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EDITORIAL

Strategy for prevention of hip fractures in patients with
Parkinson’s disease
Jun Iwamoto, Yoshihiro Sato, Tsuyoshi Takeda, Hideo Matsumoto
Menatetrenone (vitamin K2) decreased serum undercarboxylated osteocalcin concentration, decreased bone
resorption and increased BMD. Sunlight exposure (men
and women), menatetrenone (women), alendronate
and risedronate with vitamin D supplementation (women) significantly reduced the incidence of hip fractures.
The respective RRs (95% confidence intervals) according to the intention-to-treat analysis were 0.27 (0.08,
0.96), 0.13 (0.02, 0.97), 0.29 (0.10, 0.85) and 0.20
(0.06, 0.68). Interventions, including sunlight exposure,
menatetrenone and oral bisphosphonates with vitamin
D supplementation, have a protective effect against hip
fractures elderly patients with Parkinson’s disease.
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Abstract

MFSEM, FRCS (Tr&Ortho), 25 Copenhagen Gardens, London
W4 5NN, United Kingdom

Hypovitaminosis D and K due to malnutrition or sunlight deprivation, increased bone resorption due to immobilization, low bone mineral density (BMD) and an
increased risk of falls may contribute to an increased
risk of hip fractures in patients with Parkinson’s disease.
The purpose of the present study was to clarify the efficacy of interventions intended to prevent hip fractures
in elderly patients with Parkinson’s disease. PubMed
was used to search the literature for randomized controlled trials (RCTs) regarding Parkinson’s disease and
hip fractures. The inclusion criteria were 50 or more
subjects per group and a study period of 1 year or longer. Five RCTs were identified and the relative risk and
95% confidence interval were calculated for individual
RCTs. Sunlight exposure increased serum hydroxyvitamin D [25(OH)D] concentration, improved motor function, decreased bone resorption and increased BMD.
Alendronate or risedronate with vitamin D supplementation increased serum 25(OH)D concentration,
strongly decreased bone resorption and increased BMD.
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INTRODUCTION
Parkinson’s disease is a movement disorder characterized
by tremor, rigidity, akinesia and loss of postural reflexes,
leading to immobility and frequent falls[1,2]. Evidence has
indicated a high incidence of hip fractures in patients
with Parkinson’s disease, with falls being a major cause[3-5].
This is especially true in elderly women and the odds
ratio of hip fractures in elderly women is reported to be
9.4[5,6]. Hip fractures are associated with higher medical
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costs[7]. Functional recovery after hip fractures in patients
with osteoporosis is poor[8-10] and elderly patients have
increased mortality after hip fractures[11]. Thus, strategies
protecting against hip fractures should be established in
elderly patients with Parkinson’s disease.
Hypovitaminosis D and K due to malnutrition or
sunlight deprivation, increased bone resorption due to
immobilization, low bone mineral density (BMD) and
an increased risk of falls may increase the risk of hip
fractures in elderly patients with Parkinson’s disease[12-16].
Hypovitaminosis D is known to increase the risk of falls
in the elderly[17-19]. An immobilization-induced increase in
bone resorption causes hypercalcemia, which may inhibit
the compensatory hyperparathyroidism that otherwise
could occur in response to hypovitaminosis D. Sunlight
exposure, vitamin D and K supplementation, and potent
anti-resorptive drugs are considered to be effective strategies to prevent hip fractures. Recent evidence has shown
the efficacy of interventions protective against hip fractures in elderly patients with Parkinson’s disease[12-16]. The
purpose of the present study was to clarify the efficacy
of these interventions in elderly patients with Parkinson’s
disease by reviewing the literature to date.

Health, Labor and Welfare Ministry of Japan. Calcium
supplementation was not provided in any RCT because
such a therapy could aggravate immobilization-induced
hypercalcemia and decrease renal synthesis of 1,25 dihydroxyvitamin D [1,25(OH)2D]. Vitamin D (ergocalciferol 1000 IU/d) supplementation was provided in three
RCTs for alendronate and risedronate (potent anti-resorptive drugs). During the trials, 4.3%-9.7% of patients
were dropped because of death or intercurrent illness,
noncompliance or loss to follow-up. No severe adverse
events were observed.

EFFICACY OF SUNLIGHT EXPOSURE
AGAINST HIP FRACTURES
Study subjects were men and women. Serum 25(OH)D
concentration, muscle strength, motor function and metacarpal BMD increased in the sunlight exposure group
and decreased in the usual lifestyle group[12]. Urinary deoxypyridinoline concentration decreased in the sunlight
exposure group and increased in the usual lifestyle group.
Respective changes in serum 25(OH)D concentration
were +92.6% and -51.9%. Respective percentage changes
in metacarpal BMD were +3.8% and -2.6%. The RR (95%
CI) for hip fractures in the sunlight exposure group compared with the usual lifestyle group was 0.27 (0.08, 0.95)
for the intent-to-treat (ITT) set and 0.27 (0.08, 0.95) for
the per protocol set (PPS) (Table 2), suggesting a significant reduction in the risk of hip fractures after sunlight
exposure therapy.

LITERATURE SEARCH
PubMed was used to search the literature for randomized
controlled trials (RCTs) of interventions affecting the incidence of hip fractures in patients with Parkinson’s disease.
The following terms were used: Parkinson’s disease and
fracture. The inclusion criteria were 50 or more subjects
per group and a study period of 1 year or longer. NonEnglish papers were excluded.
RCTs showing efficacy of interventions against hip
fractures were identified and the efficacy of interventions
against hip fractures was analyzed using the data from the
RCTs. The relative risk (RR) and 95% confidence interval
(CI) were calculated for individual trials. The statistical
analyses were performed using PC SAS v8.2.

EFFICACY OF MENATETRENONE
AGAINST HIP FRACTURES
Study subjects were women. Serum vitamin K2 concentration increased and serum undercarboxylated osteocalcin
(ucOC) decreased in the menatetrenone group compared
with the non-treatment group [13]. Respective changes
in serum vitamin K2 concentration were +259.8% and
-1.8%. Respective changes in serum ucOC concentration
were -46.7% and +3.3%. Urinary deoxypyridinoline and
serum ionized calcium concentrations decreased, intact
PTH concentrations increased and metacarpal BMD increased in the menatetrenone group compared with the
non-treatment group. Respective percentage changes in
metacarpal BMD were +0.9% and -4.3%. The RR (95%
CI) of hip fractures after menatetrenone treatment compared with non-treatment was 0.13 (0.02, 0.97) for the
ITT set and 0.12 (0.02, 0.93) for the PPS (Table 2), suggesting a significant reduction in the risk for hip fractures
after menatetrenone therapy.

IDENTIFIED RANDOMIZED CONTROLLED
TRIALS
Five RCTs were found dealing with Parkinson’s disease
and hip fractures[12-16]. Table 1 shows the details of the
identified RCTs: one RCT for sunlight exposure, one
RCT for menatetrenone (vitamin K 2), one RCT for
alendronate and two RCTs for risedronate. All of the
RCTs were performed in Japan. The mean ages of the
subjects were 71.3-75.4 years, reflecting studies in the
elderly population. The mean durations of their illness
(Parkinson’s disease) were 4.1-5.1 years. The studies
lasted for 1-2 years. Patients were exposed to sunlight
on 452 clear weather days (3231 min/year) during the
2 year study period. The doses of menatetrenone (45
mg/d), alendronate (5 mg/d) and risedronate (2.5 mg/d
or 17.5 mg/wk) used in the RCTs were approved by the
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EFFICACY OF ALENDRONATE AGAINST
HIP FRACTURES
Study subjects were women. Serum 25(OH)D concentra-
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Table 1 Identified randomized controlled trials of efficacy of interventions against hip fractures in patients with Parkinson’s disease
Number of study subjects
Interventions

Groups

Randomized Dropped out Completed Average Average duration of
age (yr)
illness (yr)

Sunlight exposure[12] Sunlight exposure
(men/women)
Usual lifestyle
menatetrenone[13]
Menatetrenone
(women)
Non-treatment
Daily alendronate[14]
Alendronate
(women)
Placebo
Daily risedronate[15]
Risedronate
(men)
Placebo
Weekly risedronate[16]
Risedronate
(women)
Placebo

162
162
60
60
144
144
121
121
136
136

6
8
4
6
13
15
10
9
10
12

156
154
56
54
131
129
111
112
126
124

Sunlight exposure[12]
Menatetrenone[13]
Alendronate (Daily)[14]
Risedronate (Daily)[15]
Risedronate (Weekly)[16]

Relative risk (95% confidence interval)
ITT set

PPS

0.27 (0.08, 0.96)
0.13 (0.02, 0.97)
0.29 (0.10, 0.85)
0.33 (0.09, 1.20)
0.20 (0.06, 0.68)

0.27 (0.08, 0.95)
0.12 (0.02, 0.93)
0.28 (0.10, 0.83)
0.34 (0.09, 1.21)
0.20 (0.06, 0.66)

ITT: Intention-to-treat, PPS: Per-protocol set.

tion increased, urinary deoxypyridinoline and serum ionized calcium concentrations decreased, and metacarpal
BMD increased in the alendronate + vitamin D supplementation group[14]. Serum 25(OH)D, urinary deoxypyridinoline and serum ionized calcium concentrations
increased, and metacarpal BMD decreased in the placebo
+ vitamin D supplementation group. Respective changes
in serum 25(OH)D concentration were +209.8% and
+209.5%. Respective changes in urinary deoxypyridinoline concentration were -38.1% and +14.0%. Respective
percentage changes in metacarpal BMD were +3.1% and
-2.8%. The RR (95% CI) of hip fractures after alendronate compared with placebo was 0.29 (0.10, 0.85) for the
ITT set and 0.28 (0.10, 0.83) for the PPS (Table 2), suggesting a significant reduction in the risk of hip fractures
after alendronate therapy with vitamin D supplementation.

None

2

None

1

Ergocalciferol (1000 IU/d)

2

Ergocalciferol (1000 IU/d)

2

Ergocalciferol (1000 IU/d)

2

DISCUSSION
The present study clarified the efficacy of interventions (including sunlight exposure, menatetrenone and
oral bisphosphonates with vitamin D supplementation)
protecting against hip fractures in elderly patients with
Parkinson’s disease. Because hypovitaminosis D and K,
increased bone resorption, low BMD and an increased
risk of falls contribute to the risk for hip fractures in
elderly patients with Parkinson’s disease[12-16], these three
interventions were suggested to be reasonable and effective for the management of bone health.
BMD, thickness, porosity and mean degree of mineralization in cortical bone may be important factors
in determining the fracture risk at sites primarily composed of cortical bone such as the proximal femur in
postmenopausal women with osteoporosis[20,21]. Because
most hip fractures occur due to falls, motor function may
also be an important factor in the risk of hip fractures.
Serum 25(OH)D is derived from both dietary intake and
sunlight-induced production by the skin[22,23]. The associations of hypovitaminosis D and vitamin D supplementation with the risk of falls have been confirmed in
elderly persons[17-19]. Sunlight exposure improves hypovi-

EFFICACY OF RISEDRONATE AGAINST
HIP FRACTURES
Study subjects were men for the daily risedronate st
udy and women for the weekly risedronate study[15,16].
Changes in serum 25(OH)D, urinary deoxypyridinoline,
serum ionized calcium concentrations and metacarpal
BMD in the two studies of daily and weekly risedronate
+ vitamin D supplementation (compared with placebo
+ vitamin D supplementation) were similar to those in
the study of alendronate + vitamin D supplementation

WJO|www.wjgnet.com

4.2
4.1
4.8
4.9
5.1
5.1
4.9
4.9
4.8
4.9

Study period
(yr)

(compared with placebo + vitamin D supplementation)
shown above. Respective changes in serum 25(OH)D
concentration were +198.4% to +211.1% and +185.2%
to +198.4%. Respective changes in urinary deoxypyridinoline concentration were -48.2% to -50.4% and +18.3%
to +19.2%. Respective percentage changes in metacarpal
BMD were +2.2% to +3.4% and -2.9% to -3.2%. The
RR (95% CI) of hip fractures after daily risedronate
compared with placebo in men was 0.33 (0.09, 1.20) for
the ITT set and 0.34 (0.09, 1.21) for the PPS (Table 2).
The RR (95% CI) of hip fractures after daily risedronate
compared with placebo in women was 0.20 (0.06, 0.68)
for the ITT set and 0.20 (0.06, 0.66) for the PPS (Table 2).
These results suggested a significant reduction in the risk
for hip fractures after risedronate therapy with vitamin
D supplementation in elderly women with Parkinson’s
disease.

Table 2 Efficacy of interventions against hip fractures in
patients with Parkinson’s disease
Interventions

75.4
75.2
72.3
71.6
72.2
72.2
71.3
71.3
74.4
74.4

Vitamin D
supplementation
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taminosis D, leading to increases in muscle strength and
motor function in men and women. A decrease in bone
resorption induces an increase in cortical BMD. It is documented that cortical BMD correlates positively with serum 25(OH)D concentration, particularly in the subjects
with vitamin D insufficiency[24]. Thus, improvements of
muscle strength, motor function and cortical BMD might
partly contribute to the prevention of hip fractures. Sunlight exposure appears to help prevent hip fractures in
patients with Parkinson’s disease and hypovitaminosis D
due to malnutrition and sunlight deprivation.
Vitamin K deficiency, as indicated by a high serum
ucOC concentration, and low BMD may independently
contribute to the risk for hip fractures in elderly persons[25-27]. Menatetrenone improved hypovitaminosis K,
decreased serum ucOC concentration, improved hypercalcemia and increased cortical BMD by decreasing bone
resorption in women. Experimental studies showed the
anti-resorptive effect of menatetrenone in various osteoporosis model animals[28,29]. A recent report showed that
menatetrenone maintains bone strength of the femoral
neck by improving femoral neck width and maintaining
the indices of compression, bending and impact strength
in healthy postmenopausal women[30]. Thus, improvements of cortical BMD, serum ucOC concentration and
possibly bone geometry of the proximal femur might
have partly contributed to the prevention of hip fractures. Menatetrenone appeared to be effective in preventing hip fractures in patients with Parkinson’s disease and
hypovitaminosis K. However, the magnitude of hip fracture risk reduction was quite high, probably because of
the bias introduced by the use of a small sample size and
the low intake of natto (fermented soy bean), in terms of
severe vitamin K deficiency in the recruited subjects[31].
Alendronate or risedronate with vitamin D supplementation improved hypovitaminosis D, strongly decreased bone resorption, improved hypercalcemia and increased cortical BMD in men or women. Alendronate has
been reported to strongly suppress bone resorption and
improve femoral neck BMD, cortical thickness, cortical
porosity and mean degree of mineralization of bone and
thereby to prevent hip fractures in postmenopausal women with osteoporosis[20,21]. The greater the suppression of
bone turnover and subsequent increase in BMD are, the
better the drugs are at preventing nonvertebral fractures,
including hip fractures[32]. Thus, improvements in the
above parameters resulting from strong suppression of
bone resorption[21] and a decrease in the risk of falls by
vitamin D supplementation[17-19] may partly contribute to
the prevention of hip fractures in women. Alendronate
or risedronate and vitamin D supplementation appear to
be quite effective for preventing hip fractures in women
with Parkinson’s disease and hypovitaminosis D, as well
as increased bone resorption. However, risedronate and
vitamin D supplementation did not significantly reduce
the incidence of hip fractures in men, probably because
of less than adequate statistical power due to the lower
incidence of hip fractures in men (7.4% in the placebo
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+ vitamin D supplementation group) compared with
women (11.0% in the placebo + vitamin D supplementation group).
During the trials, 4.3-9.7% of patients were dropped
because of death or intercurrent illness, noncompliance
or loss to follow-up. However, no severe adverse events
were observed, suggesting the safety of all interventions
(sunlight exposure and pharmacotherapy such as menatetrenone and oral bisphosphonates) in elderly patients
with Parkinson’s disease.
Because patients with Parkinson’s disease are prone to
falls, not only sunlight exposure or vitamin D supplementation, but also hip protectors and exercise aiming at the
prevention of falls may help reduce the incidence of hip
fractures. However, exercise therapy may be difficult for
patients with very advanced Parkinson’s disease. Further
studies are needed to confirm this suggestion.

CONCLUSION
The present study clarified the efficacy of three interventions, including sunlight exposure (men and women),
menatetrenone (women) and oral bisphosphonates with
vitamin D supplementation (women), protective against
hip fractures in patients with Parkinson’s disease. The risk
of hip fractures was reduced 73% by sunlight exposure,
87% by menatetrenone treatment and 71-80% by oral
bisphosphonate treatment. The efficacy of exercise and
hip protectors remains to be established. These interventions might be difficult to perform but may help reduce
the incidence of falls and possibility of hip fractures.
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mTECs to express a wide variety of tissue-specific selfantigens is critical for the elimination of self-antigen
reactive T cells in the thymus, the RANKL-RANK interaction contributes to the suppression of autoimmunity.
Future studies on the roles of the RANKL-RANK system
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for the development and application of inhibitors of
RANKL signaling for disease treatment.

Taishin Akiyama, Miho Shinzawa, Nobuko Akiyama, Division
of Cellular and Molecular Biology, Department of Cancer Biology, Institute of Medical Science, University of Tokyo, Tokyo
108-8639, Japan
Author contributions: Akiyama T, Shinzawa M and Akiyama
N wrote parts of the manuscript, drew the figures and provided
some intellectual comments; Akiyama T designed and edited the
manuscript.
Correspondence to: Taishin Akiyama, Associate Professor,
Division of Cellular and Molecular Biology, Department of Cancer Biology, Institute of Medical Science, University of Tokyo,
4-6-1 Shirokane-dai, Minato-ku, Tokyo 108-8639,
Japan. taishin@ims.u-tokyo.ac.jp
Telephone: +81-3-54495276 Fax: +81-3-54495421
Received: May 31, 2012
Revised: August 21, 2012
Accepted: September 15, 2012
Published online: September 18, 2012

© 2012 Baishideng. All rights reserved.

Key words: RANKL; T cells; Dendritic cells; Thymus;
Medullary thymic epithelial cells; Lymphoid tissue inducer cells; Lymph node; M cells; Peyer’s patches
Peer reviewers: Patrizia D Amelio, MD, PhD, Department

of Surgical and Medical Disciplines, Section of GerontologyUniversity of Torino, Cso AM Dogliotti 14, 10126 Torino, Italy;
Shang-You Yang, Associate Professor, Department of Biological
Sciences, Wichita State University, 1845 Fairmount St., Wichita,
KS 67260, United States

Abstract
The interaction between the receptor activator of NF-κB
ligand (RANKL) and its receptor RANK plays a critical
role in the development and function of diverse tissues.
This review summarizes the studies regarding the functions of RANKL signaling in immune regulatory systems.
Previous in vitro and in vivo studies have indicated that
the RANKL signal promotes the survival of dendritic
cells (DCs), thereby activating the immune response.
In addition, RANKL signaling to DCs in the body surface barriers controls self-tolerance and oral-tolerance
through regulatory T cell functions. In addition to regulating DC functions, the RANKL and RANK interaction is
critical for the development and organization of several
lymphoid organs. The RANKL signal initiates the formation of clusters of lymphoid tissue inducer cells, which
is crucial for lymph node organogenesis. Moreover, the
RANKL-RANK interaction controls the differentiation of
M cells, specialized epithelial cells in mucosal tissues,
that take up and transcytose antigen particles to control the immune response to pathogens or commensal
bacterium. The development of epithelial cells localized
in the thymic medulla (mTECs) is also regulated by the
RANKL-RANK signal. Given that the unique property of
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INTRODUCTION
The tumor necrosis factor (TNF) family member receptor activator of NF-κB ligand (RANKL) and its receptor
RANK regulate diverse physiological functions and organ
development in the body. Because RANKL- and RANKdeficient mice exhibit severe osteopetrosis, multiple
studies have focused on the role of the RANKL-RANK
axis and its underlying mechanism in the regulation of
bone homeostasis through osteoclast differentiation. As
a result of these extensive studies, a fully humanized antiRANKL neutralizing antibody has been developed and
recently approved for the treatment of osteoporosis,
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rheumatoid arthritis and cancer bone metastasis. However, RANKL and RANK were originally identified as
a cytokine and its receptor, respectively, that control the
function of dendritic cells (DCs)[1,2] in addition to their
role in osteoclast differentiation[3]. Moreover, RANKLand RANK-deficient mice (RANKL-KO and RANKKO) manifest defects in the development, organization
and function of several lymphoid organs[2,4-6]. In this review, we summarize the current knowledge regarding the
roles of RANKL/RANK signaling in immune regulatory
systems, including immune activation, immunological tolerance and lymphoid organogenesis.

RANK interaction by injecting non-membrane-bound
RANK-Fc protein suppresses CD4+ T cell-mediated
immune activation induced by viral[18] and parasitic infections[19] in CD40-deficient (CD40-KO) mice, suggesting
that the CD40 signal compensates for the lack of RANK
signaling in CD4+ T cell priming by cDCs. Moreover, the
role of the RANKL signal in the in vivo immune response
was investigated in a spontaneous autoimmune disease
model induced by the lack of IL-2[20]. The T cell-mediated
intestinal inflammation in IL-2 deficient mice was significantly mitigated by the administration of osteoprotegerin
(OPG)[21], a natural decoy receptor for RANKL[22,23]. Furthermore, the increase in the numbers of activated cDCs
in the intestine of IL-2 deficient mice was significantly
suppressed when the mice were treated with OPG. Thus,
this study suggested that the RANKL-mediated survival
of cDC promotes autoimmune inflammatory bowel disease in vivo. These studies support the idea that RANKL
signaling activates the immune response by promoting
the survival of cDCs, enhancing T-cell priming and activation. In contrast to these findings, the overexpression
of OPG in rodents did not cause obvious changes in
the innate or acquired immune response[24,25]. Overall, it
is likely that the activation of the immune response by
RANKL signaling occurs only in specific circumstances
or redundantly with other cytokine signals, such as CD40.

DENDRITIC CELLS FUNCTIONS
Activation of T cells
RANK shows a relatively high homology with CD40
among the TNF receptor family members[2]. The cytoplasmic region of RANK contains binding sites for
the tumor necrosis factor receptor-associated factor
(TRAF) family proteins TRAF2, 3, 5 and 6[7-10], which is
a structural property shared with CD40[11]. These TRAF
family proteins mediate the activation of the NF-κB
and MAPK pathways to result in the transcriptional activation of genes required for proliferation, survival and
differentiation[7,11]. Therefore, it is reasonable to assume
that RANK signaling initiates cellular responses similar
to CD40 signaling by triggering these common intracellular signaling pathways. A large number of studies have
revealed that CD40 signaling induces the maturation, activation and survival of DCs[12,13]. DCs are classified into
several subsets according to their functions, localizations
and cell surface markers[14]. Conventional DCs (cDCs)
are the prototypical professional antigen-presenting cells
that engulf, process and present antigens, thereby priming and activating T cells for the initiation of the acquired
immune response. The RANK cDNA was discovered by
the direct sequencing of a cDNA library prepared from
cDCs. In addition, RANKL expression is upregulated in
activated T cells[15]. Therefore, early studies analyzed the
effects of RANKL treatment on the ability of cDCs to
prime T cells in vitro. Indeed, two independent studies
revealed that RANKL treatment promotes the survival
of cDCs, thereby efficiently priming T cells[2,16] (Figure
1). Interestingly, whereas CD40 signaling upregulates
the surface expression of the co-stimulatory molecules
CD80/86 and the major histocompatibility complex
(MHC) molecules, RANK signaling does not[2,16]. Thus,
although RANK and CD40 activate similar intracellular
signaling pathways, the outputs of these two signals in the
cells are slightly different. The “adjuvant” effect of the
RANKL signal was further confirmed by ex vivo transfer
of cDCs treated with RANKL[17]. The impact of RANK
deficiency on DC function has not been clearly defined
in RANKL-KO and RANK-KO mice, most likely because these null mutant mice manifest complicated and
combined phenotypes and die at young ages after birth.
However, it has been shown that blocking the RANKL-
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Regulatory T cells
It is well recognized that the immune regulatory functions of DCs are dependent on the DC subtype and
maturational stage[14]. Studies have been undertaken to
investigate the role of RANKL signaling in the functions
of DCs localized to the surface barriers of the body, such
as the mucosal tissues and the skin. RANKL was shown
to exhibit an immunosuppressive effect through these
DCs (Figure 1). In the skin, the RANKL signal altered
the function of the epidermal dendritic cells, increasing
the number of Foxp3-positive regulatory T cells (Tregs)[26],
a CD4+ helper T cell subset critical for suppressing autoimmune responses and excess immune reactions in
the body[27]. The expression of RANKL is upregulated
in skin keratinocytes by ultraviolet light irradiation or
inflammation[26] possibly mediated by the activity of
prostaglandin E2[28]. Thus, stimulation of epidermal DCs
with RANKL induces systemic immunosuppressive activity. In contrast to the effect of RANKL, the enforced
expression of CD40L in keratinocytes induces severe autoimmune disease in the skin[26,29,30]. Interestingly, the autoimmune disease provoked by the enforced expression
of CD40L is significantly suppressed by the enforced expression of RANKL in keratinocytes[26]. Thus, RANKL
and CD40 signaling result in diametrically different immune responses in the skin. Moreover, in contrast to the
autoimmune intestine disease model induced by IL-2 deficiency, which is described above[21], two studies suggest
the immunosuppressive effects of RANKL signaling in
the intestines[31,32]. Peyer’s patches are lymphoid tissues located in the intestine that control the immune response to
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Figure 1 Modulation of dendritic cell functions by receptor activator of NF-κB ligand signaling. Receptor activator of NF-κB ligand (RANKL) signaling promotes the survival of conventional dendritic cells (cDCs) and ensures T cell priming and activation, thereby enhancing the acquired immune response (left). CD40
signaling may have a redundant role in this function of RANK signaling. In skin and, most likely, the intestines, RANKL-treated DCs maintain the number of Foxp3positive regulatory T cells to suppress the immune response against self-antigens, food and commensal flora (right). In the skin, inflammation and ultraviolet (UV)irradiation upregulate the expression of RANKL in keratinocytes.

foods or commensal bacteria. The stimulation of Peyer’s
patch-derived cDCs with RANKL increased the expression of IL-10[31], a cytokine with anti-inflammatory activity[33]. Consistently, the treatment of mice with RANKL
enhanced the oral tolerance to an ovalbumin challenge[31].
In another study, a model of colitis induced by the
transfer of the CD4+CD45RBhigh T cell fraction into
lymphopenic mice was utilized as a T cell-dependent autoimmune disease model[34]. In this model, colitis is suppressed by the simultaneous transfer of the CD4+CD25+
T cell fraction, which is enriched for Foxp3+-regulatory T
cells (Tregs)[34]. It was demonstrated that the administration of an anti-RANKL neutralizing antibody inhibits the
suppression of colitis by the transfer of CD4+CD25+ T
cells[32], suggesting that RANKL supports the function of
the CD4+CD25+ regulatory T cells in the intestine. These
data suggest that RANKL-mediated modulation of the
surface barrier DCs results in the suppression of autoimmune responses and detrimental immune responses
toward innocuous foreign antigens derived from foods or
commensal bacteria in the intestines.

primary lymphoid organs, the bone marrow and thymus,
primarily provide the environment that is required for the
differentiation and development of immune cells. The
secondary lymphoid organs, including the lymph nodes,
spleen and Peyer’s patches, are tissues that trap antigens
and initiate the acquired immune response. RANKL
signaling is involved in the development and organization of these organs. Although the bone marrow is a
primary lymphoid organ whose environment is regulated
by RANKL, it is reviewed elsewhere in this issue[35] and is
not further discussed here. Previous studies have revealed
that RANKL- and RANK-KO mice lack lymph nodes[4-6].
Lymph nodes consist of several different types of cells,
including T cells and B cells, DCs, reticular cells, stromal
cells and specialized endothelial cells[36]. Communication
between the lymphoid cells and the stromal cells is required for the formation and maintenance of the lymph
node structure. Stromal cells express and secrete the
chemokines CXCL13, CCL19 and CCL21 in the defined
region of the lymph nodes, which are necessary for the
accumulation and retention of B cells and T cells in distinct areas of the lymph nodes[37-39]. These lymphocytes
in turn express cytokines that induce the expression and
secretion of these chemokines from the stromal cells.
RANKL signaling controls the organogenesis of

Lymphoid organogenesis
The lymphoid organs can be classified into primary
lymphoid organs and secondary lymphoid organs. The

WJO|www.wjgnet.com

144

September 18, 2012|Volume 3|Issue 9|

Akiyama T et al . RANKL signaling in the immune system
Thymus
abT cell, LTi, or
gd T cell

Apoptosis

Self-reactive T cell

Self-reactive T cell

RANKL
TCR
Peptide
RANK

CD40

NIK

TRAF6

MHC

TSA#2

TSA#1

Transfer

TSA#3

RelB
RelB

TSA#4
Aire
Aire

mTEC progenitor?
mTEC

Dendritic cells

Figure 2 Regulation of the development and function of medullary thymic epithelial cells by receptor activator of NF-κB ligand signaling. Receptor activator of NF-κB ligand (RANKL) signaling mediates the development of mature medullary thymic epithelial cells (mTECs) expressing Autoimmune regulator (Aire) and
a wide variety of tissue-specific antigens (TSAs) from the potential progenitors. RANKL is expressed in several types of cells, including αβ T cells, lymphoid tissue
inducer cells (LTi) and a subset of γδ T cells. The signal transducers NF-κB inducing kinase (NIK) and TNF receptor-associated factor 6 (TRAF6) mediate RANK
signaling, culminating in activation of the NF-κB transcription factor member RelB. mTECs present peptides are derived from TSAs to eliminate self-antigen reactive
T cells by apoptosis. The TSAs can be transferred to dendritic cells by mechanisms that are not yet fully identified. The dendritic cells receiving TSAs also induce the
apoptosis of self-reactive T cells in the thymus.

fetal lymph nodes. The early development of a lymph
node begins with the movement of lymphoid tissue inducer cells (LTi), a unique cell subset derived from the
fetal liver, into the region where the lymph nodes will
develop[39-41]. The LTi interact with the resident stromal cells to initiate colonization and cluster formation,
thereby forming lymph node anlages [39-41]. The TNF
family members, lymphotoxinα (Ltα) and membranebound lymphotoxinβ (Ltβ), which are secreted by the
LTi, are essential for lymph node organogenesis. Ltα
and Ltβ form heterotrimers on the cell surface of LTi,
which bind to the lymphotoxinβ receptor (LtβR) on the
stromal cells. This interaction induces the expressions of
chemokines and adhesion molecules by the stromal cells
to attract and retain LTi. A complex pattern of RANKL
expression has been detected during the process of
early lymph node development[42,43]. RANKL is initially
expressed in the LTi[42,43], which is independent of LtβR
signaling[42]. Subsequently, lymphoid tissue organizer
cells derived from mesenchymal stromal cells initiate
the expression of RANKL in a LtβR signal-dependent
manner[42]. A deficiency in RANKL signaling results in a
severe reduction in the number of LTi[5], suggesting that
the requirement for RANKL signaling begins during the
initial LTi colonization process of early development. Interestingly, whereas RANKL- and RANK-KO null mice
lack lymph nodes, the inhibition of RANKL signaling by
the overexpression of its decoy receptor OPG did not
impair the development of lymph nodes[24,25], implying
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that very small quantities and the temporary expression
of RANKL are sufficient for the development of lymph
nodes. Notably, whereas LtβR signaling is also essential
for the development of Peyer’s patches, which are mucosal lymphoid organs located in the intestines, RANKLKO mice contain Peyer’s patches [4,5] . Consistently,
TRAF6, a critical signal transducer of RANK signaling,
is required for lymph node development but not for the
development of Peyer’s patches[44,45]. Thus, the RANKLRANK-TRAF6 axis is dispensable for the formation of
Peyer’s patches. Moreover, the formation of the splenic
architecture is regulated by TNF family signals and chemokine signals[46]. However, the splenic architecture is
not practically impaired by the absence of RANK signaling[4,5].
Interestingly, although RANKL is not essential for the
formation of Peyer’s patches, the expression of RANKL
was detected in the stromal cells of Peyer’s patches and
other lymphoid tissues of the intestine[47]. Moreover, the
Peyer’s patches of RANKL-KO mice are smaller than in
control mice[4,5]. These observations imply that RANKL
signaling may contribute to the formation of the microarchitecture of Peyer’s patches. Indeed, a recent study
has uncovered a role for the RANK signal in the development of M cells[48], a specialized subset of epithelial
cells found in mucosal lymphoid organs, such as Peyer’s
patches and isolated lymphoid follicles[49]. M cells are localized to the epithelial cell layers that cover these tissues
and they transcytose particulate foreign antigens and mi-
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the CD4+CD8+ T cells interact with epithelial cells in the
cortex (cTECs; cortical thymic epithelial cells), which
are antigen-presenting cells expressing MHC molecules.
Through this interaction, the CD4+CD8+ T cells that
recognize the complex of self-antigen and MHC molecules presented by cTEC survive and successfully differentiate into CD4 or CD8 single-positive (CD4SP or
CD8SP) T cells. The CD4SP or CD8SP T cells move to
the medulla and are further scanned by the medullary
thymic epithelial cells (mTECs). The mTECs have unusual properties with regards to gene expression; mTECs
ectopically express a wide variety of self-antigens that are
normally expressed in a tissue-restricted manner (TSAs,
for example, insulin or caseins) (Figure 2)[61]. The ectopic
expression of TSAs is in part regulated by the nuclear
protein Aire (autoimmune regulator)[62,63], which suppresses the onset of autoimmune disease in humans and
mice[63,64]. mTECs present TSAs to the medullary T cells
directly or indirectly through the thymic dendritic cells
(Figure 2)[65-67]. Those T cell repertoires that recognize
TSA peptide with high avidity are eliminated (Figure 2);
otherwise, they would initiate an immune response to the
TSAs expressed in their cognate organs, potentially causing autoimmune disease. In fact, several lines of evidence
have indicated that the dysregulation of this mechanism
promotes autoimmune disease[63,68-71].

croorganisms from the lumen. This process is critical for
controlling the immune response against pathogens and
commensal flora[50]. RANKL-KO mice possessed fewer
M cells in Peyer’s patches[48]. Moreover, the administration of an anti-RANKL neutralizing antibody reduced
the number of M cells[48]. Thus, this study supported a
novel role of RANKL signaling in the initiation of M cell
development.

THYMIC EPITHELIAL CELLS AND T CELL
SELECTION
Thymic epithelial cells (TECs) are essential for the development and selection of T cells in the thymus[51,52].
Several recent studies have revealed that RANKL signaling promotes the development of a subset of TECs that
are essential for preventing autoimmunity by eliminating
self-reactive T cells in the thymus[53-55]. We briefly describe
the fundamental knowledge regarding T cell selection
and development in the thymus and its correlation with
TECs. Then, we summarize the contribution of RANKL
signaling to the development of TECs and to preventing
autoimmunity.
Avidity model
A large portion of the T cells in the body develop in
the thymus and developed T cells express widely diverse
“repertoires” of T cell antigen receptors (TCR) with different antigen specificities. After the TCR is expressed
on the cell surface, the T cell repertoires are shaped
according to two aspects; the first is to recognize selfmajor histocompatibility complex (MHC) molecules and
the second is to be unresponsive to self-antigens[56]. The
achievement of this selectivity is explained by the socalled “avidity (affinity)” model[57,58]. The basic concept
of this model is that the fate of each T cell is dependent
on the avidity between its T cell antigen receptor (TCR)
and complexes of self-antigen peptides and MHC molecules, which are presented by antigen-presenting cells
in the thymus. T cells recognizing the self antigen-MHC
complex with very low or high avidity through their
TCRs undergo apoptosis and only the T cells recognizing
the self antigen-MHC complex with “moderate” affinity can survive. As result, T cells incapable of binding to
self-MHC and T cells responsive to self antigens in other
tissues would be eliminated by this mechanism. Thus,
this selection mechanism permits the generation of T cell
repertoires that recognize foreign antigens that bind to
self-MHC with high affinity.

RANKL signaling in mTEC development
It is currently accepted that both mTECs and cTECs
differentiate from common progenitor cells[72,73]. Moreover, evidence has suggested the presence of an mTEC
progenitor[74]. However, the details of the developmental
process from common progenitor to mature mTECs
and cTECs are largely unknown. Several studies have
revealed a role for RANKL signaling in the development
of mature mTECs expressing Aire and TSAs[53-55] (Figure
2). The expression of RANK was detected in mTECs
in the adult thymus[54,55] and in fetal thymic stroma organ
cultures[54], which plausibly contain mTEC progenitors[53].
RANKL- and RANK-KO mice exhibited a partial defect
in the development of mature mTECs[53-55]. The quantity of Aire-positive in mature mTECs is preferentially
reduced by the lack of RANKL and RANK. Whereas
mTEC levels are significantly reduced by the absence of
RANK signals, a population of mature mTECs still exists. However, TRAF6 deficiency results in a severe defect
in mTEC development compared to that in RANKL and
RANK-deficient mice[68]. This difference can be explained
by CD40-mediated compensation for RANK during
TEC development, which is shown by the complete loss
of mTECs in RANKL and CD40 double-deficient mice.
Thus, RANK and CD40 cooperatively signal to promote
the development of mTECs, which appears to be similar
to the cooperation between RANK and CD40 in modulating the functions of cDCs[18].

T cell selection
T cell selection is closely related to the development of
T cells in the thymus. The thymus is anatomically divided
into the cortex and the medulla[59,60]. Different developmental and selection processes occur in each region[59,60].
First, T lymphoid progenitor cells from the bone marrow
develop into CD4 and CD8 double-positive immature
T cells (CD4+CD8+ T cells) in the cortex. Subsequently,
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currently known[81]. The classical pathway induces the
translocation of the RelA or c-Rel complex into the
nucleus through the activation of the IκB kinase (IKK)
complex containing IKKβ and NEMO. The activation
of the non-classical pathway results in the translocation
of RelB into the nucleus and requires the phosphorylation of IKKα by NF-κB inducing kinase (NIK). RANK
signaling is capable of activating both pathways[82]. Interestingly, whereas both NF-kB activation pathways
appear to be activated during mTEC and osteoclast
development induced by RANKL, the contribution of
each NF-κB pathway appears to differ between mTEC
development and osteoclast differentiation. For instance,
RelB-deficient (RelB-KO) mice, NIK-deficient mice and
aly/aly mice, the last of which have a dysfunctional mutation in the NIK gene, exhibited normal or very mildly
impaired osteoclastogenesis[82-86] and this pathway appears
to be critical only in pathological osteolysis[82,83]. However,
mTEC development was completely abolished in aly/aly
and RelB-deficient mice[75,76,87]. Moreover, IKKα-deficient
fetal thymic stroma did not differentiate into mature
mTECs when transplanted onto the kidney[88]. In an in
vitro study, RANKL-dependent maturation of mTEC was
not detected in fetal thymic stroma prepared from aly/aly
mice[54]. Moreover, RANKL signaling induces the nuclear
localization of RelB in mature mTECs in fetal thymic
stroma[54]. Thus, these data suggest that, in contrast to its
involvement in osteoclast development, the non-classical
NF-κB activation pathway is essential for the RANKLdependent development of mTECs. The contribution of
the classical NF-κB pathway to mTEC development has
been suggested by the finding that TRAF6 is essential for
the development of mTECs[54,68] as TRAF6 activates the
classical NF-κB pathway and is dispensable for the nonclassical NF-κB pathway[89]. Whereas c-Fos and NF-ATc1
are critical regulators of RANKL-mediated osteoclast
development, the involvement of these genes in mTEC
development has not been reported. These data suggest
that RANKL signaling during mTEC development activates signal transduction pathways that are distinct from
those activated during osteoclast development.

of autoimmunity has also been tested. The transplantation of RANK-deficient fetal thymic stroma into nude
mice results in inflammatory cell infiltration accompanied
by the production of autoantibodies in the sera[53]. These
data suggest that the lack of RANK in the thymic stromal cells is sufficient to induce autoimmunity. Another
study demonstrated that the transfer of splenocytes from
RANKL-KO mice into nude mice provokes mild autoimmunity[54]. Moreover, a much more severe autoimmune
response was observed when splenocytes from RANKL
and CD40 double-deficient mice were transferred into
nude mice[54], which appeared to be correlated with the
severe impairment in mTEC development in these doubly deficient mice. Consistently, mutant mouse lines lacking downstream molecules in the RANK signaling pathway (e.g., RelB-deficient mice or TRAF6-deficient mice)
displayed severe phenotypes[68,75,76].
Thymic cells providing RANKL
Several types of cells have been reported to express
RANKL in the thymus. Interestingly, a previous study has
revealed that LTi are localized to the embryonic thymus
and provide RANKL for the embryonic development of
Aire-expressing mTECs[53]. Moreover, the T cells that had
newly differentiated from CD4+CD8+ T cells into CD4SP
T cells were found to express high levels of RANKL[55].
A recent study has revealed that dendritic epidermal T
cells (DETC), a subset of γδ T cells[77], express RANKL
in the embryonic thymus[78]. In this study, it was also
shown that RANKL signaling induced the expression of
the immunoglobulin superfamily member Skint-1, which
is involved in the selection of the DETC[79] that contribute to immune defense in the skin[77]. Thus, this study uncovered a novel connection between mTEC development
and γδ T cell development in the fetal thymus mediated
by the RANKL and RANK interaction.
Expression of RANK
The molecular mechanism underlying the expression of
RANK in the mTEC progenitors remains unclear. A recent study has suggested that lymphotoxin beta receptor
(LtβR) signaling is involved in the expression of RANK
in immature mTECs[80]. This study suggested that RANK
expression in TECs is under the control of LtβR signaling. However, it still remains unclear whether the LtβR
signal upregulates the expression of RANK in individual
TECs or promotes the proliferation and/or survival of
RANK-expressing mTECs.

CONCLUDING REMARKS
A humanized anti-RANKL antibody has been approved
for the treatment of osteoporosis in postmenopausal
women and cancer bone metastasis. Detailed studies in
mouse models have clearly demonstrated the involvement
of RANKL signaling in the functions of immune regulatory cells, such as dendritic cells, M cells and mTECs.
Notably, the functions of dendritic cells and the maintenance of M cell numbers were impaired by the inhibition
of RANKL signaling in adult mice. These results may be
informative in applications of the anti-RANKL antibody
for human treatments. Moreover, these relatively new
findings could open the possibility of utilizing the antiRANKL antibody for other applications by regulating the
immune response.

SIGNALING PATHWAY INDUCED BY
RANKL SIGNALING IN TEC
The interaction between RANKL and RANK induces
activation of the NF-κB and the Mitogen-Activated
Protein Kinase (MAPK) pathways [7]. During mTEC
development, the NF-κB activation pathway appears to
play a major role. Two major NF-κB activation pathways,
the classical pathway and the non-classical pathway, are
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RESULTS: A total of 4430 injured seniors in traffic accidents were evaluated. The incidence of sustaining
severe injuries to extremities, head and maxillofacial
region was significantly higher in the group of elderly
people compared to a younger age (P < 0.05). The
number of accident-related injuries was higher in the
group of seniors compared to other groups.
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Abstract
AIM: To investigate the actual injury situation of seniors in traffic accidents and to evaluate the different
injury patterns.
METHODS: Injury data, environmental circumstances
and crash circumstances of accidents were collected
shortly after the accident event at the scene. With
these data, a technical and medical analysis was performed, including Injury Severity Score, Abbreviated
Injury Scale and Maximum Abbreviated Injury Scale.
The method of data collection is named the German InDepth Accident Study and can be seen as representative.

WJO|www.wjgnet.com

INTRODUCTION
Due to the rising mean age of the German population,
traffic accidents involving older people are observed
more and more often. Furthermore, previous investigations have shown that geriatric trauma patients are more
often associated with a higher level of mortality, morbid-
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ity and frequency of more severe injuries[1-4]. There is not
only an increase in age, but also in motorization in our
society. A growing number of elderly people are taking
part daily in traffic scenes, so the number and the severity
of accidents involving older pedestrians[1,5,6], bicyclists or
older people using motorized vehicles is increasing[2,6-9].
Furthermore, older people are less resistant to trauma
due to co morbidities, e.g., osteoporosis[4]. Additionally,
with the increasing mean age comes a decline in capabilities which impairs cognitive, sensory and psychomotor
skills that are needed to avoid traffic accidents[4,7,10,11].
Also, older people are responsible for increasing costs in
public health care programs due to prolonged post traumatic hospital stays[12].
In our retrospective study based on the accident data
from the German In-Depth Accident Study (GIDAS),
we hypothesized that older people are involved in traffic
accidents by a higher rate[13], sustain more severe injuries by lower velocity trauma than younger patients[14],
sustain more severe injuries, especially to the head and
extremities[15], and even cause more accidents than other
groups[7]. GIDAS is the largest in-depth accident study
in Germany. The data collected in the GIDAS project is
extensive. We used technical in-depth crash investigations
in combination with medical data analysis to evaluate the
injury situation of the elderly in traffic accidents.

techniques are performed to document the exact crash
constellation at the scene. Reconstructions of the crash
and vehicle site, as well as vehicle movements and human
behaviors, are then performed for later technical analysis
options. Slide and skid marks of objects and victims and
any kind of deformation of involved vehicles or objects
are also measured and these data are included in the crash
analysis. The amount of injuries is directly related to the
travelling speed at the time of the accident. Collisions between pedestrians or bicyclists with cars are measured by
the collision speed of the car.
For this retrospective study, cases from 1999-2011
from the local traffic research unit were analyzed for the
involvement of injured seniors and followed by demographic data, injury scores, incidence of death, collision
speed and collision type. For this study, prevalence from
the preselected patient population was investigated.
Statistical analysis
For statistical analysis of the correlation between crash
circumstances with injury severity (AIS/MAIS/ISS), a
student’s t-test or linear-trend test as well as descriptive
statistics were performed using SPSS for Windows; P ≤
0.05 was determined as the level of significance. Seniors
are defined as aged 65 years or older in our study design.
The control group to which the results of the senior
group were compared was defined as younger than 65
years of age.

MATERIALS AND METHODS
Technical in-depth crash investigations in combination
with medical data analysis were performed by specially
trained documentation personnel from our local in-depth
accident research unit as a part of the trauma department
of the Medical School, Hannover. This documentation
crew is notified by police dispatchers immediately after an
accident and arrives on the scene, often simultaneously
with the rescue personnel. Investigation of the crash
and clinical injury documentation is then performed on
site. This case report is then completed at the hospital,
where all of the injured victims are taken, with proper
documentation of X-ray examination, injury type and
severity. The monitoring includes demographic data, the
area of collision, environmental circumstances and injury
patterns. Furthermore, it includes specific outcome and
severity scores, such as Abbreviated Injury Scale (AIS),
Injury Severity Score (ISS) and Maximum Abbreviated
Injury Scale (MAIS)[16], incidence of serious or severe
multiple injuries (polytrauma, AIS 3+ in two different
body regions of the patient admitted to the hospital), incidence of serious (MAIS, 2-4) or severe injuries (MAIS,
5-6), and mortality.
ISS is a well-known medical score to assess trauma
severity. AIS is a severity scoring system that classifies injuries in each body region. Classification ranges from minor to maximum (1-6), indicating the relative severity of
each body region. MAIS indicates the maximum AI-Scale
of a trauma victim. Different technical measurement
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RESULTS
From 1999 to 2011, we collected 4430 people aged 65
years or older involved in traffic accidents from a total of
46  490 traffic accident victims.
Demographic data
A total of 2454 were male seniors (55.4%). There were
1928 car drivers, 896 car riders and 46 truck drivers. 828
drove two-wheel motorized vehicles or bicycles and 638
seniors were involved in traffic accidents as pedestrians. A total of 2482 seniors were found guilty of being
responsible for the accident (56.4%). In the group of
people younger than 65 years of age, 50.7% were found
guilty of being responsible for the accident.
Medical analysis
The maximum abbreviated injury scale[16] in our group
was 6 with 28 seniors, 34 with a MAIS 5, 51 with a MAIS
4, and 4133 with a MAIS 3 or lower (93.2%). Some 119
seniors sustained injuries to the head with at least MAIS
3 or higher (2.7%). Overall, 12 seniors sustained lethal
injuries to the head with an AIS 6, 23 seniors an AIS 5,
and 4245 an AIS 4 or lower (95.8%). Injuries to the neck
and maxillofacial region occurred in 531 victims in our
group (12%), AIS 3 or lower in 390, and AIS 4 or higher
in 141 cases. With an AIS 4 or higher, 57 seniors in our
group sustained severe injuries to the chest, 934 sustained
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injuries with an AIS 3 or lower (21%). Moderate to mild
abdominal trauma was observed in 138 victims of our
group. Severe trauma with a MAIS higher than 3 to the
abdominal region was seen in 25 elderly trauma patients.
Pelvic trauma with higher MAIS scores was a rare but
observed injury, with 25 patients with an AIS higher than
3. Besides injuries to the head and maxillofacial region,
injuries to upper and lower extremities were often observed. Severe injuries to lower extremities with a MAIS 3
or higher were sustained by 131 of the elderly, with comparable injuries to the upper extremities by 30 accident
victims. Compared to other groups involved in daily traffic scenes, the prevalence and severity of injuries to head,
maxillofacial region and upper or lower extremities were
significantly more frequent (P = 0.002, students-t-test for
independent variables). Secondly, the overall percentage
of accident-related injuries was higher in the group of
older people (60% vs 52% younger than 65 years of age).
There were no gender-related differences observed in
accident-related injury patterns in the elderly.

DISCUSSION
The mean age of the German population is still increasing and so does the number of people aged 65 years or
older taking part in daily traffic and maintaining their
continuous level of motorization as a part of their independence. So, the number of seniors involved in traffic
accidents has grown over the last years (Federal Statistical
Office Germany, Report 2010).
The objective of our retrospective study was to analyze the actual traffic injury situation of older people,
including MAIS and AIS/ISS, and special injury patterns
compared to younger people. The main findings in our
analysis were: firstly, a higher prevalence and severity of
injuries to head, maxillofacial region and extremities in
older people; secondly, older people are overall more likely to sustain injuries in road traffic accidents; and thirdly,
there is a higher percentage of the elderly population responsible for road traffic accidents.
Accidents involving older pedestrians, car drivers or
riders account for more than two-third of all involved
seniors. Injury analysis in our study shows similar results
compared to earlier investigations, as seniors seem to
be more likely to be involved in road traffic accidents
and sustain more severe injuries with minor trauma[1-3,8].
Allard described the specific needs of accident prevention of the elderly living in an inner city. McCoy showed
similar results with an increase in morbidity and mortality
in the elderly compared to younger traffic participants.
However, a quantitative comparison to previous reports
was not part of this study. Our results can be seen as a
consequence of the physiological changes with increased
age, such as decrease in balance, vision, hearing and reaction time. For further improvement and a reduction of
severe accidents caused by seniors in traffic accidents, it
is important to realize the special environment of older
people[7]. Caused by physiological changes as described
earlier, the reaction time and the time needed for analyzing recognized situations is often extended. In addition,
seniors seemed to be overwhelmed by the amount of
information given nowadays in regular traffic situations[5].
The accident causations could not be analyzed within this
study and future studies should give special focus to this.
There are already several injury scores and injury
observations focusing on older people, particularly considering the different and special circumstances in which
older people take part in daily traffic scenes[3,17,18]. Here,
we used the AIS scale. This scale is limited to the moment of the accident event and does not include agerelated long term effects. Special focus should be given in
future studies on better injury scaling related to age.
Prevention as a method of choice [17] with educational programs is a necessary tool in combination with
an overall improvement in street safety to decrease the
number of seniors in road traffic accidents[19]. Here, only

Technical crash analysis
Technical in-depth crash investigation was performed in
all observed traffic accidents. At a travelling speed of 2-40
km/h, 8.8% of all car passengers sustained moderate to
severe injuries (MAIS 2+). With an increase of the travelling speed above 40 km/h, the number of injured passengers sustaining moderate to severe injuries increased
to 41.2%. Only 8.1% of all passengers were not injured
at this collision speed. There were no substantial differences within the groups of younger or older people.
Different from car passengers, motor bicyclists were
injured more severely and more frequently throughout
the whole speed range. With closing speeds of up to
20 km/h, 27.3% of all older motor bicyclists sustained
severe injuries (19.5% in the group of younger motor
bicyclists). With an increase in travelling speed, the proportion of severely injured motor bicyclists increased
to 55.6% in the group of older people (27.3% in the
younger riders). Comparable trends were observed with
bicyclists colliding with cars.
At a collision speed of 21-40 km/h, 46.9% of older
bicyclists sustained serious to severe injuries, whereas in
the group of younger people, only 30.9% of bicyclists
were seriously injured. Within the group of pedestrians,
79.8% of older people sustained severe to serious injuries
when colliding with a car travelling at a speed of 21-40
km/h (43.4% younger people). Additionally, 14.3% of
injured older pedestrians suffered severe to fatal injuries.
Overall analyses of the accident situation showed that seniors are more likely to sustain severe injuries, especially
as so-called external or vulnerable road users. The reasons for this can be direct transfer of impact energy and,
with this, a disproportionally frequent inclusion of head
and thoracic areas due to the impact kinematics.
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accident cases in the areas of Hannover and Dresden. GIDAS collects data
from accidents of all kinds and, due to the on-scene investigation and the full
reconstruction of each accident, gives a comprehensive view on the individual
accident sequences and their causes; ISS is a well-known medical score to
assess trauma severity; AIS is a severity scoring system classifying injuries in
each body region. Classification ranges from minor to maximum (1-6), indicating the relative severity of each body region. MAIS indicates the maximum AIScale of a trauma victim.

detailed in-depth studies can show special age-related
results, i.e. crossing points for the elderly, special accident
types and influences on the accident kinematics. Within
the presented study, only an overview of the age related
casualties should be given. In future studies, physicians
should be integrated to ensure the coordination between
physiological changes on one hand[20,21], and changes in
environmental circumstances and the special needs of seniors[19,22]. Engineers should work out how safety features
like warning signals, speed limiters, road stabilizers and
infrastructure can be linked together to avoid accidents
in the elderly. Medical doctors should work on precision
of injury pattern and long term related injury outcomes.
Only in an interdisciplinary coordinated study can the
most efficient reduction of injury severity be approached.
In conclusion, seniors are more likely to be involved
in traffic injuries and to sustain serious to severe injuries
compared to other groups. To improve the safety of all
road users, special focus should be given to improved car
and street designs for more safety and visibility. In addition, educational programs should improve the active
safety of older people in traffic.

Peer review

The purpose of this article was “to evaluate the overall outcome of older people
involved in traffic accidents as a retrospective study from the Hannover in-depth
accident research unit. Points of interest were morbidity, mortality and special
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well-written paper.
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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
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Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional review board.
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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
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organization]. [Name of individual] owns patent [patent identification
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Online submissions
Manuscripts should be submitted through the Online Submission
System at: http://www.wjgnet.com/esps/. Authors are highly
recommended to consult the ONLINE INSTRUCTIONS TO
AUTHORS (http://w w w.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).
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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
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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.
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Abstract
There are unstructured abstracts (no less than 256 words) and
structured abstracts (no less than 480). The specific requirements
for structured abstracts are as follows:
An informative, structured abstracts of no less 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 less than 140 words); RESULTS (no
less 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).

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. Authors should meet conditions 1, 2, and 3.

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: 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.

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,
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.
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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.
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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.

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]

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...”.
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.
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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 pres-
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Instructions to authors
Guidelines: http://www.wjgnet.com/2218-5836/g_info_201007
23150924.htm

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 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.

SUBMISSION OF THE REVISED
MANUSCRIPTS AFTER ACCEPTED

Please revise your article according to the revision policies of WJCO.
The revised version including manuscript and high-resolution image
figures (if any) should be re-submitted online (http://www.wjgnet.
com/2218-4333office/). The author should send the copyright
transfer letter, responses to the reviewers, English language Grade B
certificate (for non-native speakers of English) and final manuscript
checklist to wjo@wjgnet.com.

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
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.

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

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.

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.

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

Frontier: http://www.wjgnet.com/2218-5836/g_info_201007
23141035.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
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