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The establishment of full body splicing radiograph and study on its accuracy and reliability of global
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[Abstract] Objectives: To construct a new full body splicing radiograph through digital radiography(DR) sys-
tem, and to discuss the reliability and accuracy in its evaluation of overall sagittal balance. Methods: From
October 2018 to October 2019, the DR system was applied to collect the image data of 30 volunteers at one
time continuous exposure, and the medical image processing software was used to automatically stitch together
and obtain clear and accurate full body splicing radiograph. There were 13 men and 17 women with an age
of 45-65 years (mean age 56.5%6.1 years). The volunteers were also subjected to an examination of whole
spine lateral radiographic and lateral scanogram of the normal DR radiography system. The parameters of tho-
racic kyphosis(TK), lumbar lordosis(LL), pelvic incidence(Pl), pelvic tilt(PT), sacral slop(SS), sagittal vertical ax
is(SVA), sacrofemoral angle(KFA), knee flexion angle(KA), ankle angle(AA), and pelvie shift(P.shift) were mea-
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sured. Two spine surgeons and an imaging physician performed imaging measurements by using Surgimap soft-
ware at three different occasions. The correlation coefficients were validated by independent sample t—test. The
consistency of parameter values within and between the observers was analyzed by the intragroup correlation
coefficient(ICC). Results: The independent sample i—test of the full-body sagittal splicing radiograph and the
whole spine radiograph and lower limbs extremity had no statistical difference (independent sample ¢ —test,
0.782-0.969 P>0.05).
radiograph, and the intraobserver 1CCs of TK, LL, PI, PT, SS, SVA were 0.696-0.857, 0.724-0.873, 0.672-
0.943, 0.691-0.851, 0.648-0.852, and 0.645-0.867, respectively. The interobserver correlation coefficients were
0.678-0.822, 0.704-0.872, 0.772-0.904, 0.763-0.936, 0.665-0.824, and 0.541-0.665. The full-body sagittal
splicing radiograph was compared to the lateral scanogram, and the intraobserver ICCs of PI, PT, SS, KFA,
KA, AA, and P.shift were 0.673-0.932, 0.623-0.828, 0.634-0.861, 0.701-0.873, 0.645-0.867, 0.679-0.855,
and 0.592-0.827, respectively. The interobserver correlation coefficients were 0.665-0.914, 0.631-0.811,
0.625-0.843, 0.541-0.765, 0.591-0.753, 0.613-0.798, and 0.543-0.762. Intraobserver and interobserver

reproducibility for both modalities were good to excellent. Conclusions:

The full -body sagittal splicing radiograph was compared to the whole-spine lateral

It is feasible to construct the full
body splicing radiograph by digital radiography system. The sagittal parameters of the spine —pelvis—lower
extremity measured by it are similar to the measurement results on the whole—spine lateral radiograph and the
lateral scanogram, and have good reliability and repeatability.

[Key words] Full-body splicing radiograph; Global sagittal balance; Pelvic sagittal parameters; Reproducibility
of results

[Author’s address] Spine Surgery, the Second Xiangya Hospital, Central South University, Changsha, 410008,
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5] PR A1 BE 5 I HE HT 1™ £ (lumbar lordosis, LL) , L1 #ER 1285 ST MEMAR 1 28 22 (8] 1) 1 B 5 B 70 A 3T A (pelvic incidence,
PI),S1 & s 2 Bei Sk i SEL S S1 R PR i Je M i AURHA (pelvie tilt, PT) ST I 2k A a5 2 w3k ol o5
LRSI S HUE MR (sacral slop,SS),S1 L4k 5K VP4 Mdeff; SOk HihRIE (sagittal vertical axis,
SVA),C7 #af2k &2 S1 Z&Mua L A i 16 B HE B9 B A B M (spine femoral angle, KFA) ,S1 I 2k v i 5 1 4 34 28 5 %L
% i 22 ) () e A1 5 B OGTT £t (knee angle , KA ), B 19 AL Ak i 5 B2 8 0 ML AR il =2 (B0 %) 3 B2 5 BR OGS £ (ankle angle,AA),
JE 1 R MILAR B 5 4 Sl 2R 00 A B 5 i LR (pelvie shift, Poshift) ST 288 & 85 3 2% 58 18 B 22 v 15 B2 B 22 1) 7 = 1 0
3 46 B ALMERHE B RAIE a AR X 7R TK 44.5° LL 42.2° Pl 54.8° PT 15.5°.SS 39.4° SVA 3.5¢m,
KFA 198.1° KA 14.1° AA 21.4° Pshift 153.7mm b 2#HEM AL X £ J s TK 39.3° \LL 39.1° \PI 57.9° PT 17.7°.SS
40.2° SVA 4.4em ¢ FHRUMAL X 2k FoR PL 57.6° . PT 15.4°.SS 42.1° KFA 197.3° KA 15.3° AA 22.5° P.shift 147.9mm

Figure 2 Schematic diagram of spinal-pelvic-lower limb parameter measurement. Thoracic kyphosis(TK) measured from
T4-T12. Lumbar lordosis(LL) measured from L1-SI1. Pelvic incidence(Pl) is measured by the angle formed between the
centre of femoral head to the midpoint of the S1 endplate and a perpendicular vertical line from the horizontal. Pelvic
tilt(PT) measured by the angle between a line connecting the center of the femoral heads with the center of the S1 end-
plate and the vertical. Sacral slope(SS) is measured by the angle of the S1 endplate with the horizontal. Sagittal vertical
axis(SVA) is measured by the distance between a C7 vertical plumb line with the superior posterior corner of S1. Sacro-
femoral angle(KFA) is measured by the middle of the S1 endplate and the bicoxofemoral axis and the line between the
bicoxofemoral axis and the femoral axis. Knee angle(KA) is defined as the angle between the mechanical axis of the fe-
mur and the mechanical axis of the tibia. Ankle angle(AA) is defined as the angle between the mechanical axis of the
tibia and the plumb line. Pelvic shift (P.shift) is measured by the sagittal offset between the posterosuperior corner of
sacrum and the anterior cortex of distal tibia Figure 3 A 46-year—old female, with lumbar spinal stenosis a Full-body
sagittal splicing radiograph: TK 44.5°, LL 42.2°, Pl 54.8°, PT 15.5°, SS 39.4°, SVA 3.5cm, KFA 198.1°, KA 14.1°, AA
21.4°, and P.shift 153.7mm b Whole—spine lateral radiograph: TK 39.3°, LL 39.1°, PI 57.9°, PT 17.7°, SS 40.2°, and
SVA 4.4cm ¢ Lateral scanogram: Pl 57.6°, PT 15.4°, SS 42.1°, KFA 197.3°, KA 15.3°, AA 22.5°, and P.shift 147.9mm
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Table 1 Comparison of parameters between full—

body sagittal splicing radiograph and whole—spine
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Table 2 Comparison of parameters between full-body

sagittal splicing radiograph and lateral scanogram
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Figure 4

a Intraobserver reproducibility of the full -body sagittal splicing radiograph and the whole —spine lateral

radiograph b Interobserver reproducibility of the full ~body sagittal splicing radiograph and the whole —spine lateral

radiograph ¢ Intraobserver reproducibility of the full ~body sagittal splicing radiograph and the lateral scanogram d

Interobserver reproducibility of the full-body sagittal splicing radiograph and the lateral scanogram
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