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Abstract
Hypovitaminosis D and K due to malnutrition or sun-
light deprivation, increased bone resorption due to im-
mobilization, 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 ef-
ficacy of interventions intended to prevent hip fractures 
in elderly patients with Parkinson’s disease. PubMed 
was used to search the literature for randomized con-
trolled 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 lon-
ger. Five RCTs were identified and the relative risk and 
95% confidence interval were calculated for individual 
RCTs. Sunlight exposure increased serum hydroxyvita-
min D [25(OH)D] concentration, improved motor func-
tion, decreased bone resorption and increased BMD. 
Alendronate or risedronate with vitamin D supple-
mentation increased serum 25(OH)D concentration, 
strongly decreased bone resorption and increased BMD. 

Menatetrenone (vitamin K2) decreased serum undercar-
boxylated osteocalcin concentration, decreased bone 
resorption and increased BMD. Sunlight exposure (men 
and women), menatetrenone (women), alendronate 
and risedronate with vitamin D supplementation (wom-
en) significantly reduced the incidence of hip fractures. 
The respective RRs (95% confidence intervals) accord-
ing 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.

© 2012 Baishideng. All rights reserved.

Key words: Vitamin D; Vitamin K; Hip fractures; Parkin-
son’s disease; Mortality

Peer reviewer: Charles Anthony Willis-Owen, BM, BCh, MA, 
MFSEM, FRCS (Tr&Ortho), 25 Copenhagen Gardens, London 
W4 5NN, United Kingdom

Iwamoto J, Sato Y, Takeda T, Matsumoto H. Strategy for preven-
tion of hip fractures in patients with Parkinson’s disease. World J 
Orthop 2012; 3(9): 137-141  Available from: URL: http://www.
wjgnet.com/2218-5836/full/v3/i9/137.htm  DOI: http://dx.doi.
org/10.5312/wjo.v3.i9.137

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 

Online Submissions: http://www.wjgnet.com/esps/
wjo@wjgnet.com
doi:10.5312/wjo.v3.i9.137
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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 strate-
gies to prevent hip fractures. Recent evidence has shown 
the efficacy of  interventions protective against hip frac-
tures 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.

LITERATURE SEARCH
PubMed was used to search the literature for randomized 
controlled trials (RCTs) of  interventions affecting the inci-
dence 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. Non-
English 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.

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 K2), 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 

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 dihy-
droxyvitamin D [1,25(OH)2D]. Vitamin D (ergocalcif-
erol 1000 IU/d) supplementation was provided in three 
RCTs for alendronate and risedronate (potent anti-re-
sorptive 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 meta-
carpal BMD increased in the sunlight exposure group 
and decreased in the usual lifestyle group[12]. Urinary de-
oxypyridinoline 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 com-
pared 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 signifi-
cant reduction in the risk of  hip fractures after sunlight 
exposure therapy.

EFFICACY OF MENATETRENONE 
AGAINST HIP FRACTURES
Study subjects were women. Serum vitamin K2 concentra-
tion 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 in-
creased 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 com-
pared 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), sug-
gesting a significant reduction in the risk for hip fractures 
after menatetrenone therapy.

EFFICACY OF ALENDRONATE AGAINST 
HIP FRACTURES
Study subjects were women. Serum 25(OH)D concentra-

Iwamoto J et al . Parkinson’s disease and hip fractures
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tion increased, urinary deoxypyridinoline and serum ion-
ized calcium concentrations decreased, and metacarpal 
BMD increased in the alendronate + vitamin D supple-
mentation group[14]. Serum 25(OH)D, urinary deoxy-
pyridinoline 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 deoxypyridino-
line 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 alendro-
nate 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), sug-
gesting a significant reduction in the risk of  hip fractures 
after alendronate therapy with vitamin D supplementa-
tion.

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 

(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 deoxypyridin-
oline 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.

DISCUSSION
The present study clarified the efficacy of  interven-
tions (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 effec-
tive for the management of  bone health.

BMD, thickness, porosity and mean degree of  min-
eralization in cortical bone may be important factors 
in determining the fracture risk at sites primarily com-
posed 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 as-
sociations of  hypovitaminosis D and vitamin D supple-
mentation with the risk of  falls have been confirmed in 
elderly persons[17-19]. Sunlight exposure improves hypovi-
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Table 2  Efficacy of interventions against hip fractures in 
patients with Parkinson’s disease

Interventions Relative risk (95% confidence interval)

ITT set PPS

Sunlight exposure[12] 0.27 (0.08, 0.96) 0.27 (0.08, 0.95)
Menatetrenone[13] 0.13 (0.02, 0.97) 0.12 (0.02, 0.93)
Alendronate (Daily)[14] 0.29 (0.10, 0.85) 0.28 (0.10, 0.83)
Risedronate (Daily)[15] 0.33 (0.09, 1.20) 0.34 (0.09, 1.21)
Risedronate (Weekly)[16] 0.20 (0.06, 0.68) 0.20 (0.06, 0.66)

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

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 
age (yr)

Average duration of 
illness (yr)

Vitamin D 
supplementation

Study period 
(yr)

Sunlight exposure[12] Sunlight exposure 162   6 156 75.4 4.2 None 2 
(men/women) Usual lifestyle 162   8 154 75.2 4.1 
menatetrenone[13] Menatetrenone   60   4   56 72.3 4.8 None 1 
(women) Non-treatment   60   6   54 71.6 4.9 
Daily alendronate[14] Alendronate 144 13 131 72.2 5.1 Ergocalciferol (1000 IU/d) 2 
(women) Placebo 144 15 129 72.2 5.1 
Daily risedronate[15] Risedronate 121 10 111 71.3 4.9 Ergocalciferol (1000 IU/d) 2 
(men) Placebo 121   9 112 71.3 4.9 
Weekly risedronate[16] Risedronate 136 10 126 74.4 4.8 Ergocalciferol (1000 IU/d) 2 
(women) Placebo 136 12 124 74.4 4.9 
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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 doc-
umented that cortical BMD correlates positively with se-
rum 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. Sun-
light 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 per-
sons[25-27]. Menatetrenone improved hypovitaminosis K, 
decreased serum ucOC concentration, improved hyper-
calcemia and increased cortical BMD by decreasing bone 
resorption in women. Experimental studies showed the 
anti-resorptive effect of  menatetrenone in various osteo-
porosis 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, improve-
ments of  cortical BMD, serum ucOC concentration and 
possibly bone geometry of  the proximal femur might 
have partly contributed to the prevention of  hip frac-
tures. Menatetrenone appeared to be effective in prevent-
ing hip fractures in patients with Parkinson’s disease and 
hypovitaminosis K. However, the magnitude of  hip frac-
ture 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 supple-
mentation improved hypovitaminosis D, strongly de-
creased bone resorption, improved hypercalcemia and in-
creased 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 wom-
en 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 

+ vitamin D supplementation group) compared with 
women (11.0% in the placebo + vitamin D supplementa-
tion 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 mena-
tetrenone 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 supplemen-
tation, 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 interven-
tions, 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 interven-
tions might be difficult to perform but may help reduce 
the incidence of  falls and possibility of  hip fractures.
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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 func-
tions 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 sur-
face barriers controls self-tolerance and oral-tolerance 
through regulatory T cell functions. In addition to regu-
lating DC functions, the RANKL and RANK interaction is 
critical for the development and organization of several 
lymphoid organs. The RANKL signal initiates the forma-
tion 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 con-
trol 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 

mTECs to express a wide variety of tissue-specific self-
antigens is critical for the elimination of self-antigen 
reactive T cells in the thymus, the RANKL-RANK inter-
action contributes to the suppression of autoimmunity. 
Future studies on the roles of the RANKL-RANK system 
in immune regulatory functions would be informative 
for the development and application of inhibitors of 
RANKL signaling for disease treatment.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
The tumor necrosis factor (TNF) family member recep-
tor activator of  NF-κB ligand (RANKL) and its receptor 
RANK regulate diverse physiological functions and organ 
development in the body. Because RANKL- and RANK-
deficient 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 anti-
RANKL neutralizing antibody has been developed and 
recently approved for the treatment of  osteoporosis, 
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rheumatoid arthritis and cancer bone metastasis. How-
ever, 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, RANKL- 
and RANK-deficient mice (RANKL-KO and RANK-
KO) manifest defects in the development, organization 
and function of  several lymphoid organs[2,4-6]. In this re-
view, we summarize the current knowledge regarding the 
roles of  RANKL/RANK signaling in immune regulatory 
systems, including immune activation, immunological tol-
erance and lymphoid organogenesis.

DENDRITIC CELLS FUNCTIONS
Activation of T cells
RANK shows a relatively high homology with CD40 
among the TNF receptor family members[2]. The cy-
toplasmic 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 ac-
tivation 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 intracel-
lular signaling pathways. A large number of  studies have 
revealed that CD40 signaling induces the maturation, ac-
tivation 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 prim-
ing 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 be-
cause 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-

RANK interaction by injecting non-membrane-bound 
RANK-Fc protein suppresses CD4+ T cell-mediated 
immune activation induced by viral[18] and parasitic infec-
tions[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 signifi-
cantly mitigated by the administration of  osteoprotegerin 
(OPG)[21], a natural decoy receptor for RANKL[22,23]. Fur-
thermore, 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 dis-
ease 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 acti-
vation. 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.

Regulatory T cells
It is well recognized that the immune regulatory func-
tions 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 au-
toimmune 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 ac-
tivity. In contrast to the effect of  RANKL, the enforced 
expression of  CD40L in keratinocytes induces severe au-
toimmune disease in the skin[26,29,30]. Interestingly, the au-
toimmune disease provoked by the enforced expression 
of  CD40L is significantly suppressed by the enforced ex-
pression of  RANKL in keratinocytes[26]. Thus, RANKL 
and CD40 signaling result in diametrically different im-
mune responses in the skin. Moreover, in contrast to the 
autoimmune intestine disease model induced by IL-2 de-
ficiency, 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 lo-
cated in the intestine that control the immune response to 
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foods or commensal bacteria. The stimulation of  Peyer’s 
patch-derived cDCs with RANKL increased the expres-
sion of  IL-10[31], a cytokine with anti-inflammatory activ-
ity[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 au-
toimmune disease model[34]. In this model, colitis is sup-
pressed 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 administra-
tion 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  auto-
immune responses and detrimental immune responses 
toward innocuous foreign antigens derived from foods or 
commensal bacteria in the intestines.

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

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 organiza-
tion 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 re-
quired 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 dis-
tinct 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  
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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 pro-
motes 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 Foxp3-
positive 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.
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RelB

fetal lymph nodes. The early development of  a lymph 
node begins with the movement of  lymphoid tissue in-
ducer 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 stro-
mal cells to initiate colonization and cluster formation, 
thereby forming lymph node anlages[39-41]. The TNF 
family members, lymphotoxinα (Ltα) and membrane-
bound 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. In-
terestingly, 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 

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 muco-
sal lymphoid organs located in the intestines, RANKL-
KO 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 RANKL-
RANK-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 che-
mokine signals[46]. However, the splenic architecture is 
not practically impaired by the absence of  RANK signal-
ing[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 micro-
architecture of  Peyer’s patches. Indeed, a recent study 
has uncovered a role for the RANK signal in the devel-
opment 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 lo-
calized to the epithelial cell layers that cover these tissues 
and they transcytose particulate foreign antigens and mi-
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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 administra-
tion 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 de-
velopment and selection of  T cells in the thymus[51,52]. 
Several recent studies have revealed that RANKL signal-
ing 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 dif-
ferent 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 self-
major histocompatibility complex (MHC) molecules and 
the second is to be unresponsive to self-antigens[56]. The 
achievement of  this selectivity is explained by the so-
called “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 mol-
ecules, 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” affin-
ity 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. 

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 develop-
mental 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, 

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 mol-
ecules presented by cTEC survive and successfully dif-
ferentiate 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 un-
usual 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 sup-
presses 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 caus-
ing autoimmune disease. In fact, several lines of  evidence 
have indicated that the dysregulation of  this mechanism 
promotes autoimmune disease[63,68-71]. 

RANKL signaling in mTEC development
It is currently accepted that both mTECs and cTECs 
differentiate from common progenitor cells[72,73]. More-
over, 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 quan-
tity 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 ex-
ists. 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 modu-
lating the functions of  cDCs[18]. 

RANKL signaling suppresses autoimmunity
The requirement for RANK signaling for the prevention 
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of  autoimmunity has also been tested. The transplanta-
tion 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 stro-
mal cells is sufficient to induce autoimmunity. Another 
study demonstrated that the transfer of  splenocytes from 
RANKL-KO mice into nude mice provokes mild auto-
immunity[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 dou-
bly deficient mice. Consistently, mutant mouse lines lack-
ing downstream molecules in the RANK signaling path-
way (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 contrib-
ute to immune defense in the skin[77]. Thus, this study un-
covered 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 re-
cent 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 signal-
ing. 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. 

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 

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 phosphoryla-
tion of  IKKα by NF-κB inducing kinase (NIK). RANK 
signaling is capable of  activating both pathways[82]. In-
terestingly, 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 muta-
tion 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 RANKL-
dependent 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 non-
classical 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 acti-
vates signal transduction pathways that are distinct from 
those activated during osteoclast development. 

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 regu-
latory cells, such as dendritic cells, M cells and mTECs. 
Notably, the functions of  dendritic cells and the mainte-
nance 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 anti-
RANKL antibody for other applications by regulating the 
immune response.
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Abstract
AIM: To investigate the actual injury situation of se-
niors 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 per-
formed, including Injury Severity Score, Abbreviated 
Injury Scale and Maximum Abbreviated Injury Scale. 
The method of data collection is named the German In-
Depth Accident Study and can be seen as representa-
tive.

RESULTS: A total of 4430 injured seniors in traffic ac-
cidents 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. 

CONCLUSION: Seniors are more likely to be involved 
in traffic injuries and to sustain serious to severe inju-
ries compared to other groups.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Due to the rising mean age of  the German population, 
traffic accidents involving older people are observed 
more and more often. Furthermore, previous investiga-
tions 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 capabili-
ties 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 trau-
matic 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 inju-
ries 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.

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), in-
cidence 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 in-
juries in each body region. Classification ranges from mi-
nor 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 

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 be-
tween 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 demo-
graphic 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.

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 pedestri-
ans. 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 ob-
served. Severe injuries to lower extremities with a MAIS 3 
or higher were sustained by 131 of  the elderly, with com-
parable injuries to the upper extremities by 30 accident 
victims. Compared to other groups involved in daily traf-
fic 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. 

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 travel-
ling speed above 40 km/h, the number of  injured pas-
sengers 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 differ-
ences 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 pro-
portion 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 se-
niors are more likely to sustain severe injuries, especially 
as so-called external or vulnerable road users. The rea-
sons 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.

DISCUSSION
The mean age of  the German population is still increas-
ing 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 inde-
pendence. 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 ana-
lyze 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 like-
ly to sustain injuries in road traffic accidents; and thirdly, 
there is a higher percentage of  the elderly population re-
sponsible 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 preven-
tion 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 reac-
tion 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 analyz-
ing 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 con-
sidering 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 mo-
ment of  the accident event and does not include age-
related 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 educa-
tional 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 
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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  se-
niors[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 ad-
dition, educational programs should improve the active 
safety of  older people in traffic. 
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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 us-
ers, 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.
Applications
The results of this study can lead to improvements in safety features in cars, 
bikes and on road crossings. Future urban designs should pay attention to the 
special needs of older people. Additionally, educational programs should im-
prove road safety for all road users.
Terminology
GIDAS is the largest in-depth accident study in Germany. The data collected in 
the GIDAS project is extensive and serves as a basis of knowledge for different 
groups of interest. Since mid 1999, the GIDAS project has collected on-scene 

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), indicat-
ing the relative severity of each body region. MAIS indicates the maximum AI-
Scale of a trauma victim.
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 
injury patterns in seniors (65 years+) compared to younger people”. This is a 
well-written paper. 
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