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Morphometric Study of the Pedicle of Lumbar and
Selected Thoracic Vertebrae for Surgical Spinal Fixation

Heui Jeon Park, M,D., Jung Ho Rah, M.D. and Sung Kwan Hwang, M.D,

Department of Orthopaedic Surgery, Yonsei University, Wonju College of Medicine,
Wonju, Korda

The pedicle instrumentation has become a popular way of spinal fixation.
Placement of a screw through the pedicle into vertebral body appears to be a very
successful way to accomplish spinal fixation. However, the configuration of the pedi-
cle morphometry must be understood.

The measurement includes pedicle width, angle of pedicle axis to the transverse
plane, ideal screw length, ideal screw entry point and ideal angle. This study was
accomplished using computerized axial tomogram(CT) of 704 vertebrae(Ti0-Ls).

The results were as follows,

1. Transverse pedicle diameter were narrowest at T, widest at Ls.

2. The pedicle axis is oriented anteromedially at all levels except Tu and Tiz, then
increase from L1 to Ls.

3. Screw lengths are fairly constant between all levels, thus the range of screw
lengths need is limited.

4. The incidence of pedicle less than 6 mm in the transverse diameter is most
common at Tw and followed by levels Li, Ti2 and La.

5. Pre-operative determination of transpedicular screw diameter and length can be
made, by direct measurement from the patient’s CT scan.

Key Words : Pedicles, Morphometry, CT scanning
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Aol 73 APN FARHE A& A3 o
AFRE o] 8% HFmAV|7IS AHgo]l UtEEI
glq_l&ll,”.lﬂ).

HZz2ozo NaE 98 1<HE Harrington
2471718 A48 S de st £4 a3 4
& 5-670e] BHE mAsNoF e Al Ut
hook& ©]4% Harrington 27171 hookel
olgg WAl 9al AR=Z 9 tensile force®
o] &3l A3 AA e 56708 £EE 33
o} 3% rods} wiringg Wasl Agslol e
Luque system% cHEde n3& d82 3o

Roy-Camille 24%e] AMgo2 A3 JARR
£ o]&¥ yFmA o] BeHY| AR F
2 g 259 A3 WIEE o1& JIVE
AHEE 4 A HATh AFE JARRES ol &% ¥
zaRe ZtZe] HFAE W3 23T + A&
wmoolJg WA L 4L F U
2,12.14,15,17,18,21)

a2y 84 AR e BE AFY WERLS
Aekelel AFPeE 71Z22 AL FEA
A ALl glol AR R dsiMe 2 Ee
A7} @t

227 Fefo P ATFE B AEE 3
2329 u gen el E 19904 HF'0] A=
Aeje] HFE &Hsle] Bt o

B dFe EAe d=ZAM HFAe HHE F
Al % JAHE AMgo] @ AR A &
th

ATCHY 3 U

1) ooy

UL dAddn AFIdG dF715EL
A 1990 12€9 F¥ 1992d 109742 At &
3 89 ANAT FAF 23, FY B L AR
Hyg4d Wzl e BAE AN 907, 704709
HZZo A3 @3 BIYFE o83 @A
59, 47t 319elAx AH L 184X 72412 F

T 38. 54111t

2% 2E {34 AR F2 o851 e
A10F 3NN A58F7MA R Aen Hist &S
#9 & Philips tomogram 350& °]&3Axn
slices] F7€ 5mmeolSith, HAsGE &g 23l
A 3R ez AAHE 2 F5 334
o} Y7 7pF ZA Jehdm F3o] dAA F4
4} (axial image) & A3t

A 92 #ggore SR d&A A
ol YO o]fA E AolE Ho|A| Yo
0 Zolo] 2FL 0.0lmm7tA ZFo| 7Hedd
digital caliper (Mitutoyo Co., Tokyo, Japan)
£ o] &3un 4x 23 FgEs} 0.5 4=
718 AH8-3det.

2) 33YY

HAZ79 AR AN B3N M F& F
AE HFAY F3o A AT (Fig.
1-A). #%739 A¥ZQp & 739 T5% 4
ol AFAo| o|Fxt Zeoz Ao FulN A
Wteg P e & |, FlSelM oo
2 g% 9§ &9 goz FANHAR(Fig. 1-B).

ol FAQ VAR A}l W¥e & A AN} &
2 YA {379 39E AUEN A3 W
dA 713 2 AYE Ave AR BEeE 39
on] AQIZE o3 AR AYPTER BF
Ao] olf& ZH(Q) 22 % aATH(Fig. 1-0).

olg4HQl WMRe ARRIFelE o} UARRe]
Alutakel s Aol T AR Aol 2 &
feom, oA iR AR 3L FAY F
AR ezRE o)A VbR ARINEE ¥ 3
Ao] thix A7xe Aolz 33 (Fig. 1-D)

g4 o

1. H&E=ZHe| =Z (Transverse pedicle diameter)

A1, 12¥F%F7F A1, 283FBth FALoW 6.5-
7.5mm Ate]2 A9 ulxaF o] 38T FE
44 Z718te A58FAM 13.0mmZE HAXE
Jeich(Table 1, Fig. 2).
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Fig. 1. A) Pedicle diameter is measured along a perpendicular line to the
pedicle axis, B) Pedicle angle "Qp” is measured from the coronal
plane (anteromedial postive). C) Screw angle "Qs”. D) Screw length
from anterior to posterior cortex.

2 XHFEZHo| MEZ}t(Anteroposterior angle)

HF70o] FZA AR ¥ we go

02 FUZo Hee &8 WE 29 gz
veld A1l 12FF3Me qFH0 o5&
F3AL A11FFAA HT -3.0=2 7 958
gl on A18FHe A48 37Ae &4 3=4 F
7Vsitirl A5 FolA 5571 F71et 21528 B
%t} Table 2, Fig. 3)

Table 1, Transverse pedicle diameter (mm)

3. LpARRo ARzt (screw angle)

A10, 11, 12¥FFIA o 10.552 A9 v)%3
Hey AlaFAMEE FA S8 A58300A
21. 128 B (Table 3). °l& 379 A%z
= vwEA, 10, 11, 12FFMe % 10%,
A1, 2, 38FdME 6271 HRon Al4,58F
de {3733 AFLs AR 4dZel A9 H]
5319t} (Table 4, Fig. 4).

No. of

Level Mean=+S.D Minimum Maximum
. cases
T10 . 89 6.6t1.1 4.4 10.2
Til 89 7.4%1.2 5.2 11.2
T12 89 7.7+1.4 4.4 11.3
L1 90 7.0%1.2 4.4 10.6
L2 90 7.3x1.1 5.4 10.4
L3 89 8.7x1.5 5.8 13.1
L4 89 10.3x1.7 7.1 14.5
L5 83 13.0+2.0 8.7 18.9
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Table 2, Anteroposterior pedicle angle (degree)

No. of

Level cases MeantS.D Minimum Maximum
T10 89 1.9+4.0 -9 16
Ti1 89 -3.0+4.3 -12 12
T12 89 -1.7+4.6 -8 14
L1 90 8.7+3.7 0 18
L2 90 10.9+4.0 4 20
L3 89 13.8+4.1 2 26
14 89 16.5+3.6 10 30
L5 83 21.5+£4.5 12 43
Table 3. Screw angle(degree)
No. of .. .
Level cases Mean£S.D Minimum Maximum
T10 89 10.9x2.5 4,0 17.0
T11 89 10.4+2.7 5.0 20.0
T12 89 10.5+£2.6 0.0 15.0
L1 90 13.9+4.0 6.0 23.0
L2 90 15.4+4.7 8.0 26.0
L3 89 16.7+5.6 8.0 33.0
L4 89 17.7£6.0 8.0 34.0
L5 82 21.1x7.1 10.0 40,0
4, o|ldHeol UAtze MelFE(ldeal point of mm "
screw entrance) fg : ;q,,,uggo;m R
4AY AR AUFe ALOFFAM 1]
15. 7Tmm=Z 7 &k AF F7kete] A58FqlA 124
£ 26.8mmE JEhion olg 8373 4% ¥ 0]
% 93do] st A (regular distance)# ®ladt
H A0, 11, 12FFe A1, 2, 38FdMe HF ;
A9 24480 % 3mm A= A% AARGe L, : .
U Al4, 58FlE FHo] YNSATHTable 5, O T T2 L 2 1B W s

Fig. 5).

6. & LR Hol(screw length)

A10FFANN 47. TmmZ 7V #H3 staFy
2 UAZFE 349 F7k8] 23830 HUE
Ho 54 Immelled A58Fd4E 51, 2mme]
At} (Table 6).
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Fig, 2, Pedicle diameter means + S.D. for each
vertebral and compared with means()
from Kim (1990).
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a9, © Presentdata
o Kim(1990)
251
20
15 1
10 <+

L
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TI0 T11 T2 L1 L2 L3 L4 Ls

VERTEBRAL LEVEL

Fig. 3, Pedicle axis angle relative to coronal plane
for each vertebral level. Means *. are
shown and compared with means ()
from Kim (1990).

Table 4, Screw angle versus pedicle angle(degree)

Pedicle angle screw angle

Level Mean+S.D. Mean+S.D.
T10 1.9+4.0 10.91+2.5
T11 -3.0+4.3 10.4+2.7
T12 -1.7+4.6 10.5%£2.6
L1 8.7+3.7 13.9+4.0
L2 10.9+4.0 15.4+4.7
L3 13.8+4.1 16.7+5.6
14 16.5£3.6 17.7+6.0
L5 21.5+4.5 21.1+7.1

Table 5. Regular distance versus ideal distance(mm)

Regular distance ideal distance

r . Level Mean=S. D. Mean+S.D.
degree
257 o Podeeaude T10 13.342.0 15.742.0
T11 13.1£2.0 16.7+2.1
20 T12 14.8+2.5 17.842.0
s L1 17.4+1.8 19.2+2.1
L2 18.0+2.1 19.7+2.3
L'} B — L3 19.9+2.6 21.4%2.6
s 14 22.5+3.4 23.2+2.9
9 L5 27.0+4.7 26.8+3.5
0
. N—~y7F

Ti0o TH T12 R] L2 L3 L4 LS

VERTEBRAL LEVEL

Fig. 4, Ideal screw angle(M) compared with pedi-
cle angle(<).

mm u  |deal

¢ Regular
25 +
20
15 ]
10

5+

0
T10 ™ T12 L1 L2 L3 L4 LS

VERTEBRAL LEVEL

Fig. 5. ideal point of screw insertion(M) from
midline compared with regular dis-
tance ().

e 2ol 7} AATH(Table 7).

7. HEZe| XZo| 6mm £ 5 mm ojalel FL

YutA o2 AMSHIT e AFE UAHRY] FAo)
6mme|E2 333 AZo] 6mmrITel AL A}
3 B 10NN 27.3%, A18FA 23.9%,
AM11FFNA 12.5%°1902 B E9= 10%7] 7|
o =¥ 5mmPIERI A$E A10F3RM 11.4%
ol e ¥4 5%U2)°1c} (Table 8).

I ¥

VAR S ]88 2339 e King®”
o ol A& B3 oz Boucher’, Pennals™®
o o3 A7 gen, 1970 d Roy-Camille™™®
olF AFAEL FT MIRY FIEHEAEL 0|4 HF
29 FREEo]l B2 =) Aaich {37
UARRE o] 83 A3Z9 #3¥ee Harrington
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Table 6. Screw length (mm)

Level N?' of MeanxS8.D Minimum Maximum
cases
T10 89 47.7+3.9 35.7 51.5
T11 89 48.1+3.7 37.0 57.3
T12 89 48.414.2 30.9 57.8
L1 90 51.9+3.7 42.4 59.2
L2 90 52.7+3.4 45.4 61.1
L3 89 54,1+3.4 46.5 64.7
L4 89 53.7+4.0 42,1 1.5
L5 83 51,.2+4,2 40.5 69.1
Table 7, Comparison of transverse pedicle diameter between male and famale (mm)
Level Male (N=42) Female (N=31) p Vakue
Mean=£S.D. Mean+S. D,

T10 6.8+1.3 6.3+0.6 <0.05
T11 7.5%1.3 7.1+0.8 N. S.
T12 7.9t1.4 7.3x1.0 <0.05
L1 7.3%£1.3 6.4+0.8 <0.05
L2 7.6%+1.1 6.610.7 <0.05
L3 9.1x1.5 7.8%1.0 €0.05
14 10.7£1.8 9.6+1.3 <0.05
L5 13.6+2.0 11.8+1.3 €0.05

Table 8, Percentage less than 5 mm or 6 mm of transverse pedicle diameter in male versus female

Level { 6mm { 5mm

Male Female Total Male Female Total
T10 30.5 20.7 27.3 10.2 13.8 11.4
T11 13.6 10.3 12.5 5.1 6.9 5.7
T12 8.5 3.5 6.8 3.4 0.0 2.3
L1 20.3 310 23.9 5.1 6.9 59
L2 6.8 17.2 10.3 3.4 3.5 3.4
L3 0.0 3.5 1.1 0.0 0.0 0.0

471718 MR e ET G2 3ol Hsst
A ta-_{,_: Jo]};‘_\il_pl. 3,—_0 n_ﬁ_i}%& .‘.'r'_°]5]'“ 25»
A7 Feol WM 1976\ Sa111ant“”7]-
B3 o8] ZindrickE*# Krags''e A4 &
%2 B9E o83, Berryd # ScolesE”L
AE A 238 23 w don UM
19904 A dzAele) HAFE AW YA
B v ok ARAEY Afde {3 AR

o] Ago] NI A10FFAN A58F7AAE HS
e A7, AFZ 9 o)3HA AR e
I ANAE, dARe Holg A3 d3EIRE
ol &3t FA Ut

As @3 B9 18T FHAG 4FX 9
ol ti#l Krags'e & Aol7l gldka sign

A& A& & 5%3= 3A 33 don
5}93_0_9_ YBolM AR YL o83l
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23 g olgdldx ¥ A7t HA et
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3 YA ARlE AdME AA, bone-metal
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Bone-metal interface strengtht YAIES 3
A3 Aol AFAA A Ut F o & A
21 YAHRL o] Zsithe Aol 2y
Z9 ARZA &S Ay Yt AHE
& UAgo] AR Hole] S FHslof Pt

VAFRS AIA AR BEe s
X-A 94 FAFAE ol &3t AT ARF¥H 7
A& (anatomical landmark) & °l&3hs WHo]
g}\‘:’l_l, 10,14, 23).

Margel*¥¢ F#de 483 £7](superior
articular process) 9] 91&£ Aun HFE7E °I¥
e Mol whie A& AdHeR st AR
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o, Krags”¢ 38719 sin 444E U
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3 ARFERe] &4 FA FE HALAA
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o] -3t ch.

olE|3 WL FRd=RE e dojx FHEH
o] g4 H3E 22U 4 don vt U WRIRE
A2 & 4 2o bone-screw interface strength
£ 271713 toenailing effect® EA3Hd Pull-
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tionol A&she o] AXch

Ao AL AR #7188 A9 3w vl
< #838th. Krags"'e A9 Aol FAF
Qe 0%, 15%, T A3 E wet SHE o
£y Aoy} glorz AR ARIGES Ul
2o #7] Adoe & 9] givtn A

E3, 23FdA 6-7 mme VAHES AHEEH
T Rz EAZL gtk ey @A AL
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mme| 3 #2919 F8FF oYLy A 2379
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AN 6 mme 3 YALRE Agdhed H 24
7t ey F23 o HeA 6 mm o3 AR
£ A2 wole €3 AYe] Aoz a7
o}

A7 AxZL A0, 11, 12834 AW X
2 Aoz gslog oA A3 & wat
VAR S ARSI E e FA9 g3oz ARISH
A Ha YAEe Zel7t &Aool bone-metal inter-
face strength7} #4sln 4 d@z3o|v A7
23 £42 F 90 FoEE J5E 3 AuS
2.2 ARysfiof gt 3

ol8i3 AWHFE Zo|i bone-metal strength
g F7M7171 9% ol dAHQ AR Awae
A AN 93 FI3lA FAsed Ao,
11, 1255dM = Agtez o 10=, A1, 2, 3
834 e oF 1550103 A4, 5853 20%
g Bqc}

237 Walgle AdAITL FARY sln F
7 FAFE Holgle] AIRE ndted Eot
geslug Be AAEL F4M BYPEA A
oza YARE AYsterd ttezx 38T 1%
o] gtim ot YA AN Hr} 3ol
ulg] YARo] e, T FH-$ 5o Wt 3t
2 Ay HAAX nPE HAHRe] pull-out
strengthold 953 2% AL & & Y™, 2
gy AW 9@7129) Ajle A = 49 A
AzZol\ ¥ &S F F U] FEA AT
& 9¥o] et '

VAR AHES fEid e FrEelA 2hkz A
oz Agdte An Aoz Adste Aol B
t} 2 VAIRe] HolE AHE + JenzE T
A Aoz ARldte o] Fo.

2 Ao A 95 #GdolA oA
VAR olE 2% Ad A0, 11, 128FA
olo] A& 47.7-48.4 mm °li 8FMe 51.2-
54.1 mmZ &34 sernz dvAoZ 45mmet
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