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Kinematical Characteristics of the Translational and Pendular Movements
of each Cervical Vertebra at the Flexion and Extension Motion

Sung Hyuk Park, M.D., Han Sung Choi, M.D., Hoon Pyo Hong, M.D., Young Gwan Ko, M.D.

Department of Emergency Medicine, Kyung Hee University Medical Center,
School of Medicine, Kyung Hee University, Seoul, Korea

Purpose: The aim of this study was to determine the kinematical characteristics of the pendular and the
translational movements of each cervical vertebra at flexion and extension for understanding the mechanism of
injury to the cervical spine.

Methods: Twenty volunteers, young men (24~37 years), with clinically and radiographically normal cervical
spines were studied. We induced two directional passive movements and then took X-ray pictures. The range
of pendular movement could be measured by measuring the variation of the distance between the center point
of two contiguous cervical vertebrae, and the range of translational movement could be measured by measuring
the variation of the shortest distance between the center point of a vertebra and an imaginary line connecting
the center points of two lower contiguous cervical vertebrae. The measurements were done by using a picture
archiving and communicating system (PACS).

Results: The total length of all cervical vertebrae in the neutral position was, on average, 133.66 mm, but in
both flexion and extension, the lengths were widened to 134.83 mm and 134.79 mm, respectively. The direc-
tions of both the pendular and the translational movements changed at the 2™ cervical vertebra, and the ranges
of both movements were significantly larger from the 5" cervical vertebrato the 7 cervical vertebrafor flexion
and combined flexion and extension motion (p<0.05).

Conclusion: The kinematical characteristics for flexion and extension motions were variable at each level of
cervical vertebrae. The 1% and the 2™ cervical vertebrae and from the 5" to the 7" cervical vertebrae were the
main areas of cervical spina injury. This shows, according to “Hook’s law,” that the tissues supporting this
area could be weak, and that this areais sensitive to injury. (J Korean Soc Traumatol 2006;19:126-134)
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Fig. 2. Schematic lateral views of the movements of the each
cervical vertebra: (A) neutral posture, (B) pendular
momvement, (C) trandlational movement
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Fig. 1. The schematics of the two directional passive

motions: (A) neutral posture, (B) flexion, (C)
extension.
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Fig. 3. Method used to measure the range of the pendular and trandational movements at the flexion (A, C) and extension motions (B,
D). The pendular movement was indicated by the variation of the distances between the central point of the two contiguous ver-
tebral bodies (arrow head) and the trandational movement was indicated by the variation of the shortest distance between the
center point of avertebraand aimaginary axis line connecting the center points of lower 2 contiguous cervical vertebrae (arrow).
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Table 1. Mean distance of the pendular and trandational movements of the each cervica vertebra at the flexion and extension motion

Leve of Mean distance between the central Leve of Mean distance between the central point of

cervical point of the two vertebrae cervical avertebraand a each imaginary axisline

vertebrae Neutral Flexion Extension ~ Vertebrae Neutral Flexion Extention

CL1-C2 2553+195  26.79+156  24.47+1.95 C1 14.69+3.98 14.79+4.72 12.56+2.33
C2-C3 2377+113  2369+136  24.15+157 Cc2 -0.31+0.98 -1.84+0.11 2.12+0.55
Cc3-c4 2112+122  21.23+101  2154+091 C3 -0.10+0.63 -2.01+0.30 3.94+0.22
C4-C5 2045+125  2044+123  21.16+154 c4 0.92+0.37 -2.81+0.15 4.88+1.38
C5-C6 20.87+0.83  2044+048  21.16+0.69 C5 3.22+0.73 -2.19+0.50 5.00+1.20
C6-C7 2192+066  21.73+040  22.32+0.37 C6 3.11+0.26 -1.09+0.40 4.88+1.90
CL-C7 133.66+4.52 134.83+3.75 134.79+4.34 CL-7 3.59+5.60 0.89+6.83 5.56+3.65

Values given are mean =+ 2 standard deviation (mm)
C1 =first cervical vertebra

Table 2. Mean range of the pendular and translational movements of the each cervical vertebra at the flexion and extension motion

Level of Mean range of the pendular movement Level of Mean range of the translational movement
cervical cervical

vertebrae Flexion Extention Flexion-Extension vertebrae Flexion Extension  Flexion-Extention
Cl-C2 0.61+1.26 -1.05+1.52 -1.66+1.20 Cl 0.11+1.07 -2.13+3.84 -2.27+1.65
C2-C3 -0.08+1.07 0.38+1.03 0.45+0.77 C2 -1.53+1.29 2.43+2.68 4.30+2.62
C3-C4 0.11+0.56 0.43+0.35 0.54+0.39 C3 -1.92+1.12 4.03+1.54 57+1.98
C4-C5 -0.01+0.54 0.71+0.56 0.72+0.40 C4 -3.73+1.06 4.14+0.93 7.87+0.91
C5-C6 -0.44+0.51 0.28+0.23 0.72+0.31 C5 -5.41+1.48 2.13+0.91 754+0.71
C6-C7 -0.19+0.56 0.40+0.49 0.58+0.43 C6 -4.92+0.05 2.11+0.77 7.03+0.58
C1-C7 -0.02+0.79 0.19+0.96 0.21+0.68 C1-7 -2.72+2.29 1.97+281 4.69+1.81

Values given are mean =+ 2 standard deviation (mm)
C1 =first cervical vertebra
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Fig. 4. Bar chart representation of the mean range of the pendular movement of the each cervical vertebra at the flexion (top left),

extension (top right), and combined flexion and extension motion (bottom).

— 131 —



— Bes) e

A 194 A 235 —

Z1do gt FAE A A o] F e It A A EY HAEEe] Weke 2 AFE TR 1
7 ALl i3, NE AL Al digh AR AT et ofglelA AR R FAole A & & U=
T g5EE AeEds JEEdern, gt Ado] A o, olFA #Fe W] e o 22 oAM=
Al (cadaver)E 3t in vitro A+t ElE ol o 22 A (shearing force)o] 71Ix]7] wj&oll &4
in vivo A58 B3lA AF &3] AT F e M o] Aol B A Hr}. (22,23) AAR o] FoA
&3t 71AQA 53 AW 5 &8l ANE A 4 o] AFEogo] wol WAlsh | o] gt AR o]l AFA
d F e A BERE] 24U oA oA AL o} A AfE = AL B F U A 2 AFE SR
o|FAXA] AYH HALEEY HAEFY AUl ek 2 919k ol AF B9 AsHEe] AR gate A
2 ] g A AYE d%lom EFo] e F < 02 TdAE &7 Aol St} (24,25) 23y
219} 2ol & Hols FHET AF9 T8 & BV FEle ol AFelA HAAEEI HWRTFoIAE o]t
A ths AME S I S T +2]9lo] E4o] Yehdtls RS wasst)
ol Aol A FH} Al FEEAA Zzte] 3o T LY FAH FEEEA AFe] B
p<0.05
| p<0.05 p<0.05
I p<0.05 | [
05
p<005 | p<0.
— 005 l 0<0.05
| N | p<0.05 |
I_Lll - p<0.05 p<0.
: 05
1 I =Y ] 5
| 0 | 4
3
E| - E| 3
8| o 8| 2
8 S| 1
@8 .3 k7]
= 210
g| g|
=| 5 =,
'6 - - - - | - - '3 - - - - - - -
Ci c2 C3 C4 Ch C6 C1-C7 C1 Cc2 C3 C4 Cc5 C6 Ci1-C7
Level of cervical vertebrae Level of cervical vertebrae
A . Flexion B . Extension
p<0.05
f 5<0.05
| p<0.05 |
I |
05 0<0.05
[ p<0.05
| ]
0.05 0.05
" p<0.00 '
10 Ip< i
= 8
E|l 6
@
2| 4
@
'_E 2
=
I 0
=
T % B G G s ocrcr

Level of cervical vertebrae

C. Flexion-Extension

Fig. 5. Bar chart representation of the mean range of the translational movement of the each cervical vertebra at the flexion (top |eft),
extension (top right), and combined flexion and extension motion (bottom).

— 132 —



o) EFL A 5 AF9 Al 6 AFeIN The A3 &
o Hlwsl S W Fo Arr Ate AMS &
A3, o] FHE A o] 7 A £l 1
olghsl Rolehe AT 4 ABHE A B % 9
o 2e WS JBEEE o3 o Be £3We

@ 1o 10 © lo O gu 38 @ 3o o

_ﬁ
0
rir
>
>
E
o
=2 7
oﬂi
(]
HU
rSL‘
re,
-
e
>
B
frl
oL
09:4"
_0|L
N
2
puj
g

to
,

>

2

m\m

r°\' oko
g

?ﬂ AEe in vivo eIl o]
o7 °]°P°4 - A ghA Ql @E
P EAEE S5 &

o
=)
2 W
tlo

e
o A
o 38
ol:o rir
5 )
i
¥ jo

o]_Q_z‘ﬂ— a1 wgel
Sola 283} oA E%%‘Oﬂ
Tt (9,28,29) e} ©
sto] ATE = in vivo eI} % A

AP
e

B

S

>
b1
B =
}1}

ne =

rlo o,

o v

gl @

Y, N &

& Ao

il o

e i

o % op

>, o, — Flﬂ f

neA Y

ta F?T £

2
i
ol
o
o g
I
[

o 2
N
N

)
f
o
o
T
T

(compressive power)<
F, kel T3H (facet joints), FAE
S QAT 1 QR FHS E5To] AFY B
9 %%374]—2* TI’X]SH Woi*ﬂ °]-r°1ﬂ

N

o‘.’L
O 1B E ok o X gl A B % g

g
S o
=

w ol AA\Ho] mALA ATk Fiwe] wha
AFMEE BAS FRATIAY, 3ol shE A,
E e Qv 28] SduA A AxeEe
2 (FkAX: F=8, k=X1A283%, AX=549 Ae)S
wad 95 ol e o $EEde Aot 2 2
%3} Qlrfsl BAR PAHE AALEI5 Aold] 14
oz dEss Woh Zelrt BolAE LFeIA AAEE
e 253t qlule] Qg ola 24 Zelx Aol
7 @olE gL Fiie] wAeld ojd 259
Aoltk. olw < WAt 54 Folol Acks R of

D23 AR FEEE FeelN A8

o
1o
)
_|>~_l‘
Mo
off
0%
¥
_\|L
Ll

[
o

E
L
=2
|

ox
> &

2

O
HU
2
)

A

O

u
kY
<

(=i D
2
_th z\l:,‘
mlg il

M 1 o
W

o

o
Sv Q
< 2
>
N
1::E~l

(e}
®
o
2,
rot
fetnt

o o 32 fo & 1o of
oo #

1

2)

— 133 —

o= Hr} =&o 1

o
R\t
1o
N
fo
B
>
N
2
(o
fru
e
I,
™

ox r
ot
i Mo ox
offt
o
R
=
&
oy -
i
1o
™
_>|~1_,
Ho

2

245 ol

£ 8 A3 $49E o)
ATHA eokd AALEH PA L5 LEe v
ZApelslc. w}aw Il 948 5 pl g

q_e /\]zs

°|

I

ATE Z 7}7\] Al }@01 AAn=d, 4 A
Wy oA 53] A gk §
todA o HAATNE th2A &4
3] AABHA Tkt 2lal Akal A4E
ek 8 vhekA] Zste] Alal dEEe
o] 4 lo] e & ke Aol st
(lateral flexion), 759 3% (neck rota-
19t (vertical compression)ol] ™t &<
o] QFEBRR o A= ATt
BallA alAddd ool

41 Lo
o
)
o 1S
1o

jus)
==
2,

kot Ak
-

,4
oft

ol
ol
e

v

fu
ofj
e

ol
oot

e FEATE 5

N
o,
w4
% 2 oy
fo oX
o ot
4
Ho
"o o
T
B
) %o
1o oo
_OL
X,
W
v
e I [

b fo B
ne
PL

do ml o
2
o B
> oX
o T
Lo
i)
2
o
ot
tlo
t
i
[0
ol
2
>,
2

o
%N-
1o,
Ho
offt
of
tlo
o 2
—U filo

gep o2 71 Al
olsfsterl we =gl Hele 4

REFERENCES

Northrup BE. Evaluation and early treatment of
acute injuries to the spine and spinal cord. In:
Clark CR ed. The cervical spine. 3rd ed.
Philadelphia: Lipponcott-Raven:1998:541-9.

Lee CK, Yeom JS, Chang BS. Fractures and dislo-
cations of the cervical spine. In: Kim YM, Chung

MS, Seong SC eds. Fracture. 2nd ed. Seoul:



10)

1D

12)

13)

14)

15)

16)

17)

— Bes) e

Koonja:2001:559-600.

Schmitt H, Gerner HdJ. Paralysis from sport and
diving accidents. Clin J Sport Med 2001:11:17-22.
Molsa JJ, Tegner Y., Alaranta H, Myllynen P,
Kujala UM. Spinal cord injuries in ice hockey in
Finland and Sweden from 1980 to 1996. Int J Sports
Med 1999:20:64-7.

Allen BL, Fergusson RL, Lehmann TR and O Bren
RP. A mechanistic classification of closed, indirect
fractrues and dislocations of the lower cervical
spine. Spine 1982:7:1-27.

Chamman JR, Anderson PA. Cervical trauma. In:
Frymoyer JW ed. The adult spine. 2nd ed.
Philadelphia, Lippincott-Raven:1997:1245-96.
Robertson A, Branfoot T, Barlow IF, Giannoudis
PV. Spinal injury patterns resulting from car and
motorcycle accidents. Spine 2002:27:2825-30.
Fukushima M, Kaneoka K, Ono K, Sakane M,
Ujihashi S, Ochiai N. Neck injury mechanisms dur-
ing direct face impact. Spine 2006:31:903-8.

Kim YE. Biomechanical analysis of the spine. In:
Suk SI ed. Spinal surgery. 2nd ed. Seoul: Newest
Medical Publishing Company:2004:39-54.

Askins V, Eismont FJ. Efficacy of five cervical
orthoses in restricting cervical motion. Spine 1997:
22:1193-8.

Alberts LR, Mahoney CR, and Neff JR.
Comparison of the Nebraska collar, a new prototype
cervical immobilization collar, with three standard
models. J Orthopaedic Trauma 1998:12:425-30.
Roberts JR, Hedges JR. Clinical procedures in
emergency medicine. 3rd ed. Philadelphia:
Saunders: 1998:772-5.

Ehara S, Shimamura T. Cervical spine injury in the
elderly: Imaging features. Skeletal Radiol 2001:
30:1-7.

Panjabi MM. Three-dimensional mathematical
model of the human spine structure. J Biomech
1973:6:761-7.

Andersson GBJ, Schultz AB. Effects of fluid injec—
tion on mechanical properties of intervertebral
discs. J Biomech 1982:12:453-8.

Ishii T, Mukai Y., Hosono N, Sakaura H, Fujii R,
Nakajima Y, et al. Kinematics of the cervical spine
in lateral bending. Spine 2006:31:155-60.
Fredrickson BE, Yuan HA. Nonoperative treatment

Al

1948423

18)

19)

20)

21)

22)

23)

24)

25)

26)

217)

28)

29)

— 134 —

of the spine: external immobilization. In: Browner
BD, Jupiter JB, Levine AM, Trafton PG eds.
Skeletal trauma. 2nd ed. Philadelphia: Saunders:
1998:807-35.

Mimura M, Moriya H, Watanabe T, Takahashi K,
Yamagata M, Tamaki T1. Three-dimensional motion
analysis of the cervical spine with special reference
to the axial rotation. Spine 1989:14:1135-9.

Bogduk N, Mercer S. Biomechanics of the cervical
spine. I: normal Kinematics. Clin Biomech 2000:15:
633-48.

Choi HS, Park HK, Hong HP, Kim MC, Ko YG. A
comparison of efficacy of two cervical orthoses in
Koreans. Journal of the Korean society of emer-
gency medicine. 2004:15:213-21.

Choi HS, Ko YG, Kim MC, Hong HP. The sliding
phenomenon in men with cervical orthoses in the
extensive motion. Journal of the Korean Society of
Traumatology 2004:17:163-73.

Marar BC, Orth MC. Hyperextension injuries of the
cervical spine. The pathogenesis of damage to the
spinal cord. J Bone Joint Surg 1974:56:1655-62.
Roaf R. A study of the mechanics of spinal
injuries. J Bone Joint Surg 1960:42:810-23.

Ordway NR, Seymour RJ, Donelson RG, Hojnowski
LS, Edwards WT. Cervical flexion, extension, pro-
trusion, and retraction: A radiological segmental
analysis. Spine 1999:24:240-7.

Penning L. Normal movements of the cervical
spine. Am J Roentgenol 1978:130:317-26.

DalCanto RA, Lieberman I, Inceoglu S, Kayanja M,
Ferrara L.. Biomechanical comparison of transartic-
ular facet screws to lateral mass plates in two-level
instrumentations of the cervical spine. Spine
2005:30:897-902.

Siegmund GP, Myers BS, Davis MB, Bohnet HF,
Winkelstein BA. Mechanical evidence of cervical
facet capsule injury during whiplash: a cadaveric
study using combined shear, compression and exten—
sion loading. Spine 2001:26:2063-4.

Yang KH, King AI. Mechanism of facet load trans-
mission as a hypothesis for low back pain. Spine
1984:9:557-65.

Reuber M, Schultz A, Dennis F, Spencer D.
Bulging of lumbar intervertebral discs. J Biomech
Eng 1982:104:187-92.



