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REVIEW

Umbilical cord as a mesenchymal stem cell source for
treating joint pathologies
María Carmen Arufe, Alexandre De la Fuente, Isaac Fuentes, Francisco Javier De Toro, Francisco Javier Blanco
a continuing challenge for biomedical research. One
of the most promising therapeutic approaches is cellbased tissue engineering, which provides a healthy
population of cells to the injured site but requires differentiated chondrocytes from an uninjured site. The
use of healthy chondrocytes has been found to have
limitations. A promising alternative cell population is
mesenchymal stem cells (MSCs), known to possess
excellent proliferation potential and proven capability
for differentiation into chondrocytes. The “immunosuppressive” property of human MSCs makes them an
important candidate for allogeneic cell therapy. The use
of allogeneic MSCs to repair large defects may prove to
be an alternative to current autologous and allogeneic
tissue-grafting procedures. An allogeneic cell-based
approach would enable MSCs to be isolated from any
donor, expanded and cryopreserved in allogeneic MSC
banks, providing a readily available source of progenitors for cell replacement therapy. These possibilities
have spawned the current exponential growth in stem
cell research in pharmaceutical and biotechnology communities. Our objective in this review is to summarize
the knowledge about MSCs from umbilical cord stroma
and focus mainly on their applications for joint pathologies.
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Abstract
Articular cartilage disorders and injuries often result in
life-long chronic pain and compromised quality of life.
Regrettably, the regeneration of articular cartilage is
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the first report of umbilical cord MSCs in a human clinical application. They found that umbilical cord MSCs
had superior proliferative potential and more suppressive
effects on peripheral blood mononuclear cell proliferation than bone marrow MSC. The acute graft-versus-host
disease improved dramatically after each of four infusions
of umbilical cord MSCs into the two patients. No adverse
effects were noted. Both patients are doing well now and
this procedure seems both feasible and safe.

Arufe MC, De la Fuente A, Fuentes I, De Toro FJ, Blanco FJ.
Umbilical cord as a mesenchymal stem cell source for treating
joint pathologies. World J Orthop 2011; 2(6): 43-50 Available
from: URL: http://www.wjgnet.com/2218-5836/full/v2/i6/43.htm
DOI: http://dx.doi.org/10.5312/wjo.v2.i6.43

INTRODUCTION AND JUSTIFICATION
Mesenchymal stromal cells or mesenchymal stem cells
(MSCs) are a plastic-adherent cell population that expresses specific surface markers and have the capacity to
self-renew and differentiate into bone, cartilage, adipose,
muscle and neural cells in adequate conditions[1-3]. MSCs
are found in a variety of tissues, including the umbilical
cord[4-6], which is the focus of this review and provides a
non invasive source of abundant stem cells. MSCs are a
relatively new source for cell therapy for cartilage and surrounding joint tissues. Regenerative therapies for cartilage
defects will profit greatly from the combined applications
of available basic science knowledge of matrix biology,
hormone and receptor biology, biomechanics, virology,
scaffolds and transplantation medicine[7]. Although the
therapeutic potential of MSCs is being studied and has
clear objectives, the requirements and conditions for their
direct chondrogenic differentiation in vitro remains a challenge. This review is intended to summarize our knowledge of umbilical cord MSCs, including their derivation
from Wharton’s jelly or umbilical cord blood and their
therapeutic application for joint pathologies.

Umbilical cord blood
Several studies of MSCs derived from the umbilical cord
blood of several species show them to be capable of being isolated and differentiated toward defined mesoderm
lineages. Included in these species are equine[15,16], canine[17], porcine[18], ovine[19] and human[20,21]. Studies have
also focused on the ability of umbilical cord MSCs to
support the ex-vivo expansion of other cell types and their
differentiation into other lineages[22,23]. Recent studies by
Kim et al[24] have examined the molecular mechanism of
differentiation, such as the involvement of NOD1 and
NOD2 for differentiation of MSCs derived from human
umbilical cord blood, and analyzed the ability of these
cells to function as alloantigens in vitro. Current results indicate that human umbilical cord blood-derived MSCs do
not provoke allogeneic peripheral blood mononuclear cell
proliferation even when their HLA-molecule expression
was up-regulated by interferon-(IFN)-γ pre-treatment.
This suppressive effect was mediated by soluble factors.
Overall it seems that MSCs from umbilical cord blood
can suppress the allogeneic response of lymphocytes and
may prove useful in allogeneic cell therapies[25]. Umbilical
cord blood is a valuable source for hematopoietic progenitor cell therapy. It also contains another non-hematopoietic cell population, mesenchymal progenitor cells
(MPCs), which can be expanded ex vivo and differentiated
into osteoblasts, chondrocytes and adipocytes. Several
studies[4,26] indicate that two sub-populations of MSCs
can be isolated from umbilical cord blood by using specific methods. These cells exhibit different morphological
phenotypes, the majority of which resemble flattened
fibroblasts and the remainder spindle-shaped fibroblasts.
Both MSC types share similar cell surface markers, except
for CD90, and have similar osteogenic and chondrogenic
potential. The spindle-shaped population is positive for
CD90 and shows more capability for adipogenesis, while
the flattened cell type is CD90 negative and shows less
capability for adipogenesis. The larger number of flattened umbilical cord blood MPCs might be linked to
their lowered capability for adipogenic differentiation[27].

UMBILICAL CORD MSCS
MSCs have been isolated from umbilical cord blood, umbilical vein subendothelium and Wharton’s jelly cells. All
these cells are a primitive stromal population that displays
the characteristics of MSCs defined by the International
Society for Cellular Therapy. Umbilical cord MSCs grow
as adherent cells with mesenchymal morphology, are selfrenewing, express cell surface markers typical of MSCs
(CD14-, CD34- and CD45-negative while expressing
high levels of CD73, CD90 and CD105), maintain their
differentiation potential and can differentiate in vitro into
various cell lineages, including bone, cartilage and adipose
tissue[8]. Umbilical cord MSCs also have the capacity to
form neurons and glia in vitro[9] and can be successfully
trans-differentiated into cardiomyocytes in vitro[10]. Like
other stromal cells, MSCs derived from the umbilical cord
support the expansion of other stem cells, such as hematopoietic stem cells, and are well-tolerated by the immune
system[11]. Human umbilical cord MSCs share similar
in vitro immunosuppressive properties with MSCs obtained
from bone marrow and blood. However, the mechanisms
and cell interactions used by MSCs to control immune responses are not yet fully elucidated[12]. Functional module
analysis has shown different osteogenic potential and differentiation capacity for human MSCs from bone marrow
and Wharton’s jelly[13]. There are no known limitations to
using umbilical cord–derived MSCs. Wu et al[14] published

WJO|www.wjgnet.com

Wharton’s jelly
The number of studies of MSCs derived from stromal
tissues has increased over the last 6 years. However, these
cells have not been as widely studied as MSCs derived
from umbilical cord blood. Can et al[28] described the
noninvasive isolation, culture and basic characterization
of human umbilical cord stroma -MSCs. MSCs derived
from Wharton’s jelly were isolated using their adherence
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to plastic and characterized by flow cytometry, looking for
cells positive for STRO1, OCT3/4 and SSEA-4, as well as
those positive for the classic MSC-markers, CD44, CD73,
CD90, Ki67, CD105 and CD106, and negative for CD34
and CD45[29-32] (Figure 1). These MSCs were differentiated
towards musculoskeletal tissue[33] and CD10 positive cells
that displayed contractile properties[34]. Wharton’s jelly
MSCs are also candidates for β cell regeneration, utilizing
their immune response inhibiting benefits for treatment
of type 1 diabetes[35]. Wharton’s jelly-derived MSCs may
prove to be a better clinical alternative to bone marrowderived MSCs because of their ease of access, higher
expansion potential and low immunogenicity. The use
of allogenic MSCs would be possible in vivo only if they
retain their immune properties in an inflammatory environment. Thus, the focus of a study by Prasanna et al[36]
sought to understand and compare the immune properties of MSCs from Wharton’s jelly and from bone marrow
primed with the key pro-inflammatory cytokines, IFN-γ
and tumor necrosis factor α. Importantly, these authors
found that inflammation affects the immune properties
of these MSCs differently and that MSCs derived from
different tissues may utilize different unique mechanisms
of immune-modulation.
Recent studies by Huang et al[37] have demonstrated
that MSCs can differentiate into germ cells under appropriate conditions. MSCs were induced to differentiate
into germ cells in all-trans retinoic acid, testosterone and
testicular-cell-conditioned medium prepared from newborn male mouse testes. These MSCs formed “tadpolelike” cells after induction with different reagents and
showed both mRNA and protein expression of the
germ-cell-specific markers, Oct4 (POUF5), Ckit, CD49
(f) (α6), Stella (DDPA3) and Vasa (DDX4). These results could lead to a new reproductive therapy utilizing
human umbilical cord MSCs as well as provide a novel
in vitro model for investigating the molecular mechanisms
regulating development of the mammalian germ cell lineage[37]. Proteomic analyses of human MSCs from Wharton’
s jelly during in vitro expansion have demonstrated their
potential capacity for self-renewal and in vitro expansion[38].
More than 30% of 158 proteins identified by these analyses belong to the cytoskeleton complex. However, several
proteins were no longer expressed after the 2nd in vitro passage, suggesting the proliferative potency of these cells was
reduced after the initial in vitro stage. This important study
provides an essential step for gaining an understanding of
the molecular properties of Wharton’s jelly cells[38].
Obstetric parameters, including the gender of the
baby, birth weight, the age of the mother at delivery, gestational stage at parturition and mode of delivery were
examined by Penolazzi et al[39] who found that osteoblastic
potential was not influenced by the baby’s gender and
mode of delivery. The highest degree of osteoblastic potential was shown by MSCs from Wharton’s jelly selected
from the heaviest full-term babies and with high basal levels RUNX-2. The results of this study are helpful to select
optimal umbilical cord donors for efficiently collecting
high potential Wharton’s jelly-derived osteoprogenitors.

WJO|www.wjgnet.com

Therefore, the isolation and culture of human umbilical
cord-MSCs still need better clarification to ultimately build
an optimal standard procedure among laboratories, tissue
banks and clinics.

UMBILICAL CORD MSCS AND
CHONDROGENESIS
MSCs from equine umbilical cord blood produced a tissue with a cartilage-like morphology that stained positive
for proteoglycans and expressed typical cartilage markers[40]. These authors found that MSCs from umbilical
cord blood possessed more chondrogenic potential than
bone marrow-derived MSCs, based on the cell populations tested and parameters measured[40]. Another study
using canine MSCs from umbilical cord blood employed
osteogenic and chondrogenic differentiation detected
by alizarin red and toluidine blue staining respectively[17].
With osteogenic differentiation, the MSCs were shown
to express osteoblastic differentiation genes by reverse
transcriptase-polymerase chain reaction (RT-PCR). The
results from this study suggest that canine MSCs are capable of multipotential differentiation[17].
MSCs from porcine umbilical cord blood were isolated and their morphology, proliferation, cell cycle
status, cell-surface antigen profile and expression of
hematopoietic cytokines characterized by Kumar et al[18].
The capacity of porcine MSCs to differentiate in vitro into
osteocytes, adipocytes and chondrocytes was also evaluated. These investigators found that the expression of
lineage-specific genes was gradually up-regulated during
osteogenesis, adipogenesis and chondrogenesis. Porcine
umbilical cord blood also contains a population of MPCs
capable of self-renewal and of differentiating in vitro into
three classical mesenchymal lineages.
The in vitro growth of human umbilical cord blood
MSCs has been achieved; their differentiation into
chondrocytes and osteoblasts demonstrates their multipotentiality and predisposition towards a mesodermal fate[41].
Wharton’s jelly contains mucoid connective tissue and
fibroblast-like cells. Using flow cytometric analysis, Wang
et al[29] found that mesenchymal cells isolated from human Wharton’s jelly express the matrix receptors CD44
and CD105, plus integrin markers CD29 and CD51, but
not the hematopoietic lineage markers CD34 and CD45
(Figure 2). Interestingly, these cells also express significant
amounts of the MSC markers SH2 and SH3[29]. Isolated
and characterized MSCs from human umbilical cord stroma and quantitative RT-PCR analysis of the genes ALP,
MEF2C, MyoD, LPL, FAB4 and AMP, characteristic for
the differentiated lineages, were used to evaluate early and
late differentiation of three germ lines[30]. Direct chondrogenic differentiation was achieved by utilizing spheroid
formation by MSCs in a chondrogenic medium; testing
for the presence of chondrogenic markers was done at
4, 7, 14, 28 and 46 d of culture. Immunohistochemistry
and quantitative RT-PCR analyses were employed to assess the expression of collagen type 1 (COL1), collagen
type 2 (COL2) and collagen type X (COLX) at the times
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Figure 1 Characterization of the mesenchymal stem cell population from human umbilical cord stroma. A: Flow cytometry of the principal mesenchymal stem
cell (MSC) markers. In each diagram, at the top is the name of the marker, at the bottom the fluorochrome used and at the top right the percentage of positive cells; B:
Immunofluorescence analysis of CD44 and CD90 in a human umbilical cord cryosection; DAPI was used to label cell nuclei. (Magnification 20 ×); C: Alizarin red stain
(upper) and Oil red O stain (lower) of spheroids engineered from MSCs differentiated in two defined media, proving their pluripotency. OM: Osteogenic medium; AM:
Adipogenic medium; DMEM: Control medium with no defined cytokines to promote differentiation.

studied[30]. These investigators found expression of all
chondrogenic markers as early as 4 d of chondrogenic differentiation culture, with their expression increasing with
time except for COL1 which decreased in expression in
the formed spheroids after 4 d of differentiation. A secretome study to validate this model for in vitro chondrogenic
differentiation was performed using the spheroids formed
during the chondrogenesis process[30]. The results summarized in Figures 1 and 2 indicate the multipotential capacity of human MSCs from this source; their chondrogenic
capacity may prove useful for future cell therapies for
articular diseases[30]. It would also be interesting to see if
the chondro-type tissues being differentiated from these
MSCs can be modified in vitro using biomaterials or other
factors to mimic the 5 different layers observed in normal
cartilage but it is too early in the research to know this and
there is no report of it in the literature.
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THERAPEUTIC APPLICATION OF
UMBILICAL CORD MSCS FOR JOINT
PATHOLOGIES
Human MSCs, with particular reference to Wharton’s
jelly MSCs, have an important role as immunomodulators and their multilineage differentiation potential makes
their use in tissue regeneration and repair possible[42].
Although bone marrow represents the primary available source of MSCs, the use of bone marrow-derived
cells is not always acceptable because of their high degree
of viral infection and the significant drop in cell number
and both proliferative and differentiation capacity with
ageing. Romanov et al[43] isolated MSCs from the subendothelial layer of the umbilical cord and found that cord
vasculature contains many MSC-like elements forming
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Figure 2 Representative diagrams of the methodology for spheroid chondrogenesis. Diagram showing culture times used for a new method for the induction
of chondrogenesis. Representative sections of immunohistochemical analyses for collagen type 2 (COL2) expression from spheroids engineered from Wharton´s jelly
mesenchymal stem cells at different times of chondrogenesis are shown. (Magnification 10x). AA: Ascorbic acid; MTG: Monothioglycerol; RA: Retinoic acid; KO serum: Knock out serum (GIBCO™); TGFβ-3: Recombinant human transforming growth factor-β3; TRANS: Transferrine; DEX: Dexamethasone.

colonies of fibroblastoid cells that express several mesenchymal cell markers and can be successfully expanded in
culture. They proposed that umbilical cord/placenta stroma may become an alternative source of MSCs for experimental and clinical needs[43]. Scaffolds provide a template
for cell distribution, growth, differentiation and extracellular matrix accumulation in three dimensions. Recent
studies[44,45] have demonstrated the potential of scaffolding to enhance articular cartilage repair both in vitro and
in vivo. Kao et al[46] demonstrated that chemically synthesized thermoreversible gelation polymer provided a
competent three-dimensional culture environment for
cord blood MSCs to differentiate into chondrocytes and
may prove to be clinically useful to induce chondrogenic
differentiation of MSCs from cord blood for cartilage repair. Although bone marrow was the first reported source
to contain MSCs, obtaining and utilizing these MSCs is
not always practical due to the very invasive technique
required for drawing them and the decline in cell number
and differentiation capability with increasing age.
Mononuclear cells derived from human umbilical
cord blood and obtained by a negative immunoselection
technique exhibited either osteoclast-like or mesenchymal-like phenotypes[47]. However, these cells were able to
produce homogeneous populations of MSCs displaying
a fibroblast-like morphology while expressing mesenchyme-related antigens and showing differentiation capability for osteoblastic and early chondroblastic lineages.
This study by Barachini et al[47] is one of the few investi-
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gating human umbilical cord blood-derived MSC growth
and differentiation on three-dimensional scaffolds. The
potential applications in regenerative medicine and tissue engineering of umbilical cord blood-derived MSCs
were illustrated by their ability to grow on biodegradable
microfiber meshes and their capability to differentiate
into mature osteoblasts when cultured inside human
plasma clots; this suggests their potential applications in
orthopedic surgery. In a 6 wk study by Wang et al[48], a
comparison of chondrogenic differentiation of human
bone marrow MSCs and human umbilical cord MSCs in
a three-dimensional scaffold was conducted for the first
time. Cells were seeded on polyglycolic acid scaffolds at
25 M cells/mL and cultured in identical conditions. Cell
proliferation, biosynthesis and chondrogenic differentiation were assessed at weeks 0, 3 and 6 after seeding. The
authors concluded that human umbilical cord MSCs
might provide a desirable option for use as a mesenchymal cell source for fibrocartilage tissue engineering, based
on the abundant COL1 and aggrecan production of human umbilical cord MSCs in a three-dimensional matrix.
Further investigations of the optimal signals to promote
COL2 production from human umbilical cord MSCs are
necessary for their use in hyaline cartilage engineering.
MSCs from Wharton’s jelly have been shown to be
therapeutic in several pre-clinical animal models for
neurodegenerative disease, cancer, heart disease, etc. The
preclinical work suggested that MSCs from Wharton’s
jelly are therapeutic by mechanisms of trophic rescue and
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Figure 3 Cellular therapy. A: Graphic illustrating the regeneration of a chondral lesion in vitro; B: Wharton’s jelly mesenchymal stem cells (MSCs) growing in vitro in a
human osteochondral punch lesion over 90 d in chondrogenic medium with added transforming growth factor β3. Modified Masson staining shows the MSCs differentiating in the lesion (Magnification 2 ×, 4 × and 20 ×); C: Graphic portraying the technique of intra-articular injection of MSCs into an injured joint to treat lesions in vivo.

immune modulation. MSCs from human Wharton’s jelly
represent a promising source for progenitor cells with the
potential to repair and regenerate solid tissues[49]. Collagenembedded MSCs from Wharton’s jelly have a homogenous
growth pattern as well as a constant expression of growth
factors and extracellular matrix proteins without any negative effects on the epidermal layer, as shown by histology,
electron microscopy, immunohistochemistry and real
time-RT-PCR. These results indicate the necessity for an
organizing a biomaterial-based scaffold to direct stem cell
differentiation, proliferation and paracrine activity, as well
as regulation of extracellular matrix deposition[50,51].
Preliminary in vitro studies done in our group have
shown some degree of differentiation and integration of
MSCs from Wharton’s jelly into a human osteochondral
punch (Figure 3). Further work is needed to determine
whether the Wharton’s jelly MSCs can engraft in vivo over
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the long term and can self-renew cartilage. There are several
studies[52] using acellular umbilical veins seeded with MSCs
from bone marrow to engineer tendon but umbilical cordderived MSCs have not yet been tested for this purpose.
New research studies[53,54] involving the use of new
scaffold materials made from hyaluronic acid, collagen
and other extracellular matrix proteins should be mentioned. These extracellular matrix scaffolds have been
used to create three-dimensional structures for supporting in vitro growth and chondrogenesis of MSCs and their
possible clinical use for the replacement of damaged
joints[51,55-57]. To date, all these studies have utilized only
MSCs from bone marrow and none of them have considered the dangerous aspects of such tissue-like inducting malignancies.
In summary, umbilical cord MSCs are multipotent
stem cells that may serve many therapeutic and biotech-
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nological roles in cartilage repair opportunities. Considering that acquiring umbilical cord derived-MSCs is a non
invasive technique, these cells would appear to be the
ideal candidates for clinical cell-based therapies. It would
appear to be promising news for use in future in vivo
studies and consequently clinical trials for cartilage repair
therapies. Successful in vitro and in vivo differentiation to
several lineages makes these cells an invaluable stem cell
source, deserving further testing as a cellular therapy or
other applications in regenerative medicine.
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2218-5836, DOI: 10.5312) is a monthly peer-reviewed, online, openaccess (OA), journal supported by an editorial board consisting of
122 experts in orthopedics from 30 countries.
The biggest advantage of the OA model is that it provides free,
full-text articles in PDF and other formats for experts and the public without registration, which eliminates the obstacle that traditional
journals possess and usually delays the speed of the propagation
and communication of scientific research results. The open access
model has been proven to be a true approach that may achieve the
ultimate goal of the journals, i.e. the maximization of the value to
the readers, authors and society.

Aims and scope
The aim of WJO is to report rapidly new theories, methods and
techniques for prevention, diagnosis, treatment, rehabilitation and
nursing in the field of orthopedics. WJO covers diagnostic imaging,
arthroscopy, evidence-based medicine, epidemiology, nursing, sports
medicine, therapy of bone and spinal diseases, bone trauma, osteoarthropathy, bone tumors and osteoporosis, minimally invasive therapy,
traditional medicine, and integrated Chinese and Western medicine.
The journal also publishes original articles and reviews that report
the results of applied and basic research in fields related to orthopedics, such as immunology, physiopathology, cell biology, pharmacology, medical genetics, and pharmacology of Chinese herbs.

Maximization of personal benefits
The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist,
and build an important bridge for communication between scientists and the public. As we all know, the significance of the publication of scientific articles lies not only in disseminating and communicating innovative scientific achievements and academic views,
as well as promoting the application of scientific achievements, but
also in formally recognizing the “priority” and “copyright” of innovative achievements published, as well as evaluating research performance and academic levels. So, to realize these desired attributes
of WJO and create a well-recognized journal, the following four
types of personal benefits should be maximized. The maximization
of personal benefits refers to the pursuit of the maximum personal
benefits in a well-considered optimal manner without violation of
the laws, ethical rules and the benefits of others. (1) Maximization
of the benefits of editorial board members: The primary task of
editorial board members is to give a peer review of an unpublished
scientific article via online office system to evaluate its innovativeness, scientific and practical values and determine whether it should
be published or not. During peer review, editorial board members
can also obtain cutting-edge information in that field at first hand.
As leaders in their field, they have priority to be invited to write
articles and publish commentary articles. We will put peer reviewers’ names and affiliations along with the article they reviewed in
the journal to acknowledge their contribution; (2) Maximization of
the benefits of authors: Since WJO is an open-access journal, readers around the world can immediately download and read, free of
charge, high-quality, peer-reviewed articles from WJO official website, thereby realizing the goals and significance of the communication between authors and peers as well as public reading; (3) Maximization of the benefits of readers: Readers can read or use, free of
charge, high-quality peer-reviewed articles without any limits, and
cite the arguments, viewpoints, concepts, theories, methods, results,
conclusion or facts and data of pertinent literature so as to validate the innovativeness, scientific and practical values of their own
research achievements, thus ensuring that their articles have novel
arguments or viewpoints, solid evidence and correct conclusion;
and (4) Maximization of the benefits of employees: It is an iron law
that a first-class journal is unable to exist without first-class editors,
and only first-class editors can create a first-class academic journal.
We insist on strengthening our team cultivation and construction so
that every employee, in an open, fair and transparent environment,
could contribute their wisdom to edit and publish high-quality articles, thereby realizing the maximization of the personal benefits
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Columns
The columns in the issues of WJO will include: (1) Editorial: To
introduce and comment on major advances and developments in
the field; (2) Frontier: To review representative achievements, comment on the state of current research, and propose directions for
future research; (3) Topic Highlight: This column consists of three
formats, including (A) 10 invited review articles on a hot topic, (B)
a commentary on common issues of this hot topic, and (C) a commentary on the 10 individual articles; (4) Observation: To update
the development of old and new questions, highlight unsolved
problems, and provide strategies on how to solve the questions;
(5) Guidelines for Basic Research: To provide Guidelines for basic
research; (6) Guidelines for Clinical Practice: To provide guidelines
for clinical diagnosis and treatment; (7) Review: To review systemically progress and unresolved problems in the field, comment on
the state of current research, and make suggestions for future work;
(8) Original Articles: To report innovative and original findings in
orthopedics; (9) Brief Articles: To briefly report the novel and innovative findings in orthopedics; (10) Case Report: To report a rare or
typical case; (11) Letters to the Editor: To discuss and make reply to
the contributions published in WJO, or to introduce and comment
on a controversial issue of general interest; (12) Book Reviews: To
introduce and comment on quality monographs of orthopedics; and
(13) Guidelines: To introduce consensuses and guidelines reached
by international and national academic authorities worldwide on the
research orthopedics.
Name of journal
World Journal of Orthopedics
ISSN
ISSN 2218-5836 (online)
Published by
Baishideng Publishing Group Co., Limited

SPECIAL STATEMENT

All articles published in this journal represent the viewpoints of the
authors except where indicated otherwise.
Biostatistical editing
Statisital review is performed after peer review. We invite an expert
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Instructions to authors
in Biomedical Statistics from to evaluate the statistical method used
in the paper, including t-test (group or paired comparisons), chisquared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
etc. The reviewing points include: (1) Statistical methods should
be described when they are used to verify the results; (2) Whether
the statistical techniques are suitable or correct; (3) Only homogeneous data can be averaged. Standard deviations are preferred to
standard errors. Give the number of observations and subjects (n).
Losses in observations, such as drop-outs from the study should be
reported; (4) Values such as ED50, LD50, IC50 should have their
95% confidence limits calculated and compared by weighted probit
analysis (Bliss and Finney); and (5) The word ‘significantly’ should
be replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page, Abstract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Legends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
put onto our website accepted manuscripts. Authors should follow
the relevant guidelines for the care and use of laboratory animals
of their institution or national animal welfare committee. For the
sake of transparency in regard to the performance and reporting of
clinical trials, we endorse the policy of the ICMJE to refuse to publish papers on clinical trial results if the trial was not recorded in a
publicly-accessible registry at its outset. The only register now available, to our knowledge, is http://www.clinicaltrials.gov sponsored
by the United States National Library of Medicine and we encourage all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified. A
letter of recommendation from each author’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.
Authors should retain one copy of the text, tables, photographs
and illustrations because rejected manuscripts will not be returned
to the author(s) and the editors will not be responsible for loss or
damage to photographs and illustrations sustained during mailing.

Conflict-of-interest statement
In the interests of transparency and to help reviewers assess any potential bias, WJO requires authors of all papers to declare any competing commercial, personal, political, intellectual, or religious interests
in relation to the submitted work. Referees are also asked to indicate any potential conflict they might have reviewing a particular
paper. Before submitting, authors are suggested to read “Uniform
Requirements for Manuscripts Submitted to Biomedical Journals:
Ethical Considerations in the Conduct and Reporting of Research:
Conflicts of Interest” from International Committee of Medical
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html.
Sample wording: [Name of individual] has received fees for serving as a speaker, a consultant and an advisory board member for [names
of organizations], and has received research funding from [names of
organization]. [Name of individual] is an employee of [name of organization]. [Name of individual] owns stocks and shares in [name of
organization]. [Name of individual] owns patent [patent identification
and brief description].

Online submissions
Manuscripts should be submitted through the Online Submission
System at: http://www.wjgnet.com/2218-5836office. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS
TO AUTHORS (http://www.wjgnet.com/2218-5836/g_info_
20100722172650.htm) before attempting to submit online. For
assistance, authors encountering problems with the Online Submi
ssion System may send an email describing the problem to wjo@
wjgnet.com, or by telephone: +86-10-85381892. If you submit your
manuscript online, do not make a postal contribution. Repeated
online submission for the same manuscript is strictly prohibited.

Statement of informed consent
Manuscripts should contain a statement to the effect that all human
studies have been reviewed by the appropriate ethics committee
or it should be stated clearly in the text that all persons gave their
informed consent prior to their inclusion in the study. Details that
might disclose the identity of the subjects under study should be
omitted. Authors should also draw attention to the Code of Ethics
of the World Medical Association (Declaration of Helsinki, 1964,
as revised in 2004).

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must be
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample margins.
Style should conform to our house format. Required information for
each of the manuscript sections is as follows:

Statement of human and animal rights
When reporting the results from experiments, authors should follow the highest standards and the trial should conform to Good
Clinical Practice (for example, US Food and Drug Administration
Good Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines Research Council Guidelines for Good Clinical Practice in
Clinical Trials) and/or the World Medical Association Declaration
of Helsinki. Generally, we suggest authors follow the lead investigator’s national standard. If doubt exists whether the research was
conducted in accordance with the above standards, the authors
must explain the rationale for their approach and demonstrate that
the institutional review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional review board.
If human participants were involved, manuscripts must be accompanied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any personal item or information will not be published without explicit consents from the involved patients. If experimental animals were used,
the materials and methods (experimental procedures) section must
clearly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.

WJO|www.wjgnet.com

Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should be
provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by International Committee of Medical Journal
Editors, based on (1) substantial contributions to conception and
design, acquisition of data, or analysis and interpretation of data; (2)
drafting the article or revising it critically for important intellectual
content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3.
Institution: Author names should be given first, then the complete name of institution, city, province and postcode. For example, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
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Instructions to authors
Text
For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRODUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both. The main text format of these sections, editorial,
topic highlight, case report, letters to the editors, can be found at:
http://www.wjgnet.com/2218-5836/g_info_list.htm.

Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions, for
example, George Sgourakis, Department of General, Visceral, and
Transplantation Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red Cross
Hospital, Athens 15451, Greece
Author contributions: The format of this section should be: Author
contributions: Wang CL and Liang L contributed equally to this work;
Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu XM designed
the research; Wang CL, Zou CC, Hong F and Wu XM performed the
research; Xue JZ and Lu JR contributed new reagents/analytic tools;
Wang CL, Liang L and Fu JF analyzed the data; and Wang CL, Liang
L and Fu JF wrote the paper.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustrator files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the legend rather than on the bar itself. File names should identify the figure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For example: Figure 1 Pathological changes in atrophic gastritis after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle
to publish high resolution-figures for the printed and E-versions.

Supportive foundations: The complete name and number of sup
portive foundations should be provided, e.g. Supported by National
Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province,
country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name and
email address. For example, Montgomery Bissell, MD, Professor of
Medicine, Chief, Liver Center, Gastroenterology Division, University
of California, Box 0538, San Francisco, CA 94143, United States.
montgomery.bissell@ucsf.edu
Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number, e.g.
Telephone: +86-10-59080039 Fax: +86-10-85381893

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table.
Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one horizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in WJO, reviewers
of accepted manuscripts will be announced by publishing the
name, title/position and institution of the reviewer in the footnote
accompanying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong
University, Shanghai, China; Professor Xin-Wei Han, Department
of Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan
University, Chengdu, Sichuan Province, China.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP <
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted).
If there are other series of P values, cP < 0.05 and dP < 0.01 are
used. A third series of P values can be expressed as eP < 0.05
and fP < 0.01. Other notes in tables or under illustrations should
be expressed as 1F, 2F, 3F; or sometimes as other symbols with a
superscript (Arabic numerals) in the upper left corner. In a multicurve illustration, each curve should be labeled with ●, ○, ■, □, ▲,
△, etc., in a certain sequence.

Abstract
There are unstructured abstracts (no more than 256 words) and
structured abstracts (no more than 480). The specific requirements
for structured abstracts are as follows:
An informative, structured abstracts of no more than 480 words
should accompany each manuscript. Abstracts for original contributions should be structured into the following sections. AIM (no
more than 20 words): Only the purpose should be included. Please
write the aim as the form of “To investigate/study/…”; MATERIALS AND METHODS (no more than 140 words); RESULTS (no
more than 294 words): You should present P values where appropriate and must provide relevant data to illustrate how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no
more than 26 words).

Acknowledgments
Brief acknowledgments of persons who have made genuine contributions to the manuscript and who endorse the data and conclusions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.

REFERENCES

Coding system
The author should number the references in Arabic numerals
according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated
with increased intestinal permeability[1,2]”. If references are cited
directly in the text, they should be put together within the text, for
example, “From references[19,22-24], we know that...”.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
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Instructions to authors
Issue with no volume
8
Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthop
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
97/00003086-200208000-00026]
No volume or issue
9
Outreach: Bringing HIV-positive individuals into care. HRSA
Careaction 2002; 1-6 [PMID: 12154804]

When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.
PMID and DOI
Pleased provide PubMed citation numbers to the reference list,
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.crossref.
org/SimpleTextQuery/, respectively. The numbers will be used in
E-version of this journal.

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary system.
9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March of
Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza's computational effort statistic for genetic programming. In: Foster JA,
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic
programming. EuroGP 2002: Proceedings of the 5th European Conference on Genetic Programming; 2002 Apr 3-5;
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning
tool assembly. United States patent US 20020103498. 2002 Aug
1

Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed with
the initial letter capitalized, followed by their abbreviated first
and middle initials. (For example, Lian-Sheng Ma is abbreviated
as Ma LS, Bo-Rong Pan as Pan BR). The title of the cited article
and italicized journal title (journal title should be in its abbreviated
form as shown in PubMed), publication date, volume number (in
black), start page, and end page [PMID: 11819634 DOI: 10.3748/
wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, BoRong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.
Format
Journals
English journal article (list all authors and include the PMID where applicable)
1
Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative contrast harmonic imaging to assess malignancy of liver tumors:
A prospective controlled two-center study. World J Gastroenterol
2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/wjg.13.
6356]
Chinese journal article (list all authors and include the PMID where applicable)
2
Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3
Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Natl Acad Sci USA
2006; In press
Organization as author
4
Diabetes Prevention Program Research Group. Hypertension, insulin, and proinsulin in participants with impaired glucose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462
PMCID:2516377 DOI:10.1161/01.HYP.0000035706.28494.
09]
Both personal authors and an organization as author
5
Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. J Urol
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.ju.
0000067940.76090.73]
No author given
6
21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7
Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: S93-99 [PMID: 12028325 DOI:10.1046/
j.1526-4610.42.s2.7.x]
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Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as
2
χ (in Greek), related coefficient as r (in italics), degree of freedom
as υ (in Greek), sample number as n (in italics), and probability as P (in
italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic
numerals such as 23, 243, 641 should be read 23 243 641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/2218-5836/
g_info_20100724204625.htm.
Abbreviations
Standard abbreviations should be defined in the abstract and on first
mention in the text. In general, terms should not be abbreviated
unless they are used repeatedly and the abbreviation is helpful to
the reader. Permissible abbreviations are listed in Units, Symbols

IV

June 18, 2011|Volume 2|Issue 6|

Instructions to authors
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Editorial Office
World Journal of Orthopedics
Editorial Department: Room 903, Building D,
Ocean International Center,
No. 62 Dongsihuan Zhonglu,
Chaoyang District, Beijing 100025, China
E-mail: wjo@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-5908-1630
Fax: +86-10-8538-1893

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Language evaluation
The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor language polishing; (3) Grade C: a great deal of language polishing
needed; and (4) Grade D: rejected. Revised articles should reach
Grade A or B.

Examples for paper writing
Editorial: http://www.wjgnet.com/2218-5836/g_info_201007
23140942.htm
Frontier: http://www.wjgnet.com/2218-5836/g_info_201007
23141035.htm

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/2218-5836/g_info_20100724204516.htm.

Topic highlight: http://www.wjgnet.com/2218-5836/g_info_2010
0723141239.htm

Responses to reviewers
Please revise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wjgnet.com/2218-5836/
g_info_20100724204306.htm.

Observation: http://www.wjgnet.com/2218-5836/g_info_201007
23141532.htm
Guidelines for basic research: http://www.wjgnet.com/2218-5836/
g_info_20100723142040.htm

Proof of financial support
For paper supported by a foundation, authors should provide a
copy of the document and serial number of the foundation.

Guidelines for clinical practice: http://www.wjgnet.com/22185836/g_info_20100723142248.htm

Links to documents related to the manuscript
WJO will be initiating a platform to promote dynamic interactions between the editors, peer reviewers, readers and authors. After a manuscript is published online, links to the PDF version of the submitted
manuscript, the peer-reviewers’ report and the revised manuscript will
be put on-line. Readers can make comments on the peer reviewer’s
report, authors’ responses to peer reviewers, and the revised manuscript. We hope that authors will benefit from this feedback and be
able to revise the manuscript accordingly in a timely manner.

Review: http://www.wjgnet.com/2218-5836/g_info_201007
23145519.htm
Original articles: http://www.wjgnet.com/2218-5836/g_info_2010
0723145856.htm
Brief articles: http://www.wjgnet.com/2218-5836/g_info_201007
23150253.htm
Case report: http://www.wjgnet.com/2218-5836/g_info_201007
23150420.htm

Science news releases
Authors of accepted manuscripts are suggested to write a science
news item to promote their articles. The news will be released rapidly at EurekAlert/AAAS (http://www.eurekalert.org). The title for
news items should be less than 90 characters; the summary should
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