Pertanika Journal of

SCIENCE &
TECHNOLOGY

VOL. 25 (4) OCT. 2017

=

PERTANIKA

A scientific journal published by Universiti Putra Malaysia Press




Journal of Science & Technology

Journal of Science & Technology

>
(@]
o
o
c
<
®
[t
L]
[0
(&}
C
2
O
()
Y—
o
©
c
—_
>
(o}
=S

Journal of Science & Technology
About the Journal

Overview

Pertanika Journal of Science & Technology (JST) is the official journal of Universiti Putra Malaysia
published by UPM Press. It is an open-access online scientific journal which is free of charge. It publishes
the scientific outputs. It neither accepts nor commissions third party content.

Recognized internationally as the leading peer-reviewed interdisciplinary journal devoted to the
publication of original papers, it serves as a forum for practical approaches to improving quality in issues
pertaining to science and engineering and its related fields.

JST is a quarterly (January, April, July and October) periodical that considers for publication original
articles as per its scope. The journal publishes in English and it is open to authors around the world
regardless of the nationality.

The Journal is available world-wide.

Aims and scope

Pertanika Journal of Science and Technology aims to provide a forum for high quality research related
to science and engineering research. Areas relevant to the scope of the journal include: bioinformatics,
bioscience, biotechnology and bio-molecular sciences, chemistry, computer science, ecology,
engineering, engineering design, environmental control and management, mathematics and statistics,
medicine and health sciences, nanotechnology, physics, safety and emergency management, and
related fields of study.

History

Pertanika was founded in 1978. A decision was made in 1992 to streamline Pertanika into three journals
as Journal of Tropical Agricultural Science, Journal of Science & Technology, and Journal of Social
Sciences & Humanities to meet the need for specialised journals in areas of study aligned with the
interdisciplinary strengths of the university.

After almost 25 years, as an interdisciplinary Journal of Science & Technology, the revamped journal
now focuses on research in science and engineering and its related fields.

Goal of Pertanika
Our goal is to bring the highest quality research to the widest possible audience.

Quality

We aim for excellence, sustained by a responsible and professional approach to journal publishing.
Submissions are guaranteed to receive a decision within 14 weeks. The elapsed time from submission
to publication for the articles averages 5-6 months.

Abstracting and indexing of Pertanika

Pertanika is almost 40 years old; this accumulated knowledge has resulted in Pertanika JST being
abstracted and indexed in SCOPUS (Elsevier), Thomson (ISI) Web of Knowledge [BIOSIS & CAB Abstracts],
EBSCO & EBSCOhost, DOAJ, ERA, Cabell’s Directories, Google Scholar, MyAIS, ISC & Rubriq (Journal
Guide).



Future vision

We are continuously improving access to our journal archives, content, and research services. We have
the drive to realise exciting new horizons that will benefit not only the academic community, but society
itself.

Citing journal articles
The abbreviation for Pertanika Journal of Science & Technology is Pertanika J. Sci. Technol.

Publication policy

Pertanika policy prohibits an author from submitting the same manuscript for concurrent consideration
by two or more publications. It prohibits as well publication of any manuscript that has already been
published either in whole or substantial part elsewhere. It also does not permit publication of manuscript
that has been published in full in Proceedings.

Code of Ethics

The Pertanika Journals and Universiti Putra Malaysia takes seriously the responsibility of all of its
journal publications to reflect the highest in publication ethics. Thus all journals and journal editors are
expected to abide by the Journal’s codes of ethics. Refer to Pertanika’s Code of Ethics for full details, or
visit the Journal’s web link at http://www.pertanika.upm.edu.my/code_of_ethics.php

International Standard Serial Number (ISSN)

An ISSN is an 8-digit code used to identify periodicals such as journals of all kinds and on all media—print
and electronic. All Pertanika journals have ISSN as well as an e-ISSN.

Journal of Science & Technology: ISSN 0128-7680 (Print); ISSN 2231-8526 (Online).

Lag time
A decision on acceptance or rejection of a manuscript is reached in 3 to 4 months (average 14 weeks).
The elapsed time from submission to publication for the articles averages 5-6 months.

Authorship

Authors are not permitted to add or remove any names from the authorship provided at the time of
initial submission without the consent of the Journal’s Chief Executive Editor.

Manuscript preparation
Refer to Pertanika’s INSTRUCTIONS TO AUTHORS at the back of this journal.

Most scientific papers are prepared according to a format called IMRAD. The term represents the first
letters of the words Introduction, Materials and Methods, Results, And, Discussion. IMRAD is simply
a more ‘defined’ version of the “IBC” [Introduction, Body, Conclusion] format used for all academic
writing. IMRAD indicates a pattern or format rather than a complete list of headings or components of
research papers; the missing parts of a paper are: Title, Authors, Keywords, Abstract, Conclusions, and
References. Additionally, some papers include Acknowledgments and Appendices.

The Introduction explains the scope and objective of the study in the light of current knowledge on the
subject; the Materials and Methods describes how the study was conducted; the Results section reports
what was found in the study; and the Discussion section explains meaning and significance of the results
and provides suggestions for future directions of research. The manuscript must be prepared according
to the Journal’s INSTRUCTIONS TO AUTHORS.

Editorial process

Authors are notified with an acknowledgement containing a Manuscript ID on receipt of a manuscript,
and upon the editorial decision regarding publication.
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Pertanika follows a double-blind peer-review process. Manuscripts deemed suitable for publication
are usually sent to reviewers. Authors are encouraged to suggest names of at least three potential

reviewers at the time of submission of their manuscript to Pertanika, but the editors will make the final
choice. The editors are not, however, bound by these suggestions.

Notification of the editorial decision is usually provided within ten to fourteen weeks from the receipt
of manuscript. Publication of solicited manuscripts is not guaranteed. In most cases, manuscripts are
accepted conditionally, pending an author’s revision of the material.

As articles are double-blind reviewed, material that might identify authorship of the paper should be
placed only on page 2 as described in the first-4 page format in Pertanika’s INSTRUCTIONS TO AUTHORS
given at the back of this journal.

The Journal’s peer-review

In the peer-review process, three referees independently evaluate the scientific quality of the submitted
manuscripts.

Peer reviewers are experts chosen by journal editors to provide written assessment of the strengths and
weaknesses of written research, with the aim of improving the reporting of research and identifying the
most appropriate and highest quality material for the journal.

Operating and review process

What happens to a manuscript once it is submitted to Pertanika? Typically, there are seven steps to the
editorial review process:

1. The Journal’s chief executive editor and the editorial board examine the paper to determine
whether it is appropriate for the journal and should be reviewed. If not appropriate, the
manuscript is rejected outright and the author is informed.

2. The chief executive editor sends the article-identifying information having been removed, to
three reviewers. Typically, one of these is from the Journal’s editorial board. Others are
specialists in the subject matter represented by the article. The chief executive editor asks
them to complete the review in three weeks.

Comments to authors are about the appropriateness and adequacy of the theoretical or
conceptual framework, literature review, method, results and discussion, and conclusions.
Reviewers often include suggestions for strengthening of the manuscript. Comments to the
editor are in the nature of the significance of the work and its potential contribution to the
literature.

3. The chief executive editor, in consultation with the editor-in-chief, examines the reviews and
decides whether to reject the manuscript, invite the author(s) to revise and resubmit the
manuscript, or seek additional reviews. Final acceptance or rejection rests with the Edito-
in-Chief, who reserves the right to refuse any material for publication. In rare instances,
the manuscript is accepted with almost no revision. Almost without exception, reviewers’
comments (to the author) are forwarded to the author. If a revision is indicated, the editor
provides guidelines for attending to the reviewers’ suggestions and perhaps additional advice
about revising the manuscript.

4. The authors decide whether and how to address the reviewers’ comments and criticisms and
the editor’s concerns. The authors return a revised version of the paper to the chief executive
editor along with specific information describing how they have answered’ the concerns
of the reviewers and the editor, usually in a tabular form. The author(s) may also submit
a rebuttal if there is a need especially when the author disagrees with certain comments
provided by reviewer(s).



The chief executive editor sends the revised paper out for re-review. Typically, at least one of
the original reviewers will be asked to examine the article.

When the reviewers have completed their work, the chief executive editor in consultation
with the editorial board and the editor-in-chief examine their comments and decide whether
the paper is ready to be published, needs another round of revisions, or should be rejected.

If the decision is to accept, an acceptance letter is sent to all the author(s), the paper is sent to
the Press. The article should appear in print in approximately three months.

The Publisher ensures that the paper adheres to the correct style (in-text citations, the
reference list, and tables are typical areas of concern, clarity, and grammar). The authors are
asked to respond to any minor queries by the Publisher. Following these corrections, page
proofs are mailed to the corresponding authors for their final approval. At this point, only
essential changes are accepted. Finally, the article appears in the pages of the Journal and is
posted on-line.
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Foreword

Welcome to the Fourth Issue 2017 of the Journal of Science and Technology (JST)!

JSTis an open-access journal for studies in science and technology published by Universiti
Putra Malaysia Press. It is independently owned and managed by the university and is
run on a non-profit basis for the benefit of the world-wide science community.

This issue contains 26 articles, of which five are review articles and nine are regular
research articles. This issue also features five selected papers from the INTROP Research
Colloquium 2015 (IRC 2015) and seven papers from the 2nd International Conference
on Science, Engineering, Law & Management 2017 (ICSELM 2017). The authors of these
articles hail from several countries namely, Mauritius, Morocco, Malaysia, United
Kingdom, Iran, Indonesia and Pakistan.

The first review article in this issue reports briefly on current perspectives on high-
frequency ultrasound imaging in wound assessment (Hamidreza Mohafez, Siti Anom
Ahmad, Maryam Hadizadeh, Mohammad Hamiruce Marhaban and Mohammad Igbal
Saripan), while the second is on nano fibre technology in polymer composites (N.
Saba, M. T. Paridah, K. Abdan and N. A. Ibrahim). The third review article discusses
techniques of dispersion of nanoparticles in polymer matrices (Nurul Reffa Azyan, N.,
Norkhairunnisa, M., Tay, C. H. and Azmah Hanim, M. A.). The subsequent two review
articles look at fibres, polymer matrices and composites (Mohd Nurazzi, N., Khalina, A.,
Sapuan, S. M., Dayang Laila, A. H. A. M., Rahmah, M. and Hanafee, Z.) and mechanical
and thermal properties of natural fibre-based hybrid composites (Zahra Dashtizadeh,
K. Abdan, M. Jawaid, Mohd Asim Khan, Mohammad Behmanesh, Masoud Dashtizadeh,
Francisco Cardona and Ishak M.).

The regular articles cover a wide range of topics. The first article is on a study protocol
of spinal morphology, physical performance, quality of life and biochemical markers in
adults at risk of osteoporotic fractures (Chua, S. K., Singh, Devinder K. A., Rajaratnam,
B. S., Mokhtar, Sabarul A., Sridharan, R., Gan, K. B., Chin, K. Y. and Lee, R. Y. W.). The
following articles look at: empirical ocean colour algorithms for estimating sea surface
salinity in coastal waters of Terengganu (Md. Suffian, I., Nurhafiza, R. and Noor Hazwani,
M. A.); adjusting outliers in univariate circular data (Mahmood, Ehab A., Rana, Sohel,
Hussin, Abdul Ghapor and Midi , Habshah); a performance evaluation of flocculation
and membrane filtration for microalgae harvesting (Susanto, H., Fitrianingtyas, M.,
Kurniawan, L., Rusli, S., and Widiasa, I. N.); an artificial immune system paradigm in the
Hopfield network for a 3-satisfiability problem (Mansor, M. A., Kasihmuddin, M. S. M. and
Sathasivam, S.); fuzzy hybrid control of a flexible inverted pendulum (FIP) system using
soft-computing techniques (Ashwani Kharola and Pravin Patil); the effect of co-solvent
addition on glycerolysis of waste cooking oil (Supardan, M. D., Adisalamun, Lubis, Y. M.,
Annisa, Y., Satriana and Mustapha, W. A. W.); an analysis of PWM techniques for inverters
driving AC motors (Rajkamal. R and Anitha Karthi); and a comparison of advance-based
infiltration methods for furrow-irrigated soils (Irfan Ahmed Shaikh, Aimrun Wayayok,
Munir Ahmed Mangrio, Kanya Lal Khatri, Ashifa Soomro and Saeed Ahmed Dahri).

| conclude this issue with 12 articles arising from selected international conferences



featuring the following: an effect of agar on physical properties of thermoplastic starch
derived from sugar palm trees (Jumaidin, R., Sapuan, S. M., Jawaid, M., Ishak, M. R.
and Sahari J.); the intermetallic growth of sac237 solder paste reinforced with MWCNT
(Azmah Hanim, M. A., Mohamad Aznan, M. N., Muhammad Raimi, R. and Muhammad
Azrol Amin, A.); the application of artificial neural networks for the optimisation of
wetting contact angle for lead-free Bi-AG soldering alloys (Nima Ghamarian, M. A. Azmah
Hanim, M. Nahavandi, Zulkarnain Zainal and LIM, Hong-Ngee); an investigation of the
flexural properties and glass transition temperature of kenaf/epoxy composite filled with
mesoporous silica for wind turbine applications (Chai Hua, T. and Norkhairunnisa, M.);
the effects of polymorph transformation via mercerisation on microcrystalline cellulose
fibres and isolation of nanocrystalline cellulose fibres (SaifulAzry, S. O. A., Chuah, T.
G., Paridah M. T,, Aung, M. M. and Edi S. Z.); a non-oscillatory scheme for the one-
dimensional SABR model (Nawdha Thakoor); a design of low-voltage low-power OTA
based CCll+ (Thakral, B., Vaish, A. and Rao, R. K.); a lightweight authentication protocol
based on ECC for satellite communication (Saroj, T. and Gaba, G. S.); Taguchi-Grey
established optimisation for M2-tool steel with conventional/PM electrodes on EDM
with and without powder-mixing dielectric (Kumar, D., Payal, H. S. and Beri, N.); Wi-Fi and
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ABSTRACT

Non-invasive imaging modalities for wound assessment have become increasingly popular over the past
two decades. The wounds can be developed superficially or from within deep tissues, depending on the
nature of the dominant risk factors. Developing a reproducible quantitative method to assess wound-
healing status has demonstrated to be a convoluted task. Advances in High-Frequency Ultrasound (HFU)
skin scanners have expanded their application as they are cost-effective and reproducible diagnostic tools
in dermatology, including for the measurement of skin thickness, the assessment of skin tumours, the
estimation of the volume of melanoma and non-melanoma skin cancers, the visualisation of skin structure
and the monitoring of the healing of acute and chronic wounds. Previous studies have revealed that HFU
images carry dominant parameters and depict the phenomena occurring within deep tissue layers during
the wound-healing process. However, the investigations have mostly focussed on the validation of HFU
images, and few studies have utilised HFU imaging in quantitative assessment of wound generation and

healing. This paper is an introductory review of the

important studies proposed by the researchers in
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INTRODUCTION

Wound assessment is complex and multi-faceted, comprising wound aetiology, wound
appearance, identification of factors delaying healing, monitoring and prediction of healing
rates and wound documentation (Shaw & Bell, 2011). The gold standard is wound biopsy,
which provides valuable superficial and in-depth information about the cost of the increment
in the wound area and the impairment in the healing process. Regular monitoring of healing
helps clinicians to evaluate the effectiveness of a particular treatment strategy and change it if
necessary, and to distinguish between healing and non-healing wounds (Dyson et al., 2003).

In clinical arena, assessment methods have been mainly based on the measurement of two
valuable wound characteristics, physical dimension and colour (Plassmann & Jones, 1998;
Treuillet et al., 2009). The early methods used a ruler, acetate sheet and alginate casts to measure
the wound area and volume. Nevertheless, the problem of direct contact with the wound along
with poor precision due to subjectivity in measurement and inaccurate employed tools, made
these earlier methods less reliable (Plassmann, 1995). Numerous simple and complicated non-
contact methods such as standardised digital photography, structured light analysis (MAVIS)
and stereo-photogrammetry were proposed to improve the measurement error rate to 10-12%,
3-5% and 0-3%, respectively, to prevent wound contamination and to reduce patient discomfort
(Humbert et al., 2004). However, they are costly and require a trained operator, making them
impractical in clinical applications.

Wound colorimetry considers ulcer colour characteristics as a function of its clinical
stage. This method is based on the Red-Yellow-Black model, which is more a measure of the
clinicians’ effectiveness in cleaning up a wound than of the healing progress (Plassmann &
Belem, 2009). Significant advances in the field of image analysis make standardised digital
photography the most popular tool for assessing healing, which considers both aspects of the
wound i.e. colour and size. However, it only provides surface-level information that cannot
show the full extent of underlying tissue damage, wound severity and etiology (Dyson et al.,
2003; Moghimi et al., 2011). This issue becomes more significant when dealing with diabetic
foot ulcers (DFUs), which are notably different from acute wounds in that they can develop
superficially or from within the deep tissue, depending on the nature of dominant risk factors
(Moghimi et al., 2010). More specifically, wound healing, especially in chronic wounds such
as DFUs, tends to be slow, and may lead to reactive treatment if the assessment is based purely
on dimensional changes (Jones & Plassmann, 2000).

Therefore, advanced imaging modalities, such as computerised tomography (CT), magnetic
resonance imaging (MRI) and high-frequency ultrasound (HFU) imaging (> 20MHz), have
been employed to reveal the healing progress and wound status of underlying tissues. Of the
three aforementioned modalities, CT and MRI are not economical for utilisation in clinics
and have drawbacks, such as patient exposure to X-rays, magnetic fields and injected dyes
(Wendelken et al., 2003). Improvements in ultrasound instrumentation and advances in portable
HFU skin scanners have expanded their application to microscopic imaging in dermatology,
which enables us to visualise skin structure from the epidermis up to deep fascia and to monitor
dimensional changes deep within the tissues in a non-invasive manner, but still it needs a highly
trained operator for data acquisition and interpretation (Dyson et al., 2003; Moghimi et al.,

1040 Pertanika J. Sci. & Technol. 25 (4): 1039 - 1050 (2017)



High—frequency Ultrasound Imaging in Wound Assessment

2011; Rippon et al., 1998). This paper briefly explains the principles of ultrasound imaging;
considers and interprets 2D B-mode HFU images of healthy and wounded skin; reviews related
studies that have investigated the application of dermasonography in wound assessment; and
enumerates HFU imaging limitations.

PRINCIPLES OF ULTRASOUND IMAGING

The ultrasound beams undergo three major phenomena including reflection, refraction and
attenuation during travelling through skin tissues. Even so, the ultrasonic image formation
relies on the reflected waves from the tissues mostly at the interfaces between regions like
the echogenic dermis and hypo-echoic sub-cutis (Figure 1). Inherent variations in skin tissue
structure, especially density and vascularity, which are reflected as differences in collagen,
keratin and water content, lead to the presence of different echogenicity areas in the ultrasound
image (Kleinerman et al., 2012). Ultrasound measurement consists of the transformation of
sound beams into visual image that can be exhibited in different modes. One of those is the
brightness mode (B-mode), which is a two-dimensional presentation of scanned structures,
mostly used in dermatology. It is generated through the conversion of reflected waves into
grey-scale values and shows a cross-sectional image of examined tissue.

In general, the resolution of 2D ultrasound B-mode images improves as the probe frequency
increases with the cost of diminishing depth of penetration. Given that fact, a low-frequency
probe is normally used to visualise deeper and larger organs, while the superficial skin layers
(e.g. epidermis and dermis) need to be scanned at higher frequencies. The two key parameters
of an ultrasound probe are axial resolution, referring to the ability of distinguishing two adjacent
objects lying parallel to the beam direction, and lateral resolution, the ability to distinguish
two points lying perpendicular to the ultrasound beam direction.

Source/Processor

Transducer/Receiver :

~ Processing

Ultrasound wave.. ™ Display
.

N
Coupling Medium /~C.: \

Braes A

Reflected Beams l

Figure 1. Schematic of Dermasonography Device, including source, transducer, coupling medium and high-
frequency wave projected into the skin. The ultrasound wave is reflected back to the transducer from different
parts of the skin, is then processed and finally displayed

For dermatological purposes, high-frequency ultrasound within the range of 13.5-100
MHz is utilised and mostly performed at 20 MHz, which provides both epidermis and dermis
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visualisation with axial resolution of 50-80 pwm, lateral resolution of 150-300 wm and penetration
of 7-14 mm (Rallan & Harland, 2004). Higher-frequency probes, 40-100 MHz, are merely able
to display the epidermis at an axial resolution of 17-30 um and a lateral resolution of 33-94
um (Aspres et al., 2003; Rallan & Harland, 2003).

Ultrasound in Dermatology

Ultrasound imaging has been widely used in dermatology for the last 35 years. It was first
proposed as a dermatological toolbox in which a 15-MHz probe was used to measure skin
thickness by Alexander and Miller (1979). Since then, ultrasound practical applications in
diagnostic dermatology have expanded, including the evaluation of benign and malignant
lesions, assessment of infectious and inflammatory diseases, examination of foreign bodies
present in soft tissue, measurement of skin thickness and estimation of tumour margins,
estimation of volume in melanoma and non-melanoma skin cancer, evaluation of the efficacy
of drugs, differentiation of dermal burns, visualisation of the skin structure and monitoring
of the healing of acute and chronic wounds in both animal and clinical models (Dyson et al.,
2003; Kleinerman et al., 2012; Moghimi et al., 2010; Rippon et al., 1998). However, some of
its application such as wound assessment remain in experimental phases.

INTERPRETATION OF HEALTHY AND WOUNDED SKIN IN 2D B-SCANS

Ultrasound as a non-invasive, quantitative and reproducible imaging modality is able to provide
visualisation of the epidermis, dermis, sweet glands and hair follicles as well as the collagen
layer. The structures with high echogenicity are reflected as brighter (i.e. colourful) regions in
the 2D B-mode images, while the ones with low echogenicity are observed as dark areas. Thus,
it is worthwhile to consider a brief review of the ultrasonic characteristics of skin components
that are practically used to interpret 2D B-mode images in dermatology (Figure 2).

As is seen in the image from the arm obtained by a 20-MHz ultrasound skin scanner (from
left to right), the first echoic band belongs to the plastic water barrier film placed in the head
of the probe, followed by the black area coming from the water inside the probe. The second
echoic band obtained from the interface between the gel and the epidermis i.e. the second white
line(s) shows the entry and exit echoes of the epidermis. As the thickness of the epidermis is
too small in the arm area (<0.18 mm), the entry and exit echoes are superimposed, while in
the case of thicker epidermis layers (e.g. foot sole), two separate echoic bands can be detected
in the image.

After the epidermis, comes the dermis, with an average thickness of 1-4 mm consisting of
three layers: papillary, reticular and hypodermis, which is a hypo-echoic area interspersed with
hyper-echoic regions, a consistent hyper-echoic region and a hypo-echoic area, respectively.
The papillary layer entails hypo-echoic fine collagen, while the curl collagen fibres in the
reticular dermis placed parallel to the skin surfaces give rich echoes. The end of the reticular
layer can be determined once the black area appears, due to the presence of homogenous
subcutaneous fat and loose connective tissues. The muscle fascia that consists of collagen
fibre bundles is presented as a hyper-echoic band below the hypodermis (Rippon et al., 1998).
The sub-cutis is mostly layered with fat-fascia-fat-fascia bundles until the signal fades away.
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The inclusions like hair follicles, blood vessels and sebaceous glands are generally echo-poor
regions, while the blood vessel walls appear more echoic. Although muscle layer, including
muscle and connective tissues, are echo-poor in nature, the presence of fibre bundles makes
them echo-rich. In practice, muscle is difficult to measure using HFU imaging as it does not
give a strong response.

oEETI 2 ST e s e T s I o 10 1T 12 13 e
Pt Biochod Bead EsGren ESrael b end K800 1 Bt ] B el e |

Figure 2. 2D B-scan image from the arm by 20-MHz Ultrasound Skin Scanner. The epidermis (EP) entry and
exit echoes become super-positioned in the case of thin epidermis layer. End of dermis (ED) is defined where
the colourful echo stops and the black area starts. The fascia bundles (FB) of collagen fibre are presented as
hyper-echoic bands

The components of wounded skin show different characteristics compared to healthy skin
constituents, which are enumerated as follows (Rippon et al., 1999; Rippon et al., 1998):

1. Blood clots including fibrin and fibrinogen are intermediate echo-poor or echo-rich regions,
and their appearance in the 2D HFU image depends on their density.

2. Newly created collagen fibres at the early stage of healing (i.e. 2-3 days) encompass
endothelial cells, fibroblasts, immature fibrous tissue and microphages that appear as
echo-poor regions, while mature granulation tissue, curled and mature fibrous tissues seen
after 4-21 days, are detected as hyper-echoic regions. In other words, the echogenicity of
granulation tissue increases as the collagen fibres accumulated.

3. Epithelial cells are echo-lucent in nature, but a band of echo-rich tissue can be determined
at the surface level due to tissue re-epithelialisation.

4. Scars, which are remodelled collagen, are relatively echo-poor regions and become more
echo-lucent over time.

APPLICATIONS OF HFU IMAGING IN WOUND ASSESSMENT

As HFU imaging does not interfere with the healing process, it has been employed in studies
that are mostly focussed on validation of B-mode HFU images and investigation of wound
structures. The findings revealed that the 2D B-mode HFU images contain the most sought after
parameters, namely depth and volume of the wound, depth of scars and blood clots, collagen
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content and granulation tissue formation and changes in tissue regularity and homogeneity;
and also depict the wound-healing phenomena comparable to established histological analysis.
In other words, HFU imaging is a quantitative, reproducible, objective modality that examines
living materials in microscopic details and provides measurement of tissue structural changes
deep within a wound while carrying non-damaging aspects required for wound-healing
assessment (Dyson et al., 2003; Foster et al., 2000). However, few studies have investigated
the application of HFU imaging in assessing wound generation and healing. In this section,
the related literature is reviewed in the context of two domains: Assessment of healing process
and investigation of wound structures.

In an investigation, 10-40 MHz ultrasound waves were utilised to evaluate the beam
attenuation coefficient in healthy skin and to explore the correlation between healing and
ultrasound wave attenuation in surgical wounds aged between 9 and 49 days. It was reported
that the ultrasound attenuation increased by 15% and 30% on day 9 and day 34 respectively,
which was in line with the changes in the content of collagen. So, it was concluded that the
attenuation coefficient may be highly correlated with the amount of collagen in the healing
surgical wounds. However, their findings could not be generalised as the other factors like size
of collagen fibres and their structural arrangement were not considered (Forster et al., 1990).

Meanwhile, Hoffmann et al. (1993) measured changes in the surface and volume of
the cryosurgical defects, using a 20-MHz HFU to assess the efficacy of treatment strategy
in 80 patients who received cryosurgery for treatment of basal cell carcinoma. The results
demonstrated that the wound surface and volume can be used as a measure of treatment efficacy.
However, the wound improvement could not be monitored when there were no significant
dimensional changes. Moreover, the healing process in chronic wounds does not certainly
follow the order of healing phases in acute surgical wounds.

In the study performed by Rippon et al. (1998), a 20-MHz HFU skin scanner was used to
visualise skin structures and wound healing by comparing them with histological information.
Firstly, healthy skin of different anatomical areas in pigs and human cadavers were scanned to
identify and measure normal skin structures and the results were compared with histological
findings. More specifically, the depth of skin layers including epidermis, dermis and hypodermis
was measured, and the skin structures visualised in 2D B-mode images were compared with the
histological results. The outcomes showed a significant relationship between both technique
measurements (7=0.97, P-value<0.0001). Secondly, the full-thickness acute wounds induced on
the pigs’ dorsal area were scanned by a HFU skin scanner and investigated over time. In detail,
the wound depth, blood clot depth and granulation tissue depth were measured using a HFU
scanner at pre-determined time intervals and compared with histological measurements. The
results revealed that there was a significant relationship between the amounts of accumulated
fibrous granulation tissue in the wound measured by HFU imaging and histological study
(r=0.82, P-value<0.001). It was concluded that periodic wound assessment can help to
differentiate between healing and non-healing wounds. However, this approach cannot be
used in considering clinical chronic wounds such as diabetic foot ulcers (DFUs) as the wound
biopsy for histological investigation is infeasible. Moreover, the alteration in chronic wound
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tissue structures like amount of collagen fibres and depth of blood clot may not be necessarily
matched with their findings, as the healing process in chronic wounds is complex and does
not absolutely follow the order of the healing phases in acute wounds.

The same research group monitored acute experimental wounds created on the dorsal
area of pigs over a period of 21 days. In addition, clinical chronic wounds including healing
and non-healing ulcers were scanned over six weeks during routine dressing changes. The
sequence of events happening during the healing process was interpreted and compared with
the findings obtained from studying the histological changes. It was discovered that the stages
such as granulation tissue formation, wound contraction, and re-epithelialisation could be
sequentially visualised using the high-frequency ultrasound skin scanner. Furthermore, wound
margin, blood clots and scars could be detected in the HFU images, and healing and non-healing
chronic wounds such as leg ulcers could be identified using the observed differences between
the scans (Rippon et al., 1999).

Dyson et al. (2003) compared two non-invasive techniques, optical and HFU imaging, in
punch biopsy wounds made on the forearm with a diameter of 4 mm post-operatively on day 3,
7,14 and 21, and found that the wound margins could be clearly defined in 2D B-mode images
compared to the optical images, especially in the presence of scabs. Moreover, the structural
changes in the tissue deep within the wounds were distinguishablely detected, i.e. the epidermis
breakage and blood clot formation could be clearly seen on day 3, followed by granulation
tissue formation on day 7 and regeneration of epidermis on day 14. Finally, an increment in
wound echogenicity was observed on day 21, attributed to deposition of collagen fibres. It was
concluded that the HFU imaging provides quantitative measurement of the structural changes
in the tissue below the epidermis, while optical imaging can only capture superficial alterations.

Prabhakara (2006) determined corresponding features, echogenicity and thickness of the
top skin layers, to a bruise visualised in B-mode scanning, and stated that these parameters
can be used as disputable evidence of a bruise if the changes in healthy and bruised regions
are much greater than the normal variation. When the qualitative changes in B-mode scans of
the bruised and intact skin were compared through snapshot analysis, it was uncovered that
different types of qualitative changes appeared in bruised skin compared to the control site,
including fuzziness of the lower top-layer boundary, swelling, changes in top-layer thickness,
increased irregular echogenic areas and echogenicity changes. Hence, it was concluded that
usually more than these mentioned indicators are displayed in a B-scan of bruised skin that
may help to detect an injury or a bruise within deep tissue layers.

In another research, pressure ulcers were induced on the limbs of 28 guinea pigs using a
pressure delivery system, and those areas were monitored over 21 days with both a 20MHz
HFU scanner and a digital camera. Then, the camera images were calibrated and the meaningful
colour features were extracted from a 2D histogram. Apart from that, the texture features that
portrayed the echo-graphic structural and echogenicity changes during healing were obtained
from HFU images, which were categorised into five groups. A multi-layer perceptron neural
network classifier was used and the outputs were integrated with a Fuzzy integral designed
for fusion of information from both modalities. It was concluded that each individual
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modality failed to discriminate some classes i.e. four examination days, while the fusion of
both techniques was capable of determining generation of pressure ulcers and healing stages
(Moghimi et al., 2011). However, their findings cannot be generalised to human skin wounds
as healing of both may not necessarily follow the similar pattern. Moreover, the wounds were
artificially induced in a controlled lab environment i.e. wound size, depth and severity were
not comparable with clinical chronic wounds.

The evaluation of wound structures to determine an appropriate model for different types
of wound was the focus of some investigations. Early detection of dermal wounds becomes
possible in suspected skin areas that may help to prevent skin breakage. In an investigation,
15 chronic wounds including four DFUs, one pressure ulcer and 10 venous leg ulcers along
with 30 scars were evaluated and characterised using image analysis of recorded video, 20-
MHz HFU imaging and laser Doppler flowmetry. These tools provided ulcer and scar linear
dimensions, ulcer and scar thickness along with their echogenicity and blood flow at the surface
level of the ulcers and scars, respectively. These parameters were also measured in adjacent
healthy skin for comparison. The results indicated that the blood flow in all types of chronic
ulcers was 170% higher than in normal healthy skin and this can be used as a positive sign of
healing, which is caused by the increment in perfusion of granulation tissue. The HFU imaging
outcomes revealed that skin thickness in chronic ulcers was reduced by 0.5 mm compared to
the intact skin. Moreover, the echo-poor regions detected in HFU images of DFUs were from
those areas with thinner skin, where there were newly created healing areas. Finally, it was
demonstrated that measuring the dimensions of chronic ulcers using binary image analysis or
HFU imaging was more accurate than measurement by means of a calibrated ruler (Timar-
Banu et al., 2001).

In another study, various types of chronic wound including DFUs, ischemic ulcers, venous
and pressure ulcers and inflammatory ulcers were evaluated in terms of their skin structures,
wound margins and wound area and volume using an ultrasound scanner with 8-12MHz
frequency. Moreover, different phenomena like granulation tissue formation and sub-dermal
edema were subjectively identified in the 2D B-mode images. The results indicated that HFU
imaging can be used as an accurate, reproducible and non-invasive tool that may help physicians
in diagnosing wound aetiology (Wendelken et al., 2003).

Du et al. (2006) evaluated severe burn scars using quantitative assessment of 2D B-mode
images recorded by a 15-MHz ultrasound probe. An image reconstruction technique was utilised
to identify the scar border and to estimate the depth, volume and surface area of burn scars.
A phantom was used to simulate scar volumetric structure and to verify the accuracy of the
proposed image processing chain. The findings showed that the estimation error of scar volume
measurement was less than 10%. Therefore, it was concluded that an assessment tool based on
the analysis of HFU images can be employed to evaluate burn scars in clinical practice. Table
1 summarises the aforementioned studies and their findings.
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LIMITATIONS

All the reviewed studies were in agreement that HFU imaging can be utilised as a non-invasive,
quantitative, reliable and cost-effective technique in wound-healing assessment. However, some
aspects of HFU imaging capability were unclear due to design and analysis. For instance, most
of the conclusions were subjective and limited to the correlation analysis between histological
information and wound depth and width. Such comparison is infeasible for clinical chronic
wounds as wound biopsy deteriorates the healing process. In addition, most of the investigations
focused on the validation of 2D B-mode HFU images, not to quantitatively assess the wound
healing. Moreover, they often evaluated the healing in acute experimental wounds induced on
pigs and humans, where wound severity, depth and size and the healing phase sequential order
did not necessarily follow patterns seen in acute wounds. It is equally important to point out
that the accuracy and reliability of determining the most appropriate scan line(s) and selecting
the region of interest in 2D B-mode HFU images are highly dependent on the physician’s
experience and the operator’s skills; these can be subjective and time-consuming.

CONCLUSION

High-frequency ultrasound imaging has great potential for non-invasive and quantitative
assessment of the wound-healing process, with additional information about underlying tissues.
It can also be combined with other clinically established modalities such as optical imaging to
provide comprehensive and accurate information on tissue dimensional and structural changes
that may ameliorate patient discomfort by adopting proactive treatment regimens. Further
work, however, is required to diminish the dependence on expert clinicians and operators by
developing standard protocols for identifying the informative scan lines and for selecting the
region of interest.
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ABSTRACT

The enormous attention and interest by both academics and industrial field for greener, biodegradable
and renewable materials implicate a persuasive trends towards the encroachment of nano-materials
science and technology in the polymer composite field. Nanocomposites creates high impacts on the
development of nano materials with advanced features to solve potential risks with their wider industrial
applications. Nano fibres are highly engineered fibres with diameters less than 100 nm that offer several
advantages over conventional fibres. One dimensional (1D) nanostructure fillers such as carbon nano
fibre and cellulose nano fibre are the most common, promising and unique for developing multifunctional
nanocomposites with better properties and extensive applications compared to micro size fibres. Nano
fibre technology brings revolution by providing products that are completely safe, truly greener, reliable
and environmentally friendly for industries, researchers and users. This review article is intended to
present valuable literature data on research and trend in the fields of carbon and cellulose nano fiber,
nanocomposites with specific focus on various applications for a sustainable and greener environment..
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agriculture, food packaging, military, cosmetics, solar cells and textile sectors, intelligent
fabrics, composites and power industries (Lee et al., 2012, pp. 4078-4086; Rhim et al., 2013,
pp. 1629-1652; Bilbao-Sainz et al., 2011, pp. 1549-1557; Varshney & Naithani 2011, pp. 43-
61; Amritkar et al., 2011, pp. 45-53).

Nanocomposites gained worldwide research interest and are reported as the 21st century
multiphase solid material having at least one dimensions phases in the nanometre range (1
nm = 10 m) (Saba et al., 2014, pp. 2247-2273). Nanocomposite materials are considered as
potential substitutes to overawe the drawbacks of conventional composites and monolithic,
usually at lower nano filler loadings (3-5 wt.%), owing to nanometric size effects (Mariano et
al., 2014, pp. 791-806; Rhim et al., 2013, pp. 1629-1652). In particular, nanomaterials/nano filler
are regarded as highly potential filler materials for the enhancement of physical, mechanical
and thermal properties of polymeric matrix materials (thermoplastics or thermosets) chiefly
by increasing the counter face adhesion, matrix modulus and strength (Saba et al., 2014, pp.
2247-2273; Raza et al., 2015, pp. 9-16). Nano scale materials or fillers are classified into
three groups, based on the number of dimensions in the nano metre range, as nanoparticles,
nanotubes and nano-layers (Chrissafis & Bikiaris, 2011, pp. 1-24). The different types of nano
materials are shown in Figure 1.

fibre tube

cubic spherical needle

nanolayers
Figure 1. Types of nanoscale materials
Source: Chrissafis & Bikiaris, 2011, pp. 1-24

These nanoparticles interact with the polymeric chains, either physically or covalently,
resulting nanocomposite network having unique properties (Gaharwar et al., 2014, pp. 441-
453; Schexnailder & Schmidt, 2009, pp. 1-11; Mariano et al.,2014, pp. 791-806).

Nanocomposite Synthesis and Characterisation Techniques

The nanocomposite structure typically consists of polymer matrix material reinforced with
the nano-sized filler components in the forms of fibres, particles, whiskers and nanotubes.
Interestingly there are five different routes to synthesise the nanocomposites including
template synthesis, intercalation of polymer or prepolymer from solution, in-situ intercalative
polymerisation, direct mixing between the polymer and particles and melt intercalation process
(Mittal, 2009, pp. 992-1057; Alateyah et al., 2013; Tanahashi, 2010, pp. 1593-1619). The
different methods of processing nanocomposites are illustrated in Figure 2.

1052 Pertanika J. Sci. & Technol. 25 (4): 1051 - 1072 (2017)



Nano Fibre Technology

Template Synthesis
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Figure 2. (a) Template Synthesis of Nanostructured Materials, (b) Intercalation of polymer or prepolymer from
solution, (c) In-Situ Intercalative Polymerisation, (d) Direct mixing, (e) Melt intercalation, and (f) solvent
casting method for nanocomposites fabrication

The same methods have also been applied for the preparation of layered silicates based on
nanocomposites (Tanahashi, 2010, pp. 1593-1619). However, melt mixing, solvent casting,
electrospinning and in sifu polymerisation are important techniques for the fabrication of nano
fibre based polymer composites (Zimmermann et al., 2010, pp. 1086-1093).

Different equipment and techniques are being used for the characterisation of nano
fibres and their nanocomposites, including scanning tunnelling microscopy (STM), fourier
transformed infrared spectroscopy (FTIR), nuclear magnetic resonance (NMR), atomic force
microscopy (AFM), X ray photoelectron spectroscopy (XPS), wide-angle X-ray scattering
(WAXS), scanning and transmission electron microscopy (SEM/TEM) and differential scanning
calorimetry (DSC) (Camargo et al., 2009, pp. 1-39).
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Nano Fibres

Nano fibres are the highly engineered textiles, defined as fibres with diameters less than 100 nm.
Nano fibres possess several unique properties and show several advantages over micro such as:

e Lightweight material, builds network structures

e Renewable resource, biodegradable (cellulosic nano fibres only)

e High strength and stiffness

e Transparent, translucent, water storage capacity and rheology modifier
e High surface area and aspect ratio

e High reactivity, barrier properties (Chen et al., 2011, pp. 1804-1811)

Researchers around the globe are developing new imaginable applications possibilities for nano
fibres. The two most common and established nano fibres in the field of polymer composites
are carbon nano fibres and cellulose nano fibres (shown in Figures 3a-b).

Figure 3. (a) Carbon nano fibres and (b) Cellulose nano fibres
Source: Kalluri et al., 2013, pp. 25576-25601 Source: Chen et al. 2014, pp. 1517-1528

General Methods for Manufacturing Nano Fibres

Currently, various techniques such as electrospinning, self-assembly, meltblowing, bicomponent
spinning, force-spinning, phase-separation, drawing and flash-spinning are being used to
overcome the growing demands for the fabrication of polymeric nano fibres. However,
electrospinning is a widely used technique for the fabrication of continuous nano fibres because
of its simplicity and suitability for a variety of polymers, ceramics and metals (Ahmed et al.,
2015, pp. 15-30). Some of the methods are explained in brief.

Electrospinning

The most common and reliable method for the production of smooth nano fibres from a variety
of polymers with controllable morphology is observed through electrospinning (Figure 4).
It shares the characteristics of both electrospraying and conventional solution dry spinning
of fibres based on the effect of electrostatic force on liquids. Electrospinning process can be
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classified into two groups according to the method of preparing the polymer, namely, solution
electrospinning and melt electrospinning (Nayak et al., 2012, pp. 129-147; Wang et al., 2013,
pp- 1173-1243).

Polymeric solution

Metallic needle ——=—| 1
Fiber formation High

voltage supply
Fiber collecting drum ——

Figure 4. Electrospinning technique
(Source: Ahmed et al., 2015, pp. 15-30

Solution blow spinning

A solution blow spinning technique was developed using elements of both electrospinning
and meltblowing technologies as an alternative method for making non-woven webs of micro
and nanofibres (Figure 5). The produced nano fibres possess comparable diameters but fibre
production rate (measured by the polymer injection rate) is several times higher with those
made by the electrospinning process (Medeiros et al., 2009, pp. 2322-2330; Oliveira et al.,
2011, pp. 3396-3405).

Protruding
distance (d)
—

Polymeric Jet

Working
distance (WD)
Outter nozz!o (DD) (m;echon of mr)

Inner nozzle (D) (inj )

collector

Figure 5. Solution blowing technique

Meltblowing

Meltblowing is a simple, versatile and one-step process for the production of materials in
micrometre and smaller scale. In the meltblowing process, a molten polymer is extruded through
the orifice of a die (Figure 6). The fibres are formed by the elongation of the polymer streams
coming out of the orifice by air-drag and are collected on the surface of a suitable collector
in the form of a web. The average fibre diameter mainly depends on the throughput rate,
melt viscosity, melt temperature, air temperature and air velocity. The meltblowing apparatus
consists of two extruders with different barrel diameters to create different shear rates. The
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process is suitable for many melt-spinnable commercial polymers, copolymers and their blends
such as polyesters, polyolefins, polyurethanes, nylons, poly vinyl chloride, polyvinyl acetate
and ethylene vinyl acetate. The meltblown fibres significantly reduced average diameter and
enhanced surface area to mass ratio compared to conventional meltblown fibres (Nayak et al.,
2012, pp. 129-147; Hassan et al., 2013, pp. 336-344).

Figure 6. Meltblowing technique (Hassan et al., 2013, pp. 336-344)

Phase separation

Phase separation process is a relatively simple procedure and its requirements are very minimal
in terms of equipment compared with the electrospinning and self-assembly techniques (Vasita
& Katti 2006, p. 15). A schematic representation of phase separation is shown in Figure 7.

Figure 7. Phase separation technique (Vasita & Katti, 2006, p. 15)

Nano Fibre Reinforcement Effects

Fibrous nano materials such as nano fibres and carbon nanotubes, in addition to polymer matrix,
provide reinforcing efficiency because of their high aspect ratios (Luo & Daniel, 2003, pp.
1607-1616). Some of the reinforcement effects imparted by nano-particulate/fibrous that are
being added to polymer matrix include the improvement in gas barrier properties, mechanical
properties (tensile strength, stiffness, toughness), dimensional stability, thermal conductivity,

1056 Pertanika J. Sci. & Technol. 25 (4): 1051 - 1072 (2017)



	1 Front Cover Inside JST Vol 25 (4) Oct 2017.pdf
	2 EB JST Vol 25 (4) Oct 2017.pdf
	3 Contents JST Vol 25 (4) Oct 2017.pdf
	4 Foreward JST Vol 25 (4) Oct 2017.pdf

