇g/m3 18.5 ± 5.4 20.1 ± 5.3 0.370
Residence proximity to park, m 321.7 ± 251 490 ± 356 0.114
NO2 during walking, 𝜇g/m

3 24.15 ± 1.69 20.31 ± 0.93 0.026
PM2.5 during walking, 𝜇g/m3 24.64 ± 0.97 18.23 ± 0.85 0.001
Noise during walking, dBA 65.20 ± 1.31 46.17 ± 0.78 0.000
∗Exact one-tailed 𝑃 value of Mann-Whitney 𝑈 test.

Table 2: Comparison of baseline and the seventh day exposure hemodynamic data at rest and at peak exercise as mean (SE) in patients of
urban or park environment exposure.

Measurements Urban exposure
Mean (SE)

Park exposure
Mean (SE) 𝑃

∗ value

First day baseline
Systolic BP baseline, mmHg 134.7 (6.8) 135.9 (5.5) 0.382
Diastolic BP baseline, mmHg 80.3 (3.3) 81.4 (1.7) 0.398
Heart rate baseline, beats/min 77.7 (4.0) 71.3 (3.8) 0.125
Peak SBP, mmHg 181.4 (6.5) 191.2 (4.2) 0.133
Peak DBP, mmHg 94.1 (3.1) 94.3 (1.6) 0.232
Peak heart rate, beats/min 125.1 (6.7) 139.7 (4.5) 0.039
Exercise duration, min 4.97 (1.43) 5.66 (0.80) 0.205
Work load, W 159.5 (24.9) 184.8 (26.0) 0.144
Heart rate recovery, beats/min 20.6 (5.6) 23.4 (2.7) 0.122
Pulse wave velocitym/s 9.94 (0.8) 9.67 (1.0) 0.452

Seventh day baseline
Systolic BP baseline, mmHg 135.9 (5.7) 131.2 (6.0) 0.217
Diastolic BP baseline, mmHg 80.2 (3.9) 77.2 (2.7) 0.324
Heart rate baseline, beats/min 76.1 (4.1) 70.0 (3.2) 0.163
Peak SBP, mmHg 186.9 (7.4) 187.4 (5.5) 0.340
Peak DBP, mmHg 94.1 (3.1) 90.0 (2.9) 0.209
Peak heart rate, beats/min 127.8 (6.8) 139.2 (5.5) 0.043
Exercise duration, min 5.23 (1.31) 6.69 (0.90) 0.158
Work load, W 169.3 (32.0) 215.4 (26.3) 0.076
Heart rate recovery, beats/min 27.4 (3.5) 31.0 (2.9) 0.152
Pulse wave velocitym/s 10.3 (0.9) 10.0 (1.0) 0.475

∗Exact one-tailed 𝑃 value of Mann-Whitney 𝑈 test.

Baseline exercise capacity testing, which provides an
accurate assessment of maximal and functional aerobic
capacity, showed that there was no significant difference
between the urban and park exposure groups for exercise
duration (where longer duration indicates greater capacity)
(4.97 ± 1.43 and 5.66 ± 0.80min, 𝑃 = 0.205, resp.), work
load, or postexercise HR recovery. Pulse wave velocity was

also similar. After 7 days of walking there were no statistically
significant changes between the urban and park groups in
terms of hemodynamic parameters. However, work load was
slightly higher (169.3W and 215.4W, 𝑃 = 0.076), and SBP
and DBP were slightly lower in park group. Both groups
demonstrated slight decreases inHR and increases in exercise
capacity test duration and HR recovery as a consequence
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Table 3: The difference in hemodynamic parameters between baseline and 1min and baseline and 30min after walking in urban or park
environment on the first and the seventh day.

Measurements Difference 1min after walking Difference 30min after walking
Mean (SE) 𝑃

∗ value 𝑃
∗∗ value Mean (SE) 𝑃

∗ value 𝑃
∗∗ value

Urban exposure
SBP, mmHg day 1 14.5 (3.3) 0.008 2.3 (4.4) 0.199
DBP, mmHg day 1 10.1 (2.5) 0.008 2.0 (2.5) 0.148
HR, b/min day 1 23.1 (6.5) 0.004 −7.6 (5.6) 0.125
SBP, mmHg day 7 19.1 (5.5) 0.010 12.8 (6.8) 0.064
DBP, mmHg day 7 6.1 (4.3) 0.150 7.4 (3.9) 0.023
HR, b/min day 7 28.3 (4.9) 0.002 10.9 (5.1) 0.037

Green exposure
SBP, mmHg day 1 11.4 (5.7) 0.035 0.236 7.2 (6.7) 0.125 0.483
DBP, mmHg day 1 1.7 (2.3) 0.227 0.018 3.6 (6.7) 0.086 0.264
HR, b/min day 1 15.1 (4.7) 0.010 0.223 3.6 (4.1) 0.275 0.152
SBP, mmHg day 7 22.3 (5.2) 0.002 0.389 5.0 (5.2) 0.172 0.091
DBP, mmHg day 7 4.0 (3.9) 0.238 0.356 −2.4 (3.2) 0.258 0.045
HR, b/min day 7 12.7 (4.0) 0.008 0.015 5.3 (4.2) 0.172 0.252

∗Exact one-tailed 𝑃 value of Wilcoxon test between baseline and 1min after exposure.
∗∗Exact one-tailed 𝑃 value of Mann-Whitney 𝑈 test between exposure groups.

of regular walking. There were no statistically significant
changes between the groups in pulse wave velocity (𝑃 =
0.475).

Analysis of short-term (1min and 30min after exercise)
changes in hemodynamic parameters on days 1 and 7 revealed
statistically significant differences in hemodynamic indices
at 1min after walking compared with baseline (Table 3). On
day 1, 1min after walking, patients in both groups had higher
SBP and HR than at baseline, and higher DBP was evident
in the urban group. After 30min rest, SBP, DBP, and HR
decreased to baseline levels in both groups. On day 7, 1min
after walking, increases observed inHR (frombaseline levels)
were significantly lower for the park exposure than the urban
exposure group. After a week of exposure in both groups,
increases in SBP and HR measured 1min after walking were
again evident but decreases to baseline levels in the hemody-
namic parameters at 30min postexposure were found only in
those exposed to park environment; that is, those walking in
green environments showed faster favourable hemodynamic
changes compared with the urban group. When we tested for
significance of these apparent differences, on day 1, 1min after
walking only DBP differed (due to the slower reduction in
DBP from a higher postexposure level in the urban group).
The difference in DBP on day 7, 30min after walking, was
statistically significant between the urban and park groups
(+4.0 and −2.4mmHg, resp., 𝑃 = 0.045).

The difference in resting hemodynamic parameters mea-
sured at baseline of days 1 and 7 is presented in Table 4.
After seven days of exposure, we found a slight decrease in
resting DBP and HR before the exercise test and a decrease
in resting HR three hours after the test (mean value derived
from ambulatory monitoring) in patients exposed to urban
environment.However, therewas evidence of a positive train-
ing effect on hemodynamic parameters in patients exposed
to park environment; on day 7, three hours after exercise

we found a stable and statistically significant decrease in
SBP (6.50mmHg) and DBP (6.29mmHg) compared with
pretraining data (𝑃 = 0.049 and 𝑃 = 0.014, resp.). Significant
increases in exercise duration (increase of 1.1min, 𝑃 = 0.004)
and HR recovery (5.89 beats/min, 𝑃 = 0.037) were also
observed in the park group, while in urban environment
exposed patients, changes in these parameters were not
statistically significant.

4. Discussion

The present study aimed to use objective measures to assess
the physiological effects of controlled walking in urban and
park environments in CAD patients. Data showed that regu-
lar 30min walks of moderate intensity in a park environment
performed on 7 consecutive days led to greater favorable
changes in resting SBP and DBP, improvements in exercise
tolerance, and increases in exercise duration, compared with
equivalent walks in an urban environment. Walking in the
park also increased patients’ HR recovery after everyday
physical exercise. Because HR recovery (fall in HR 1min after
exercise) is treated as an indicator of autonomic function
[8, 16, 17], the increase in HR recovery could be the result of
improved autonomic nervous function regulation induced by
physical training in green environment.The results presented
offer some support for our hypothesis that walking in the
park environment has better restorative effect on impaired
hemodynamic in CAD patients compared with walking in a
busy urban street.

To our knowledge, no previous studies have compared the
effects of controlled walking in urban and park environments
on hemodynamic parameters in CAD patients. Our results
are consistent with evidence from healthy young adults. The
comparison of physiological effects of 15min of walking
in forest and urban environment in 12 Japanese students
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Table 4: The changes (mean (SE)) of hemodynamic parameters between the first and the seventh day exposure in urban and park
environments.

Measurements at
day 1 and day 7

Urban exposure
changes in mean

(SE)
𝑃
∗ value Park exposure

changes in mean (SE) 𝑃
∗ value

SBP, mmHg before
test 1.22 (3.9) 0.336 −4.70 (6.0) 0.456

DBP, mmHg
before test −0.11 (2.3) 0.453 −4.20 (2.2) 0.031

HR, b/min before
test −1.56 (1.9) 0.348 −1.3 (3.3) 0.500

SBP, mmHg 3 h
after test 1.30 (2.8) 0.469 −6.5 (3.7) 0.049

DBP, mmHg 3 h
after test 1.93 (3.8) 0.422 −6.29 (2.4) 0.014

HR, b/min 3 h after
test −4.16 (3.5) 0.172 −1.79 (1.6) 0.188

Peak SBP, mmHg 5.5 (3.2) 0.156 −3.8 (5.8) 0.262
Peak DBP, mmHg 0 (2.3) 0.453 −4.3 (3.3) 0.234
Peak heart rate,
b/min 2.63 (4.0) 0.223 0.33 (3.7) 0.422

Exercise duration,
min 0.26 (0.3) 0.230 1.10 (0.28) 0.004

Work load, W 9.8 (9.8) 0.500 30.9 (13.0) 0.063
Heart rate
recovery, b/min 6.75 (4.5) 0.121 5.89 (2.6) 0.037

Pulse wave
velocitym/s 0.37 (0.9) 0.410 0.35 (0.8) 0.321

∗Exact one-tailed 𝑃 value of Wilcoxon test.

revealed significantly lower SBP, DBP, andHR and higher HR
variability in subjects exposed to a forest environment show-
ing suppressed sympathetic nervous activity and enhanced
parasympathetic nervous activity in the forest area [34]. The
greater positive effect on young adults BP during and after
30min walking was found among those exposed to a green
environment versus urban environment [2]; however, the
effect soon disappeared after walking. The study of forest
walking in young Japanese males showed cardiovascular
relaxation, decreased SBP, lower HR, and reduced negative
psychological symptoms in the forest environment exposed
young males. These results suggested that physical activities
in park environment can promote cardiovascular relaxation
[35].

In our study improvements observed in exercise tolerance
and increased HR recovery after 7 days of 30min walks in a
park environment may be explained by the positive influence
of forest-related activities on cardiovascular relaxation and
recovery of homeostasis in CAD patients. This mechanism
may be partially confirmed by the findings of young Japanese
adultmales, indicating that walking in the forest environment
can facilitate homeostasis [35]. Physiological studies support
that green environment effects can manifest on homeostasis
through positive effects on the central and autonomic ner-
vous systems and endocrine systems [34].

Our findings are in accordance with the results of
epidemiological studies, which show positive relationships

between the physical activity in natural environment and
cardiovascular health. A Kaunas cohort study that inves-
tigated associations between the accessibility and use of
urban city parks and cardiovascular health showed that the
prevalence of cardiovascular risk factors was statistically
significantly lower among park users than among nonusers.
Men living further away from parks and rarely using them
had a higher risk of nonfatal and fatal CVD combined,
compared with those living nearby; that is, regular use of
green space in a city setting was linked to reduced risk of
heart disease [36]. An observational study in Perth, Western
Australia [37], showed that higher greenness level within a
neighbourhood was associated with lower heart disease or
stroke risk, and a randomized controlled trial [38] indicates
that even short exercise-based rehabilitation may improve
long-term outcomes.

In our study, differences in measured characteristics
of the two environments may also partially explain our
findings. During walking in the urban street, NO

2
was

higher by 3.84 𝜇g/m3, PM2.5 by 6.41 𝜇g/m3, and noise level
by 19.03 dBA (compared with the park environment). Such
differences may have impact on psychophysiological stress,
homeostasis, and hemodynamic parameters. Previously pub-
lished data from Kaunas [39, 40] and studies elsewhere [41,
42] indicate that such an increase of urban NO

2
pollution,

noise level, and PM2.5 pollution may increase the risk of
hypertension and that this, through increase in SBP and
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DBP, may promote atherosclerosis and CAD. Short-term
increases in exposure to ambient PM2.5 are associated with
acute increases in blood pressure in adults [43]. The particle
pollution in CAD patients during physical activity may
increase systemic arterial vascular narrowing, as manifested
by increased peripheral blood pressure and HR [44, 45], and
promote arterial vasoconstriction via altering cardiovascular
autonomic nervous system balance [46–48]. These findings
support our conclusions that physical activity in the park
environment has a greater positive impact on cardiovascular
health than physical activity in an urban street and that to
increase the efficacy of exercise-based cardiac rehabilitation
for urban residents, walking in green environments should
be recommended.

The study results will have direct practical applications
for the use of natural environments in cardiac rehabilitation.
However, some limitations are recognised. First, the sample
size was relatively small, albeit large enough to detect some
significant effects. Second, we are unable to identify which
specific characteristics of the natural andurban environments
were responsible for the observed effects. During walking,
patients were affected not only by the traffic emissions but
also by the view of trees planted in front of the houses and
that may have impact on the decrease of psychophysiological
stress level and obtained results.

These limitations notwithstanding, this study appears to
be the first to analyse the relationship between the controlled
physical activity in different environments and CAD patient’s
hemodynamic parameters, further adding to the growing
support for the therapeutic potential of natural environments.
Natural environments should be considered for inclusion
in physical rehabilitation after CAD, but further research
with larger samples is required to draw generalized scientific
conclusions on the impact of natural environmental quality
on CAD patients.

Abbreviations

CAD: Coronary artery disease
HR: Heart rate
SBP: Systolic blood pressure
DBP: Diastolic blood pressure
min: Minute.

Conflict of Interests

The authors declare no conflict of interests.

Authors’ Contribution

Regina Grazuleviciene conceived the idea and was the lead
writer. Jone Vencloviene performed statistical analysis and
assistedwith interpretation. RaimondasKubilius participated
in the randomization of study participants and in clinical
investigations. Vytautas Grizas participated in the clinical
investigations. Audrius Dedele undertook the environmental
exposure modelling. Tomas Grazulevicius drafted the tables
and assisted with the writing of the paper. Indre Ceponiene

participated in the experimental study and assisted with the
writing of the paper. Egle Tamuleviciute-Prasciene partic-
ipated in the experimental study and the drafting of the
methods. Mark J. Nieuwenhuijsen conceptualized and super-
vised the study and critically reviewed the paper. Marc Jones
contributed to the design of the study. Christopher Gidlow
designed the experimental study and critically reviewed the
paper. All authors critically reviewed and revised the paper
and approved the final version of it as submitted.

Acknowledgments

This work was supported in part by the European Commis-
sion Grant no. FP6-036224; the original study on which the
present paper is based received Grant no. FP7-282996 and
the grant of Lithuanian Agency for Science Innovation and
Technology (MITA) 2013-07-31 no. 2V-127.

References

[1] T. Sugiyama, E. Leslie, B. Giles-Corti, and N. Owen, “Associ-
ations of neighbourhood greenness with physical and mental
health: do walking, social coherence and local social interaction
explain the relationships?” Journal of Epidemiology and Com-
munity Health, vol. 62, no. 5, article e9, 2008.

[2] T. Hartig, G.W. Evans, L. D. Jamner, D. S. Davis, and T. Gärling,
“Tracking restoration in natural and urban field settings,”
Journal of Environmental Psychology, vol. 23, no. 2, pp. 109–123,
2003.

[3] D. E. Bowler, L. M. Buyung-Ali, T. M. Knight, and A. S. Pullin,
“A systematic review of evidence for the added benefits to health
of exposure to natural environments,” BMC Public Health, vol.
10, article 456, 2010.

[4] J. Lee, B.-J. Park, Y. Tsunetsugu, T. Ohira, T. Kagawa, and
Y. Miyazaki, “Effect of forest bathing on physiological and
psychological responses in young Japanese male subjects,”
Public Health, vol. 125, no. 2, pp. 93–100, 2011.

[5] R. Mitchell and F. Popham, “Effect of exposure to natural envi-
ronment on health inequalities: an observational population
study,”The Lancet, vol. 372, no. 9650, pp. 1655–1660, 2008.

[6] D. Lucini, R. V. Milani, G. Costantino, C. J. Lavie, A. Porta,
and M. Pagani, “Effects of cardiac rehabilitation and exercise
training on autonomic regulation in patients with coronary
artery disease,” American Heart Journal, vol. 143, no. 6, pp. 977–
983, 2002.

[7] R. S. Taylor, A. Brown, S. Ebrahim et al., “Exercise-based reha-
bilitation for patients with coronary heart disease: systematic
review and meta-analysis of randomized controlled trials,”The
American Journal ofMedicine, vol. 116, no. 10, pp. 682–692, 2004.

[8] L. Danilowicz-Szymanowicz, M. Figura-Chmielewska, W.
Ratkowski, and G. Raczak, “Effect of various forms of physical
training on the autonomic nervous system activity in patients
with acute myocardial infarction,” Kardiologia Polska, vol. 71,
no. 6, pp. 558–565, 2013.

[9] E. T. Rosenwinkel, D. M. Bloomfield, M. A. Arwady, and R.
L. Goldsmith, “Exercise and autonomic function in health and
cardiovascular disease,” Cardiology Clinics, vol. 19, no. 3, pp.
369–387, 2001.

[10] P. Giannuzzi, H. Saner, H. Björnstad et al., “Secondary preven-
tion through cardiac rehabilitation: position paper of the work-
ing group on cardiac rehabilitation and exercise physiology of



8 BioMed Research International

the European Society of Cardiology,” European Heart Journal,
vol. 24, no. 13, pp. 1273–1278, 2003.

[11] M. K. Lahiri, P. J. Kannankeril, and J. J. Goldberger, “Assessment
of autonomic function in cardiovascular disease: physiological
basis and prognostic implications,” Journal of the American
College of Cardiology, vol. 51, no. 18, pp. 1725–1733, 2008.

[12] D. G. Martinez, J. C. Nicolau, R. L. Lage et al., “Effects of
long-term exercise training on autonomic control inmyocardial
infarction patients,”Hypertension, vol. 58, no. 6, pp. 1049–1056,
2011.

[13] N. Rius-Ottenheim, J. M. Geleijnse, D. Kromhout, R. C. van
der Mast, F. G. Zitman, and E. J. Giltay, “Physical activity after
myocardial infarction: is it related to mental health?” European
Journal of Preventive Cardiology, vol. 20, no. 3, pp. 399–408,
2013.

[14] J. Mimura, F. Yuasa, R. Yuyama et al., “The effect of residen-
tial exercise training on baroreflex control of heart rate and
sympathetic nerve activity in patients with acute myocardial
infarction,” Chest, vol. 127, no. 4, pp. 1108–1115, 2005.

[15] F. Giallauria, A. de Lorenzo, F. Pilerci et al., “Long-term effects
of cardiac rehabilitation on end-exercise heart rate recovery
aftermyocardial infarction,”European Journal of Cardiovascular
Prevention and Rehabilitation, vol. 13, no. 4, pp. 544–550, 2006.

[16] S. Michael and M. S. Lauer, “Autonomic function and progno-
sis,” Cleveland Clinic Journal of Medicine, vol. 76, supplement 2,
pp. S18–S22, 2009.

[17] F. Ribeiro, A. J. Alves, M. Teixeira et al., “Exercise training
enhances autonomic function after acutemyocardial infarction:
a randomized controlled study,”Revista Portuguesa de Cardiolo-
gia, vol. 31, no. 2, pp. 135–141, 2012.

[18] H. M. Dalal, A. Zawada, K. Jolly, T. Moxham, and R. S.
Taylor, “Home based versus centre based cardiac rehabilitation:
cochrane systematic review and meta-analysis,” British Medical
Journal, vol. 340, Article ID b5631, 2010.

[19] L. P. T. Hua, C. A. Brown, S. J. M. Hains, M. Godwin, and J. L.
Parlow, “Effects of low-intensity exercise conditioning on blood
pressure, heart rate, and autonomic modulation of heart rate
in men and women with hypertension,” Biological Research for
Nursing, vol. 11, no. 2, pp. 129–143, 2009.

[20] R. R. West, D. A. Jones, and A. H. Henderson, “Rehabilitation
after myocardial infarction trial (RAMIT): multi-centre ran-
domised controlled trial of comprehensive cardiac rehabilita-
tion in patients following acute myocardial infarction,” Heart,
vol. 98, no. 8, pp. 637–644, 2012.

[21] D. Krewski and D. Rainham, “Ambient air pollution and
population health: overview,” Journal of Toxicology and Environ-
mental Health Part A: Current Issues, vol. 70, no. 3-4, pp. 275–
283, 2007.

[22] A. Tiwary, D. Sinnett, C. Peachey et al., “An integrated tool
to assess the role of new planting in PM

10
capture and the

human health benefits: a case study in London,” Environmental
Pollution, vol. 157, no. 10, pp. 2645–2653, 2009.

[23] J. Barton and J. Pretty, “What is the best dose of nature and green
exercise for improving mental health? A multi-study analysis,”
Environmental Science and Technology, vol. 44, no. 10, pp. 3947–
3955, 2010.

[24] S. de Vries, R. A. Verheij, P. P. Groenewegen, and P. Spreeuwen-
berg, “Natural environments—healthy environments?An explor-
atory analysis of the relationship between greenspace and
health,” Environment and Planning A, vol. 35, no. 10, pp. 1717–
1731, 2003.

[25] J. Maas, R. A. Verheij, P. P. Groenewegen, S. de Vries, and P.
Spreeuwenberg, “Green space, urbanity, and health: how strong
is the relation?” Journal of Epidemiology andCommunityHealth,
vol. 60, no. 7, pp. 587–592, 2006.

[26] R. Mitchell and F. Popham, “Greenspace, urbanity and health:
relationships in England,” Journal of Epidemiology and Commu-
nity Health, vol. 61, no. 8, pp. 681–683, 2007.

[27] C. Paquet, T. P. Orschulok, N. T. Coffee et al., “Are accessibility
and characteristics of public open spaces associated with a
better cardiometabolic health?” Landscape andUrban Planning,
vol. 118, pp. 70–78, 2013.

[28] D. R. Dengel, M. O. Hearst, J. H. Harmon, A. Forsyth, and L.
A. Lytle, “Does the built environment relate to the metabolic
syndrome in adolescents?” Health and Place, vol. 15, no. 4, pp.
946–951, 2009.

[29] B.-J. Park, Y. Tsunetsugu, T. Kasetani, T. Morikawa, T. Kagawa,
and Y. Miyazaki, “Physiological effects of forest recreation in a
young conifer forest in Hinokage Town, Japan,” Silva Fennica,
vol. 43, no. 2, pp. 291–301, 2009.

[30] G. X. Mao, Y. B. Cao, X. G. Lan et al., “Therapeutic effect of
forest bathing on human hypertension in the elderly,” Journal
of Cardiology, vol. 60, no. 6, pp. 495–502, 2012.

[31] M. J. Nieuwenhuijsen, H. Kruize, C. Gidlow et al., “Positive
health effects of the natural outdoor environment in typical
populations in different regions in Europe (PHENOTYPE): a
study programme protocol,” BMJ Open, vol. 4, no. 4, Article ID
e004951, 2014.

[32] “Phenotype,” 2013, http://www.Phenotype.eu.
[33] H. E. Corey and D. W. Russell, Exercise Testing for Primary

Care and SportsMedicine Physicians, Springer Science+Business
Media, LLC, New York, NY, USA, 2009.

[34] Y. Tsunetsugu, B.-J. Park, H. Ishii, H. Hirano, T. Kagawa,
and Y. Miyazaki, “Physiological effects of Shinrin-yoku (taking
in the atmosphere of the forest) in an old-growth broadleaf
forest in Yamagata Prefecture, Japan,” Journal of Physiological
Anthropology, vol. 26, no. 2, pp. 135–142, 2007.

[35] J. Lee, Y. Tsunetsugu, N. Takayama et al., “Influence of forest
therapy on cardiovascular relaxation in young adults,”Evidence-
Based Complementary and Alternative Medicine, vol. 2014,
Article ID 834360, 7 pages, 2014.

[36] A. Tamosiunas, R. Grazuleviciene, D. Luksiene et al., “Accessi-
bility and use of urban green spaces and cardiovascular health:
findings from a Kaunas cohort study,” Environmental Health,
vol. 13, article 20, 2014.

[37] G. Pereira, S. Foster, K. Martin et al., “The association between
neighbourhood greenness and cardiovascular disease: an obser-
vational study,” BMC Public Health, vol. 12, article 466, 2012.

[38] P. R. Lawler, K. B. Filion, and M. J. Eisenberg, “Efficacy of
exercise-based cardiac rehabilitation post-myocardial infarc-
tion: a systematic review and meta-analysis of randomized
controlled trials,” American Heart Journal, vol. 162, no. 4, pp.
571–584, 2011.

[39] R. Grazuleviciene, L. Maroziene, V. Dulskiene et al., “Exposure
to urban nitrogen dioxide pollution and the risk of myocardial
infarction,” Scandinavian Journal of Work, Environment &
Health, vol. 30, no. 4, pp. 293–298, 2004.

[40] I. Bendokiene, R. Grazuleviciene, and A. Dedele, “Risk of
hypertension related to road traffic noise among reproductive-
age women,” Noise and Health, vol. 13, no. 55, pp. 371–377, 2011.



BioMed Research International 9

[41] W. Babisch, “Transportation noise and cardiovascular risk:
updated review and synthesis of epidemiological studies indi-
cate that the evidence has increased,” Noise and Health, vol. 8,
no. 30, pp. 1–29, 2006.

[42] K. Fuks, S. Moebus, S. Hertel et al., “Long-term urban partic-
ulate air pollution, traffic noise, and arterial blood pressure,”
Environmental Health Perspectives, vol. 119, no. 12, pp. 1706–1711,
2011.

[43] J. T. Dvonch, S. Kannan, A. J. Schulz et al., “Acute effects
of ambient particulate matter on blood pressure: differential
effects across urban communities,” Hypertension, vol. 53, no. 5,
pp. 853–859, 2009.

[44] A. Zanobetti, M. J. Canner, P. H. Stone et al., “Ambient
pollution and blood pressure in cardiac rehabilitation patients,”
Circulation, vol. 110, no. 15, pp. 2184–2189, 2004.

[45] J. D. Sacks, L. W. Stanek, T. J. Luben et al., “Particulate matter-
induced health effects: who is susceptible?” Environmental
Health Perspectives, vol. 119, no. 4, pp. 446–454, 2011.

[46] J. Widdicombe and L.-Y. Lee, “Airway reflexes, autonomic
function, and cardiovascular responses,” Environmental Health
Perspectives, vol. 109, no. 4, pp. 579–584, 2001.

[47] R. D. Brook, B. Urch, J. T. Dvonch et al., “Insights into
the mechanisms and mediators of the effects of air pollution
exposure on blood pressure and vascular function in healthy
humans,” Hypertension, vol. 54, no. 3, pp. 659–667, 2009.

[48] P. M. Mannucci, “Airborne pollution and cardiovascular dis-
ease: burden and causes of an epidemic,” European Heart
Journal, vol. 34, no. 17, pp. 1251–1253, 2013.



Research Article
Co-Designing Ambient Assisted Living (AAL) Environments:
Unravelling the Situated Context of Informal Dementia Care

Amy S. Hwang,1 Khai N. Truong,2 Jill I. Cameron,1

Eva Lindqvist,3 Louise Nygård,3 and Alex Mihailidis1

1Rehabilitation Sciences Institute and Department of Occupational Sciences & Occupational Therapy, University of Toronto,
160-500 University Avenue, Toronto, ON, Canada M5G 1V7
2Department of Software and Information Systems, University of North Carolina at Charlotte,
9201 University City Boulevard, Charlotte, NC 28223, USA
3Department of Neurobiology, Care Sciences and Society, Division of Occupational Therapy, Karolinska Institutet,
141 83 Huddinge, Sweden

Correspondence should be addressed to Amy S. Hwang; amy.hwang@mail.utoronto.ca

Received 30 November 2014; Accepted 20 February 2015

Academic Editor: Stephen Goss

Copyright © 2015 Amy S. Hwang et al.This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Ambient assisted living (AAL) aims to help older persons “age-in-place” and manage everyday activities using intelligent and
pervasive computing technology. AAL research, however, has yet to explore how AAL might support or collaborate with informal
care partners (ICPs), such as relatives and friends, who play important roles in the lives and care of persons with dementia (PwDs).
In amultiphase codesign process with six (6) ICPs, we envisioned howAAL could be situated to complement their care.We used our
codesigned “caregiver interface” artefacts as triggers to facilitate envisioning of AAL support and unpack the situated, idiosyncratic
context within which AAL aims to assist. Our findings suggest that AAL should be designed to support ICPs in fashioning “do-it-
yourself ” solutions that complement tacitly improvised care strategies and enable them to try, observe, and adapt to solutions over
time. In this way, an ICP could decide which activities to entrust to AAL support, when (i.e., scheduled or spontaneous) and how a
system should provide support (i.e., using personalized prompts based on care experience), andwhen adaptations to system support
are needed (i.e., based alerting patterns and queried reports). Future longitudinal work employing participatory, design-oriented
methods with care dyads is encouraged.

1. Introduction

As the most important contributors to dependence and
institutionalization, dementia and cognitive impairment [1]
profoundly impact not only persons living with impairment,
but also their significant others, relatives, and friends. While
public health systems strive to assist persons with dementia
(PwDs) to live at home [2], Canadian home care resources
continue to fall short in meeting real-world needs [3],
consequently shifting care responsibilities to informal care
partners (ICPs)—most commonly family members [4]. The
role of an ICP involves responding to increasing care needs
and dependency over time. With or without formal support,
an ICPwill typically transition from supporting instrumental
activities of daily living (ADLs) (e.g., finances and shopping)

to assisting with basic ADLs (e.g., bathing and dressing) and
to providing constant care and supervision [1]. Although
the stress and burden associated with caring for a PwD is
well documented (e.g., [5–9]), ICPs may wish to continue
caring for as long as possible for reasons that include fulfilling
filial duties [10] or continuing their relationships with PwDs
[11, 12]. Taken together, there is a need for policies, services,
and interventions that can better support and collaborate
with ICPs in the care of PwDs [3, 13].

Concurrently, the emerging field of ambient assisted
living (AAL) has positioned itself to enable older adults,
including PwDs, to “age-in-place” (i.e., at home and in their
communities) through the support of intelligent and perva-
sive computing (also referred to as “smart home”) technolo-
gies. This class of technologies aims to deliver unobtrusive,
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context-aware assistance by sensing and learning patterns
of behaviour and, in turn, tailoring its support to specific
users (e.g., [14]). Beyond studies that have aimed to demon-
strate technological efficacy to this end, user studies have
involved PwDs to investigate AAL applications to promote
memory, safety, and functional independence in the home
[15]. Although many have suggested the importance of also
considering ICPs in AAL research and development [15–18],
the field has yet to address how these technologies might
coexist with ICPs in the care of PwDs, as opposed to replacing
the care they provide. In a qualitative study with ICPs, which
followed on earlier longitudinal work together with PwDs
[19], Rosenberg et al. [20] found that ICPs showed overall
readiness to use everyday technology to support their caring
roles. In another study using home visits and interviews with
PwDs and their ICPs, Wherton and Monk [21] identified
dressing, medications, personal hygiene, food preparation,
and social communication as potential areas for prompting
and sensing technologies. Another quantitative study with
ICPs concluded that these stakeholders lacked knowledge of
the capabilities of intelligent technologies and recommended
future user-centred design approaches to address this knowl-
edge gap in the research process [22, 23]. This previous work
recognizes ICPs as an important stakeholder group in AAL
research whose needs should be considered in the design
of holistic AAL solutions to meet the needs of multiple key
stakeholders.

To this end, this study extends our earlier discussion of
the design considerations for this context [24] to a deeper
description of how ICPs envision AAL support alongside
their own care of PwDs. Guided by the philosophy that AAL
supporting PwDs should be designed, not to replace but
rather to complement and collaboratewith ICPs, our key study
objectives were to explore (1) when or with which day-to-day,
home-based activities ICPs envisioned AAL could support
their care and (2) how ICPs envision interacting with the
technology to specify and obtain the desired support.We pur-
sued these objectives through an inductive codesign process
with ICP participants. This participatory approach aimed to
scope the needs and perspectives of ICPs in an envisaged
future with AAL support; educate these stakeholders on the
capabilities and potential of AAL technologies; and, together,
creatively explore new possibilities for AAL design.

2. Method

2.1. StudyDesign. AsAAL represents an imagined technolog-
ical future in which the roles of ICPs have yet to be explored,
our study employed a codesign approach [26] that involved
ICP participants in group design workshops, followed by
paper prototyping sessions with individual participants in
their homes. Codesign utilizes the “collective creativity of
designers working together with nondesigners” and is well
suited for early stages of the design process, where complex
challenges and embodiments of imagined future user expe-
riences can be explored [26]. Integral to this process was
the use of “creativity triggers”—visual artefacts that explained
the concept and capabilities of AAL, guided our questions,
and facilitated participants’ envisioning of the design space

[27]. The first trigger was an animated video demonstrating
an activity-assistance AAL system, “COACH” [28], which
acted as a point of departure from which participants could
envision, ideate, and design their interactions with similar
AAL systems. Subsequent triggers were presented in the
forms of user interface designs and paper prototypes to focus
participants on the codesign of a “caregiver interface”—a tool
to enable an ICP to set up and specify AAL support. In this
way, prototypes helped to “concretize and externalize concep-
tual ideas” [29] and our codesign process reflected research
through design, an approachwhereby “artefacts [are] intended
to be carefully crafted questions . . . [that] stimulate discourse
around a topic” [30]. In addition to serving as triggers,
the codesigned artefacts also constituted data, together with
the discussion, reflection, and interpretation they facilitated.
Similar to how “technology probes” aim, in part, to collect
sociological data about the contextualized use of technology
[31], we focused our study on what these artefacts revealed
about the needs, perspectives, and particularities of ICPs
in their care contexts, rather than issues of user interface
aesthetics, usability, and form factor.

2.2. Participants and Recruitment. Six participants were
recruited from a community-based agency supporting PwDs
and ICPs. Agency staff members facilitated recruitment
through word-of-mouth promotion and recruitment flyers,
referring all prospective participants to the research team.
The first author conducted a telephone screen to qualify
each prospective participant based on our study inclusion
criteria: providing at least seven hours (i.e., approximately
half the average provided to persons with mild dementia
[32]) of unpaid care each week for a community-dwelling
PwD (i.e., diagnosed or assumed dementia); assisting with
most or all listedADLs (i.e., bathing, toileting, hand-washing,
toothbrushing, dressing, meal preparation, and taking med-
ications); and having been providing care for at least six
months. Table 1 summarizes the six ICP participants who
participated in Phase 1 and Phase 2, and the asterisks indicate
the two participants who participated in Phase 3.

2.3. Our Codesign Process. Our codesign method was
informed by two relevant models. The conventional four-
stage user-centred design (UCD)model [33]—studying users,
designing for the problem space, building prototypes, and
evaluating prototypes—guided our design process, and the
usability, safety, attractiveness participatory (USAP) design
model [25] formed the successive phases of this study, as
shown in Figure 1. Moreover, our study adopted a partici-
patory approach whereby, over multiple phases, we shared
control with participants in design decisions and exchanged
our respective expertise (i.e., researchers on technological
capabilities and participants on informal care practices) that
could then be articulated through collaboratively designed
artefacts [34].

Phase 0: Design Preparation.This preparatory phase aimed to
set the stage for active participant engagement by developing
tools to guide them in imagining a future with AAL support.
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Table 1: Description of participants. The activities of daily living (ADLs) participants reported with assisting were among bathing, toileting,
hand-washing, toothbrushing, dressing, meal preparation, and taking medications.

Participant
(pseudonyms) Age Relationship Living with the PwD? Severity of

dementia (PwD)
Assists with how
many ADLs (of 7)

Jacklyn 55 Daughter No, same apartment building Mild to
moderate 6

Heather 67 Daughter No, within a five-minute drive Moderate 7

Kristine 74 Spouse Yes Mild to
moderate 7

Tabitha 77 Spouse Yes Moderate 7

Melissa∗ 37 Daughter No, father was moved to nursing
home two months ago

Moderate to
severe 7

Hilda∗ 62 Daughter Yes Severe 7
The asterisks indicate the two participants selected to participate in Phase 3.

We developed an animated video based on the COACH
system, which has demonstrated efficacy in guiding a PwD
through an ADL (e.g., hand-washing) using context-aware
prompts and learning from a specific user’s behaviours to
improve prompting over time [28]. This video was to serve
as a creativity trigger [27] to familiarize participants with the
capabilities of AAL and demonstrate how an AAL system
might assist a PwD who requires prompts and cues to
complete an activity. As shown in Figure 2, the video depicts
an older man (PwD) washing his hands in the bathroomwith
successive audio, picture, and video prompts from COACH,
delivered only as needed, if the man experiences difficulty
progressing to the next correct step of hand-washing. The
man’s daughter is shown in the video to be preparing
dinner in the kitchen while he is able to wash his hands
independently.

Phase 1: Concept Development. This phase aimed to address
the first research objective—to explore when and with
which activities ICPs envisioned AAL support. The first 90-
minute group design workshop, held in the boardroom of
the recruitment agency, involved a professional facilitator,
the first and last authors, and the recruited participants.
Upon collecting consent, we played the animated video and
followed it with a discussion of participants’ initial questions
and comments. Participants were then given 20 minutes to
complete an individual reflection/design activity: they were
asked to describe (i.e., through text or sketches) how they
envisioned seeking care assistance from COACH. Following
this, each participant presented her idea(s) to the group,
stimulating others’ comments and generating new ideas.
The facilitator summarized and clarified discussion themes
aloud before closing the session. After the workshop, the first
author reviewed field notes, participants’ design submissions,
audio transcripts, and workshop video. Guided by a general
inductive approach [35], data were coded and categorized
into activities and situations participants suggested for AAL
support. Categories relevant to how participants envisioned
interacting with an AAL system (i.e., our second research
question) were also generated from data analysis, including
aspects of AAL support participants wished to control or
customize, and information they wished to receive from

an AAL system. To prepare for the second workshop (Phase
2), the first author emailed a summary of findings to all
participants to promote additional reflections and generated
preliminary caregiver interface artefacts (“Design v1”) to
trigger participants in Phase 2.

Phase 2: Concept Refinement. This phase aimed to steer
discussion and codesign from the activities/situations for
which ICPs envisionedAAL support (first research objective)
toward how participants envisioned specifying and obtaining
this support (second research objective). During this group
design workshop, we asked participants to review, critique,
annotate, and discuss their design recommendations for
Design v1, first in two small groups, each of which was
audiorecorded, followed by a discussion altogether. After the
workshop, audio transcripts, session video, field notes, and
annotated copies of Design v1 were analyzed, again using
a general inductive approach [35]. This analysis generated
five scenarios for specifying and obtaining AAL support: (1)
setting up and orientating an AAL system for the first time;
(2) modifying how the system assists the PwDwith a selected
activity (i.e., toothbrushing); (3) creating and customizing
how the system assists the PwD with a new activity; (4)
generating a report on how the PwD is responding to system
assistance; and (5) using the system to “check up” on the
PwD while the ICP is away from home. Following this
workshop, the first author developed the next iteration of
caregiver interface artefacts (“Design v2”), whichwould serve
as triggers to participants in Phase 3.

Phase 3: User Trials. To continue exploring how ICPs
would specify and obtain AAL support in the generated
scenarios, the first author constructed a paper prototype
of Design v2 and, in collaboration with the second author,
developed a two-hour prototype evaluation session, guided
by [36]. The session was then piloted with three domain
experts affording early design recommendations, consistent
cofacilitation, session timing, and anticipated responses to
participants’ interactions with the prototype. During the
evaluation session, each of the five scenarios was posed as
a task for the participant to complete. For each task, the
participant read aloud the task instruction sheet (i.e., scenario
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Figure 1: Our research/design method adapted from the USAP
design model [25]. Phase 0 and Phase 4 indicate our additional/
adapted stages from the original USAP model.

description, task goals, and pertinent information needed to
complete the task) before attempting to complete the task.
As she progressed through the task using a pen to select
actions or input information on the paper prototype, the first
author flipped the prototype to the next “screen” based on her
interaction.Throughout each task, the participant performed

a think-aloud strategy [37] (i.e., ongoing commentary on her
actions and thought processes [38]), critiqued the content and
sequence of the prototype, and reflected on the appropriate-
ness of the design to her own situation. If the participant was
unsure about how to proceed in a task, the lead facilitator
(second author) explained the expected actions and paused
to discuss the participant’s design recommendations, which
were then annotated on the prototype. After all tasks were
completed, we discussed the participant’s overall reflections
on the tasks, scenarios, prototype, and its applicability to her
context. We conducted the sessions with the two selected
participants in their respective homes. We selected these
participants based on their interest and engagement with the
research problem and process, as emphasized by [39] for
participatory design in this context and participants’ avail-
ability and diversity of care experiences from mild through
to late-stage dementia. After both evaluation sessions, the
first and second author debriefed and reviewed all field
notes together with the paper prototypes annotated with
participants’ feedback. Over multiple discussions and the
review of selected video footage (by the first author), the first
and second author organized the key findings into contextual
influences to specifyingAAL support; AALdesign “tensions”;
and new design concepts for Design v3.

Phase 4: Concept Interpretation. This final phase involved a
literature review, which aimed to facilitate our interpretation
of the conceptual findings manifested in our prototypes
[30] and explore new design possibilities (“Design v3”)
that reflect the current knowledge base. The first author
conducted a focused literature review across several databases
(i.e., MEDLINE, EMBASE, PsycINFO, CINAHL, AgeLine,
Scopus, Web of Science, Social Work Abstracts and ASSIA),
combining the search terms (carer∗ OR caregiv∗), (burden
OR strain OR stress), and (elder∗ OR senior∗ OR older
adult∗). After reviewing titles and abstracts for relevance to
ICPs of PwDs, we selected qualitative studies that discussed
ICPs’ care experiences, routines, and strategies of ICPs. We
then synthesized and linked relevant themes to the key
findings fromPhase 3 (i.e., contextual influences, AAL design
tensions, and new design concepts). Concurrent with the
literature review, the first author collaborated with under-
graduate engineering design students to produce Design v3
artefacts, which aimed to harmonize Phase 3 findings and
themes from the synthesized literature.

Theoriginal study protocol and all amendments proposed
throughout this multiphase study were approved by the
University of Toronto Research Ethics Board (Protocol ID
26622).

3. Results

In the following sections, we describe our key findings across
successive research phases. To address our first research
objective, we first discuss the activities and situations for
which participants envisioned AAL support alongside their
own care. We then address our second research objective
by describing how participants envisioned specifying and
obtaining the desired support—by setting up and orientating
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Figure 2: Our developed video demonstrating to participants how COACH, an AAL environment, could guide a PwD (father) in
independently completing an ADL (e.g., hand-washing) while his ICP (daughter) performs other tasks.

the AAL system to persons and the home setting; by specify-
ing and personalizing how the system would assist their rel-
atives (PwDs) in activities; by scheduling and spontaneously
requesting system support; and by retrieving from the system
care-related information and using the system to “check
up” on PwDs if and when left home unattended. Although
our codesigned artefacts may refer to “COACH,” we note
that this system name was maintained in discussion with
participants for consistency throughout the codesign process.
From the perspective of the research team, the animated
video of COACH was used as trigger to help participants
conceptualize the capabilities of AAL support. We contend
that our findings are not limited to the capabilities of the
actual COACH system but are also relevant to the broader
class of AAL technologies designed to guide PwDs through
home-based activities. As such, we hereafter use “the system”
to refer to these technologies. In addition, as our participants
were all family members of PwDs, we use “relatives” to refer
to the PwDs to whom they provide care.

3.1. Envisioned Activities and Situations for Which AAL
Can Complement Care. Overall, participants shared vary-
ing opinions about when and with which activities they
would entrust or desire AAL support in the care of their
relatives. They were amenable to the idea of AAL enabling
their relatives to complete ADLs and other home-based
activities independently, while concurrently relieving them
of some care duties. Participants envisioned AAL support
for several activities (i.e., hand-washing, toothbrushing, toi-
leting, grooming, dressing, preparing and dispensing meals,
making telephone calls, watching television, and gardening)
but maintained mixed opinions about which they would
feel comfortable entrusting to technology. Participants also
enthusiastically agreed they would find it valuable to be able
to create and specify how AAL could assist with “custom”
activities that were particularly meaningful to their relatives.
For example, Melissa felt it was important to keep her

father “as independence as possible” in his valued activities:
“Gardening [was my father’s] passion. . . so, for my mom, [she
couldn’t show him what to do, she could only] repeat herself,
like ‘the shovel’s over there, don’t you see it?’ So something [to
help him with] tool recognition - like ‘this is what a shovel
looks like. . . it’s by the recycling bin’. . . [using my mom’s] voice
recording, or mine, or somebody familiar. . . to [help my father
stay] a little independent.” This finding was reinforced by our
review of the literature (Phase 4) emphasizing the need to
support PwDs in continuing meaningful activities [40] and
maintaining as much control as possible over their everyday
occupations [41]. In doing so, however, participants shared
feelings of stress and frustration in having to constantly
repeat information, prompts, and cues and suggested that
this AAL could potentially alleviate some of this repetition.
Situations demanding these reminders included orientating
their relatives to day and time, helping them remember and
recognize others, reminding them of the scheduled outings,
and double-checking their personal belongings before out-
ings. Ultimately, participants believed that AAL could be
valuable if an ICP could select the activities and situations to
which they would delegate and specify its support.

3.2. Specifying and Obtaining the Desired AAL Support

3.2.1. Orientating the AAL Environment to Persons and Spaces
in the Home. As with familiarizing a new formal care worker
to persons, care routines, and the home, participants felt
that a similar orientation would be needed when specify-
ing “personalized” support from an AAL environment, we
codesigned a “setup wizard” through which an ICP could
indicate which locations in the home were “augmented” with
the necessary hardware (e.g., sensors, cameras) to enable
AAL assistance; specify for the system who else shared in the
care of their relatives (including other ICPs and formal care
workers) and how they could be contacted (Figure 3); specify
the preferred prompt types (e.g., verbal, picture, and video)
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Figure 3: Design v2 showing how ICPs might initially set up and
orientate the system to the home setting, including the protocol for
sending alerts to a specific care partner.

and prompting language most suitable for their relatives; and
receive an initial tutorial on how to select activities and define
situational reminders for AAL support.

3.2.2. Personalizing How the System Will Assist the PwD
with the Selected Activities. Participants insisted that activity
assistance would need to be personalized to the PwD. Over
Phase 2 and Phase 3, we gradually interpreted personalization
to mean specifying the appropriate prompt type, prompt
content, and triggers. Participants envisioned specifying
prompt type (e.g., verbal, picture, and video) based on their
relatives’ intact abilities and their own established prompting
and cueing strategies. For example, some participants felt
that displaying visual prompts through the mirror was clever
and congruent with their own current care practices; others,
however, were concerned that thismay startle or confuse their
relatives. To be effective, prompt content would need to be
based on established strategies used by ICPs and be delivered
in a supportive, nonpatronizing manner: “I see how my
husband reacts. . . if anybody would say ‘great job’, he would be
kind of put down. . . at the early stage, you really have to worry
an awful lot about their pride. . . and consider their feelings, you
can’t take over.” As it seemed the system would need to learn
from and adopt ICPs’ established support strategies, we code-
signed caregiver interface artefacts reflecting functionality
that would enable an ICP to audiorecord, take a photo/video,
or select a saved media file to define a personalized prompt
(Figure 4). In Phase 3, our discussions indicated the need to
specify activity steps and triggers as prerequisites to defining
the content of a prompt. Triggers referred to their relatives’
specific actions at a particular activity step (e.g., erroneous or
inappropriate action, amount of time elapsed since the PwD’s
last action, and verbal phrase uttered) that would signal to
the system that a prompt was needed. The need for such
detailed specification raised participants’ concerns about the
practicality of AAL, particularly in the context of caring for a
relativewhose fluctuating anddeclining abilitiesmay demand
frequent systemmodification.They also described prompting
and cueing strategies to be highly idiosyncratic, intuitive, and
tacit; explicating and “programming” this information into
the system was perceived as onerous. Despite these concerns,
however, we observed participants to be enthusiastic about
the potential of AAL support. In particular, upon completion

Figure 4: Design v2 showing how an ICP may specify an activity’s
steps and create (e.g., audio- or video-record) personalized prompts
that they believe would assist the PwD in completing the activity
(e.g., making tea).

of Phase 3 in their respective homes, both participants engag-
ingly recommendedmore naturalistic interactionmethods or
heuristics by which they could quickly specify AAL support
for their relatives.

In Phase 4, we explored a future design concept (Design
v3) that aimed to respond to this design recommendation,
build on the literature in support of technology-mediated
peer support between ICPs [42–47], and draw inspiration
from emerging social media applications (e.g., Pinterest).
The concept proposed a social network that would allow
ICP “subscribers” to create, specify, and share with one
another (i.e., via uploading and downloading) AAL activity
support solutions using a common AAL platform. On the
simplest level, sharingmay enable the exchange of supportive
narratives to inspire new care strategies for other ICPs. On
a more sophisticated level, sharing could allow subscribers
to create and upload “activity templates” containing activity’s
steps, prompts, and triggers, which other subscribers could
then view, download, and personalize for their own use.

3.2.3. Scheduling and Spontaneously Seeking AAL Support.
Through codesign with participants, we also explored how
ICPs could specify the appropriate timing of AAL sup-
port. In Phase 2, participants initially expressed a desire to
preschedule AAL support as far in advance as possible.While
completing Phase 3, however, they reflected on the practical
limitations of prescheduling all system support: “How do you
program the unpredictable? How do you program something
that’s not routine? How do you program into the technology the
specific personality of [the PwD]?” Consistent with our review
of the literature in Phase 4, improvisation was discussed
as both a care strategy [48] and a natural characteristic of
home life [49], which would demand sufficient flexibility for
ICPs to spontaneously request, put on hold, or cancel its
support as needed. Moreover, our discussion also exposed
the multidimensionality of supporting home-based activities
for their relatives. On a time dimension, some activities
must occur at specific times (e.g., scheduled transportation
pick-ups), while other activities must only be appropriately
ordered (e.g., medications to be taken immediately after
a meal); there are activities that are important but can
occur at any time and frequency (e.g., drinking water).
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Figure 5: Design v3 screenshot illustrates a working mock-up of an
alternative calendar design that organizes scheduled, ordered, and
suggested (leisure) activities, in order of decreasing priority. The
red and green coloured items indicate support by an ICP and the
system, respectively. The check marks indicate whether the activity
has been completed, where the red checkmark indicates that an ICP
was called to help the PwD complete the activity after the system’s
prompting was not successful. The top-right circular icon in the
scheduled “Meeting with Friends” item indicates that the ICP has
paused (delayed) this activity. If the scheduled item is not reinitiated
after 12:15 p.m., the system may help initiate “Call Jane” if the PwD
is in the living room.

On a necessity dimension, there are activities that are neces-
sary but cannot be scheduled (e.g., toileting) and others that
are entirely optional (e.g., watching television). On a support
dimension, certain activities might only be initiated based
on their relatives’ moods or abilities, an ICP’s availability
or stress level, or certain logistic factors. The latter led to
participants’ enthusiasm for AAL support in mentally or
socially stimulating their relatives.

In Phase 4, we translated these findings into a new design
concept, reflected in Figure 5, an alternative calendar design
that accommodates scheduled, ordered, and suggested (i.e.,
optional leisure) activities. To support improvisation, we
added functionality thatwould allow an ICP to spontaneously
cancel, pause (i.e., delay), or initiate AAL support to their
relatives with leisure activities.

3.3. Retrieving Relevant Care Information and “Checking
Up” While Away. Participants also perceived receiving care-
related information from the system as another means of
seekingAAL support in the care of their relatives.They agreed
that being alleviated from care duties, even briefly, could be
immensely valuable to them. They also shared a common
desire for reassurance about if and when their relatives were
home alone, thoughmixed opinions were discussed onwhich
activities they would entrust to the system in their absence.
Unpacking these needs and preferences over study phases led
to the codesign of multiple options for conveying the desired
information from the system to ICPs: “checkup” functionality,
status updates, alerts, and reports.

While being away from their relatives, participants
expressed the need to “check up” if they were to entrust
the system to look after their relatives in their absence. In
Phase 2, we initially codesigned passive video monitoring
with optional two-way video communication through the
AAL system. This would allow an ICP to review video, at
a later time, if activities were completed in their absence
(Figure 6(a)) or check up in real time and communicate
if needed. In Phase 4, however, we strived toward a more
“mediating” design that could both reassure an ICP of a
relative’s safety while reducing “surveillance” that may only
exacerbate a PwD’s feeling of restricted freedom [50]. Here,
we considered enabling video monitoring and communi-
cation only in situations of safety risks (e.g., wandering)
(Figure 6(b)) or replacing live video with less invasive sensor
data (e.g., motion, light, and temperature), as Vines et al. [51]
explored in a recent telecare system field trial.

Our codesign of status updates also aimed to address
howAAL could potentiallymediate the safety versus freedom
conundrum. Initially, we designed passive real-time status
updates that were displayed on the home screen of the care-
giver interface and presented in text format (e.g., “COACH is
currently helping Dad brush his teeth.”). In Phase 4 (Design
v3), we built on this design by adding more status details
(e.g., current activity step, percentage of activity complete),
speculating that this additional information may adequately
reassure ICPs of their relatives’ safety without the need for
surveillance.

Alertswere another codesigned function that participants
felt could afford them more peace of mind to leave their
relatives at home unattended. Unsurprisingly, they wished
to be immediately alerted of any potentially dangerous
situations (e.g., leaving the stove on). During AAL activity
assistance, if the system detected no action from a PwD
over a specific time period, participants desired to be alerted
for further assistance. Notably, alerts were perceived as a
means of enabling a PwD to attempt activities independently
while relieving ICPs of worry and constant assistance. In
Phase 4, we compiled all codesigned alerting options that an
ICP could specify in advance (Figure 7(a)) and explored the
notion of “smart alerts,” where the system could recommend
information to an ICP based on geographic location and
learned patterns of information retrieval (Figure 7(b)).

Lastly, participants were enthusiastic to receive from the
system “on-demand” activity reports that could describe
functional patterns or indicate functional decline. In Phase
3, we used Design v2, shown in Figure 8, to probe and clarify
with participants their desired reporting parameters. These
included: activity completion (partial or full), number of
prompts (total and by type), time to activity completion,
identification of problematic steps, identification of incorrect
actions, and summary of alerts they received (e.g., for
additional support when COACH could not longer assist).
Participants anticipated that this information could signal the
need for health care consultation and facilitate communica-
tion with health care providers: “I’m not saying [there should
be] printout on a regular basis, [just] as required...because
sometimes my mother has a bad evening [and the] next day
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(a) (b)

Figure 6: Illustrating how an ICP might be able to use the system to (a) view recorded video to check up to determine whether a PwD
had completed an activity (e.g., eaten lunch) (Design v2) or (b) initiate a video call in response to an alert a potentially unsafe action that is
detected (e.g., leaving the house without communicating with the ICP) (Design v3).

(a) (b)

Figure 7: (a) Design v3 screenshot illustrating different alerting options (i.e., SMS, email, and “myCOACH” mobile application) that ICPs
can specify for a particular activity and (b) sample SMS alert.

she’s fine...but then if that runs several days in a row, you’ve got
to know when it’s time to talk to the doctor”.

4. Discussion

Our findings demonstrate the need for AAL design to
consider how technologies can be situated to complement
the care of ICPs and emphasize the important role we expect
ICPs to play in AAL customization, adoption, and ongoing
use. Toward our first research objective, we learned that
ICPs envisioned being able to choose which activities and
situations they wished to entrust to system and indicate
when they would desire this support (i.e., via care schedules
or spontaneous requests). Such choices would vary based
on dynamic interrelationships between home routines; their
relatives’ abilities, moods, and preferences; and their own
availability, priorities, and emotional states. Exploring our
second research objective, we gained insight into how ICPs
envisioned specifying and obtaining AAL support.This spec-
ification may involve first-time system setup, activity selec-
tion, and detailed activity and prompt specification, processes
in which ICPs would be called to translate their care exper-
tise into system instructions. “Personalized” assistance was

considered necessary for both effective support (i.e., correct
activity completion) and preserving their relatives’ abilities
and dignity. ICPs may also desire relevant information from
the system related to care. This information could be in the
form of real-time monitoring and bimodal communication
with their relatives, less invasive status updates on current
support, alerts based on predefined triggers, and activity
reports based on ICPs’ specified parameters. Overall, our
codesign method afforded us depth in envisioning the needs,
preferences, and imagined interactions from the perspectives
of ICPs. We now synthesize our findings and reflect on their
strengths, limitations, and implications for future work.

Our findings reinforce that AAL technologies should
be designed to be flexible, customizable, and potentially
with “do-it-yourself ” (DIY) capabilities to complement care
routines, relationships, and experiences. From an ICP’s per-
spective, seeking AAL support means sharing and/or turning
over an aspect(s) of care, from amenial task to more complex
activity assistance. Whether an ICP enlists the system to
provide direct assistance (e.g., activity prompting), retrieve
care-related information, and coordinate care between AAL
and multiple care partners, the decision and process by
which ICPs entrust care to another party cannot be taken
for granted. For instance, while an ICP may find caring
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(a) (b)

Figure 8: Design v2 illustrating how ICPs might (a) query and (b) retrieve reports that summarize how a PwD is managing in a particular
activity with support from the system.

stressful or burdensome, he or shemay also ascribe significant
meaning to their care roles; they may derive a sense of pride
or view caring as a natural continuation of bonds with PwDs
[10, 12, 52–54]. Such mixed feelings may lend themselves
to fluctuating preferences for AAL support, depending on
moods, stress levels, and current circumstances. Entrusting
care to a technology may also require some means of
orientating and instructing the system to provide support
based on ICP’s established strategies. The need to explicate
such detailed specifications is challenged by the often tacit,
improvised nature of care routines and support strategies
(e.g., prompting), which previous work confirms [48, 55]. We
therefore continue to advocate (i.e., in [56, 57]) that AAL
technologies should be designed with “do-it-yourself ” (DIY)
capabilities, to the greatest extent possible, allowing users to
iteratively build and modify custom AAL solutions. First, in
early-stage support,DIY capabilitiesmay enable collaborative
solution-building between ICPs and PwDs, affording both
users a sense of control, whose related work stresses are a
central concern for smart home users [49]. Secondly, it may
allow users (i.e., again, where possible, both stakeholders)
to flexibly try, modify, and scale up solutions over time, as
care needs, experience, and technological proficiency evolve.
As developing DIY solutions may challenge users to develop
technological proficiency, doing so could promote positive
feelings of mastery and self-efficacy [13], as well as reflective
learning and technology adoption at one’s own pace, two
central principles of the “Slow Design” philosophy that aims
to achieve more meaningful and sustained technology use
[58, 59].

We can also extend the concept of DIY to how ICPs
specify and obtain system support, problematizing this in
relation to AAL technologies. Unlike most AAL approaches
that “overemphasize the importance of smart devices” [17],
our findings reveal that ICPswish tomaintain control in spec-
ifying, personalizing, and customizing support (e.g., activity
steps, prompts, triggers, and alert preferences). Although
codesign afforded us insight into their learned and largely
tacit support strategies, we speculate that this assumption
led to participants’ concerns about the time and effort such
detailed specification would demand. Ongoing work [56, 57]
aims to address this by exploring more naturalistic ways in

which ICPs can express and specify this information in order
to iteratively build DIY AAL solutions. Moreover, to exploit
the value of AAL technologies, it is also crucial to determine
the appropriate degree of human interaction and control vis-
à-vis the autonomy of an intelligent system—a discussion
that Sun et al. [17] encourage AAL researchers to consider.
Here, we may apply the Scale of Degrees of Automation [60]
that places system automation and human interaction on
a continuum. Applied to our context, AAL support might
range from the system providing no assistance (i.e., the ICP
assists the PwD with no AAL support); to offering suggestions
to the ICP (i.e., AAL support with ICP’s permission) and
to providing fully autonomous assistance, where the AAL
system assists without any input or confirmation from the
ICP. For instance, giving an ICP the option to accept or reject
AAL support in the moment may mitigate the stress of post
hoc alerts from an autonomous system that is difficult to
spontaneously act upon. Future work is needed to investigate
the desired balance between interaction and automation in
AAL applications.

Arguably, the biggest insight from this study suggests an
opportunity for AAL, not only to assist a PwD while alleviat-
ing an ICP(s), but also to support both stakeholders as they
transition to greater dependency. Our study provided insight
into the situated context in which dependency on an ICP(s)
involves learning, adapting, and negotiating with PwDs.
Although our study confirmed ICPs’ concerns for safety and
respite [50], our participants continually advocated for the
needs, values, personalities, and dignity of their relatives.The
enthusiastic emphasis on enabling their relatives to continue
meaningful activities was most relevant to our context and
supported by studies with PwDs, even if adaptive strategies
and dependency were needed [40, 41].These findings suggest
ICPs may be seeking solutions that satisfy both the needs of
PwDs, for whom they advocate, and their own needs. We
believe AAL solutions are positioned to play this mediating
role, where ICPs and PwD can negotiate support from early
stages of dependency, through a shared process of exploring
and fashioning technology-enabled support strategies. In
this way, this study afforded us a new conceptualization of
this research/design problem, where AAL design should be
based on an understanding of the contextual and temporal
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particularities of the “caregiving dyad” [13] and consider
the “user” as the PwD together with his or her ICP(s) as
an interconnected, interactional unit undergoing constant
negotiation and transition.

Our described substantive findings were afforded by a
fluid codesign process for which we acknowledge study
limitations, strengths, and future research directions. First,
our study recruited a small sample, female-only sample,
from a single community-based support agency, thus, biasing
the described findings to ICPs who have accessed some
degree of formal care support (e.g., psychosocial, educational,
and respite care) and who likely share similar cultural,
socioeconomic, and environmental characteristics. Secondly,
we acknowledge that participants’ feedback may have been
influenced or constrained by our creativity triggers, including
our animated video of the COACH system, caregiver inter-
face artefacts, and constructed scenarios/tasks. We, however,
advocate for our codesign method, as it facilitated focused,
productive participant involvement; richly contextualized
information about current care strategies and envisioned
AAL support; and enthusiastic attitudes toward AAL, as
compared to previous attitudinal findings by colleagues [23].
In particular, ourmeticulous pilot sessions in Phase 3 allowed
us to rehearse cofacilitation that would promote participants’
envisioning beyond the actual capabilities of COACH or any
other specificAAL system. Lastly, we recognize that this study
reflects only the perspectives of these ICPs and their accounts
of the needs and values of PwDs in the discussed context
of AAL. As emphasized, future work should involve PwD-
ICP dyads to investigate how AAL can potentially support
different needs and positive relationships as dependency
is negotiated over time. Our next study, for example, will
involve care dyads to codesign “technology probes” [31] that
can then be deployed and longitudinally studied in real-
world home settings.We expect this subsequent investigation
to produce a “toolkit” of design guidelines, techniques, and
methods that can holistically interpret social contexts of
care, creatively explore AAL design opportunities [61], and
guide empathic codesign collaboration between researchers,
designers, and the beneficiary end stakeholders.

5. Conclusion

With a better understanding of the role of AAL in everyday
dementiamanagement, we advocate that technologies should
be designed to complement and collaborate with the care of
ICPs to PwDs. As the care experience involves a nuanced
and evolving relationship between two (or more) people,
designing AAL with DIY capabilities may enable ICPs to
organically craft context-appropriate solutions to support and
balance the needs of PwDs with their own needs. As we
attempted to reflect in this paper, delivering such capabilities
relies on a situated understanding of care contexts and, most
centrally, the value-driven needs of the intended technology
users. To this end, we plan and encourage others toward
future work that investigates PwDs together with their ICPs
as an interactional user “dyad” and employs longitudinal
designs with participatory, design-oriented methods to pro-
mote envisioning of experiences in a technological future.
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Objective. To design a bidimensional facial movement measuring tool and study its reliability.Methods. We utilized the free video-
analysis software Kinovea that can track preselected points during movements and measure two-point distances off-line. Three
raters positioned facial markers on 10 healthy individuals and video-taped them during maximal bilateral contractions of frontalis,
corrugator, orbicularis oculi, zygomaticus, orbicularis oris, and buccinator, on two occasions. Each rater also analyzed the first video
twice, one week apart. For each muscle, intrarater reliability was measured by percent agreements (PA) and intraclass correlation
coefficients (ICC) between two assessments of the same video one week apart and between assessments of two videos collected one
week apart. Interrater reliability wasmeasured by PA, ICC, and coefficients of variation (CV) between assessments of the first video-
recording by the three raters. Results. Intrarater and interrater reliabilities were good to excellent for frontalis (PA and ICC > 70%;
CV < 15%), moderate for orbicularis oculi, zygomaticus, and orbicularis oris, and poor for corrugator and buccinators. Discussion.
Without formal prior training, the proposed method was reliable for frontalis in healthy subjects. Improved marker selection,
training sessions, and testing reliability in patients with facial paresis may enhance reliability for orbicularis oculi, zygomaticus,
and orbicularis oris.

1. Introduction

Peripheral facial paresis following facial nerve injuries (trau-
matic, infectious, tumoral, autoimmune, and postneurosur-
gery) or conditions such as stroke, multiple sclerosis, myas-
thenia, and parkinsonian syndromes causes facial movement
impairment that might be important to quantify for purposes
of refined diagnosis or follow-up. In the management of
peripheral facial paresis, a number of assessment methods
have been proposed, initially by surgical teams and later also
by rehabilitation physicians [1–8]. Among these, subjective
clinical assessments comprise facial grading scales such as the
House-Brackmann or Sunnybrook scales [9–12]. Objective
quantitative facial assessments, using bidimensional and
three-dimensional measurements, have often focused on one
or very few facial muscles, omitting the rest of facial mobil-
ity [13–15]. Bidimensional techniques use photography or

videography to measure distance between facial points at rest
and during movement [15–24]. Three-dimensional assess-
ments have used automation technologies and sophisticated
algorithms, often to the cost of time-consumption, expensive
equipment, and uneasy applicability to daily practice [25–28].

A quantitative facial movement assessment tool that
would be easy-to-reproduce, fast, free, accurate, and reliable
for a sufficient number of muscles remains an unmet need.
Such a tool might help clinicians to quantify facial paresis at
onset, during follow-up, and after interventions such asmedi-
cal, surgical, and rehabilitative programs. In the present study
we have used the free and open-source software Kinovea
and selected specific facial markers to quantify movements of
six key muscles. From standard subject videos, we measured
normal resting facial distances and maximal excursions of
the selected markers during movement. We explored the
intrarater and interrater reliability of this method.
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2. Methods

2.1. Subjects, Raters, and Procedures. The following proce-
dureswere administered in compliancewith theHelsinki con-
vention. Ten healthy subjects (6 women; age 39 ± 12) with no
cervicofacial injuries or neurologic disorders participated in
the study. Three raters (two physicians and one occupational
therapist) who underwent short training about the method
before used face paint to draw dots on the face of each subject
on 10 preselected anatomic facial markers (Figure 1(a)):

(i) one at nasion (fixed marker);
(ii) one at mid-upper lip;
(iii) one at each mid eyebrow;
(iv) one at each inner eyebrow tip;
(v) one at each mid-upper and each mid-lower lid;
(vi) one at each oral commissure;
(vii) one at a cheek point 4 centimeters from each oral

commissure on the line from oral commissure to the
mandibular angle.

To calibrate distances, two dots 5 centimeters away were also
painted on the forehead.

Using these markers, we quantified 6 movements that
each subject was to perform bilaterally using maximal con-
tractions:

(i) raising eyebrows (frontalis muscle);
(ii) frowning (corrugator muscle);
(iii) eye closure (orbicularis oculi muscle);
(iv) smile (zygomaticus muscle);
(v) puffing (orbicularis oris muscle);
(vi) cheek incursion with attempted blowing (buccinator

muscle).

2.2. Head Position and Movements. Facial movements were
measured while subjects were comfortably seated on a fixed
stool, with the upper buttocks, scapulas, and occiput leaning
back against a wall. Subjects looked straight ahead towards
a specified target fixed on the facing wall and were asked
not to move during video acquisitions. The head was to be
kept resting against the wall, at rest and during the 6 tested
movements. Video-recording was performed at rest and dur-
ing the 6 bilateral maximal facial contractions. Standardized,
straightforward verbal commands were used for brow eleva-
tion (“raise your eyebrows”), frowning (“frown”), eye closure
(“close your eyes”), smiling (“smile, showing your teeth”),
puffing cheeks (“blow your cheeks keeping the air inside”),
and cheek incursion (“bring your cheeks in”), using addi-
tional mimicking by the investigator as needed.

2.3. Kinovea Software. Kinovea is a free and open-source
(GPL2) French software created in 2009 as a tool for move-
ment analysis (Kinovea, 0.8.15; Copyright © 2006–2011, Joan
Charmant & Contrib, http://www.kinovea.org/) [29, 30]. Its

(a)

(b)

Figure 1: Principle of the Kinovea-derived method. Rest. (a) Each
dot was drawn on the subject’s face with face paint, corresponding
to the preselected markers. The two dots on the forehead are 5 cm
apart and are used for calibration. (b) Each line indicates distance
measurements corresponding to the 6 selected muscles at rest. The
lines from mid upper lip to the cheek point 4 cm out are used for
both buccinator and orbicularis oris measurements.

straightforward functionalities are targeted to both move-
ment science specialists and clinicians such as physical, occu-
pational, or speech therapists. From plain video-recordings
of movements, the software allows measuring distances and
times, manually or using semiautomated tracking to follow
points and check live values or trajectories. To our knowl-
edge, Kinovea has not been used for facial analysis to date.
Figure 1(b) shows facial distances measured at rest using the
software. Figures 2(a) to 2(f) show facial distances measured
after the movements caused by maximal contractions of
6 selected facial muscles: frontalis (Figure 2(a)), corrugator
(Figure 2(b)), orbicularis oculi (Figure 2(c)), zygomaticus
(Figure 2(d)), orbiculari oris (Figure 2(e)), and buccinator
(Figure 2(f)).

2.4. Assessment Procedure. All videos were analyzed using
manual importing of the videos into theKinovea software and
calibrating each video to the 5 centimeter mark painted on
the forehead of each subject (Figure 1(a)). A vertical midline
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3.51 cm 3.49 cm

(a)

1.07 cm 0.62 cm

(b)

(c)

3.60 cm 3.82 cm

(d)

5.40 cm 5.47 cm

(e)

4.65 cm 4.91 cm

(f)

Figure 2: Principle of the Kinovea-derived method. Maximal contractions. Each blue line indicates distance measurements corresponding
to the selected muscles during maximal contractions: (a) frontalis; (b) corrugator; (c) orbicularis oculi; (d) zygomaticus; (e) orbicularis oris;
(f) buccinator. Note in (e) and (f) that in the subject selected the two cheek markers 4 cm out from the oral commissure fail to capture the
maximum lateral cheek in/excursions.

was drawn through the nasion and mid-upper lip points to
facilitate measures of corrugator movements (Figure 1(b)).
The time to drawmarkers and perform each video acquisition
was recorded, as well as the time to perform analysis using
Kinovea. Measurements were taken on both sides of the face.

2.5. Statistical Analysis. Intrarater reliability was assessed for
two different procedures, video analysis and marker posi-
tioning. First, we measured the intrarater reliability for video
analysis (“interreview”) by calculating intraclass correlation
coefficients and agreement frequencies between distances
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Table 1: Distances covered and symmetry ratios (first analysis of the first video, mean of 3 raters, and 10 patients).

Muscles Side Mean
distance (cm)

Standard deviation
(cm)

20% distance
(cm)

Minimum
(cm)

Maximum
(cm)

Symmetry
ratio (%)

Frontalis R
L

1.32
1.36

0.26
0.28

0.26
0.27

0.59
0.66

1.77
1.87 97

Orbicularis oculi R
L

0.42
0.40

0.16
0.14

0.08
0.08

0.07
0.13

0.70
0.64 95

Corrugator R
L

1.07
1.08

0.15
0.15

0.21
0.22

0.80
0.80

1.32
1.36 99

Zygomaticus R
L

0.88
0.73

0.17
0.17

0.18
0.15

0.57
0.49

1.23
1.10 83

Orbicularis oris R
L

0.56
0.48

0.21
0.25

0.11
0.10

0.14
0.08

1.04
1.25 86

Buccinator R
L

0.70
0.87

0.29
0.29

0.14
0.17

0.25
0.32

1.26
1.53 80

Each number in Column 3 indicates the mean distance covered during displacement due to maximal contraction of the muscle indicated in Column 1. R: right;
L: left. Note that the 20% difference selected to represent disagreement is lower than or equal to the standard deviation for all muscles except for corrugator.

measured twice one week apart from the same video acqui-
sition, for each muscle on each side. Then, we measured the
intrarater reliability for marker positioning (“intermarking”),
by calculating intraclass correlation coefficients and agree-
ment frequencies between the distances measured in two
video acquisitions performed oneweek apart for each patient,
for each muscle on each side. For a given muscle, agreement
was defined as a difference between two measurements equal
to or lower than 20% of the mean distance measured across
all subjects and raters over that movement (see Table 1).
The level of agreement was defined as excellent above 85%,
good between 70% and 85%, insufficient between 50% and
70%, and poor below 50%. To assess interrater variability we
calculated intraclass correlation coefficients and agreement
frequencies between distances measured by each rater from
the first video acquisition, in addition to coefficients of
variation (ratio of the standard deviation to the arithmetic
mean) of the values between the three raters [31].

3. Results

The 10 healthy individuals who participated in the study were
6women and 4men,mean age 39±12. All the videos acquired
were deemed acceptable for analysis by the Kinovea software.
In particular, there was no major head rotation noted from
the plane of the camera.

3.1. Time Consumption. The entire acquisition, including
marker painting, subject positioning, video-taping during
rest, and the 6maximal bilateral facial contractions, andmar-
ker removal took 4.0 ± 0.2minutes (mean ± SD) to perform.
Video-analysis took 20 ± 2minutes for each video.

3.2. Raw Measurements. Table 1 shows the mean excursions
of the selected markers in our subject group and the side-to-
side symmetry ratios for each muscle on the first analysis of

the first video (mean of 3 raters and 10 patients). The mean
marker excursions covered by the different muscles ranged
from 0.40 cm (left orbicularis oculi) to 1.36 cm (left frontalis);
symmetry between right and left remained beyond 90% for
upper face muscles and beyond 80% for lower face muscles.

3.3. Intrarater Reliability. Figures 3(a) and 3(b) display the
mean intrarater ICC (with standard deviation) and agree-
ment frequencies (AF) per muscle on each side, between two
video-analyses from the same marker positioning (“interre-
view”, Figure 3(a)) and between analyses from two different
markingsmade one week apart (“intermarking”, Figure 3(b)).
Regarding interreview reliability, both ICC andAFwere good
to excellent (>70%) for frontalis, orbicularis oculi, zygomat-
ics, and buccinator; for corrugator and orbicularis oris, only
ICCs were also good to excellent. There was a clear right-
left symmetry in the intrarater reliability ofmeasurements for
each muscle (Figure 3(a)).

When facial marking was performed on two different
days, only frontalis measurements retained excellent intra-
rater reliability, as well as orbicularis oculi but for agreement
frequencies only. The other 4 muscles, corrugator, zygomati-
cus, orbicularis oris, and buccinator (particularly the latter
two), fall below 70% reliability whichever the parameter con-
sidered. A sharp discrepancy was noted between poor ICCs
and much higher AFs for orbicularis oculi and zygomaticus
(Figure 3(b)).

3.4. Interrater Reliability. Figure 4 displays the mean inter-
rater ICC (with standard deviation), agreement frequencies,
and coefficients of variation per muscle on each side. Inter-
rater reliability was again good only for frontalis and ques-
tionable for orbicularis oculi and zygomaticus, these two
muscles being characterized by small coefficients of variation
(less than 16%) and agreement frequencies close to 70% on
average, but by ICCs far below 70%.



BioMed Research International 5

R L R L R L R L R L R L
Frontalis Orbicularis

oculi
Corrugator Zygomaticus Orbicularis

oris
Buccinator

Intermarking

0.0
0.2
0.4
0.6
0.8
1.0

ICC
AF

(a)

0.0
0.2
0.4
0.6
0.8
1.0

R L R L R L R L R L R L
Frontalis Orbicularis

oculi
Corrugator Zygomaticus Orbicularis

oris
Buccinator

ICC
AF

Interreview

(b)

Figure 3: Intrarater reliability of theKinovea-derivedmethod. (a) Interreview corresponds to the reliability of two consecutivemeasurements,
when the same rater reviews the same video twice one week apart. The dashed line at 0.7 represents the threshold for good to excellent
reliability. ICC: intraclass correlation coefficients; AF: agreement frequency; R: right; L: left. (b) Intermarking corresponds to the reliability
of two measurements made by the same rater using two different marker positioning sessions one week apart.

Interrater reliability

ICC
AF
CV
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Figure 4: Interrater reliability. ICC: intraclass correlation coeffi-
cients; AF: agreement frequency; CV: coefficients of variation; R:
right; L: left.The dashed line at 0.7 represents the threshold for good
to excellent reliability and that at 0.15 represents the limit below
which coefficients of variation are deemed acceptable.

4. Discussion

Despite substantial research on facial motion evaluation for
the past decades, no single outcome instrument has become
common practice among surgical or rehabilitation teams [14,
15, 17–28, 32–35]. This study shows that the first version of
a method using the free and open-source Kinovea software
applied without any prior formal training on plain video-
recordings of facial movements was reliable for frontalismea-
surements. For zygomaticus and orbicularis oculi, reliability
was suboptimal but might be expected to improve when
examined in subjects with facial paresis because of higher
intersubject variability in that population (see below). For
the other tested muscles (corrugator, orbicularis oris, and
buccinator), reliability was unacceptable with the current
paradigm. Reliability improvement for these muscles might
require refined marker selection and prior formal training
before using the method. To best interpret the present find-
ings, a number of methodological issues deserve discussion.

4.1. Intrarater Reliability: Interreview versus Intermarking. We
broke down overall intrarater reliability into two compo-
nents: the ability to agree with oneself when looking twice at a
given video (“interreview” reliability) and the ability to agree
with oneself when positioningmarkers twice on the same face
(“intermarking” reliability). It must be acknowledged that
the latter reliability measurement also involved two video-
recordings and therefore also depended upon the first “inter-
review” reliability. Thus, the true “intermarking” reliability
(or lack thereof) was really shown in the difference between
the first and the second reliability, a difference that proved
particularly obvious in some measurements for zygomati-
cus, orbicularis oculi, orbicularis oris, and buccinator (see
Section 4.3).

4.2.Measures of Agreement, ICC versus Agreement Frequencies
(AF). Remarkable discrepancies were noted between AFs
and ICCs on a number of occasions, in particular for intrara-
ter intermarking and interrater reliability, regarding orbicu-
laris oculi and zygomaticus on one hand (AF > ICC) and
corrugator on the other hand (ICC > AF). One goal of this
study was to answer two questions: “how often does a rater
obtain the same results when looking at the same subject on
two occasions?” (intrarater agreement rates, both interreview
and intermarking) and “how often do two raters get the same
result when observing the same subject?” (interrater agree-
ment rate). The intraclass correlation coefficients answer a
different question, which is a comparative one, as it is desig-
ned to compare the reliabilities of different tools used by the
same group of raters on the same group of subjects [36].
The ICCs are thus devised to depend upon the homogeneity
of the subjects used in a study [37–40]. Indeed, the ICC is
the proportion of variability in all records, which is due to
differences between subjects. This coefficient ranges from 0
to 1; the closer to 1, the more variability in the data comes
from differences between subjects, the higher the agreement
between raters or ratings. Mathematically, 𝜌ICC = 𝜎

2

𝑆
/(𝜎
2

𝑆
+

𝜎
2

𝑅
+ 𝜎
2

𝐸
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𝑆
, 𝜎2
𝑅
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𝐸
represent, respectively, the
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variance in the data that comes from the subjects, the rater,
and random noise. For each muscle, these variances result
from the fitting of the 2-way random effects ANOVA model:
𝑥
𝑖,𝑗
= 𝜇+ 𝑠

𝑖
+ 𝑟
𝑗
+ 𝑒
𝑖,𝑗
where 𝑥

𝑖,𝑗
is the displacement measured

on a given muscle of subject 𝑖 by rater 𝑗 (in this study, 𝑗 =
1, 2, 3 and 𝑖 = 1, . . . , 10). 𝜇 is the average rating over all
patients by all raters; 𝑠

𝑖
is the effect of subject 𝑖 on rating, used

as a random effect; 𝑟
𝑗
is the effect of rater 𝑗 on rating, used as

a random effect; and 𝑒
𝑖,𝑗
is a random error. Formulas for its

estimate, 95% confidence bounds, and the 𝐹-test for testing
the null hypothesis of 𝜌 = 𝜌

0
are given inMcGraw andWong,

1996 (ICC [A,1], Case 2A model) [36]. The computation of
that coefficient is thus meaningful as a comparative statistic
between different measurement tools [36]. This was not the
purpose of this study. To be clinically relevant we have thus
opted to also report the agreement frequency, that is, the
percent of matches, here defined as differences within 20%
of the mean. Finally, when measuring interrater reliability of
displacement measurements (Figure 4), we have additionally
displayed the actual variability of ratings (coefficient of
variation) between the 3 raters to complete the information.

A potential disadvantage of the agreement frequency
method lies in the need for an arbitrary choice of a threshold
difference below which “agreement” or “match” is defined.
Here, our choice of a 20% difference for defining disagree-
ment between two ratings corresponds to a range of differen-
ces from 0.8 to 2.7mm depending on the muscles (20% of
the mean distances covered, see Table 1). These differences
are in fact small, as they fall within the parameters of facial
asymmetry, which have been shown to be easily overlooked
by human observers naive to the presence of a facial differ-
ence when asymmetry is less than 3mm in the brow and oral
commissure regions [41].

We thus elected to use the two statistics methods ICC
and AF jointly and to compare their findings. In that respect,
situations of frank discrepancies between the two reliability
measurements may yield valuable information. For example,
intermarking reliability for orbicularis oculi and zygomaticus
was characterized by high agreement frequencies, while ICCs
were low. This may have to do with high between-subject
homogeneity of displacement values for these two muscles in
a healthy population, which might lead to underestimate the
reliability of the measure if using ICCs only. Such situation
might be less likely to occur in a group of patients with
peripheral facial paresis, in which differences from patient to
patient would be expected to be higher than between healthy
subjects moving all their facial muscles normally. Evaluations
of the reliability of zygomaticus and orbicularis oculi mea-
surements with the Kinovea-derived method in patients with
facial paresis will be needed to confirm this hypothesis.

4.3. Muscle by Muscle Analysis, Marker Positioning Relia-
bility. We initially selected 3 upper face muscles (frontalis,
orbicularis oculi, and corrugator) and 3 lower face muscles
(zygomaticus, orbicularis oris, and buccinator) to represent
facial nerve function as extensively as possible. It is interesting
to note that right-left symmetry was consistently about 10%
higher for the upper face than for the lower face muscles,
which is consistent with the bilateral descending innervation

of upper face muscles only. Yet, varying degrees of reliability
results for some of the selected muscles deserve analysis,
particularly when comparing interreview and intermarking
intrarater reliability.

For corrugator displacement, there was little loss of relia-
bility between interreview and intermarking intrarater relia-
bility, which may suggest that the issue may have to do with a
difficulty in visually estimating the position of the markers
on the inner angle of the eyebrow. Regarding zygomaticus
and orbicularis oculi, the sole drops in ICCs from interreview
to intermarking, which then dissociated from AFs, were
discussed above. Orbicularis oris and buccinator might pose
greater difficulties as Table 1 reveals standard deviations well
beyond 20%of themean in the estimations of their associated
displacements, together with major discrepancies between
interreview and intermarking intrarater reliability. This may
reveal difficulty in finding reliable marker positions to reflect
their associated movements (see examples of marker inad-
equation for orbicularis oris and buccinator in Figures 2(e)
and 2(f)). In fact, the cheek displacements due to orbicularis
oris and buccinator contractions are not only mediolateral
but also anteroposterior and 3-dimensional technologymight
be more relevant to explore these muscles. Finally, the lack
of previous training sessions might also have participated
in high standard deviations for these 2 muscles in partic-
ular, as subjects had more difficulties in smiling or puffing
than with the other requested movements. The reliability of
frontalis measurements proved satisfactory probably because
themarker positioning atmid eyebrow seems straightforward
and its contraction-induced displacement occurs within a
single frontal plan.

4.4. Limitations andTechnical Issues, HeadMovements, Choice
of Marker Positions, Calibration, and Software Resolution.
The first limitation is that this is not a study of the construct
validity of the method. In other words, we have no infor-
mation of systemic errors attached to the method [42].
Therefore additional studies will be required to deliver such
information: how does this method compare to reference
methods and actual measurements of the physical distance
covered by cutaneous points during muscle contractions.
Comparisons with 3D measurements in particular might be
helpful in that respect.

Compensation for head movement with devices such as
jigs or immobile reference points has been suggested, while
many researchers consider on the other hand that restrictive
fixation of the head or face may hamper natural facial move-
ments [13, 32, 33, 43–47]. A number of measuring systems
for facial motion analysis use markers that are attached to the
facial skin instead of being painted as in themethoddescribed
here. The use of physical markers in measuring systems is
often time-consuming for both operator and patient, espe-
cially in 3-dimensional technologies. In addition, physical
markers stuck on the face may alter or inhibit spontaneous
facial motion. Some authors analyzed facial motion without
markers [45] or positionedmarkers directly with the software
[42]. Our choice of painted markers seems relevant because
it is fast, cheap, and acceptable for individuals and operators.
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Calibration scaling photographs to the iris diameter
(11.8mm in humans) have been reported [41, 42]. Here, a cali-
bration using the distance nasion-tragus (not available except
in 3/4 or profile incidences) as the more fixed points of the
face could also be tested for comparison with our 5-centime-
ter frontal distancemethod. However, since at least one of the
selected muscles proved to have very good reliability with all
measures in the present study, calibration is probably not a
critical issue here.

4.5. Comparison with Other Tracking Systems. In comparison
with the available literature on bidimensional analysis, the
presently described technique is free, open-source, fast to
use, and presents with interesting advantages. In the system
used by Hadlock and Urban [42] of a bidimensional Facial
Assessment by Computer Evaluation (FACE) derived from
Photoshop but using a MATLAB interface that allows faster
analysis than the regular Photoshop technique the authors
analyzed only 5 movements that were not specific of individ-
ual facial muscles and work on photographs only, as opposed
to videos that we could freeze at the appropriate time of
maximal muscle excursion, like with the present method.

To ascertain reliability for important muscles such as
orbicularis oculi, zygomaticus, and perhaps corrugator, it
seems important to reevaluate these muscles, together with
frontalis, in patients with peripheral facial paresis. Such eval-
uation may be carried out without and with a formal prior
training session for both patients and raters, and in parallel
with clinical scales (Sunnybrook, Creteil) [48]. The case of
buccinator and orbicularis oris is likely to need new marker
selection to try to improve the Kinovea-derived method for
these muscles.

4.6. Conclusion. A simple and easy-to-reproduce facial
movement evaluationmethod has been designed using a free,
open-source software to perform bidimensional analysis of
movements related to 6 facial muscles. Without prior formal
training, neither for subjects nor for investigators, intrarater
and interrater reliability proved good to excellent in healthy
subjects for the frontalis muscle only. For the other tested
muscles, we may seek reliability improvement by refining the
preselection of anatomic markers, by using formal training
sessions for patients and raters and by testing the method in
patients with facial paresis.
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