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Introduction

With the emergence of greenhouse gas lowering 
according to the regulation of building energy 
and green industry growth by the countries, it 
tends to choose the healthy materials for the 
building interiors, and increase the interest in 
the health by the people.

It is necessary to establish a strategy to 
improve the awareness of the products which 
are relatively not recognized well by utilizing the 
high awareness of1Boryeong Mud established 
by revitalization of the festival, and efforts have 
been made for grafting in the business areas of 
furniture, interior decoration, ceramic, etc.

The effect of Boryeongmud is like this. 
Generally, mud contains many effective 
components in terms of preventing skin aging 
and other natural minerals as shown in Table 1. 
It is abundant glial component of vitality and 

The Study on the Possibility of Expanding to Environmentally-
Friendly Products Utilizing Clean Mud as an Environmentally-Friendly 

Construction Material Technologies
Hyun-Seob Cho*1 and Moon-Hee Choi2

1Department of Electronic Engineering, Chungwoon University, Incheon, South Korea;
2Department of Communication Design, Hanyang University, South Korea; moon3713@daum.net

Abstract: Background/Objectives: Environmentally-friendly construction material means the production 
and installation of the construction materials with reduced energy use and environmental load. The area 
includes environmentally-friendly construction finishing materials, energy-saving material technologies, etc. 
They try to make a growth in connection with regional industries by way of convergence industrialization of 
marine resource materials, getting out of the limit of utilizing the mud resource. Methods/Statistical analy-
sis: Survey has been Step 4(Environmentally-friendly Materials, Insulation and Heat Storage Performance, 
Provides Comfortable Environment, Natural Deodorization Function) program. Findings: Environmentally-
friendly construction material markets grow continuously because the mud products may replace the role of 
red clay products in the construction material market, so we can expect demand for the mud products to be 
high in future. Improvements/Applications: Based on the awareness built up by the activation of mud festi-
val, it is required to strengthen the competitiveness of the community industry using mud, the representative 
resource in Boryeong City, converting value added industry that is life care industry.

Keywords: Clean Mud, Construction Material, Environmentally-Friendly, Expanding, Products Utilizing

elasticity to skin and cultivate young and fresh 
skin. What is more, due to it contains the gluey 
and determined components, therefore, it is 
also available in the physical therapy like sand 
bath and sauna for Anti-bacteria, there is a very 
effective in the treatment of trauma.(Boryeong 
city mud festival homepage See more at: http://
www.mudfestival.or.kr/ about Festival/story.
html#sthash.X2ipnhub.dpuf)

Generally, the products with mud had been 
limited to the cosmetics in the past while raw 
material of mud is anticipated to expand the 
usages by the item developments such as 
eco-friendly construction products, mud bed 
with medical function, mud earthen bowl for 
induction, and so on.

According to the report of Korea Technology 
and Information Promotion Agency for SMEs 
in 2014, environmentally-friendly construction 
materials have showed constant growth of 
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Table 1. Effect of mud.

Ingredient The Function and Effect

Far-infrard radiation Vitalizing the cell activities, expanding capillaries, vitalizing blood  
circulation and metabolism, helping release various wastes from inside 

of skin/vitalizing cells in human body

Ge(germanium) Mystical materials that brings good effects to body, such as skin  
contraction and vitalizing skin elasticity

Al(alumin(i)um) Main source material for cosmetics that help blood circulation ad  
metabolism, eliminate wastes, make skin transparent

Na(natrium) Controlling osmotic pressure and balancing water in human body 
Mg(magnesium) - Help excrete wastes, used in collagen combination

Si(silicon) Eliminating excessive wastes and sebum in pores

K(kalium) Controlling osmotic pressure, balancing water and soothing effect

Ca(calcium) Detoxification and releasing stresses

Fe(iron) Used in collagen combination

more than 10% per year in global and domestic 
markets during 2012~2015, and are expected 
to show continuous growth in the futureas 
shown in Table 2.

Proposed Work
Since the mud contains lots of natural minerals 
and minute elements, In 2 Boryeong City 
succeeded in the commercialization of raw 
material for mud in 1994 for the first time in 
Korea3. Boryeong City representing South 
Choongchung Province has the geographical 
characteristics of coastal area and clean 
marine resources are its strength.

According to this, they try to make a growth 
in connection with regional industries by 
way of convergence industrialization of 
marine resource materials, getting out of 
the limit of utilizing the mud resource in the 
form of a festival. Environmentally-friendly 
construction material means the production 
and installation of the construction materials 
with reduced energy use and environmental 
load. The area includes environmentally-
friendly construction finishing materials, 

energy-saving material technologies, etc. as 
shown in Table 3.

Unique mud’s in Korea are beautiful colored 
yellow soil of Gosung in South Gyungsang 
Province, Boryeong mud, and so on, and 
especially4 Boryeong mud has high level of 
mineral quantity which is popular with excellent 
quality in the world. A variety of products have 
been developing using mud material to expand 
the market of mud industry. Products using 
mud can be utilized as the interior items with 
yellow soil including tiles, bricks, and other 
interior pieces.

The representative examples are the red clay 
brick and mortar manufacturing companies in 
Boryeong region, however, most of them are 
small companies, and the types of products are 
not varied. Some companies produce tiles and 
roof tiles using red clay, but the designs and 
colors are monotonous as shown in Table 4.

Now the paradigm of construction material 
is changing, with environmental-friendliness 
starting to emerge as a main value from the 
existing values of cost, quality and construction 
period as seen in Table 5.
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Table 2. Global and domestic market situation and prospect for environmentally-friendly  
construction material area (Korea technology and information promotion agency).

Global Market Situation and Prospect for Environmentally-friendly Construction Material Area
(Million Dollar)

Division Main Items 2012 2013 2014 2015 2016 2017 Growth 
Rate(%)

Share in 
Construction 
Market(%)

Global 
Market

Environmentally-
friendly  

Construction 
Materials

Environmentally-
friendly  

Construction 
Finishing  
Materials

103,900 116,200 130,000 145,000 162,000 182,000 11.92 2.57

32,800 34,500 36,400 38,300 40,400 42,500 5.36 0.56

Energy-Saving 
Materials

Domestic Market Situation and Prospect for Environmentally-friendly Construction Material Area
(Hundred Million Won)

Division Main Items 2012 2013 2014 2015 2016 2017 Growth Rate(%)

Domestic 
Market

Environmentally-
friendly  

Construction 
Materials

Environmentally-
friendly  

Construction 
Finishing  
Materials

19,450 21,740 24,290 29,250 34,920 41,410 11.76

13,600 14,330 15,100 16,000 16,900 17,800 5.34

Energy-Saving 
Materials

Table 3. Mud boards manufacturing process.

1. Red Clay Collection 2. Raw Material Storage 3. Drying of Mud

4. Refining of Impurities 5. Raw Material Mixing 6. Tempering of Clay
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7. Forming Frame Paste  
Application 8. Fine Forming Work 9. Press Compression

10. 1st, 2nd Drying 11. Stacking of Original Plate 12. Pine Resin Coating

Table 4. Products utilizing Mud.

Interior Decoration Products utilizing Mud

Red Clay Tex Red Clay Mortar Red Clay Brick

The representative examples are the red clay brick and mortar manufacturing companies in Boryeong 
region, however, most of them are small companies, and the types of products are not varied.

Tile and Roof Tile Products utilizing Mud

Red Clay Tile Red Clay Roof Tile

Some companies produce tiles and roof tiles using red clay, but the designs and colors are monotonous.
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Table 5. Comparison between red clay and mud.

Division Mud Red Clay

Ingredient SiO2 Al2O3, Fe2O3 90% Abnormal

Washing/colo(u)r fastness to 
perspiration 4~5 level excellent

antibiotic action 99.9%

far-infrared radiation 0.9

Effect
Dyed cotton knitted fabric has excellent color fastness, high antibi-
otic action and far-infrared radiation so that it has blood purification 

action and pulmonary function reinforcement effect by thermal effect 
and negative ion effect when used as textile and other products

Pb, Mn Adhesion removal rate Mud > Red Clay

Cd, Cu Adhesion removal rate Mud > Red Clay

Fe Adhesion removal rate Red Clay > Mud

Utilization
Mud has high adhesion rate than red clay except iron, and adhesion 

removal rate of harmful heavy metals is in the order of Mud>Red 
Clay. So mud can be possibly used for an adhesion material

Step1: Environmentally-friendly Materials

Soil (red clay, clay, kaolin, etc.), a 100% natural 
material, is used as a main raw material. It is 
a material which causes less environmental 
pollution as it is made of soil and returns to soil 
when wasted.

Step 2: Insulation and Heat Storage 
Performance

A red clay brick made by baking soil is in layered 
structure and has excellent insulation and heat 
storage functions so that it reduces energy 
costs by more than 10% and also reduces 
building maintenance and repair costs.

Step 3: Provides Comfortable Environment

The far-infrared ray generated from red clay 
has the functions of neutralizing toxins in the 
body and controlling temperature and humidity 
so that it contributes to providing comfortable 
environment.

Step 4: Natural Deodorization Function

Positive ion in soil maintains substitution 
ability so that it absorbs and decomposes 
contaminated indoor air and bad smell.

Conclusion

Based on the awareness built up by the 
activation of mud festival, it is required 
to strengthen the competitiveness of 
the community industry using mud, the 
representative resource in Boryeong City, 
converting value added industry that is life 
care industry.

Environmentally-friendly construction material 
market grows continuously, and as we think 
that mud products may replace the role of 
red clay products in the construction material 
market, we expect the market potential of 
mud products is very bright in the construction 
material market in the future.

This paper is the result of <Grass-root 
Enterprise Development Project Plan : Interior, 
Construction Material, Functional Bed and 
Household Item Development Support Project 
utilizing Clean Mud(2016)> implementation 
in the MINISTRY OF TRADE INDUSTRY & 
ENERGY and Competent authorities of the 
Chungwoon University the Academic-Industrial 
Cooperation Organization.



Hyun-Seob Cho and Moon-Hee Choi

6

References
Choi, MH., and Yi, JH. (2013) Investigation study on 

brand awareness Boryeong mud for industrializa-
tion of high valued-added local resources. Brand 
Design Study., 

Choi, MH., and Yi, JH. (2015) Development of Boryeong 
mud product mixed with information of marine life 
extract. International Information Institute (Tokyo), 
Information; Koganei., ISSN: 1343-4500, May, 
18(5(A)), 1767–74. 

Yi, JH., and Choi, MH. (2013) Study of the design for the 
efficient use of pump-type cosmetics containers. 
International Journal of Bio-Science and Bio-Tech-
nology., 5(6), 1–8. 

Yi, JH. (2013) Research on high value of local resourc-
es for the industrialization Boryeong mud brand 
awareness. A Journal of Brand Association of Ko-
rea., 11(3), 251–60.



J. Ecophysiol. Occup. Hlth. 16(1 & 2), 2016, 7–12
©2016 The Academy of Environmental Biology, India
DOI : 10.15512/joeoh/2016/v16i1&2/15697

*Email: lu.fisheries@gmail.com 77

Introduction
Moquitoes possess great efficiency of 
transmitting many hazardous diseases 
throughout the world which includes malaria, 
dengue, filariasis, encephalitis, equine infectious 
anaemia, yellow fever and chikungunya Pant et 
al., (1981), Hass and Pal, (1984), Lichtenberg 
and Getz, (1985), Fletcher et al., (1992) Homski 
et al., (1994) Walker, (2002). Chandra et al., 
(2008) reported that mosquito borne diseases 
not only will be continued to be a major 
problem in almost all tropical and subtropical 
countries but also will be responsible for more 
than 3 million deaths per year Fang (2010). 
Many chemical and biological methods are 
being employed to control these mosquito-
borne diseases, which have proved to be the 
biggest threat to the society. Chemical control 
methods were used to eradicate them, but 
due to intensive use of these chemicals they 
became less effective because of development 
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Abstract: The present work was designed to compare the larvicidal efficacy of four indigenous fish namely 
Rasbora daniconius, Esomus dandricus, Trichogaster fasciata and Trichogaster lalia with an exotic top water 
minnow, Gambusia affinis in the laboratory for 30 days. The experiment was performed in glass aquarium 
with 100 larvae as a feed to each one for duration of 2:00 hours. The study revealed that all the fishes are 
concerned with larvicidal potential with differences in their feeding efficiency. Mean final body weight was 
found to be maximum in exotic mosquito fish, Gambusia affinis (2.52±0.414) in the present study and it was 
significantly different (p=0.0001) from other fishes. The sequence of predation efficacy noted in the present 
study was Gambusia affinis>Esomus dandricus>Rasbora daniconius>Trichogaster fasciata>Trichogaster 
lalia. 
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of resistance in mosquitoes Zaman, (1980), 
Novak and Lampman, (2001). Moreover the 
uses of chemicals increased environmental 
pollution depleted beneficial insects’ species, 
out broken secondary pests and as a result 
bioaccumulation of pesticide residues occurred 
in non-target organisms including humans 
Novak and Lampman, (2001). Nowadays 
attempts are being made to use larvi-cidal 
fish species as biological controlling agent 
which is considered to be the best alternative 
to chemicals to fight against mosquitoes 
and their larvae Ritchie and Laidlawbell, 
(1994), Raghavendra and Subbarao, (2002). 
Mohamed, (2003), Ghosh et al., (2005), 
Yildirim and Karacuha, (2007). Gerberich and 
Laird (1985) reported that there are more than 
253 fish species which have been considered 
for mosquito biocontrol programme throughout 
the world, among them notable indigenous 
fishes are Rasbora daniconius, Trichogaster 
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fasciata, Trichogaster lalia, Notopterus 
notopterus, Esomus dandricus, Puntius ticto, 
Puntius sophore, Puntius conchonius, Channa 
gachua, Anabas testudines, Wallago attu, 
Chanda nama and Mystus bleekeri Morton 
et al., (1988) Neng et al., (1987) Kim et al., 
(1994). Job (1940) pointed out that the larvi-
cidal fish must be hardy in nature, small in 
size and capable to live in shallow water 
among thick weeds where mosquitoes usually 
breed. Besides, these larvi-cidal fish should 
be draught resistance, able to flourish in both 
deep and shallow waters, must be prolific 
breeders, ability to breed in confined water 
successfully, also capable of living in drinking 
water tanks and pools without contaminating 
its water Menon and Rajagopalan, (1978) 
Gupta et al., (1992). The exotic fish such 
as top water minnow, Gambusia affinis and 
guppy, Poecilia reticulate are considered to be 
most successful and widely used for a longer 
period of time in India to control mosquitoes as 
reported by Sharma, (1994), Chatterjee and 
Chandra, (1997), Singaravelu et al., (1997). 
But Gambusia and Poecilia being invasive in 
nature they compete with the indigenous fish 
and other aquatic organisms for food and 
space. 

Keeping in mind the paucity of information on 
the use of Indigenous fish species to control 
mosquitoes the present experiment was 
designed to investigate the predation potential 
of few indigenous fish species with an exotic 
top minnow, Gambusia affinis in the laboratory 
for 30 days. 

Materials and Methods
Four indigenous fish species namely 
Trichogaster fasciata, Trichogaster lalia, 
Rasbora daniconius and Esomus dandricus 
were collected using cast and drag nets 
from river Gomti at Lucknow region and 
exotic fish, Gambusia affinis was brought 
from an aquarium shop. The details of the 
fish species selected for the experiment are 
given in the Table 1. They were acclimatized 
separately in the laboratory for 7 days. Total 
50 fishes were divided into10 aquaria of 
equal size, each containing 5 fishes and 
grouped as ‘A’ (G.affinis), ‘B’ (E.dandricus), 
‘C’ (R.daniconius), ‘D’ (C.fasciata) and ‘E’ 
(C.lalia). The experiment was performed in 
duplicates. The weights of all the fishes were 
taken from an electronic balance sensitive up 
to 0.001. The experiment was conducted for 

Table 1. Details of the Different Fish Species Selected for the Experiment 

Group 
Name

Name of Fish 
Species

Common 
Name

Size 
(cm)

Order, Family Distribution Feeding 
Habit

A Gambusia 
affinis

Top water 
minnow

6.0 Cyprinodontiformes, 
Poeciliidae

United State,  
introduce in India 

about 40 years ago.

Carnivore

B Esomus  
dandricus

Dendua 6.8 Cypriniformes,  
Cyprinidae

Pakistan, Bangladesh, 
Nepal, Afghanistan 

and Sri Lanka

Carnivore

C Rasbora  
daniconius

Dendua 8.8 Cypriniformes,  
Cyprinidae

India, Pakistan, 
Ceylon, Burma and 
Malaya Archipelago.

Carnivore

D Trichogaster 
fasciata

Giant 
gourami

12.5 Perciformes,  
Osphronemidae

Assam, Myanmar, 
Punjab, Pakistan and 

Peninsular India.

Omnivore

E Trichogaster 
lalia

Dwarf 
gourami

5 Perciformes,  
Osphronemidae

North India, Assam, 
Uttar Pradesh, Bihar, 

Bengal.

Omnivore
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30 days in the month of September in order 
to get the maximum number of mosquito 
larvae. The larvae were brought from nearby 
pond of Lucknow University with the help of 
a scoop net and they were sieved to remove 
the phytoplankton, zooplankton, insects and 
dry leaves. A total of 100 larvae were given 
as a feed to each aquarium for duration of 
2:0 hours in a day time in order to know the 
predation efficacy. After the feeding duration, 
the numbers of larvae left in the aquaria were 
counted and removed. The weight of all the 
specimens of fish species was taken at duration 
of 10 days till the end of experiment. Data are 
presented as mean ± SEM, and a probability 
level of 5% was used as the minimal criterian 
of significance. The weight gained by the fish 
species was statistically analysed through one 
way ANOVA followed by Tukey’s post hoc test. 
A statistical analysis was carried out through 
Graph Pad Prism software (version 5.0) and 
Paleontological software (PAST, version 3.12). 

Results and Discussion
The maximum and minimum weights were 
gained by Gambusia affinis and Trichogaster 
lalia respectively in the present study. Also 
feeding efficiency of larvivorous fish species 
during 2:00 hour’s interval time was determine 
which pointed out that G.affinis possess 
highest feeding efficacy potential as compare 
to other fishes used in the experiment, as given 
in Table 2. 

The sequence of predation efficacy in the present 
study was as follows: Gambusia affinis>Esomus 

dandricus>Rasbora daniconius> Trichogaster 
fasciata>Trichogaster lalia. The mean weight 
gained by the different species of fish in the 
present study was highly significant (Figure 1). 
G. affinis, an exotic top water minnow gained the 
maximum weight (2.52 ± 0.414) in the present 
study followed by carnivorous fishes such as E. 
dandricus (2.22 ± 0.109), R. daniconius (1.94 
± 0.054) and further by omnivorous fishes like 
T. fasciata (1.72 ± 0.083) and T. lalia (1.62 ± 
0.044) as given in Table 3. 

Statistical analysis for the mean weight 
gain among all groups which revealed the 
significance of (One way ANOVA: p=0.0001, 
F=6.524, Table 4). Multiple group comparison 
test, post hoc Tukey’s HSD which showed 
the high significance of group ‘A’ from group 
‘E’ (p=0.000427), ‘C’ (p=0.008849) and ‘D’ 
(p=0.000427) respectively detailed in Table 5.

Table 2. Feeding Efficiency of Larvivorous Fish Species During 2:00 Hrs Interval Time

S. No Name of Fish  
Species

No. of  
Specimens

No. of Larvae 
Supplied

No. of  
Larvae Eaten

No. of  
Larvae Left

Group A Gambusia affinis 5 100 90 10
Group B Esomus dandricus 5 100 79 21
Group C Rasbora daniconius 5 100 69 31
Group D Trichogaster fasciata 5 100 57 43
Group E Trichogaster lalia 5 100 42 58

Fig. 1 Mean Body Weight of the Fish  Species 
During 2:00 Hrs Interval
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Table 3. Body Weight (Mean ± SEM) of the Fish Species During the Experiment

Experimental 
Days

Gambusia  
affinis

Esomus  
dandricus

Rasbora  
daniconius

Trichogaster 
fasciata

Trichogaster 
lalia

0 days 1.42 ± 0.192 1.44 ± 0.167 1.42 ± 0.083 1.40 ± 0.122 1.42 ± 0.148
After 10 days 1.68 ± 0.083 1.58 ± 0.083 1.56 ± 0.089 1.54 ± 0.054 1.48 ± 0.044
After 20 days 2.20 ± 0.100 2.00 ± 0.158 1.78 ± 0.130 1.64 ± 0.054 1.52 ± 0.044
After 30 days 2.52 ± 0.414 2.22 ± 0.109 1.94 ± 0.054 1.72 ± 0.083 1.62 ± 0.044

Table 4. Statistical Analysis by One Way ANOVA

Sum of Square Degree of Freedom Mean Square ‘P’ value ‘F’ value
Treatment (Between Coloumns) 2.322 4 0.5804 0.0001*** 6.524

Residual (Within Columns) 8.452 95 0.08897
Total 10.77 99

Significance level (*less than 0.05, **less than 0.01 and *** less than 0.001)

Table 5. One Way ANOVA Followed by Tukey´s Test for Comparison Between all Groups Used 
in the Experiment

Tukey´s Multiple Comparison Test Mean Diff. P value 95% Cl of Difference
Group A vs Group B 0.1450 0.5412 –0.117 to 0.407
Group A vs Group C 0.3200 0.008849** 0.057 to 0.5829

Group A vs Group D 0.3600 0.002312** 0.097 to 0.6229

Group A vs Group E 0.4100 0.000427*** 0.147 to 0.6729
Group B vs Group C 0.1700 0.3487 –0.087 to0.4379
Group B vs Group D 0.2150 0.1608 –0.047 to 0.477
Group B vs Group E 0.2650 0.04653* 0.0020 to 0.527
Group C vs Group D 0.04000 0.9932 –0.222 to 0.302
Group C vs Group E 0.09000 0.8748 –0.172 to 0.352
Group D vs Group E 0.05000 0.9841 –0.212 to 0.312

Significance level (*less than 0.05, **less than 0.01 and *** less than 0.001)

The Indigenous fish such as E. dandricus, R. 
daniconius, T. fasciata and T. lalia were found 
to be quite useful for mosquito control in the 
present experiment without any ecological and 
environmental hindrance. Rupp et al, (1996) 
suggested that the only native fishes should 
be used for biological control of mosquitoes 
in order to avoid the invasive nature of exotic 

species such as Gambusia and Poecilia. The 
Indigenous larvivorous fishes showed excellent 
results with high predation efficiency and good 
survival ability in all water bodies such as rivers, 
wetland, ponds and ditches by tolerating high 
salinity and high turbidity. Besides this they 
do not cause any harm to other native fishes 
and also breed naturally. The experimental 
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Indigenous fishes such as E. dandricus, R. 
daniconius, T. fasciata and T. lalia required no 
proper care and the cost of introducing them is 
also quite low than that of the chemicals .

Biological control considered to be not only 
the best method but highly effective in vector 
management as compared to the other 
used chemical methods as it is effective 
and safe to human and other non-target 
populations, producing lower risk of resistance 
development and offers low cost of production 
Yap HH et al, (1985). But it is considered to 
be quite challenging and difficult to use the 
fish as biological control than chemicals 
Das and Amalraj, (1997) and confined to the 
laboratory scale Spielman et al., (1993). The 
widely used exotic mosquito fish, G. affinis in 
India considered being having some serious 
negative ecological impacts as it led to the 
elimination of native fishes (WHO Technical 
Report Series, 1995). Rupp, (1996), Gratz et 
al., (1996), Morgan and Buttemer, (1996) have 
revealed the negative ecological impacts of 
mosquito fish on non-target organisms and on 
the natural environment. As the mosquito fish, 
Gambusia matures it prefers variations in their 
diet from small diatoms to cladocerans to adult 
insects Garcia-Berthou (1999). Moreover, G. 
affinis is highly voracious and aggressive in 
nature, and found to be successfully competing 
with the native fishes for their proper food and 
space. Ritchie and Laidlawbell, (1994) reported 
that the mosquito fish prey on mosquito larvae, 
thus disrupting their life cycle and also found 
to repel ovipositor. The Gambusia essentially 
depleted all large zooplanktons while rotifers 
and phytoplankton densities increased 
Hurlbert and Mulla, (1981), Bence, (1988). 
Therefore, the strategy of biological control 
through indigenous larvivorous fishes can be 
applied on a large scale which is pollution free 
and economically viable.
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Introduction
Bird diversity includes the collection of variety of 
all bird species. Out of more than 9,000 species 
of birds of the world, the Indian subcontinent 
contains about 13% of the world’s birds Grimmett 
et al., (1998). The avian habitat is roughly 
divided into forests, shrubs, and wetlands, 
although many species require a mixed type 
of habitat. Wetlands are major habitats that 
provide water, food, shelter and form sites for 
nesting and rearing of young ones of resident 
and migratory birds Mitsch and Gosselink (2000). 
Wetland birds perform important functions in 
the ecosystem as main vectors by maintaining 
biotic connections between catchments for 
aquatic plants and invertebrates Amezaga 
et al., (2002). A few notable field surveys on 
avian diversity have been conducted in major 
wetlands of India Nazneen et al., (2001); Bhat et 
al., (2009); Saikia and Devi, (2011); Balkhande 
et al., (2012).
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Abstract: The present study was conducted to determine the avifaunal diversity in lakes of Dharwad city. 
Of the three lakes studied, highest number of species was recorded in Sadhankeri followed by Kelageri and 
Nuggikeri lakes. A total of 53 species of birds spread over 31 families and 15 orders were documented in three 
lakes of Dharwad. Maximum species of birds belonged to Passeriformes followed by Charadriiformes, Pele-
caniformes, Anseriformes, Coraciiformes, Cuculiformes, Accipitriformes, Gruiformes and Columbiformes, 
whereas Psittaciformes, Piciformes, Bucerotiformes, Ciconiformes, Suliformes and Podicipediformes con-
sisted of one species each. The Passeriformes was dominant with 10 families, whereas Charadriiformes, 
Coraciiformes and Pelecaniformes contributed to five, three and two families each, respectively. The rich-
ness in avian diversity in these lakes might be due to availability of food and favorable ecological conditions 
that support breeding and nesting behaviors.
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Whereas the birds act as key indicators for 
assessing the status of ecosystem health, 
the avifauna also plays various roles such as 
scavengers, pollinators and predators of insect 
pests. However, the birds are affected due to 
natural or any human-induced disturbances 
Maurer et al., (1981); Wiens (1989), therefore, 
assessing the bird diversity of a habitat over 
time and space is important to know about the 
status of avian community. Dharwad is a city 
located on the edge of Western Ghats and 
regarded as gateway of Malenadu. The city 
consists of number of lakes such as Kelageri, 
Sadhankeri and Nuggikeri, which are located 
at a distance of 2-7 km apart. Although these 
lakes are home for plenty of birds, detailed 
information regarding their diversity status is 
lacking. Thus, the objective of the present study 
is to prepare a checklist of birds in Sadhankeri, 
Kelageri and Nuggikeri lakes of Dharwad city. 
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Materials and Methods
Dharwad is an undulating city, which lies on 
the geographical coordinates 15°27’30’’N and 
75°00′30″E (Elevation 731.52m) that covers 
200.23km2. The study was carried out in three 
selected lakes, namely Sadhankeri, Kelageri 
and Nuggikeri. Both Sadhankeri and Kelageri 
lakes are located on north-east outskirts of 
Dharwad (Figure 1). These are the small 
lakes where storage reservoir is designed 
for irrigation purpose and the water quality is 
good. Sadhankeri lake area is surrounded by 
huge plants and trees and serves the purpose 
of tourism; whereas fishing is done in Kelageri 

Lake. Birds migrate to these lakes in November-
December months. Another Lake Nuggikeri is 
situated around 7 km from Dharwad, which 
at the bank has an ancient Hanuman temple. 
Currently this lake is being developed by the 
corporation for the purpose of tourism. The 
local as well as migratory birds are attracted 
to the flowering and fruit yielding trees found in 
the outskirts of these lakes. Some of the birds 
are also attracted by the water bodies and 
nearby forest areas.

The Birds were sighted with the help of 
prismatic binoculars (10×40) around the lake 
areas and their field characteristics were 

Fig. 1 Map of India showing location of Karnataka state (A), Dharwad city (B) and Kelageri  
(C), Sadhankeri (D) and Nuggikeri (E) Lakes
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noted down during the study. Birds sighted 
were categorized as common and migratory 
on the basis of regular observations. Based 
on regularly updated checklist prepared 
during the study period, the detailed census of 
birds was conducted by direct count method. 
The study was conducted thrice in a week, 
from November-2015 to April-2016. The 
observations were done from early morning 
to late evening in the study areas. Appropriate 
field guides (Ali, 2002; Grimmett et al., 2011), 
were used for identification of birds. The list 
of bird species were arranged familywise 
(Manakadan and Pittie 2001).

The following formula was used for calculating 
percent occurrence of birds in each order/
family.

Number of species in eachorder / family
Percent occurrence 100

Totalno.of different species seen
= ×

Results and Discussion
Many studies have reported the avifaunal 
diversity throughout India. For instance, 58 
species of birds belonging to nine orders 
and 29 families in the Bamanwada lake 
and its surrounded areas Chilke (2012), 64 
species belonging to 36 families at Kawardha 
in Kabirdham District of Chattisgharh 
Vishwakarma et al., 2014), 60 species from 
Rishi lake in Karanja (lad) of Washim district 
Kedar and Patil (2005) and 126 species of 
birds near Krishna River basin of Maharashtra 
Kumbar and Ghadage, (2014) have been 
recorded. The present study documented 
occurrence of 53 species of birds spread over 
31 families and 15 orders (Table 1) in three 
lakes of Dharwad city. The present study 
reveals highest percentage of birds belonging 
to Passeriformes (24.52%), followed by 
Charadriiformes (16.98%), Pelecaniformes 
and Anseriformes (11.32% each), 
Coraciiformes, Cuculiformes, Accipitriformes, 
Gruiformes and Columbiformes (3.77% 
each), and Psittaciformes, Piciformes, 
Bucerotiformes, Ciconiformes, Suliformes and 
Podicipediformes (1.88% each; Fig. 2). 

Passeriformes is generally known as the 
largest and most diverse commonly recognized 
clade of birds. Dominance of passerine 
birds was reported in the Arki hills region of 
Himachal Pradesh Thakur et al., (2010), in 
Tawa reservoir and its surrounding areas at 
Hoshangabad district of Madhyapradesh Joshi 
and Shrivastava (2012), and in Katgal region 
of Western Ghats, Uttara Kannada district Bhat 
and Ganesh (2014). In contrast, Ahsan and 
Hannan (2002) recorded highest percentage of 
non-passerine birds (57%) over passerine birds 
(43%) in Karnaphuli River delta and adjacent 
areas of Chittagong, Bangladesh. Likewise in 
Karnataka state, dominance of non-passerines 
over passerine birds was observed at Kurugodu 
of Bellary district Konkal and Ganesh (2014) 
and Belagavi district Patil and Ganesh (2014). 
Similar dominance of non-passerines (75.48%) 
over passerine birds (24.52%) was noticed in 
the present study. Furthermore, the analysis 
of percent occurrence of different families in 
each order showed dominance of families 
belonging to Passeriformes (32.25%), followed 
by Charadriiformes (16.12%), Coraciiformes 
(9.61%), Pelecaniformes (6.45%), Anseriformes 
(3.22%), Cuculiformes, Accipitriformes, 
Gruiformes, Columbiformes, Psittaciformes, 
Piciformes, Bucerotiformes, Ciconiformes, 
Suliformes and Podicipediformes (3.22% 
each; Figure 3). However, the dominance 
of Charadriiformes birds was reported in 
the Kachchh, which lies in the western 
part of Gujarat state Gajera et al., (2012), 
Accipitriformes birds around Chhatarpur 
district Dubey (2014) and Anatidae birds in 
Khodiyar wetland of Gujarat state Mukherji and 
Mukherji (2016). These variations might be 
due to the differences in ecological conditions 
and adaptations of the birds to specific habitat.

Bird migration is the regular seasonal 
movement. The migratory birds move towards 
Dharwad area from subcontinent to obtain 
the advantages of favorable conditions. 
During winter season, the birds visit lakes 
of Dharwad to acquire home for breeding, 
nesting and feeding. In the present study, 
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Table 1: Check list of Avifauna in Kelageri, Sadhankeri and Nuggikeri Lakes at Dharwad

Sl. No. COMMON NAME SCIENTIFIC NAME FAMILY Status LAKES

N S K
ORDER: PASSERIFORMES

1 Black drongo Dicrurus macrocercus Dicruridae C + + -
2 Booted warbler Iduna caligata Sylviidae M - + -
3 Dusky crag martin Hirundo concolor Hirundinidae C - - +
4 Grey-winged blackbird Turdus boulboul Turdidae C - + -
5 Tickell’s blue flycatcher Cyornis tickellia Muscicapidae C - + -
6 White browed wagtail Motacilla madaraspatensis Motocillidae C - + -
7 Purple-rumped sunbird Nectarinia zeylonica Nectariniidae C + - -
8 Red vented bulbul Pycnonotus cafer Pycnonotidae C + - +
9 Square tailed bulbul Hypsipetes ganeesa Pycnonotidae C - - +
10 Jungle babbler Turdoides striata Timaliidae C - + -
11 House crow Corvus splendens Corvidae C + + +
12 Barn swallow Hirundo rustica Hirundinidae C + - -
13 Pied bush chat Saxicola caprata Muscicapidae C + - -

ORDER : CHARADRIIFORMES

14 Black-winged stilt Himantopus himantopus Recurvirostridae C - - +
15 Bar-tailed godwit Limosa lapponica Scolopacidae M - - +
16 Common greenshank Tringa nebularia Scolopacidae M - - +
17 Terek sandpiper Xenus cinereus Scolopacidae M - + -
18 Red-wattled lapwing Vanellus indicus Charadriidae C + - +
19 Yellow-wattled lapwing Vanellus malabaricus Charadriidae C - + -
20 Common sandpiper Actitis hypoleucos Scolopacidae M + - -
21 Pheasant-tailed jacana Hydrophasianus chirurgus Jacanidae C - + -
22 Indian river tern Sterna aurantia Loridae M + - -

ORDER : PELECANIFORMES

23 Black-headed ibis Threskiornis melanocephalus Threskiornithidae C + - +
24 Grey heron Ardea cinerea Ardeidae C - + -
25 Little egret Egretta garzetta Ardeidae C + + +
26 Large egret Ardea alba Ardeidae C + + +
27 Purple heron Ardea purpurea Ardeidae C + + +
28 Indian pond heron Ardeola grayii Ardeidae C + + +

ORDER :ANSERIFORMES

29 Spot-billed duck Anas poecilorhyncha Anatidae C - + +
30 White-winged duck Asarcornis scutulata Anatidae C - + -
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31 Mallard Anas platyrhynchos Anatidae C - + -
32 Cotton pygmy goose Nettapus coromandelianus Anatidae C - - +
33 Greylag goose Anser anser Anatidae M - + -
34 Domestic goose Anser anser domesticus Anatidae C - + -

ORDER : CORACIIFORMES

35 Common kingfisher Alcedo atthis Alcedinidae C + + +
36 Green bee-eater Merops orientalis Meropidae C + + -
37 White-throated kingfisher Halcyon smyrnensis Alcedinidae C - - +
38 Indian roller Coracias benghalensis Coraciidae C - + -
39 Pied kingfisher Ceryle rudis Alcedinidae C + + -

ORDER :CUCULIFORMES

40 Asian koel Eudynamys scolopaceus Cuculidae C + + -

41 Crow pheasant Centropus sinensis Cuculidae C + + +
ORDER :ACCIPITRIFORMES

42 Brahminy kite Haliastur indus Accipitridae C - + +
43 Besra sparrowhawk Accipiter virgatus Accipitridae C - - +

ORDER : GRUIFORMES

44 Common coot Fulica atra Rallidae M + - +
45 Purple swamphen Porphyrio porphyrio Rallidae C - - +

ORDER :COLUMBIFORMES

46 Spotted dove Spilopelia chinensis Columbidae C - - +
47 Rock pigeon Columba livia Columbidae C - + -

ORDER :PSITTACIFORMES

48 Alexandrine parakeet Psittacula eupatria Psittacidae C - + -
ORDER :PICIFORMES

49 Coppersmith barbet Psilopogon haemacephalus indica Megalaimidae C - + +
ORDER :BUCEROTIFORMES

50 Indian grey hornbill Ocyceros birostris Bucerotidae C + + -
ORDER :CICONIFORMES

51 Asian openbill stork Anastomus oscitans Ciconiidae C + - +
ORDER :SULIFORMES

52 Little cormorant Microcarbo niger Phalacrocoracidae C - + +
ORDER :PODICIPEDIFORMES

53 Little grebe Tachybaptus ruficollis Podicipedidae C - + -

Note: C-Common , M-Migratory, N-Nuggikeri, S-Sadhanakeri, K-Kelageri. 
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Fig. 2 Percent occurrence of bird species belonging to different orders

majority of the species appear to be residents 
as shown by their dominance (84.90%) in 
these lakes compared to migratory birds 
(15.10%; Figure 4; Table 1). Kumbar and 
Ghadage, (2014) reported 126 species of birds 
belonging to 30 families near Krishna River 
basin of Maharashtra, of which 91 species 
were resident, 16 migratory, 12 resident and 
local migratory and 7 species were resident 
and migratory in nature, whereas Mukherji 
and Mukherji (2016) documented 38 resident 
species and 33 migratory species in Khodiyar 
wetland of Gujarat state.

Melles et al. (2003) suggested that species 
richness is decreased with increasing 
urbanization. However, maximum number 
of species was observed in lakes situated in 
urban area in the present study as shown by 
highest abundance of species in Sadhankeri 
(62.26%) followed by Kelageri (49.1%) and 
Nuggikeri (41.5%; Figure 5). This could be due 
to the presence of fruit yielding trees, flowering 
plants and/or availability of food fish in and 
around these lakes. 

In conclusion, although this study was carried 
out for a limited period as a part of M.Sc 
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Fig.3 Percent occurrence of bird species belonging to different families

Fig. 4 Percent abundance of bird species in different lakes of Dharwad.
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dissertation work, the results reveal occurrence 
of highest number of species in Sadhankeri 
followed by Kelageri and Nuggikeri lakes in 
Dharwad city. While further studies involving 
different seasons would be necessary for the 
characterization of resident/migratory birds’ 
status in these lakes, currently there are some 
indications of accelerating anthropogenic 
activities. Especially, pressure from tourism 
can potentially harm breeding behavior of birds 
and might result in significant habitat alteration. 
In addition, increase in urbanization due to 
construction of buildings, cutting of the forest 
areas and reduction in crop fields might lead 
to further depletion in the bird diversity over a 
period of time. There is a need for execution 
of necessary precautions by the concerned 
authorities in order to prohibit destructive 
activities and conserve the avifaunal diversity in 
these lakes. 
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Length Weight Relationship and Condition Factor of Freshwater Snow 
Trout, Schizothorax Niger (Heckel 1838) from Dal Lake of Kashmir 

Himalayas
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Abstract: Typically, growth can be defined as the change in size (length, weight) over time. The  length-weight 
relationship (LWR) and annual condition factor of an economically important snow trout, Schizothorax niger, 
from Dal lake of Kashmir was studied and reported in this communication. A total of 120 specimens were 
collected with the help of traditional fishing gear during 2012-2013. The coefficient ‘b’ value of the LWR 
suggested allometric growth throughout the year except in April, July and September where the growth was 
isometric (b=3). A trend line graph was applied to compare condition of fish in different months as per the 
relationship, which indicated declining growth condition. The condition factor showed an overt variation with 
highest value during the breeding season. The result obtained in this study will be useful for fishery manag-
ers to impose adequate regulations for fishery and sustainable management.

Key words: Condition Factor; Dal Lake, Length-Weight Relationship; S. niger

Introduction

One of the major problems being faced by 
the developing countries including India is 
to provide adequate quantum of protein rich 
balanced diet for its ever increasing population. 
Major component of the protein requirement in 
our daily diet comes from animal sources. Fish 
is considered as rich source of cheap protein 
(Agusa et al., 2007). Protein content of raw fish 
flesh is 18-22%. Fish does the duel functions of 
food, as well as requirement of basic nutrition 
and plays a vital role in fulfilling the vitamin and 
mineral deficiencies.

The growth rate is an important parameter 
that influences population dynamics in fishes 
(Seshappa (1999), Shamsan and Ansari 
(2010). It is a good indicator of the health of 
individuals and populations. Although most of 
fish continue to grow throughout their lives, 
growth is not constant over the year. For 
species that can be aged, growth is directly 
determined from size at age or back calculation 

from scale reading. Apart from length-weight 
relationship, the condition factor (K) is equally 
important in fisheries. Study of the length-
weight relationship (LWR) of fishes are very 
important in fisheries, because it allows the 
estimation of the average weight of the fish 
of a given length group by establishing a 
mathematical relation between them (Sarkar et 
al., (2008), Mir et al., (2012). The growth rate is 
variable and is influenced by physiological and 
biotic factors such as age, maturity, ingested 
food quality and quantity (Edah et al., (2010). 

Native fish Schizothorax niger (Heckel et 
al (1838) is locally called as snow trout. The 
genus Schizothorax inhabits the streams, 
rivers and lakes of the Kashmir valley. The 
genus is believed to have migrated into the 
water bodies of Kashmir valley from Central 
Asiatic waters. The fish got isolated in the 
Kashmir region by land upheavals and evolved 
into the large number of species endemic 
in the valley. Although earlier a number of 
fishes belong to the genus Schizothorax have 
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been reported in Kashmir water. However, 
presently only five species of this genus are 
found in the water bodies of Kashmir. The fish 
population in Dal lake has been declined due 
to encroachment, urbanization, agricultural 
activities, eutrophication and overfishing. 
Among Schizothorax spp. Schizothorax niger 
being a truely lacustrine fish does not show 
any spawning migration. It inhabits lentic water 
bodies of valley, found mostly in Dal lake.

The knowledge of age and growth of a fish is 
essential for understanding the age composition 
of the stock and the role of various class years 
in the fisheries. Although information on length 
weight relationship of Schizothorax niger has 
been reported in the past by some workers 
(Khan and Sabah (2013), Mir (2014), Bashir 
et al., (2016). However, no detail information is 
available on the length-weight relationship and 
condition factor of this species. Therefore, in 
the present study the length weight relationship 
and condition factor of S. niger in Dal lake was 
studied. It forms the first base line information 
on the LWRs and condition factor of S. niger 
from Dal lake.

Material and Methods
Samples of S. niger were collected from 
Dal lake of Kashmir Himalayas by using 
different types of fishing gears with the help of 
fisherman during 2012-2014. After collection, 
the samples were brought to wet laboratory 
and measurement of length and weight of each 
individual were taken by using digital vernier 
caliper and digital top loading balance (Sartorus 
CPA- 224S 0.1 mg sensitivity, Goettingen, 
Germany), respectively. The total length of fish 
was measured to its nearest 0.01cm and total 
body weight was measured to its nearest 0.01g 
as per standard procedure. The total length 
of fish was taken from the tip of snout to the 
extended tip of the caudal fin. 

The relationship between length and weight 
of fish was analyzed by measuring length and 
weight of fish specimen collected from study 
area. The statistical relationship between 

these parameters of fishes worked out by using 
algometric equation as per Forese (2006).

W= aLb

Where W = total weight (g)

L = length of fish (cm)

a = Initial growth coefficient 

b = slope or the growth coefficient 

The value of constants a and b was estimated 
by linear regression after logarithmic 
transformation of weight and length data by 
using formula: 

LogW= Loga +bLogL

Condition Factor (K)
The condition factor is used for comparing the 
condition, fatness, or well being of fish, based 
on the assumption that heavier fish of a given 
length are in better condition. Differences in 
the condition factor have been interpreted as 
a measure of physiological events such as fat 
reservation, adaptation to the environment and 
gonadal development Le Cren (1951). The 
coefficient of condition K was calculated by 
using Fulton (1904), equation.

K = W/L3x100

Where, W = weight in grams, L = length in cm, 
and 100 is a factor to bring the value of K near 
unity Froese (2006).

Result and Discussion

Length Weight Relationship
A total of 120 specimen were utilized for 
this purpose, significance of difference 
between the regression coefficient was tested 
statistically. The length range of fish was 
24.4–35.0 cm and total weight 200–460 g. 
The regression equation for length weight 
relationship (LWR), coefficient of determination 
(r2), growth coefficient (b) is given in Table 1. 
In the present study, the LWR and condition 
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Table 1. Descriptive Statistics and Estimated Parameters of Length-Weight Relationships and 
Condition Factor (K) for S. niger from Dal Lake Kashmir Himalayas

Total length (cm) Weight (gm) Regression parameters 
W= aLb

Months N Min. Max. Min. Max. a b r K
January 10 26.2 28.5 215 260 1.73 2.70 0.97 1.12

February 10 24.4 30 205 267 1.64 2.31 0.85 1.14

March 10 27 31 220 330 1.89 2.86 0.95 1.17

April 10 26.3 30.5 235 325 1.83 3.00 0.75 1.19

May 10 27.2 31.5 275 380 1.40 2.49 0.98 1.27

June 10 26 30 220 310 1.73 2.79 0.81 1.18

July 10 26.5 30.4 200 430 2.32 3.00 0.97 1.21

August 10 29.4 33 260 420 1.63 2.71 0.95 1.13

September 10 25.5 34.5 210 460 1.56 3.00 0.97 1.15

October 10 26 35 220 410 2.54 2.48 0.98 1.13

November 10 29.4 33.5 280 395 2.13 2.95 0.89 1.14

December 10 28 31.5 210 410 2.16 2.72 0.99 1.16

factor of S. niger showed significant variation 
among these parameters. The regression 
graph of S. niger is depicted in Figure 1. 
The combined regression was expressed 
as Y= 2.4564X–1.701 with R2 value highly 
significant. The value of ‘b’ showed deviation 
from cube law throughout the year except 
in the months of April, July and September, 
where ‘b’ was recorded to as equal to 3 and 
which indicate that the growth of the fish 
assumed isometric. Whereas, for the rest of 
the months a negative allometric growth was 
observed as ‘b’ was estimated less than 3. The 
growth coefficient was minimum in the month 
of February (b= 2.31) and maximum values of 
growth coefficient were obtained in the months 
of April, July and September (b= 3.0).

Condition Factor (K)
Condition of fish in general is an expression of 
relative fatness of fish. The monthly variation of 
condition factor of S. niger was calculated and 

result are presented in Table 1 and Figure 2. 
The monthly variation and fluctuation in K factor 
was in the range of 1.12-1.27. The highest 
value of ‘K’ was reported in the month of May 
followed by July, April and June, respectively. 
While lowest value of condition factor was 
recorded in the month of January.

It has been widely accepted that growth of fish 
or any other animal increases with increase in 
body length and is inter related to each other. 
The length-weight relationship can be obtained 
from length and weight measurement of the 
same fish throughout its life or from a sample of 
fish taken at a particular time Wootton (1990). It 
has been reported in the past that study of LWR 
could serve as a tool for providing insight into 
growth strategies of fishes from Kashmir valley 
Carlander (1969). The b-values obtained in the 
present study (Figure 1) also are in conformity 
of Carlander (1969), who suggested that ‘b’ 
normally falls between 2.5 and 3.5. In terms of 
growth type, a value close to three indicates 
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the earlier reports are in compliance with the 
present study in which the b value was very 
close to isometric value of 3 and this indicates 
that S. niger in the present study showed an 
isometric growth. Also it is well known that 
the functional regression b value represents 
the body form, and is directly related to the 
weight affected by ecological factors such as 
temperature, food supply, spawning conditions 
and other factors such as sex, age, fishing 
time and area Ricker (1973). Allen (1938) also 
reported that the cube law is applicable only 
for those species which maintain the form and 
specific gravity throughout their life, but the 
shape and the form of fish may change with 
time, so the length weight relationship of most 
of fish species may deviate the cube law.

The condition factor of S. niger showed 
variation in different months. During the 
months of April, May, June and July, ‘K’ was 
higher when fish entered into the maturation 
phase and for rest of the months ‘K’ showed 
slightly lower values (Figure 2). Le Cren (1951) 
reported that environmental factors, parasitism 
and food supply have great influence on the 
health of the fish. The seasonal difference in 
condition factors could be attributed to low 
feeding intensity and degeneration of ovaries 
during winter, and high feeding intensity and 
full development of gonads during summer 
months. Besides that during winters, the 
high values of ‘K’ could also be attributed to 
high deposition of fats as preparation for the 
coming breeding season. From a nutritional 
point of view, increase in K value indicates the 
accumulation of fat and sometimes gonadal 
development. Figueiredo-Garutin and Garuti 
(1991) stated that the lowest K value occurs 
in the beginning of the reproductive period and 
the highest at its end.

The present study is the first attempt to 
provide information about the growth condition 
of S. niger from wild habitat. This study will 
enlighten biologists about the status and 
growth condition of this fish in natural waters 
and will be useful for the fishery biologists 

Fig. 1 Showing Combined Regression Graph 
of Length-Weight Relationship of S. niger

Fig. 2 Month-Wise Variation in Condition 
Factor of S. Niger Collected from Dal Lake of 
Kashmir Himalayas

that the fish grows isometrically and other 
values indicate allometric growth. In this study, 
isometric growth was observed in the months 
of March, July and September and for rest of 
the months growth was allometric (b<3). Such 
changes in ‘b’ value may be attributed to certain 
environmental factors such as food competition, 
overfishing and trophic potential of the rivers 
Kleanthids et al., (1999). An approximate 
95% confidence limit for b-values showed a 
significant tendency for the populations to 
increase in body thickness as they grew by an 
over-proportional increase in length relative to 
growth presumably favouring the swimming 
speed. Similar observations were also made 
by Goel et al., (2011) in S. richardsoni from hill 
streams of Uttarakhand, and Dar et al., (2012) 
in S. esocinus from river Jhelum in Kashmir. All 
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and conservation agencies, for successful 
development, management, production and 
ultimate conservation of this fish species.
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Abstract: As for degraded cognitive ability observed in the elderly population, early detection and efficient 
care are feasible through language-communication assessment protocol in the use of tablet device. Lan-
guage-communication assessment in the use of tablet device has made objectivity and consistency of the 
suggestion of test items, convenience of preservation and record of the performance ability, and suggestion 
of norm on the language ability possible. This study has identified elements, to be considered to suggest the 
language-communication assessment protocol development platform in the use of service-oriented architec-
ture (SOA) through the group interview with speech pathologists and engineering specialists. The necessity 
of language-communication assessment protocol development for tablet device has been identified in three 
domains including the assessment method, mobility, and efficiency & accuracy. However, it was revealed 
that uniqueness of sub-category of language-communication assessment and environment and expenses 
of using devices shall be considered at the same time to realize them. Since SOA provides the custom ap-
plied programs by considering the role of user, circumstances of wireless communication and remaining 
electricity of tablet device in connection with previous services, it is expected to make efficient language-
communication assessment feasible on the elderly for a long time.

Keywords: FGI, Language-Communication Assessment, Tablet Device

Introduction
The demand for ubiquitous healthcare 
(U-health), by which health care services can 
be provided anywhere and anytime, has risen 
sharply with time. U-health makes it possible 
to conduct emergency treatment, to prevent 
ailments in everyday life and to improve the 
efficiency of rehabilitation, so it can be actively 
used in such settings where it is required to 
carry out early discrimination or intervention in 
the decline of cognitive functions in the elderly 
with dementia, mild cognitive impairment 
or other mental disorders. In addition, it is 
possible to record regularly user’s current 
conditions such as one’s cognitive function and 
language ability, to conduct a follow-up survey 
on change patterns in order to generate their 
profiles, and to create big data from stored 
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records of each sample to find out a trend 
or secure normative data so that reliability 
can be improved especially in the results of 
a web-based language test for patients with 
neurogenic communication disorders. The 
pathway of disease progress and abnormal 
symptoms also can be detected in an early 
stage. Cognitive rehabilitation that uses 
computers was first reported by (E L Glisky et 
al., 1986), and since then its utility has continued 
to receive much attention (Engelberts, 2002 
and Plohmann et al., 1994). Paper and pencil 
testing methods, however, have been used so 
far more commonly in assessing the decline of 
linguistic and cognitive abilities. 

Each of the disciplines, social science, 
rehabilitation medicine, and computer engineering 
(or information and communications), although 
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having made a lot of interdisciplinary efforts, 
seems to have difficulty adopting techniques 
from one another. As its characteristic to be 
applicable to one’s real life, services of a life 
science system should maintain continuity from 
its previous system and demand specialists 
of different disciplines to cooperate closely in 
arranging and applying requests. Effects of 
such interdisciplinary efforts have been hardly 
verified in terms of application to actual clinical 
settings or public services although it is possible 
to delineate the effects conceptually. Therefore, 
this study conducted a focus group interview 
(FGI) with an expert group of three disciplines 
and organized its results so that it could find 
out the elements that need to be considered for 
presenting a platform to develop a language-
communication assessment protocol using a 
service-oriented architecture (SOA).

Methods

Introductions of Computer Assisted  
Therapy (CAT)
There have been continuous reports (Reitz 
et al., 2015) on effectiveness of computer 
assisted therapy (CAT) that checks a patient’s 
current status through information technology 
effectively as well as economically efficiently, 
based on the common and traditional concept 
of language therapy where a patient and a 
therapist meet one to one. CAT means a product 
or service designed to help a handicapped 
or elderly person to live independently and 
includes both high-tech and low-tech concepts. 
CAT has a wide range of types, which make 
it possible to give treatment through mobile 
devices as well as personal computers with 
CD-ROMs and applications.

Treatment with mobile devices or software 
on personal computers has been on the rise. 
For example, materials used for traditional 
language therapy like letter cards and flash 
cards are transferred to an application, and a 
person can be treated with various materials 
per category and given immediate feedback 

(Reitz et al., 2015). Since the specifications 
of mobile devices are limited to be applied to 
older age groups, such treatment, however, 
has been said to be inadequate to completely 
replace the traditional way of language therapy. 

Language therapy with CAT has proved to be 
effective in enhancing one’s comprehensive 
communicative competence including speech 
and language. In a study (Palmer et al., 2013) 
on word-finding feasibility of CAT for aphasia 
patients, they were treated three times a 
week for five months, and as a result, the 
therapy was reported to have an advantage 
of motivation through individualized and 
repeated training. The subjects and guardians 
said that one’s ability for word finding had 
been improved due to CAT and that a patient’s 
way of life and access to therapeutic support 
could be guaranteed. A study (Archibald et al., 
2009) on sentence comprehension of patients 
with specific language disorders pointed out 
that their ability for sentence comprehension 
had been improved by controlling a speech 
rate. For a verbal and sentence processing 
area, Verb Network Strengthening Treatment 
(VNeST) was applied by which a role related 
with the verb that had been trained two times 
a week was presented and a generalization 
test was carried out weekly. As a result, 
generalization was proved for the retrieval of 
a content word from a sentence with a verb 
not trained (Furnas et al., 2014). In a study 
(Cherney et al., 2011) on effects of CAT on 
the discourse capability of aphasia patients, 
they were directed to read sentences out loud 
twenty four times, each time for a couple of 
hours every week. According to the study, CAT 
is so effective as if they had been treated with 
a speech pathologist.

In addition, CAT was found to be able to arbitrate 
in a speech area. A study by Whiteside et al., 
2012 included a training session during which 
AOS patients were trained for six weeks with 
word sets of contrast pairs through a virtual 
space and time program and evaluated on 
their performance. The patients were observed 
to improve in respects of accuracy and fluency, 
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and even after the treatment, to continue to 
show such improvement. 

In Korea, there is only one aphasia therapy 
application based on Android and no any other 
software and CD-ROM, whereas as shown 
in Figure 1, various types of applications and 
computer software have been developed 
in other countries. The treatment software 
developed in other countries has contents 
focusing rather on therapy than on assessment. 
Most of the programs are to help adult patients 
who have difficulties in verbal output to have 
communication or to assist patients with impaired 
grammatical abilities in speaking and writing. 

Interview Procedures
A focus group interview was conducted two 
times with two professors of speech and 
language pathology, one physiatrist, and one 
professor of computer engineering so that 
those elements that need to be considered 
for developing a language-communication 
assessment protocol using tablet devices 
could be figured out. The interview where all 
the four experts were present was carried out 
two times, each for four hours. 

The interview was presided over by one 
professor of speech and language pathology, 
and the professor presented the categories 

of the sub-items included in the language-
communication assessment protocol for the 
elderly and introduced the testing method. 
After that, the experts discussed several 
matters: including a way to implement a 
test in a tablet device; to analyze participant 
responses, engineering methods and technical 
approaches; and considerations and limitations 
in application of assessment and treatment 
results by the device into the actual daily lives 
of patients.

Results
The necessities to develop a language-
communication assessment protocol for tablet 
devices were first discussed, followed by 
technical difficulties in realizing the protocol 
and their solutions. As shown in Table 1, the 
necessities for a language-communication 
assessment protocol for table devices can 
be divided into three domains: assessment 
method, mobility, and efficiency and accuracy. 
A conventional paper and pencil test has test 
items focusing on either auditory or visual 
components, whereas the tablet device can 

Fig. 1 Overseas Treatment Programs Based 
on Information Technology

Table 1 Necessities for Developing Language-
Communication Assessment Protocol

Domain Necessities
Assessment 

Method
- Able to make a multimodal 

assessment using multimedia 
components of the tablet device

Mobility - Secures user’s mobility; allows 
a test to be conducted not only 
in medical institutions but also 

in other settings like homes and 
welfare centers

Efficiency & 
Accuracy

- Expands a pool of labor forces 
allowed to conduct an assess-

ment
- Decreases human errors likely 
to occur in the process of a test 
and/or in interpretation of test 

results
- Obtains big data with ease

- Efficiently collects and, if nec-
essary, processes data
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display a word (for example, ‘dog’) along with 
its picture and sound, thereby enabling a 
multimodal assessment and having test items 
similar to actual ones, which provides also a 
benefit that multi-modality of the cue provided 
by an expression therapy can be secured. 
Second, all the information required for a test is 
contained in the device and can be retrieved so 
that anyone can conduct a test anywhere. Last, 
the analogue way of conventional paper and 
pencil testing has a high risk of human errors 
depending on tester’s direction or variations.

Difficulties Relating to Analysis Methods 
as Characteristics of Subcategories of a 
Language Test 
i. Language Expression Task: A tablet device 
tends to show a low rate of voice recognition. 
In case speaker’s speech is cut into linguistic 
units for analysis, the device does only voice 
recording, so the tester has to transcribe what 
has been recorded and analyze that again. 
To deal with the difficulty, it is necessary to 
examine in depth and apply the principles of 
morpheme analysis used in natural language 
processing. 

ii. Language Comprehension Task: The 
response time can be measured, but the 
counterbalancing of scores by an error rate is 
not calculated automatically. 

iii. Writing Task: When writing letters, the 
elderly with neurogenic disorders often show 
changes in letter obliquity (angle), stroke 
power, and so forth. But they recognize letters 
by touching them on the device, so there are 
limitations in analyzing those variables. 

Difficulties Relating to Cost and  
Environment of Device Use 
i. Areas with accessibility to Wi-Fi should be 
taken into account.

ii. If an application is priced too high, the chance 
is high that the scope of its use becomes more 
limited. Developing such an application tends 

to be costly, and purchasing a tablet device can 
be a burden to an individual or organization. 

Difficulties Relating to Participant’s  
Personal Matters
i. The old have a tendency to feel difficult when 
using an application without assistant’s help, 
which makes it more difficult to assess their 
language abilities. That difficulty is more evident 
particularly in the old with low cognition. In case 
an application is to be developed, a scenario 
should be set up in a way that maximizes one’s 
understanding. 

ii. The market of software programs for 
language testing or medical treatment has 
the problem that if not taking into account the 
needs of patients with neurogenic language 
disorders, the programs are rarely used. So it is 
required to suggest methods to make users feel 
interested and accomplished by for example, 
adding elements of a game and targeting the 
general public rather than simply displaying 
results of a language test to a patient.

Conclusions
If a program built in a tablet device offers items 
of language tests in an objective and reliable 
way, it is able to not only improve the reliability 
of test results but also display the criteria of 
communication abilities for the elderly on the 
spot so that the communication abilities the 
tested person is showing can be compared 
in real time. To achieve this, multilateral and 
interdisciplinary research will be necessary 
in which experts of speech and language 
pathology develop content, and specialists 
of engineering design a natural language 
processing service in order to measure exactly 
the degree of one’s language comprehension 
and expression, and make other efforts to build 
an application program to be built in a device. 
Therefore, this basic study, which explored the 
elements considered necessary in suggesting a 
platform to develop a language-communication 
assessment protocol, will allow a language 
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assessment to be conducted anywhere and 
anytime and, in the long run, will improve the 
quality of a system to develop a personalized 
recommendation service.
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Introduction
The elderly with cognitive impairment are 
likely to have difficulties in memory, executive 
functions, Visio-spatial functions and the 
like, which affects [Choi (2003) and Fong 
et al., 2001] their language competence 
including speaking, listening, reading and 
writing abilities. The goal of a cognitive 
rehabilitation therapy is, thus, to improve one’s 
comprehensive cognitive ability so that one will 
have an effective communication and perform 
daily living activities more independently. 
Although cognitive rehabilitation programs, 
regardless of administration of drugs to treat 
cognitive impairment, were reported (Aguirre E 

The Efficiency and Efficacy of On-Line Vs. Off-Line Cognitive 
Rehabilitation Therapies: Can a Wireless Interactive Cognitive 

Rehabilitation System on Dementia Patients Replace Rehabilitation 
Therapists?
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Abstract: There have been increasing attempts to control memory, attention and naming difficulties of the 
elderly by using game applications on a tablet device. It is necessary to take into account several factors 
for such attempts to be realized effectively. This study applied the group rehabilitation therapy programs of 
a wireless interactive cognitive rehabilitation system and of paper-pencil methods to patients with dementia 
and the elderly with mild cognitive impairment, respectively, and sought to present the factors to be consid-
ered in order to achieve both efficiency and efficacy of cognitive rehabilitation therapies. The mild cognitive 
impairment group had few difficulties in participating in games connected with multi-users, understanding 
training directions and adjusting a training level of difficulty and speed, whereas the mild AD group, whose 
cognition fell below -2SD in normative data, had difficulties while a group rehabilitation program was being 
carried out with only one therapist and a device, and were continually directed one to one on how to use 
the device. In the therapy program of a paper & pencil method, while the mild cognitive impairment group 
understood clearly every task, the dementia group could complete the task only under assistant’s repeated 
directions and explanation. The reason why engineering techniques have been applied in cognitive reha-
bilitation training programs for the elderly with dementia is the advantages of such programs like immediate 
feedback depending on user’s performance and a decreased burden of labor force. It is cognitive functions 
of the device user that serve as a highly significant variable to predict efficiency and effectiveness of such 
engineering techniques. 

Keywords: Cognition, Dementia, Elderly, On-Line Rehabilitation, Therapy

et al., 2013) to enhance one’s comprehensive 
cognition, the treatment efficacy of such 
programs is dependent on in what way a 
program is realized and presented to patients. 

An ever-increasing development of 
IT-convergence medical devices has made 
cognitive rehabilitation for the old with 
cognitive impairment become smarter and 
smarter. For example, tools like Lip Motion 
in virtual environments (VEs) (Rose F D et 
al., 2005) are receiving much attention from 
cognitive rehabilitation; and artificial intelligent 
robots have been applied to offer services to 
care for the old with dementia. New devices 
where electronic engineering, information and 
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communications, and rehabilitation therapy 
converge are entering the rehabilitation 
market. Computerized cognitive rehabilitation 
programs have often been used in clinical 
settings, and above all, a therapist, a patient 
and an in-hospital therapy program can be 
connected through a Wi-Fi network, by which 
the patient is given immediate feedback on 
his training performance, and the training data 
are stored in the server, making it simple and 
convenient to check the efficacy of treatment. 
Task performance of inpatients can be stored 
and made as big data, which will help to 
evaluate the performance of those patients who 
have been checked through first assessment 
and to compare their treatment progress with 
an average one of other patients. Such merits 
as ‘immediate analysis,’ ‘uniform contents of 
programs without frequent changes every time 
a new therapist comes,’ and ‘therapy programs 
available any time and at any place’ will create 
much more attention to computerized cognitive 
rehabilitation. 

Considering that eighty percent of the elderly 
with mild cognitive impairment have dementia 
symptoms in six years (Petersen R. C. Et 
al., 2001), it is really important to apply and 
manage cognitive rehabilitation therapies 
for the elderly with decreased cognitive 
competence. Therefore, a wireless interactive 
cognitive rehabilitation system that creates 
a less burden of labor force of therapists and 
treats a lot of people for a relatively short time 
has been the focus of attention. It is required to 
consider several factors in terms of feasibility 
assessment for a developed device to be used 
more efficiently and effectively. Actual clinical 
settings, however, have not been so positive to 
use those systems. For this study, one medical 
institution with a wireless interactive cognitive 
rehabilitation system and one senior welfare 
center supporting group rehabilitation therapy 
with paper-pencil methods were selected, 
and actual group therapies were conducted in 
order to find out the factors to be considered to 
achieve both efficiency and efficacy of cognitive 
rehabilitation.

Methods

Subjects
Twelve inpatients (age = 79.3±2.16 years, 
Korean-Mini Mental Status Examination 
(K-MMSE) (Kang Y. W. Et al., 2006) = 
22.56±1.08) of the medical institution were 
divided to mild dementia (N=6) and mild 
cognitive impairment (N=6) groups, and a 
wireless interactive cognitive rehabilitation 
program was conducted for them. Twelve 
elderly people (age = 78.5±4.76 years, 
K-MMSE = 26.83±1.60) of the seniors welfare 
center were also divided to mild dementia (N=6) 
and mild cognitive impairment (N=6) groups, 
and cognitive rehabilitation group training of a 
paper-pencil method was carried out. 

Selection of Treatment Tasks
The cognitive rehabilitation program of this 
study was composed of five categories: 
orientation, memory, attention and perception, 
association and language. Orientation means 
one’s ability to recognize time (including past 
and present), places and persons. Memory 
means a process by which information is 
registered, and retained or stored, and after 
some time, retrieved. Attention and perception 
is one’s ability to concentrate on a certain 
stimulus without being distracted by other 
stimuli unrelated with the situation, which is 
the basic requirement for performing a task or 
cognitive function. Association means one’s 
capability of establishing a connection between 
two or more symbols or concepts. Language is 
a symbol system to be used by auditory-visual 
means for the purpose of communication and 
can be divided largely into receptive language 
and expressive language. (Kim H. Et al., 
2012). When organizing the program, this 
study adjusted its difficulty to a higher level 
gradually when a new session started. When 
the subjects showed eighty percent of correct 
responses on average per area, the difficulty 
of the next session was adjusted to be higher, 
and the subjects were previously notified of the 



Jung Wan Kim

34

adjustment. Detail examples of five categories 
in cognitive rehabilitation programs are as 
Table 1.

Table 1. Examples of Cognitive Rehabilitation

Categories Examples of  
Sub-Domains

I. ORIENTATION - general spatial
- general temporal
- body awareness

- time
- environment awareness

- Korea geography
- familiar person awareness

II. MEMORY - reminiscence of past 
events

- topics for reminiscence
- questions to stimulate 

reminiscence
- sequencing

- remembering which came 
first

- word pairs
- remembering simple 

stories
- remembering word in the 
designated time interval

- face
III. ATTENTION & 

PERCEPTION
- letter identification
- shape identification

- finding the other half of 
pictures of common objects 

(high /low freq.)
- find the missing

- sign comprehension
- sign recognition & naming

- trail making (sequential 
numbers)

- trail making (alternative 
numbers/shapes)

- trail making (odd/even 
numbers)

Categories Examples of  
Sub-Domains

IV. ASSOCIATION - specifying categorical 
knowledge

- specifying attributes of 
common objects

- mind map (association to 
stimulus words)

- recognizing synonyms
- part to whole

- free association to stimu-
lus color

- identifying categories that 
don’t belong

- selecting close associates 
of common objects

- function with object
V. LANGUAGE - names of famous persons

- word retrieval associated 
with functional activities 
- completing common 

phrases (i.e., proverbs, 
idiom)

- free recall (1 min time 
limits)

- describing common 
objects

- answering simple  
questions

- formulating sentences
- language reasoning

- searching ambiguous 
sentences

- following written  
instructions

- problem solving
- making inferences

Procedures
The program was presided over by one 
examiner, supported by two assistants who 
helped the subjects in using the devices and 
participating in group activities. The program 
was conducted three times a week for three 
weeks, and the responses the elderly made 
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during the group training were written on paper 
in real time by three researchers. With regard 
to the effectiveness of treatment, a pre-post 
design was made, and qualitative analysis was 
conducted. The assessment batteries used in 
this study included K-MMSE (Kang Y. W. Et al., 
2006), Korean-Boston Naming Test (K-BNT) 
(Kim H. Et al., 1997), digit span test (forward, 
backward) (Kang Y. W. Et al., 2003) and 
Geriatric Depression Scale-Short Form Korean 
version (GDS-SFK) (Ki B. S. Et al., 1996).

Results
In the wireless environment, the subjects of 
the mild MCI group (N=6) could themselves 
adjust the training speed and difficulty level 
and follow directions on the training of various 
cognition areas including visual perception, 
memory and orientation, whereas those of 
the mild Alzheimer’s disease group (N=6) 
could respond to a simple O/X game but were 
repeatedly helped by assistants in directions 
on how to adjust the difficulty levels of each 
training and how to perform tasks, thereby 
raising an issue on the necessity for assistants 
who help the elderly to use devices in addition 
to one examiner. 

In the paper-pencil environment, the mild MCI 
group (N=6) became faster in performing tasks 
and got better in their ability for reference by, 
for example, obtaining a cue from the examiner 
of the group as time went on, and the mild AD 
group was given directions, and for some of 
them who forgot how to do activities, an one-
to-one intervention strategy was required, 
but they were not as confused as they felt 

Fig. 1 The Training Conducted in the Wireless 
Environment and Paper-Pencil Environment

Fig. 2 The Diagram of Web Based Computer 
Assisted Therapy System

while using the wireless tablet device. The 
photograph examples of rehabilitation program 
environments are as Figure 1.

Conclusions
The effectiveness of cognitive training for 
patients with cognitive impairment is a subject 
still under debate. Such a genuine behavior 
therapy that does not include elements like 
pharmacotherapy and changes in the cortical 
thickness caused by hormonal change lacks 
definitive evidence (Clare L. Et al., 2003) 
because it has a number of variables including 
ethical issues in verification of its effectiveness. 
And cognition-oriented techniques such as 
ROT and memory training are difficult to adjust 
to a stimulus level or type corresponding to 
individual patients and are limited in repetitive 
use. So, software technology like medical aids 
and automatic medication dispensers has 
been an issue of importance until recently. 
These types of software, however, function 
rather as an aid device for daily life than as 
practical intervention for improving one’s 
cognition competence and so are limited 
to be considered in terms of treatment and 
economical effectiveness. Therefore, a 
computer-based cognitive training or wireless 
interactive cognitive rehabilitation system has 
been in increasing demand as it enables a 
customized intervention program at a relatively 
inexpensive cost.

Those attempts to apply engineering techniques 
to cognitive rehabilitation training have been 
taken in clinical settings so as to secure 
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economical effectiveness by decreasing a 
labor force and increasing those to be treated, 
whereas the rehabilitation training for the elderly 
with impaired cognitive functions has a high 
entrance level because the elderly often have 
difficulties even in a traditional rehabilitation 
method where a therapist provides them one to 
one with training on, for example, swallowing 
disorder and cognitive-language impairment. 
Nevertheless, this online rehabilitation program 
has the advantage of a database allows to 
accumulate the data of patients. The reason is 
that, because the accumulated data is also be 
used to analyze the performance of the other 
patients (Figure 2).

As a result of this study, the mild MCI group was 
capable of performing the program regardless 
of whether it was a wireless environment or not, 
but the mild AD group with impaired cognition 
was much worse in the wireless environment 
in not only understanding the program purpose 
and tasks but performing them than they were 
in the paper-pencil environment, and in effect, 
they required more assistants in the wireless 
environment than in the paper-pencil one. 
In other words, the basic goal to reduce the 
burden of a labor force of therapists and to 
treat a number of patients did not seem to be 
met in the group. Therefore, for more effective 
application of future wireless interactive 
cognitive rehabilitation systems, it is necessary 
to closely evaluate user’s cognitive competence 
to judge the suitability of the user as a subject 
of the service, and such programs that are 
offered by an application according to user’s 
cognitive functions need to be adjustable in 
various aspects including a method of program 
presentation and a difficulty level.
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Introduction

After stroke, patients often experience loss of 
range of motion (ROM) and decreased upper 
extremity function due to muscular weakness, 
spasticity, hypoesthesia, and joint deformations 
in the upper extremity Pizzi A. et al (2005). They 
can also cause pain, edema, and decrease in 
range of joint motion, and these complications 
prevent patients from fully engaging in daily 
activities, cause depression, and decrease 
quality of life Boomkamp-Koppen H. et al 
(2005). Therefore, prevention of pain and 
edema in stroke patients in the acute stage is 
an important part of rehabilitation therapy Elovic 
E. et al (2005). Resting hand splints used as a 
part of various treatment intervention methods 
has in general been considered appropriate for 
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Abstract: Stroke patients often decreased upper extremity function that occurred pain and edema. We 
 researched the effects of resting hand splints on hand pain and on edema in patients with stroke in the acute 
stage. Participants were randomly allocated to the experiment group (n=15) or the control group (n=15). All 
participants were treated with general rehabilitation treatment for 30 mins / daily, five days / week, for 12 
weeks. In addition, participants in the experiment group wore resting hand splints. The data collected for the 
study were analyzed using SPSS version 18.0. The statistical significance level was set at α=.05. Accord-
ing to the intervention, the changes in the experimental group proved significant differences. By contrast, 
significant differences were not seen in the control group. In comparing the changes between the groups, 
significant differences were found in the experiment group in Visual Analogue Scale and in volume of hand, 
but not in Modified Ashworth Scale. This study researched the effects of resting hand splints on pain and 
edema in hands of patients in the acute stage of stroke. Significant decreases were found in hand pain and 
edema in experiment group. Therefore, resting hand splint will in turn contribute to improved upper limb 
function in stroke patients.

Keywords: Edema, Pain, Resting hand splint, Spasticity, Stroke.

decreasing edema, increasing range of joint 
motion, and decreasing pain from upper limb 
hypertonia in adult patients. The method is also 
reported to be effective in decreasing pain and 
edema and in improving upper limb function 

Pizzi A. et al (2005), McPherson JJ et al (1982) 
.On the other hand, resting hand splint effects 
have been evaluated in other systematic 
review but its effectiveness was not proven. 
Reports indicate that its effects are disputable 
over various clinical purposes, splint patterns, 
various materials, contradictory theoretical 
backgrounds, and resultant treatment. The 
basis for objectifying resting hand splint effects 
is insufficient, and as a result, it is controversial 
to apply resting hand splints Lannin NA. et al 
(2003).In response, were searched the effects 
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of resting hand splints on hand pain and on 
edema in patients with stroke in the acute stage.

Literature review
In this study, resting hand splint application in 
patients with stroke in the early stage showed 
a statistically significant decrease in hand pain. 
Wilton J C et al (1997) reported that pain often 
occurs in the upper extremity of patients with 
stroke in the acute stage. Burge E et al (2008) 
reported that resting hand splints are effective 
in decreasing hand pain. In a report which 
supports the results of this study, resting hand 
splints were shown to give patients comfort 
by minimizing skin friction and irritation, which 
effectively relieved pain. Pizzi A et al (2005) 
reported that this decrease in hand pain was 
more common in acute stage stroke patients 
than in chronic stroke patients. The results 
of this study were effective because it was 
conducted with patients experiencing the 
acute stage of stroke. By contrast, Lanin NA 

et al (2003) reported in a systematic review 
that resting hand splints were not effective. The 
results lacked objectivity due to the limitations 
of a decrease in methodological quality and a 
lack of cases, as it was a single study case. 
Lanin NA et al (2003) also neglected in a 
randomized controlled trials (RCTs) study to 
prove that resting hand splints decrease pain. 
Resting hand splints can bring about different 
study results depending on application period, 
daily wearing hours, and splint shapes Neuhaus 
B et al (1981). Therefore, the negative effects 
achieved in the short study period of 4 weeks 
do not seem objective. In our study, positive 
effects were achieved by applying a sufficient 
amount of time (12 weeks). Edema-decreasing 
effects were achieved by applying resting hand 
splints to patients with post stroke in the early 
stage. Edema, an excessive accumulation of 
coelomic fluid, is seen in patients with post 
stroke in the early phase by spasticity in 
fingers and wrists, sensory deficits in hands, 
sweating, and pain with burning sensation 
Kosir M A et al (2001). Hand edema refers to 
hand swelling in hemiplegic patients caused by 

venous circulatory disturbance in upper limbs 
Calliet R et al (1980). Gracies JM et al (2005) 
proved edema decreasing effects in their study 
by applying Lycra hand splints which had a 
positive effect, working together with changes 
in wrist position and spasticity decreasing 
effects in hands. In our study, edema decreases 
are considered to be affected by spasticity-
decreasing effects in wrists. Boomkamp-
Koppen H et al (2005) also demonstrated the 
correlation between edema and finger stiffness 
in their study, which supports our study’s 
results.

Our study had the following limitations: 
small number of participants, conducted 
in combination with general rehabilitation 
treatment, and the possible presence of natural 
recovery effects appearing in acute stage 
stroke patients.

Proposed Work

Subjects
This study targeted patients diagnosed with 
stroke at K University Hospital in Seoul. Thirty 
patients who met the criteria were selected 
and agreed voluntarily to participate in the 
study. The selection criteria are as follows: 
(1) adults must be over 19 years old, and 
must voluntarily give consent;(2) participants 
must have amini-mental status examination 
(MMSE-K)score of 24 or greater and have no 
communication problems; (3)participants must 
have pain and edema in the paralyzed hand; 
and (4) hemiplegic patients must be diagnosed 
with stroke in the acute stage between 2 and 6 
months.

Materials
Pain was evaluated using a visual analogue scale 
(VAS), which is evaluated by the participants’ 
subjective judgments, but has high validity and 
reliability, and is widely used as a pain evaluation 
scale Price D (1983) Arruda J et al (1999). 
Edema was scaled, using a hand voltmeter 
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(Preston, A Bissell, and Miami, USA), measuring 
objective degrees of edema and utilizing moving 
water. The forearms were measured for both 
normal and paralyzed sides by submerging 
them in water up to the mid-point between the 
wrist and the wrinkles of the inner side of the 
elbow, and differences were used to indicate 
degree of edema Burge E et al (2008). Stiffness 
was evaluated using a Modified Ashworth Scale 
(MAS) while stretching the wrist joint rapidly 
from the wrist flexion muscles in accordance 
with the degrees of joint movement ranges at 
which the person feels resistance, designating 
rank of stiffness Sloan RL et al (1992).

Methods
Participants were randomly allocated to the 
experiment group (n=15) or the control group 
(n=15). All participants were treated with general 
rehabilitation treatment for 30 minutes daily, 
five days a week, for 12 weeks, together with 
a general rehabilitation treatment. Participants 
in the experiment group wore resting hand 
splints (designed and manufactured to provide 
comfort with the least amount of stiffness 
resistance in the joint movement range of wrist 
extension angles from 10°to30°, which is the 
wrist functioning position) for a maximum of 10 
hours daily. These participants also acquired a 
general rehabilitation treatment Lannin NA et al 
(2003).The study design is shown in figure 1.

Results
The data collected for the study were analyzed 
using SPSS version 18.0 for Windows. To 
analyze participants’ general characteristics, 
frequency analysis and chi-squared test were 
used. An independent sample t-test was 
conducted to test the homogeneity of the two 
groups before intervention; a paired sample 
t-test was conducted to test the changes before 
and after intervention; an independent samples 
t-test was conducted to compare the degree of 
changes between the groups before and after 
intervention. The statistical significance level 
was set at α=.05.

Significant differences were not found between 
the two groups in the homogeneity test before 
intervention. The general characteristics of the 
participants are described below in Table 1.

Before and after the intervention, the 
changes in the experimental group are shown 
significant differences in VAS, volume of hand, 
and MAS. By contrast, significant differences 
were not seen in the control group in VAS, 
volume of hand, and MAS, either before or 
after intervention. In comparing the changes 
between the groups, significant differences 
were found in the experiment group in VAS and 
in volume of hand, but not in MAS. (Table 2) 

Table 1. Characteristics of participants

Characteristics Experimental 
Group (n=15)

Control 
group (n=15)

Age(year), 
mean ± SD 62.13±9.81 59.20±11.01

Gender (male/
female) 9/6 8/7

Type of stroke 
(Hemorrhage/

Infarction)
7/8 5/10

Side of stroke 
(Right/Left) 6/9 10/5

Time since 
onset of stroke 
months, mean 

± SD
3.27±1.22 3.87±1.24

SD: standard deviation.Fig. 1 Trial Profile
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Figure 1.Trial profile 
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Table 2. Comparison of results between Experimental group and Control group

Experimental group Control Group
Before  

treatment
After  

treatment
Mean  

difference
Before  

treatment
After  

treatment
Mean  

difference
VAS 5.07(1.43) 3.53(1.30)* –1.53(1.24)† 5.40(1.24) 5.13(1.18) –0.27(0.59)

Volume 
of hand 571.60(110.14) 547.27(100.98)* 24.33(24.75)† 569.00(100.69) 565.33(100.88) –3.67(6.93)

MAS 1.33(0.61) 0.60(0.63)* –0.73(0.59) 1.40(0.63) 1.13(0.64) –0.40(0.63)

The values are mean ± standard deviation, VAS: Visual AnalogueScale, 
MAS:Modified Ashworth Scale 
*p<0.05 by Paired t test, †p<0.05 by Independent t test.

Conclusion
This study researched the effects of resting 
hand splints on pain and edema in hands of 
patients in the acute stage of stroke. Significant 
decreases were found in hand pain and 
edema in the group that was treated with the 
combined treatment of general rehabilitation 
treatment and resting hand splints, but not in 
the control group that was treated only with 
general rehabilitation treatment. Therefore, 
the author expects a positive treatment effect 
in patients with in the acute stage of stroke in 
hand pain and edema after applying resting 
hand splints, which will be in turn contribute 
to advance upper extremity function and 
Activities of Daily Living enhancement in post 
stroke patients. 
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Introduction

When patients experience hemiparesis after 
stroke, they generally have limited range 
of motion (ROM) due to upper limb muscle 
weakness and reduced hand function Kogler 
GF et al (2002), and have problems in 
functional activities due to neurological and 
non-neurological changes related with motor 
control Dietz, V et al (2007). These changes 
consequently result in the limitation of upper 
limb joint ROM or muscle shortening Foran 
JR (2005), O’Dwyer, N. J et al (1996) and are 
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Abstract: After stroke, these changes consequently result in the limitation of upper limb joint range of 
 motion or muscle shortening, and spasticity, causing the reduction of hand functions. This study aimed to 
investigate the effect according to the types of resting hand splints, particularly the effect of the application 
of resting hand splint. This study was performed in two groups, which were determined by random assign-
ment according to the order of visits of 52 subjects who were diagnosed of stroke. The patients were divided 
into a dorsal resting hand splint group (n=26) and volar resting hand splint group (n=26). The data collected 
in this study was analyzed using SPSS version 18.0.For the difference in Modified Ashworth Scales (MAS), 
surface ElectroMyoGraphy (sEMG), and Wrist Active Range of Motion(AROM) before and after the interven-
tion in two groups, paired t-test was performed, and independent sample t-test was performed to compare 
the change(s) before and after the intervention in two groups. Statistical significance level was α=.05. First, 
there was a significant difference in wrist MAS, AROM, and sEMG in the group of dorsal resting hand splint. 
Second, there was no significant difference in wrist MAS and AROM in the group of volar resting hand splint, 
but there was a significant difference in wrist sEMG. Third, there was a significant difference in wrist MAS 
and AROM in the group of resting dorsal hand splint as a result of comparing change(s) between two groups, 
but there was no significant difference in wrist sEMG. Through this study, it was found that dorsal resting 
hand splint was more effective in the reduction of wrist spasticity and improving AROM than volar resting 
hand splint in stroke patients. Applying resting hand splint to stroke patients would not only have preventive 
effects but also have great influence on the improvement of hand function.

Keywords: Range of Motion Stroke, Resting Hand Splint, Spasticity, Surface Electromyography

associated with spasticity, causing the reduction 
of hand functions such as stretching,grabbing, 
manipulating, and releasing R. Boyd et al 
(2001). Also, patients have impairment of 
activities of daily living (ADLs) due to spasticity, 
pain, and edema, and disfigurement of body 
image may be caused. It has been known 
that patients experiencing physical changes 
like these experience psychological disorders 
such as depression Robinson RG (1983), Pizzi 
A (2005), Burge E et al (2008) or decreased 
quality of life Delcourt C et al (2010). From 
this perspective, not onlyimproving upper 
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limb function and spasticity prevention and 
treatment but also postural control and 
alignment, muscle stretching and improving 
joint ROM are significant goals for treatment 
Elovic E et al (2005).

The most commonly used rehabilitation program 
to enhance upper limb function, prevent spasticity 
and improve joint ROM is hand splint intervention. 
Its purpose includes spasticity reduction, 
prevention of muscle contracture, enhancement 
of functional motions, pain reduction, stretching 
shortened muscle and edema prevention 
Williams Pedretti L (1996), Milazzo S (1998), 
Wilton JC et al (1997). However, splint 
application has still been historically debatable 
among rehabilitation specialists Edwards S et al 
(1996). This is due to lack of scientific evidence 
of splint application McPherson JJ et al (1982). 
Nevertheless, splint application is often used 
clinically for the treatment of upper limbs of 
patients with hemiparesis Kogler GF et al 
(2002). The evidence of clinical effort to reduce 
spasticity as well as muscle contracture by 
applying resting hand splint is that it is possible 
through applying low-load intensity to hypertonic 
muscle in a fixed posture or prolonged stretching. 
The purpose of stretching is to reduce spasticity 
by inhibiting the activation of reflexive alpha 
motor neuron and blocking a major cause of 
spasticity and contracture Gracies J M et al 
(2005). Also, plasticity is promoted by fixing the 
length of loosened muscle in that conditionand 
accordingly contracture reduction can be 
achieved Kottke F J et al (1996). Therefore, it 
has been reported that applying resting hand 
splint results in the reduction of stiffness and 
improvement of joint ROM, and the extent 
varies by application period and measurement 
method Sheehan J L et al (2006). Also, it has 
been reported that applying resting hand splint 
for longer than 90 minutes daily has the effects 
of not only improving wrist ROM or spasticity 
reduction but also the reduction of pain or spasm 
Pizzi A et al (2005). 

Unlike this, there is a report that the 
improvement of wrist ROM, pain and upper 
limb function have not been observed although 

resting hand splint has been applied to the 
wrist without active motion or the reduction of 
finger contracture Lannin N A et al (2007). Also, 
effects were not observed in the study with a 
group of wrist neutral posture, a group of wrist 
extension at 45°, and a control group Lannin 
NA et al (2003). From this perspective, there 
is even an argument that it is inappropriate 
to apply hand splint clinically Lannin NA et al 
(2003).However, because hand splint can be 
applied not only to volar but also the dorsal of 
hands, it is possible to argue that the effects 
can vary depending on a type Pitts DG (2008), 
Lannin NA et al (2003). It has been argued that 
volar resting hand splintis effective to support 
hypotonic wrist and a hand, and dorsal resting 
hand splint provides proper dorsiflexion to 
wrist and fingers and thus is more effective in 
treating hypertonic upper limb McCollough NC 
et al (1978). Some studies have reported that 
two types of splint- dorsal resting hand splint 
and volar resting hand splint - are effective 
in spasticity reduction, and most commonly 
used clinically McPherson JJ (1952), Rose V 
et al (1987).

The effects of resting hand splint can be 
explained two theories – biomechanical and 
neurophysiological theories Burge E (2008), 
Lannin NA et al (2003). The biomechanical 
theory is based on the effect of the extensive 
changes of muscle and connective tissues 
caused by mechanical force, and the 
neurophysiological theory is about the effect 
of spasticity reduction through the inhibition 
of reflex muscle contraction Gossman MR 
(1982), Langlois S et al (1987). Applying dorsal 
resting and splint and volar resting hand splint 
by a neurophysiological mechanism has been 
discussed. Some clinicians argue that dorsal 
resting and splint is more effective because 
it is supposed that spasticity increases due 
to the stimulation of hand flexor muscles by 
volar resting hand splint Lannin NA (2003), 
Langlois S et al (1989). However, from another 
perspective, both dorsal resting and splint and 
volar resting hand splint require the contact to 
the skin surface of the dorsal of the hand and 
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volar. Also, there is a study having reported 
that hand flexor muscle contraction reflex 
can be induced by skin stimulation due to the 
forearmto fix dorsal resting and splint and the 
finger fixing strap Shah S et al (2007). 

Like this, in order to evaluate the therapeutic 
effect according to the types of resting hand 
splints, particularly the effect of the application 
of resting hand splint, more strict design is 
necessary. The effect can vary depending on 
the degree of a patient’s recovery from stroke 
or application time & period Neuhaus B et al 
(1981) and the characteristics of upper limbs 
Kuipers K et al (2012). From this perspective, 
it is necessary to compare the effects of 
each type of resting hand splint including 
patients’ characteristics, which have not been 
considered in previous studies.

Literature Review

The prognosis of upper limb functional recovery 
in stroke patients is generally poor McCollough 
NC et al (1978), and upper limb function is 
not proper in greater than 50% Broeks JG et 
al (1999). Therefore, the maintenance and 
prevention of joint ROMis essential for ADLs, 
particularly putting on clothes. Contracture of 
stroke patients generally occurs in wrists or 
ankles Pandyan AD et al (2003), and because 
functional activities decrease due to spasticity 
increase, pain induction, and limited motion 
resulted from wrist contracture McCollough 
NC et al (1978), postural alignment of joints, 
joint ROM exercise, and applying resting 
hand splint are essential for the prevention of 
contracture Lannin N A (2007). Although the 
effect of resting hand splint was based on the 
biomechanical approach until 1950, it is based 
on the neurophysiological approach to increase 
the recognition of proprioception by focusing 
on maintaining right joint posture and muscle 
extension for the reduction of hypertonicity as 
well as promotion of normal motion since the 
cause(s) of spasticity has been identified after 
1950’s Neuhaus B et al (1981). Therefore, this 
study was designed to investigate the effect of 

the application of resting hand splint tostroke 
hemiparesis patients on spasticity and hand 
functions through the evaluations such as 
MAS, wrist AROM, and wrist sEMG.

In a previous study, the positive effect of 
spasticity reduction by applying resting hand –
dorsal and volar-splints in stroke patients was 
not observed, and there was methodological 
limitation because the sample size was small 
as 10 subjects McPherson JJ et al (1982). 
According to the study about the significance 
of the period of resting hand splint application, 
the effect of resting hand splint on spasticity 
reduction in stroke patients was partially 
significant as of the 8th week Pizzi A et al 
(2005). In other studies, the positive effect of 
spasticity reduction was not obtained as two 
types of resting hand splint were applied for 
4 weeks Lannin et al (2007), and a 4-week 
intervention period was insufficient for muscle 
extension and more time to reduce resistance 
was necessary Basaran A et al (2012).

In the result of wrist MAS in this study, 
significant reduction was shown in the group 
of dorsal restinghand splint. A randomized 
controlled trial was performed in a total of 52 
subjects, and it was supposed that the number 
of subjects to ensure the effect size as well as 
the application for 6~8hours daily for 8 weeks 
had influence. Also, the wrist extension angle 
of splint, that is, the extension load of hand 
flexor muscles affects spasticity Shah S et al 
(2007). The effect of spasticity reduction was 
obtained by applying the resting hand splint 
with low-load extension intensity, which was 
manufactured according to the structure and 
characteristics of a subject’s hand Pizzi A et al 
(2005). In this study also, spasticity reduction 
was obtained by applying the comfortable 
splint that was manufactured according to low-
load extension and characteristics based on 
the degree of subjects’ spasticity. However, 
there was no significant difference in the group 
with volar resting hand splint. As volar resting 
hand splint is mostly in contact with the skin 
surface of volar, there may be association 
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with previous study results that spasticity can 
increase even more because of the stimulation 
of the extension reflex receptor of hand flexor 
muscles Langlois S et al (1989), and the clinical 
purpose to stabilize hypotonic upper limbs is 
greater McCollough NC et al (1978). 

The results of wrist AROM and sEMG in this 
study proved significant effects in the group of 
dorsal restinghand splint. In the group of volar 
resting hand splint, wrist AROM did not show 
significant increase but there was significant 
activation of extensor muscle in wrist sEMG. 
It has been discussed that the measuring 
equipment for the effect of hand splint application 
in stroke patients needs to be determined by 
scientific and electrophysiological equipment 
rather than clinical findings or common ideas 
Gracies JM et al (2000). Supposedly it was 
because that the reliability of study results 
increased by measuring using the surface 
EMG with high reliability (DataLOG MWX8) 
and electrogoniometer in this study.

Resting hand splint is provided for the 
re-education of hand and upper limb functions 
Pitts DG et al (2008). Also, joint deformity is 
prevented, and extrinsic and intrinsic hand 
muscles as well as extensor and flexor muscles 
can be changed through the length-tension 
relationship of muscle. It has been reported 
that the splint manufactured according to 
the characteristics of a patient’s upper limb 
increases the stimulation of sensory-motor 
system, and can result in the maximum 
functional recovery through ROM increase and 
by maintaining function muscle length for gross 
motor and fine motor. In this study also, wrist 
AROM increased by spasticity reduction and 
changes of wrist muscle length in the group of 
dorsal resting hand splint, and increased joint 
ROM was supposed to have positive effects on 
improvement of hand functions. 

The ability to maintain function wrist extension 
(about 10°~30°) by the activities of wrist 
extensor muscles is essential in the production 
of great grip strength and hand dexterity Katz 
R et al (1989). Based on the result of this study, 

the wrist extension angle of resting hand splint 
was about 10°~30°, and wrist AROM and the 
activation of extensor carpi radialis, which 
affect various functional hand activities, were 
measured. 

The limitations in hand stretching, grabbing, 
and releasing generally occur due to the 
problem of extension function of hands and 
wrists after stroke Fayez ES et al (2013). This is 
manifested not only by the weakness of finger 
extensor muscles but also the stiffness and 
spasticity of flexor muscles of wrist or fingers. 
Also, limited grabbing is manifested asthe 
weakness of finger flexor muscles as well as 
extensor carpi radialislongus and extensor 
carpi ulnaris Ruth Turk et al (2008). In the 
re-interpretation of this study result, motion is 
created by the interaction of agonistic muscle 
and antagonistic muscle, and because the 
stiffness and spasticity of wrist or finger flexor 
muscles work as an inhibitory factor of wrist 
active extension, reducing this inhibitory factor 
would have positive influence on wrist active 
extension. Also, it was discussed about the 
significant role of wrist extensor muscles in the 
functional activities of hands. This supports the 
results of this study and is expected to affect the 
improvement of hand functions for ADLs such 
as stretching, grabbing and releasing objects in 
the future by showing significant improvement 
in both groups for the activation changes of 
wrist extensor carpi radialis. However, there 
was no significant improvement in wrist AROM 
in the group of volar resting hand splint, 
indicating that there was no sufficient change 
of muscle activation to change joint ROM and it 
was probably affected by the spasticity of wrist 
flexor muscles. 

Based on the result of this study, applying 
various types of resting hand splints would 
have positive influence in the improvement of 
hand functions. Resting hand splint is applied 
to joint ROM improvement, changes of motion 
quality, and functional improvement of upper 
limbs and hands Wilton JC et al (1997), and 
would have great effects in restoring social 
role(s) by helping the enhancement of ADLs 
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Fess EE et al (2005). Applying resting hand 
splint to stroke patients would not only have 
preventive effects but also have great influence 
on the improvement of hand functions and 
consequently a greater goal of rehabilitation 
therapy, social return, in the future.

For the limitations of this study, it is challenging 
to generalize the study results because the 
number of previous studies about resting 
hand splint is insufficient. Also, supposedly 
the therapeutic effects were mixed because 
of the influence of early spontaneous recovery 
of brain damage as patients who developed 
stroke within 6 months were study subjects 
and the combination of traditional rehabilitation 
therapy. Also, the short study period of 8 
weeks probably affected the study results. 
Further studies about more various splints 
to complement these limitations would bring 
valuable results. 

Proposed Work

Study subjects
This study was performed in two groups, 
which were determined by random assignment 
according to the order of visits of 52 subjects who 
were diagnosed of stroke and disease period 
was 2-6 months among patients who visited 
K University Hospital located in Dongdaemun 
Gu, Seoul from February to April, 2015. Prior 
to beginning the study, voluntary subjects 
were recruited and provided with explanation 
of study purpose and contents, and a written 
consent form was obtained from the subjects 
who had strong desire to participate in the 
study. The sample size was calculated using 
G-Power program 3.1 Faul F et al (2009) for 
the t-test of two groups at the significance level 
0.05, statistical power 0.8, and the effect size 
0.8, resulting in a total of 52 for each group of 
26 subjects. Cohen d defined the effect size; 
0.2 was small, 0.5 was medium, and 0.8 was 
large. The inclusion and exclusion criteria were 
based on the previous study of Copley J et al. 
All experimental procedures were approved by 

the institutional review board (KHUHMDIRB 
1501-01).

The Inclusion Criteria are as Follows:
First, adults over 19 years of age

Second, stroke (cerebral hemorrhage and 
cerebral infarction) patients who disease period 
was 2-6 months 

Third, patients who can communicate and 
whose mini mental state exam-korean 
(MMSE-K) is ≥ 24 

Fourth, people whose wrist modified ashworth 
scales (MAS): 1–2 grade

Fifth, people whose wrist manual muscle test 
(MMT): Trace-Fair grade

Sixth, people who have voluntarily consented 
to the purpose and methods of this study

The Exclusion Criteria are as Follows:
First, people with the contracture of muscle 
and soft tissue underneath the arm on the 
paralyzed side

Second, people with peripheral neuronal 
damage on the paralyzed side of upper limb 
and dermatological lesions

Third, people with severe pain on the paralyzed 
side of upper limb (visual analog scale ≥5) 

Fourth, people taking antipasti medications

Fifth, people with cognitive and behavioral 
disabilities 

The study design is shown in Figure 1.

Interventions

Types of Resting Hand Splints
The resting hand splints used in this study 
were two types – dorsaland volar - of splints. 
Two resting hand splints were manufactured 
based on the criteria suggested by Basaranet 
(2012) and Shah et al (2007).



The Effect of Different Types of Resting Hand Splints on Spasticity and Hand Function among Patients with Stroke

47

resting time and was repeated in reference of 
daytime/night in order to minimize the risk of 
muscle or skin damage, and subjects as well 
as their caregivers were educated about a 
proper method to apply. They were instructed 
to comply strictly with splint application through 
the daily checklist of splint application. 

Conventional Rehabilitation Therapy 
All study participants received occupational and 
physical therapies for 30 minutes daily 5 times 
a week. Occupational therapy is a therapy to 
restore physical functions to improve ADLs, and 
trainings of ADLs and upper limb muscles were 
performed using a variety of selected tools. For 
physical therapy, gait exercise, posture control 
training, joint ROM exercise, and muscle 
strengthening exercise were performed. 

Evaluation and Evaluation Tools

Spasticity Test
(A) Modified Ashworth Scales (MAS) 

Modified Ashworth Scale (MAS) was 
developed by Ashworth, and revised to 6 
grades by Bohannon et al. 0: there is no 
muscle intensity or resistance increase. 1: A 
little resistance felt at the end of joint ROM 
by passive flexion of affected upper limb or 
extension. 1+: Resistance felt from ½ below 
the entire joint ROM. 2: Resistance felt in 
most joint ROM but movable. 3: Resistance 
felt to make passive movement challenging. 4: 
Infeasible movement within the joint ROM of 
flexion and extension. The test was performed 
while a subject was in supine position without 
moving upper limb, and the wrist joint was 
rapidly passively extended at completely 
flexed position by the force of the examiner. 
The degree of resistance that an examiner 
subjectively felt was graded Sloan RL (1992). 
This was repeated 4 times and the mean 
was used. Test-retest reliability was r=.83, 
and inter-rater reliability was high as r=.84 
Gregson JM et al (1999).

Splints were manufactured by an occupational 
therapist with more than 10 years of clinical 
experiences, and 3.2mm×45cm×60cm of 
Orthoplast material (ORFIT manufacturer) was 
used. Once paper was drafted according to the 
shape and size of a subject’s upper limb, the 
original design was drawn on the material and 
cut. Then, hot water (about 70°c) was added 
to increase plasticity and a personalized splint 
was manufactured. The wrist extension angle 
of resting hand splint was 10°-30° of wrist 
extension, the functional posture of a hand 
Lannin NA et al (2003) ,and was determined 
slightly differently according to the spasticity 
of each subject. Because hyperextension 
of muscle can increase further spasticity 
by inducing extension reflex, it should be 
determined within the previous passive ROM, 
in which the maximum resistance of maximum 
muscle extension is felt Shah S et al (2007). 
Thus, about 10° reduced angle from the 
maximum resistance angle of muscle extension 
was applied Basaran A et al (2012).

The application time of resting hand splint was 
6~8 hours per day Pandyan AD et al (2003), 
and the intervention period was 8 weeks 
Lannin NA et al (2003) based on the positive 
effect of a previous study. The application of 
resting hand splint lasted for 2 hours with a 

Figure 1. Trial profile
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statistics and Chi-Square test were used, 
and normality test was performed. For the 
homogeneity test prior to intervention in 
two groups, independent samplet-test was 
performed. For the difference in MAS, sEMG, 
and AROMbefore and after the interventionin 
two groups, paired t-test was performed, and 
independent samplet-test was performed 
to compare the change(s) before and after 
the intervention in two groups. Statistical 
significance level was α=.05. 

Results
The general characteristics of the participants 
are described below. (Table 1)

Wrist MAS, wrist AROM, and Change(s) 
before and after the Intervention of Wrist 
sEMG in the Experimental Group (Table 2)
The wrist MAS, wrist AROM, and the change 
of wrist sEMG in the experimental group 
are shown in table 3. The MAS was grade 
1.35±.629 in pre-test and grade .88±.711 in 
post-test (p<.01). The AROM was8.73±8.879° 
in pre-test and 12.96±12.901° in post-test 
(p<.05). 

Hand Function Test

(A) Wrist sEMG Test
In this study, the surface EMG machine, Data 
LOG MWX8(Biometrics Inc, UK) was used. 
ROM of the entire body including upper and 
lower limbs can be continuously measured and 
analyzed digitally. In order to measure wrist 
sEMG, surface EMG signal sampling rate was 
1,000Hz, and for filter the sampling rate was 
20Hz~450Hz per a channel Motamedzade M 
et al (2014). For measurement, a subject was 
in a stable sitting position with upper limb on 
the table in front of him/her, and EMG sensor 
(SX230-1000) was attached to the skin of 
extensor carpi redialis (ECR) using double-
sided tape after alcohol disinfection. Maximum 
active extension lasted for 5 seconds, followed 
by resting for 2 minutes, and this was repeated 
3 times. Then, the mean of the values for 3 
seconds excluding the first and last 1 second 
during 5 seconds was obtained You SJ et al 
(2013). Root mean square (RMS) was yielded.

(B) Wrist Active Range of Motion (AROM)
In this study, wrist AROM was evaluated using 
electrogoniometer. Using a two-dimensional 
electronic protractor (SG type, Biometrics Inc., 
DataLog, UK), medical double-sided tape was 
attached to the skin of bilateral wrist joints, the 
inner side of 1/3 radial forearm, and dorsal side 
of the middle phalanx of the middle finger. The 
wrist angle in a sitting position with pronated 
hands on the towel on a table in front of a subject 
was defined as 0. By the examiner’s instruction 
for the maximum wrist extension for 3 seconds, 
the maximum wrist extension joint ROM was 
used for the wrist AROM of subjects, and the 
frequency of sampling was 50 per a second.

Analytic Methods
The data collected in this study was 
analyzed using SPSS version 18.0. In order 
to analyze the general characteristics of 
participants,frequency analysis of descriptive 

Table 1. Characteristics of participants

Characteristics Experimental 
Group (n=26)

Control 
group (n=26)

Age(year), 
mean±SD 65.77±10.11 61.62±10.05

Gender (male/
female) 14/12 16/16

Type of stroke 
(Hemorrhage/

Infarction)
7/19 8/18

Side of stroke 
(Right/Left) 11/15 9/17

Time since 
onset of stroke 
months, mean 

± SD
3.38±1.49 3.54±1.42

SD: standard deviation.
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Table 2. Comparison of results between  Experimental group and control group

Experimental group Control Group
Before  

treatment
After  

treatment
Mean  

difference
Before  

treatment
After  

treatment
Mean  

Difference
MAS (grade) 1.35 (0.629) 0.88 (0.711)* -0.54 (0.647)† 1.38 (0.637) 1.19 (0.749) -0.15 (0.543)

AROM (angle) 8.73 (8.879) 12.96 (12.901)* 4.23 (7.906)† 12.08 (13.199) 12.85 (13.199) 0.77 (2.388)
sEMG (mv) 0.028 (0.024) 0.037 (0.033)* 0.009 (0.015) 0.038 (0.039) 0.042 (0.041)* 0.003 (0.009)

The values are mean ± standard deviation,MAS:Modified AshworthScale, 
AROM :Active Range Of Motion, sEMG: surface ElectroMyoGraphy 
*p<0.05 by Paired t test, †p<0.05 by Independent t test.

The sEMG was .028±.024mv in pre-test and 
.037±.033mvin post-test (p<.01), and there 
were significant improvements in all three tests 
as a result of analyzing before and after the 
intervention.

Wrist MAS, Wrist AROM, and Change(s) 
before and after the Intervention of Wrist 
sEMG in the Control Group (Table 2)
The wrist MAS, wrist AROM, and the change of 
wrist sEMG in the control group are shown in 
table 4. The MAS was grade 1.38±.637 in pre-
test and grade 1.19±.749 in post-test (p>.05). 
The AROM was 12.08±13.199° in pre-test and 
12.85±13.199° in post-test (p>.05). 

The sEMG was .038±.039mv in pre-test and 
.042±.041mv in post-test (p<.05). There was 
no significant difference in MAS and AROM 
as a result of analyzing before and after the 
intervention. However, sEMG showed a 
significant difference.

Comparison of the Changes of Wrist MAS, 
AROM, and sEMG between the Experimen-
tal and Control Groups (Table 2)
The comparison of the changes of wrist MAS, 
AROM, and sEMG between the experimental 
and control groups is presented in table 5. 
The change of MAS was -.54±.647 in the 
experimental group, and -.15±.543 in the 
control group, showing a statistically significant 
difference (p<.05). 

The change of AROM was 4.23±7.906° in the 
experimental group, and .77±2.388° in the 
control group, showing a statistically significant 
difference (p<.05).There was no significant 
difference in sEMG(p>.05).

Conclusion
This study was designed to investigate the 
effects of various resting hand splints for 8 
weeks in stroke hemiparesis patients on the 
spasticity and hand function through wrist 
MAS, AROM, and sEMG. The study results are 
as follows.

First, there was a significant difference in wrist 
MAS, AROM, and sEMGin the group of dorsal 
restinghand splint.

Second, there was no significant difference 
in wrist MAS and AROM in the group of volar 
resting hand splint, but there was a significant 
difference in wrist sEMG. 

Third, there was a significant difference in 
wrist MAS and AROM in the group ofdorsal 
restinghand splint as a result of comparing 
change(s) between two groups, but there was 
no significant difference in wrist sEMG. Through 
this study, it was found that dorsal restinghand 
splint was more effective in the reduction of 
wrist spasticity and improving AROM than 
volar resting hand splint in stroke patients. 
Also, as there was a significant difference in 
wrist sEMG in both groups, it is expected that 
extensor muscle activation would increase 
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hand function. Therefore, it is supposed to be 
an effective treatment for the hand function 
improvement of stroke patients. Finally, this 
would be able to contribute to the policy to 
reduce social burden by reducing medical fee 
of stroke patients. 
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Introduction
The output of food waste of Korea is 
4,821,000tons/year, Ministry of Environment 
(2014). As burying food waste in the ground 
has been prohibited from 2005, most of 
municipal governments have come to install 
food waste treatment facilities Agriculture and 
Rural Affairs News (2003). And there is an 
aspect of avoiding compost or feeds made from 
recyclable materials in food waste recycling 
and treatment facilities due to supply-demand 
imbalance, immaturity, salt, and toxicity, and 
so on. Recyclable materials remaining like this 
become waste again. And another treatment 
method becomes necessary Doohwan Kim 
et al (2005). One candidate is a trial of zero 
emission method Lazarev VA et al (2016). 
Also food waste cannot be thrown to sea after 
2012 by London Convention. So food waste 
should be treated in the land Doohwan Kim 
et al (2005). Since the expansion of recycling 
facilities, “Food Waste Comprehensive Plan 
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(2004-2007)” and “Improving food culture and 
food waste comprehensive plan (2006-2010)” 
have spent a lot of policy efforts on reduction 
portion. Of course, while inheriting the traditional 
development policies, which have taken the 
position that can be gradually expanded to 
maintain the continuity of development policies 
Kim DH et al (2010). A study of sludge drying 
system introduced the invention relates to the 
deodorization cooling tower and the sludge 
drying machine including the same. The 
invention mounts the deodorization material 
inside the main body part of the deodorization 
cooling tower built-in deodorization cooling 
part with multiple. While the steam flowed in 
successively passes through the deodorization 
cooling part the steam is cooled and the bad 
smell is removed at the same time it is sterilized 
Choi C W et al (2012). Recently, Environment 
Affairs Agency installed food waste treatment 
facilities of a type that dries food waste in a 
hermetically sealed state and carbonizes 
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the dried waste under a reduced pressure, 
using the heat of kiln incinerator, and drew up 
measures for recycling after properly using 
waste heat and making a dried and carbonized 
treatment product and condensate instead of 
leachate.

This paper introduces a perfect recycling 
method of utilizing a solid as animal feeds, 
utilizing the condensate as deodorant or 
external carbonsource in sewage managing 
plant, utilizing the dry remainder as heat source 
of drying equipment after drying food waste 
abundant in fat and protein in a hermetically 
sealed state and carbonizing the dried waste 
under a reduced pressure. The purposes of 
this study are minimized the extra food waste 
after treatment and make a new recycling 
mechanism by using gasifying of food waste.

Treatment Process Improvement

Problems of former managing method
With regard to a government-approved method 
of making compost or feeds after 2005, food 
waste is collected, and is saved in a hopper, 
and then a solid and leachate is separated 
through a crushing and compressing process. 
Leachate was mainly dumped into the ocean. 
However, recently, ocean disposal was 
prohibited. Therefore, the inland treatment 
of leachate costs a lot. Even so, the situation 
is that treatment facilities are not sufficient 
in Korea. The actual condition is that the 
government also suspends ocean disposal. 

Improvements
Dried solids and condensate was made to be 
perfectly separated and treated in the drying 
equipment by just one process. In this case, fat 
and protein is preserved intact. So, a soft dried 
material that doesn’t blow and condensate that 
contains a large amount of organic acid is made. 
With regard to treatment process, the drying 
equipment is hermetically sealed type, and a 
drying method by forced air circulation mode 

is used. Therefore, odor emission was gotten 
to be fundamentally suppressed. The dry solid 
can be used as nutritious dry feed, and the 
condensate can be utilized as liquid fertilizer 
or can be utilized as deodorant after being 
mixed with methyl alcohol and so on. Besides, 
it was so improved that perfect recycling could 
be accomplished by being utilized as external 
carbonsource in sewage managing plant. 

On the whole, a drying method in hermetically 
sealed state and carbonizing method under 
a reduced pressure was used. And heat 
exchanger and condenser plays a major role 
in drying. The features of process can be 
summarized as follows: there is a small amount 
of unnecessary exhaust gas due to drying in 
hermetically sealed state and carbonizing under 
a reduced pressure by external heat. And after 
condensation, incineration gas is used. So, it 
is not necessary to treat exhaust air current. 
And pollutants are treated as transparent 
condensate [3]. Therefore, maintenance cost 
is low. Figure 1 shows the diagram of food 
waste recycling

Many kiln incinerators are installed in 
each municipal government. So, heat from 
incinerator instead of burner and vaporizer can 
be used. And it is deemed to be a treatment 
method suitable for efficiently treating organic 
waste such as food waste. All of the dried solid 
components can be consumed as raw materials 
of feed ingredients and all of condensate can 
be consumed as deodorant, liquid fertilizer and 
so on. Therefore, it deserves to be optimized 
recycling equipment. Its operation principle is 
described in brief in Figure 1. With regard to 
its heat source, steam is produced in the boiler 
by burning a combustible gas generated by 
gas generator by using the dried food waste or 

Figure 1. Diagram of Food Waste Recycling
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another drying heat is steam boiler using the 
waste heat of kiln incinerator. And heat enters 
the lower part of high-speed drying equipment. 
And food waste coming from storage hopper is 
stirred and heated. 

Steam generated at this time is changed into 
dry air with passing through heat exchanger 
and condenser, and then circulates to the high-
speed drying equipment. The dried materials 
continue to be stirred and heated until their 
water content becomes less than 5%. Those 
pass through impurities removal system by 
vibrating screen method after being sufficiently 
dried. And solid ingredients are packed in 20kg 
sack. And condensate is stored in storage 
tank. On the whole, it has a hermetically sealed 
process. So, there is little bad smell except 
from storage hopper. Equipment playing a key 
role here is high-speed drying equipment, and 
it is batch-type equipment. And once the food 
waste is fed, the equipment is operated in a 
hermetically sealed state [8]. 

Batch-Type High-Speed Drying  Equipment 
and Combustion Equipment for 

Gasification

Design of High-Speed Drying Equipment.
Batch-type high-speed drying equipment is 
composed of stirring device, heater, heat 
exchanger, condenser and internal air circulator 
and so on. Figure 2 shows a design example of 
batch-type high-speed drying equipment.

The stirring device (12) was so designed that 
two stirring devices operated independently in 
order that food waste didn’t cluster on one side. 
Steam efficiently heats the inside of drying 
equipment by installing a thermal jacket (10). 
And in case the steam equipment didn’t work, 
it was made possible to be electrically heated. 
The heat exchanger and condenser (20, 
14) induces condensation by quickly cooling 
down high-temperature and high-humidity 
gas when it passes, and the condensate is 
discharged to the outside, and help is given in 
heating by recirculating the high-temperature 

Figure 2. Speedy Dryer 10: Main Dody, 10: 
Steam Jacket, 12: Mixer, 14: Dust Ereaser, 
20: Heat Transformer, 22: Inner Gas Stream 
Line, 26: Rotator)

and low-humidity gas to the inside. If this 
process is continued, the solid is dried. 
Internal temperature is set so that 80-100°C is 
maintained. 

Manufacturing the Experimental Apparatus 
of High-Speed Drying Equipment 
The experimental apparatus of 100kg/day on 
the basis of treatment capacity per batch was 
manufactured. Dregs are prevented from being 
stuck to the internal wall of drying equipment 
by making a double-spiral screw with L-shaped 
section in order to enable a smooth stir. 
Basically, electric heating was used as default. 
And if necessary, high-temperature high-
pressure steam was used as heating source. 
Figure 3 shows the example of installation. 

If we summarize the drying process, it can be 
shown as follows Doo Hee Han et al (2015), 
(2010), (2014).

1)  A waste sorting bin for food waste is provid-
ed, and food waste is collected, and then it 
is transported to storage area by collection 
vehicle. 

2)  The food waste is put into a storage hopper 
from collection vehicle, and it is hermeti-
cally sealed and the food waste is stored 
temporarily.

3)  The inputted and stored food waste inside 
the storage hopper is crushed.



A Recycling Method of Food Waste by Drying and Fuelizing

55

Waste disposal cost is reduced by waste 
recycling via available biomass treatment 
through the stepwise single process of various 
putrescible wastes such as food waste, 
sewage and wastewater sludge and stock 
raising waste. 

And putrescible waste is dried by using a 
combustible waste as heat source, and it is 
made possible to be used as cheap solid 
fuel and feeds or compost and by doing so, 
economical efficiency can be increased in a 
farming and fishing village. 

Combustion Experiment
A gas generator was operated. And the 
produced combustible gas was burned in the 
combustion equipment. It was possible to 
verify that the gas was adequate as the heat 
source of boiler. 

Figure 3. Sample of Speedy Dryer (100kg/
day)

4)  Food waste inside the crusher is fed to 
the fermentation tank through hermetically 
sealed feeder, and is fermented for about 
8 hours. 

5)  The preheated, stored and fermented food 
waste is sent to high-speed fermenting and 
drying equipment. And water content is de-
creased to 5% or below. 

6)  The materials are sent to the screening 
equipment through the outlet, and then are 
automatically screened and separated.

ThermalDecompositionandGasification
Device
Hot wind from the combustion of dried 
combustible waste as biomass treatment and 
internal air emitted from putrescible waste 
having a high water content in the course of 
drying is mixed and supplied, and is used 
as the heat source of drying, and the dried 
putrescible waste is used as solid fuel again. 
And it is made to be used as activated carbon 
and soil conditioner. So, putrescible waste 
with high water content can be stably and 
economically treated without environmental 
pollution. Besides, there are requirements for 
the stability of operation, the reduction of fuel 
costs, economical efficiency by the production 
of fuel at low price, and pleasant environment 
by operation without environmental pollution. 

Figure 4. Sample of a speedy dryer and 
 thermal decomposition device

Figure 5. Sample of a combustion experience
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Making Compost-Feeds and Condensate

Substance after Drying
The dried materials of food water were 
produced through the trial operation of the 
food waste drying equipment. It takes about 8 
hours on the basis of 100kg. The duration can 
be reduced according to heating temperature. 

Trial Operation
The dry food waste powder was packed in 20kg 
sack, and was stored temporarily. Impurities 
such as large bones could be chosen by using 
vibrating screens before being packed. Table 1 
shows the chemical component of simply dried 
food waste. In this case there is a large ratio 
of water, a solidifying phenomenon occurred. 
So, a well ventilated place was required for 
storage.

Figure 6 shows the appearance of dry food 
waste. 

Condensate Making Experiment
The condenser combined with heat exchanger 
normally worked. In addition to this, the effect 
of condenser was increased by the operation 
of dehumidifier. The condensate coming out as 
product is carbonsource abundant in organic 
acid component, and is excellent especially in 
deodorant effect, and can be used as external 
carbon _source in sewage managing plant and 
liquid fertilizer. However, if it is discharged without 
permission to sewer system, a problem may be 
caused. This is like requiring a lot of water in order 
to dilute alcoholic drink such as Soju. Table 2 and 
Table 3 show the appearance of condensate. 

Use of Condensate

Used as Deodorant and Liquid Fertilizer
What removed bad smell emitting from landfill 
area where a large number of poultry were 
buried due to avian flu was deodorant obtained 
from food waste. Besides, a large amount of 
deodorant is used in Gimpo landfill area as well. 
Besides, condensate can be used as liquid 
fertilizer, and in Japan, it has been already put 
to practical use. Figure 7 show an example of 
condensate appixation.

Utilization as External Carbon Source in 
Sewage Managing plant
In case there is a method making it possible to 
conform with standard for effluent water quality 
and use the existing sewage treatment plant at 
the same time in consideration of the overall 
situations of sewage treatment in Korea, it is 
thought that an effect of killing two birds with 
one stone, which can maximize the sewage 
treatment efficiency, is expected by reusing 
the existing sewage treatment plant through 
simple improvement work as well as reducing 
the cost required for installing a new advanced 
sewage treatment plant. The condensate 
can be utilized as external carbon source in 
sewage waste water treatment plant improving 
nitrogen and phosphorus removal efficiency 
by adding a carbon source and improving 
the conventional activated sludge method in 
the existing sewage waste water treatment 
plant. It is possible to contribute to mitigating 
the environmental pollution problem in Korea, 
and presenting an alternative measure for 
complying with tightened standard for effluent 

Table 1: Ratios of Chemical Component after Drying Process

H2O (%) Ash (%)
Source (%)

Heating Low 
Value(kcal/kg) Specific(ton/m3)

C H N O S Cl

17.7 10 41.2 7.1 2.51 17.9 0.45 2.24 4431 0.36
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Table 2: Components of Condensate Water

Test Item Amount
TCODcr(ppm) 20337
SCODcr(ppm) 20069

T-N(ppm) 80
NH3-N(ppm) 71
NO3-N(ppm) 2

T-P(ppm) 9
Ortho-P(ppm) 8

SS(ppm) None Detected
VSS(ppm) None Detected

TVFAs as COD(ppm) 9337

Table 3: Components of Test Liquid Compost

Components Ratio (%)
H2O 88.1
Fe 26.4×10-3
Ca 2,147×10-3
Na 1,998×10-3
Mg 279×10-3
Cl 1,880×10-3
Cu 0.05×10-3
Zn 4.25×10-3
N 0.42
P 0.02
K 0.4

etc. 5.6

Figure 6. Sample of Food Waste Powder

water quality, and reducing water treatment 
cost by economically and efficiently removing 
eutrophication-causing elements such as 
nitrogen and phosphorus at the same time 
together with organic matter without adding 
an extra advanced treatment process in the 
existing sewagewaste water treatment plant 
through process improvement. 

Conclusion
Many food waste treatment facilities were 
installed in each municipal government, and 
has treated the food waste by a method of 
making compost or feeds. However, in case 
of compost, salt should be less than 1% by 
government law, but reducing the salt ratio 
was very difficult in rural area, accordingly 
the compost acted as a factor in withering the 
crops or hampering their growth. And in case 
of making feeds, a problem of killing livestock 
was caused because it was not possible to 
remove toxicity that might be contained in the 
food. Therefore, a vicious circle was created, 
where food waste that could not be used as 
compost or feeds became waste again even 
after being treated. So we proposed the extra 
food waste which remained after composting 
or animal feeding should be recycled, and 
optimal candidate of recycling can be a fuel 
source by sealed drying of food waste. It was 
able to fundamentally prevent the bad smell in 
the drying process. I have shown the possibility 

Figure 7. An example of condensate water 
application: deodorant
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to make feeds effectively through standard 
packing. Also this method can reduce fuel costs 
by recycling the dry remainder into fuel, and 
carbonized residues can be recycled into the 
cover soil, and condensate water generated 
in this process can be used as deodorant, 
external carbon source and liquid fertilizer.

So, perfect recycling of food waste can be 
done when using evaporation with sealed 
type high speed dryer, and using dried extra 
waste as a fuel in the dryer. As a result, we 
got 4431kcal/kg as a heating low value from 
the dried food waste, so after heating around 
400°C, the exhausting gas can be used as a 
fuel. Also we got the useful components ratio 
of 0.42%(N), 0.02%(P) and 0.4%(K) from 
condensate water, so this condensate can be 
used to liquid compost.

References
Ministry of Environment, (2014). The state of food waste 

generation in 2012. Seoul, Korea.
Agriculture and Rural Affairs News, (2003), The Revised 

Raw of Compost Management, Agriculture and 
Rural Affairs.

Lazarev V. A., Pastushkova Ye. V and Chugunova O. 
V. (2016), Zero Waste Membrane Technology for 

Whey Processing, Indian Journal of Science and 
Technology, 9.

Doohwan Kim, (2005), The Policy of Food Waste, Nature 
Conservation, 27, 22-24

Kim D. H., Kim S. H., Kim K. Y., and Shin H. S. (2010) 
Experience of a Pilot-Scale Hydrogen-Producing 
Anaerobic Sequencing Batch Reactor (Asbr) 
Treating Food Waste, Int. J. Hydrogen Energ., 35, 
1590-1594.

Choi C.W., Jung Y.S., Lee J.W. and Kim W.J., (2012), 
Status Analysis of the Policy Change and Recy-
cling of Food Waste Policy, Korea Policy Institute 
Summer Conference, 731-757

Yeol Yeon Kim, (2012), Deodorization Cooling Tower and 
Sludge Drying Machine Including the Same, Ko-
rean Patent No. 101176373, KIPO

Doo Hee Han, (2014), A Study on the Recycling of Food 
- Salt Reduction Plan for Compositing of Food 
Waste, International Symposium on Green Manu-
facturing and Applications, 99-100

Doo Hee Han, (2015), A Recycling Method of Rotten Fish 
Wastes, Indian Journal of Science and Technol-
ogy, 8.

Doo Hee Han, (2010), Development of Perfect Recycling 
Equipment for Sea Fish Waste, Journal of the Ko-
rea Academia-Industrial Cooperation Society.

Doo Hee Han, (2014), Complete Recycling Method for 
Lungfishes Waste, International Symposium on 
Green Manufacturing and Applications, 120-122.



J. Ecophysiol. Occup. Hlth. 16(1&2), 2016, 59–65
©2016 The Academy of Environmental Biology, India
DOI : 10.15512/joeoh/2016/v16i1&2/15638

*Email: shlee@cbnu.ac.kr 59

Abstract: Background/Objectives: The Identifier (ID) and Locator(Loc) split is a key concept in the current 
Internet environment and the future Internet environment. The binding of ID to Loc is necessary to route/
forward packets, which is called as ID/Loc mapping system. Methods/Statistical analysis: We propose a 
novel ID/Locator Mapping System (ILMS) mechanism using the bloom filters (BFs) to store information about 
the identifier. The proposed bloom filters stores the information about the identifiers belonging to the domain 
managed by the ILMS. Findings: The critical challenge in building the mapping system is scalability simply 
because the vast number of ID exists in the network and there is no mechanism that can be aggregated as 
an IP address, since IDs are assumed to be flat. The proposed mapping system is a network of ILMS server 
in a forest by multiple trees with peering relationship. The main idea is to construct the hierarchical ILMS to 
manage only a limited number of IDs and so can extract a bit that can be tested for given ID in each ILMS. 
Improvements/Applications: Scalability issue was addressed by compressing the BFs to indicate the IDs 
of the child ILMS server.

Keywords: Bloom Filter, Future Internet, Locator/Identifier Separation, Mapping System

Introduction
In all ID/Loc separation architectures, location 
independent identifier(ID) is assigned to the 
communication entity itself unlike IP address 
assigned to the network interface, where the 
communication entity includes host, content, 
service, etc.1,2,3. The critical challenge in 
building the mapping system is scalability 
simply because the vast number of IDs exists 
in the network and there is no mechanism that 
can be aggregated as an IP address, since IDs 
are assumed to be flat.

In order to address the mobility issue and 
other current Internet issues such as multi-
homing, content networking, trustworthy, 
diversity of the internet, etc., several future 
internet architecture projects4,5are exploring 
an ID-based networking architecture, where 
ID denotes the communication entity itself. 
ID can be hierarchically structured or flat. 
However, location-independent ID is assumed 
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in ID-based networking, which means that ID 
does not contain anything about the node’s 
topological or geographical information. Thus, 
the binding of ID to Locator (Loc) is necessary to 
route/forward packets in ID-based networking, 
which is called as ID to Loc mapping system.

The mapping system is basically storing and 
managing the mapping data between identifiers 
and locators of communication entities in many 
ways such as developing distributed mapping 
database or centralized mapping database, 
building a forwarding network, etc. The mapping 
system must be scalable to the number of the 
explosive increasing communication entities, 
i.e. IDs. Thus, an important challenges in the 
design of ID-based networking6is how to design 
a mapping system.

The important issue in the design of the future 
internet is mobility support simply because of 
the future internet will be developed into mobile-
centric environment. The current internet was 
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designed based on the fixed network rather 
than the mobile network. And many challenging 
researches are in progress with the ID-based 
Networking. With these observations, we 
design a novel ID/Loc Mapping System (ILMS) 
using bloom filters in ID-based Networking. 
ILMS is assumed to have a hierarchical 
structure to achieve scalability. This paper 
provides the overall structure and procedures 
of ILMS.

A Hierarchical ID/Loc Mapping System
One of the key challenges in design of the ILMS 
is scalable to ensure the increasing number of 
IDs. In order to resolve the scalability issue, 
IDs are needed to distributed rather than 
centralized. Bloom Filter (BF)7 are well known 
as having a space efficient probabilistic data 
structure and it is used to check whether a 
specific member is a elements of a set. BF 
also has several disadvantages such as 
false positive error and no member deletion. 
However, we can minimize the false positive 
error up to the tolerant point although there is no 
way to get rid of it. We can also use alternative 
ways to address the no membership deletion 
such as reconstructing the BF periodically or 
using a counting BF.

Structure
ILMS stores and maintains ID to locator 
mapping information, where it takes an ID as 
its input and produces locator that the ID is 
currently associated with.

We design a set of mapping servers (MSs) 
with an extended hierarchical tree structure, 
where the network of MSs includes a peering 
relationship, as well as to define a parent-child 
relationship. Figure 1 shows an example of 
the hierarchical ID/Locator mapping system 
structure. At the top of the hierarchy, the MSs 
are fully peered. It means that each server in 
the peer relationships shares its information 
of all IDs. In other words, MSs at the top level 
can be seen to have a global knowledge of all 
IDs in the network. At the bottom, a lowest MS 

Fig. 1 Hierarchical mapping system structure.

knows the information about all the ID/Loc pair 
that it manages. At the intermediate level, the 
MS scan knows the information about the ID/
Loc pair of all the identifier directly registered 
to them but only poses information about the 
IDs that managing their child MSs and peering 
MSs.

Component
ILMS consists of MSs (Mapping servers) 
and MDBs (Mapping Data Bases), which are 
described in the following subsections. Fig. 1 
shows one of examples of HRS structure. We 
note that MS and MDB are conceptually 
separated servers but they can be implemented 
together into as one server.

Mapping Server
An MS consists of multiple bloom filters and 
an ID lookup table. Although probability, bloom 
filter has constant search time and provides a 
space-efficient data structure to represent the 
membership information of vast amount. Hence 
bloom filter is ideal filter in order to implement 
the MS.

ID to Locator Mapping Database
The ID to Locator Mapping Database (MDB) 
manages and maintains the mapping table 
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Registration, Presence and Location  
Update Procedure
Fig. 3 shows registration, presence, and 
location update procedures. ILMS in Fig. 3 is 
composed of five MSs.MS1 (MS5) is a leaf MS 
storing the ID1/Loc (ID2/Loc) mapping. MS3 is 
fully peered with MS4.

In Registration Procedure 
1.  Since the registration request message 

finds its path depending on the parent-
child relationship and peering relationship, 
the host1 sends the registration request 
message to the MS1. MS1, MS2, and MS3 
receive the registration request message, 
successively. The output of the hash 
function for the ID1 is inserted in the bloom 
filters managed by MS1, MS2, and MS3.

2.  XS3 notifies the registration of host1 to the 
XS4. MS4 inserts the output of the hash 
function for the ID1 in bloom filter. MS3 (MS2) 
sends the registration acknowledgement 
(ACK) message to MS2 (MS1). 

which is managed all the ID/Locator mappings 
information for all IDs that are directly registered 
to the MS. Fig. 2 is one of examples of mapping 
table. The mapping table consists of an ID and 
associated Locator(s). It is possible that an 
ID has more than one Locator. In this case, 
MS responds with a set of locators. It is also 
possible that an ID is registered to the MS but 
has not been presented at the network. In this 
case, the ID is inserted in the mapping table 
but Loc will be inserted when it is actually 
presented in the network.

Procedure 
When a specific entity wants to access the 
network, that entity must register itself to an 
MS. The communication entity has to perform 
four steps in order to access the MS. First, 
the new communication entity must be able to 
contact with the MS. Hence, communication 
entity with some bootstrap method brings some 
information about contacting MS. Until the new 
communication entity becomes a member of 
the MS, the communication entity is used as 
an entry point to the MS. 

Then, the new communication entity 
needs to be registered a mapping server 
in the hierarchical ID/Loc mapping system. 
Depending on the implementation of the MS, a 
communication entity may also select arbitrary 
or specific mapping servers on its own or it 
chooses on the basis of the current state of 
the system. Third, to reflect the presence of 
the new communication entity, it needs to set 
appropriate bits in bloom filters through all 
parents. Fourth, the new communication entity 
notifies of its presence.

Fig. 2 Mapping table on MDB.
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update.
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In the Presence and Location Update 
 Procedure 
1.  The host1 sends the presence message to 

the gateway1. 

2.  The gateway1 delivers location update 
message to the MS1. 

3.  MS1checks which server stores the 
ID1/LOC mapping. MS1 adds ID1/LOC 
mapping in ID/LOC mapping table. MS1 
sends the ACK of location update message 
to gateway1. If MS1 is not allowed to store 
ID1/LOC mapping, MS1 sends ID1/LOC 
mapping to permitted MS. Permitted MS 
adds ID1/LOC mapping information in ID/
LOC mapping table and sends the ACK of 
location update message to gateway1.

When the Host1 Operates the Location 
Update Procedure
1.  When the host1 moves new domain 

managing gateway 3, the host1 sends 
the presence message to gateway3 and 
de-presence message to gateway 1. 
The gateway3 sends the location update 
message including ID1/LOC3 and the 
gateway 1 sends the location update 
message including ID1 to MS1. 

2.  MS1 sends the location update 
acknowledgement message to gateway 1 
and gateway 3. 

De-Registration and Refresh
When a communicating entity wants to leave the 
network, that entity must de-register itself to a 
MS. When the MS receives the de-registration 
request from the communicating entity, the 
MS deletes the ID/Loc mapping information 
associated with the entity. De-registration 
message is propagated through the parent-
child relationship and peering relationship.

Fig. 4 shows the example of de-registration 
and refresh procedure.

1.  When the host1 registered to network 
leaves the network, the host1 sends the 
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Fig. 4 De-registration and refresh.

de-registration message to ILMS1 and 
de-presence message to gateway1. MS1 
deletes the ID1/LOC mapping. 

2.  MS1 refresh the bloom filter at the refresh 
time.

ID/Loc Mapping Request and Response 
Procedure
The mapping request and response operation 
is a process to find the location information for 
a given identifier. One example of mapping 
request and response procedures is illustrated 
in Fig. 5.

When a host2 is registered and the host1 
sends data packet to host2, 

1.  The host1 sends data packet to gateway1, 
the gateway1 sends ID2/LOC mapping 
request to MS1. 

2.  MS1 checks the ID2 in ID/LOC mapping 
table or the bloom filter, and sends ID2/LOC 
mapping request to MS2. Since MS5 has 
the ID2/LOC mapping, the bloom filters of 
MS4 and MS5 includes the ID2. Thus, the 
ID2/LOC mapping request is delivered to 
MS3, MS4, and MS5, successively. 

3.  The ID2/LOC mapping response is 
delivered to MS5, MS4, MS3, MS2, and 
MS1, successively.
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3.  ILMS3 checks the nonexistence of ID2/LOC 
in the ID/LOC mapping table.

4.  And ILMS3 sends the response of absence 
to MS4 and 1. MS4 sends ID2/LOC mapping 
request to MS5.

5.  MS5 checks the nonexistence of ID2/LOC 
in the network and sends the response of 
absence to MS4 and 1.

Fig. 6 summarizes the operation flows with a 
simply structured ILMS which has only 2 binary 
trees of height 1. The scenario is that two hosts 
are registered in two different ILMS servers. 
Thus, each ILMS server does the bloom 
filter (BF) update of their parents and then 
the two ILMS servers at the top update each 
other. When a host presents in the network, 
its locator is stored in the lookup table where 
its ID is stored. Fig. 6 also depicts a simple 
lookup operation as well as the operations of 
de-presence and deregistration.

Implementation Results
We have implemented a prototype for our 
ILMS: ILMS server, parent server, and child 
server. All ILMS servers perform the same 
functions, but we implement by separating 
the top server from another servers for 
convenience of implementation. We used the 
parallel processing of a Graphics Processing 
Unit (GPU) to accelerate the performance of 
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Fig. 5 Absence and false positive example.

False Positive and Absence Procedure
The bloom filter has a weakness of false positive 
occurrence, and multiple bloom filters may give 
positive responses. When the bit sequence 
corresponding to the nonexistent identifier are 
set to 1s, in relation to the specific identifier 
is not present in the network, a false positive 
occurs. Anyway, this eventually triggers a 
search in parallel in order to search the location 
information associated with the identifier.

Fig. 5 shows one example of false positive 
scenario. 

When the host2 is not registered to MS and the 
host1 tries to send packet to host2, 

1.  The host1 sends the data packet to 
gateway1 and gateway 1 sends ID2/LOC 
mapping request to MS1. MS1 checks the 
ID/LOC mapping table or its bloom filter.

2.  Since the host2 is not registered to MS and 
MS3 manages the bloom filter including the 
false positive bit sequences for host2, the 
ID2/LOC mapping request is delivered to 
MS4, MS3. Fig. 6 Operation flows.
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that for the smaller number of bloom filter; 
CPU version has the lower execution time. 
But once the number of bloom filters is greater 
than about 2800, GPU version keeps the lower 
value than CPU one. 

Conclusion
In this paper, we proposed a hierarchical 
ID/Locator mapping system in ID-based 
networking. The proposed mapping system is 
a set of MS server in a forest by multiple trees 
with peering relationship. Scalability issue was 
addressed by compressing the BFs to indicate 
the IDs of the child MS server. The peering 
relationship was used to reduce the traffic 
load to the MS servers at the higher level of 
the proposed system. We implemented our 
system for proof of concept and presented 
some experimental results

In the future research work, we will continue to 
improve the functional features of a hierarchical 
ID/Loc mapping system and try to find solutions 
we had the unsolved issues.
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