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Abstract
Massive segmental bone loss due to chronic osteomy-
elitis represents a considerable challenge to orthopedic 
surgeons and is a limb threatening condition. The only 
option available in such a clinical situation is segment 
transport using the Ilizarov technique of distraction os-
teogenesis; yet the most common problem in cases of 
bone transport with the Ilizarov technique in massive 
bone loss, is the long duration of the fixator. In addition 
to autologous bone grafting, several mechanical, bio-
logic, and external physical treatment modalities may 
be employed to promote bone formation and matura-
tion during segment transport in osteomyelitis patients. 
Mechanical approaches include compressive loading of 
the distraction regenerate, increased frequency of small 
increments of distraction, and compression-distraction. 
Intramedullary nailing and hemicorticotomy can reduce 
the time in external fixation; however, these techniques 
are associated with technical difficulties and complica-
tions. Exogenous application of low-intensity pulsed ul-
trasound or pulsed electromagnetic fields may shorten 
the duration of external fixation. Other promising mo-

dalities include diphosphonates, physician-directed use 
(off-label use) of bone morphogenetic proteins, and 
local injection of bone marrow aspirate and platelet gel 
at the osteotomy site. Well-designed clinical studies are 
needed to establish safe and effective guidelines for 
various modalities to enhance new bone formation dur-
ing distraction osteogenesis after segment transfer.

© 2011 Baishideng. All rights reserved.

Key words: Ilizarov; Bone infection; Intramedullary 
nail; Hemicorticotomy; Tibiofibular synostosis; Fibular 
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INTRODUCTION
Musculoskeletal infections remain a common problem. 
The treatment strategy for chronic osteomyelitis has 
changed to a great extent over the past twenty years[1] be-
cause of  better staging systems, developments in surgical 
techniques, antibiotics and adjuvant treatment modalities 
such as hyperbaric oxygen. Chronic osteomyelitis leads 
to necrosis of  bone and soft tissues to a variable extent. 
The dead bone forms a nidus for hosting pathogens. 
Moreover, host defense mechanisms are often not in an 
optimal condition to deal with microorganisms, and an-
tibiotic delivery to the infection site may be impaired be-
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cause of  poor circulation[2]. Cierny et al[3] classified chron-
ic osteomyelitis into four anatomical types, a system that 
is known as the Cierny-Mader classification, and further 
staged the pathology according to the extent of  the local 
and systemic compromise in the patient. They developed 
guidelines for management according to this system.

Appropriate radical debridement requires excision of  
all necrotic bone and soft tissue, often resulting in limb 
instability. The unstable situation requires some type of  
fixation and reconstruction of  the resultant bone and 
soft-tissue defects. Since the introduction of  distraction 
osteogenesis by Ilizarov, the technique has been em-
ployed successfully to achieve union, correct deformity, 
reestablish limb-length equality, and reconstruct segmen-
tal defects[4]. The time spent in an external fixator (the 
external fixation index) depends on the length of  distrac-
tion required and is not free of  complications. When the 
distraction phase is over, the consolidation phase, which 
is more than double the distraction time, becomes diffi-
cult for the patient to tolerate. It is associated with many 
complications such as pin-track infection, angulation; 
post operative scarring, loosening of  the frame, malalign-
ment and stiffness of  the knee and ankle joints. Removal 
of  the external fixator before satisfactory consolidation 
has occurred is associated with fracture, deformity, and 
shortening occurring through the distracted callus[5]. To 
shorten the duration of  an Ilizarov external fixator in 
management of  tibial bone loss, there are different mo-
dalities to enhance bone regeneration during the distrac-
tion osteogenesis. These modalities include mechanical 
stimulation of  the regenerate, new surgical techniques,  
exogenous application of  low-intensity pulsed ultrasound 
(LIPU) or pulsed electromagnetic fields (PEMFs), local 
injection of  bone morphogenetic protein (BMP), plurip-
otent stem cells, and platelet-rich plasma (PRP). Anticata-
bolic agents, such as diphosphonates, may also be used. 

BIOLOGY OF DISTRACTION 
OSTEOGENESIS
Three phases of distraction osteogenesis
Distraction osteogenesis (DO) consists of  three sequen-
tial phases that can be controlled by the surgeon.  Latency 
phase is that period immediately following the osteotomy 
and application of  the distractor; it ranges from one 
to seven days. After the latency phase is the distraction 
phase. During this phase, the distraction device is activat-
ed by turning some type of  axial screw, usually at 1 mm/d  
in four equal increments of  0.25 mm each, to form the 
regenerate. Once distraction is complete, the third and 
final phase is the consolidation phase. Typically, the con-
solidation phase, in which the regenerate will consolidate 
to form a solid bone, is twice as long as the time required 
for distraction. The regeneration of  new bone formation 
is increased with low-energy osteotomy or corticotomy, 
preferably during the latency phase, and is dependent on 
patient age as well as the quality of  the underlying bone 

and surrounding soft-tissue envelope. Duration of  three 
to ten days is recommended following osteotomy with 
apposed bone ends[6]. The local inflammatory response, 
which consists of  migration of  pluripotential cells with 
a rich milieu of  cytokines and growth factors, facilitates 
new bone formation during the distraction phase. In this 
phase, the osteotomized fragments are gradually pulled 
apart, typically at a rate of  1 mm/d in two to four evenly 
spaced time increments. This specific rate and frequency 
of  distraction is crucial for reliable generation of  new 
bone in the distraction gap and for adaptive changes and 
growth in the surrounding soft tissues, including skin, 
muscles, nerves, blood vessels and the lymphatic system. 
In the consolidation phase, the regenerate in the distrac-
tion gap matures into normal bone that can withstand 
physiologic loads and remodels over time. In general, the 
consolidation phase is twice as long as the distraction 
phase.

The external fixation index denotes the number of  
days the external fixator is attached to the bone per cen-
timeter of  length gained. Using conventional Ilizarov 
fixation, this index is typically thirty days per centimeter 
of  length gained; however, the rate differs based on vari-
ables such as patient age, osteotomy site and amount of  
lengthening[7,20].

The bone healing index is the time to bony union in 
months, divided by the amount of  lengthening in centi-
meters. Attempts to accelerate the distraction phase can 
negatively affect the quality of  bone formation, as well as 
limb function, secondary to the effect of  acceleration on 
neurovascular and musculotendinous structures.

However, several modalities have been used to short-
en the consolidation phase of  distraction osteogenesis 
thereby improving these indices.

Histology
The regenerate that fills the distraction gap is formed via 
intramembranous ossification. In the distraction phase, 
the regenerate between the two osteotomized fragments 
has a distinct histologic appearance, with five recogniz-
able zones. The central fibrous inter-zone measures 4 
to 8 mm in length, with immature collagen bundles and 
fibroblast-like cells arranged parallel to the distraction 
force. The fibrous inter-zone is bordered on either side 
by the primary mineralization front, in which clusters of  
osteoblast-like cells produce an osteoid-like matrix that 
consolidates the collagen into longitudinal microcolumns 
surrounded by capillary buds. The zone of  microcolumn 
formation rests between the native bone of  the osteoto-
mized fragment and the primary mineralization front. 
The primary bone units begin to mineralize in this zone, 
expanding to a maximum diameter of  150 to 200 μm[6]. 
The primary bone units cross-link with other units that 
are surrounded by vascular sinusoids and span the cross-
section of  the distraction gap.

During the consolidation phase, the primary miner-
alization front traverses the fibrous inter-zone, followed 
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by the zone of  microcolumn formation. In this way, the 
distraction gap is replaced by mature bone that remod-
els with formation of  the medullary canal and distinct 
cortices, in accordance with Wolff ’s law. Endochondral 
bone formation has been noted in experimental models 
of  DO, in which new bone formation is delayed second-
ary to poor blood supply or lack of  stable external fixa-
tion[6,20].

RADIOGRAPHIC ASSESSMENT OF BONE 
FORMATION
A valid and reliable means of  assessing the quality of  
new bone formation during DO is essential. Imaging 
techniques such as ultrasonography[8] and quantitative 
bone scintigraphy[9] have been investigated. However, 
plain radiography is used mainly in assessing the quality 
and quantity of  distraction regenerate.

Pattern recognition of  the radiographic appearance 
of  new bone formation has typically been used to make 
clinical decisions regarding the rate of  distraction, ad-
vancement of  weight-bearing status and scheduling the 
removal of  external fixation. Poor healing is suggested 
by delayed radiographic appearance of  bone formation 
(i.e. > 30 d postosteotomy), multiple radiolucencies in the 
distraction regenerate, axial deviation of  the regenerate, 
which is suggestive of  suboptimal mechanical stability; 
and hourglass configuration of  the regenerate[10,11]. At-
tempts have been made based on plain radiographic ap-
pearance to classify the shape, consistency and polarity 
of  bone regenerate during limb lengthening. Surgeon’s 
experience with limb lengthening and use of  digital image 
enhancement techniques can improve the reliability and 
accuracy of  radiographic assessment of  bone formation 
during DO[12,20]. 

RISK FACTORS FOR POOR BONE 
FORMATION
Poor bone formation with prolonged external fixation 
and bone healing indices can take a physical, emotional, 
and financial toll on patients. A weak regenerate may not 
withstand physiologic loads and is prone to deformation 
and fracture following removal of  the external fixator[13]. 
Several factors can affect the volume and quality of  bone 
formation negatively during distraction osteogenesis, in-
cluding advanced age and a diaphyseal lengthening site. 
Adequate blood supply and mechanical stability are cru-
cial to the formation of  a healthy regenerate. Two clinical 
studies indicated fracture rates of  8.1% and 9.4% in adult 
and pediatric patients respectively who underwent limb 
lengthening with external fixation for a variety of  diagno-
ses[14].

Predisposition to poor bone formation can be attrib-
uted to host-related factors as well as local and iatrogenic 
causes. Host-related factors include use of  non-steroidal 
anti-inflammatory drugs, smoking, congenital etiology,  

and systemic illness (e.g. diabetes).
Local predisposing factors include a scarred soft-

tissue envelope, overlying infection and prior radiation 
therapy; as well as deformities such as congenital pseud-
arthrosis of  the tibia. Iatrogenic causes include compro-
mised soft-tissue coverage at the osteotomy site, resulting 
from poor location selection; suboptimal osteotomy 
technique (e.g. thermal necrosis resulting from use of  an 
oscillating saw); a persistent gap > 1 cm at the osteotomy 
site during the latency phase; application of  a mechani-
cally unstable frame configuration; a short latency phase 
(< 5 d); and rapid distraction (> 2 mm/d). A recent study 
of  patients undergoing tibial lengthening noted the bio-
logic superiority of  Gigli saw osteotomy, especially in the 
presence of  osteopenia[15,20].

MODALITIES FOR ENHANCING BONE 
FORMATION
There are different methods for improving the quality of  
regenerate during the consolidation phase; and removing 
the external fixators after the end of  distraction phase 
during segment transfer.

Mechanical modulation
Controlled, repetitive axial loading of  healing fractures 
can stimulate callus formation and accelerate restoration 
of  bone strength. Animal data exist to support the use of  
various means of  modulating loading of  the distraction 
regenerate (e.g. early weight bearing, temporary distrac-
tion, compression following osteotomy, dynamization fol-
lowing callus distraction). However, there are limited data 
regarding the effects of  alteration of  mechanical load on 
bone healing in humans[16,41]. Increasing the frequency of  
distraction while decreasing the amount of  lengthening 
at each interval, whether manually[16], or with a motorized 
distractor, may improve bone formation and shorten the 
external fixation index. In a study of  elderly patients with 
medial compartment osteoarthritis and hemicallotasis 
of  the proximal tibia, Mizuta et al[17,20] reported increased 
bone mineral density and a shorter period of  external 
fixation in patients who underwent distraction at a rate of  
0.125 mm eight times per day (total, 1 mm/d), compared 
with those who underwent distraction at the standard fre-
quency of  0.25 mm four times per day.

Surgical techniques
Technical variations on the conventional Ilizarov method 
have been developed with the goal of  reducing the dura-
tion of  external fixation or eliminating its use. New tech-
niques include: segment transport over an intramedullary 
(IM) nail; segment transport followed by nailing; hemi-
corticotomy; tibiofibular synostosis; and fibular transport. 
These techniques are not without risk, and they may not 
be appropriate in patients with a history of  local infec-
tion. Although these methods decrease the external fixa-
tion index, protect against refracture, and promote faster 
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rehabilitation, they have not been shown to improve the 
bone healing index consistently. Other disadvantages 
include: the possibility of  IM infection; the potential for 
customized instrumentation; increased surgical time, and 
excessive blood loss; additional surgery for removal of  
deep hardware; added cost; and a steep learning curve.

Hemicorticotomy[18]: After primary management which 
comprises debridement, excision of  the sinus in the inci-
sion, and removal of  the anterior half  of  the tibial cortex 
and any sequestrum, leaving the posterior cortex intact 
in its vascular muscle bed. Later, when the condition of  
the surgical wound allows, a partial corticotomy is per-
formed of  the anterior aspect of  the tibia adjacent to 
the area from which bone has been removed. The hemi-
corticotomy starts with a skin incision allowing a postero-
medial approach to the tibia. The incision is deepened to 
expose the anteromedial surface of  the tibia. The tibial 
periosteum is incised 1 cm anterior to the posterior tibial 
cortex, and periosteal stripping is avoided, multiple drill 
holes in an L-shaped configuration are then made, con-
nected using an osteotome to separate the anterior half  
of  the tibia from the posterior half  (Figure 1), the hemi-
corticotomy is secured by using half  pins, wires or both 
(Figure 2), and then gradual segment transfer is made to 
fill the defect[18].

Hemicorticotomy is indicated in chronic osteomy-

elitis involving the anterior tibial cortex with intact and 
healthy posterior cortex, and contraindicated in diffuse 
osteomyelitis involving both anterior and posterior tibial 
cortices.

In our study of  twenty patients with chronic os-
teomyelitis of  the tibia hemicorticotomy and transfer 
by Ilizarov was performed. Of  these patients 19 had 
complete healing of  infection and the discharging sinus. 
Radiography confirmed consolidation of  the new bone. 
The external fixator remained in place in 11 patients until 
full maturation of  the new bone (average duration was 
38 wk). Nine patients asked for removal of  the frame im-
mediately after segment transfer had been completed fol-
lowed by a below knee cast for average period of  18 wk 
(Figure 3).

The technique did not work in one patient, whose 
sinus continued to discharge for 8 wk after surgery. As 
this was thought due to persistent infection related to in-
sufficient removal of  infected dead bone, segment trans-
fer was discontinued and the transferred segment was 
returned to its original site. This was followed by another 
operation with complete excision of  the segment with 
the suspected infection and classic segment transfer.

Ilizarov external fixation and then nailing: The plan 
consists of: segment transfer to reconstruct the defect 
resulting from the radical debridement; achievement of  
limb length equality, and deformity correction; use of  
Ilizarov external fixator frame; corticotomy of  the tibia is 
performed in relatively normal bone; postoperative intra-
venous antibiotics, specific for culture and sensitivity, are 
given for 6 wk.

Removal of  the external fixator and intramedullary 
fixation is done at 4th wk after finishing segment transfer. 
The 4 wk gap between finishing segment transfer and 
removal of  the external fixator is to: (1) give a chance for 
the irritated skin at the pin site of  segment transfer to 
heal; and (2) the docking site being compressed for some 
time to avoid gapping and decrease risk of  regenerate 
spring-back after removal of  the external fixator.

During nailing, the guide wire for the nail is passed 
gently through the proximal tibia, the soft distraction cal-
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Figure 1  Radiograph shows the hemicorticotomy tibia after surgery.

Figure 2  Radiograph shows the transfer of a hemicorticotomy segment.

Figure 3  Radiograph shows after finishing segment transfer and removal 
of external fixation.
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lus and the transferred bony segment to the distal tibial 
segment, followed by insertion of  the nail. The statically 
locked nail fixes both the corticotomy distraction and the 
docking site while maintaining the length.

Ilizarov fixator followed by intramedullary nailing is 
indicated in infected nonunion of  the tibial shaft, and 
contraindicated in prior intramedullary tibial nail insertion 
(to decrease risk of  infection recurring after nail inser-
tion, because any hidden infected focus along the medul-
lary canal away from the fracture site could be missed in 
the debridement), as well as pin track infection during 
segment transfer[19].

In a study we had 33 patients[19] with infected non-
union of  the tibia managed with segment transfer using 
an Ilizarov fixator; in 17 patients the fixator was replaced 
by nailing after segment transfer was completed.

The average duration of  infected nonunion was  
12.6 mo, in the patients who continued in the fixator 
where the average duration of  the fixator was 8.5 mo; in 
the patients with nailing, the average duration of  the fix-
ator was 3.1 mo.

In the 17 patients with nailing, 15 had complete heal-
ing at the docking site and the corticotomy site with no 
residual infection. In one patient the nail was broken at 
the docking site level after seven weeks; in another there 
was recurrence of  infection over the intramedullary nail.

Segment transfer over an intramedullary nail: The 
technique described involves radical debridement, appli-
cation of  a polymethylmethacrylate spacer with a mono-
planar external fixator, followed by segment transfer us-
ing the Ilizarov technique over an intramedullary nail.

This method is indicated in Cierny-Mader Type ⅣA  
or ⅣB chronic osteomyelitis of  the femoral and tibial 
metaphysis and diaphysis, and contraindicated in Cierny-
Mader type IVC chronic osteomyelitis of  the femoral and 
tibial metaphysis and diaphysis, Cierny-Mader Type Ⅰ, 
Ⅱ, or Ⅲ chronic osteomyelitis of  the femoral and tibial 
metaphysis and diaphysis[3].

In this method there are pitfalls such as: failure to 
achieve radical debridement of  all dead tissue until the ob-
servation of  the so-called paprika sign (live cortical bone); 
failure to determine debridement levels, decision-making 
which is assisted by intravenous contrast-enhanced mag-
netic resonance imaging of  the whole long bone, which 
displays all necrotic tissues and skipped abscesses; failure 
to achieve good soft-tissue coverage of  the debridement 
area which is managed by local or distant soft-tissue flaps; 
failure to include culture-specific, heat-stable antibiotics 
into the polymethylmethacrylate; failure to determine pre-
cisely the length and diameter of  the intramedullary nail 
to be inserted and the level and number of  custom lock-
ing holes which can be avoided by preoperative use of  
templates and standing orthoradiographs; failure to over-
ream the medullary canal 1.5 mm larger than the diameter 
of  the intramedullary nail to ensure easy gliding of  bone 
segments over the nail; failure to ensure that the inserted 
Schanz screws or Kirschner wires are at least 1 mm away 

from the nail and failure to place the external fixator 
parallel to the intramedullary nail in both the frontal and 
sagittal planes.

In a study done by Eralp et al[21], this technique was 
used for 13 patients, the mean size of  the defect was 7 cm,  
mean time of  union at the docking site was 9 mo. Excel-
lent results, in terms of  both bone and functional assess-
ment, were achieved for 11 patients, 2 patients had recur-
rence of  infection which necessitated removal of  the nail 
and revision with Ilizarov.

Fibular transport: The technique is a gradual ipsilateral 
fibular transport using a stable external fixator based on 
the Ilizarov principles. Proximal and distal fibular oste-
otomies are performed to allow medial translation of  
the central portion of  the fibula. Olive wires with olives 
placed on the lateral aspect of  the ipsilateral fibula are 
used to perform the medial fibular translation. This tech-
nique is indicated in patients with scarce bone regenerate 
obtained with the standard Ilizarov technique to replace 
the massive tibial loss as well as recurrence of  osteomy-
elitis.

Catagni et al[22] used this technique in one patient with 
massive tibial bone loss and previous failed segment 
transfer. The Ilizarov ring fixation time to achieve fibular 
transport and bone union was 11 mo, the patient under-
went additional multiple bone debridement with insertion 
of  antibiotic beads. Using fibular transport, full replace-
ment of  tibial bone loss was obtained.

Physical forces
Two distinct forms of  physical forces have been used to 
enhance DO: LIPU and PEMFs[23].

Low-intensity pulsed ultrasound: Low intensity pulsed 
ultrasound delivers high-frequency, low intensity pres-
sure waves to the maturing distraction regenerate. An 
ultrasound transducer placed on the skin enhances en-
dochondral ossification and callus formation, especially 
in acute fractures of  the distal radius[24] and tibial shaft[25] 

managed with a cast. Most authors recommend Low in-
tensity pulsed ultrasound over the healing fracture site for 
20 min/d. The role of  low intensity pulsed ultrasound in 
distraction osteogenesis is less well defined and is consid-
ered a physician-directed (off-label) application.

In a study of  20 young adults with segmental tibial 
defects who underwent distraction osteogenesis using 
external fixation, 10 underwent low intensity pulsed ultra-
sound applied to the distraction site during the consolida-
tion phase[20,26]. The mean healing index was 30 d per cen-
timeter in the ultrasound group compared with 48 d per 
centimeter in patients treated with rigid fixation (range, 
27 to 36 d/cm and 42 to 75 d/cm, respectively).

Pulsed electromagnetic field: Electromagnetic stimu-
lation is a noninvasive modality that has long been used 
to enhance fracture healing; however, a recent meta-
analysis of  randomized controlled trials revealed incon-
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sistent outcomes[20,27].
A small double blind study of  adolescent patients 

who underwent limb lengthening did not demonstrate a 
difference in the rate or amount of  new bone formation 
in patients treated with an active pulsed electromagnetic 
field coil during distraction compared with control pa-
tients treated with an inactive coil[28]. However, when 
dual-energy X-ray absorptiometry was used to measure 
bone density, patients treated with pulsed electromagnetic 
field were found to have less bone loss adjacent to the 
distraction gap. 

Growth factors and stem cells
A variety of  Bone morphogenic proteins (BMPs) play 
an active role in osteogenesis, including recruitment of  
stem cells, cellular proliferation and differentiation, and 
bone formation. Recombinant BMP-2 and BMP-7 have 
been used primarily in adults as an autograft-substitute 
for single-level spine fusions and certain open tibial shaft 
fractures and nonunions.

Currently, limited information exists on the clinical 
use of  BMPs for distraction osteogenesis in humans.

In 2008, Burkhart et al[29] reported a case study of  a 
19-year-old woman with insufficient bone regeneration 
following tibial transport over an intramedullary nail. The 
patient was successfully treated with exchange reamed 
nailing and intramedullary application of  recombinant 
BMP-7 mixed with reamed debris at the site of  the atro-
phic regenerate. However, several simultaneous interven-
tions were used in this case; thus, the role of  BMPs in 
distraction osteogenesis remains unclear and needs fur-
ther study.

Platelet-rich plasma contains a variety of  osteoinduc-
tive growth factors that may play a role in the proliferation 
and differentiation of  osteoprogenitor cells and thereby 
enhances new bone formation during distraction osteo-
genesis[30]. In a case series, three adolescent patients who 
underwent lower limb lengthening received an injection 
of  culture-expanded bone marrow cells and platelet-rich 
plasma at the site of  lengthening during the distraction 
and consolidation phases. The healing index was 23 days 
per centimeter, with no untoward effects. The same group 
of  investigators applied a similar protocol in the treatment 
of  a group of  teenagers of  short stature secondary to 
achondroplasia and hypochondroplasia who underwent 
lower limb lengthening[31]. Eleven patients (24 bones) were 
treated with transplantation of  culture-expanded bone 
marrow cells and platelet-rich plasma during distraction 
osteogenesis.

These patients had a significantly lower average heal-
ing index compared with nine patients (32 bones) in the 
control group (27.1 ± 6.89 d/cm vs 36.2 ± 10.4 d/cm, 
respectively, P = 0.0005). The osteogenic effect was more 
pronounced with femoral lengthening than with tibial 
lengthening.

Although the initial results of  injection of  culture-ex-
panded bone marrow cells and platelet-rich plasma (PRP) 

at the lengthening site seem encouraging, this treatment 
option requires additional visits to the operating room 
and special equipment, as well as additional training to 
harvest the stem cells. This technique must be studied in 
other patient populations, especially those with typically 
prolonged healing times, to evaluate whether these results 
can be duplicated[20].

Anticatabolic and other agents
Diphosphonates are a family of  anticatabolic agents 
that prevent bone resorption. They may be administered 
orally or systemically. These agents have been used in a 
physician-directed (off-label) capacity in patients with os-
teopenia to reduce the rate of  bone turnover, thereby im-
proving bone mineralization and density. In 2007, Kiely 
et al[20,32] reported that six of  seven children treated with 
parenteral diphosphonates for poor quality of  regenerate 
following DO eventually healed without further interven-
tion. No side effects related to diphosphonates therapy 
were reported. Other anticatabolic agents (e.g. calcitonin) 
may have a role to play in enhancement of  bone forma-
tion during Distraction Osteogenesis.

Several other agents, such as parathyroid hormone[33], 
vitamin D analogs[34], and hyperbaric oxygen[35,36], have 
been studied in animal models of  distraction osteogen-
esis with encouraging results. However, no human study 
of  such therapies is available.

HEALING OF THE DOCKING SITE 
FOLLOWING BONE TRANSPORT
The docking site is prone to delayed healing in distraction 
osteogenesis following gradual transport of  a bony frag-
ment in patients with a skeletal defect. Satisfactory out-
comes without the need for supplemental management 
of  segmental defects of  the tibia following sequestrec-
tomy and bone transport have been reported in children 
with chronic hematogenous osteomyelitis. However, the 
potential exists for impaired bony union. Several options 
are available to minimize external fixation and enhance 
union at the docking site including: autologous bone 
graft; shingling or reshaping of  the bony edges[37]; bifocal 
transport[38]; transport over an intramedullary nail; sec-
ondary intramedullary nailing[39]; and application of  low 
intensity pulsed ultrasound to the docking site[40]. Acute 
shortening following segmental resection with lengthen-
ing using distraction osteogenesis at a distant site in the 
same bone is an effective alternative to the classic bone 
transport technique in some patients with moderate-sized 
skeletal defects[41]. 

CONCLUSION
Distraction osteogenesis is a clinically applicable method 
of  new bone formation based on sound biologic and me-
chanical principles. Appropriate patient selection, surgical 
technique, and rate and frequency of  distraction are im-
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portant prerequisites for the timely formation of  a robust 
distraction regenerate. Several methods can improve the 
rate and quality of  bone formation while decreasing the 
external fixation index during distraction osteogenesis. 
These modalities include: mechanical stimulation; inno-
vative surgical techniques that require a variety of  intra-
medullary nails; exogenous application of  low intensity 
pulsed ultrasonography or electromagnetic fields; and an-
ticatabolic agents (e.g., diphosphonates, local injection of  
certain BMPs, pluripotent stem cells mixed with platelet-
rich plasma). Few clinical studies exist supporting the use 
of  such options.
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March 21-25, 2011
31st Caribbean Orthopaedic 
Meeting, Anse Marcel, Saint Martin

March 28-April 02, 2011
The Association of Children’s 
Prosthetic-Orthotic Clinics 2011 
Annual Meeting, Park City, UT, 
United States

April 01-04, 2011
Ain Shams 2nd Orthopaedic 
intensive course (Orthopaedics from 
A to Z), Cairo, Egypt

April 20-22, 2011
IMUKA 2011: Masterclass in 
Arthroscopy and Related Surgery, 
Maastricht, Netherlands

May 11-14, 2011
2011 POSNA Annual Meeting, 
Montreal, Quebec, Canada

May 12-15, 2011
84th Annual Meeting of the 
Japanese Orthopaedic Association, 
Yokohama, Japan

May 15-19, 2011
8th Biennial ISAKOS Congress 
(International Society of 
Arthroscopy, Knee Surgery and 
Orthopaedic Sports Medicine), Rio 
de Janeiro, Brazil

May 25-28, 2011
16th Pan Arab Orthopedic 
Association Congress & 27th 
SOTCOT Congress, Tunis, Tunisia

June 01-04, 2011
12th EFORT Congress in cooperation 
with the Danish Orthopaedic 
Association (European Federation 

of National Associations of 
Orthopaedics and Traumatology), 
Copenhagen, Denmark

June 08-12, 2011
2011 ABJS Annual Meeting 
(Association of Bone and Joint 
Surgeons), Dublin, Ireland

June 15-18, 2011
11th Annual Meeting of the 
International Society for Computer 
Assisted Orthopaedic Surgery, 
London, United Kingdom

July 07-09, 2011
66th Annual Meeting of the 
Canadian Orthopaedic Association, 
St. John's, Newfoundland and 
Labrador, Canada

July 13-16, 2011
18th International Meeting on 
Advanced Spine Techniques, 
Copenhagen, Denmark

July 22-24, 2011
Sri Sathya Sai International 
Orthopaedic Conference- 2011 
0n Pelvis And Lower Extremity 
Trauma", Sri Sathya Sai Institute 
of Higher Medical Sciences, 
Prasanthigram, Puttaparthi, Andhra 
Pradesh, India

July 25-28, 2011
2011 Update in Orthopaedics, Grand 
Wailea Hotel Resort & Spa,Wailea, 
Maui, Hawaii, United States

September 06-09, 2011

SICOT 2011 XXV Triennial World 
Congress, Prague, Czech Republic

September 13-16, 2011
BOA/IOA Combined 
Meeting(British Orthopaedic 
Association & Irish Orthopaedic 
Association), Dublin, Ireland

September 14-17, 2011
23rd SECEC-ESSSE Congress 
(European Society for Surgery of 
the Shoulder and the Elbow), Lyon, 
France

September 14-17, 2011
46th SRS Annual Meeting & 
Course (Scoliosis Research Society), 
Louisville, Kentucky, United States

September 15-18, 2011
2011 World Congress on 
Osteoarthritis, San Diego, California 
92167, United States

September 21-23, 2011
HIP IMPROVEMENTS AND 
PROCEEDINGS, Toulouse, France

October 25-28, 2011
DKOU 2011-Deutscher Kongress 
für Orthopädie und Unfallchirurgie, 
Berlin, Germany

November 7-11, 2011
86ème Réunion Annuelle SOFCOT, 
Paris, France

December 12-15, 2011
EOA 63rd Annual International 
Conference, Cairo, Egypt
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GENERAL INFORMATION 
World Journal of  Orthopedics (World J Orthop, WJO, online ISSN 
2218-5836, DOI: 10.5312) is a monthly peer-reviewed, online, open-
access (OA), journal supported by an editorial board consisting of  
245 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 pub-
lic 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.

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 scien-
tists and the public. As we all know, the significance of  the publica-
tion of  scientific articles lies not only in disseminating and com-
municating 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  in-
novative achievements published, as well as evaluating research per-
formance 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 innovative-
ness, 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 review-
ers’ 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, read-
ers around the world can immediately download and read, free of  
charge, high-quality, peer-reviewed articles from WJO official web-
site, thereby realizing the goals and significance of  the communica-
tion between authors and peers as well as public reading; (3) Maxi-
mization 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 vali-
date 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 ar-
ticles, thereby realizing the maximization of  the personal benefits 

of  editorial board members, authors and readers, and yielding the 
greatest social and economic benefits.

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, osteoar-
thropathy, 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 orthope-
dics, such as immunology, physiopathology, cell biology, pharmacol-
ogy, medical genetics, and pharmacology of  Chinese herbs.

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, com-
ment 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 com-
mentary 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 systemi-
cally 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 inno-
vative 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), chi-
squared 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 homoge-
neous 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). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any po-
tential bias, WJO requires authors of  all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate 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 serv-
ing 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  or-
ganization]. [Name of  individual] owns stocks and shares in [name of  
organization]. [Name of  individual] owns patent [patent identification 
and brief  description]. 

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).

Statement of human and animal rights
When reporting the results from experiments, authors should fol-
low 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 Medi-
cines 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 investiga-
tor’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 as-
pects 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 accompa-
nied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents 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.

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, Ab-
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. 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 pub-
lish papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored 
by the United States National Library of  Medicine and we encour-
age 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.

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.

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:

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. Au-
thors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the com-
plete name of  institution, city, province and postcode. For ex-
ample, Xu-Chen Zhang, Li-Xin Mei, Department of  Pathology, 
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Instructions to authors

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 Sgoura-
kis, 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.

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

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.

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 contri-
butions 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/…”; MATERI-
ALS AND METHODS (no more than 140 words); RESULTS (no 
more than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no 
more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, 
which reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-
DUCTION, 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. 

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 sepa-
rate 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 Illustra-
tor 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 leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured 
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1  Pathological changes in atrophic gastritis after treat-
ment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle 
to publish high resolution-figures for the printed and E-versions.

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.

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 multi-
curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, 
△, etc., in a certain sequence.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions 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...”.

III September 18, 2011|Volume 2|Issue 9|WJO|www.wjgnet.com



Instructions to authors

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.

Style for journal references
Authors: the name of  the first author should be typed in bold-
faced 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, Bo-
Rong 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 con-
trast 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-diar-
rhoea. 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. Hyperten-

sion, insulin, and proinsulin in participants with impaired glu-
cose 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]

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]

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 
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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 computa-

tional 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 Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5; 
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
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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 
χ2 (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 pres-
sure, 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 formal-
dehyde, 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 
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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.

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.

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

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

Guidelines for clinical practice: http://www.wjgnet.com/2218- 
5836/g_info_20100723142248.htm

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

Letters to the editor: http://www.wjgnet.com/2218-5836/g_info_ 
20100723150642.htm

Book reviews: http://www.wjgnet.com/2218-5836/g_info_201007 
23150839.htm

Guidelines: http://www.wjgnet.com/2218-5836/g_info_201007 
23150924.htm

SUBMISSION OF THE REVISED 
MANUSCRIPTS AFTER ACCEPTED
Please revise your article according to the revision policies of  WJO. 
The revised version including manuscript and high-resolution image 
figures (if  any) should be copied on a floppy or compact disk. The 
author should send the revised manuscript, along with printed high-
resolution color or black and white photos, copyright transfer letter, 
and responses to the reviewers by courier (such as EMS/DHL).
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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 lan-
guage polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A or B.

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

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

Links to documents related to the manuscript 
WJO will be initiating a platform to promote dynamic interactions be-
tween the editors, peer reviewers, readers and authors. After a manu-
script 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 manu-
script. We hope that authors will benefit from this feedback and be 
able to revise the manuscript accordingly in a timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http://www.eurekalert.org). The title for 
news items should be less than 90 characters; the summary should 
be less than 75 words; and main body less than 500 words. Science 
news items should be lawful, ethical, and strictly based on your 
original content with an attractive title and interesting pictures.

Publication fee
WJO is an international, peer-reviewed, Open-Access, online journal. 
Articles published by this journal are distributed under the 
terms of  the Creative Commons Attribution Non-commercial 
License, which permits use, distribution, and reproduction in any 
medium, provided the original work is properly cited, the use is 
non commercial and is otherwise in compliance with the license. 
Authors of  accepted articles must pay a publication fee. The related 
standards are as follows. Publication fee: 1300 USD per article. 
Editorial, topic highlights, original articles, book reviews and letters 
to the editor are published free of  charge.
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