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Comparison of L5 pedicle morphological parameters between patients with L5/S1 degenerative and
isthmic spondylolisthesis and its clinical significance/TANG Chao, LENG Yebo, LIAO Yehui, et al/
Chinese Journal of Spine and Spinal Cord, 2022, 32(11): 1002-1009

[Abstract] Objectives: To measure the morphological parameters of L5 pedicle in patients with L5/S1 de-
generative and isthmic spondylolisthesis, compare their differences and analyze their clinical significance.
Methods: The imaging data of patients with L5/S1 spondylolisthesis admitted to the Affiliated Hospital of
Southwest Medical University from January 1, 2016 to June 30, 2020 were collected. There were 119 patients
with L5/S1 isthmic spondylolisthesis (IS group) and 45 patients with L5/S1 degenerative spondylolisthesis(DS
group), and 164 non- spondylolisthesis patients with lumbar disc herniation were selected as the control group
(NS group). The morphological parameters of L5 pedicle of the three groups of patients were measured on

multi-slice computed tomography(MSCT) images, including pedicle length(PL), pedicle screw trajectory length
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(PSTL), pedicle width(PW), pedicle height(PH), and pedicle camber angle(PCA). The slipping distance of LS5
vertebra was measured on standing neutral lateral X-ray film, and the percentage of slip was calculated. The
differences of L5 pedicle morphological parameters between the three groups were compared, and the correla-
tion between morphological parameters and slip degree was analyzed. Results: There was no significant
difference in sex ratio, height, weight and body mass index(BMI) among the three groups of patients(P>0.05).
There was no statistical difference between the left and right parameters of the three groups. The PL, PSTL,
PW, PH, and PCA of IS, DS, and NS groups were respectively 14.4+2.1mm, 48.3+4.2mm, 13.6+2.1mm, 9.6+
1.5mm, and 29.7°+5.3°; 16.2+1.6mm, 49.8+3.3mm, 11.3+1.9mm, 9.7+1.7mm, and 23.3°+6.5°; 15.1+1.7mm,
48.5£3.5mm, 12.7+1.9mm, 10.8+1.3mm, and 27.3°+4.7°. The values of PL and PSTL in DS group were
significantly higher than those in IS group(P<0.05), and the values of PW and PCA were significantly smaller
than those in IS group (P<0.05),
0.05). There were significant differences in PL, PW, PH, PCA between IS group and NS group(P<0.05), while

there was no significant difference of PSTL between these two groups (P>0.05).

and there was no significant difference in PH between the two groups (P>

There were significant
differences in PL, PSTL, PW, PH and PCA between DS group and NS group(P<0.05). The slipping distance
(11.2+2.7mm) and percentage of slip(29.1£10.9)% of IS group were higher than those in DS group[8.8+2.4mm,
(24.4+8.4)%](P<0.05). Pearson correlation analysis showed that there was no significant correlation between the
percentage of slip and the parameters of L5 pedicle of IS group(P>0.05); In DS group, the percentage of slip
was positively correlated with PL(r=0.640, P=0.0001), and negatively correlated with PW(r=-0.510, P=0.0001)
and PCA(r= -0.405, P=0.006), while it has no significant correlations with PSTL(P>0.05). Conclusions:
There are differences in the morphology of pedicle of the slipping vertebra between degenerative and isthmic
spondylolisthesis. The LS5 pedicle morphology in L5/S1 isthmic spondylolisthesis is more abducted, shorter, and
wider, while that in the degenerative spondylolisthesis is more adducted, longer, and thinner comparing with
the normal populations, suggesting that there is differential stress remodeling of pedicle in the development of
spondylolisthesis in patients with the two types of spondylolisthesis.

[Key words] Isthmic lumbar spondylolisthesis; Degenerative lumbar spondylolisthesis; Pedicle morphology;
Imaging; Correlation
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Figure 1 Diagram of reference lines for lum-

i bar pedicle parameter measurement. The cross

section(right) corresponding to the middle part
of the midsagittal plane of the pedicle (black

line in the left figure) was taken as the standard section for parameters measurement. (1)Inter—transverse line(a), a hori-

zontal line along the transverse processes of the vertebra; (2)Posterior margin tangent line of the vertebral body(b); (3)

Anteroposterior mid—sagittal line(c), a line perpendicular to the first reference line in the anteroposterior mid-line axis bi-

secting the vertebral body; (4)Longitudinal pedicle axis line(d),

parallel to the pedicle

a line drawn through the mid-axis of the pedicle and
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Figure 2 Measurement of pedicle parameters a Pedicle length(PL), the length of longitudinal pedicle axis line measured

from the inter—transverse line to the tangent line of the posterior margin of the vertebral body(red arrow); pedicle width
(PW), the length perpendicular to the longitudinal axis of the pedicle at the narrowest part (blue arrow); pedicle screw
trajectory length(PSTL), the longitudinal pedicle axis line measured from the inter—transverse line to the anterior cortex of
the vertebral body(yellow arrow); pedicle camber angle(PCA), the angle between the longitudinal pedicle axis and mid—
sagittal line(green arc) b Pedicle height(PH), the distance between the superior and inferior cortices at the mid-sagittal
plane of pedicle(white arrow) Figure 3 Measurement method of slip distance(SD), the vertical distance between the
posterior upper edge of S1 and the posterior edge of L5 vertebral body. Slip percentage, the ratio of SD to S1 vertebral
body upper edge length(S1-D)
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ISel - DS NSH TP 2 g i 24 2 5% (P>0.05) ,PH fil PW 1£ A

IS group DS group NS group P value . L )
(n=119)  (n=45)  (n=164) i [) ¥ JI 53 B SR 5 Z [ G35 22 5 Meyerding 3

ﬁﬁ}g:’; ) 502:104 62.3+7.8 527492  <0.001 SR FE ) PH A PW (EHB /N T 1 9 f 2 i
P Sex 0.453 (P<0.05 ) - DS | ':F' s A IEJ ‘(ﬁﬂ;é*%}g:% %‘ PL .PSTL.
% Male 47 13 60 PW PCA {EYJ 77 #2255 (P<0.05),1 &
% Female 72 32 104 :’é PL #11 PSTL /J\ T 2% :’,é (P<0.05),PW pell
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@iﬁ@ 60.158.0  60.4+7.8 61.318.5  0.542 P 2 HITRT 1S 2, PW A PCA A5 1 2 2 9%
. PUNT IS 4, 2R A 57 L (P<0.05),
AR IEH 231227  240s28 236823 0142 N ‘ . .
BMI (kg/m?) 22 WRBEELY LS HES RS
Homm) 112227 88224 — 0014 Pearson M1 /MM 455 i 1S 41 W B 1
;‘Efjg%’ﬁf}] 2014109 24.4+8.4 - 0012 Oy HCA LS e S AR S KU T T8 0 35 A G (P>
, 0.05), DS & E LS PL 2 WPk EAHG
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Meyerding grade (r=0.640, P=0.0001) , 5 PW (r=-0.510,P=0.0001)

1% Grade 1 46 47 - Fl PCA (r=—0.405 . P=0.006) & . 2 ¥k 7 A 26 | 15

2% Grade - B2 .
29 Grade 3 67 18 PSTL JC i 3 A0 X (r=0.274,P=0.071) (1] 4),
3 % Grade 3 6 0 —
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(29.7°)/IN 6.4°, Yu SEM5E 13 CT HHTE 40 £ B4
AR BRI T =S [ BEMEAE AR AR ET BT A
(Du Magerl Fl Roy—Camille) #9457 11 £f 1) 42 4=
BEIVEE, &I Du Magerl #1 Roy-Camille & %]
SUTE LS M 75 AR S 1 A8 DA I A 22 4 TV L)
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Table 2 The imaging parameters of L5 pedicle in patients of IS group, DS group and NS group

IS 41 1S group

DS 4 DS group NS 41 NS group

JEfl Left A7 Right &3t Total — Z2M0 Left  4iM Right &3t Total — ZEM Left 45 Right #31 Total
HE 5 HRAC BE PL(mm) 14.5£1.9  14.3+22 14.4+2.1%? 16519 16.11.6 162+1.6Y  14.9+19 152+1.7 15.1£1.7
HEDHURET LK PSTL(mm)  48.5+4.5  48.1x4.1  483+42%  49.9+35 49.6+3.6 49.8+33% 48.7+3.6 48338 48.5:35
HE S AR 55 PW (mm) 13.5£1.9 13723 13.6+2.1%%  11.1x1.9 11423 11.3x1.9Y  12.5¢2.0 12.9+1.7 12.7+1.9
HES MU % PH (mm) 9.7+1.6  9.5+12  9.6+¢1.5Y  98x1.6  9.6+1.8 9.7+1.7Y  10.6x1.5 109+1.3 10.81.3
HE S AR P A PCA(°) 29.9+4.9  29.6+5.1 29.7+5.37%  23.7+6.8 23.1x6.3 23.3x6.57 27.1x4.9 27.5+4.5 27.3z4.7

1.5 NS 4 ILE P<0.05; @5 DS #H % P<0.05

Note: (DCompared with NS group, P<0.05; @ Compared with DS group, P<0.05

®3 ISEAMDSEHARREBEEEE LSHESREGENESH
Table 3 The imaging parameters of L5 pedicle in patients with different slip degrees in IS group and DS group

IS 41 1S group

DS 4 DS group

1% Grade 1 24 Grade 2 3%% Grade 3 14 Grade 1 2% Grade 2
e AR EE PL(mm) 14.2+1.37 14.3+1.17 14.5¢1.5 15.7£1.6 17.3£1.12
M5 AR AT B K ) PSTL (mm) 46.8+3.27 48.1+2.77 48.7+3.1 48.9+3.1 51.6+2.9%
HES AR FE B PW (mm) 13.6+1.6% 13.742.52% 11.6=1.5 11.6£1.5 10.4£1.2%
HES M B PH (mm) 9.8+1.4% 9.6+1.4? 8.4+2.6 9.3x1.5 9.7+1.6
HE 5 AR A A 1 PCA(°) 28.7+5.97 28.8+6.37 30.5+5.4 24.3+6.8 21.2+5.82

T (D5 DS LA ] LR IE 283 P P<0.05 5 A4 1 LA He g P<0.05 ;D5 A4 3 9L HL gk P<0.05
Note: (DCompared with DS group patients of the same Meyerding degree, P<0.05; @Compared with grade 1 patients within group, P<0.05

(3)Compared with grade 3 patients within group, P<0.05.
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Figure 4 The correlation between slippage percentage and L5 pedicle parameters in DS group a Pedicle length(PL) was

significantly positively correlated with the percentage of slip b Pedicle screw trajectory length(PSTL) was not significantly

correlated with the percentage of slip ¢ Pedicle width(PW) was significantly negatively correlated with the percentage of

slip d Pedicle camber angle(PCA) was significantly negatively correlated with the percentage of slip
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