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Measurement of vertebrae rotational degree with the entry point of pedicle screws
verification by experimental and clinical results
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Abstract

BACKGROUND: Vertebrae axial rotation is a basic deformity of scoliosis, the rotational degree of which is hard to measure due
to the field limitation of posterior spinal instrumentation. Currently, vertebrae rotational degree is measured according to
preoperative X-ray film or CT, while no reports concerning measuring vertebrae rotational degree during operation.
OBJECTIVE: To explore the feasibility of measurement of vertebrae rotational degree with the entry point of pedicle screws.
METHODS: Design of the path of pedicle screws on CT scans before surgery, a line bisection and perpendicular to another
connecting bilateral entry point of pedicle screws, and the angle of vertebral rotation (EPPsag) was taken as the angle between
this line and the saggital plane. The difference among vertebrae rotational degrees measured by conimeter, Ho's method and
EPPsag was compared by Wilcoxon signed rank test. The intra-observer and inter-observer difference was analyzed with
One-Way ANOVA. Conimeter was used to measure vertebrae rotational degree of each vertebra in 9 lumbar specimens, and the
results was compared to EPPsag.

RESULTS AND CONCLUSION: There was no significant difference among EPPsag, actual rotational degree and measuring
results of Ho's method (P > 0.05). The One-Way ANOVA showed that the differences between intra-observer analysis and
inter-observer analysis (P > 0.05). The results demonstrated that EPPsag can exhibit vertebrae rotational degree accurately and
repeatability. This anger can be obtained accurately with the instrument if the vertebrae rotational degree not exceeding 30°.
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saggital

a line (Y) bisection and perpendicular to another connecting
bilateral entry point of pedicle screws (E), and the angle of EPPsag
is the angle between the line (Y) and the saggital plane

Figure 1 Angle of EPPsag
K1 EPPsag fi

The actual rotational degree is the angle between the vertebral axial
line and the saggital plane,the actual rotational degree of this thoracic
vertebrae being measured by conimeter was rotating to right for 40°

Figure 2 Actual rotational degree of single thoracic vertebrae
was measured by conimeter

2 EAEHIE MR AR SRR

Aline (Y) bisection and perpendicular to another connecting bilateral
entry point of pedicle screws (E), and the angle of EPPsag is the angle
between the line (Y) and the saggital plane; Angle of EPPsag of the
same vertebrae as described in Figure 2 was rotating to right for 39°

Figure 3 The same vertebrae as described in Figure 2 was
scaned by CT at the middle of the pedicle
K3 K2 PRz RhE CT A
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A: the junction of inner surface of laminae; C: the junction of the inner
surfaces of laminae and pedicles; X: the line bisecting the CAC angle,
rotational degree measured by Ho’s method was the angle between
the line (X) and the sagittal plane

Figure 4 The rotational degree of apical vertebrae (Ts) being
measured by Ho's method
Kl 4 ToiE Te ) Ho's Vil SR

FiRHo’ skl 45 2R 5 EPPsag #f 17 Wilcoxon
FF RS, WIES.

saggital

The angle of EPPsag is the angle between the line (Y) and the sagittal
plane. Black arrows represent the ideal path of pedicle screws

Figure 5 The angle of EPPsag of the same vertebrae as
described in Figure 4

K5 [ 45HER EPPsag ff

EPPsag f RU W 22 & N &R E 7 B 77 Z 2 #7 (Intra-observer
analysis): M 2001 CT i ¥ i 4 Hh Bl ALIE £ 20415 #ME
MICTEIMG, HLAE AR A2 51 T 34N AN [F] 1 I 1]
(1K =3 d)FE AN A MER EPPsag /1, 4 3N ANF
N T) 5 B & R AT A SRR R 2 T = b, P <
0.05 I TA 2Ky 3ANAN [ B[] et (R I o 5 SR 22 e A W 3 1k o
X

EPPsag fi RI W 22L& < (B £ F 8975 & 4 #7 (Inter-observer
analysis): ¥ _FiR 204 EHMEMICTIRIG, R34 6
ANRHEE AR 25 HE I EPPsag £, 344 B A RN i 45
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FATE S B K 22 7 22 50T, P < 0.05 A A 344 B R
1 B 45 7 e A R T

AR AS AT I G 2R B N B AR EE, R
SPSS 115 i 45 3, P < 0.05\ K 257 A
B EERE .
1.1.3 &R

EPPsagfi SIRASLFRIEEER LA LR L,

# 1 EPPsag fil SAr A SCRR ekt B L
Table 1 Comparison of actual rotational degree and the
angle of EPPsag

CT plain Left rotation Right rotation
scan (mm)
z P Z P
-1 -1.809 0.276 -1.857 0.063
0 -1.236 0.216 -1.604 0.109
+1 -1.054 0.292 -1.786 0.074

0: the CT scan was taken at the level of middle of the pedicle, and the
others were taken at 1 mm proximal (-1mm) and 1 mm distal (1mm) to
the middle of the pedicle

K1, G FRRAESE, ZoME S M & L
I #%1 mm CTHEWT I (1 EPPsag i 5 5 HE 1) Ac % 1) 47 52
brliEi0°, 10°, 20°, 30°, 40°, 50°f T Ll 45 5
ZEF TG R E R (P > 0.05).

EPPsagfa5Ho’ siiRIMELERILE: M eIILT
24 THiHE, Ho  sikill it 45 2R 74 (14.7546.50)°, EPPsag
£4749(16.02+7.25)°, PHZH 2547 Wilcoxonf -5 R A 5 1)
459 47=-0.796, P=0.426, RIEPPsagffi'iHo sk
W25 72 5 0 W M (P > 0.05).

EPPsag fi B 22& W ERZE F /Y7 ZE 4 #7 (Intra-observer
analysis): J.K6.

—&— Time 1
50 —&— Time 2

—A— Time3

Eppsag (°)

1 3 5 7 9 1
Number of vertebrae

13 15 17 19

Figure 6 The angle of EPPsag in the same sample being
repeatedly measured by the same surgeon at
three different points

6 [Fl—BEA S BT 3 ANANIR] ) IR ) s S A2 00 &k [R]—#
ATt EPPsag fi

M 2001 CT A W T P 45 Hh Bl ATL 3% $6 204 Jie 5  Afk:
RICTEMG, 1A RHE A5 51T 3 AN B[]
A (ARG =3 d) A I B A HEEPPsag f . A2 3l &
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1) SRR 25 7 22 93 BT S 7R AN [ R ) 1 o 45 2R 22 57
B X (F=1.137, P=0.331).

EPPsag fj R 22 & < (8] = R A9 75 & 4 #f (Inter-observer
analysis): # FiR 201 e A HEICTIEME, 70 Wl Ac 453
SATHEANREEE L A A ME EPPsag M o FE A2
(1 L DR 36 2 A T s 344 IR AR IR I R 4 R s S
MR X (F=0.520, P=0.599). W.KI7.

—&— Surgeon 1
50 —&— Surgeon 2
—&— Surgeon 3

Eppsag (°)

OIIIIIIIIIIIIIIIIIIII
v
1 3 5 7 9 11 13 15 17 19
Number of vertebrae

Figure 7 The angle of EPPsag in the same sample being
repeatedly measured by three different surgeon

Kl 7 3 4B AENE R —FEATY) EPPsag ff

1.2 F2—ARIERAEAT A G AE F ARSRAT AT S R
N F ARG

1.2.1  ARAEIE ST 09 L IEAE bR AR 47 153 25~37
%, VPHI3LY . Shr AN B, ooy
TCHIR AR KA, GIBRbR AR A 25 FH 4422 mm
IARE MR L E e AECTIR B & b SR ik & 2%
(82 i

1.2.2 AHERER MR RE AR LA 2 A =
FA T B T0UA T 2 £ B Ok = 3 2 JEC 0 1) 3 B P43 26 1) i
PR, A BRI A 2R A L R AR A B (A
TR S KARE R,  EIRAIPEAE L [ 5 T T
T2 i (1) SR RO J RO PRI S5 0, B MR RE L BT L
il 5 fe i, UL EI8.

Figure 8 The picture of the instrument for measuring
vertebrae rotational degree
K8 A HENEH I A
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1.2.3 SEEUTVE Lok, ZEs Ml o nk
O FL FEEAE A A 1] 5 7 A2 W 1 e 4% 0°, 10°, 30°, 50°17.
I FE A M i 2 00 St AN A A A [ AS7 N P 5
WL R, (RIS AHZAL B AR AR ZIAT CTHH, fE&HES
M CTARE D) i b0 5 %45 A (1 EPPsag ff - 5 7
TR 2 S ) S ol 45 RAT Tt A5G

1.2.4  MERERM RO ik DRk s oG
TRAMM SR AL RO AE S AR IEET 2L, B2 FE B S T 1
PIAR SR 28 7 T S AT HEIME S MREET sS4k, WLEI9.

Figure 9 Two indicators of the instrument positioned the
entry point of pedicle screws

KO A HERRFNN AR PIARSR B R A AR S AREEAT ik

TR 2 P A P £ (90°) 5 1 A5 i B 10 S A1~ 7 25
A, RN ST R WU A R AT (T
Z R ORFR AT, BEIN T 2 55 2 B A b 2R 1) A TR
PR AT A A METE #6 , WL 10

Figure 10 Each vertebrae rotational degree can be
obtained with the instrument
B 10 A ME TR NI AN e 25 AE PR g FE

AR RS AL G 2R B N B AR EE, R

SPSS 115 MM 45 1, P < 0.05\ K 257 H
EREZ S 9@
1.25 4 YBEMEAR AL TR IR e 00, 10°, 30°
P, BATHERTEPPsag M 15 1A e 4% M 543 1 U 1 45 51
225 T R FNETE (P > 0.05) o 24 BEMEbRAAL -1 W7 e
50°07, L1, LsfIPAill e R ER LR EERY (P
>0.05), MLz, L3, LaHIPRMIIEL R 27T RENER
X (P=0.004, 0.001, 0.013), W.#*2.
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2 JEMERRALL T RAMT I ESE 50°IN EPPsag ffi 5 i
A E AN PR e 5 R LR
Table 2 Comparison of EPPsag and measuring results
when lumbar specimen being placed at the position

of
Vertebrae Measuring result (°) EPPsag (°) t P
L1 48.16+0.40 49.20+0.91 2.483 0.056
Lo 47.50+0.83 50.06+0.64 5.021 0.004
Ls 46.66+0.81 49.97+0.77 7.029 0.001
La 47.50+0.83 46.08+0.63 -3.775 0.013
Ls 47.16%1.72 45.15+0.45 -2.520 0.053

2 itig
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