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— Abstract —

Correct alignment of pedicle screws is imperative in multilevel instrumentation. However, there has been no report addressing
the technical aspects of this subject. If the head diameter of a pedicle screw is D, the head height is H, and the convergence
angle of the screw being inserted is «, then the distance between the extension line of the medial borders of the inserted screw
heads and the insertion point of the adjacent screw (A) is described by the following formula:
A = %Dcos a- Hsin a

If an L3 pedicle screw (D=13 mm, H=15 mm) is to be inserted with a convergence angle of 14 degrees after the insertion of L4
and L5 screws, its insertion point should be 3.6 mm medial to the extension line of the centers of the L4 and L5 screws and 2.7
mm lateral to the extension line of their medial borders for all screw heads, so it can be aligned in the coronal plane. In order to
achieve the best alignment, a pedicle screw is inserted between the extended line of the centers and that of the medial borders
of the inserted adjacent screw heads. For the routine range of convergence angles, it is essential to move the entry point medial-
ly toward the extended line connecting the medial borders of the inserted adjacent screw heads.
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Fig. 1. If screw heads are not correctly aligned, rod insertion
could be difficult (bottom, B). (A) The best alignment,
(B) An inappropriate alignment.
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Fig. 2. (A) Thefirst point islocated in the extended line connecting the centers of adjacent screw heads (red), and the second point is
in the extended line connecting their medial borders (blue). (B) The screw being inserted was lateralized. (C) The best coronal
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Fig. 3. Relationship between the base (adjacent) screw and the
screw that will be inserted. (A) If a pedicle screw is
directed in line with the center of the base screw head, it
will be lateralized in coronal plane. (B) The entry point
must be located in line with the medial border of the
base screw head to get the best alignment of screw
heads in coronal plane. These schemas demonstrate the
same situations as B and C in figure 2, respectively.

D : screw head diameter
H : screw head height
a : convergence angle
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Fig. 4. The suggested numerical formula describes the dis-
tances between the entry point and the medial border
(A) and the center (B) of ascrew head, respectively.
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Table 1. The distance between the entry point and the media
border of a screw head (A), the distance between the
entry point and the center of a screw head (B), and
average convergence angle (C) according to the level
of each lumbar vertebra. The diameter and height of a
screw head are 13 mm and 15 mm, respectively.

A(mm) B(mm) C(degrees)
L1 +3.5 2.9 10.9
L2 +3.2 31 12.0
L3 +2.7 3.6 14.4
L4 +1.5 4.6 17.7
L5 -1.9 7.5 29.8




o
Hr
|l
kO
i
o
0z

N
~
My

2
>
12
A
oY
i
>
il
10
H
0>
rE
0z
0x
]
mjo
_1_0
ot

frol W - 27| 21 - gy

=

of

@ Aol U Zejsteh BE 47 £4S AAES A 2 3PS AA R A AR v 9502
4 AZe) Aa BEA Rol/] WE AA 17 SAA 55 297 BrHFig.2,3).
&N A FASANT BLE floh A SHE B 2ol o 37 EAbo] 57 Zhol) A AL
o A9 e] A1 YAR WE A AA A B2
of AN FOoEA Hgel S AL ke AL 2
o # % 4 YA, A e AR 2717 A 2 AL o
23 8% B279 @] FAvie, Buvit g2
37 RS 43749 FA) AAekE Aol A 7] MR £42 0 §@ el A 240 YL st
A H O b ol Ao, 18 FOEA FRE 53 AR M9 Bol(H)7h 2 Al E 404
Y AR O 4% FIZS AT+ Ak HFE BROIAR AP FHAA AAAAA Aol 2
AR Fg PR A BBAE BY FRE AT ] BB AF AR vie 9 FHL w2
S FEAAL 5L F QoA PN GHCE T W ANl A3 A5 B 2] ¥ A
RS FA ool AU HEEE, TS A AAS ER BE UARS 2 FYAOR AYBTHA A
Bl /1G5l H A B G STE AR A R A A TS SR gl FUA 4
FAe WGl gk B4 ATE AdE B4 9UL OH HUSAAD, AARE B £
O AU E AR Hs) 2 A0E WIHI 97l 2] WskEHA olo] wheh AR Bevh ol B unog
W o5, A1¢ g ol Wl glo] oz Al Wol7k o] BAM ATk mekd Q7 HF7 WhHE viel W&
A8 A AR WS 4549 T A A ABd ol 4UAE driRkE ST )
S AUSHE A £ @ A A4 A SUE 4 FE AGAE AR Wel E oz A A 5B
UL WFE AL LF AV RN R HF 2 o] doli Wik SIS OE AT stelok 2 el Yol
Aol M Reksk AN GEF 7] Ak W) b5 eke (Fig. 5A, B) £ @ Zho] £ Aol ek 5o
$ Zosth whebd AR HF S WAS Mol AR HFZ AR 49EL AAFES s o]
Av e, AR 489S Teste] 4AHS o £L AITHFg.5C,D). AW MY F2d L, HF
SAAk e NS AL 11ES Adstelol A RS Wl stel HYSAL 30l A
HEe A%E 42 5 U 24 e o4, AU A E R v o] A
ROFUALE 49 A £E712 Z B0 QR o)k AW AntE Y6, NS AAS A4S Anck
e el QolE 3ES dEd 2 RA Q& 030 AAHS Fookw AR Mt 9¥R Y
AR 8F A579 224, 1AL AGTA FAS B 5 QoM 3 L3Pl BN FUACE 4
AN E WEA AR S FYs] A stelok Bk HE UARY AARS AF AR v B S A
299 AA A71ES ADT Aol ol v AiEel /1 B AR Aol /A A Brhe o] tH(Tabled).

7
ol Qi AR MY A I FAR BAR  ARES LF T e A FE SN 3
A AR S AAste s Aol 4717 MBel v Z UARES A stel Sebed, 4547 AR

Fig. 5. Adjustment of entry point according to convergence angle. The entry point should be dlightly lateralized in case that the con-

vergence angle is smaller than that of a base (adjacent) screw to align the screw heads (A, B). If the convergence angle of a
screw being inserted is larger than that of a base (adjacent) screw, its entry point must be dightly medialized (C, D).
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