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£ R R
(LARMERE QWRPOREF G X2 A BARBHT L, P EZGE TS, [ 2016205 2. RERYE  EYSEE TR,
EY TS EAR A, i 201620)

W E . TR A OGRS AR AR SN A A 1 8 L, ARG A 18 A 4K ) — i BEAR %) L
AR o A SCKG A1 B 90K £ 4 R (Bacterial nanocellulose, BNC) 27 3% i 2 7K [7] #¢ B 1) 38 £ Wi 5 (Polyvinyl
alcohol, PVA) /KW, 38 Ad R dl i o 1 35 Wy BEAC I0C TR i e B 1= 2 400 1k A ss 00 2258 B 1) PVA/BNC & & #4
b FEXTHE L RE AN RAR S M AT RAE . A5 AR R SR E L IREK L, BEmrEtE . g
PEFIAE A TR T A0S, R RSB T 155 (6.98+0.49) MPa, 5 RIRFLERLHLUR A1 1M E Bl . e RaE &
PR K (7.0620.33) N, S840 i R I RG2S 7R o BNC BUAN A B 7 40 O 7E A 0 26 T ARG B . AR K Ao,
fff PVA/BNC & & #1BHEA B S AN M2 B2 ANTG ), R — R R 18 I N T B AR
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Preparation and properties of artificial auricles based on PVA/BNC composites

HUANG Lina"?, CHEN Lin"?, HONG Feng "*
(1. Bacterial Nanofiber Manufacturing and Composite Technology Research Base, China Textile Engineering Society,
Donghua University, Shanghai 201620, China; 2. Research Group of Microbiological Engineering and Medical Materials,
College of Biological Science and Medical Engineering, Donghua University, Shanghai 201620, China)

Abstract: The key to auricle reconstruction is to achieve a biomechanical fit between the implanted material and
the natural tissue. So far, an ideal auricle substitute has not been found. In this study, bacterial nanocellulose (BNC)
homogenate was added into polyvinyl alcohol (PVA) aqueous solutions of different concentrations, and the freeze-
thaw method was used to form PVA/BNC composite materials with both high elastic flexibility and high mechanical
strength via physically cross-linking. The physical and chemical properties and cytocompatibility of the composites
were characterized. The results show that the material has the characteristics of high water absorption, low swelling
ratio, as well as high toughness, elasticity and suture strength. The maximum compressive modulus reaches
(6.98+0.49) MPa, which matches the biomechanics of natural auricle tissue. The maximum suture strength reaches
(7.06+0.33) N, which fully meets the needs of clinical suture. Addition of BNC promotes the adhesion, growth and
proliferation of cells on the surface of the material, giving the PVA/BNC composite material higher cell density and
vitality. All the results show that the PVA/BNC composite is a promising biomaterial for artificial auricles.

Keywords: bacterial nanocellulose; polyvinyl alcohol; artificial auricle; freeze-thaw method; mechanical pro-

perties
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EN 87 e S B el NG 0 A= B AN U K T |
IE SN . Kb, ERWB/NERIEREEZ,
™o AR BN A5 R B RN, &
BRI L) T 8L 0.83~17.4 1], i [EIAY &
W R R AT N 518 BN, T R Bl R Tk
Z LS A SRR R, L 2 A B RS Al AR g,
H S LB M d, A& 2 SR B A TG Y
EoRPk =z —2, HRiG K MIRIT ik E8AATE
PUF IR REZ) A R g it B dt, FARMRE
Wi REZIME . AR, BEX IR RREZ SN, 4
SUTREF G B = R fisram g, A9
A4 R L 5GP 1 RE A ke G LA LA, HOEA SRR
VAT S0 P 5 AR A ) IR X 22 AL AE T ] S BB
BHS RARA SR W B J12aE e, fln, B
HERAE Y RHBAR —— ZFL= % 5 R 0 (Medpor),
HA R EYAESNE, (B, =K%
B R SR 54 AR A L) R
Bt , 5 K& 2R r A g FOSAR B o, ik,
T4 W AR — M AR RY, B
5 NHERHLUN S22 R AHIE AL, DK HA4E 54
BHEAE AR 1 4548 T 2 g

AN AK L 4E 2 (Bacterial nanocellulose, BNC)
B R I R SO TR AR R ST R
ELA S 41 M A 356 T ) = 2 90 K 21 2 X 245 25 /0 ] R
WAV AYE . R R SR, 2
AW F B BNC 78 J1 2% Lad A 7E b By & il
AFRERE, SR H A A B A0 A K KT ]
JE IR £ A mh = i, BRI T HAE B 80 M oB
10 B9 N . 3R 2 4 B (Polyvinyl alcohol, PVA) J&
—Fh R 2 ALK S R K EERE , B R
A WA A RN S S, S R A B B AL R
PEAIL . PVA/BNC & & M RHFE ML M, AT
SRR 0 R S 1T 5 Ak HR AT Y R I
oY . Hu % WFsE B, 7€ BNC il A PVA 7]
DI SR A K BEIS ) PR AR ) RE, BRI R
AR . Zhao %50 3 53 V2 5 AR 5 15 Tl
2 19 BE RIS B 4 341 K T 5@ 9 i 1Y) PVA/BNC 7K
HEE . SR, PVA/BNC & & A BHE N T H: 5 40 35,
1) o FH ¥ 77 1 ik = BT

A SCHE BNC R B R 5 3 5 I 21 A [R] vk B 1
PVA /KW, 38 4 [ 2 0k il fiff 7 25 ) 3L 5 R O
PR e L R PE A ) 22 58 9 PVA/BNC
SRR, it SEM. FTIR, XRD. %5 & fl 12
P e I B AR A1 40 Jf S 56 55 X PVA/BNC & & 41k

PEATRAE, APPAR A N T HEE B

1 XBMBlE A
1.1 FE#HE

AREEFFB (DHU-ATCC-1), 7S 144550 2H {5565 i e 5
JIN BB TR B AT 4E 40 i (1929) 35 A Fh A B L T 41 i
By ZREEE, WA RIELE R YR A R
Al HRER-EHERFW . 0.25% HEE AR, 41
TG & (CCK-8) ) H FifF 38 = RAEYHARA
BT A5 E (AM) W H LB 2B HE AR
HIRATE; B2 s (FBS) Fl s b4 3% 5 (DMEM)
) H Adamas A Al ; 3R ZIGEE (1 750£50) % B
PERER . JBEEE UM . SURRER . PR . UK S
LA 2E N W A 25 4 A AR A BR A FD
1.2 XWHZE
1.2.1 BNC il 45 M) b 2

SR TR B W A 15 95 1 4 BNC D, 5256 i
FH 55 57 55 5 kI 15 9% 5 00 43 S L R
MW E 40g/L, BREECINR5g/L, BEREKY 3g/L, H
FFEERR AT pH M 5.1, F 115°C @i & R 21K
P Sy (YXQ-LS-SIT, |- g 1l = 7 A A s Il A
B2y #]) H K B 30 min, SR 5B B MG T/EG
WIS H . LHEAEE T, $hH DHU-ATCC-1 HLE
% F 100 mL F 7SR, BT 30°C R SR
(ZQZY088 C, g nAEAL A A BR 2 w]) H 160 r/min
PR B4 100, B % 2.5%(K U050, v/v) B b
HWRA PR T 1L KBRS, ¥ K350 K
ANERE KT R, EFEGFTES D,
R HE, mEEPEAST LR, T30C MW
K 2 1E R % FR 46 (GHP-9270, b i 55 ik Bl 2 AL 2%
AIRAF) h#pSEEFRE 5 K,

KBS R, ¥ BNC K37 il 76 1%NaOH %
W (BT AR BB, w/v) h (80°C fHIRKIR), KR
KRR WRAMEERT, 4hFHEET
KR, E VG ZE BNC KRBk, I
afik sk = opE, K@ 8 RULEBRAFHERI, &
T S AR 3 O B (FT200-SH, - E IR A
SOl AT R D) fif BNC BERERERRSHAS (10 000 r/min,
15min, 31K), WA 4C vkFREEH .
1.2.2 PVA/BNC & &M B i 55

PR U — 5 2 (1) PVA UKL, 7F 90°C # 771 i 1
A P 2h, o3 BT K 8% . 12%. 16%.
20%(w/v) 1) PVA 7KW . 10 000 r/min #.0> 10 min
PLBR X BNCE R Z R0 Ky, BELEW
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BNC JLIE (% 7K F 2 (97.34+0.57)%) +#% I 30% (w/v)
Fe gl im A PVA W, FEor R IR & )5 B AR H
e, BT -20C vk R Uk 36h, Bl S & IR OR
12h", & Rk 1-3 K, 3K4% PVA/BNC & & #1
Ko DA BNC 2J 3 1% 4l PVA 7K BE i R X | .
JIT AR A e HE PVA MR B R 404331 45 44 A 8%PVA.
12%PVA . 16%PVA , 20%PVA , 8%PVA/BNC ., 12%PVA/
BNC. 16%PVA/BNC. 20%PVA/BNC, I.#% 1,

®1 MEES

Table 1 Formulations of materials

Sample PVA (w/v) BNC (w/v)
8%PVA 8% 0%
12%PVA 12% 0%
16%PVA 16% 0%
20%PVA 20% 0%
8%PVA/BNC 8% 30%
12%PVA/BNC 12% 30%
16%PVA/BNC 16% 30%
20%PVA/BNC 20% 30%

Notes: PVA—Polyvinyl alcohol; BNC—Bacterial nanocellulose;
w/v—Mass volume fraction.

1.2.3 MRHR PS5

AR F e BE PVA. PVA/BNC #4 B} BY 22 UL G
R, WLESHE MR 22 7 o B TR AR Y VR T AR O
40, FH T e (S4800, HITACHI) X Hifsowi
WA HEAT RAE

T 5 R S AR B IR AR R, T A
BB HEFLU%E B (Apparent density, it Ag), f#
2 H 3 7% B W KL L (AccuPyc II 1340,
Micromeritics) #ll i #4 Ft 9 & 22 % B (Skeletal
density, 10K Sq), FFEARESCHR [19] 77 itk
AL, R UR o R, A AR
W BE b 2% R 2 AL BREE 43 AT {X (ASAP 2460,
Micromeritics) I i A4 ¥} 19 b 2% T A
FLERE = (1 - ;ﬁ)x 100% (1)

d
1.2.4 SR H FTIR 73 B bR A2 265 )

FE G VR TR S, A 2 A0 O A
(Nicolet 6700, Thermo Fisher) £ 400~4 000 cm™ A
P ACTE N AT S 4, FRAEAE i 2R T A9 Ak 2 41
HEREAMED
1.2.5 FORMEY KR | K 510 N kR

FrRE SR AR A 15mm, JEE A 5mm Y
AR, PREVIHIRE, 0k W, AREHSET
FREE, 0k Wo SR TR R I TE B Ak

[ FE—E e (5. 15, 30, 60, 120, 240, 480 min)
Ja, ZEERFEMRE K IFRIBE, 28 W, R
WK T A R iR . R AR i 6 AT,
SERBOFBE bR 2 . LA AR B
IR FFIL K

W,-W

EIKE = % 100% (2)
0
W, —-W
k% = —L x 100% (3)

1.2.6 R H XRD 43 H b4 8} 25 fh 4 B

FEm R VR TR IS, SR XS 2417 S X (D8
ADVANCE, Bruker) M FE 5 (145 & o
1.2.7 MRHEY o e ik

(1) BB R 46 1 g

K H 7 R R AL (HY-0580, i 16 384
BAAS A PR w]) DU RRE & 0 He 4 R A g 2k
fig, Y 1000 N (AL ERES o K FF o 3R 55 U [
RFREMR (BERH 12mm, EE N 5mm), L
5 mm/min [ 38 B 45 K i 2 70% 72 J5 A 3R
Il ) 46 A B o 1 P8R 46 0 N Ak R B 8K B R
5mm/min, K ZF K 30%, & 20 ¥R AR &Y
REEFEHLAE /T

(2) MR hr A i

B RE R B A R R S5k (K 30 mmy, 5
10mm), #r#EH 15mm, LI 50 mm/min B9 3 & 7
fipde il 258 W ALE AR A, JEARHL, RILL
50 mm/min [ 3 B H7 AL Ik 2] 40% R AR, B
A 7 2 BE 3 [m] 3 T AR RS, IR PR 20 YRR &
M. IR RSSO R T LS
HRSCHR [20]
1.2.8 MEHYLE G IR

S Ao M vk SRR 25 oL, E S
#FEM (K 30mm, %10 mm, J5 (2.33+0.21) mm),
H R i 1) — i [ 2 AE 7 BRI ALY T v ke Horpr
3 —iH 6-0 AR 45 & 2 gi ], ] AR R A
i B2 2 mm. XS4 FREEH 35 mm, Fifd
N 15 mm/min, b W 2 5K 0 B R 4%
Grom B
1.2.9 MR 40 AR 25 1

N TR 32 R A T30 R T, A R
P YA R 25 4 L2, B S AR G A i AR
AR F A AW X T B 2H 2N A A A R A K s
M, R Luo %5 07 g VA% B4 R A0 40 At AR 25 4
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B2 3k K TR R VR S AL B S L in A 40 i % 5%
He O R B 24 h BV EE N 2x10*/mL ) L929 4
BRI A 24 FLAR Y, B TANMEE =M . FF
MG RE IS, FrRRIARE SRR, W i AR B T 4k
Spth g, RS 1. 20 3K, il CCK-8ik
50 AR A R R SR A i . RS, H
% 5B 1M 48 (BX53, Olympus) WL 5% 55 5 4% 2 Y (4,
SRR, SRR,

SKHAHFE S B B RS, ISR S A
W o HHHEE R 3x10*/mL A 1929 4l il £L 12 b 75 41
R, B 1. 3. 5 RABIBUEME, A Z R
[l o BAKEPEM RS H 25% . 50% . 75%. 95%.
100% 1 S A0 K, BT BEE 4 3 Uk, Bk IH]
WXy 15 min, )5, -80°C ik, HZSWBEHE T
Je 38 3 F B U A R AR R T T A
1.2.10 HHES T

¥ F Excel 2019 X BT A £ 45 19 7 5 {8 12 b o
AT Hr, 83t Origin 2021 XF K ¥ #E 47 483 0
FVER IS K2 E . P>0.05(#), F/84H 0] TG B &1
25 001<P<0.05(*), #/nEAEEEESR;
P<0.01(*), FIRNLLE2EFMEWEE. BRirid D #
PE2ZE 5 AR G 80, HAh 1 35 M 25 S dn B 8
PVA/BNC 5 [A] ¥k J& PVA /K &EiE HL 55 o

2 #RE5Tie
2.1 RN YELEN

R A8 2R AR T PVA 4> Tl i Ju Al e
FEUBEEAE W 38 28 B OE BCBE G o AN [F] PVA MR
(8%. 12%. 16%. 20%) 1 PVA, PVA/BNC #4 £t 1
W e SO IE S 1 s . 8] 1(a) i PVA FI
PVA/BNC ¥ & i SM WL 1], PVA BE I 7E 8% W T
EGEVIR, BEWR BB S KO A BNC 5 &2 358 4
FEIE A, X2 i T A R FR A iF 2 7K e 20 A
PVA 5> F I 3 BR % FE 4R = o 181 1(b) oA R e A58 L 4l
5/ PVA/BNC #£ i o

Bl 1(c) o A MORHFE LR T 1 2 2 L5
W 250k 454 . A BNC J& , PVA/BNC & 45 41k

8%PVA
(-)

16%PVA

129%PVA 20%PVA

L e d R y ’
FEl1 RZAGEL (PVA), PVA/AITLKE4ES (BNC) FHRHGZW . SO0
JESi: (a) RIIHE PVA, PVA/BNC HRHGZWIEA ;
(b) HtRAESE 5 (o) MEREHEIROBIE SR
Fig.1 Macroscopic and microscopic morphologies of polyvinyl alcohol
(PVA) and PVA/bacterial nanocellulose (BNC) materials:
(a) Macroscopic morphology of PVA and PVA/BNC materials with
different concentrations; (b) Diagram of an auricular sample;

(c) Microscopic topography of materials

W28 ZE R T MR, ML 2, B RALAY AL
IR o PVA BERE A% I 2% 235 1) I vie 3 4 vy A8 45 0
s, XOEm T PVA RN K, 2 AMxESE A
W, REELBR R W, 308 0 W24 25
W FBOK S FHEMEB BB R GV ML T, PVA B
JiE v iR B K R e I KA, BHLUE TR 2 vk
IR, SEALEW/N ., GRS EAP XT
PVA 28 %% B N Wi 34 i Je 5% 2 o] () PR s A8 Jd, il
IXH] 2% 235 ) 708 A TN B0 ) e — 3K

% 2/ fL B % (Porosity) }z tb 3£ 1
(Specific surface area) Jll A 45 S 7] 1, PVA/BNC £4
BHGFLBR % 2 K F PVA, LR H AU K F PVA

®2 LEESHERERMRER

Table 2 Porosity and specific surface area test results

Sample Skeletal density/(g-cm™) Apparent density/(g-cm™) Porosity/% Specific surface area/(m?g™")
BNC 1.056 £ 0.017 0.009 99.17 58.98
16%PVA 1.219 £ 0.006 0.909 25.47 24.96
16%PVA/BNC 1.207 £ 0.005 0.455 62.27 26.48
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EaMB=ER

BERE . X TF BNC 5 PVA BEPERF 5 A T #4328
S, (B PVAIRWRE RGN, s S e
/LI £
FIE S KR (A PVA I &K %) (97.34+0.57)%,
fifi PVA/BNC i £ 1l B K fE R ml i fe vp, A 3
TUKSHITE R, MR G VK S 9 AT L B AR AL
T AL B 4 1
2.2 MBI KEEN

&l 2(a) i BNC M A [F]# i PVA. PVA/BNC #f
BEAY 204863 K . BNC OGP, 7F 3347cm™,
1161 cm™ Fl1 1057 crrf1 Ab 8 5% 2 WU, 43 iR
#% 0—H ﬁﬂ*ﬁﬁ%xﬁ A4 R BT AE A C—O RYFI
MR h ), it WK PVA B IOETE AT LR R
3447 cm™ Fl 2937 cm™ 4k /¥ fE O—H 1 C—H 1Y
45 R 3h i, T 1562 cm™ 4b £ B —CH, 19 25 il
P& 8h % . 7€ PVA/BNC )t 3% # [6] i H3 31 BNC Al
PVA f451iF 1%, I BNC 5 PVA lZh & &
2.3 MEPEKE, BRAKXRSEMAKE

MR S K R M 25 R & 2(b) Bis, BT A
BRI & K R 7E 82% L b, Hor, ik PVA ¥

120

R m AR K, A, BT BNC A

F AR A B E S K, JF B & PVA MR B 1Y
PVA/BNC #B} 1) 55 7K 28 34 5 T4 W] e Ji2 1) PVA 7K
BEE . H1 IR 2(c) FITET 2(d) Hhad ek I 7K 32 040 0
FERKR AT, PVAKEERE A BNC J5, H K
SRR R IR AR R, T A MR AR T K
360 min 5 # ik BV, Hrp, 8%PVA/BNC 11y
F% Mk % AE 360 min B ] 15 ) 463%, BH B K+ H
Ml FE & o JH B F BNC B A 8 & K% (97.34%) Fl

Mk A0, B PVA M BE A v, SR AW I 28 2 1
TEINECE, B AS A LA AR I, TK o3 B A

BiER W, SRR SRR KR
FIV R K S8 AT BT T B o R 18 TR 7K R ik 1
AE T LUSE 58 IR ) R N A0 M 38 8 ok AR, kst
20 AL TE R R I ARG B RN A K
2.4 MR

& 2(e) J A [A] ¥ £ PVA 1 PVA/BNC #£ it 1)
X SRR O RIS . BB AT %0, PVA YRR AF W i i
7E 19.76°+0.468°4L , 1 PVA/BNC & 1% (& Itk 22 4,
HNT 22.48°+0.014°4k BNC Ay HR1iF 16, 14 W] PVA
5 BNC & &

B e Y b —8-8%PVA/BNC —#—12%PVA/BNC
3?.;:);17—» BNC 1051'?" ! "‘“'T ® < (C)—Q—IG%PVA/BNC—Q—ZO%PVA/BNC
— 7 8%PVA N & w810 84.25 82.28 P 8974 5606 84.03 2 300 1 TSl aove
g / 78%PVA/BNC " .f.w\-} 2% : ? : £ 400 | L
‘a& 1]
§ ﬂ—i:( PVA1 S .u/f\.' ! g é . P
g T2%PVAIBNC" LA - E300 b o . ]
z| T6%PVA 5 2 e ]
g - Z S 200 | SEEt—
B '16%PV/ \BN.(. ‘3 | 5 [ _’____'-___'__’________.__g—4
e VI0%PVA__ = 30 £ 100 | f4— -
"/( P\,—\ BN( r'
' ' - ! 0
S O ISR \aP\ 1P\ A\ 1IN @ G Q < 0 60 120 180 240 300 360 420 480
ST P STSS S & F Al
Q 6 SN N e
X S YN Qaci\oQ WQ\‘OS\O 6\0 4?3 évg AV’Q’% Time/min
Wavenumber/cm™!

Swelling ratio/%

K2 MEIEARBIEYER: (a) RNFHEE PVA. PVA/BNC M RHGZLAME R ;

%0\3 & @3 0\3

©] A

A 8%PVA

“-"'-‘/.: 'In \-'&_N_w%:
A% 16%PVA

| 20%PVA
SZPVA/BNC

L 129%PVATBNC
m J:PVA/BNC

13.5523.78 34.01 44.24 54.47
26/(°)

Intensity

(b) Bk (o) WK (d) HUAIERKSR; (e) XRD [l

Fig.2 Basic physical and chemical properties of materials: (a) Fourier transform infrared spectra of PVA and PVA/BNC materials with different

concentrations; (b) Moisture content; (c) Water absorption rate; (d) Saturated swelling rate; (e) XRD patterns
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g5 T RE IR 45 RN 2 3 TR o A RE S Y &5
i B #R TE 34%~46% U [F N, PVA/BNC & & # ¥}
M 25 BB PVA AT T /&, 15 W1 BNC 19 m A il
PVA (1) = 2 I 45 25 A0 1 R BRI F A, Fit 25
B S5 A B2, I3 i PVA/BNC 945 & )3 o

x3 MBNERE
Table 3 Crystallinity of materials

Sample Crystallinity/%
BNC 44.73 +5.07
8%PVA 34.08 +4.36
12%PVA 34.66 +£9.87
16%PVA 35.80 + 8.60
20%PVA 36.15 +6.28
8%PVA/BNC 37.38 £7.52
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Fig.3 Compressive mechanical properties and suture strength of PVA and PVA/BNC materials: (a) Compressive strength of PVA and PVA/BNC materials

with different concentrations; (b) Compressive modulus; (c) Compressive stress-strain curves; (d) 16%PVA and 16%PVA/BNC cyclic compressive stress-

strain curves; (e) Cyclic compression energy dissipation and energy dissipation coefficient; (f) Suture retention
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Fig.4 Tensile mechanical properties of PVA and PVA/BNC materials: (a) Tensile strength of PVA and PVA/BNC materials; (b) Tensile modulus;

(c) Elongation at break; (d) Tensile stress-strain curves; (e) 16%PVA and 16%PVA/BNC cyclic tensile stress-strain curves;

(f) Cyclic tensile toughness and energy dissipation coefficient



ST, % . 3T PVA/BNC & 4 bHRHI T EL B 4 551k 6145 -
3K 1.6

MK o A —

O A L B 4 23 B 16%PVA

z7mm@m§nMHME%ﬁﬁﬁ 14 | EosocPVA/BNC 1
ARSCR R PR A0 20 B B PR, B EEH16%PVA/BNC -

; , . . 1.2 r @l20%PVA/BNC [ —1

LWL AN IE 4, PVA 1E i PVA/BNC # iy X B . E=1129%PVA

H1 [ 5(a) F1EL 5(b) fY 200 M 2 M A DU 45 S vl 210,
AR AT AR A AE R . BERE 1L R, SR
IWOLIEYITE 055 i fy, B EMEER. 42, 3
REER WA, BEPVAWRE$E 5, A0 o1 0
5 PR, R ¥ PVA il PVA/BNC BA 3 i Y
4 B 25 FE RS 7. B gk R YL g R Bl 5(c) B
N, RPESF 2. 3 KRIYEL RN A, 8%PVA/BNC
W LU AR S A A5 B, 5 PVA JKBEICAE L
PVA/BNC & & B 5AG FI] T 4 B RS B A AR 4

21 it A A 2 T B R0 T 2 & 5(d) TR .
EL A s B R AN A B 1 K, A0 M AR B A A
RZRm, HAEKRLE, Hrf, 8%PVA/BNC I {7
TEANM A RIS 45 3 KAd, 408 3% i 4 1 i £
By 5K, MCEM B RIRIT, 8%PVA/
BNC F1 12%PVA/BNC A1} 1 1) 48 i JE 25 5 4t Jee
DL S 5 T RE R, BNC 34 T A LAY FLER
FOHRmE A (R 1) MIOKEE (B 2), MR E e
HET 20 AR AR TE R B L ARG R, 5
ik [7-11, 28] 38 (1Y) PVA Fil BNC EA K 4 40 il A
FEME R SIS 25 R —B, 1445 R A PVA/BNC & & 41
RS AE ELER I ) 41 UM 25 R I 9 B8 T Skt

3 &g

SR R Rl 2 L T ) T 3 A T /A0 A AN K AT
4% (PVA/BNC) B &Mk, LI 25 53R

(1) BNC B 51 AW T T 244 B} = W /K P R
o i 4 5 R 2R A0 B A 1

(2) PVA/BNC & &M BHEA B & e . sk
& A ok B SRR . TR 48 B A R IR (6.98+
0.49) MPa, 5 H i @& M 19 B & 45 A ¥ Medpor
(267+40 MPa) fH b, H A5 KR B B4 41 28
W) 45 B i (1.66 £ 0.63) MPa, LA, & K4E4 I8
B A 3k (7.0620.33) N, 52 415 JE Il PR 4% & 007 5K 5

(3) 4 M 3256 S 7, 8% A1 12% 1Y PVA/BNC #1
RF LA B %) 40 2 NS ) . BNC 3 T 4 K
MFLBR A . LR AR OK M . o, MR AL
B R M 25.47% 1IN & 62.27%, AR AW UK R AE
360 min i A] 3k 3| 463%., Kk, WAL S T 40
TEAL B R TH ARG BT . AR R A

DL b SEIR 28 0 A UM S PRI T B8 T Al

1.0 | EEI20%PVA
129%PVA/BNC

0.8

0.6

CCK-8 absorbance at 450 nm

04

02

Day 1 Day 2 Day 3

[C38%PVA

B 16%PVA
E18%PVA/BNC
E=16%PVA/BNC
160 - mm20%PVA/BNC
E=129%PVA

180

EEI209%PVA
140 HE=12%PVA/BNC
[

120

Cell servival rate/%

100 ]

Day 1 Day 2 Day 3

8%PVA 8%PVA/BNC 129%PVA/BNC 16%PVA/BNC 20%PVA/BNC

El5 /RS4RI AH A . (a) CCK-8 SEEREER; (b) IRELHITFR
FIAMIAFIG 2 s (o) BARMHTFE L929 4l 1. 2. 3 RIGAMIZE LA,
(d) BB R RGBT R LR 1, 3, 5 RIGRIESE
Fig.5 Cytocompatibility of mouse fibroblasts: (a) CCK-8 experimental
results; (b) Cell viability of extract culture; (c) Cell fluorescence pattern of
1929 cells after culture in extract for 1, 2 and 3 days; (d) Electron
microscopy showing morphology of cells after 1, 3, and 5 days of growth

on the material



-+ 6146 -

EEMRER

JE i, 4UJF e PVA/BNC & MR Sh i S8, LA
PE— A HAE N N T BB 1

o

(1]

[2]

JIANG C, ZHAO C, CHEN B, et al. Auricular reconstruction
using Medpor combined with different hearing rehabilita-
tion approaches for microtia[J]. Acta Otolaryngol, 2021,
141(6): 572-578.

SHIEH S J, TERADA S, VACANTI ] P. Tissue engineering
auricular reconstruction: In vitro and in vivo studies[J].
Biomaterials, 2004, 25(9): 1545-1557.

PARK]J Y, CHOIY J, SHIM J H, et al. Development of a 3D
cell printed structure as an alternative to autologs cartil-
age for auricular reconstruction[J]. Journal of Biomedical
Materials Research Part B: Applied Biomaterials, 2017,
105(5): 1016-1028.

TG FFO E H AR ST AR S 3D AT ER B A
W5 [D]. Jbat: JLRtHh AL, 2022.

WANG Yimeng. Basic research on 3D printing and applica-
tion of mechanical bionic ear cartilage tissue engineering
scaffold[D]. Beijing: Peking Union Medical College,
2022(in Chinese).

FENG P, ZHAO R, TANG W, et al. Structural and functional
adaptive artificial bone: Materials, fabrications, and pro-
perties[J]. Advanced Functional Materials, 2023, 33(23):
2214726.

ks, B, SEEERE A 2. BAERN Sk (], HAT AR
SEEIMEL 2005(2): 109-114.

ZHANG Ruhong, CAO Yilin. The past, present and future of
whole ear reconstruction[J]. Journal of Tissue Engineer-
ing and Reconstructive Surgery, 2005(2): 109-114(in
Chinese).

HAN Y, LI C, CAI Q, et al. Studies on bacterial cellu-
lose/poly(vinyl alcohol) hydrogel composites as tissue-
engineered corneal stroma[]J]. Biomedical Materials, 2020,
15: 035022.

SVENSSON A, NICKLASSON E, HARRAH T, et al. Bacterial
cellulose as a potential scaffold for tissue engineering of
cartilage[J]. Biomaterials, 2005, 26(4): 419-431.

FERCE, AR, 25, . MEPDRFARER SR ML K
BRI 1Y AR A A RAE 7). b E R T RIS, 2017,
21(34): 5474-5480.

TANG Jingyu, BAO Luhan, LI Xue, et al. Biocompatibility
characterization of bacterial nanocellulose and polyvinyl
alcohol composite hydrogel tubes[J]. Chinese Journal of

Tissue Engineering Research, 2017, 21(34): 5474-5480(in

[10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

[18]

[19]

[20]

Chinese).

HU G Q, CHEN L, ZHAO S, et al. Mercerization of tubular
bacterial nanocellulose for control of the size and per-
formance of small-caliber vascular grafts[J]. Chemical
Engineering Journal, 2022, 428: 131104.

NIMESKERN L, MARTINEZ A H, SUNDBERG J, et al. Mech-
anical evaluation of bacterial nanocellulose as an implant
material for ear cartilage replacement(J]. Journal of the
Mechanical Behavior of Biomedical Materials, 2013, 22:
12-21.

HU G Q, LI G L, CHEN L, et al. Production of novel elastic
bacterial nanocellulose/polyvinyl alcohol conduits via
mercerization and phase separation for small-caliber
vascular grafts application[J]. International Journal of
Biological Macromolecules, 2023, 239: 124221.

WANG J, GAO C, ZHANGYY, et al. Preparation and in vitro
characterization of BC/PVA hydrogel composite for its
potential use as artificial cornea biomaterial [J]. Materials
Science and Engineering: C, 2010, 30(1): 214-218.

ZHAO J, TONG H, KIRILLOVA A, et al. A synthetic hydro-
gel composite with a strength and wear resistance greater
than cartilage[J]. Advanced Functional Materials, 2022,
32:2205662.

MILLON L E, WAN W K. The polyvinyl alcohol-bacterial
cellulose system as a new nanocomposite for biomedical
applications[J]. Journal of Biomedical Materials Research
Part B: Applied Biomaterials, 2006, 79B(2): 245-253.

CHEN G, CHEN L, WANG W, et al. Manufacture of a novel
anisotropic bacterial nanocellulose hydrogel membrane
by using a rotary drum bioreactor[J]. Carbohydrate Poly-
mers, 2019, 211: 281-288.

YANG G, WANG C, HONGF, et al. Preparation and charac-
terization of BC/PAM-AgNPs nanocomposites for antibac-
terial applications[J]. Carbohydrate Polymers, 2015, 115:
636-642.

WAN W K, CAMPBELL G, ZHANG Z F, et al. Optimizing the
tensile properties of polyvinyl alcohol hydrogel for the
construction of a bioprosthetic heart valve stent[J]. Jour-
nal of Biomedical Materials Research, 2002, 63(6): 854-861.
GROULT S, BUDTOVA T. Thermal conductivity/structure
correlations in  thermal super-insulating pectin
aerogels[J]. Carbohydrate Polymers, 2018, 196: 73-81.
CHEN Q, ZHANG X, CHEN K, et al. Bilayer hydrogels with
low friction and high load-bearing capacity by mimicking
the oriented hierarchical structure of cartilage[J]. ACS

Applied Materials & Interfaces, 2022, 14(46): 52347-52358.


https://doi.org/10.1080/00016489.2021.1900601
https://doi.org/10.1016/S0142-9612(03)00501-5
https://doi.org/10.1002/jbm.b.33639
https://doi.org/10.1002/jbm.b.33639
https://doi.org/10.1002/adfm.202214726
https://doi.org/10.1088/1748-605X/ab56ca
https://doi.org/10.1016/j.biomaterials.2004.02.049
https://doi.org/10.1016/j.cej.2021.131104
https://doi.org/10.1016/j.cej.2021.131104
https://doi.org/10.1016/j.jmbbm.2013.03.005
https://doi.org/10.1016/j.jmbbm.2013.03.005
https://doi.org/10.1016/j.msec.2009.10.006
https://doi.org/10.1016/j.msec.2009.10.006
https://doi.org/10.1002/adfm.202205662
https://doi.org/10.1002/jbm.b.30535
https://doi.org/10.1002/jbm.b.30535
https://doi.org/10.1016/j.carbpol.2019.01.072
https://doi.org/10.1016/j.carbpol.2019.01.072
https://doi.org/10.1016/j.carbpol.2019.01.072
https://doi.org/10.1016/j.carbpol.2014.09.042
https://doi.org/10.1002/jbm.10333
https://doi.org/10.1002/jbm.10333
https://doi.org/10.1002/jbm.10333
https://doi.org/10.1016/j.carbpol.2018.05.026

TINS5

F PVA/BNC & & #RH N T B3 45 5 M fE

£ 6147 -

[21]

[22]

[23]

[24]

SRR, R SR S RE AR A R TG S SR AT Y e R 1o
R (1], s ARRIE, 2019, 35(12): 1271-1274.

GUO Peipei, JIANG Haiyue. Clinical application of tem-
poral superficial fascia flap in plastic surgery[J]. Chinese
Journal of Plastic Surgery, 2019, 35(12): 1271-1274(in
Chinese).

LUOYH, LIGL, CHEN L, et al. Preparation and evaluation
of bacterial nanocellulose/hyaluronic acid composite arti-
ficial cornea for application of corneal transplantation[J].
Biomacromolecules, 2023, 24(1): 201-212.

FEAR. o0 AL IR 2R WK B I 1 1 4 AN LB A3 BT (D]
K KT, 2020

WANG Sen. Preparation and mechanism analysis of high-
strength macroporous polyvinyl alcohol hydrogel[D].
Dalian: Dalian University of Technology, 2020(in Chinese).
PAN Y S, XIONG D, CHEN X L. Mechanical properties of
nanohydroxyapatite reinforced poly(vinyl alcohol) gel

composites as biomaterial[J]. Journal of Materials Sci-

[25]

[26]

[27]

[28]

ence, 2007, 42(13): 5129-5134.

GRIFFIN M F, PREMAKUMAR Y, SEIFALIAN A M, et al.
Biomechanical characterisation of the human auricular
cartilages: Implications for tissue engineering[J]. Annals
of Biomedical Engineering, 2016, 44(12): 3460-3467.
KOSHUT W J, RUMMEL C, SMOOT D, et al. Flaw sensiti-
vity and tensile fatigue of poly(vinyl alcohol) hydrogels[]].
Macromolecular Materials and Engineering, 2021, 306:
200679.

NAYYER L, BIECHALL M, SEIFALIAN A M, et al. Design
and development of nanocomposite scaffolds for auricular
reconstruction[J]. Nanomedicine: Nanotechnology, Bio-
logy and Medicine, 2014, 10(1): 235-246.

TANG S, CHI K, XU H, et al. A covalently cross-linked
hyaluronic acid/bacterial cellulose composite hydrogel for
potential biological applications[J]. Carbohydrate Poly-

mers, 2021, 252: 117123.


https://doi.org/10.3760/cma.j.issn.1009-4598.2019.12.022
https://doi.org/10.3760/cma.j.issn.1009-4598.2019.12.022
https://doi.org/10.3760/cma.j.issn.1009-4598.2019.12.022
https://doi.org/10.1021/acs.biomac.2c01052
https://doi.org/10.1007/s10853-006-1264-4
https://doi.org/10.1007/s10853-006-1264-4
https://doi.org/10.1007/s10853-006-1264-4
https://doi.org/10.1007/s10439-016-1688-1
https://doi.org/10.1007/s10439-016-1688-1
https://doi.org/10.1016/j.carbpol.2020.117123
https://doi.org/10.1016/j.carbpol.2020.117123
https://doi.org/10.1016/j.carbpol.2020.117123

	1 实验材料与方法
	1.1 原材料
	1.2 实验方法
	1.2.1 BNC膜的制备及后处理
	1.2.2 PVA/BNC复合材料的制备
	1.2.3 材料的物理结构
	1.2.4 采用FTIR分析材料的化学结构
	1.2.5 材料的含水率、吸水率与饱和溶胀率
	1.2.6 采用XRD分析材料的结晶性能
	1.2.7 材料的力学性能测试
	1.2.8 材料的缝合强度
	1.2.9 材料的细胞相容性
	1.2.10 数据分析


	2 结果与讨论
	2.1 材料的物理结构
	2.2 材料的化学结构
	2.3 材料的含水率、吸水率与饱和溶胀率
	2.4 材料的结晶性能
	2.5 材料的力学性能
	2.5.1 材料的压缩性能
	2.5.2 材料的拉伸性能

	2.6 PVA/BNC复合材料的缝合强度
	2.7 PVA/BNC复合材料的细胞相容性

	3 结 论
	参考文献

