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Abstract

Traditional drainage materials used in a surgical treatment or in wound management are not good enough in both the
effectiveness and efficiency because they may cause infection due to their characteristics. Therefore, a novel drainage material
should be essential and designed to solve the problem. Avian skeleton and feather rachises may be good reference objects
to mimic in designing a novel drainage material because its good cell structure which support a bird to fly safe and efficient.
The term “nature-Bioinspired” is associated with a sequence of efforts to understand, synthesize and imitate any natural
object or phenomenon either in a tangible or intangible form, which allows us to obtain improved insights into nature. Such
inspirations can come through materials, processes, or designs. In this study, a new medical matrix derived from polyvinyl
alcohol foam with air cavities inspired by avian skeleton and feather rachises for drainage medical treatments was designed,
prepared, and characterized. Establishment of biomimetic biomedical inventive principles and a bio-inspired design-thinking
method for innovative design of biomimetic medical devices and biomaterials were achieved. Also, the medical device (MD)
unified problem-driven bioinspired evaluating approach was established to guide biomimetic design of biomaterials and the
corresponding medical devices for various clinic applications.

Keywords: Polyvinyl Alcohol Foam; Fingerprint; Biomimetic; Bioinspired Design; Medical Device

Abbreviations: MD: Medical Device; FTIR: Fourier devices with high-support drainage materials could have

Transform Infrared Spectroscopy; SEM: Scanning Electron
Microscope; TGA: Thermo-Gravimetric Analysis; PVAF:
Polyvinyl Alcohol Foam; PVA: Polyvinyl Alcohol.

Introduction

To solve the problems of occurring infection in a
traditional surgery orinawound care, designs of new medical
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to be developed and applied to new treatment procedures
instead of the traditional ones. Selections of suitable
materials for biomedical and clinical applications such
as polyvinyl alcohol, polyelectrolyte, polycarboxybetaine,
polysulfobetaine, polyurethane, polynorbornene, polyester,
polymethacrylate, natural polymer, and polymeric resins
could be substantially considered and further employed [1-
6]. The surface modification could be considered to change
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the surface characteristic and microenvironment of materials
for specific clinical demands [7-8]. High permeability of
protecting medical matrix such as polyurethane matrix
or non-woven matrix could be employed for the clinical
application of masks. However, polyurethane or non-woven
medical matrix showed poor tissue anti-adhesion property,
which would be a clinical risk for wound managements. In
contrast, polyvinyl alcohol showed good results of clinical
applications because of its good cell structure tissue anti-
adhesion property and high permeability no matter whether
the matrix is in dry state or in wet state [9-14].

Bioinspired solutions for the delivery of drugs and
therapeutics would also be considered. With a strong focus on
therapeutic and diagnostic applications, the characteristics
and effectiveness’s of bioinspired materials for medical or
regenerative applications examines the inspirations from
natural materials and their interpretations as modern
biomaterials [15,16]. Further, a evaluation of bioinspired
design is necessary. The concept of fingerprint region such
as the 1450 - 500 cm-1 range of an infrared spectrum called
the fingerprint region would be useful to identify the new
materials because this region of the spectrum (like a human
fingerprint) is almost unique for any given compound [17].
Apart from the significant differences in the fingerprint
region, there were no other big striking differences, and each
difference could be identified from its spectrum. Similarly,
the different spectrums could be considered to establish
fingerprint evaluation system for specific identification.

In this study, a novel medical drainage material
with supporting matrix and/or struts made of polyvinyl
alcohol foam with air cavities inspired by avian skeleton
and feather rachises for drainage medical treatment was
designed. For the traditional clinical applications of drainage
medical materials, the physico-chemical properties such as
hygroscopicity and structural stability were limited, therefore
the medical drainage material with highly porous structure
would be fabricated via a designed forming process.
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Also, the microstructures and thermal properties of
the drainage medical materials are important. A series
of drainage medical materials were prepared by using
various manufacturing procedures such as traditional
foaming process and bioimmic foaming process. The
drainage medical materials with different microstructures
were obtained. The resulting polymeric drainage medical
materials would be studied and characterized by Fourier
transform infrared spectroscopy (FTIR), thermo-gravimetric
analysis (TGA), and scanning electron microscope (SEM) to
obtain the information of identifications, thermal stabilities,
and microstructures.

Lastly medical device (MD) unified problem-driven
bioinspired evaluating approach was applied to evaluate
effectiveness and efficacy of the new drainage medical device.

Experimental

Materials

Commercial polyvinyl alcohol (BF-17) with averaged
polymerization degree of 1700 and hydrolysis degree of 98.5-
99.2 mol % were obtained from Chang-Chun Petrochemical
Co., Ltd, Taiwan [8].

Preparation of Polyvinyl Alcohol Foam (PVAF)
by Using two Traditional Foaming Process and a
Super Clean Bioimmic Air-Foaming Process

Polyvinyl alcohol foam (PVAF) is synthesized with
polyvinyl alcohol (PVA) and formaldehyde [8-14]. A novel
polyvinyl alcohol foam (PVAF) with fully open cells and
channels was designed by using a super clean bioimmic air-
foaming process [8-14]. Two traditional foaming process
of polyvinyl alcohol foam, starch-foaming process and air-
assisted starch-foaming process were employed to prepare
the corresponding control samples as listed in Table 1.

Traditional designs

Bioimmic design

. Air-assisted starch . ]
Starch foaming process . Super-clean air-foaming process
foaming process
Addition of starch +9 + -a)
Introduction of air -3 + +2)
Resul.tmg soft me(.hcal SF-PVAFY ASF-PVAF9 SCAF AF-PVAF
drainage material

a)”+"means the procedure was employed and “-” means the procedure was not employed.
b)SF-PVAF: Starch foaming polyvinyl alcohol foam as a soft medical drainage material

c) ASF-PVAF: Air-assisted starch foaming polyvinyl alcohol foam as a soft medical drainage material
d) SCAF-PVAF: Super-clean air- foaming polyvinyl alcohol foam as a soft medical drainage material
Table 1: Design and preparation of a series of new soft medical drainage materials.
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For preparing traditional designs of soft medical
drainage materials by using starch-foaming process [8], a
dispersion of 1 g of starch in 10 mL of water was first added
to 50 mL of an aqueous solution containing 10 g of PVA. The
resulting mixture was heated up to 95°C (above gel point
of starch) for 45 min while being stirred to obtain a pasty
mixed solution. The mixed solution was then cooled to 85°C
and 50 mL of an aqueous mixture containing 90 mL of 24
wt % formaldehyde solution and 5 mL of 50 wt % sulfuric
acid was added and stirred. The starch-foaming PVA (SF-
PVAF) was obtained. Each of the above reaction solutions
was finally introduced to a hard plastic rectangular vessel
with a dimension of 15 cmx20 cm and 5 cm in height. These
vessels were then put in a temperature-controlled oven
to carry out the acetalization reaction at 60°C for 8 hours.
The resulting samples of porous PVF foam were washed
thoroughly with water to remove the remaining sulfuric acid
and formaldehyde. In order to investigate the effect of the air
contents by using air-assisted starch foaming process, the air
was introduced into the a pasty mixed solution and vigorous
stirred before the next step of acetalization reaction. An air-
assisted starch foaming polyvinyl alcohol foam ASF-PVAF
was obtained [8]. Furthermore, the bioimmic design of soft
medical drainage material could be prepared without starch
[9-14]. A series of polyvinyl alcohol foam materials, such as
bioimmic SCAF-PVAF, traditional SF-PVAF, and traditional
ASF-PVAF, were prepared. Polyvinyl alcohol foam (PVAF)
could be considered as a good drainage medical material for
surgical treatments and wound management because of its
properties of anti-adhesion and high-adsorption.

Instruments

Morphology and characteristics of the resulting
polyvinyl alcohol foam (PVAF) were determined by using
Fourier transform infrared spectroscopy (FTIR, Spectrum
GX, USA) and Scanning electron microscopy(SEM, JSM 6700FE,
Japan). Polyvinyl alcohol foam (PVAF) was analyzed by FTIR
spectroscopy (NICOLET iS50, Thermo Scientific, USA).
Transmittance values were recorded in the spectral region
from 500 cm-1 to 4000 cm-1 and a resolution of 4 cm-1 over
32 scans. The thermal degradation behavior of polyvinyl
alcohol foam (PVAF) was recognized as the temperature
at the maximum peak. Determination of the samples’
changes in both quality and quantity was analyzed by TGA.
TGA analysis is a technique for measuring the relationship
between the mass of a substance and the temperature under
a temperature control program. TGA was carried out from
room temperature to 550°C under nitrogen atmosphere.
Samples of approximately 3-5 mg were placed in an alumina
pot at a heating rate of 20°C/min. The thermal transition
behaviors of the resulting polyvinyl alcohol foam (PVAF) and
starch samples were determined by Differential Scanning
Calorimeter model Schimadzu DSC-50 (Kyoto, Japan) from
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30°C to 200°C. A heating rate of 10°C/min was used under
nitrogen atmosphere and at a flow rate of 30 mL/min.

Results and Discussion

Medical Device (MD) Unified Problem-Driven
Bioinspired Evaluating Approach and New
Biomimetic Design of Soft Medical Drainage
Materials

For design of medical device, several clinical issues
must be considered such as clinical needs, restricted clinical
problem analysis, abstracting technical problems, preclinical
evaluation of designs, clinical risk evaluation of designs,
and tests for safety and effectiveness. A suitable evaluating
approach containing natural strategies and clinical needs
mustbe established. For biomimetic design of medical device,
a specific evaluating approach containing biomimetic natural
elements should be established. The biomimetic natural
elements must be considered in the design thinking process
including abstracting technical problems and transposing
to nature, identifying potential natural models, selecting
natural model of interest, abstracting natural strategies, and
transposing to technology. In this study, a new medical device
(MD) unified problem-bioinspired evaluating approach
combined the clinical issues with biomimetic natural
elements was established. The design thinking elements
of medical device, which contain clinical needs, analyzing
restricted clinical problem, abstracting technical problems,
transposing to nature, identifying potential natural models,
selecting natural model of interest, abstracting natural
strategies, preclinical evaluation of designs, transposing
to technology, clinical risk evaluation of designs, and the
implementation and tests for safety and effectiveness, were
considered in order as shown in Figure 2.

Figure 2: Medical device (MD) unified problem-driven
bioinspired evaluating approach.
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Further, the medical device (MD) unified problem-driven
bioinspired evaluating approach was employed to the design
of a high-support soft medical drainage material satisfying
clinical needs of high draining efficiency and structural
support for clinical applications of surgical drainage and
negative pressure drainage system. The structural support
would be the mostimportantfactorto provide the softmedical
drainage material or drainage system with effectiveness,
efficiency and safety. In particular, the soft medical drainage
material was employed under negative pressure or muscle
contraction of vagina, nasal cavity, and anus.

For design of a high-support soft medical drainage
material, step 1 of clinical needs and step 2 of analyzing
restricted clinical problem in the medical device (MD) unified
problem-driven bioinspired evaluating approach must
be considered. Traditional structural designs for medical
devices/materials could only provide low draining efficiency
and low structural support in clinical applications as shown
in Figure 3A. High draining efficiency and high structural
support are both clinical needs and restricted clinical
problems for soft medical drainage materials in clinical
applications. To overcome the problems, step 3 of abstracting
technical problems was considered. Enhancing pore size,
establishing open-cell miscrostructure, and building up the
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structural-supporting cavities would be the key technical
problems. Following steps 4-7 as shown in Figure 2, the
biomimetic soft materials with air cavities inspired by avian
skeleton and feather rachises could be considered to build
up fully open-cell miscrostructure and structural-supporting
cavities to provide high structural pneumaticity. Traditional
structural designs for medical devices/materials were
prepared by using traditional starch foaming process and
traditional air-assisted starch foaming process as Table 1.
The addition of starch would be harmful to the cleanliness
of the resulting soft medical drainage material containing
residual starch. The residual starch would be hydrolysis with
an increasing temperature. Also, the residual starch would
enhance risks of occurring infection in clinical applications
and risks of pollution in storage system.

For a clinical application, pre-clinic evaluation was
carried to check the clinical risk, the safety the effectiveness
and the efficiency of the resulting biomimetic design of soft
medical drainage materials as following steps 8~11 shown
in Figure 2. A new high-support soft medical drainage
material was designed and obtained to satisfy clinical needs
of high drain efficiency and high structural supportin clinical
applications of surgical drainage and negative pressure
drainage system as shown in Figure 3B.

medical drainage materials.

Figure 3: (A) Traditional structural designs for soft medical drainage materials and (B) Biomimetic structural designs for soft

Identification of the New Biomimetic
Design of Soft Medical Drainage Materials
by Using Microstructural Morphological,
Optical Fingerprint and Thermal Fingerprint
Evaluations

A new high-support soft medical drainage material
was designed and prepared to provide specific properties
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of high drain efficiency and high structural support for
clinical applications of surgical drainage and negative
pressure drainage system. The evaluated method must
be further established to identify the materials with the
biomimetic design of soft medical drainage materials. The
microstructural morphological, optical fingerprint and
thermal fingerprint evaluations were established by using
SEM, FTIR, TGA and DSC, respectively.
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Microstructural-Morphological Evaluations
of New Biomimetic Design of Soft Medical
Drainage Materials and the Corresponding Air
Cavities Inspired by Avian Skeleton and Feather
Rachises

Millions of years of biological evolution have brought effective
materials and structures that are sources of inspiration to
engineers. For biomimetic design of high support soft medical
drainage materials, the microstructure of avian skeleton and
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feather rachises could be considered because some matrixes
in feather microstructure were arranged in intricate ways to
achieve specific combinations of stiffness and strength on
the one hand and flexibility and elasticity on the other. This
includes different foam-like structures as shown in Figure 4
[15]. In fact, the foam wall was observed not only in the avian
feather but also in avian bone which would exhibit porosity,
form a “foam-in-a-foam” microstructure and provide internal
reinforcements [16].

Figure 4: Microstructures were inspired by avian skeleton and feather rachises containing foam-walls.

The traditional designs of medical drainage materials
of polyvinyl alcohol foams were prepared by traditional
starch foaming process or air-assisted starch foaming
process. The medical drainage materials with fully open-cell
microstructure could not be obtained. It is difficult to form
air cavities to enhance draining efficiency and structural
supporting strength because of the foaming process using
starch as a foaming agent. To build up the stable air cavities,
foam walls, and structural pneumaticity inspired by avian
skeleton and feather rachises, the introduction of clean
atmospheric flow in the foaming process of polyvinyl alcohol
foams are important. The traditional starch foaming process
or air-assisted starch foaming process could not provide
enough driving force to form atmospheric flow which could
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promote formation of air cavities, foam walls, and structural
pneumaticity. New biomimetic design of high support soft
medical drainage materials with air cavities inspired by
avian skeleton and feather rachises was obtained.

Furthermore, a microstructural-morphological
evaluation of the resulting high support soft medical
drainage material was carried by using SEM as shown in
Figure 5. The resulting high support soft medical drainage
material exhibited spongy structure with fully open-cell
interconnecting porous network. Highly irregular and
deformed macroporous structure with *100-150um pore
diameter was shown in Figure 5A. The foam walls with
3-10pum pore diameter were observed in Figure 5B.
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Figure 5: The microstructural morphological evaluation of new biomimetic design of high support soft medical drainage
materials by using scanning electron microscopy (SEM), (A) 300X and (B) 1000X.

Also, microstructural-morphological evaluations of the
resulting traditional soft medical drainage materials, which
were prepared by using traditional starch foaming process
or air-assisted starch foaming process, were carried out as
shown in Figure 6. The morphologies with fully closed-cell
microstructure and partially-open cell microstructure were
observed in SEM images of the resulting traditional starch-
foaming soft medical drainage material and traditional air-
assisted starch-foaming soft medical drainage material,
respectively. Although the traditional air-assisted starch-

foaming soft medical drainage material could provide
partially-open cell microstructure, the partially-open cell
microstructure would form a compacted structure with
a weak structural support. The weak structural support
would enhance the risk of clinical application and therapy,
particularly, the treatment was carried out under pressure.
Of course, the fully closed-cell microstructure could even
provide a quite weak structural support which would
seriously block and damage the clinical drainage during
treatment and therapy.

Figure 6: The microstructural morphological evaluations of traditional design of high support soft medical drainage materials
by using SEM (300X). (A) traditional SF-PVAF and (B)traditional ASF-PVAF.

In this study, the microstructural morphological
evaluations could identify the biomimetic design of high
support soft medical drainage materials effectively. The high-
support fully open cell microstructure with stable air cavities,
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foam walls, and structural pneumaticity of biomimetic high
support soft medical drainage materials were observed and
identified remarkably.
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Optical Fingerprint Evaluations of New
Biomimetic Design of Soft Medical Drainage
Materials

Inthis study,anovel biomimetichigh supportsoft medical
drainage materials derived from polyvinyl alcohol foam
(PVAF) for drainage treatment was designed and prepared.
A suitable optical-fingerprint evaluations of the resulting
biomimetic design of soft medical drainage materials must
be established. FTIR spectrum was employed to evaluate
the optical-fingerprint. The high support soft medical
drainage materials were derived from polyvinyl alcohol foam
containing crosslinked polyvinyl alcohol molecules (Scheme
2). The molecular structure of PVAF was characterized by
FTIR. The peaks at 3500-3400cm™ are the -OH stretching
vibration bands, which were weakened and shifted towards
higher frequencies due to the cleavage of the intra- and
intermolecular hydrogen bonding after acetalization which
indicated the consumption of -OH (due to condensation
reaction between PVA and formaldehyde) during the
preparation of the PVA foams. The symmetric stretching
vibrations of the alkyl CH2 absorption band appeared at
2952, 2913, 2861, and 2675 cm™. The new peaks at 1008-
1239 cm™ belongs to C-0-C formed during the condensation
reaction process, typical of PVA foam [17-21]. The bands at
1239,1172,1129, 1065, and 1008 cm™ are ascribed to -C-O-
C-0-C- stretching vibrations while the C-O-C stretching was
detected at 1008 cm™, which confirm the formation of a
formal structure as shown in Figure 6 and Table 2 [19,22,23].
The bands at 1239 and 1065 cm-1 would be attributed to
the stretching vibration of C-O in C-O-H groups. Curving
vibrations of -OH were also found at 942 cm™. In addition
Tao, et al. reported that five distinctive absorption bands at
1449, 1328, 1088, 836, and 610 cm™ corresponding to C-H
and O-H in-plane bending, C-O stretching, and C-H and O-H
out-of-plane bending vibrations, respectively, were observed
in the FTIR spectrum of the PVAF [24].

O CHz-O OH
—(CH:- EH-CHe CH)—(-CHz CHHCHz CHy
(I)
(|3H2
O CHz-Cl) OH O
—(CH,- EH-CH -CH)+CH:- CHHCHz CH)—
p,a.r.x vy, z>1

Scheme 2: The chemical structure of crosslinked polyvinyl
alcohol molecules.

That is, a new optical-fingerprint evaluation combining
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regions | and fingerprint region Il could be designed and
employed to identify the purity and molecular structure
of novel high support soft medical drainage materials
containing biomimetic PVAF structure as shown in Figure 6.
From the region I, peaks at 2913 cm™~2861 cm™ indicating
-C-H stretching vibration were observed for identification of
polyvinyl alcohol foam (PVAF). The fingerprint region II of
new biomimetic design of soft medical drainage materials
could identify the biomimetic super-clean air-foaming
process different from those of traditional starch-foaming
and ais-assisted starch-foaming. Apart from the significant
differences in the fingerprint region Il at wavenumbers 1400
to 400 cm™, there were no other big striking differences,
and each could be identified by its infrared spectrum. All
the absorption bands exist in typical molecules containing
saturated alkyl structure of PVAF. There were no remarkably
characteristicinfrared absorptions due to a specific functional
group. Also, different kinds of starch showed similar spectra
below 1000 cm™, which is the fingerprint region of starch.
This region exhibited the complex vibration mode due to the
skeletal mode vibration of glucose pyranose ring as listed in
Table 2.

Hence, the formation of biomimetic PVAF structure
and residue of starch from traditional starch-foaming
process could be easily identified by fingerprint region I and
fingerprint region Il of optical-fingerprint evaluations. The
presence of absorption band at around 3300-3600, ~2900,
~1150, and 1000-1100 cm-1 in the Table 2 indicated that all
kinds of starch possess an -OH, C-H, C-0-C, and C-O functional
group, respectively. The C-O bending associated with the
OH group would cause an absorbance peak at around 1648
cm-1. A band around 2925 c¢cm 1 corresponding to the C-H
stretching; [25] vibrational bands in the region of 1400-1300
cm 1 attributed to C-H bending and deformation; [26] 1150
cm 1 is related to vibrations of the glucosidic C-O-C bond
[27]. The bands at 1080 and 1020 cm 1 are characteristics
of the anhydroglucose ring O-C stretch [28]. The absorbance
band at925 cm-1is assigned to vibrational modes of a skeletal
glycoside bonds [27]. In addition, the characteristic C-0-C
ring vibration on starch led to an absorbance peak at around
700-900 cm-1. The absorbance bands below 800 cm-1 were
related to skeletal mode vibrations of the glucose pyranose
ring [29]. Starch of corn, cassava, and potato showed similar
results of absorption bands [30].

Before foaming process, the main peaks of pure PVA
observed at 3280, 2917, 1425, 1324, and 839 cm™! were
also listed in Table 2. These peaks were assigned to the O-H
stretching vibration of the hydroxy group, CH2 asymmetric
stretching vibration, C-H bending vibration of CH2, C-H
deformation vibration, and C-C stretching vibration,
accordingly [31-33] (Figure 7).
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Figure 7: Optical fingerprint evaluations of new biomimetic design of soft medical drainage materials.

Traditional Bioimmic
Assienment Wavenumber, cm Corn | Cassava | Potato
g (in literature) ¥ Starch? | Starch? | Starch® | SF-PVAFY |ASF-PVAFY g‘(;::b)
OH stretching 3300-3600[29] 3448 [29](3448 [29]3523 [29]| 3300-3600 | 3450
CH stretching 2931[29] 2929 [29]2930 [29]|2927 [29]| 2935 2933
C-0 bending associated
with -OH group(starch) 1647[29] 1647 [29]/1646 [29]/1645 [29]| 1648 1646
CH, symmetric
2
o 1458[29] 1437 [29][1437 [29]/1437 [29]| 1437 1435
CH, symmetric 1415[29] 1415 [29]|1417 [29]| 1419 [29]| 1417 1417
SCIssoring
_CH symmetric bending ~ 1375-1385[29] 1381 [29](1381 [29]| 1381 [29]| 1381 1382
C-0-C asymmetric
stretching 1149[29] 1157 [29]|1157 [29]|1157 [29]| 1172 1171
Starch| - 6 stretching/ 800-1200 [29] 993,1027/993, 1018993, 1027| 995,1012, | 860,921
anhydroglucose ring | (1020,1079, 1155 [33, 1067, 1130, 1067,
0-C stretching 34]) 1136 [29][1171 [29] 1136 [297| 1087 115110, 261,121
(937,1023,1116, 1162
[35-37])
glycosidiclinkagesand| o449 950134) | 993 [20] | 993 [291| 993 [20] | 995 921
C-0-C stretch
C0-C rine vibration of 590, 763 | 590, 763 | 590,763 | 590,783 | 590,793
-U-Lring vibration o
carbohydrate 590, 758,856,920 [29] g0 929 (860,929 858,29 | 860,834, | 860,836,
[29] [29] [29] 935 935
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C-C stretching

C-H stretching
vibration of the alkyl
chain

2685[41]
(2843-2943, 2778[42])
(2843-2943[43])

vibration 839[38, 39]
C-0 stretching 1086 (1081[38, 39]) : : 1091 1096
vibration
PVA CH deformation 132438, 39]
CH, bending 1430([38, 39]
CH, and CH stretching | »g50 5943138, 3] - - | 2861-2950 | 2865-2950 [2861-2950
vibration
C-0-C ring vibration
formed by the 833, 734[40] 86(7)’3%36’ 86(7)'3%36’ 833,734
crosslinking reaction
ether (C-0) and
acetal ring (C-0-C)
bands formed by the 1000-1140([40] 1007-1171|1008-1171 (1008-1172
crosslinking reaction
1060-1160 1067,1091,{1096, 1129, 1(1)23
-C-0-C-0-C- stretching ) ) ’
PVAF vibrations (1251, 1165, 1128, 11,721,
1079[41]) 1171,1238 11, 711, 243 239
C-0-C stretching 1008 1007 1008 1008
C-0 Stretching 12, 391,
vibration in C—O-H 1239, 1065 1238,1067 |12, 381, 096, 065
2935, 2859, 2784, 2675

2750, 2861,(2750, 2865, 2861,
2915, 2950(2913,2950| 2913,
2952

A) In literature [29,33-35,37-43] and B) In this work.

Table 2: Optical fingerprint lists for quality and identification of bioimmic medical drain PVAF materials.

Thermal Fingerprint Evaluations of New
Biomimetic Design of Soft Medical Drainage
Materials

In this study, a novel biomimetic high support soft
medical drainage materials derived from polyvinyl alcohol
foam (PVAF) for drainage treatment was designed and
prepared. Suitable thermal fingerprint evaluations of
the resulting biomimetic design of soft medical drainage
materials must be established for identification of thermal
structural stability. Thermal results containing TGA, DTG,
DSC spectra of biomimetic PVAF could be employed for the
thermal fingerprint evaluations of high support soft medical
drainage materials (Figure 8 & Table 3).

From region 1(<100°C), region II(100°C~300°C), and
region II[(>300°C) of thermal fingerprint evaluations, weight
loss curves obtained from thermogravimetric analysis (TGA)
of biomimetic PVAF could provide different information such
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as small molecules, solvent, water, residual reagents, residual
foaming agents, starch, weak structural molecules and
prepolymeric molecules, to identify the thermal structural
stability. First, TGA and DTG spectra of biomimetic PVAF in
region [ exhibited only water molecules escaping from the
materials and a good water-absorption property. Second, TGA
and DTG spectra of biomimetic PVAF in region II exhibited no
thermal hydrolysis signal and a high thermal stable structure
increasing with temperature. Third, TGA and DTG spectra of
biomimetic PVAF in region III exhibited a high Tdmax value
>420 °C and a narrow peak of DTG curve which indicated
high thermal structural stability and an uniform crosslinked
polymeric structure as shown in Figure 7A. Forth, DSC spectra
of biomimetic PVAF in region IV (i) exhibited no peak below
100 °C. Further, some DSC results of different kinds of starchs
such as rice starch (ii), cassava starch( iii), potato starch(
iv), pea starch(v), and wheat starch (vi) were employed to
identify the tradition starch-foaming process, which would
form compacted and closed-cell microstructure as shown in
Figure 7B and Table 3 [44,45]. Each thermal characteristic
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(onset temperature [To], peak temperature [Tp], conclusion
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temperature [Tc]), was employed to identify specific soft

medical drainage materials (Table 3).

Figure 8: Thermal fingerprint evaluations of new biomimetic design of soft medical drainage materials.(A)region I, region II,
and region III and (B) region IV containing biomimetic PVAF i, rice starch ii, cassava starch iii, potato starch iv, pea starch v,
and wheat starch vi.

Thermal fingerprint signals®

To¥, °C Tp?, °C Tc?, °C
SF-PVAF 50% 55, 65,115 150
ASF-PVAF 50 68,90Y 1202
SCAF-PVAF 50 90" 1102
Potato starch | 60.8[44](58.6[45])(66.1)9 66.6[44](63.0[45])(72.2)° 75.7[44](72.2[45])(79.5)9
Pea starch 53.5[45]9 59.8[45]9 66.9[45]9
Rice starch 60.4[44](59.7[45])? 68.3[44](67.8,75.3[45])? 79.0[44] (82.6[45])
Corn starch 62.9[4419 71.2[4419 81.8[44]°
Tapioca starch 63.19 69.99 85.99
Cassava starch 55.89 65.19 76.49
Maize starch 71.99 76.79 81.79
Turkish bean 57.79 70.59 110.09
starch
56.5[44](51.5[45])(52.49), 61.8[44](56.2[45])(58.8¢
Wheat starch [#4](15[45]) (524 [#4](36.2[45])(58 &) 70.7[44](61.6[45])(80) (75.5)9

(62.3)9

(68.2)9

Table 3: Thermal characteristics of new soft medical drainage materials.
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Conclusion

Establishment of biomimetic biomedical inventive
principles and a bio-inspired design-thinking method
for innovative design of biomimetic medical devices and
biomaterials were achieved. The medical device (MD)
unified problem-driven bioinspired evaluating approach
was established to guide biomimetic design of biomaterials
and their corresponding medical devices for various clinic
applications. A kind of novel biomimetic medical drainage
materials from made of polyvinyl alcohol foam with air
cavities inspired by avian skeleton and feather rachises
was successfully designed and prepared by using air-
foaming procedure in this work. Furthermore, a novel
identification approach of the new biomimetic soft medical
drainage materials was designed and established by using
microstructural, morphological, optical fingerprint and
thermal fingerprint evaluations. TGA, DTG, DSC, SEM and
FTIR results of new biomimetic polyvinyl alcohol foam were
employed to build up the effective system identification
approach for biomimetic structure, stability, purity, safety,
quality control and the effectiveness evaluation of target
medical drainage materials for medical devices.
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