wdJ 0

World Journal of
Orthopedics

Online Submissions: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5312/wjo.v5.i4.444

World ] Orthop 2014 September 18; 5(4): 444-449
ISSN 2218-5836 (online)
© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT

WJO 5™ Anniversary Special Issues (5): Knee

Enhanced microfracture techniques in cartilage knee
surgery: Fact or fiction?

Stefan Bark, Tomasz Piontek, Peter Behrens, Sabreen Mkalaluh, Deike Varoga, Justus Gille

Stefan Bark, Sabreen Mkalaluh, Justus Gille, Department of
Trauma and Reconstructive Surgery, University of Schleswig-
Holstein, Campus Luebeck, 23562 Luebeck, Germany

Tomasz Piontek, Rehasport Clinic, 60-201 Poznaf, Poland
Peter Behrens, Chirurgie, Unfallchirurgie, Notfdlle und Or-
thopadie (CUNO) Hamburg, 22045 Hamburg, Germany

Deike Varoga, Department of Orthopaedic and Trauma Surgery,
University Hospital Schleswig-Holstein, Campus Kiel, 24105
Kiel, Germany

Author contributions: All authors created clinical studies which
are presented in this paper; Bark S wrote the paper and Gille J
corrected it.

Correspondence to: Bark Stefan, MD, Department of Trauma
and Reconstructive Surgery, University of Schleswig-Holstein,
Ratzeburger Allee 160, 23538 Campus Luebeck,

Germany. stefan.bark@uksh.de

Telephone: +49-451-5002642

Received: January 3, 2014 Revised: May 28, 2014

Accepted: June 10,2014

Published online: September 18, 2014

Abstract

The limited intrinsic healing potential of human articu-
lar cartilage is a well-known problem in orthopedic sur-
gery. Thus a variety of surgical techniques have been
developed to reduce joint pain, improve joint function
and delay the onset of osteoarthritis. Microfractures as
a bone marrow stimulation technique present the most
common applied articular cartilage repair procedure
today. Unfortunately the deficiencies of fibrocartilagi-
nous repair tissue inevitably lead to breakdown under
normal joint loading and clinical results deteriorate with
time. To overcome the shortcomings of microfracture,
an enhanced microfracture technique was developed
with an additional collagen I /I membrane (Autolo-
gous, Matrix-Induced Chondrogenesis, AMIC®). This
article reviews the pre-clinical rationale of microfrac-
tures and AMIC®, presents clinical studies and shows
the advantages and disadvantages of these widely used
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techniques. PubMed and the Cochrane database were
searched to identify relevant studies. We used a com-
prehensive search strategy with no date or language
restrictions to locate studies that examined the AMIC
® technique and microfracture. Search keywords in-
cluded cartilage, microfracture, AMIC®, knee, Chondro-
Gide®. Besides this, we included our own experiences
and study authors were contacted if more and non
published data were needed. Both cartilage repair tech-
niques represent an effective and safe method of treat-
ing full-thickness chondral defects of the knee in select-
ed cases. While results after microfracture deteriorate
with time, mid-term results after AMIC® seem to be
enduring. Randomized studies with long-term follow-
up are needed whether the grafted area will maintain
functional improvement and structural integrity over
time.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Articular cartilage has a limited healing poten-
tial which presents a well-known circumstance in ortho-
pedic surgery. This fact has led to a variety of surgical
techniques for treating articular defects and currently
the microfracturing presents the most commonly used
procedure. The aim of this article is to give an overview
about actual studies regarding microfracture and the
AMIC® technique in cartilage knee surgery and to show
recent developments.
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INTRODUCTION

Articular cartilage has a limited healing potential which
presents a well-known circumstance in orthopedic sur-
gery''l The affected patients suffer from pain, stiffness
and loss of quality of life. This fact has led to a variety of
surgical techniques for treating articular defects and cut-
rently the microfracturing presents the most commonly
used procedurem. Pridie recognized the potential of mes-
enchymal stem cell (MSCs) stimulation for the aim of cat-
tilage repair in the 1950s while Steadman e# al” described
further developments of penetrating the subchondral
bone for the recruitment of MSCs in the 1990s. In mi-
crofracture (MFx) the MSCs migrate in the fibrin net-
work of the blood clot and this clot is transformed into
repair tissue by the contained bone marrow components.
In this context the blood clot is not mechanically stable to
withstand tangential forces™. Therefore Benthien ¢ a/” de-
veloped the Autologous, Matrix-Induced Chondrogenesis
(AMIC®) technique. This procedure uses a natural col-
lagen 1 /I scaffold (Chondro-Gide®, Geistlich Pharma
AG, Switzerland) which covers the microfractured area
and stabilizes the formed blood clot. Several clinical re-
sults of AMIC® have already been pub]ished[()’()].

The aim of this article is to give an overview about
actual studies regarding microfracture and the AMIC®
technique in cartilage knee surgery and to show recent
developments.

PRE-CLINICAL RATIONALE

The potential of mesenchymal stem cell (MSCs) stimula-
tion for the aim of cartilage repair was first described by
Pridie"”. Steadman developed out of this the microfrac-
ture techniquem. Both techniques have similarities includ-
ing focal penetration of the subchondral plate to expose
cartilage defects to the benefits of cellular and growth
factors influx, as well as improving anchorange of the
new tissue to the underlying subchondral bone and to
some extent surrounding cartilage. However, while func-
tional outcomes have been reported, there is a paucity
of data on the histological, biochemical and molecular
changes in human patientsp’m.

Regarding the application of a collagen membrane
in cartilage defects like used in AMIC®, Kramer ef al™?
showed in an in-vitro work that a membrane consisting
of collagen can retain cartilage building cells, like, e.g.,
mesenchymal stem cells from bone marrow after micro-
fracturing, In conclusion MSCs, found in the membrane,
were successfully differentiated into adipogenetic, os-
teogenetic and chondrogenetic lineage. Dickhut e# al™>™
demonstrated in another in-vitro study that a biphasic
carrier made of collagen type I/111, like fot, ¢g., Chon-
dro-Gide® (Geistlich Pharma AG, Switzerland) used for
AMIC®, supports chondrogenesis of MSCs and further
that in comparison to collagen-free-membrane the form
stability of the repair tissue was enhanced.

Gille ¢z al'" tested in a sheep study with a follow-up
period of 12 mo the addition of a collagen membrane
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to microfractured areas. The authors confirmed that the
average thickness of the repair tissue was greater when a
collagen I /Il scaffold was used compared to microfrac-
ture alone.

CLINICAL STUDIES

Microfractures

While clinical efficacy of the MFx technique for articular
cartilage repair in the knee has recently been subjected to
an evidence-based systematic analysis (28 studies describe
3122 patients), the published data about AMIC is in com-
parison still limited"".

In general diverse factors are known to influence the
clinical outcome after microfractures: size and location of
the defect, sex and age of the patient, surgical technique
and postoperative rehabilitation program' ',

Regarding the size of the defect Gudas ez a/” showed
in a prospective randomized clinical study that the Inter-
national Knee Documentation Committee IKDC) score
in young athletes showed significant worse outcome in
the microfractured group if the lesion was greater as 2
em’ and concluded that the lesion size affects the out-
come of microfracture.

According to this, Knutsen e/ a/” presented in an-
other prospective randomized clinical study comparing
autologous chondrocyte implantation with microfracture
significant higher short form 36 (SF-36) scores in MFx
group associated with lesions under 4 cm” and also con-
cluded that the lesion size is associated with MFx out-
come.

De Windt ¢z a/*" analyzed in a prospective cohort
study the prognostic value of the defect location (me-
dial »s lateral) on clinical outcome 3 years after cartilage
therapy for a focal cartilage lesion in autologous chon-
drocyte implantation (ACI) and MFx. The authors found
a significant better Knee and Osteoarthritis Outcome
Score (KOOS) for medial than for lateral lesions and
therefore concluded that the defect location is related to
clinical outcome of ACI and MFx. Another prospective
cohort study by Kreuz e/ a/*” confirmed the effect of
defect location for clinical outcome after microfracture
procedure. IKDC and Cincinnati score as well as MRI
findings showed significant better outcome when MFx
was performed in femorale condyle versus tibia, trochlea
and retropatellar regions.

In a prospective study by Mithoefer e# al® a lower
body mass index (BMI) correlated with higher scores for
the activities of daily living and SF-36 after microfracture
in 48 symptomatic patients with isolated full-thickness
articular defects in the knee joint. Worst results were seen
in patients with a BMI > 30 kg/m”.

Highlighting the patients age, de Windt ez al’ showed
in a prospective study treating 55 patients with MFx
and ACI that the KOOS improvement was significantly
better for patients under 30 years compatred with older
patientsm. Data of a randomized controlled trial with 80
human subjects treated with ACI or MFx by Knutsen, are
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Figure 1 Twenty years old female with a chondral defect on the lateral condyl after trauma. The AMIC® technique was done arthroscopic assisted: after de-
bridement of the chondral defect (A), numerous perforations of the subchondral lamina were performed (B, C). The implantation of the matrix was performed under

dry, arthroscopic conditions, as published before (D).

in accordance with findings from de Windt ez al™. Both
authors concluded that the patient age influences the
clinical outcome of ACI as of MFx. In contrast we could
not show a significant impact of age on the results after
AMIC®*,

Autologous, matrix-induced chondrogenesis

To overcome the shortcomings of the microfracture
technique, an enhanced procedure was first described
in 2005 by Behrens ez al and first initial results were
presented by our study group. Figure 1 shows step-by-
step an arthroscopically AMIC® procedure. In a prospec-
tive seties, we investigated 27 patients with a follow-up-
period up to 62 mo and a mean of 37 mo. The mean age
of the patients was 39 years (range 16-50 years) and the
mean defect size was 4.2 cm” (range 1.3-8.8 cm”). 87%
of the patients were subjectively highly satisfied and the
outcome scores applied [Lysholm, International Cartilage
Repair Society (ICRS), Meyer, Tegner, Cincinnati] showed
significant increase up to 24 mo. Patients with lesions
larger 8 cm’ had greatly reduced scores. In this series, a
potential gender-specific dimorphism was obvious; males
had significantly higher values in the ICRS score compared
with their female counterparts”™. We couldn’t approve
these findings in a recent study evaluating 57 patients
treated with AMIC"Y. In this study a significant decrease
of pain in the visual analogue scale (VAS) from a mean
of 7.0 preoperatively to 2.7 at 1 year and 2.0 at 2 years
postoperatively was found (Figure 2). Improvement of
the Lysholm score also showed significant results with a
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mean score of 50.1 preoperatively, 79.9 at 1 year and 85.2
at 2 years postoperatively (Figure 2). Younger patients
with no ligamentous instability, meniscal deficiency or
patellofemoral malalignement had the best outcome',

Kusano ez al*” presented clinical and radiographic
results in a retrospective study with a mean follow-up of
29 mo of patients treated with AMIC for full-thickness
cartilage defects of the knee. They found significant
improvements in the IKDC, Lysholm, Tegner and VAS
pain score. Moreover, the patients were satisfied while the
MRI findings showed generally incomplete or inhomoge-
neous tissue filling.

A current randomized, controlled trial by Anders ¢ a/”
compared the AMIC technique with microfracture during
1- and 2-year follow-up. The authors included 38 patients
with a mean defect size of 3.4 cm” and mean age of 37
years. The clinical follow-up was performed with the
modified Cincinnati and the IKDC score. MRI findings
revealed a homogenous defect filling in the majority of
patients (Figure 3). No significant statistical differences
could be found between the groups but improvements in
both scotes were seen at 1- and 2-years postoperatively.
It is open to debate if a significant difference of both
groups has to be expected within the first 2 years of
follow-up.

Modifications to the original AMIC technique may
have a promising future. An arthroscopic approach of
the AMIC® technique was published by Piontek ez a/”".
Compared to open surgery, the described arthroscopic
technique may offer advantages including minimal soft
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Figure 2 Significant improvements of the mean Lysholm
and visual analogue scale score after 1 year and further
increased values up to 2 years postoperatively in patients
with cartilage knee defects treated with AMIC®™. VAS: Vi-
sual analogue scale.

10.0

9.0

8.0

7.0

6.0

5.0

VAS

4.0
3.0
2.0
1.0

0.0

Figure 3 The same patient showing enhanced defect filling demonstrated by follow-up magnetic resonance imaging before surgery (A) and 3 (B), 6 (C), 12 (D)
and 24 mo (E) after the index procedure.

tissue trauma and minimal blood loss. Dhollander e# 2/
e.g., performed a modified so called AMIC plus technique
(AMIC plus platelet-rich-plasma gel) and were able to show
clinical improvements. Emerging techniques, e.g., the addi-
tion of concentrated bone marrow from the iliac crest or
platelet rich plasma gel may be beneficial, but the impact
needs to be proven in further studies”. Benthien ez /™ and
Chen ¢ al’” presented in a recent study first results with a
so called nanofracture®.

CONCLUSION

In conclusion both techniques (microfracture and AMIC®)
present an effective and safe method of treating full-
thickness chondral defects of the knee. While results
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after microfractures deteriorate with time, clinical out-
come after AMIC® seems to be more enduring. By now,
only one randomized trial has been published comparing
microfractures and AMIC®. This limitation involves the
extent to which the findings can be generalized beyond
the cases studied. The number of cases is too small for
broad generalizations. However, these limitations should
be seen as fruitful avenues for future research along the
same lines.

REFERENCES

1 Ossendorf C, Kaps C, Kreuz PC, Burmester GR, Sittinger M,
Erggelet C. Treatment of posttraumatic and focal osteoar-
thritic cartilage defects of the knee with autologous polymer-
based three-dimensional chondrocyte grafts: 2-year clinical

September 18, 2014 | Volume 5 | Issue 4 |



10

11

12

13

14

15

16

17

JBaishideng®

Bark S et a/. Enhanced microfracture techniques in cartilage knee

results. Arthritis Res Ther 2007; 9: R41 [PMID: 17451597 DOI:
10.1186/ar2180]

Wright TM, Maher SA. Current and novel approaches to
treating chondral lesions. | Bone Joint Surg Am 2009; 91 Suppl
1:120-125 [PMID: 19182038 DOI: 10.2106/JBJS.H.01390]
Steadman JR, Rodkey WG, Briggs KK, Rodrigo JJ. The mi-
crofracture technic in the management of complete cartilage
defects in the knee joint. Orthopade 1999; 28: 26-32 [PMID:
10081041]

Cerynik DL, Lewullis GE, Joves BC, Palmer MP, Tom JA.
Outcomes of microfracture in professional basketball play-
ers. Knee Surg Sports Traumatol Arthrosc 2009; 17: 1135-1139
[PMID: 19296083 DOI: 10.1007/s00167-009-0765-5]

Dorotka R, Windberger U, Macfelda K, Bindreiter U, Toma
C, Nehrer S. Repair of articular cartilage defects treated by
microfracture and a three-dimensional collagen matrix. Bio-
materials 2005; 26: 3617-3629 [PMID: 15621252 DOI: 10.1016/
j.biomaterials.2004.09.034]

Benthien JP, Behrens P. The treatment of chondral and osteo-
chondral defects of the knee with autologous matrix-induced
chondrogenesis (AMIC): method description and recent
developments. Knee Surg Sports Traumatol Arthrosc 2011; 19:
1316-1319 [PMID: 21234543 DOI: 10.1007 /500167-010-1356-1]
Anders S, Volz M, Frick H, Gellissen J. A Randomized, Con-
trolled Trial Comparing Autologous Matrix-Induced Chon-
drogenesis (AMIC®) to Microfracture: Analysis of 1- and
2-Year Follow-Up Data of 2 Centers. Open Orthop | 2013; 7:
133-143 [PMID: 23730377 DOI: 10.2174/1874325001307010133]
Gille J, Behrens P, Volpi P, de Girolamo L, Reiss E, Zoch W,
Anders S. Outcome of Autologous Matrix Induced Chondro-
genesis (AMIC) in cartilage knee surgery: data of the AMIC
Registry. Arch Orthop Trauma Surg 2013; 133: 87-93 [PMID:
23070222 DOI: 10.1007/s00402-012-1621-5]

Pascarella A, Ciatti R, Pascarella F, Latte C, Di Salvatore
MG, Liguori L, Iannella G. Treatment of articular cartilage
lesions of the knee joint using a modified AMIC technique.
Knee Surg Sports Traumatol Arthrosc 2010; 18: 509-513 [PMID:
20012016 DOI: 10.1007/500167-009-1007-6]

Insall JN. Intra-articular surgery for degenerative arthritis of
the knee. A report of the work of the late K. H. Pridie. | Bone
Joint Surg Br 1967; 49: 211-228 [PMID: 6026508]

Steadman JR, Rodkey WG, Briggs KK. Microfracture to treat
full-thickness chondral defects: surgical technique, rehabili-
tation, and outcomes. | Knee Surg 2002; 15: 170-176 [PMID:
12152979]

Kramer J, Bohrnsen F, Lindner U, Behrens P, Schlenke P, Ro-
hwedel J. In vivo matrix-guided human mesenchymal stem
cells. Cell Mol Life Sci 2006; 63: 616-626 [PMID: 16482398 DOI:
10.1007/500018-005-5527-z]

Dickhut A, Gottwald E, Steck E, Heisel C, Richter W. Chon-
drogenesis of mesenchymal stem cells in gel-like biomateri-
als in vitro and in vivo. Front Biosci 2008; 13: 4517-4528 [PMID:
18508526 DOI: 10.2741/3020]

Dickhut A, Dexheimer V, Martin K, Lauinger R, Heisel C,
Richter W. Chondrogenesis of human mesenchymal stem
cells by local transforming growth factor-beta delivery in
a biphasic resorbable carrier. Tissue Eng Part A 2010; 16:
453-464 [PMID: 19705961 DOI: 10.1089/ ten.tea.2009.0168]
Gille J, Kunow ], Boisch L, Behrens P, Bos I, Hoffmann C,
Koller W, Russlies M, Kurz B. Cell-Laden and Cell-Free Ma-
trix-Induced Chondrogenesis versus Microfracture for the
Treatment of Articular Cartilage Defects: A Histological and
Biomechanical Study in Sheep. Cartilage 2010; 1: 29-42 [DOL:
10.1177/1947603509358721]

Mithoefer K, McAdams T, Williams R], Kreuz PC, Mandel-
baum BR. Clinical efficacy of the microfracture technique for
articular cartilage repair in the knee: an evidence-based sys-
tematic analysis. Am | Sports Med 2009; 37: 2053-2063 [PMID:
19251676 DOI: 10.1177/0363546508328414]

Hurst JM, Steadman JR, O’Brien L, Rodkey WG, Briggs KK.

WJO | www.wjgnet.com

448

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Rehabilitation following microfracture for chondral injury
in the knee. Clin Sports Med 2010; 29: 257-265, viii [PMID:
20226318 DOI: 10.1016/j.csm.2009.12.009]

Steinwachs MR, Guggi T, Kreuz PC. Marrow stimulation
techniques. Injury 2008; 39 Suppl 1: S26-531 [PMID: 18313469
DOI: 10.1016/j.injury.2008.01.042]

Gudas R, Kalesinskas R], Kimtys V, Stankevicius E, Toliu-
sis V, Bernotavicius G, Smailys A. A prospective random-
ized clinical study of mosaic osteochondral autologous
transplantation versus microfracture for the treatment of
osteochondral defects in the knee joint in young athletes. Ar-
throscopy 2005; 21: 1066-1075 [PMID: 16171631 DOI: 10.1016/
j.arthro.2005.06.018]

Knutsen G, Engebretsen L, Ludvigsen TC, Drogset JO,
Grontvedt T, Solheim E, Strand T, Roberts S, Isaksen V, Jo-
hansen O. Autologous chondrocyte implantation compared
with microfracture in the knee. A randomized trial. | Bone
Joint Surg Am 2004; 86-A: 455-464 [PMID: 14996869]

de Windt TS, Bekkers JE, Creemers LB, Dhert W], Saris DB.
Patient profiling in cartilage regeneration: prognostic factors
determining success of treatment for cartilage defects. Am |
Sports Med 2009; 37 Suppl 1: 585-62S [PMID: 19934438 DOIL:
10.1177/0363546509349765]

Kreuz PC, Steinwachs MR, Erggelet C, Krause SJ, Konrad G,
Uhl M, Stidkamp N. Results after microfracture of full-thick-
ness chondral defects in different compartments in the knee.
Osteoarthritis Cartilage 2006; 14: 1119-1125 [PMID: 16815714
DOI: 10.1016/jjoca.2006.05.003]

Mithoefer K, Williams R], Warren RF, Potter HG, Spock CR,
Jones EC, Wickiewicz TL, Marx RG. The microfracture tech-
nique for the treatment of articular cartilage lesions in the
knee. A prospective cohort study. ] Bone Joint Surg Am 2005;
87:1911-1920 [PMID: 16140804 DOI: 10.2106/]BJS.D.02846]
Gille J, Schuseil E, Wimmer J, Gellissen J, Schulz AP, Beh-
rens P. Mid-term results of Autologous Matrix-Induced
Chondrogenesis for treatment of focal cartilage defects in the
knee. Knee Surg Sports Traumatol Arthrosc 2010; 18: 1456-1464
[PMID: 20127072 DOI: 10.1007/s00167-010-1042-3]

Behrens P. Matrixgekoppelte Mikrofrakturierung. Arthros-
kopie 2005; 18: 193-197 [DOI: 10.1007/s00142-005-0316-0]
Kusano T, Jakob RP, Gautier E, Magnussen RA, Hoogewoud
H, Jacobi M. Treatment of isolated chondral and osteochondral
defects in the knee by autologous matrix-induced chondro-
genesis (AMIC). Knee Surg Sports Traumatol Arthrosc 2012; 20:
2109-2115 [PMID: 22198419 DOI: 10.1007/s00167-011-1840-2]
Piontek T, Ciemniewska-Gorzela K, Szulc A, Naczk J,
Stomczykowski M. All-arthroscopic AMIC procedure for
repair of cartilage defects of the knee. Knee Surg Sports
Traumatol Arthrosc 2012; 20: 922-925 [PMID: 21910000 DOI:
10.1007/s00167-011-1657-z]

Dhollander AA, De Neve F, Almqvist KF, Verdonk R,
Lambrecht S, Elewaut D, Verbruggen G, Verdonk PC. Au-
tologous matrix-induced chondrogenesis combined with
platelet-rich plasma gel: technical description and a five pilot
patients report. Knee Surg Sports Traumatol Arthrosc 2011; 19:
536-542 [PMID: 21153540 DOI: 10.1007/s00167-010-1337-4]
de Girolamo L, Bertolini G, Cervellin M, Sozzi G, Volpi P.
Treatment of chondral defects of the knee with one step
matrix-assisted technique enhanced by autologous con-
centrated bone marrow: in vitro characterisation of mesen-
chymal stem cells from iliac crest and subchondral bone.
Injury 2010; 41: 1172-1177 [PMID: 20934693 DOI: 10.1016/
j-injury.2010.09.027]

Benthien JP, Behrens P. Reviewing subchondral cartilage
surgery: considerations for standardised and outcome pre-
dictable cartilage remodelling: a technical note. Int Orthop
2013; 37: 2139-2145 [PMID: 23917852 DOI: 10.1007/s00264-
013-2025-7]

Chen H, Hoemann CD, Sun ], Chevrier A, McKee MD,
Shive MS, Hurtig M, Buschmann MD. Depth of subchondral

September 18, 2014 | Volume 5 | Issue 4 |



Bark S et a/. Enhanced microfracture techniques in cartilage knee

perforation influences the outcome of bone marrow stimula- Zoch W, Anders S, Gille J. Mid-term results of autologous
tion cartilage repair. | Orthop Res 2011; 29: 1178-1184 [PMID: matrix induced chondrogenesis (amic) in cartilage knee
21671261 DOI: 10.1002/jor.21386] surgery. Br | Sports Med 2013; 47: €3 [DOI: 10.1136/

32  Oheim R, Behrens P, Volpi P, de Girolamo L, Eric ER, bjsports-2013-092558.6]

P- Reviewer: Chen YK, Yao CL, ZhouS S- Editor: Wen LL
L- Editor: A E- Editor: Wu HL

Roishidenge ~ WJO | www.wjgnet.com 449 September 18, 2014 | Volume 5 | Issue 4 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

© 2014 Baishideng Publishing Group Inc. All rights reserved.



	444
	WJOv5i4-Back Cover

