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A Study of Impact on Head and Neck Using Human Volunteer
Low-Speed Rear Impact Tests
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Whiplash injury in low-speed traffic accidents are not objectively verified by medical
equipment, thereby creating scope for misuse, which has resulted in huge social loss-
es worldwide. The aim of this study was to examine the influence of low-speed vehic-
ular rear-impact collisions on middle-aged men, and to analyze the head and neck
injury criteria for the symptomatic human volunteers. Data was examined from the
results of 50 dynamic sled tests, originally performed by Hong et al. (2012). In the pre-
vious tests, 50 men aged 30~50 years were exposed to an impulse equivalent to a
bumper-to-bumper rear collision under medical supervision, and no resulting whiplash
injury was identified. In this study, for 6 subjects who experienced dull aches over their
bodies, head injury criteria (HIC,5) and neck injury criteria (N,,) were calculated
according to the accelerations, forces, and moments at the occipital condyle mea-
sured by motion capture system. Although there were no changes in magnetic reso-
nance imaging findings in all subjects at the pre-/post-test orthopedic examination, 6
subjects revealed mild aches around the shoulder, back, or lumbar area, and their
symptoms disappeared within 2 days. The head and neck injury criteria, HIC;5 (3.086
+ 2.942) and Ny, (0.077 = 0.064) were obtained, and the maximum HIC;5 and Ny,
were found to be significantly lower than the critical injury assessment reference val-
ues (HIC;5: 700, Ny,,: 0.3). Moreover, even though 2 subjects were exposed to the
same level of change of velocity (7.9 km/h), each N, was significantly different
(0.179, 0.057). One can therefore conclude that N,,,, can vary according to voluntary
movements in the human subject.

Key Words : Whiplash injuries, Human experimentation, Automobiles,
Traffic accidents
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(a) Grade 0 (b) Grade 1
(c) Grade 2 (d) Grade 3

Fig. 1. Schematic diagrams of grading system of cervical canal
stenosis in sagittal scans of cervical spines. According to this
scheme, MRIs of human subjects were classified.

http://www .kjlim.or.kr



068 Korean Journal of Legal Medicine | 2013;37:66—72

= H7}513 ) Grade 0= 147, Grade 12 287, Grade 2+
87, Grade 3 5 2.2 Grade 2 o|3}o] £3H¥]+= 508 =
el Folskal L Grade 30l sdah= 5 (9%) & A3 F
A 7] Uds BAst oA A3 eA AlLlsklohFig.
2).

AEele) o ddAge] FAZE gl A3 Al A
A F 154 ool A% +1 STEdds sl A9
F 2 A AR Slsle] TEATE 199 1312
AlFFeSlaL, PAm S 2-gskA] @2 s dAtelA A7k 54
FE A A% FEARLQO0 kvh o)3h) oF ke SA R
BT ESE 5~8 kn/h) ot At B S FAs] 913
olofEL R FobE Bz AdElolA SR Fad 2k Al
AE Aste] HlolA] A o AgS At 1671 7

(VICON Motion Systems, Ltd., Oxford, UK) <} ™ 2] %] =]t 2}

she o), $9 AvE 28748 AAsEL ez AT
A % 1900] Ad3e] AT FEFESE 10 ol A= 5
% F oF 158 5 §2 5220 nloker 257 40] A

stelou, B2 §llal, 58 (Range of motion, ROM)
o Zpo|7} Gllor, MThE A A §lo] oF 443F 5 FAto]
AlebAlt,

= Hong ¢ Aelx 7w
Az 69 o 74, el vH F4%
A 8=+ A (injury risk curve) 7]14HFS] AFsf=]

skl ek sl ell M= w=, Y AIA| B A A

re
ot
i
to
o
r 1N
o
N
N,
X
rok

=
Sk 7]9re W Byt A4S
& EE38a o]F 7Wko g Al A S (injury criteria) S 7)

stk AR A9 ARV, injury assessment reference
value) = T& AbsAF FAH 7L Al FEUV|ENE SA 5

A4 gt wlaste] el ARE ST o AHgET o)
3 e A 5S o] 88to] Park 59& ALLAE A sl LA
oj 3 heto] &g-a}al, Kullgren 572 AA Ao Fa5E

23T 5 Y PAE FHS T P FEAL S

A E Swbo)o)] o8 AlA F—scan®¥ Comformat® (Tekscan
Inc., Boston, USA) & F-2eto] o @ate] AE 4 472 =
Aatich mPAAS T F-9loll #-E-eh= viA & kel ol
H%4 #4-87] (Occipital Condyle) 9]¢} £-2] Aty &}
Z7bof| ¥-25}= Customized Pluged—in GaitE ARL3}

7 A3, A8 F QA A% Sastel 504 987 49l 4

(AU

971l vhaliA Aferel AR} Haate] sl iAol
a3tk F5-448 A4 (Head Injury Criteria, HIC,5)
HE] A

o i

T

| (13} o] Hel FAZHAN 538 He

o
&e laislm, A8 A - F MR v 24 o

A RS Il 7L T 67 9] d Ak 29 ofdjell A 41

N
(9
:Ilzﬂ‘
<
Q
32

e e 2 ooz by
_|>~ :?gz
e
-

e
=

Fig. 2. Examples of human volunteers’ MRI grades. Grade 1
denotes obliteration of more than 50% of subarachnoid space
without any sign of cord deformity. Grade 2 denotes central
canal stenosis with spinal cord deformity.

¥ a) Grade 1

b) Grade 2

c) Grade 3
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Table 1. Test Summary (Age, Weight, Stature, Pre-Test Medical Check-up, Change of Velocity, Post-Test Check-up, Symptoms)
Wit. Ht. AV Symptom Wit. Ht. 7aY Symptom
No-Age ) MR (wh)  (duration) No.Age oy MR (anm) (duration)
1 39 85 171 2 47 Normal 26 48 74 171 0 6.2 Normal
2 47 70 178 1 6.0 Normal 27 40 49 165 1 6.6 Normal
3 43 64 170 1 48 Normal 28 47 69 169 2 6.0 Normal
4 47 60 165 0 5.0 Normal 29 46 62 163 1 6.5 Lumbar dull ache™
(< 0.5 days)
5 47 73 166 1 5.0 Normal 30 49 76 181 2 6.2 Shoulder dull ache®
(< 2 days)
6 47 65 165 2 5.0 Normal 31 49 60 167 0 7.4 Normal
7 33 68 170 0 49 Normal 32 51 60 165 1 6.6 Normal
8 33 58 176 1 5.1 Normal 33 49 46 166 2 7.6 Normal
9* 34 65 173 0 49 Normal 34 51 85 173 0 7.1 Normal
10 52 65 163 1 5.4 Normal 35 50 66 167 1 7.5 Normal
11 42 86 171 1 52 Normal 36 43 72 172 1 7.0 Normal
12 49 80 173 1 5.3 Normal 37 51 67 165 1 7.3 Normal
13 43 70 178 1 5.5 Normal 38 51 68 173 1 7.2 Normal
14 47 70 178 1 5.0 Normal 39 47 65 173 0 7.6 Lumbar dull ache™
(< 2 days)
15% 49 66 170 1 5.3 Normal 40* 49 59 170 2 8.0 Normal
16 33 87 178 1 5.3 Normal 41 53 64 162 1 6.5 Normal
17 42 68 170 1 5.3 Normal 42 46 69 174 0 7.0 Normal
18 42 53 165 0 5.6 Normal 43 39 64 173 0 7.8 Normal
19 46 73 169 0 5.2 Normal 44 32 87 180 1 7.9 Shoulder dull ache™
(<2 days)
20% 46 63 173 1 5.5 Normal 45 32 66 168 0 8.1 Normal
21 51 65 162 2 6.4 Normal 46 46 71 170 1 7.9 Back dull ache®
(< 2 days)
22 46 70 163 2 6.5 Normal 47 36 79 178 1 7.8 Normal
23 51 80 177 0 6.2 Normal 48 32 82 171 1 6.6 Normal
24 52 59 171 1 6.5 Normal 49 40 72 175 0 7.8 Normal
25 50 78 175 1 7.0  Lumbar dull ache® 50 36 70 174 1 7.9 Normal
(< 1 days)
517 33 67 180 0 9.8  Slight muscle stiffness|

on left trapezius'
(< 4 hours)

*: Braced; ': All symptoms disappeared naturally without any medical treatment; : Volunteer among researchers
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Table 2. Description of Cervical Spine Status of the Symptomatic Individuals

Subject Age (year) MRI (pre-test) MRI (post-test)  Symptom (duration)
No. 25 50 - Mild degeneration of intervertebral disc with posterolateral protrusion, No change Lumbar dull ache
C5-6 (< 1 days)
No. 29 46 - Multiple level disc degeneration, C3—6 No change Lumbar dull ache
- Protrusion of soft and hard disc, C5—6 with effacement of cerabrospinal (< 0.5 days)
fluid space
- Hypertrophy of ligamentum flavum, C5—-6
No. 30 49 - Protrusion of soft and hard disc, C5, 6 with effacement of cerebrospinal  No change Shoulder dull ache
fluid space (< 2 days)
- Hypertrophy of ligamentum flavum, C4—6
- Hernation of C5—6 intervertebral disc and hypertrophy of posterior rim
of end plate (hard disc) with entrapment of spinal canal, central to left
No. 39 47 - Multiple level disc degeneration, C3—6 No change Lumbar dull ache
- Mild degeneration of intervertebral disc with posterolateral protrusion, (< 2 days)
C5-6
No. 44 32 - Multiple level disc degeneration, C4—7 No change Shoulder dull ache
- Mild degenerated of intervertebral disc with posterolateral protrusion, (< 2 days)
C5-6
No. 46 46 - Protrusion of disc C3—4 No change Back dull ache
- Herniation of C5—6, C6—7 intervertebral disc and protrusion to central (< 2 days)
spinal canal
Table 3. Comparison of Responses and Injury Criteria Values of the Symptomatic Individuals
Sublect AV MR HIC,5* Head max.  Headrest max. N " Chest max.  Backseat max.
) (km/h) - - accel (G)  impulse (kg - accel (G)  impulse (kgp)
No. 25 7.0 1 1.585 7.0 238 0.120 4.7 98.1
No. 29 6.5 1 0.478 4.0 34 0.001 3.7 123.5
No. 30 6.5 2 0.842 5.1 2.6 0.030 3.0 96.0
No. 39 7.6 0 6.058 1.7 1.7 0.074 6.3 99.4
No. 44 7.9 1 2.072 6.9 1.2 0.179 10.2 114.5
No. 46 7.9 1 7.483 14.1 6.2 0.057 17.1 124.4
*HIC,5: Head injury criteria ; "N,,: Neck injury criteria
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Fig. 3. Movement of a human volunteer (No. 44) at 7.9 kn/h of
change of velocity. Momentarily, human subject experienced
extension and then flexion with 200 ms. Appropriate usage of a
headrest can prevent hyper-extension.
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Neck Injury Criteria(N,,,)

0.3
0.25 |

0.2 |
0.15

0.1

0.05 E -| ’|
“ H D Q

P L.
QQ ‘\0 ‘\o QQ \;0 eo \)( o@
<

Fig. 4. Comparison of neck injury criteria. Ny, has no unit
because of normalization by critical values of shear force and
bending moment.
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