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Study for Stability of Pedicle Screws in Human Spines —Special
Reference to Correlation with Osteoporotic Change—

Koji HIRANO

The strength required to pull out pedicle screws from the lumbar vertebrae, pull-
out strength, was measured in the cadaveric spines and the calcaneus, and its correla-
tion with the severity of osteoporosis was studied.

A weak positive correlation was noted between the bone mineral density and the
pull-out strength measured in the cadaveric lumbar vertebrae. In the cadaveric
calcaneus, in which cortical bone was removed, a significant positive correlation was
found between bone mineral density and the pull-out strength.

The fixation strength of pedicle screws was affected by their diameter and the
severity of osteoporosis. However, when osteoporosis is severe, the correlation
between the bone mineral density and the pull-out strength of pedicle screws was not
significant. (Accepted on October 20, 1996) Kawasaki Igakkaishi 22(4) : 237—244, 1996
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BEIEMMET Litha 24 C 2 BI0EFICERD S
% . SEEHEE O BRI AY &1 5 pedicle
screw OF| Xk EBE T 2B 2TV, B
O L OB > W TR Lz, Fiz,
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MORBEB X BEEESLVEETH LYY,
— BB BHEEAR 7V 2 — 2B » TR
BOEHESBEERCHELE 25 5. Lk
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A. BEROHRER

1. JEME% BV 7 pedicle screw DF | &k &3
B (LU, BMeRER) © JIIGERK R EIFEHE
Dt b 5 R Z Tz NERdt 341
& B2 BT ERIIS2.0RXTH -7z, F 7z
FEoxg e, pQCT ##ElfHIcE + 35
PRISEEME 2 E U 7z, WIRIZZoH: 3 Bl T4
1384 .6iE ThH o 7z

2. EE % Bz pedicle screw D5 &R EH
BT, EERER) | IGERR R 2EE
Dt M0BEE20EE % iz, WERIZZHE 6 #
B A BICEERIZTI.8RX TH o 7.

B. ALEZXIY 21—

1. BEHRE RS T»b 4t 4 EED
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(D)

Fig. 1.

Four kinds of screws used in this study.
(A) Dynalock pedicle screw (Danek)
(B) VSP pedicle screw (Robert Reid)
(C)  CD pedicle screw (Sofamor)

(D) Diapason pedicle screw (Dimso)
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pedicle screw (Dynalock pedicle screw
{Danek #£), VSP pedicle screw ¢ Robert
Reid #:), CD pedicle screw {Sofamor #1),
Diapason pedicle screw {Dimso#t)) % {# FH
L7z (Fig.1). ZRZNDA 7Y 2 —DHEMKEIZ
A7) 2—DIME 7T mm, RUUEEDOES 40 mm
Db DRFERHL 7, Dimso #HEA 7Y 2—D
B, ZORBRKEET 2014 Xy,
IR BIITWVAME6.7mm, R UILEROE S 40
mm®DbDEFEHLT:.

RIAFEZ, 227 a— B LIHBARE
EROWTELDOED IZFIEHIC L DIT o5 7297,

2. EEHRE  KE Robert Reid #% VSP
pedicle screw W7, £ 78 mm, X7
mm, RULEORES 40mm OdD2HEH L.
%7, BRIEEE OE®E % ultrasound bone
densitometer (Achilles, Lunar ) % fv> CHl
EL, ZOREFEEZHHL, A7) 2—0FA
HTh s EFEESSOREERVIERL, HE
DOFRE A FIZH > TRIAL Tz,

C. BREDAE

1. FEMERABR - #E%pE A Dual
Energy X -ray Absor-
ptiometry £ & (X T DXA :
QDR-2000, Hologic #) % fv>
THEHE BMD (g/cm?) 2 HIE
L7z, R SXEXEEZ 340X
27TX22ecm D7 7 ) VEIKREN
K77y hauz, —8ELT
L VREE 12085
FEAE % A2 &[RRI B & 12
JICREEL CHIR A M o HIE
{107z,

%7z, 3B OWTIIHRME
BEENCTEE pQCT :
Densiscan -1000, Scanco

Medical#t) % v THESRER

HEMHEMR & SATICAZ 4 AE 1mm, A 74 Af]
fE4.5mm TiTo 7. BEER, HSRKEHE
BICHERCBELERERET S22 LICLVE
HU, EREEERD S bHESEOTLER %
B 2EHA T A A D G TABDFIE % fEAT
R,

2. B & & Bk [ ultrasound bone den-
sitometer (Achilles, Lunar #t) %\, TR
0B DOV TREEEF O ERE2HE L /.
Achilles 1%0.145 2.0 MHz OEE EBEE %
BECHEHNL, BEEBRBOETHEREEE
(speed of sound : LLF SOS : m/sec), #WBEH
BB EEIR% (broadband ultrasound attenua-
tion : A F BUA : dB/MHz) 8 X 1*SOS &
BUA »sEH &5 Stiffness Index (AT Stif-
fness) ZHEHHT 5 BBEIHIEE CH 29710,
Stiffness IIMEERRIFERE L 138 %D, SOS &
BUA ZiM&HNCEHHiT 2 BEEEEE LTEH
ENBE (%) ThHY, KAWLV RDOh
T3,

DEBEEMEL. A% vy (A) (B)
&, —BRE LT LI-E VB Fig. 2. (A) An outline of pull-out strength testing instrument
RE 1 58 5 SRRz, (Shimadzu) . .

(B) A printed-out graph shows the relationship of time
and pull-out strength of a screw.

BRHESMEREE — F (300 um) T,
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Stiffness=0.67 X [BUA]+0.28x [SOS]—420

%72 SOS X, 1 KREDKFRTRARICEKRE
L,
= #% 3 B =1,402.74+5.033T—0.058T*+

(3.316x1073) T*— (1.453x107%) +
(3.045x107°)T®

DOREfRIZH 2 (T ki) . L7edi> T, FHlic
L CIRE 2 — B IR DODED D 5720, H]
TERNIZ 37 COBNT1053 UM DB 2R L T
BERIE 21TV, Z D% Achilles IZEE L THI
ExE{To 7z,

D. 5l&k&HBRICFEAL-BR

Bl & X HABR I B AR 0 V¥ 2 — 5 I
HRBE T ReRBE (BEA— 177 7AGS)
ERWTTo 72, BHD 2 0 ITER % TRERAER
BICEZEL, EEAAICEI L5 ERELTIL00
mm/min OEE TEF| 21T\, pedicle screw
DOl &R &BE (kghDE—7EERHEL
(Fig. 2).

nE, EHRBCEL T, 1B LE
HEFNZENER 5 screw D5 EKk ZHEBRE 1T
7z.
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ATEDA 7Y a—EHOTTo 15[ &R/ ER
ERDFEER Y, QDR-2000% FvWwTHIE L7z BMD
r OBf% % Figure 31277 . B XKk SBEL
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Fig. 3. Relation between pull-out strength of pedi-

cle screw and bone mineral density (BMD) .
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Fig. 4A. Relation between pull-out strength of
Diapson pedicle screw (Dimso) and bone
mineral density (BMD) .
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Fig. 4B. Relation between pull-out strength of
Dynalock pedicle screw (Danek) and bone
mineral density (BMD) .
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Fig. 4C. Relation between pull-out strength of
VSP pedicle screw (Robert Rein) and bone
mineral density (BMD) .
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BUD (g /cf)
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Fig. 4D. Relation between pull-out strength of CD
pedicle screw (Sofamor) and bone mineral
density (BMD) .
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Relation between pull-out strength of pedi-
cle screw and diameter of pedicle in cavaderic
lumber vertebrae.

Fig. 5.

BMD & ORIICIZFF B ERIEMHEENIED S
72 (r=0.350, p<0.02). X7V 2—BlcfT>
7e5| &R EHE L BEEE L OBfRTIX, Dimso
HBDOR 7Y 2 — 2B THROEENED > h
72 (r=0.845, p<0.01) (Fig.4). L»L, 5|
&R XL pedicle DR & ORI IIAEBIIZEE
oo i (Fig. 5).
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Fig. 6. Relation between pull-out strength of pedi-

cle screw and bone mineral density in the
cortical bone measured by pQCT.

¥EiRE BMD L 5| S EE L O owTh b
RS s o Tz,

VSP pedicle screw % W 7-EET | X1k 25
B &, Achilles Z W THIEL 1-&EE L DB
{%% Figure 7T \27R3. 5l &IREHE L, BiRE
WBF 2 T RCOEE L ORI IZE R 2 IEMHE
(p<0.001~0.05) 2’FEH >Nz, BUA B X
U Stiffness & OREIOFERS (r=0.890£0.871, &
HIZ p<0.001) i% SOS L DFERE (r=0.595, p<
0.05) XD bRIFTH-T.

Z =

EE, BHBEECHT2E0EE Y 00H
3. BHFEOZKH I IIEEEEVLRARTDH
D, BROAEPHEFEIN TS, BHIE, B
B B EEEEREIZ dual energy X-ray ab-
sorptiometry (DXA) I FERTH 2030019
B I 1RSI T b B L OTRE 3HIE
DHEET, ZOHUE L DXA B TE o % EHE
BMD & i3EWHBERERIED SN TWw5EY, L
»b, BEHECBLTIE DXA BCREIE TS
WIgEETH S BUA, SOS = Stiffness 2155
ZEVHEET, BROZRITHEE,» S b EH
BRILOBELRER T I LU TH S0,

¥/, IEEREEOWERE L REEESREL
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Fig. TA. Relation between pull-out strength of
VSP pedicle screw and SOS measured by
Achilles (Lunar) .
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Fig. 7C. Relation between pull-out strength of
VSP pedicle screw and Stiffness measured by
Achilles (Lunar)
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THIETE 2 RBEEEN CT & (peripheral
Quantitative CT, pQCT) »BF S nEHTH
BEIESNTWEY, SE, ZhskvBEsh
2555 L | [EHED pedicle screw 5] E ik X
B OBFRIC O W THRET L 7.

Pedicle screw OFEMRES | &tk X @B 575
EAEEORT £ LT, #SRMBOEELER,
BHFCOBE R EBEFTSNTHEDY. Kz,
27 a—fORFIZOWTHE L IEBOH
£k BL, A7) a—0DF| ST LHE
BRI TERDEBITHA.

W= (1—2 f) zdnz

22T, WIS &R EHE, 1 3 CIIED
0, I3 27V a—FBAR L VEEINEE,
d 3R UCIE, niZhCliogk, - i3iEHEOH
1=2 1) ednz FA 7V 22—
OHBEFOHEOEE 2R L TWwd. ZhiZE
D, BB, IR EFERBCHEAINIR
CIES ORE S HFIL, &5 iEmE ORE
WEEEND LREL WS, DXA BETHIE
LI-BEELABORA ) a—2HWT{To 72
5| &4k %58 & ORAfRTIX, Dimso tHE DR 7
V2 — BV TR bBRWHBENFED S (r=
0.845). SHEIEBICERALIZ4BORAT7 Y 2 —
OFERZIFIZE—TH 503, MBIz g
L7zfE5, Table 1 O < [H U UIEDRIZB
T Dimso #HEID X 7V 2 —DAHHR L L DOFDS
BEIWCHMo 2. Zhid, Dimso H#OR 7Y
2—BFhCIHoFEHEPT I LIcED, X7V
2 —DOEEHOEEESE L, HREZEL 2
FADEENRZRLUIEREEZ 6T,

Brantley 59 3B & 1L\ R
HEWZ BT % pedicle screw DF| &k XFHER 21T
TeESR, A2V 2 —ERMEEORTERED 80 %

Table 1. Summary of four kinds of screws used in
this study.
Numbers of Interval of Depth of
screw thread  screw thread (mm) screw thread (mm)
DANEK 13 2.5 1.5
Diapason 19 2.0 1.0
CD 10 3.0 1.0
Steffee 13 2.0 1.5
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PDEDRESICHS THASR TV 258, sME
DA LB &k S IXIEMEE R R T, B
BOEET AEMTIX, ZOBRPEDON
BV ERNTWS . SEGIEHEEEBRICH
P #E 13 S R HR82.06 T b B Y, FIyEM
BMD 1% 0.694 g/cm? BEEEETH -7, Z
D%, pedicle DE LB Xk BEDOBTIHS
PIFHEETED S o e b D EHERIS Tz,
Deftari 51917 12 Xk % &, pedicle screw DF|
EH XBREEIZ A 7 Y 2 —O insertional torque 12
HFIL, insertional torque IZ¥EEE L0 K EE
R DR EEINDE EBRRTW S . SEIEH
FEREERERSHLUTCHETE % pQCT ZHW
TEMEEERHEL, ABORA 7Y 2—05]
S X BE OB 21T 120, Bohl-&iEE
LB X ETRE L ORI TV TR S A
Bixgsnikd»ro7:. pQCT IZBEE % g/cm?
DOEMTEHEITE 2700, EOBBELZHET
5 ZENAIRETH S, SEIOERTIIHESIRE
BEBCHENCEOMEREPRET S I LIcE
) %Wﬁﬁ'\g G EE SR D 5 bHESIR
OHFLFEEE &L 2 #EE R 74 A 5/ 1ED
SEfE BMD f (g/cm?) 2 ESTCHER L. B
W7z pQCT ¥V 7 bR E S 5 TSRS
WoaofEtrRc 7 a7 7530 Tw5729, B
HERER 2R DI BRE RS A THuRy
AREMEDS D D, SHROEL LKL RIND .
KEBRBRELIEE AW TIT> /2 VSP
pedicle screw D7 | &k X RERDFE R L EE WL
TH o N BHEEOMI TV b REFSHEE
BESNIZHS, B BUA % Stiffness 3 SOS X
Db RIFEHBEZRLEY. SOS BEEE %,
BUA BWEHERO=ZRIuHEE®F L L TREEL,
Stiffness i3 SOS & BUA » 513 5h 2 BHEED
BELWDOLNEMO, ZOFRR, KEEOREY
BrAt U 7854, screw D5 | 3K X IXRER 1T

X

FELTBEEBKET 2 nbitTwnizy, &
BOZRTHEEDE VEFEICL VHEIBEI N
L2 EREBENT,

& B

1. b MREEHS L OEE 2 AW, 488
@ pedicle screw DF| &k X E 2 HIE LEH
Bt oMEEHAEL 2.

2. D pedicle DEEE L5 SR SBE LD
R X4 L HHBIRED s Lk o 7228,
screw DFIEIZ L > TH| K EHEE L BMD 0D
FABE RS B 72 5 7z

3. pQCT HER T, HSREBDOKEE BMD
LB &K X5EE & ORI B RE S ik h o
7z.

4. FEERERIC BT % pedicle screw N8| &k
XIBFF |2, BUA % Stiffness 3S0S XY b RiF
HHBEAERL, BREOS] SKSEBENERD
SRS, DRV EBEICLVEIBESL
L EBREBINT:.

FEgz2chlzy, NIIFEBKFERAR B
RE@ROEAES L AR EL s 28 EERLET. 2
LT, BEBEOHEEREXE L-AHE ZFHEILHR
%, BEERE L CTHKREEBE o 7o) IREREK 78
BHE @RCREEE, KINERLHEE 2THV I
FEARIERE SHATRECEHRBRLET. £/, &
T R TE T, NIFERIKZEHEBES L U
BEREOER, T L OHESRARBELRIEELT
TEo2UNEY T —v a VEHEB I UEERRE Y
I —DOERFICBRHB LT L b, BRAREHRE
EREEFFMPBCRHH L ET.

AWFRIIAE S0 Y « 7 MFSE (5-803) DB X -
TTbhi:.

BE, KEXo—&x, 5§ 3 HERFHEZENRS
(PR 6 108, KB wBWwTHELE.

B

1) HE 7% : pedicle screw DOEFESICEEY 2 EERAIWIFE | BHERE & OBRIZDOWT. EFREESL 26 1 451—457,

1991
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