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The effects of cervical spinous process fracture with posterior
ligamentous complex injury on stability of the goat cervical spine
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Abstract; Objective To investigate the effect of cervical spinous process fracture with posterior ligamentous
complex (PLC) injury on biomechanical stability of the goat cervical spine specimen in vitro, and evaluate the
role of posterior structure in maintaining the stability of cervical spine. Methods Twenty-four fresh goat cervical
spine C3-6 specimens were randomly and evenly divided into 3 groups: control group (group A), simple cervical
spinous process fracture group (group B) and cervical spinous process fracture with PLC injury group (group C).
Under loading of 1.5 N - m torque, the range of motion (ROM) in each group was respectively measured under
6 working conditions . flexion, extension, lateral bending and axial rotation, and the ROM differences among 3
groups were compared by using one-way ANOVA analysis. Results Simple cervical spinous process fracture
had little effect on the stability of cervical spine and there was no significant difference in ROM between group B
and control group ( P>0.05) under all working conditions. Compared with control group, the ROM in flexion, ex-
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tension and axial rotation significantly increased in group C (P <0.05), and no significant ROM difference was

found in lateral bending between control group and group C (P >0.05). Conclusions

Simple cervical spinous

process fracture does not affect the overall stability of cervical spine. Cervical spinous process fracture with PLC
injury is more likely to cause cervical instability than simple cervical spinous process fracture, and surgical inter-
vention is required in cervical spinous process fracture with PLC injury.

Key words:
instability ; Biomechanics

SRS -4 2 i K L A SUAE B F)  L B-3r
P, DIAE I B0 A5 2 RS AR F AL, — e o
SlATHE B2 1 AT LU SF IRy o £ ARk,
HE R ¢ K S 7 #0417 & & 1 (posterior ligamentous
complex, PLC) 1f: o 4 15 #HUME RS P 1 22 )R 5 45
FABORBN 32 B DG TE , SIUE R AR W ATAT 4E 55 1IE /Y
AU B, LAV L R I 0 7 2
R SUUME A T 0 R | 8 A S5UAFE 7 e A AR E P TP R
PEREEAR T, ST AR WY, SUME S TR Tk
— H R BMEMR, W & I U PLC 5 £, nl 51k 554
AKR (B0 BBERGT T o SR, 5T T 2 B g
Ir EAE IR SMERR R 1, 40 2 S R i 37 5 0 F 4
HE PLC 5 A5 RS SUHEANAR, H i R WA

RS LA SRR AL 57 B2 SR B 3
FISIHERRZE BT 2R B2 PLC 45145450 | b5 19 A A 4
[7 1E 5 %ot B 4 2 [A] ) 7% Bl JEE (range of motion, ROM)

S, W SR RS B 7 B ST PLC 45347 %o B9
SEPERIRZN , DAl R — 23R S RS B

1 HRSHE

1.1 fRAHI&

eI 24 HUBAR (3 %) MEPE L C3 ~ 6 SiMfEdR
ARPATAEY 1 2E 5K, 1 2E AR Ry 30 ~40 kg, ARAR
il BT AT X 2R A HEBR G BRI AR , bRAR 2 BR AL
P SRR, O B8 B 5 0 e D 2 B O Y o S 2
P BRARTE 1 ~5 °C T i A, fige 350 aed e v g 0 A
HRER KRR AR IR , 0 58 BUS SUZ SRS % 4t
A =20 CEHEEHRLE,
1.2 RWHAE

24 HAFEBMERRA (C3 ~6) BEHLAT N 3 41, 5351
MIEH X BRAL (A Z1) | B 20 35 ME 58 i 4T 4 (B
1) S BT A IE PLC BG4 (C 4A), H4
6 H oA ZH (IEH 0 B AR AT ob 35 B 240 (B4l
SHMEBR IS T Pr 4 ) il FH 2l DA 2 AR S50 40 W, 2 T

Cervical spinous process fracture; Posterior ligamentous complex ( PLC );

Cervical

A 5 R SRAR B A AR AR (DL I L, 53k T i
AT AT ) 5 C 4 (BHERRR & 4 2 X% PLC
13) 76 B 21 BE Al b 25 3 U0 e ok 18] 0 4 B ek L 4
il o BT IUSE R U A T ORR L0 RO a] 0 X 5
FEAGRE S T2 2, B 0 MR ] ) 2ty ] LA
AR RE A PLC, i At (SOOI W7 1 L 505 i
IR , ST A A DR e Bk

N

(a) RHZM
Bl REEHRAIHERREITEETER

Fig.1 Diagram of cervical spinous process fracture extending into

(b) JaTm¥

lamina (a) Oblique view, (b) Posterior view

1.3 £YhzENR

THAE TN KBRS B T A TSR
i 24 h A 4 CYAE 12 h B BCE 2=0R T 3 28
Vi, B LT 35 TR P 2 Y ( polymethly-
methacrylate, PMMA ) £33 | f0 3 {i F E 4% 10. 0 cm
EE 5.5 em BE L% (polyvinylchlorid , PVC) |, fif
A BRAS LI I 1 LR R0 A R CEAE S A7) [
E AL R TG A B ER K AR AR AR, bR
%3 78 INSTRON E10000 4 oy 2 il 2k #1L ( IN-
STRON 72 W), 3¢ [& ) b i 47 3F B IR 1 m 2, it
1.5 N - m&fi S5, (FSUHEAR A ™ A= /i L5 1 A2
A et 6 BT sh 7 =0 e R R A
e 388 3 25 e R A T 2, 22 A L s ek U AR
SRS H B B AT AR, Yol A 3 onds/



EREMAE $32% ES5H 20175108
424 Journal of Medical Biomechanics, Vol. 32 No.5, Oct. 2017

HIEAEI L5 3 AR FA T8 B2l i, 55 3 1k
FEVF 30 s BYSEAR , DA /D AR A 2 5 1 5
1.4 SitFoHH

K H SPSS 16. 0 Heit iRy w45 4 45 ik A r 41t
AT GERER AL + A2 30R , LEBCR H BN R
75 2245387 (one-way ANOVA) | 1§/~ S2 45 20 5 % 20
VMl 2z 6] 0 9 P LU 8%, 3 B /D S 3 25 95 (LSD
%), L P<0.05 FRnERFAGIHE L.

2 #R

2.1 #EEHER

IEFSEETT IR Z Hi, >R PS5 (3 2 HiMESR
AR ) READL AR K A MR 2% A, HEBR T G A% 5 (Y 520
IER S P AR 24 H ARA KA T o i iad
T BRAS A PR g o 28 7 A W 24 PR L
BINA) 5¢ T A ROM it
2.2 FHHAFRRFIRT ROM tbEg

AR 1.5 N - m #fif 7, IE5 XA (A 4) (5
LESMERR IS B T4 (B 2H) PSR B3 & JF PLC
PHAL(C 4) FEAF T ROM FEILE 1,
R1 BAREEZEH IR THMHE C3~6 8 ROM T (n=8,x £5)
Tab.1 ROM of the C3-6 specimens under different movement

ROM/ (°)
T
A4l B4 C2H

HiJE 11.74 +4.19  12.72+3.57 22.67 +5.07 **

S5 fih 10.47 £3.18  12.97+3.02  15.87 +3.36*

e 10.38 £2.65 11.82%3.06  12.14 £3.06

S s 9.56+3.78  11.82£3.06  12.10 +2.24
EmERE 1477 £2.55  15.77+2.71  24.08 +£5.23**
AR ER  15.17+3.31 18.17+4.92  24.93 +5.64**

TE: " R CHLF A 44, P <0.05;"3R% C 41 B 4l L4,
P <0.05

(1) 2l SHUAE R 2 1 37 X SUME AR A 1 5% 1 4K
/N, EBER B AAETTE L JE A 22 A B A A LR
6 & 5 T ROM % A 41 354 fT B4, {0 )& W 4
ROM #5273 TG4 E L (P >0.05) ;

(2) CHTERTE J5 i S A A e T40 T ROM
BERN, R A AML, ZRAHITFEXL(P<
0.05) .C HAELA M THLF A A 2 Hhs ROM 48
AR RE, 25 G2 L (P>0.05) ;7 B 441t

B8, CAATERTE S A AT 00 S ROM I 234 i,
LRSI E X (P <0.05) ;7] B 4l Hk#%,C 4
TEJG M e A2 T F ROM A8 fb A i 3%, 22 5+
TG L (P>0.05),

3 g

SUHE RS B T O™ LR E oo 3 28 R
7 i BE TR AR A L B S T L S e
BB 54T, o2 i K3 0 18 T S0HE ik 58 Jor 3
RGBT, e R TFA £ TN, HIER UK
1o B R R A0 5 | 1) B R S T R TR, WA
FFHAMIA , Ty T BOHE A T2 S s 103 4 9 & A
R AR, BN HE AR 25 S5HE 28 B 4 24 B0
ME PLC $51 077, SiHE PLC 235 AT 5 4 A 3 223K 45, 31
ME PLC 51475 nT SR S0ME S5 A A 1, H B4k & PR 30
HEA R BB AR i

HiME PLC fy R L0 R R0 A O
V) 2E B, L B0 RN ) )+ 2 PLC Y 3222
ZH RLZE A, X AR R S0TME A i B W B RN SHE T A AR
EVERATE/EM Y, Gillespie 25 i AhE
BRI PLC, 45 3 A BUBE 1903 L i E) 3+ 1 B
Jei  MEAR T B i ROM #2 PLC 58384 I T+ 36% .
Takeshita 2" 75 A7 4457 ff SUHE AR A 1 049 2 40
SERFE b & B, D) SR B A | B A AN
J5i , SBHE ROM i 3 0 hn, 246" B9 % 0, ik
)l 2 A i PR A T B A 1 ) SR A, B )
WS, PLC 5k I MLEEAN 28, B e Mk E
TREWE, A, Nolan 25 % B, HJ5 J7 0%
SR NLBIFTATE , SRS B U KT, S5HE A9 2 RS 5
SLC7NI Ui a7 ) - = U B M 1.5 A S N s R TN
BT A I SE PLC 4540 AT i I8 S00ME 1 S A g e
R S AN TR R B Al SR R R 5 | RS I 2 S o
RZBYrAIF PLC 45518, HHT M A 78 2, ixX
B BB B e B AR IR B B2 W SR

AR IE ARSI R P R S S 56 AT RE B Sk Al
5 (HSIGAR B (N AT | R 2R A0 BR LA MR AR IR
ST R AR AR S ME LA T, T Ll 2R BME
FEIE SHIE BRI RN 1 5 A M S5 HE A7 AE — 2 M
4w Bl P R AT SR B A 1 R A s s et
ARURRTL 75 2 SR AR 3 B 57 B Al e B4 LA
R SRS BT A IF PLC #5405 70, EU A R 2 5 78



2 %

THERRBINBREFEAIEESGHGXE LN N FIRE LM

WU Rong, et al. The effects of cervical spinous process fracture with posterior ligamentous complex injury
on stability of the goat cervical spine 425

[ IEH X R4 2Z (6] ) ROM 22 5, SEge 45 R R W,
AL SHUME R 5 1 T A B 0] S50 R A R TR I TR
SO IR 1 — BLHEBR S PLC B4 473 )5 , 47 T 5

AESF S E 4 ~ 6 JA RV AT, 25 JC B 8 2 AN i
PR L IO IR AL BE . SUHE RS B 3 5 JF PLC $i 4
B ROM 21 % IR 4 7 A S i il S 70 A ke e
THCT B, B HEA G725 5, PR ST e
I PLC 5 HEIR 1 SUHE J5 J7 1 1E & A R4S
A, AT R A M SR AN A B A A A, Wl PR b —
B BRASTHE RIS B 1 58 SHEAR, 5 AR o R R LA
R ILIRAG AT, W g 2L -3 e 75 A7 A5 A PLC 43t
13— B BSHEA RS, 7 RN 28 7 F ARG YT, 4
IR A SHELS F AR E TR o RIS BRI RIS A L K
ARSI BT TS R , W20 B E S R 1 47 6 O 30
HE PLC 45145l 5 R SIHEA TR, PRI YR B E PLC
DAESF S0 ) T3 B 1, T AR B 30 14 [+
N5 AT SR A [T , DAL A e I 900 4 SR )
iy BRI, A R [ S A [ S B
ABEAAFRENE

AWFER R RYEMT : @ ARSI =Y J127 53
Prorid, LA B2 L F SMERR A, 5 S2Bn A STHERR
AA —E 22 TR 347 3 B vh A A — 5 Y 52
Ko ;@ ARAAR2E AR, BSR4 4
FEACR, (HANAR ) 22 57 D05l B, XS 8 R —
WA ;B H B Al PLC $i45 I F AR A ST 77
[f], A B HLl PLC 45 05 4, BOAS BE WA 1 2 PLC
P CESHEA TR H BIr 5 A L @ i RSB T AR &
B, A AR Y — o SRR A A e 2 Bedr 3, (R
T TARRBRS], AU T Y BOpoR 4, oA e 4
T b S B 22715 BRI AT B9 A= 900 01 4 R 1 5 B i IR
SRR A 47 ( 5 BMERR L) o 11552 i R K A
AR R = AR L R —BAER, ARk T
HERIT B

i b ik, Bl SUE RO B T AR B I AN R 35
HERE A M, (HLSUHE RO B T A PLC B2 3 g )
R HMEATE 10T L B — PPl R B ARy
BORL, MR W S5UAE PLC (19 A= FRE5F 58 B Pk, — B
K BRSHEA TG B 27 , 5 2 AT TARIBIT

S

[1] AKHADDAR A, EL-ASRI A, BOUCETTA M. Multiple isola-

[2]

[3]

[4]

[5]

[6]

[8]

[9]

[10]

[11]

[13]

ted thoracic spinous process fractures ( Clay-Shoveler’ s
fracture) [J]. Spine J, 2011,11(5) ; 458-459.

KAZANCI A, GURCAN O, GURCAY AG, et al. Six-level
isolated spinous process fracture of the thoracic vertebrae
(clay-shoveler’ s fracture) and a review of the literature
[J]. Neurol India, 2015, 63(2) ; 223-224.

HAN SR, SOHN MJ. Twelve contiguous spinous process
fracture of cervico-thoracic spine [ J].
2014,11(3): 212-213.

NOLAN JP, SHERK HH. Biomechanical evaluation of the
extensor musculature of the cervical spine [ J]. Spine
(Phila Pa 1976), 1988, 13(1): 9-11.

RADCLIFF K, SU BW, KEPLER CK, et al. Correlation of
posterior ligamentous complex injury and neurological injury

Korean J Spine,

to loss of vertebral body height, kyphosis, and canal com-
promise [ J ]. Spine ( Phila Pa 1976 ), 2012, 37 (13):
1142-1150.

PIZONES J, IZQUIERDO E, SANCHEZMARISCAL F,
et al. Sequential damage assessment of the different com-
ponents of the posterior ligamentous complex after magnet-
ic resonance imaging interpretation. Prospective study 74
traumatic fractures [J]. Spine (Phila Pa 1976), 2012, 37
(11) . E662-667.

MATAR LD, HELMS CA, RICHARDSON WJ. Spinolami-
nar breach: An important sign in cervical spinous process
fractures [ J]. Skeletal Radiol, 2000, 29(2) . 75-80.

o, WE, EWIMH, % SRS Mo dtR(J]. B
ER, 2015, 21(17) : 3169-3171.

2, i, EmH. TR R A RSB G B 4
RS E M m [J]. B J14%, 2015, 30(6):
553-557.

LI'Y, SHEN ZH, WANG XY. Effects from sequential re-
moval of posterior ligamentous complex on stability of in-
jured thoracolumbar spine [J]. J Med Biomech, 2015, 30
(6):553-557.

PIZONES J, ZUNIGA L, SANCHEZMARISCAL F, et al.
MRI study of post-traumatic incompetence of posterior liga-
mentous complex. Importance of the supraspinous liga-
ment. Prospective study of 74 traumatic fractures [ J]. Eur
Spine J, 2012, 21(11) : 2222-2231.

GILLESPIE KA, DICKEY JP. Biomechanical role of lumbar
spine ligaments in flexion and extension. Determination
using a parallel linkage robot and a porcine model [ J].
Spine (Phila Pa 1976) , 2004, 29(11) ; 1208-1216.
TAKESHITA K, PETERSON ET, BYLSKI-AUSTROW D,
et al. The nuchal ligament restrains cervical spine flexion
[J]. Spine (Phila Pa 1976), 2004, 29(18) . E388-393.
WEN N, LAVASTE F, SANTIN JJ, et al. Three-dimen-

sional biomechanical properties of the human cervical spine



426

EREYMNE ERNE ES5H

2017 £10 A

Journal of Medical Biomechanics, Vol. 32 No.5, Oct. 2017

[14]

[15]

[16]

A"
\

R ARITIERIZ,

in vitro. Il. Analysis of instability after ligamentous injuries
[J]. Eur Spine J, 1993, 2(1) . 12-15.

DEVRIES NA, GANDHI AA, FREDERICKS DC, et al.
Biomechanical analysis of the intact and destabilized sheep
cervical spine [J]. Spine (Phila Pa 1976) , 2012, 37(16) :
E957-963.

CAO L, DUAN PG, LI XL, et al. Biomechanical stability of
a bioabsorbable self-retaining polylactic acid/nano-sized
beta-tricalcium phosphate cervical spine interbody fusion
device in single-level anterior cervical discectomy and fu-
sion sheep models [ J]. Int J Nanomedicine, 2012, 7.
5875-5880.

DAENTZER D, WELKE B, HURSCHLER C, et al. In vitro-
analysis of kinematics and intradiscal pressures in cervical

arthroplasty versus fusion: A biomechanical study in a

0 0 D 0

[17]

sheep model with two semi-constrained prosthesis [ J].
Biomed Eng Online, 2015, 14(1) . 1-15.

Mrife, TR, X%, 4. B % B 4HayT 114 Hangman 45
Prxf SR E e R R [ J]. BERIEY J157, 2012, 27(6) -
608-613.

CHEN Y, XIANG LB, LIU J, et al. Effects of anterior fusion
and posterior internal fixation on stability of upper cervical
vertebra in type || Hangman fracture [ J]. J Med Biomech,
2012, 27(6) : 608-613.

W, SRR, B, A TSR] A B S A R
AW J]. BRI 1%, 2014, 29(2) ; 105-112.
PU T, LU CW, YAN B, et al. In vitro study on biomechani-
cal comparison between cervical arthroplasty and fusion
[J]. J Med Biomech, 2014, 29(2) : 105-112.

0 0 tan D

ATREXFAFR EIFBENBEENK

SCH 2 AR A SCHR A A AR D A AP R | ) B i D) 1 C iR SCRRE BN A RO JE S 2N R
A HWPER S, A S — OGRS 0 25 R RN B SOREREAR TS 6 B 5 B . BRI TR
P RE BT SCHR A4 N A, 8 Hh SCOCHR AN G 400 7o B W RLER = ARRIYIE RS . A B A

HEET AT S BRI B E i

THE AN DAL ZEER BT E B9 s 2R g5t (1) B AR OISR RT S A ZE , B A 4 24
HEIRAIESE , ol LA RS FT SR e (2) D535 ARSI A A JEUBE X R USSR S 90 ) LA 158 (3) 4

GICR BRSO DTSSR AT R OCR , AR AT B EE . (4) &5

W AE X AR IATLR G AT R R PSR I o AR AT S A (EDREE A0 s A R R (51 S ) e B
alHE LA DR RV, ] LA B 5 S SR IR AR o SO 2L N 2 5 vh SR LA ) 8 R A — 2K
PSR BRI R A, P IRERR , 55 P SCIR TR, 759 SR T T SCHi 22

ESUETEE



