ZVZANNEIY X

O ekl wLeE 2K R

BEIEEL LT OBRERAME 2O
|

FONE

TOPICS

¥ HH

1992 4 KBRS K5 b L e FHsi+
AIERARS T

1992 4 KRBT

1996 4E 11 (L5)  (RBRS:)

1999 4R FPR A5 il

2001 4F KRBCRF-Bh#d%

2003 4% 7 7 > A ONERA WFZEHT9E H

[ 2008 48 KRR B LR R 7
\\X ' ) 7 OVHERER R e (B

. k 2017 4F KBRS H0%
AR KB AR S e i

~ L ‘.'6

B IS VHTH

¥ BH - AF Zth - BIE HV 5 - NE REH

RBCREE R b T A0 708

Abstract

FEREZITI—T TR A e E
LEGrE L, TERZWICHHT 27T /85 4
FNOBETH S5 % E (BMD:Bone Mineral
Density) fEIZHNZ, =TT —7 VMO LT
ETNY A MERO c HBELEMETH 55 HEE
FLIAPES—2OFHIRE L L CiEH STw
%o 9 L723EEEIAE, invivo s, BA
ez, ERMBEEECBERTH D,
SRR U2 BIAE A W E IR T Z Ok
R, BIEREREREE L2 LT, BM
kD TR R0 B BB AR O R, BRI,
B F2 70 EAWRIA (B T & %0 EAETIE
FEBEWIZE T H VW A B EI X AR T (WXRD:
microbeam X-ray Diffraction) {#IZfIZC. IR
BE AT B & L OB I R T B s o %
MR b, WS Twb,

[FLoIC

2000 4F (2K = [ 37 AEBF 72 AT (NIH: National
Institutes of Health) (2 X U | 45 5REETFHNZ X FER 2
LHVOLNTWAERE (7357 4 NEE) 7217

Key words : 7/%% 4 MiEE, a9 —7 Vi 58
(Bone Quality), Biclalth:, OCN (Osteocalcin)

TEARTITHY, ZNDIOFHREEFKTIE
B LT [HE (Bone Quality) |75 XA —% D
BERNPEETH DL Z DRI SN0, ZFhblsk
FHEEEE LT BRME >, 97 -7 Y 4HUEY,
MG, ~A 2025y 29%IZLokks %
TR ARE ST & /oo 5 5 IR
Hs, BEEE L Toas—7 Uit 73
7 A MESRORMMEISER L, € OE5ERM i
REMEASVWIEEEREO—> & L THiO THE
BEThbHIERRLTELY, DF VREFRWH
G ORERE - RIEZM O 0121, ER2SH
WHEN TV L EHEDFMZT TIEIATHTH
D, BNOT 85 A MESHPEFEOE KT
REN—AL T HMEMEE RO Z L2k
&, BEEROT NS A MO c Tk &
FIUHATT AT 7L —hELTDI AT 1
37— Y OFEFITIEDS, BRI FHERRICAE
ENDHEEEE TR A BEIREE 20 ) 5,
AERTlE, BEERIEOEIL L DO
B, SO IIXECA LI & B R 1 COS e
7 BE W & 7o IRE R R B AT Tk & A
tr, BREEFEOREREEICHET 2ER S O
HOHBIZOWTRAT Do

Orientation degree of bone matrix as a bone quality parameter and its variation
Takayoshi Nakano, Takuya Ishimoto, Aira Matsugaki, Ryosuke Ozasa, Graduate School of Engineering, Osaka University

BIO Clinica 35 (7), 2020 (651) 61



TOPICS

F o34 EhER A 1% XER R A AL (002)/(310)

t=L]]

L
B

@

LAl -
A B C A B C BC ABGCGC A BC
R& fEH #ED THEFR2 BEER
(EEE) (L4) (RER)

1 REEICBT L= 5778 A M ¢ BIECIAE O 85 5 A B ALARAF 1%

W R BUHA T
(Yﬁi 8 A HUETIH)

1. BBHBRELTOPNRA
Bom) 4

EF ARSI, B IRT L9102, SIS
Ulza=—2 %785 4 b c Btz xR+ Y,
O E LT, (DRE, T3S, HEiEd
&, e, BRETN, TELIm, BEHE
TN - 72 VRS M 2 7R, (2) BFE I
B> 72 2 KT A EZ R L, #ERSE
BEICH EEEZT 5, (3)IHMETED
2 B HEE Y O T EHE ORI, THE

aéﬁv%%mﬁ\ﬁ%ﬁ%LfWTé (4)
@ﬁ%i,%ﬁ%@% WZIB U CTEHRIZR - 7278
7y MEEICHE S T e ML S b,
RENETONDE Y, oF 0 IEE R LB
M, invivo o JWICEIS L7z Ty 4 b/ a
T =7 BERNEERL, JIFEEREO LT
(6 U7 B g 2 i3 %0 BRI, wmKE
BN T VGRS O 3 WICELA L & SR

62 (652) BIO Clinica 35 (7), 2020

L invivo IBTIIZARAE L CRBGHET 288 At ok

HANTORBMPEDTRIE S Do

52 EMn, IEEEORAMEIICT B 5 0 EE
iR Y 5 FEIBE TH 5o

ZH LT Ny A MERAEE, BEEORE
REREM: E L COMDTH L TR 25"
IZ_TT;OZM,%%m&/nﬁkaz
(recombinant Bone Morphogenetic Protein-2) % 74
WL 72 e O A ERR I X 5 REF ORKIE
HEABRICBWT, 7285 4 MMM E FRE
LA ETHOT, (1) ARAEEEEEH
EOHAICKEENL O, BRIERET
BRET2LZLdTERY, () BFEHR,
FHEELD S, GREMRAM L O/ Tl AR
BONY, RENHBAREE D, ZOWE
FHEREIE B X T T EIT N8 A4 MEAETHE
ENDHT LMD, BRBEEDOLE LR T
R CH A BRI T, 788 A MO
BEIPRITRFIZRE W,

OB, AH ey —filal LT AT
F 44 & (OCY: Osteocyte) 7%, B HLII{L o il
RO CERELREEHBET S Y, 2 LEE



FoigA R A

E B ‘mﬁ ., @, il_
ﬁﬁ‘lfﬁ-ﬁﬂﬁ 31 'T’ _,;
| L NE
.‘ﬁﬂ'@?‘ﬁﬁ
AR

TOPICS

M2 vHFRE

0
BEE (mg/om?)
T 50 B w0
Low, T .
s Raemi| Gosp e 4T aum
# 20 :‘,‘”'-,:’ & zf '2H .
r\: " ot “iiw 1“: 18 4
: . 123 A S
Ll oyt o Caium
1 1 1

Yo 5I 10 15 20 25 30
TR EE

1 1 L
%600 200 1000 1200 1400
BEE (mg/cm’

KRFEE 20 mm) 2B 5
rBMP-2 012 ;%ﬁ¢h® wmELT
/S84 b e MRIED AL, 7755 4 b
BRI i B EOFAICENLTRIEL,
HIFRERE (Yo 7)) 37 8% 1 b e
mmﬁﬁuﬁ<iméﬂéo<iﬁnﬁ>
UL IH)

HETIEEEOEIERENRNTH D, OCY 12

X0 3KICin VIvoTEJ'J A6 & IERE I T & 7
W ERS, IEFEREBRAMEERT I LA TE

ﬂt_@&ﬁfmmmmiaﬁ(%fuTT

ThHbo
Bex R BEBICBWTY, 787 4 MR

WEALT D ENMH S hooH 5 Y B

PEREBEETRE T, BBy 238 C o B ET R

HAOEFEEROEIEZICEFT2 Y, BH

FRAECLE, B3 EHIERE & e M B HERE (Ca

REZE) DTy MEFIZFBEICEEERN 23R

FTLOO, ERIMEDIEFEHED S OB AH

5, T LRI, BHBRERERLR Y

OFNFEMLHENTH Y, FEHHKGHEOTY

WERN RO TH S 7,

X3

PINRA FEAOMICEE% RITT
BEF

FIARTTRAEEZ RO 7 /8% 4 b ORI

MR

ik
?‘O
sl

B o7 8% 4 PRI F

S RITT A A
TRIA P ERELE ’E@ﬁﬂﬁlii DOHERRE

LTHEzZBNA,

PhiE a5 — 7 L MO BT A IS LoD W

T 50 RIBITRT )12, BE &
P, BIRFERR EOMKA &%lﬂ?ﬁ‘ HHE
EEI-EJ [i %;giﬂ‘j_ % N t ﬁ):{:uﬁ}g L .( g f: 9,13-16.19-21)O

FEEE AL, R U &3 B hREREER
HRNERSE & BEACBMR L, BRI B3
i (OB: Osteoblast), 5 W% H 9 B 45 Hifg
(OC: Osteoclast), in vivo & 71 % &3 %5 OCY
DML LV OE) X (256 < AL S B Z &3
52, BAETRIEREELZ OD I EDL 0

F LA, BIEF LAV H S OB LEEE O fif
MR ML D LR R F OfFH & WHFES A T
Who LN DITEMEFEREEERSEZ v
7%k (KO), "I AYVz=v s (Tg) B
WirEeHwsZeT, FRHELVTOH
FEE B AL H A O fFH AT RE & 72 50 KO
R Tg B OVEEIC X o THE R o)<
PEREFEH 2 B L, EEfbic g8 e I3
B RO E O—bins 3 TIZHF S
Twb, 1 TH, M-CSF (Macrophage Colony-

BIO Clinica 35 (7) 2020 (653) 63



TOPICS

ARELEL

e
=5

2T ETIE
e o
E- [=:]

=
LY

LR =1

w00
* o005

(=]

Tiaq b BE A
[==}

L=I -
T

M — BfEE ———

X 4

L= ]

F g4k c MR

o M s G o

0.2 0.4 08 0.8 I
2T ETE

AT i3 AN —HEEL

k= ,]@
s *
¢ I ,:T’
e
¢ : Ty
,f a5
T &
WT:OCNTFE KO: OCNTRE

OCN (Osteocalcin) KO ¥ 7 A2 BT L KRG D 35— 7 VMO EITHE 735 4 Mg

i C BB, OCN-KO Tld I 7 — 7 Y HHEEITENIEF I b o, T8 4 b
¢ BEC R ZAR S AR T 3 5 (OCHK 20 20 507 1)

Stimulating Factor), OPG (Osteoprotegerin),
c-Fos, c-Src 72 & D OC D431t - FEREAL il 18] &
21 % KO L7EOMTIC LY, FEELIZI,
BRI ZEH ) OC DIEFI MO TEETHSH
ENWS P E RS2 Thbh, B
(2 & B BB, TSRS MR R O %
FEDYT TANIA Y DFENLHTH D, &5
(2, fiEk, OC - OB D7 LR LD A B K 1
&L TR SN TV ZBIET - 0 Fh%, FEBIC
SHBEAEIC S RCBETG T 52 ERW S e 2
D, BEMLZE L GEET - 2 FORAORE
BRI S NODOH Bo 9 LIz FHIN
PO, FRRERGEOHEIC L 5 E e
RIZE 2222 0D EHIFEL T2,
TEFEEEDH) LTy 7FL—bELToa
T =7 UMD E T8 A4 MGG D ¢
HEC I 1) & O BRRASER ShTw g B

BICRETHETIE, ZEAYOYE, OBDE
R ELY) & #F DOFETED 54 Y, & 5121k

FNICEDEEEINLIATTIAT—T D
SRICEATHMERET A ETT /8% 4 MEL

64 (654) BIO Clinica 35 (7), 2020

M8 % kT T, BHVMLOBIZA > 77
YR LTI L ORI S BEICa
T UEATOEARHEILTEBY, OBR
FIORFHEIIS LBk a 7 — 7 v R E % 1
BT Do TORE, 377 VIEMEOEFT N
AAIKALER % U C H ORISR S s
TIRE A MO ¢ SECIATE R RET o
LAY, B4R T LD, AKfbo—o
DIFEE L LTHIS 15 OCN (Osteocalein) [1Z7E
HL7Z%4A, OCNDOKOIWZEY), a5—7 U
HMEDEATHIIZZALS A S e v—FT, 78
A MR c R mEEARE ETT2 Y,
oz kizas—rrR—ry—=r L ika
T URHEE DL D E T NY A MR O ¢ il
EDOHRBRE OCNPREL TWE I LEE
Wb, 2FDag—r Ui L~OT 8 4
MEROIEBI T T = vy Vs E
Td % OCN DFIEN AT R TH %o [FFIZ T
T — 7 VSR EAT T ISR o 72 L OCN-
KO CIKTF2ZEns, 787 4 MEROR
kD3 DT F R % g T B IR E R T O —



HEARmEN

4200

4100

4000

3800

FHARDSOSH EE (m/s)

HBEREE(SOS)AE
~

TOPICS

T

AR 1

i
\\c -'
S22 gunn |
G 8

X5

3800
4

10 12
TR ERITE

14 16

e O IFRER 2 LB R E RO T, PO CE IR IR

SERMIEL, F#IZIH-o 72 SOS (Speed of Sound) 12 & 1) FZE I AMEAT ISR Z A LT
R AT T RE & 7 0 (SRR 25 20 2T )

DOTHAHILERLTWS Y,

3. BEBRQEEZMHDIEREE(EN

F A OELIANE LG5 B DM E O T2
RRBEEDLLZEELRFTH L, Lo T,
FEREEY 7 7S &0 BRIR I FEAT 3T BE & 72
USRS, st 2 & o B B
TOBRHDOZWRER - 1 772 OB
ELODIEMICE=2 ) 7 TELLDEHHX
na FCCTRLAER SO TIE,
a7 =7y OBETHTREETEA:, T4
bHETEOERIIIZIEBEITHEMEES I
< U B, T8 A4 SRR
UXRD Y12 X 1) £ 10 ~ 100 pm FEIK I THEE
LB AT D TEDL, —HT, 29L
LFRIRENLRFETHY, BT
52L& o TR 50 BRIRHLYG T -
A% BT A 2o, REED L < I13IEE
BTN UEE R L, BHREAORMME % EE
JHRBRIIRT S 2 2 L IREFAICNEECTH 2

- >
o — —

EmS, BISIIRT L), HEKRO LGS
LONCREGFFMIH - - REmEHE (SOS:
Speed of Sound) ZMAMT$ % 2 & T, H DK
Tk & BESHROIE S 2 HiE L7z ECo/iE
FL P& BB RT3 2 T e ER L, #MF
FEATREE AR L 72 AREE, EE, -
R, THE Lo 724 Ok LR
RE T %o SOS (ISR D 172 FlZ
o322 s, #2131 #MERmED RS
FIZBWTIE, RO SOS IFMAME %,
FEE T DSOS T EHEZ M 5, 512
B O R HALIE, OCY il L CToFEY
DOEEDOHEE IO LN L Z L, FREES
M SOS k=% /v L C, BRERMME%
2281l 5b, bHAHA, SOSITENH
DZERGRL 7 Ty 2™ ORBLZT L0,
SOS 1345 F BRI 14 & U3 % R4 72 8 B4R
BTEsHsb00, ISITRTLIICT A
MECTAE & IERERIC e NG Z T LB R
H51O SOS X VAR 2 7R s DR,
SOS 1ZIEH# 228~ in vivo &) 2545 %045 At A

BIO Clinica 35 (7) 2020 (655) 65



TOPICS

HEORERZ L TFHET LI L 2RSS Y, B
BTk, BHBEOZIICIMHTLZ L1ET
VAN BEE SOS & M 72 RS A
TRAT 3B %L TR T & 2 W E TR 5 0
WG % POME L 725 R o —o & L TH R D
FERBSG COISAPF S NS,

HnUIC

BREOBEMIE, a5 - UElT %
MBS % 7788 4 M d OB % 5 B i
BO—o2L LTBWTAIENMETHL, &
521X OCN O R ZIRFETIZ 3 7 — 7 ik
TR MR 2 7785 A4 b i S ERS O ASE
2 bIiZb 2% 255 in vivo 57T R U
g OB, BEERMMOE BEIEERIC
Mz CTEEREEL 2, BRICERIY coE
R LRI PR O IE. SNODOH Db, S 51T,
FREEOBINICE & F 5T, FRAEDOIELE-
b B LB A v 77 v bR S
HHENTEY ™ EIEk, BHE- R E -
AN LIz A N T — B, BRI
FL7oR7 MVEBRANE BT LR R bR
DTV 5,

X

1) NIH Consensus Development Panel on Osteoporosis
Prevention, Diagnosis, and Therapy. Osteoporosis Prevention,
Diagnosis, and Therapy. J Am Med Assoc, 2001; 285: 785-95.
DOI: 10.1001/jama.285.6.785.

2) Tto M, Tkeda K, Nishiguchi M, et al. Multi-detector row CT
imaging of vertebral microstructure for evaluation of fracture
risk. J Bone Miner Res, 2005; 20: 1828-36. DOI: 10.1359/
JBMR.050610.

3) Yamada S, Chiba K, Okazaki N, et al. Correlation
between vertebral bone microstructure and estimated
strength in elderly women: An ex-vivo HR-pQCT study of
cadaveric spine. Bone, 2019; 120: 459-64. DOI: 10.1016/
j.bone.2018.12.005.

4) Saito M, Marumo K. Collagen cross-links as a determinant

66 (656) BIO Clinica 35 (7), 2020

of bone quality: A possible explanation for bone fragility
in aging, osteoporosis, and diabetes mellitus. Osteopor Int,
2010; 21: 195-214. DOL: 10.1007/s00198-009-1066-z.

5) Amizuka N, Karaplis AC, Henderson JE, et al.
Haploinsufficiency of parathyroid hormone-related peptide
(PTHrP) results in abnormal postnatal bone development.
Develop Biol, 1996; 175: 166-76. DOI: 10.1006/
dbio.1996.0104.

6) Komatsubara S, Mori S, Mashiba T, et al. Long-term
treatment of incadronate disodium accumulates microdamage
but improves the trabecular bone microarchitecture in dog
vertebra. J Bone Miner Res, 2003; 18: 512-20. DOI: 10.1359/
jbmr.2003.18.3.512.

7) Donnelly E. Methods for assessing bone quality: A review.
Clin Orthop Rel Res, 2011; 469: 2128-38. DOI: 10.1007/
$11999-010-1702-0.

8) Nakano T, Kaibara K, Tabata Y, et al. Unique alignment and
texture of biological apatite crystallites in typical calcified
tissues analyzed by microbeam X-ray diffractometer
system. Bone, 2002; 31: 479-87. DOI: 10.1016/s8756-
3282(02)00850-5.

9) Nakano T, Kaibara K, Ishimoto T, et al. Biological apatite
(BAp) crystallographic orientation and texture as a new
index for assessing the microstructure and function of bone
regenerated by tissue engineering. Bone, 2012; 51: 741-7.
DOI: 10.1016/j.bone.2012.07.003.

10) Lee JW, Yun HS, Nakano T. Induction of biological apatite
orientation as a bone quality parameter in bone regeneration
using hydroxyapatite/poly e-caprolactone composite
scaffolds. Tissue Eng C, 2016; 22: 856-63. DOI: 10.1089/ten.
TEC.2016.0133.

11) Ishimoto T, Nakano T, Yamamoto M, et al. Degree of
biological apatite c-axis orientation rather than bone mineral
density controls mechanical function in bone regenerated
using recombinant bone morphogenetic protein-2. J Bone
Miner Res, 2013; 28: 1170-9. DOI: 10.1002/jbmr.1825.

12) Nakano T, Ishimoto T, Tkeo N, et al. Advanced analysis and
control of bone microstructure based on a materials scientific
study including microbeam X-ray diffraction. Progress in
Advanced Structural and Functional Materials Design (Ed. T.
Kakeshita), Springer, Tokyo, 2012. DOI: 10.1007/978-4-431-
54064-9_13.

13) Lee JW, Kobayashi A, Nakano T. Crystallographic orientation
of the c-axis of biological apatite as a new index of the quality
of subchondral bone in knee joint osteoarthritis. J Bone Miner
Metab, 2017; 35: 308-14. DOL: 10.1007/s00774-016-0754-y.

14) Ishimoto T, Lee JW, Nakano T, et al. Co-deteriorations of
anisotropic extracellular matrix arrangement and intrinsic
mechanical property in c-src deficient osteopetrotic
mouse femur. Bone, 2017; 103: 216-23. DOI: 10.1016/
j-bone.2017.06.023.

15) Sekita A, Matsugaki A, Nakano T. Disruption of collagen/



apatite alignment impairs bone mechanical function in
osteoblastic metastasis induced by prostate cancer. Bone,
2017;97: 83-93. DOL: 10.1016/j.bone.2017.01.004.

16) Ozasa R, Ishimoto T, Nakano T, et al. Osteoporosis changes
collagen/apatite orientation and Young s modulus in
vertebral cortical bone of rat. Calcif Tissue Int, 2019; 104:
449-60. DOLI: 10.1007/s00223-018-0508-z.

17) Shiraishi A, Miyabe S, Nakano T, et al. The combination
therapy with alfacalcidol and risedronate improves the
mechanical property in lumbar spine by affecting the material
properties in an ovariectomized rat model of osteoporosis.
BMC Musculoskelet Disord, 2009; 10: paper #66. DOI:
10.1186/1471-2474-10-66.

18) Landis WJ. The strength of a calcified tissue depends in part
on the molecular structure and organization of its constituent
mineral crystals in their organic matrix. Bone, 1995; 16: 533-
44.DOL: 10.1016/8756-3282(95)00076-p.

19) Lee JW, Nakano T, Toyosawa S, et al. Areal distribution
of preferential alignment of biological apatite (BAp)
crystallite on cross-section of center of femoral diaphysis in
osteopetrotic (op/op) mouse. Mater Trans, 2008; 48: 337-42.
DOI: 10.2320/jinstmet.72.85.

20) Moriishi T, Ozasa R, Nakano T, et al. Osteocalcin is
necessary for the alignment of apatite crystallites, but not
glucose metabolism, testosterone synthesis, or muscle mass.
PLoS Genetics, 2020; 16: €1008586. DOI: 10.1371/journal.
pgen.1008586.

21) Hirose K, Ishimoto T, Toyosawa S, et al. Overexpression of
Fam20C in osteoblast in vivo leads to increased cortical bone
formation and osteoclastic bone resorption. Bone, 2020; on
line. DOIL: 10.1016/j.bone.2020.115414.

22) Matsugaki A, Aramoto G, Nakano T. Abnormal arrangement
of a collagen/apatite extracellular matrix orthogonal to
osteoblast alignment is constructed by a nanoscale periodic
surface structure. Biomaterials, 2015; 37: 134-43. DOI:
10.1016/j.biomaterials.2014.10.025.

23) Nakanishi Y, Matsugaki A, Nakano T. Unique arrangement

TOPICS

of bone matrix orthogonal to osteoblast alignment controlled
by Tspanll-mediated focal adhesion assembly. Biomaterials,
2019;209: 103-10. DOI: 10.1016/j.biomaterials.2019.04.016.

24) Suetoshi R, Cretin D, Nakano T. Analysis of the change in
bone quality in the bone surrounding the femoral implant after
the introduction of human artificial hip joint using ultrasound.
Jpn J Clin Biomech, 2013; 34: 123-8.

25) Ishimoto T, Suetoshi R, Nakano T, et al. Quantitative
ultrasound (QUS) axial transmission method reflects
anisotropy in micro-arrangement of apatite crystallites
in human long bones: A study with 3-MHz-frequency
ultrasound. Bone, 2019; 127: 82-90. DOI: 10.1016/
j-bone.2019.05.034.

26) Minonzio JG, Bochud N, Vallet Q, et al. Bone cortical
thickness and porosity assessment using ultrasound guided
waves: an ex vivo validation study. Bone, 2018; 116: 111-9.
DOI: 10.1016/j.bone.2018.07.018.

27) Kashii M, Hashimoto J, Nakano T, et al. Alendronate
treatment promotes bone formation with a less anistropic
microstructure during intramembranous ossification in rats. J
Bone Miner Metab, 2008; 26: 24-33. DOI: 10.1007/s00774-
007-0782-8.

28) FHIFRE DT L BN A B 4 > 2015 4E), 2015.
29) Noyama Y, Nakano T, Ishimoto T, et al. Design and
optimization of the oriented groove on the hip implant surface

to promote bone microstructure integrity. Bone, 2013; 52:
659-67. DOL: 10.1016/j.bone.2012.11.005.

30) Kuroshima S, Nakano T, Ishimoto T, et al. Optimally oriented
grooves on dental implants improves bone quality around
implants under repetitive mechanical loading. Acta Biomater,
2017; 48: 433-44. DOL: 10.1016/j.actbio.2016.11.021.

E
AWEFE I, B AR 82 B 22 F 78 2 4l B 4 2L
BF 28(S) (JP25220912, JP18H052540), & #% HF 72 (A)
(JP19H00827, JP20H00308) % (X U & 3 A W72 & 4%
12 &0 EhE S 7z,

BIO Clinica 35 (7) 2020 (657) 67



