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ABSTRACT 
     In this study indications of differences in motion pattern of females and males have been found. 
The objective was to quantify dynamic motion responses of female and male volunteers in rear impact 
tests. Such data can be used as an input in the development process of improved occupant models such 
as computational models and crash test dummies. 
     High-speed video data from rear impact tests at 4 km/h and 8 km/h with 12 female and 11 male 
volunteers was analysed. The females in this study had smaller rearward horizontal and angular 
motions of the head and T1 compared to the males. Furthermore, the females had more pronounced 
rebound motion.  
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WHIPLASH ASSOCIATED DISORDER (WAD), commonly denoted whiplash injury, is a 
worldwide problem. These injuries are costly since they are frequent and can lead to long lasting pain 
and disability. In Europe, the yearly cost for whiplash injuries has been estimated to be 10 billion 
Euros (Richter et al. 2000). In USA, the annual number of whiplash injuries has been estimated to 
800,000. Of these whiplash injuries, 270,000 resulted from rear impacts with an annual cost of $2.7 
billion (NHTSA 2004). In Japan, 547,654 traffic related injuries were registered during 1996 and 44% 
suffered from neck injury (Watanabe et al. 2000). Whiplash injuries account for ~70% of all injuries 
leading to disability, induced by modern vehicle crashes (Kullgren et al. 2007). The majority of those 
who experience initial neck symptoms after the car crash recover, most within a week of the crash. 
However, 5-10% of individuals will experience permanent disabilities of varying degrees (Nygren et 
al. 1985; Krafft 1998; the Whiplash Commission 2005). These injuries occur at relatively low changes 
of velocities (typically <25 km/h) (Eichberger et al. 1996; Kullgren et al. 2003), and in impacts from 
all directions. Rear impacts, however, are most common in the accident statistics (Watanabe et al. 
2000). 
     Females have a higher risk of sustaining whiplash injuries than males, even under similar crash 
conditions (Narragon 1965; Kihlberg 1969; O’Neill et al. 1972; Thomas et al. 1982; Otremski et al. 
1989; Maag et al. 1990; Morris & Thomas 1996; Dolinis 1997; Temming & Zobel 1998; Richter et al. 
2000; Chapline et al. 2000; Krafft et al. 2003; Jakobsson et al. 2004; Storvik et al. 2009). According to 
these studies the whiplash injury risk is between 1.5–3 times higher for females compared to males. 
     Differences in the physiology of the head/neck for males and females may contribute to the 
increased whiplash injury risk for females. It has been reported that females have lower strength in 
their neck muscles (Foust et al. 1973; Vasavada et al. 2001; Vasavada et al. 2008), and faster neck 
muscle reflexes (Foust et al. 1973; Siegmund et al. 2003). Females have smaller necks relative to their 
head size compared to males (States et al. 1972). Males have larger vertebral dimensions than females 
(DeSantis Klinich et al. 2004; Stemper et al. 2008; Vasavada et al. 2008), and larger segmental support 
area indicating a more stable intervertebral coupling (Stemper et al. 2008). Differences in ligament 
structural components may lead to decreased stiffness in female spines (Stemper et al. 2008). The total 
range of extension–flexion motion is larger for females compared to males (Buck et al. 1959; Foust et 
al. 1973), while the total range of retraction–protraction motion is smaller (in seated posture) (Hanten 
et al. 1991; Hanten et al. 2000). In dynamic tests, a more pronounced S-curved shape of the neck has 
been reported for females compared to males (Stemper et al. 2003, Ono et al. 2006). 
     Differences in anthropometry and mass distribution of males and females may affect the interaction 
between the upper body and the seatback/head restraint, and may contribute to the increased whiplash 
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injury risk for females. The shorter stature of females affects the geometry and the motion of the head 
relative to the head restraint. A lower mass and/or a lower centre of mass not only decreases the 
deflection of the seatback padding and springs, but also decreases the deflection of the seat frame due 
to a smaller lever about the seatback hinge. Smaller seatback deflection affects the plastic deformation 
and energy absorption as well as the dynamic head-to-head restraint distance and the rebound of the 
torso (Svensson et al. 1993; Croft 2002; Viano 2003). Females have in comparison to males higher 
head x-acceleration, higher (or similar) T1 x-acceleration, lower (or similar) Neck Injury Criterion 
(NIC) value, and more pronounced rebound (Szabo et al. 1994; Siegmund et al. 1997; Hell et al. 1999; 
Welcher & Szabo 2001; Croft et al. 2002; Mordaka & Gentle 2003; Viano 2003; Ono et al. 2006; 
Carlsson et al. 2008; Linder et al. 2008; Schick et al. 2008).  
     Differences in seat geometry for females and males may have an influence on the dynamic 
response during the collision. It has been reported that females tend to sit in a more upright position, 
with a 3° smaller seatback angle, than males (Jonsson et al. 2008). Several studies have reported a 
shorter head-to-head restraint distance for females compared to males (Szabo et al. 1994 (estimation 
from graph); Minton et al. 1997; Jonsson et al. 2007; Linder et al. 2008; Schick et al. 2008; Carlsson 
2008).  
     The 50th percentile male crash test dummy roughly corresponds to a 90th-95th percentile female in 
terms of stature and mass (Welsh & Lenard 2001), but does not correlate in terms of mass distribution 
and dynamic response. Hence, females are not well represented by the existing rear impact 50th 
percentile male dummies: the BioRID and the RID3D. Consequently, the current seats are optimized 
to the 50th percentile male with no consideration of female properties, in spite of the higher whiplash 
injury risk for females. 
     Dynamic response of both females and males needs to be established in order to understand the 
biomechanics that form the basis for whiplash injury. The primary source of such dynamic response 
data is from comparable volunteer tests with males and females. This data can be used as an input in 
the development process of improved occupant models such as computational models and crash test 
dummies. 
     The objective of this study was to quantify dynamic motion responses of female and male 
volunteers in rear impact tests. Such data is fundamental in order to develop mathematical and 
mechanical models of both males and females for rear impact tests. These models can be used, not 
only as a tool in the design of protective systems, but also in the process of further evaluation and 
development of injury criteria. 
 
METHODS 
     Data from a rear impact test series with 21 male and 21 female volunteers at 4 km/h and 8 km/h, 
originally presented in Siegmund et al. (1997), were used for further analysis. A subset representing 
the 50th percentile female was extracted in a similar way as the subset representing the 50th percentile 
male in Siegmund et al. (2001). Initial results from the present study regarding head-to-head restraint 
distance, head-to-head restraint contact, and head/T1 accelerations were published in Linder et al. 
(2008). Further analysis of the high-speed video data was the focus of this publication. In this study an 
extension of the dataset (from ~280 ms to ~350 ms) for the female volunteers at 8 km/h was generated 
by additional analysis of the film data. Peak values and their timing were derived from the data and 
response corridors were generated for the females and the males. 
 
     TEST PROCEDURES: The following description of the test procedure and data reduction is a 
summary of the description found in Siegmund et al. (1997). The volunteers were seated in the front 
passenger seat of a 1990 Honda Accord LX 4-door sedan. The rear of the Honda was struck by the 
front of a 1981 Volvo 240DL station wagon for the volunteer tests. The Volvo’s impact speeds were 
selected to produce speed changes of about 4 km/h and 8 km/h on the Honda. The Honda's passenger 
seat was locked in the full rear position and the initial seat back angle was set to about 27 degrees from 
vertical for all tests. The head restraint was locked in the full-up position. The volunteers were 
restrained by a lap and shoulder seat belt. The volunteers were instructed to sit normally in the seat, 
face forward with their head level, place their hands on their lap, and relax prior to impact. The 
volunteers knew an impact was imminent, but could not predict its exact timing. 
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     Each volunteer underwent two tests: one each at 
a change of velocity of 4 km/h and 8 km/h. No 
demonstration trials or practice were given and the 
two tests were separated by at least one week in 
order to minimize the effect of habituation. The 
volunteers were instrumented with accelerometers 
and video markers as described in detail in 
Siegmund et al. (1997). 
     Kinematic data and head restraint load data were 
resolved into a global reference frame with the x-
axis horizontal and positive forward, the y-axis 
horizontal and positive to the right, and the z-axis 
vertical and positive downward. In this reference 
frame, extension motions were positive and flexion 
motions were negative. Kinetic data at the atlanto-
occipital (AO) joint were resolved to the head 
reference frame, in which the z-axis was positive in 
the inferior direction. The instantaneous orientation 
of the head reference frame relative to the global 
reference frame was determined from the high-
speed video.  
 
     HUMAN SUBJECTS: The male corridors 
presented in Siegmund et al. (2001) were derived 
using data from 11 of the original 21 male subjects 
from Siegmund et al. (1997) (shaded in Table 1). 
These subjects were selected based on a stature 
range (173–178 cm) that was within ±3 cm of a 50th 
percentile male (174.7 cm; Diffrient et al. 1974). 
Their weight range (63–87 kg) varied between the 
10th and 75th percentile mass for males of the 50th 
percentile stature (Najjar & Rowland 1987). The 
females were selected in a similar way. Of the 
original 21 female subjects 9 volunteers (at 8 km/h) 
and 12 (at 4 km/h) were selected (shaded in Table 
1). These subjects were selected based on a stature 
range (156–167 cm) within ±5.5 cm of a 50th 
percentile female (161.5 cm; Diffrient et al. 1974). 
Their weight range (45.8–83.4 kg) varied between 
the 5th and 90th percentile mass for females of the 
50th percentile stature (Najjar & Rowland 1987).  
     The stature and weights for all volunteers are 
shown in Fig. 1. In addition, the figure also 
contains data of the average female and male as 
defined by Diffrient et al. (1974) and Najjar and 
Rowland (1987). The selection of the female 
volunteers resulted in a wider stature interval (±5.5 
cm) compared to the males (±3 cm). This was done 
in order to get a comparable number of female and 
male volunteers (12 females at 4 km/h, 9 females at 
8 km/h, and 11 males at both velocities). 
     The average age of the volunteers was 26 years 
for the males and 27 years for the females. 

Table 1. Age, stature, and weight of the 
volunteers (Siegmund et al. 1997). The subset of 
volunteers representing the 50th percentile male 
(Siegmund et al. 2001) and the 50th percentile 
female, are shaded. 

MALE FEMALE 

No. Age
[years]

Stature
[cm] 

Weight
[kg] No. Age 

[years]
Stature

[cm] 
Weight

[kg] 
 20 25 164.5 81.5  54 22 153.5 54.5 
 16 37 168.0 69.0  52 21 155.0 57.0 
 43 21 168.5 50.9  19 25 156.0 60.0 
 05 30 171.0 92.0  62 28 159.0 62.5 
 25 25 173.0 69.1  61 27 161.5 62.0 
 27 22 173.0 70.7  632) 20 162.0 45.8 
 17 27 173.0 83.5  44 33 162.0 65.1 
 04 33 174.0 66.1  23 31 163.0 58.7 
 221) 21 174.0 72.0  33 33 163.0 63.7 
 46 22 174.0 86.5  322) 30 164.0 65.7 
 15 27 175.0 85.5  11 25 165.0 83.4 
 18 27 175.5 64.0  49 28 167.0 52.5 
 50 22 175.5 69.0  42 21 167.0 53.6 
 35 30 176.0 76.8  262) 27 167.0 62.5 
 03 25 177.0 74.4  57 41 168.0 62.0 
 28 22 178.0 62.8  53 25 168.0 63.0 
 09 32 178.5 82.9  131) 25 168.0 70.0 
 14 21 182.5 79.0  56 24 168.0 72.0 
 34 28 183.0 73.4  58 27 168.5 57.0 
 01 26 183.5 79.9  48 30 170.5 58.0 
 47 30 185.0 84.0  12 27 173.5 80.0 
1) The data set is not complete, the subject is excluded. 
2) These three subjects chose not to participate in the 8 km/h test. 

Fig. 1 - The stature and weight for all 
volunteers (Siegmund et al. 1997). The range of 
statures of the chosen subset of females for this 
study, and the subset of males from Siegmund 
et al. (2001) are illustrated with vertical lines. 
From the literature, the average male and 
female, as defined by Diffrient et al. (1974) and 
Najjar & Rowland (1987), are represented by 
filled circles. 
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RESULTS 
     Response corridors were generated for the x- and angular displacements of the head, T1, and head 
relative to T1 for the male and female volunteers. The corridors were defined as the average ± one 
standard deviation (SD) from the average response.  
 
     X-DISPLACEMENTS: The females had, in comparison to the males, a lower and earlier peak 
rearward displacement of the head, T1, and head relative to T1 (negative values in Fig. 2a-f, Table 2).  
For example, at 8 km/h the peak rearward x-displacement of the head was 12% lower and occurred 6% 
earlier for the females compared to the males. Similarly, for T1 the peak rearward displacement was 
8% lower and occurred 5% earlier, and for the head relative to T1 it was 22% lower and occurred 9% 
earlier for the females compared to the males. 
     The rebound motion was more pronounced for the females compared to the males, with an earlier 
return to the initial position of the head and T1 (=0 cm) and a larger forward displacement at the end 
of the data set (positive values in Fig. 2a-f). At 8 km/h, the heads of the females returned to their 
initial positions 10% earlier than the heads of the males; a similar trend was recorded for the T1 (11% 
earlier), and for the head relative to T1 (8% earlier). The forward displacement of the head at the end 
of the data set was 77% larger for the females at 8 km/h than the males. For the T1, and the head 
relative to T1, the forward displacement at the end of the data set was 68% and 179% larger, 
respectively, for females than males. 
 
 

 
Fig. 2 - X-displacements (relative to the vehicle) of the (a) head at 4 km/h (b) head at 8 km/h (c) T1 at 4 
km/h (d) T1 at 8 km/h (e) head relative to T1 at 4 km/h (f) head relative to T1 at 8 km/h. The response 
corridors are calculated from the average ±1SD from the average response. Dark grey corridors 
represent males and light grey corridors females. 

Females 
Males 

32 IRCOBI Conference - Hanover (Germany) - September 2010



 

     ANGULAR DISPLACEMENTS: The peak rearward angular displacements of the head and T1 
(positive angles in Fig. 3a-d, Table 2) were lower and occurred earlier for the females compared to 
the males at both 4 km/h and 8 km/h. On average, the peak rearward angular displacement of the head 
was 30% lower and occurred 7% earlier for the females at 8 km/h. Likewise, T1 was 9% lower and 
occurred 9% earlier for the females at 8 km/h. Since the rearward angular displacement of T1 started 
earlier in comparison to the head, the volunteers exhibited a small flexion of the head relative to T1 
during the first ~100 ms (negative angles in Fig. 3e-f). This flexion was, for the females in comparison 
to the males, 17% higher at 4 km/h, while at 8 km/h it was 6% lower. As the head started to rotate 
rearward, the flexion of the head relative to T1 changed into an extension (positive angles in Fig. 3e-
f), except for the females at 8 km/h with an average maximum of 0°, i.e. they did not enter into 
extension. 
     During the rebound phase, the head and T1 angles of the females returned to their initial positions 
(=0°) earlier compared to the males, and they had larger forward flexion at the end of the data set 
(negative angles in Fig. 3a-d). At 8 km/h, the heads of the females returned to their initial positions 
7% earlier than did the males, and they had 123% larger forward flexion at the end of the data set. The 
corresponding results for T1 were a 23% earlier return to their initial position, and 700% larger 
forward flexion at the end of the data set. 
 
 

 

Fig. 3 - Angular displacements of the (a) head at 4 km/h (b) head at 8 km/h (c) T1 at 4 km/h (d) T1 at 8 
km/h (e) head relative to T1 at 4 km/h (f) head relative to T1 at 8 km/h. Dark grey corridors represent 
males and light grey corridors females. Positive angles correspond to rearward bending. The discontinuity 
in Fig. 3b and f is due to variations in the length of data sampling time between different test subjects. 

Females 
Males 
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Table 2. The average x- and angular displacement peaks and their timing for the head, T1, and head 
relative to T1 for the male and female volunteers at 4 km/h and 8 km/h. Standard deviations in 
parenthesis and p-values from t-tests. 

X-displacement  Angular displacement 

Head T1 Head rel T1 Head T1 Head rel. T1 
Peak 1           Peak 2 

 

[mm] [ms] [mm] [ms] [ms] [ms] [°] [ms] [°] [ms] [°] [ms] [°] [ms]

Male -97 
(12) 

161* 
(12) 

-53 
(9) 

137 
(12) 

-49
(7) 

172
(12) 

17.7*
(2.7)

177
(12) 

12.2*
(2.0)

186*
(19) 

-3.1 
(1.2) 

109 
(13) 

5.8
(1.7)

177
(15) 

p=0.122 p=0.048 p=0.877 p=0.157 p=0.076 p=0.139 p=0.009 p=0.242 p=0.023 p=0.005 p=0.332 p=0.507 p=0.107 p=0.442

4 
km

/h
 

Female -89 
(13) 

150* 
(14) 

-52 
(8) 

130 
(9) 

-43
(10) 

162
(18) 

13.7*
(3.8)

170
(15) 

10.3*
(1.7)

166*
(12) 

-3.6 
(1.3) 

113 
(11) 

3.9
(3.3)

171
(21) 

-170* 
(18) 

141* 
(8) 

-104 
(13) 

127* 
(6) 

-75*
(13) 

149*
(10) 

23.1*
(3.5)

152*
(8) 

18.9
(2.0)

154*
(17) 

-8.1 
(3.0) 

106 
(6) 

4.8*
(3.9)

154*
(10) Male 

p=0.018 p=0.028 p=0.138 p=0.013 p=0.018 p=0.014 p=0.001 p=0.010 p=0.184 p=0.048 p=0.728 p=0.089 p=0.005 p=0.021

8 
km

/h
 

Female -149* 
(19) 

132* 
(8) 

-95 
(11) 

121* 
(4) 

-58*
(15) 

136*
(11) 

16.2*
(4.5)

142*
(8) 

17.2
(3.4)

141*
(10) 

-7.6 
(3.1) 

100 
(9) 

0*
(3.4)

142*
(12) 

* Statistical significant (p<0.05) difference between female and male average parameter values according to 
t-test. The calculations were based on the assumption that the data was normally distributed. 

 
 
DISCUSSION 
     A further analysis of high-speed video data from a series of rear impact sled tests at 4 km/h and 
8 km/h with female and male volunteers was performed. The volunteers were representative of the 50th 
percentile male and female in terms of stature, but less so in terms of weight. In an initial analysis 
based on the same data set (Linder et al. 2008), it was found that the females in comparison to the 
males had:  
 
- higher and earlier peak x-acceleration of the head (32% higher and 7% earlier at 4 km/h, 10% higher 

and 9% earlier at 8 km/h). 
- higher peak x-acceleration of the T1 (17% higher and 6% earlier at 4 km/h, and 16% higher at 

8 km/h). 
- shorter head-to-head restraint distance (8% at 4 km/h and 9% at 8 km/h). 
- earlier head-to-head restraint contact (11% at 4 km/h and 9% at 8 km/h). For the same initial head-

to-head-restraint distance, head restraint contact was ~11 ms and ~7 ms earlier for the females than 
the males at 4 km/h and 8 km/h respectively.  

- similar Neck Injury Criteria (NIC) value as the males at 4 km/h, and 20% lower and 5% earlier NIC 
value at 8 km/h. 

 
These results are summarized in Table 3. 
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Table 3. The average x-acceleration peaks and their timing for the head and T1, the head-to-head 
restraint distance and contact time, and the Neck Injury Criterion (NIC) for the male and female 
volunteers at 4 km/h and 8 km/h. Standard deviations in parenthesis and p-values from t-tests. Data 
from the study by Linder et al. (2008).  

X-acceleration  Head-to-head restraint Neck Injury Criterion 

Head T1 Distance Contact NIC 
 

[m/s2] [ms] [m/s2] [ms] [mm] [ms] [m2/s2] [ms] 
30.0* 
(4.2) 

159* 
(12) 

18.3* 
(2.7) 

122 
(25) 

45 
(15) 

128 
(14) 

1.91 
(0.35) 

105 
(13) Male 

p=0.001 p=0.053 p=0.022 p=0.413 p=0.639 p=0.058 p=0.760 p=0.610 

4 
km

/h
 

Female 39.5* 
(5.5) 

149* 
(12) 

21.5* 
(3.4) 

115 
(14) 

41 
(18) 

114 
(19) 

1.96 
(0.44) 

107 
(9) 

83.7 
(12.6) 

140* 
(6) 

38.6 
(6.8) 

124 
(23) 

43 
(17) 

100 
(10) 

4.04* 
(0.77) 

97 
(10) Male 

p=0.128 p=0.001 p=0.073 p=0.893 p=0.588 p=0.066 p=0.045 p=0.378 

8 
km

/h
 

Female 92.4 
(11.3) 

128* 
(7) 

44.7 
(7.2) 

123 
(15) 

39 
(17) 

91 
(10) 

3.22* 
(0.93) 

92 
(11) 

* Statistical significant (p<0.05) difference between female and male average parameter values according to
t-test. The calculations were based on the assumption that the data was normally distributed. 

      
 
     The rearward peak x-displacements of the head, T1, and head relative to T1 were lower and 
occurred earlier for the females compared to the males at both 4 km/h and 8 km/h. Similar results have 
been reported in other rear impact studies (Szabo et al. 1994; Welcher & Szabo 2001; Carlsson et al. 
2008). Szabo et al. (1994) reported that the female volunteers on average had a 24% lower peak 
rearward head x-displacement, and a 26% lower peak rearward shoulder x-displacement. Welcher & 
Szabo (2001) found the head relative to T1 rearward x-displacement was 10% lower (at 4 km/h) and 
23% lower (at 8 km/h) for the 50th percentile female volunteer in comparison to the 50th percentile 
male volunteer. Carlsson et al. (2008) found that the peak rearward head, T1, and head relative to T1 
x-displacements were lower and earlier for 50th percentile female volunteers compared to 50th 
percentile male volunteers. Thus, the results found in the present study correspond to previous 
findings, with lower and earlier peak head and T1 x-displacements for females compared to males.  
     The peak rearward angular displacements of the head and T1 in the present study were lower and 
had an earlier timing for the females compared to the males at both 4 km/h and 8 km/h. Similar results 
were found in Carlsson et al. (2008) for the head (29% lower at 7 km/), while for T1 the peaks were 
higher (33% higher at 7 km/) for the females compared to the males. The different results for the 
rearward angular displacement of the T1 for males and females found in the present study and in 
Carlsson et al. (2008) may be due to different interaction between the upper torso and the seatback. 
     Shorter head-to-head restraint distances for females before the impact (Szabo et al. 1994; Minton et 
al. 1997; Jonsson et al. 2007; Linder et al. 2008; Schick et al. 2008; Carlsson et al. 2008) may 
contribute to lower peak x-displacements of the head for the females compared to the males. During 
the impact, lower peak x-displacements of the T1 may be due to the smaller mass of the females 
compared to the males, i.e. heavier males may sink into and/or deflect the seatback to a greater extent. 
Smaller seatback deflection affects the plastic deformation and energy absorption as well as the 
dynamic head-to-head restraint distance and the rebound of the torso (Svensson et al. 1993; Croft 
2002; Viano 2003).  
     Females had a more pronounced rebound than males in the present study. They had an earlier 
return to their initial position and a larger forward x-displacement/flexion at the end of the data set, for 
both the head and T1. Similar results have been reported in previous studies (Hell et al. 1999; Croft et 
al. 2002). Hell et al. (1999) reported that “most male volunteers showed a different head flexion 
behaviour (rebound, minor forward flexion) compared to female volunteers (clear forward flexion)”. 
Croft et al. (2002) wrote about females that “due to her lesser body mass, she interacted faster with the 
seat back and head restraint and offered less resistance to their forward motion. This quicker 
interaction resulted in her earlier and higher amplitude acceleration.” About males they wrote that 
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males “offered greater resistance to the forward moving seat, effectively delaying their forward 
acceleration.” The findings reported in Hell et al. (1999) and Croft et al. (2002) are thus supported by 
the results in the present study. There are also other studies reporting higher and earlier peak head 
and/or T1 accelerations for females (Szabo et al. 1994; Mordaka & Gentle 2003; Viano 2003; Schick 
et al. 2008; Carlsson et al. 2008; Ono et al. 2006). If whiplash injuries occur during the rebound phase 
of a rear impact (von Koch et al. 1995; Muser et al. 2000), then the gender differences we observed in 
rebound behaviour may help explain why females experience more injuries than males. 
     Lower (or similar) NIC values have been reported for females compared to males (Welcher & 
Szabo 2001; Linder et al. 2008; Carlsson et al. 2008). This may be due to the shorter initial head-to-
head restraint distance and earlier head-to-head-restraint contact for females. The results of this study 
may appear contradictory to the fact that the risk of whiplash injury is higher for females compared to 
males. Given the higher whiplash injury risk for females, one might ask whether the NIC threshold is 
different for females and males. Further research is needed in order to address this question. 
     Studies have shown that the BioRID 50th percentile male dummy is more biofidelic in low speed 
rear impact testing than the Hybrid III dummy (Davidsson et al. 1999; Philippens et al. 2002). The 
dynamic response of the BioRID 50th percentile male dummy has been evaluated with regards to low-
speed rear impact tests with male volunteers (Davidsson et al. 1999). The results from the present 
study together with results from the previous study (Linder et al. 2008) show that the female 
volunteers had a different dynamic response than the male volunteers. It is therefore worrying that new 
whiplash protection systems are being developed and evaluated without considering the gender 
differences in dynamic responses and injury potential. Mordaka & Gentle (2003) concluded, based on 
mathematical simulations, that a “scaled down male model is not adequate to simulate female 
responses even though the scaling constitutes a good height and mass match”. Additionally, Vasavada 
et al. (2008) found that “male and female necks are not geometrically similar and indicate that a 
female-specific model will be necessary to study gender differences in neck-related disorders”. That 
is, a female model needs to be based on data from tests with females. The results from this study can 
become a valuable input to the development and validation process of such a model. 
 
     LIMITATIONS IN THIS STUDY: In this study one particular vehicle model was used as target 
and bullet vehicle, respectively. Another crash configuration may have resulted in other volunteer 
dynamic responses. For example, the head restraint was locked in the full-up position in all tests. 
According to Viano and Gargan (1996), 75.6% of adjustable headrests were in the lowest possible 
configuration; and of these, 90.6% could have been adjusted to a higher position relative to the head of 
the driver. Thus the subjects here had better head restraint protection than many real-world exposures. 
In addition, a larger number of volunteers would be needed in order to create robust confidence 
interval.  
 
RECOMMENDATIONS:  
In the future, this study could be used to develop and validate a mechanical and/or mathematical 50th 
percentile female dummy model for rear impact safety assessment. Such a model could be of use, not 
only to design and develop protective systems, but to further evaluate and develop injury criteria. A 
model of an average female could, together with the existing 50th percentile male model, complement 
the studies of Kullgren et al. (2003) and Linder et al. (2004), and be used to define gender-specific 
neck injury threshold values. 
 
CONCLUSIONS 
This paper quantifies the dynamic motion response of the head and T1 (first thoracic vertebrae) of 12 
female and 11 male volunteers exposed to rear impact car-to-car tests at 4 km/h and 8 km/h. The 
overall result showed differences in the head, T1, and head relative to T1 linear and angular 
displacements for females and males in this study. In comparison to the males the females had: 
 
- lower and earlier peak x-displacements of the head, T1, and head relative to T1. 
- lower and earlier peak angular displacement of the head and T1. 
- more pronounced rebound motion, with an earlier return to their initial position and a larger forward 

x-displacement/flexion at the end of the data set, for the head and T1. 

36 IRCOBI Conference - Hanover (Germany) - September 2010



 

 
ACKNOWLEDGEMENT 
This study was funded by IIHS (Insurance Institute for Highway Safety), Folksam Research 
Foundation, and the European Commission as part of the project ADSEAT (Adaptive Seat to Reduce 
Neck Injuries for Female and Male Occupants). 
 
REFERENCES 
Buck CA, Dameron FB, Dow MJ, Skowlund HV (1959) Study of Normal Range of Motion in the Neck 

Utilizing a Bubble Goniometer, Arch. Phys. Med. Rehabil., Vol. 40, pp. 390–392 
Carlsson A, Linder A, Svensson M, Davidsson J, Schick S, Horion S, Hell W (2008) Female 

Volunteer Motion in Rear Impact Sled Tests in Comparison to Results from Earlier Male 
Volunteer Tests, Proc. IRCOBI Conf., Bern (Switzerland), pp. 365–366 

Chapline JF, Ferguson SA, Lillis RP, Lund AK, Williams AF (2000) Neck pain and head restraint 
position relative to the driver's head in rear-end collisions, Accid. Anal. Prev., Vol 32, No. 2, pp. 
287–297 

Croft AC, Haneline MT, Freeman MD (2002) Differential Occupant Kinematics and Forces Between 
Frontal and Rear Automobile Impacts at Low Speed: Evidence for a Differential Injury Risk, Proc. 
IRCOBI Conf., Munich (Germany), pp. 365–366 

Davidsson J, Flogård A, Lövsund P, Svensson MY (1999) BioRID P3 – Design and Performance 
Compared to Hybrid III and Volunteers in Rear Impacts at ΔV=7 km/h, Proc. 43rd Stapp Car Crash 
Conf., SAE 99SC16, pp. 253–265 

DeSantis Klinich K, Ebert SM, Van Ee CA, Flannagan CA, Prasad M, Reed MP, Schneider LW  
(2004) Cervical spine geometry in the automotive seated posture: variations with age, stature, and 
gender, Stapp Car Crash J., Vol. 48, pp. 301–330 

Diffrient N, Tilley AR, Bardagjy JC (1974) Humanscale 1/2/3 – A Portfolio of Information, The MIT 
Press, Cambridge, MA 

Dolinis J. (1997) Risk Factors for “Whiplash” in Drivers: A Cohort Study of Rear-End Traffic 
Crashes, Injury, Vol. 28, No. 3, pp. 173–179 

Eichberger A, Geigl BC, Moser A, Fachbach B, Steffan H (1996) Comparison of Different Car Seats 
Regarding Head-Neck Kinematics of Volunteers During Rear End Impact, Proc. IRCOBI Conf., 
Dublin (Ireland), pp. 153–164 

Foust DR, Chaffin DB, Snyder RG, Baum JK (1973) Cervical Range of Motion and Dynamic 
Response and Strength of Cervical Muscles, Proc. 17th Stapp Car Crash Conf., SAE 730975, pp. 
285–308 

Hanten WP, Lucio RM, Russell JL, Brunt D (1991) Assessment of Total Head Excursion and Resting 
Head Posture, Arch. Phys. Med. Rehabil., Vol. 72, No. 11, pp. 877–880 

Hanten WP, Olson S L, Russell JL, Lucio RM, Campbell AH (2000) Total Head Excursion and 
Resting Head Posture: Normal and Patient Comparisons, Arch. Phys. Med. Rehabil., Vol. 81, No. 
1, pp. 62–66 

Hell W, Langwieder K, Walz F, Muser M, Kramer M, Hartwig E (1999) Consequences for Seat 
Design due to Rear End Accident Analysis, Sled Tests and Possible Test Criteria for Reducing 
Cervical Spine Injuries after Rear-End Collision, Proc. IRCOBI Conf., Sitges (Spain), pp. 243–
259 

Jakobsson L, Norin H, Svensson MY (2004) Parameters Influencing AIS 1 Neck Injury Outcome in 
Frontal Impacts, Traffic Inj. Prev., Vol. 5, No. 2, pp. 156–163 

Jonsson B, Stenlund H, Svensson MY, Björnstig U (2007) Backset and Cervical Retraction Capacity 
Among Occupants in a Modern Car, Traffic Inj. Prev., Vol. 8, No. 1, pp. 87–93 

Jonsson B, Stenlund H, Svensson MY, Björnstig U (2008) Seat Adjustment – Capacity and 
Repeatability Among Occupants in a Modern Car, Ergonomics Vol. 51, No. 2, pp. 232–241 

Kihlberg JK (1969) Flexion-Torsion Neck Injury in Rear Impacts, Proc. 13th AAAM, pp. 1–16 
v Koch M, Kullgren A, Lie A, Nygren Å, Tingvall C (1995) Soft Tissue Injury of the Cervical Spine in 

Rear-End and Frontal Car Collisions, Brünnen (Switzerland), Proc. IRCOBI Conf., pp. 273–283 
Krafft M (1998) A Comparison of Short- and Long-Term Consequences of AIS1 Neck Injuries, in Rear 

Impacts, Proc. IRCOBI Conf., Göteborg (Sweden), pp. 235–248 

IRCOBI Conference - Hanover (Germany) - September 2010 37



 

Krafft M, Kullgren A, Lie A, Tingvall C (2003) The Risk of Whiplash Injury in the Rear Seat 
Compared to the Front Seat in Rear Impacts, Traffic Inj. Prev., Vol. 4, No. 2, pp. 136–140 

Kullgren A, Eriksson L, Boström O, Krafft M (2003) Validation of neck injury criteria using 
reconstructed real-life rear-end crashes with recorded crash pulses, Proc. 18th ESV Conf. (344), 
Nagoya (Japan), pp. 1–13 

Kullgren A, Krafft M, Lie A, Tingvall C (2007) The Effect of Whiplash Protection Systems in Real-
Life Crashes and Their Correlation to Consumer Crash Test Programmes, Proc. 20th ESV Conf. 
(07-0468), Lyon (France), pp. 1–7 

Linder A, Avery M, Kullgren A, Krafft M (2004) Real-World Rear Impacts Reconstructed in Sled 
Tests, Proc. IRCOBI Conf., Graz (Austria), pp. 233–244 

Linder A, Carlsson A, Svensson MY, Siegmund GP (2008) Dynamic Responses of Female and Male 
Volunteers in Rear Impacts, Traffic Inj. Prev., Vol. 9, No. 6, pp. 592–599 

Maag U, Desjardins D, Bourbeau R, Laberge-Nadeau C (1990) Seat Belts and Neck Injuries,  Proc. 
IRCOBI Conf., Bron (France), pp. 1–14 

Minton R, Murray P, Pitcher M, Galasko CSB (1997) Causative Factors in Whiplash Injury: 
Implications for Current Seat and Head Restraint Design, Proc. IRCOBI Conf., Hanover 
(Germany), pp. 207–222 

Mordaka J, Gentle RC (2003) The Biomechanics of Gender Difference and Whiplash Injury: 
Designing Safer Car Seats for Women, Acta Politechnica, Vol. 43, No. 3, pp. 47–54 

Morris AP, Thomas PD (1996) Neck Injuries in the UK Co-operative Crash Injury Study, Proc. 40th 
Stapp Car Crash Conf., SAE 962433, pp. 317–329 

Muser MH, Walz, FH, Zellmer H (2000) Biomechanical Significance of the Rebound Phase in Low 
Speed Rear End Impacts, Proc. IRCOBI Conf., Montpellier (France), pp. 411–424 

Najjar MF, Rowland M (1987) Anthropometric Reference Data and Prevalence of Overweight, United 
States, 1976-80, Data from the National Health Survey series 11, No. 238 (PHS) 87-1688. 
National Center for Health Statistics, Department of Health and Human Services, Hyattsville, MD 

Narragon EA (1965) Sex Comparisons in Automobile Crash Injury, CAL Report No. VJ-1823-R15 
NHTSA (2004) Federal Motor Vehicle Safety Standards; Head Restraints; Final Rule, Federal 

Register, Vol. 69, No. 239, Rules and Regulations, 49 CFR Part 571, [Docket No. NHTSA–2004–
19807], RIN 2127–AH09 

Nygren Å, Gustafsson H, Tingvall C (1985) Effects of Different Types of Headrests in Rear-End 
Collisions, Proc. 10th ESV Conf., Oxford (UK), pp. 85–90 

O’Neill B, Haddon W, Kelley AB, Sorenson WW (1972) Automobile Head Restraints—Frequency of 
Neck Injury Claims in Relation to the Presence of Head Restraints, Am. J. Public Health, Vol. 62, 
No. 3, pp. 399–405 

Ono K, Ejima S, Suzuki Y, Kaneoka K, Fukushima M, Ujihashi S (2006) Prediction of Neck Injury 
Risk Based on the Analysis of Localized Cervical Vertebral Motion of Human Volunteers During 
Low-Speed Rear Impacts, Proc. IRCOBI Conf., Madrid (Spain), pp. 103–113 

Otremski I, Marsh JL, Wilde BR, McLardy Smith PD, Newman RJ (1989) Soft Tissue Cervical 
Injuries in Motor Vehicle Accidents, Injury, Vol. 20, No. 6, pp. 349–351 

Philippens M, Cappon H, Van Ratingen M, Wismans J, Svensson M, Sirey F, Ono K, Nishimoto N, 
Matsuoka F (2002) Comparison of the Rear Impact Biofidelity of BioRID II and RID 2, Stapp Car 
Crash J., Vol. 46, pp. 461–476 

Richter M, Otte D, Pohlemann T, Krettek C, Blauth M (2000) Whiplash-Type Neck Distortion in 
Restrained Car Drivers: Frequency, Causes and Long-Term Results, Eur. Spine J., Vol. 9, No. 2, 
pp. 109–117 

Schick S, Horion S, Thorsteinsdottir K, Hell W (2008) Differences and Commons in Kinetic 
Parameters of Male and Female Volunteers in Low Speed Rear End Impacts, TÜV SÜD, 
Whiplash – Neck Pain in Car Crashes, 2nd Intern. Conf., Erding (Germany) 

Siegmund GP, King DJ, Lawrence JM, Wheeler JB, Brault JR, Smith TA (1997) Head/Neck 
Kinematic Response of Human Subjects in Low-Speed Rear-End Collisions, Proc. 41st Stapp Car 
Crash Conf., SAE 973341, pp. 357–385 

Siegmund GP, Heinrichs BE, Lawrence JM, Philippens MM (2001) Kinetic and Kinematic Responses 
of the RID2a, Hybrid III and Human Volunteers in Low-Speed Rear-End Collisions, Proc. 45th 
Stapp Car Crash Conf., SAE 2001-22-0011, pp. 1–18 

38 IRCOBI Conference - Hanover (Germany) - September 2010



 

Siegmund GP, Sanderson DJ, Myers BS, and Inglis JT (2003) Awareness Affects the Response to 
Single Whiplash Perturbations, Spine, Vol 28, No. 7, pp. 671-679 

States JD, Balcerak JC, Williams JS, Morris AT, Babcock W, Polvino  R, Riger P, Dawley RE (1972) 
Injury Frequency and Head Restraint Effectiveness in Rear-End Impact Accidents, Proc. 16th 
Stapp Car Crash Conf., SAE 720967, pp. 228–257 

Stemper BD, Yoganandan N, Pintar F (2003) Gender Dependent Cervical Spine Segmental 
Kinematics During Whiplash, J. Biomech., Vol. 36, No. 9, pp. 1281–1289 

Stemper BD, Yoganandan N, Pintar FA, Maiman DJ, Meyer MA, DeRosia J, Shender BS, Paskoff G 
(2008) Anatomical Gender Differences in Cervical Vertebrae of Size-Matched Volunteers, Spine, 
Vol. 33, No. 2, pp. E44-E49 

Storvik SG, Stemper BD, Yoganandan N, Pintar FA (2009) Population-Based Estimates of Whiplash 
Injury Using NASS CDS Data, Biomed Sci Instrum., No. 45, pp. 244–249 

Svensson MY, Lövsund P, Håland Y, Larsson S (1993) Rear-End Collisions—A Study of the Influence 
of Backrest Properties on Head-Neck Motion Using a New Dummy Neck, SAE 930343, pp. 129–
142 

Szabo TJ, Welcher JB, Anderson RD, Rice MM, Ward JA, Paulo LR, Carpenter NJ (1994) Human 
Occupant Kinematic Response to Low-Speed Rear End Impacts, Proc. 38th Stapp Car Crash Conf., 
SAE 940532, pp. 23–35 

Temming J, Zobel R (1998) Frequency and Risk of Cervical Spine Distortion Injuries in Passenger 
Car Accidents: Significance of Human Factors Data, Proc. IRCOBI Conf., Bron (France), pp. 
219–233 

Thomas C, Faverjon G, Hartemann F, Tarriere C, Patel A, Got C (1982) Protection against Rear-End 
Accidents, Proc. IRCOBI Conf., Cologne (Germany), pp. 17–29 

Vasavada AN, Li S, Delp SL (2001) Three-dimensional isometric strength of neck muscles in humans, 
Spine, Vol. 26, No. 17, pp. 1904–1909 

Vasavada AN, Danaraj J, Siegmund GP (2008) Head and Neck Anthropometry, Vertebral Geometry 
and Neck Strength in Height-Matched Men and Women, J Biomech. Vol. 41, No. 1, pp. 114–121 

Viano DC, Gargan MF (1996) Headrest Position during Normal Driving: Implication of Neck Injury 
Risk in Rear Crashes, Accid. Anal. Prev., Vol. 28, No. 6, pp. 665–674 

Viano D (2003) Seat Influences on Female Neck Responses in Rear Crashes: A Reason Why Women 
Have Higher Whiplash Rates, Traffic Inj. Prev., Vol. 4, No. 3, pp. 228–239 

Watanabe Y, Ichikawa H, Kayama O, Ono, K, Kaneoka K, Inami S (2000) Influence of Seat 
Characteristics on Occupant Motion in Low-Velocity Rear-End Impacts, Accid. Anal. Prev., Vol. 
32, No. 2, pp. 243–250 

Welsh R, Lenard J (2001) Male and Female Car Drivers – Differences in Collision and Injury Risks, 
Proc. 45th AAAM, Texas (USA), pp. 73–91 

Welcher JB, Szabo TJ (2000) Relationships Between Seat Properties and Human Subject Kinematics 
in Rear Impact Tests, Accid. Anal. Prev., Vol 33, No. 3, pp. 289–304 

The Whiplash Commission (2005) Final Report 
 http://www.whiplashkommissionen.se/pdf/WK_finalreport.pdf 

IRCOBI Conference - Hanover (Germany) - September 2010 39



 

40 IRCOBI Conference - Hanover (Germany) - September 2010


