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Abstract: Congenital hand deformities are a group of congenital disabilities related to abnormal
development of soft, cartilage, or bone tissues in the hands. Recent studies have indicated that the
most common reason for congenital hand anomalies is genetic factors. In this study, we sequenced
the exome of a 2.5-year-old female patient with bilateral hand deformity. Results revealed that the
patient did not carry mutations in the expression region of the GLI3 and SHH genes. However, the
patient did have a heterozygous mutation: FGFR2: ¢.C758G, p.P253R. Sanger sequencing
confirmed this was a de novo mutation as it was not detected in her parents. In silico analyses
indicated that P253R could alter the structure and function of the fibroblast growth factor receptor,
consequently disrupting the processes involved in the formation and development of bone and
cartilage tissues. Overall, this research will contribute to a better understanding of the role and
functionality of the FGF molecular signaling network in developing and synthesizing bone and
cartilage tissues, particularly during the embryonic stage.
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Phat hién dot bién de novo Pro253Arg thugc thy the
y€u to téng trudng nguyén bao soi 2 (FGFR2)
& mot bénh nhi b1 di tat thi€u san ban tay

Nguyén Thy Ngoct™
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Tém tat: Dj tat thléu san ban tay 1a mot nhom cac di tat bAm sinh lién quan dén su phat trién bét
thuong vé mo mém, mo sun hodc md xuwong & ban tay cia tré so sinh. Nhing nghién ctru gan day
da chi ra rang phan 16n nguyén nhén gy ra cac di tat thiéu san ban tay 1a do céac rdi loan trong
nhan t6 di truyén. Trong nghién ciru nay, chung t6i tién hanh khao sat hé gen biéu hién ciia mot
truong hop bénh nhi nit 2,5 tudi bi thidu san & ca hai ban tay. Két qua cho thiy bénh nhan khong
mang cac dot bién thudc ving biéu hién cia cac gen GLI3 va SHH, tuy nhién bénh nhan c6 mét
dot bién di hop tir 1a FGFR2 ¢.C758G:; p. P253R. Két qua kiém tra bang giai trinh tw bang phuong
phap Sanger xac nhan day 1a dot bién de novo do khong phat hién dugc dot bién nay trén b6 me
cua bénh nhan. Cac phan tICh in silico chi ra rang P253R c6 kha nang lam thay ddi cau trac va
chire nang cua thy thé yéu t6 ting truong nguyén bao soi, tir d6 gdy r0i loan qua trinh hinh thanh
va phat trién cac moé xwong va mé sun. Nghién ctru ndy s& gbp phan cung cb thém su hleu biét vé
vai tro, chtrc ning clia mang ludi tin higu phan tir FGF d6i vai viéc hinh thanh va phat trién cic mo

xuong sun, dac biét 1a trong giai doan thai ky.

Tir khéa: Bénh dinh ngén, FGFR2, Giai trinh ty hé gen biéu hién, Thiéu san ban tay, Nghién ciru

truong hop.

1. Mé dau

Thiéu san ban tay 1a mot hoi ching bim
sinh voi tinh trang mot hoac nhiéu ngon tay
phat trién bét thuong, dinh lién & m6 mém va ca
mé xuong trong mét sb trudng hop. Cac di tat
lién quan dén cau trac ban tay bit ddu xay ra
trong qué trinh phat trién bao thai tir tuan thu 6
dén tuan tht 8, khi c6 15 xdy ra trong qua trinh
biét hoa té bao, khién cic md ngén tay khong
thé tach ra thanh timg phan riéng r& [1]. Cac
dang di tat phé bién bao gém: di tat thira ngén
(polydactyly) véi ty 16 mac trung binh 1,5/1000
tré em mdi sinh [2], di tat dinh ngoén
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(syndactyly) co ty 1¢ khoang 1/2500 tré [3], di
tat ngon ngan (brachydactyly) véi cac mé ta
kiéu hinh bénh rat da dang: Cac mo phat trién
bat thuong c6 thé bao gom moé mem mod sun
hodc mo xuong, di tat co thé phat trién dbi xtimg
trén ca 2 ban tay hodc chan, hodc chi trén 1 ban
tay chan,... Cac di tat ban tay ciing c6 thé khong
di kém hoi ching (non-syndromic) va di kém
theo cac hdi chung khac (syndromic) nhu hoi
ching Apert [4], hoi chimg Poland hay hoi
chung Weyer Ulnar Ray [5].

Céc nghién ctru gan day dang dan cho thiy
yéu té di truyén dong mét vai trd quan trong
trong qué trinh hinh thanh cac di tat thiéu san
ban tay. Mot s6 gen nhu gen SHH ma hoéa cho
protein sonic hedgehog chiu trach nhiém kich
hoat qu4 trinh ty diét té bao (apoptosis) ¢ cac ca
thé binh thuong, tiéu giam phan moé gan lién
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cac ngodn chan tay, tadch roi cac ngon tay, tir do
hinh thanh nén ban tay [6]. Tuy nhién, & cac
bao thai bi di tat thira hoac dinh ngon tay chan,
qua trinh nay khong dién ra hodc dién ra khong
hoan toan, dan dén viéc cic ngon tay va ngoén
chan bj dinh lién mot phan hoac hoan toan véi
nhau. Mot gen khac 1a GLI3 ma héa cho nhén
t6 hoat hoa phién mé Zinc finger GLI3, dong
vai tr0 quan trong trong mang ludi dudong
truyén tin hiéu Hedgehog. Cac dot bién thudc
gen GLI3 da dugc lién hé co lién quan dén cac
hoi ching di tit ban tay ¢ nguoi va cac dong
vat mo hinh [7, 8].

Ngoai cac gen trén, gen FGFR2 ciing 1a mét
gen c6 vai tro rat quan trong trong qué trinh
phat trlen bao thai. FGFR2 ma hoa cho thy thé
yéu t6 ting truong nguyén bao soi (Fibroblast
growth factor receptor 2), tham gia vao chudi
tin hi¢u phan tr diéu khién qué trinh biét hoa
clia cac té bao chua trudng thanh, tir d6 phat
trién thanh cac mo xuong, tao thanh hop s, ban
tay, ban chan va cac mo6 khac trong giai doan
phat trién thai ky [9]. M6t s6 d6t bién thudc gen
nay da duoc tim thiy & cac bénh nhan méc cac
hoi ching bién dang vé xuwong khac nhau nhu:
Hoi chung Apert [10]; Hoi chung Crouzon
[11]; HOi chung Pfeiffer [12].

Trong nghién ctru ndy, chung toi tién hanh
khao sat trinh tu hé gen biéu hién ctia mot bénh
nhi mic phai di tat thiéu san ban tay bam sinh,
tir d6 xé4c dinh cac dot bién c6 kha ning giy nén
di tat nay.

2. P6i twong va phwong phap nghién ciru
2.1. M6 ta bénh nhan

Bénh nhén 1a bé géi, 2 tudi rudi, dén tham
kham tai Khoa Chinh hinh, bénh vién Nhi
Trung wong. Bénh nhén c6 ban tay véi cac ngon
tay dinh lién & ca 2 tay, v6i md dinh lién bao
gdbm mo mém va mot phan md xuong & dau
ngon tay, bao gébm ca phan moéng tay. Ngoai ra
c6 mot sb mo thira trén ban tay (Hinh 1). Céc
thanh vién khac trong gia dinh bénh nhi c6 cu
tric ban tay binh thuong, khong mang di tét.
Cha, me, nguoi gidm ho cua bénh nhan da dugc

cung cip diy du thong tin vé& muyc dich cua
nghién ciru va dong y tham gia cung cip mau.
Pé tai nghién ctru nay di duoc thong qua boi
Hoi dong dao dirc trong Nghién ctru Y sinh hoc
ciia Bénh vién Nhi Trung wong, theo Quyét
dinh s6 564/BVNTW-VNCSKTE.

Hinh 1. Kiéu hinh cua bénh nhi bi di tat
thi€u san ban tay.

2.2. Phwong phap nghién ciru

2.1.1. Giai trinh ty hé gen biéu hién

ADN tong s6 duoc tach tir miu mau toan
phan cta bénh nhan va cac thanh vién trong gia
dinh, st dung kit tach E.Z.N.A.® SQ Blood
DNA Kit (Omega Bio-tek) theo quy trinh cta
nha san xuat. Hé gen biéu hién ciia bénh nhan
duogc gui di giai trinh tu tai Cong ty Macrogen
(Han Qudc) trén hé thong Illumina Novaseq
6000, st dung kit tao thu vién SureSelectXT
Library v7. Cac doan doc duoc so sanh voi
trinh ty hé gen tham chiéu GRCh38 (hg38) sir
dung phan mém BWA [13]. Cac dot bién sai
khac v6i trinh ty dugc phan tich bang phan
mém GATK [14] va chi giai bang phin mém
ANNOVAR [15].

2.1.2. Giai trinh ty Sanger va phan tich in silico

Trinh tw ADN chita dot bién quan tam dugc
nhan 1én bang phan umg khuéch dai PCR véi
thanh phan Taq DNA polymerase (Thermo) 2U,
10X Taq Buffer voi (NH4)2SOs, dNTPs 0,1 mM,
5 ng ADN mau va H,0 dén tong thé tich
50 pl/phan tmg. Trinh ty cip mdi sir dung dé nhan
ving DNA chira dot bién FGFR2: ¢.C758G: Moi
xubi: 5-CCGGCAGTCTCCTTTGAAGT-3"; Moi
nguoc: S-TTATTCTGCACAACCGCCCT-3".
Chu trinh khuéch dai nhiét bao gébm 1 budc
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bién tinh & 95 °C (5 phuat), 30 chu ky x (95 °C
30 gidy, 57 °C 30 giay va 72 °C 45 giay), budc
kéo dai cudi cing ¢ 72 °C trong 10 phut. San
phdm PCR dugc tinh sach bang kit QIAquick
PCR Purification kit (QIAGEN) va dugc giai
trinh ty theo phuong phap Sanger béi Cong ty
Apical Scientific Sequencing (Malaysia) theo
chleu xudi. Tac dong cua dot bién quan tam 1én
cdu tric protein tuong tmg dugc phan tich va dy
doan bang cac cong cu PredictSNP 2 [16]. D6 bao
thii ciia trinh ty axit amin can phan tich giita cac
loai duoc kiém tra trén co so dit lieu UCSC
(https://genome.ucsc.edu/).

3. Két qua va thao luan

Két qua giai trinh ty hé gen biéu hién thu
duoc téng cong 9,956,464,652 base voi
65,936,852 pair end read. Trong d0, 96,8% sd
read co diém chit lugng (Q-score) > 20 va
92,6% sb read c6 Q-score> 30. Két qua phan
tich va sang loc da hinh tir dir li€u giai trinh ty
hé gen biéu hién cho thidy bénh nhan khong
mang cac dot bién thudc gen GLI3 va SHH sau
khi loc bo cac diém c6 chat luong thap (Q-score
< 20). Tuy nhién ¢ bénh nhan c6 xut hién mot
dot bién thuoc vi tri Chr10:121520160G>C
tuong ung voi dot bién FGFR2: ¢.C758G;
p. P253R (dot bién nam trén doan reverse
strand ctia gen FGFR2). Pay la dot bién sai
nghia, ton tai trén hé gen biéu hién cua bénh
nhan dudi dang di hop tir (heterozygous), lam
thay d6i axit amin sé 253 tir Proline (mét loai
axit amin trung tinh, c6 gdc R khong phén cuc)
thanh Arginine (axit amin c6 tinh kiém, co gbc
R phan cyc). Két qua kiém tra bang giai trinh tyr
Sanger cho thdy dot bién nay chi xuat hién &
bénh nhan ma khong xuat hién & bd me
(D6t bién de novo) (Hinh 3A). Két qua phan
tich in silico bang cong cu PredictSNP 2 cho
thiy dot bién dang nay co kha ning cao lam
thay ddi chu trac va hoat tinh sinh hoc cua
protein twong tng do gen FGFR2 ma hoa
(deleterious) (Hinh 2). Két qua phan tich 6 bao
thu cia trinh ty axit amin tai vi tri FGFR2
p. P253R cho thdy trinh ti ndy bao thu & hau
hét cac loai dong vat co xwong sdng (Hinh 3B),

cho thay tdm quan trong ciia vung trinh tu nay
1€n cau tric va chic nang cua thy thé FGFR2.

Prediction tools

PredictSNP2 CADD DANN FATHMM FunSeg2

87 % 84% 60% 79 % 62 %

Hinh 2. Két qua phan tich in silico dy dodn anh
hudéng cia FGFR2: ¢.C758G 1én cau trac va chirc
nang cua Fibroblast growth factor receptor 2.

Qu4 trinh hinh thanh va phat trién xwong
trong giai doan thai ky la mot qua trinh tuong
d6i phurc tap, doi hoi sy twong tac giita nhidu
gen lién quan dén mang luéi phan tir tin higu
lién quan dén qua trinh biét hoa va qua trinh
chét theo chuong trinh (apoptosis) cia té bao.
Gen FGFR2 nam trong ho gen mi héa cho cac
thu thé yéu t6 ting truong nguyén bao soi
(FGFR) dong vai trd then chét trong qué trinh
hinh thanh va phat trién cic mé xuong va md
sun [17].

Cac dot bién thudc cac gen tham gia vao
mang ludi tin hiéu nay, khién viéc diéu khién
hoat dong bi r6i loan d3 dan dén mot sd dang
ung thu [18], diéc bam sinh [19], loan san
xuong, rang, hop so [20] va nhidu cin bénh
khac. Mot dot bién nam sat canh dot bién
p. P253R 1a d6t bién FGFR2 p.S252W di duoc
cho 14 gay nén hoi chung Apert & nguoi [21].
Dot bién FGFR2 p. P253R phat hién ¢ bénh nhi
bi thiéu san ban tay trong nghién ctru ndy ciing
da duoc chi ra c¢6 lién quan d&én tinh trang dinh
khép chan tay tao nén ban chan tay hinh tam
gidc & mot bénh nhan méc phai hoi ching
Apert [22].

Dot bién nay di duoc ding ky trén ngan
hang gen NCBI véi rsID 1a rs77543610. Két
qua chup X-ray & chudt bi gdy dot bién P253R
cling cho thdy nhitng bat thuong vé cau trac
xuong va hop so [23]. Tét ca nhiing két qua nay
cing c6 thém bang ching vé& tim anh hudng
cua gen FGFR2, dac biét 1a dot bién p. P253R
lén qua trinh phat trién mo sun va md xuong
trong giai doan thai ky.
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@ FGFR2 c.C758G

Con

FGFR2 p.P253R
Homo sapiens [P T RTH % s [ R | E |
pantroglodytes [P | R | H [ s [ R | E |
Gorilla [P TR " EEN s R E |
Mus musculus [P TR H HN s [ R E |
Didelphidae P [ R H M s [ R E |
Cavia porcellus P | R H B s | R | E |
Bos taurus P | R H B s | R | E |
Ovis aries PR H N s R | E |
Gallus domesticus P | R "M s [ R [ E |
Chelonia mydas P [ R H I s | R [ E |
Danio renio CPTRTH BN s R E |

Hinh 3. (A) Két qua giai trinh tu nucleotide ciia doan gen mang dot bién FGFR2 ¢.C758G
0 bénh nhan va cac thanh vién trong gia dinh bang phuong phap Sanger.
(B) Dan liéu phén tich d6 béao thil trinh tu axit amin tai vi tri FGFR2 p.P253R.

4. Két luan

Trong coéng trinh nay, ching t6i da phat
hién mot dot bién de novo di hop tor & bénh
nhan nir 2.5 tudi bi thiéu san ban tay thudc gen
mi héa cho thy thé yéu t6 ting truong nguyén
bao soi FGFR2: p. P253R doéng vai tro quan
trong trong qua trinh ting truong, phat trién va
sira chita m6 cua té bao. Két qua nghién ctu
nay di cung cip thém chung ctr khoa hoc minh
chung cho anh huong ctia P253R néi riéng va
gen FGFR2 1én mang lui tin hiéu phan tir diéu
khién qua trinh phat trién ctia bao thai.

Loi cam on

Cong trinh nghién ctiu nay duogc tai tro tr
dé tai khoa hoc cong nghé thudc cic hudng
khoa hoc cong nghé wu tién cap Vién Han lam
Khoa hoc va Cong nghé Viét Nam véi ma s6 dé
tai VASTO01.04/23-24. Chlang t6i xin chan
thanh cam on bénh nhan va gia dinh da cung
cAp mau va thong tin cho nghién ctru.

Tai liéu tham khao

[1] S. Malik, M. Afzal, S. Gul, A. Wahab, M. Ahmad,
Autosomal Dominant Syndrome of

Camptodactyly, Clinodactyly, Syndactyly, and
Bifid Toes, American Journal of Medical Genetics
Part A, Vol. 152A, No. 9, 2010, pp. 2313-2317,
https://doi.org/10.1002/ajmg.a.33552.

[2] M. Umair, F. Ahmad, M. Bilal, W. Ahmad,
M. Alfadhel M, Clinical Genetics of Polydactyly:
An Updated Review, Frontiers in Genetics,
Vol. 9, 2018, pp. 447,
https://doi.org/ 10.3389/fgene.2018.00447.

[3] H. Ahmed, H. Akbari, A. Emami, M. R. Akbari,
Genetic Overview of Syndactyly and Polydactyly,
Plastic and Reconstructive Surgery Global Open,
Vol. 5, No. 11, 2017, pp. 1549,
https://doi.org/ 10.1097/GOX.0000000000001549.

[4] J. A. Fearon, Treatment of the Hands and Feet in
Apert Syndrome: An Evolution in Management,
Plastic and Reconstructive Surgery, 2003,
Vol. 112, No. 1, 2003, pp. 1-12,
https://doi.org/10.1097/01.PRS.0000065908.60382.17.

[5] P. D. Turnpenny, J. C. Dean, P. Duffty, J. A.
Reid, P. Carte, Weyers' Ulnar Ray/Oligodactyly
Syndrome and the Association of Midline
Malformations with Ulnar Ray Defects, Journal of
Medical Genetics, Vol. 29, No. 9, 1992, pp. 659-662,
https://doi.org/10.1136/jmg.29.9.659.

[6] C. K. C. Loo, M. A. Pearen, G. A. Ramm, The
Role of Sonic Hedgehog in  Human
Holoprosencephaly and Short-Rib Polydactyly
Syndromes, International Journal of Molecular
Sciences, Vol. 22, No. 18, 2021,
https://doi.org/10.3390/ijms22189854.


https://doi.org/10.1016/j.Sc.2010.00372
https://doi.org/10.1016/j.Sc.2010.00372
https://doi.org/
https://doi.org/
https://doi.org/

76

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

N. T. Ngoc, H. H. Duc / VNU Journal of Science: Natural Sciences and Technology, Vol. 40, No. 1 (2024) 71-76

N. T. Ngoc, N. T. Duong, D. H. Quynh, N. D.
Ton, H. H. Duc, L. T. M. Huong, L. T. L. Anh,
N. V. Hai, Identification of Novel Missense
Mutations  Associated with  Non-Syndromic
Syndactyly in Two Vietnamese Trios by Whole
Exome Sequencing, Clinica Chimica Acta,
Vol. 506, 2020, pp. 16-21,

https://doi.org/ 10.1016/j.cca.2020.03.017.

S. J. Matissek, S. F. Elsawa, GLI3: A Mediator of
Genetic Diseases, Development and Cancer, Cell
Communication and Signaling, Vol. 18, No. 1,
2020, pp. 54,
https://doi.org/10.1186/5s12964-020-00540-X.

S. C. Azoury, S. Reddy, V. Shukla, C. X. Deng,
Fibroblast Growth Factor Receptor 2 (FGFR2)
Mutation Related Syndromic Craniosynostosis,
International Journal of Biological Sciences,
Vol. 13, No. 12, 2017, pp. 1479-1488,
https://doi.org/ 10.7150/ijbs.22373.

D. Johnson, A. O. Wilkie, Craniosynostosis,
European Journal of Human Genetics, Vol. 19,
No. 4, 2021, pp. 369-376,

https://doi.org/ 10.1038/ejhg.2010.235.

L. Chen, C. X. Deng, Roles of FGF Signaling in
Skeletal Development and Human Genetic
Diseases, Frontiers in Bioscience: A journal and
Virtual Library, Vol. 10, 2005, pp. 1961-1976,
https://doi.org/10.2741/1671.

M. F. Hoefkens, C. V. Keers, J. M. Vaandrager,
Crouzon Syndrome: Phenotypic Signs and
Symptoms of the Postnatally Expressed Subtype,
The Journal of Craniofacial Surgery, Vol. 15,
No. 2, 2004, pp. 233-240,
https://doi.org/10.1097/00001665-200403000-00013.
H. Li, R. Durbin, Fast and Accurate Short Read
Alignment  with  Burrows-Wheeler  Transform,
Bioinformatics, Vol. 25, No. 14, 2009, pp. 1754-1760,
https://doi.org/10.1093/bioinformatics/btp324.

G. A. V. D. Auwera, M. O. Carneiro, C. Hartl,
R. Poplin, G. Del Angel, A. L. Moonshine,
T. Jordan, K. Shakir, D. Roazen, J. Thibault, From
FastQ Data to High Confidence Variant Calls: the
Genome Analysis Toolkit Best Practices Pipeline,
Current Protocols in Bioinformatics, Vol. 43,
No. 1110, 2013, pp. 11-33,
https://doi.org/10.1002/0471250953.bi1110s43.
K. Wang, M. Li, H. Hakonarson, ANNOVAR:
Functional Annotation of Genetic Variants from
High-throughput Sequencing Data, Nucleic Acids
Research, Vol. 38 No. 16, 2010, pp. 164,

https://doi.org/10.1093/nar/gkq603.

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

J. Bendl, M. Musil, J. Stourac, J. Zendulka,
J. Damborsky, J. Brezovsky, PredictSNP2: A
Unified Platform for Accurately Evaluating SNP
Effects by Exploiting the Different Characteristics
of Variants in Distinct Genomic Regions, PLoS
Computational Biology, Vol. 12, No. 5, 2016,
pp. 1004962,
https://doi.org/10.1371/journal.pcbi.1004962.

C. M. Teven, E. M. Farina, J. Rivas, R. R. Reid,
Fibroblast Growth Factor (FGF) Signaling in
Development and Skeletal Diseases, Genes and
Diseases, Vol. 1, No. 2, 2014, pp. 199-213,
https://doi.org/ 10.1016/j.gendis.2014.09.005.

N. Turner, R. Grose, Fibroblast Growth Factor
Signalling: from Development to Cancer, Nature
Reviews Cancer, No. 10, Vol. 2, 2010, pp. 116-129.
https://doi.org/10.1038/nrc2780.

M. Tekin, B. O. Hismi, S. Fitoz, H. Ozdag, F. B.
Cengiz, A. Sirmaci, I. Aslan, B. Inceoglu, E. B. Y.
Konuk, S. T. Yilmaz et al., Homozygous
Mutations in Fibroblast Growth Factor 3 are
Associated with a New form of Syndromic Deafness
Characterized by Inner Ear Agenesis, Microtia and
Microdontia, American Journal of Human Genetics,
Vol. 80, No. 2, 2007, pp. 338-344,
https://doi.org/10.1086/510920.

S. H. Kan, N. Elanko, D. Johnson, L. C. Roldan,
J. Cook, E. W. Reich, S. Tomkins, A. Verloes,
S. R. Twigg, S. R. Eliya et al., Genomic Screening
of Fibroblast Growth-Factor Receptor 2 Reveals a
Wide Spectrum of Mutations in Patients with
Syndromic Craniosynostosis, American Journal of
Human Genetics, Vol. 70, No. 2, 2002, pp. 472-486,
https://doi.org/10.1086/338758.

T. N. Nguyen, H. D. Hoang, Exome Sequencing
Revealed the Potential Causal Mutation in a
Vietnamese Patient with Apert Syndrome, Gene
Reports, Vol. 22, 2021, pp. 100995,
https://doi.org/10.1002/10.1016/j.genrep.2020.100995.
C. B. Singh, B. Mishra, R. Patel, A. Kumar,
A. Ali, Tripod-Shaped Syndactyly in Apert
Syndrome with FGFR2.P253R Mutation, Indian
Journal of Plastic Surgery, Vol. 54, No. 3, 2021,
pp. 370-372.
https://doi.org/10.1055/s-0041-1733808.

L. Yin, X. D, C. Li, X. Xu, Z. Chen, N. Su,
L. Zhao, H. Qi, F. Li, J. Xue, A Pro253Arg
Mutation in Fibroblast Growth Factor Receptor 2
(Fgfr2) Causes Skeleton Malformation Mimicking
Human Apert Syndrome by Affecting Both
Chondrogenesis and Osteogenesis, Bone, Vol. 42,
No. 4, 2008, pp. 631-643,

https://doi.org/10.1016/j.bone.2007.11.019.


https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.1002/
https://doi.org/
https://doi.org/10.1016/j.bone.2007.11.019

