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Anterior pedicle screw insertion for low cervical spine:anatomical observation
WANG Yuanzheng,LIU Yang,CHEN Fu,CHEN Liang,YAN Zhengjian ,KE Zhenyong, DENG Zhongliang
(Department of Orthopaedic Surgery,the Second Affiliated Hospital ,Chongging Medical University)

[ Abstract]Objective : To observe the pathlines and angles related to lower cervical spine anterior pedicle screw(APS) fixation in adults
50 as to provide anatomical parameters in clinics. Methods: A total of 22 cervical spine(C3;—C;) specimens of human adult cadavers
were individually measured by hand and CT scan to determine the height and width of the narrowest part in pedicle, thickness of
inner and outer cortexes, pedicle axis length and included angle of axes followed by statistical methods. One hundred pieces of CT
images from CT database were randomly selected,then three—dimensional model reconstruction was performed by Mimics software,
relative parameters of screw insertion point were measured and 95% confidence interval of screw insertion parameters was also calcu—
lated. Results:No significant difference of pathlines and angles measurements of 22 specimens was found between manual work group
and CT scan group. Based on the calculation of measurements of adult lower cervical spines in CT images with 95% confidence inter—
val, the insertion points for C; and C, was 2—3 mm opposite from operated pedicle in centrum median plane and 6—7 mm from upper
end-plate of centrum plane,the outside inclined angle of screw insertion was 46°— 48°. Cranially inclined angles for C; and C, were
—11°==12° and -6°--7° respectively. The insertion point for Cs was 1-2 mm beside operated pedicle in centrum median plane and
7-8 mm from upper end-plate of centrum plane,the outside and cranially inclined angles of screw insertion were 47°-49° and 1°-2°
respectively. The insertion points for Cs and C; were at the same side with operated pedicle,4-5 mm beside centrum median plane and
7.5-8.5 mm from upper end—plate of centrum plane. The outside inclined angles of screw insertion for Cs and C; were 40°—42° and
36°-38° respectively, cranially inclined angles were 6°~7° and 11°-13°. For insertion screws,the length should be 30 mm,32 mm or
34 mm and the diameter should be 3.5 mm or 4.0 mm. Conclusions: This study confirms the accuracy of CT scan in the measurement
of lower cervical spine and APS fixation related parameters and makes an exploration in technical range of parameters for the first

time in the country using a large sample.
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Tab.1 Measurement parameters and their meanings

HE S HUNETE SR AT E S HEASEEIR AT 0 Je M CHEET 7 1 i ) S 3y, sPA S AL, i i) A3 Ay 01 )
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A ARSMBTA HE A PP REAEREITIAT_ b S HEATE T e 2 [ e fA
HES AR KA

PR B2 52 1 HE TS MR A AL THT PR B 552 1

BN B R S AR b B A A AR TS M R o 32

A HES R TE R (Out pedicle width, OPW ) SHES AR B (Out pedicle width, OPH ) s HMES M EIZ 4K (Pedicle axis length, PAL ) s ME 5 AR AMu £
( Transverse pedicle angle, tPA ) ; HE S5 AR AT ( Sagittal pedicle angle,sPA )
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Schematic of diameter measurements of cadaveric cervical specimens
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Fig.2 Schematic of diameter measurements of three—dimensional reconstruction cervical model
a~c. HES HRBOY iR A EFET i 1
3 MAZZHEREEEEIENE
Fig.3 Perspective drawing of specimens after three—dimensional reconstruction
F2 IRAHESIREFEL OPH.OPW 1 PAL( n=22,x +s,mm )
Tab.2 OPH,0PW and PAL of the narrowest part of the sample pedicle ( n=22,x +s,mm )
" OPH OPW PAL
B — — - e - e
T CT & T CT & T CTI &
Cs 6.98 +1.12 7.12+0.92 487 +1.14 497 +0.87 3227 £1.27 31.99 £ 1.34
(on 7.34+£0.9 741 +1.21 4.96 + 1.05 5.07 £ 1.02 33.69 + 1.83 33.51+£1.73
Cs 97.23 £ 1.18 7.18 £0.93 5.68 +1.16 5.83 £0.91 32.96 +2.01 33.01 £ 1.95
Ce 748 £ 1.15 7.54 £ 1.03 542 +0.96 581 +1.14 34.67 £ 1.45 34.46 £ 1.673
G, 7.84 +0.85 8.07 £ 0.96 6.93+1.24 7.11+1.08 33.88 £2.12 3.91£2.03
ST TIRES CT WS 255
R4 BAESREMEEXAE(n=22,x+5,°)
2 8 R

2.1 FMEARAR E

Tab.4 Angles related to axis of the sample pedicle

(n=22,x+s,°)

tPA sPA
FN AR SRR AR , SR FH PRIy BRI 1 4% S8 P we omir R TR
{, W2 2~4, C, 44.85+3.67 4521+4.05 -13.11+337 -12.86+4.18
*3 HAHESREELHN . IMIEREE (n=22,x+s,mm) C, 4637416 4753+389  -728+342 -6.83=4.06
Tab.3 Interior and exterior cortical thickness of the narrowest Cs 48.04 +2.55 48.79 +3.04 1.85£2.02 237 +2.89

part of the sample pedicle (#n=22,x +s,mm ) Ce 4121482 40.65+3.94 6.09+1.76 6.84+2.03
LR CHWEL T LR CTE VA B TRLES CT WRHEESE 5 22 57

Gy 1.70£021 168043  0.76+0.08  0.75+0.12

C, 164038 1.67+032 082+0.11  0.78+0.15 22 ARAFEREME CT BN

€, 1764018 172009 085+0.15  0.83+0.09 100 B ATEASIHE CT FURI IR AR ILE 5-7,

G, 181£0.19 178026 087=0.18 0910.14 SRR T B SHGEREE AT 1T 1, Cy SFET SN TR I

G, 1.84+023  1.85+0.15 079015 0.81+0.12 P AR T 32 AR S ARX U 2~3 mm , BEHE(R I ZH P10 6~7

A ST LA S CT B E TS 25 5

mm , FEET 1 N AMBTA 46°~48°, Sk MBUff Cs:-11°~-12°,C:
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—6°~=7°, Cs HFET S FHEMR IE o S bR 1 32 AHE 5 AR [R5
1~2 mm, BEHEMS |- 2B -1 7~8 mm , BEET F J3  AMB £ 47°
~49° SAFiff 1°~2°, Cq,Co HEET S50 FZAMES AR M, 1
FARTA 5 4~5 mm, BEAER L ZAROT 1T 7.5~8.5 mm, HEET &
M Co:40°~42°, C,:36°~38° A ffl Co:6°~7°,Cyz 11°~
13°, XFFEATR RS 30,32 34 mm BN H, IB4T H 2
THERE 3.5 mm 1 4.0 mm,

SEEG R T OIS HGERE AT . Cy Cy HEET A7 FAHEMRIE
FROCHRTISZAHE S ARXFIN 2~3 mm, BEHEMA F 44T 6~7 mm

PEET A BE R AMBUAA 46°~48°, kMl f Cy:-11°~ -12°,C, —6°~
=7°, Cs PEET S FHEMRIE i SRR T A2 AAE 5 AR [ 2% 1~2
mm , BEHER ESARCOETT 7~8 mm , FEET A8 A SMEi Al 47°~49°
KA 1°~2°, Co Cq BFET BT 32 ARMES AR M, 1 o 200
1155 4~5 mm, BEHECR EZHOE1H 7.5~8.5 mm , HEET 1 BE A 41
B fA Cq:40°~42°, C,:36°~38°, i ff] C4:6°~7°,Cy:11°~13°,
P BT et 30,32 .34 mm BOME R, BT EAR ATk
£ 3.5 mm 5{ 4.0 mm,

5 100 B A THHE CT BGMEMXELLER (n=100,x £s,mm )
Tab.5 Diameters of lower cervical spine in CT scan( n=100,x +s,mm )

OPH OPW PAL AR R R e A N R R
B A M o e ! e Fo e Ao e M £
(95%CI ) (95%CI ) (95%CI ) (95%CI ) (95%CI )
737069 725+1.02 4.94+1.18 501+0.87 31.98+2.15 32312167 175030 171024 0.78=0.11 0.81+0.09
“ (7.11-7.39) (4.83-5.12) (30.64-32.83) (1.69-1.76 ) (0.71-0.86 )
731084 7.19+095 517+1.09 509+1.14 3258+1.93 3208201 1.69+022 1722028 0.81+0.12 0.76+0.07
C (7.21-7.46) (4.93-5.09) (31.28-33.51) (1.67-1.75) (0.73-0.82)
.. 729+1.17 738+1.13 583+142 569+131 33.64£1.92 32422172 1.67+031 1.72+0.19 0.86=0.14 0.88+0.15
' (7.24-7.45) (5.71-5.93) (32.45-33.18) (1.66-1.74) (0.79-0.91)
732£1.04 727+1.09 6.01+094 638+1.05 3325+1.83 3408178 1.79+025 1.76+029 0.90=0.08 0.83+0.17
Co (7.19-7.41) (5.98-6.41) (32.91-34.72) (1.75-1.81) (0.81-0.92)
) 724+1.16 742+099 7.03=1.15 711092 3401+146 3381=131 1.83+033 1.82+027 084=0.11 0.89+0.09
“ (7.29-7.48) (6.97-7.19) (33.12-34.87) (1.78-1.83) (0.82-0.90)

R BEZE AT W A5 M ARE ) T Ge T4 22 5% (P>0.05) 5 A7 BeH OPH>OPW ( P<0.05 ) 5 4717 BL ] OPH U542 ( P>0.05) ;0PW, C5.Ci<Cs.
Ce<Cy (P<0.05 ), FIEALE 4.94 ~7.11 mm Z[A]; PAL 2715 BRIA] 43 ( P>0.05 ), SFEI4ME S 31.98~34.08 mm ; HE 5 KR 528 b P iz J5 J52 138 % A M) iz
JRRERE 455 BRI ELAE ( P>0.05 ) 5[] — 15 BE, P jz o J52 38 B S8 )2 -4 M J J5¢ ( P<0.05 )

6 100 Bl A T CT BENEHRSRAELER (n=100,x+5,°)
Tab.6 Axis related angles of lower cervical spine in CT scan( n=100,x +5,° )
Cy Cs Cs Cs G,
bic)i s Al i M Ao M Al Ao M i M Ao M A A M Ao M
(95%CI ) (95%CI) (95%CI) (95%CI ) (95%CI)
46.1+£43 467+3.6 473+39 469+41  486+57 489243  402x51 39735 37748 364x42
A (46.6-48.2) (46.1-48.5) (47.1-49.2) (39.2-42.2) (35.8-38.1)
-11.8+32 -107+28 -67£25 -69=2.1 2119 1.8+1.6 71+29  64%26 105+35 11133
A (~124--10.8) (-7.4--59) (09-23) (62-74) (114-13.1)
T [R5 B tPA sPA, ZEA7 PRI R JCGE 112725 53 ( P>0.05 ) 51PA, C>Ce>Cy ( P<0.05 ) 5sPA, C>C.>Cs, Cs< C6>C7 ( P<0.05)
7 100 s A TEHE CT BEGMEH#ETRAME (n=100,x £5,mm)
Tab.7 Sagittal and transverse intersection points of lower cervical spine in CT scan( n=100,x +s,mm )
) Cs C, Cs Cs C,
HE]
i £ Ao sl Ao sl | oM A M A sl Ao
(95%CI ) (95%CI ) (95%CI) (95%CI ) (95%CI)
2.81+1.36 -258+1.53 -1.96+1.14 -2.16+1.08 143102 1.74+1.41 398=132 455+1.24 425+1.66 4.75=158
b (=3.11--2.13) (-2.54--1.83) (1.36-2.18) (3.87-4.81) (4.02-4.93)
657+217 683%237 665206 691+198 774+1.68 739187 7.72+1.95 845+2.03 7.94x221 8331.53
DI (6.18-6.93) (6.17-7.02) (7.04-7.95) (7.61-8.66) (7.47-8.54)

T« [ —75 Bt DUP DsIP, A2 47 PR JEGE 12 25 5 (P >0.05) s AN B[R] DHP H4K, o Cy R TU(E, 18 B HEET S AEME MR E Hh 200K 1T 32 ARHE S
IR, Cs~C, W IFAE, C; . Ce>Cs(P<0.05), DsIP; Cy,C,<Cs<Cy, C7(P<0.05)
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I REZ RO E], (NG EETFARIEARTI; X
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At RPZ0 A9 STHE = AL RS TR, SR T AR TR
— RN EAE MO EAT B B A R0 {0 Tk
AR IRAEMETEZORIR =, BRI T
PREB B X WIS SR |
3.2 CT 2 ZAH 6 A

X 55 HE S AR R ET B AR G A HE i 5 2R 4
TESE)N &, BARA — el (HIEis 2 F T
R 2R CT M, 4 R 2 HEH S R NE B
TR E T, MNATEEE T4, EN i EFI,
AICLL APS BAAR & S AR TR A S
B AT T ARG, T TR T AR RS AR 1
il ) FE A A58 b2 — s R R dnes G5
B R HIAR I SAniE , SR, ZE0G IR h H1 52 2R K
(R, B PRl B SRS ) e, HORG A
W — PR, ARSI ES R R CT 5% S50
DA, 5 F T Bs o o k22 5. AT IESE
HCT PR,
3.3 CT M2 ERIAAMEF RE S0l R E L

LA A0 Sy ) HE S AR ET A

M 3 ANEEER P, BVEEET S0 or , 760 T 1v B %
AR FAE BB DL S S IR AT H AR S K
JE o TR B DN A 5 o BB ZEAH I S, Wk
TR T AR B ) G5

DUPAI DsIP PeiE & EEF S 2 0L, Rt FA
PRI FERY PO —(HE AR R Ty T I E R
LR R RUR S S R T e o W A AN R Y =
AT P LS SR BR : C5.Cy 1Y DUP Ry A fE,
BT AU T MEAA IE o S R T 32 AHE 55 AR A X 2~3
mm , $& 7% WSS B 5T, D)2 e A MR T 28 SUAilf i
PRI HE—M B 4T Cs, 09 DUP A IEME , 4T 5%
ARHE AR R, BEARAAR IE R R TEAE Cs 2 1~2 mm,
Co.Cr:4~5 mm, %57 BeAS 23 1 B A2 SUAIE 33, 0
2478 AMRET , DSIP 7E C5.C4:6~7 mm,Cs:7~8 mm,
Cs.Cy:7.5~8.5 mm,, XL 5 Koller By 5y 45 K —2k

PA SHES ML fA sPA PeE AT B AT 1) .
APS PN [ E H R 1 (PA 55 I HE S AR B AT S H0h
B4 R A 7 B SO R AR R A (HER S IR — 3, ARk
BN, HESARIN tPA 7€ C~Cs BER, 29 46°~48°,
Co~Co A BT et/ N #3355 it B 2042 10 0 i
GEIRPHEIT . sPA W Cs B T7KF, G Cy TE-12°~-6°
JEHIN, Co.Cy 2 6°~13°, 5 Koller®f )il 4t i 22 57
K EN 5080 JRIR RS 5 AR iR 2E R A
BN EERT S

MRET E AR R E R OPW I A2 , —fBEIBAT 1
FRRE/NTARRE ST BER) OPW i K T AR /N B A J5
H A X FER ST I B T, R e R R b
T S ST SRE . ABFFEIER) 1 000
ANHME S AR HMES AR Y K F 3.5 mm H K 961 4>
(96.1%) , I TT L 3.5 mm £ Jp LAl 2 4 (8, Kk
PRAMES HUIBET (0 B4R, SR 5 B R Y R,

PALS M IBET B A METTEKJE BN ZETE
5 AR 43 S MEAAHR 43 BURN  SCH e B T 4 42
ETIR B AR SO0 N STUHE T 7 1) S5 T B AHE S AR
5 HHE S AR ET AR, 5 B S AR AR AT i )
Yo, S ME S AR S AMEARATET 173 Ridd:, KEY
20~25 mm, [fij B} [ AE 5 AR IRET 75 B g e AR HES
M HEAME P, dk e JL-F-im i PAL 44, A
HEERKE ,C~C, PAL KJELS RS, FHHE
31.98~34.08 mm, PR IHCHRE T FH S 85 1o s i — 2 A
30,32 .34 mm BREH , X —4ER S Yukawa®—3,

Panjabi Z515 25 A4 C, FHERIHE S ARV HIZE D)
A% 0.7 mm (TR, KA1 B 5 AR P A M B 1z



— 1068 — ERERKFZEHR 2012 £5 37 55 12 # ( Journal of Chongging Medical University 2012.Vol.37 No.12 )
’%’EE E%E , W{mﬂ&}ﬁ%gg %ﬁj{ﬂ:ﬁl\{mu s ﬁ% [6] Koller H,Hempfing A, Acosta I, et al.Cervial anterior transpedicu—

Y K o S T M EE | 55 ARSI 06 W 114 25 SR A
— 3, HCEETH MU AN BRI, B NIRET 25 5 2F
TS EE i O HE S K .

WA, AR S0 b 7 ME 5 MR 22 A P45 AH OGS 4K
Mg E 25 NI F RIS &,

S TR R B, AN A RS [] 45 B 1 i
HE S AR 22 S 0K AU AS SCHR S T AHOC S0
S HARBF YA AUE 2 50 55— S8
it A PRI A — 2 ™A e i 32 AR AR 1
(e SuZ

25 bR ARSI IR SR ] CT I SiMEAPS
B AT AR S, 7k e, DA 2% FA B A
EE TIZAR B a5k, RIS, R KA, 78 15
WEKIRE T & EBE S8, ZEOR I IRz 2
HETEZENSHRIE, L TARRREZ RS,
FETEE — o KB M, A B TSNS H E T
I A, {EL v B = K 303 Bt 17 45 SR | #30ab AS BE B Sl — Fif
T SUHESRT R AR, AEFE AR A AR TR
EETBMR T & . RPECEAL BRI & R |
A G P [ B A etk DA R I PR 22 56 B B 3R APS
P [ AR — 7 AR B — 25 i) I

Z £ X M

[1] Kotani Y,Cunnilligham B W, Abmni K, et al.Biomechannieal anal—
ysis of cervical stabilization systems:an assessment of transpedicular
screw fixation in the cervical spine[J].Spine (Phila Pa 1976),1994,19
(22):2529-2539.

[2] Jones E L,Heller ] G,Sileox D H, et al.Cervical pediele screws versus
lateral mass screws:anatonfic feasibility and biomechanieal comparison
[J]-Spine, 1997,22(9) :977-982.

B] % & VR, A, AR R I A [ 2 B AR R
HERGE LA . I PRFE A2, 2003, 7(20) :2830-2831.

Luo F,Xu J Z,Wang X Q,et al.The role of three anterior cervical fixa—
tion device on the postoperative spinal stability[J].Chinese Journal of
Clinical Rehabilitation,2003,7(20).:2830-2831.

[4]  Abumi K,Itoh H, Taneichi H,et al.Transpedicular screw fixation for
traumatic lesions of the middle and lower cervical spine:description of
the techniques and preliminary report[J].J Spinal Disord,1994,7(1)
19-28.

[5] Abumi K,Shono Y, Kotani Y,et al.Indirect posterior reduction and
fusion of the traum atic herniated disc by using a cervical pedicle

screw system[J].J Neurosurg,2000,92(s1) :30-37.

lar screw fixation.Part | :study on morphological feasibility,indication,
and techical prerequisites[J].Eur Spine J,2008,17(4):523-538.
[7] Koller H, Acosta F,Tauber M, et al.Cervical anterior transpedicular
screw fixation (ATPS)—Part [l .Accuracy of manual insection and pull-
out strength of ATPS[J].Eur Spine J,2008,17(4):539-555.
[8] Koller H, Hitzl W, Acosta F,et al.In vitro study of accuracy of
cervical pedicle screw insection using an electronic conductivity device
(ATPS part Il )[J].Eur Spine J,2009,18(9):1300-1313.
[9] Yukawa Y,Kato F,Tto K, et al.Anterior cervical pedicle screw and
plate fixation using fluoroscope —assisted pedicle axis view imaging:a
preliminary report of a new cervical reconstruction technique|J].Eur
spine J,2009,18(6):911-916.
[10] Koller H,Schmidt R,Mayer M, et al.The stabilizing potential of
anterior, posterior and combined techniques for the reconstruction of a
2-level cervical corpectomy model:biomechanical study and first re-
sults of ATPS prototyping|J].Eur Spine J,2010,19(12).:2137-21438.
[11] Ebraheim N A,Xu R,Knight T,et al.Morohometric evaluation of
lower cervical pedicle and its projection[J].Spine(Phila Pa 1976),1997,
22(1):1-6.
[12] Panjabi M M, Duranceau J,Goel Vet al.Cervical human verte—
brae.quantitative three —dimensional anatomy of the middle and lower
regions[J].Spine (Phila Pa 1976),1991,16(8):861-869.
[13] Lugwig S C,Kramer D L, Balderston R A, et al.Placement of
pedicle screws in the human cadaveric cervical spine:comparative ac—
curacy of three techniques|J].Spine(Phila Pa 1976),2000,25(13):1655-
1667.
[14] Karaikovie E E,Daubs M D,Madsea R W, et al.Morphologic cha—
racteristics of human cervical pedicles[J].Spine (Phila Pa 1976),1997,
22(5):493-500.
[15] XS, XURGA  FERUN, 45N BUHEHE = HLIRET N [ 8 AR DG 2
SR filf ) NS AR I D). T A AR AN R, 2000, 19(7) : 535~
539.
Liu J T,Liu X Y,Tang T S,et al.Pedicle screw fixation parameters of
the lower cervical spine anatomy and imaging measurements[J].Chinese
Journal of Spine and Spinal Cord,2009,19(7):535-539.
[16] Shin E K,Panjabi M M, Chen N C, et al.The anatomic variability
of human cervical pedicles:considerations for transpedicular screw fixa—
tion in the middle and lower cervical spine[J].Eur Spine J,2000,9(1):
61-66.
[17] Ugur H C,Attar A,Uz A, et al.Surgical anatomic evaluation of the
cervical pedicle and adjacent neural structures[]].Neurosurgery, 2000,
47(5):1162-1169.
[18] Panjabi M M,Shin E K,Chen N C,et al.Intemal morphology of
human cervical pedicles[J].Spine(Phila Pa 1976),2000,25(10):1197-
1205.

(STiEsh#t:. RBAR )



