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Comparative study of Kambin's triangle measurements between the three-dimensional reconstruction
based on CT/MRI image fusion and cadaver/WANG Min, ZHAO Qinghao, SU Zhihai, et al/Chinese
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[Abstract] Objectives: To identify the deviation between the real data and the three—dimensional(3D) recon-
struction of Kambin's triangle based on CT/MRI image fusion, and to determine its clinical significance.

Methods: Ten fresh lumbar cadavers were harvested, 6 females and 4 males, aged 39-76 years (average,
59.5+13.0 years). CT and MRI image data of lumbar spine specimens were obtained and fused to form a 3D
reconstruction model. The measurement data included the diameter of the exportation of nerve root (d), the
maximum diameter of ganglion(D), the angle between nerve root and spinal dura mater(A), the distance be-
tween the lateral border of the junction of upper articular process and the pedicle of vertebral arch and the
exit point of the nerve root in the dura(ll), and the horizontal distance from the lateral border of the junction
of the upper articular process and the pedicle of the vertebral arch to the dura(12) on the 3D lumbar model.
Anatomic data measurements were performed: completely exposing the dura mater and nerve roots, retaining a

small amount of soft tissue between the nerve root and the vertebral body to ensure the true anatomical rela-
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tion of the root and vertebral nerve. The same measurement parameters in the 3D reconstructed Kambin's
triangle model were assessed with the millimeter caliper and protractor on the cadavers and the differences
were compared. Intra—group correlation coefficient(ICC) and Bland—Altman plot were used to analyze the con-
sistency between sample measurement data and Kambin triangulation model measurement data. Results: The
3D reconstruction of Kambin’s triangle based on CT/MRI image fusion provided clear the spatial relationship
between the nerve root and the intervertebral foramen. The average absolute error of d, D, A, L1 and 12 was
0.41+0.24mm, 0.43+0.22mm, 3.54°£1.72°, 1.56+0.81mm and 1.56+1.03mm, respectively.
significant difference in paired ¢ test data in each group|d(t=-1.03, P=0.31), D(=-1.26, P=0.21), A(t=-1.54,
P=0.13), 11(t=-1.26, P=0.50) and 12(t=-1.22, P=0.23)]. The intra—group correlation coefficient(ICC) of the

measured data indicated that there was a strong correlation between the 3D-reconstructed model of Kambin's

triangle and the cadaveric lumbar[d(r=0.87), D(r=0.92), A(r=0.87), 11(r=0.98), 12(r=0.97)]. Bland—Altman plot

There was no

showed the points representing the D-value fluctuate close to the D-value mean line, and almost all of the
D-value points falling within the 95% consistency interval. Conclusions: The 3D reconstruction of Kambin's
triangle based on CT/MRI image fusion can accurately and realistically show the Kambin's triangle of lumbar
spine. It may better assist surgeons to reduce the complications of injury of walking nerve root during

operation and provides a reliable basis for risk assessment of percutaneous endoscopic lumbar discectomy
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(PELD), and achieve accurate, minimally invasive, individualized treatment.
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Figure 1 A comparison of sagittal images between three—dimensionally reconstructed lumbar and cadaver. Cr, cranial;

arrow, nerve root; Vb, the vertebral body; *, the lateral border of the junction of the upper articular process and the

pedicle of the vertebral arch
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Figure 2 A comparison of the rear view between three—dimensionally
reconstructed lumbar and cadaver. arrow, nerve root; P, pedicle; *, the
lateral border of the junction of the upper articular process and the
pedicle of the vertebral arch; SD, spinal dural; d, the diameter of the
D,

ganglion; A, the angle between nerve root and spinal dura mater, 11,

exportation of the nerve root; the maximum diameter of the

the distance between the lateral border of the junction of the upper

articular process and the pedicle of the vertebral arch and the exit

12,

articular process and the pedicle of the vertebral arch to the dura

point of the nerve root in the dura; the horizontal distance from the lateral border of the junction of the upper
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Table 1 The measurements of 11 and 12 at each spinal level determined from cadavers or 3D-reconstructed images

11 12
B (n=20) . e T YR 2% . - TR 2%
Level b =B Avera ’e absolute bk AR Avera, ’e absolute
Cadaver 3D 8 Cadaver 3D 8
error error

L1-12 19.74+2.56 19.72+2.43 1.34+0.50 8.36+1.30 8.80+1.07 0.89+0.49

(18.59-25.39) (19.01-25.46) (0.62-2.51) (6.89-11.03) (6.47-10.48) (0.40-2.56)
12-13 22.40+2.09 22.55+2.57 1.26+0.86 8.92+0.84 9.68+1.51 1.28+0.79

(18.25-26.59) (18.48-29.41) (0.18-4.04) (7.36-10.68) (6.57-12.31) (0.19-2.90)
13-14 27.28+2.43 27.62+£2.42 1.40+0.93 11.50+1.78 12.55+1.68 1.91+1.19

(22.35-33.49) (22.67-32.87) (0.30-3.90) (7.33-14.35) (9.51-15.67) (0.20-4.51)
L4A-L5 33.95+2.95 34.06+2.63 1.79+0.53 20.84+3.10 20.13+3.44 1.90+1.18

(27.36-39.67) (29.14-38.17) (0.59-2.70) (15.69-26.37) (16.01-28.17) (0.02-4.89)
1.5-S1 39.59+3.16 39.61£3.67 1.99+0.95 26.15+4.22 25.73+4.20 1.84+1.00

(32.17-45.69) (30.98-45.61) (0.71-4.61) (20.07-35.39) (20.67-37.34) (0.08-0.95)
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Note: 11, the distance between the lateral border of the junction of the upper articular process and the pedicle of the vertebral arch

and the exit point of the nerve root in the dura; 12, the horizontal distance from the lateral border of the junction of the upper artic-

ular process and the pedicle of the vertebral arch to the dura

2 BTEMASIDEEN IS DHWNSHIE [x+s (min-max)]
Table 2 The measurements of d, and D at each spinal level determined from cadavers or 3D-reconstructed images
d(n=20) D (n=20) A(n=20)
Bt SV A7 s ol 15 SV A7 o il 1 ST A7 2 o
Level  fk  mpgum THANMUGE o oy PRRMTE S o oy THRMERE
Average Average Average
Cadaver 3D ° Cadaver 3D Cadaver 3D
absolute error absolute error absolute error
L1 2.37+0.77 2.56+0.61 0.38+0.25 3.90+0.82 4.09+0.76 0.36+0.19 34.39+8.08 33.74+8.30 3.31+1.67
(1.53-4.35) (1.65-3.97) (0.07-0.90) (2.78-5.40) (2.90-5.34) (0-0.70) (21.4-50.3) (21.3-554) (0-8)
12 2.88+0.64 2.89+0.61 0.36+0.16 4.56+1.13 4.63+1.04 0.46+0.23 28.79+6.52  28.51+6.67 4.20+1.45
(1.41-4.31) (1.58-4.14) (0.10-0.77) (2.88-6.69) (3.14-6.54) (0.06-0.79) (16-39.4) (16.6-44.3) (1.8-6.4)
3 3.69+0.57 3.52+0.83 0.57+0.27 5.43+1.27 5.19£1.09 0.46+0.28 25.59+4.45  26.62+6.35 3.32+1.95
(2.14-4.69) (1.98-5.14) (0.15-1.11) (3.25-8.04) (3.59-7.35) (0.09-1.40) (16.8-34.6) (16.4-37.1) (0.4-8.5)
14 3.84+0.62 3.95+0.64 0.38+0.24 5.43+0.68 5.64+0.75 0.41£0.22 19.38+4.54  20.72+5.24 3.25+1.60
(297-5.14) (2.62-5.67) (0.03-0.99) (4.01-6.59) (3.97-6.83) (0.04-0.89) (12.1-30.7)  (13.4-33.7) (0.8-7.8)
15 4.27+0.61 4.39+0.81 0.39+0.23 6.16+0.79 6.14+1.00 0.49+0.31 18.98+3.23  20.55+5.45 3.95+1.98
(3.25-5.54) (2.93-6.07) (0.08-0.95) (4.51-7.51) (435-7.82) (0.07-1.16) (14-24.6) (12.1-30.9) (0.1-8.1)

Hod, AR I AL A2 D, M R BAR A AR T I8 22 (0] 109 £
Note: d, the diameter of the exportation of the nerve root; D, the maximum diameter of the ganglion; A, the angle between nerve

root and spinal dura mater
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Figure 3 Bland—Altman plots of differences between cadaveric measures and 3D-reconstructed measures (with standard
deviationx1.96). h, the vertebral height; d, the diameter of the exportation of the nerve root; D, the maximum diameter of
the ganglion; A, he angle between nerve root and spinal dura mater; 11, the distance between the lateral border of the
junction of the upper articular process and the pedicle of the vertebral arch and the exit point of the nerve root in the
dura; 12, the horizontal distance from the lateral border of the junction of the upper articular process and the pedicle of

the vertebral arch to the dura
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