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Digital modeling and analysis of the applicability of backward rotation method in lumbar kyphoplasty with unilateral
puncture WANG Lei-ning,ZHA O Liu-jun,Y U Liang,GU Yong-jie ,XU Rong-ming, WANG Li-ran ,ZHANG Ji-hui ,and XI-
AO Wu. Department of Spinal Surgery ,No.6 Hospital of Ningbo ,Ningbo 315000, Zhejiang , China

ABSTRACT Objective:The 3D model of lumbar spine was established by using Mimics software. To observe the applica-
bility and needling parameters of lumbar vertebral kyphoplasty with unilateral puncture by backward rotation method using
simulated puncture. Methods : Twenty-four patients (12 males and 12 females) with osteoporotic thoracic fracture in the first
time and no signs of lumbar misalignment and bone destruction were scanned by spiral CT on the lumbar spine. The original
DICOM file was modeled in 3D with Mimics software,and the vertebral bodies were separated. After being imported into 3-
matic software, the posterior wall of the vertebral body was restrained for standardized measurement. A sketch perpendicular to
the mid-section of the pedicle and the posterior wall of the vertebral body was drawn. The simulated puncture was performed on
the sketch. The angle and distance parameters of the range of motion of the puncture needle were recorded,and the puncture
needle was recorded at the top. The crossing points of the anterior, middle and posterior zones of the tangential line of the verte-
bral body were located at the high extraversion angle ,and the results were compared and analyzed. Results: All the data in the
left and right sides had no significantly differences (P>0.05). Data of different segments in different gender were significantly
differences (P<0.05). The maximal extraversion angle in lumbar spine increased gradually from (33.41+1.31) degree to
(56.53+4.71) degree in males,as same as in females from (28.58+2.55) t0(53.86+2.68) degree. There was no crossing point
in area A,3.3% of males and 26.67% of females in area B, rest in area C. The distribution areas on gender showed statistically
significance  (P<0.05). Conclusion: Backward rotation method can theoretically meet the requirements of puncture point for
vertebral compression fracture ,especially for males and lower lumbar spine. The determination of the maximum inclination an-
gle is of guiding significance to the backward rotation method.
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Fig.1 Demonstration of backward rotation method ~ 1a. A kind of first puncture malposition ~1b. The puncture needle is withdrawn to the junction be-

tween the pedicle and the posterior wall of the vertebral body via "self-rotation"

lution"  1d. The puncture needle vertically enters the best position

1c. The puncture needle is adjusted to the best puncture point via "revo-
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Fig.2 A lumbar CT was selected to reconstruct the 3—-d model of each

vertebrae
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Fig.3 Constrained the posterior vertebral body walls as a standardized

coronal planes, set new coordinate planes including the mid-sagittal plane
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Fig.4 Sketchs were created in perpendicular to the mid-sagittal plane
and the standardized coronal plane through the sagittal middle pedicle

point and simulate punctures on the sketchs

1.4 FbrifEfbin &

53 B TE R Hii ] (Sketch) o bR 10 A2 & R 2R,
Horh 4% 2 2 RIAT 2k, S5 R YA I 28 B Y
DA 1 s, B R M A B 2 o 1 S0 1 e,
FH 3—matic FAF IR EE, A R TR 3 T
72 £ B O B FA (maximal introversion angle , MI-
A), i KAMBff (maximal extraversion angle, MEA),
5 AF T 4% 4 0 20 4 P56 P (amgular range of mo-
tion, ARoM) o 7| FH x5 3] 1o 0 s B - 3 A R R IR v D)
TR BEL S, ROV SR A i O DA A IR 2 00 B oA ) R B
SR ) BE B (distance from the medial point of
bone destruction to mid-sagittal plane, DMMS) ; fi§ 5 i1t
BB SR D) R S, BRI B A B R AN A B 2
BT S0 BE B SR th D) T B B (distance from the
lateral point of bone destruction to mid - sagittal
plane ,DLMS) ; % ‘& A &5 , B |3 P & Z 22 (distance
from the medial point to lateral point of bone de-
struction, DML) ; #E5 f] BE 2= J% R wp U7 187 05 25 (dis-
tance from spinal canal lateral wall to mid-sagittal
plane, DSLM) ; [] #Mis¢ B BE 55, BIVAE A7 0 % 2 10 15 J
MR (distance from spinal canal lateral wall to the
lateral point of bone destruction, DSLL) , 4l [& 5, ic 3%
SEREHTEWE T 2 DRI, 5 R AV A ME A



FEEA 2019 4F 6 HE 32 55 6 ] China ] Orthop Trauma, Jun.2019,Vol.32,No.6

- 527 -

HRDIZHT X, HER DD b X RHER S X

B 5 g0 2 KA (Sketch) | I 004k 2 B A 3 S 5O BE 5
24 AMIA, B RN 5B MEA, Jie RAMa S ;€. DMMS, 0 £ 3 17
WO AR P U B, B2 ) e K P A 2 R B P 00 BE B O R
H b B 9 5D - DLMS 8 328 53 15 5% MR o U0 7, B0 5 ) 1 e
M A IR 25 0 B SN BE B SR o) T8 BE S DSLM, MRS I BE 2 %
AR DI TR B 5 SCP - HEESEAR 17 s MSP « S 4R rp D) i

Fig.5 The puncture needle was outlined onto the Sketch , the angular and
linear paremeters of puncture needle was measured. A :MIA ,maximal in-
troversion angle; B:MEA ,maximal extraversion angle;C:DMMS, distance
from the medial point of bone destruction to mid-sagittal plane;D:DLMS,
distance from the lateral point of bone destruction to mid-sagittal plane; E:
DSLM, distance from spinal canal lateral wall to mid-sagittal plane ; SCP:

standardized coronal planes ; MSP : mid-sagittal plane
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Tab.1 Angular parameters of puncture needle (x+s,°)

- 51 (n=24) 1t (n=24)
MEA MIA ARoM MEA MIA ARoM
L, 33.41+1.31 12.56+0.94 4597+1.41 28.58+2.55" 10.36+1.15" 38.93+2.78"
L, 36.63+3.97 11.46+2.69 48.10+5.48 33.88+1.55% 12.60+2.89* 46.49+2.20*
L 40.15+2.71 14.03+2.53 54.19+4.49 36.40+1.95* 12.96+3.27% 49.37+3.68*
Ly 43.97+2.66 17.25+1.79 61.22+4.16 41.51+3.60* 16.11+3.09* 57.62+5.54*
Ls 56.53+4.71 33.17+£2.98 89.70+6.98 53.86+2.68> 32.78+8.09% 86.64+9.52%

T MIA, B R A MEA , S5 JAMBUS s ARoM, 3 8l ff 32 30 BT 5 5 03 1k R 19 R 2 Bt e, 4=8.297, P=0.000; "1=7.256 , P=0.000; "t=11.060, P=
0.000;*¢=3.161,P=0.003 ;*t=1.415,P=0.164;*t=1.336, P=0.188 ;*1=5.503 , P=0.000; *¢t=1.268 , P=0.211 ;*t=4.067 , P=0.000 ; “¢=2.692 , P=0.010 ;" =
1.564,P=0.125;*t=2.546 ,P=0.014 ;%t=2.418 ,P=0.020 ;*4=0.222 , P=0.826 ; *t=1.270,P=0.211

Note : MIA , maximal introversion angle ; MEA , maximal extraversion angle ; ARoM , angular range of motion ; Compared with males in the same parameters,
%4=8.297,P=0.000;"1=7.256, P=0.000; “t=11.060 , P=0.000;*t=3.161,P=0.003 ;*1=1.415, P=0.164 ;*¢=1.336,P=0.188 ; *1=5.503 , P=0.000 ; "1=1.268,
P=0.211;*t=4.067,P=0.000;*t=2.692, P=0.010;*t=1.564 , P=0.125 ;*t=2.546 , P=0.014 ;*4=2.418 , P=0.020 ; "t=0.222 , P=0.826 ;*t=1.270 , P=0.211
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x2 EHFREBSH (345, mm)

Tab.2 Linear parameters of puncture needle (x+s ,mm)
- P (n=24) 4k (n=24)
DMMS DLMS DSLM DSLL DML DMMS DLMS DSLM DSLL DML

L 10.31£0.78  24.75+1.08  10.55+0.66 14.19+1.03 14.44+1.72  8.68+1.00" 21.77+0.64" 9.58+0.41" 12.18+0.64" 13.08+0.71"
L, 11.01£1.00 25.94+2.16  10.43+0.75 15.51+2.31 14.93+2.35  9.24+1.54* 24.20+1.18%" 9.70+0.67* 14.50+1.55* 14.95+1.54*
Ls 12.25£1.13  28.52+0.48 10.65+0.65 17.87+0.71 16.27+1.37  9.94+1.26* 26.09+1.20" 10.23+0.51* 15.85+1.37* 16.14+1.65*
Ly 13.611.10  28.59+2.87 10.59+0.77 17.26+2.45 14.97+3.60 10.21+1.94* 26.98+1.58" 10.96+0.47* 16.02+1.48* 16.77+1.48*
Ls  21.14+£5.09 39.18+2.58 14.53+1.43 24.64+2.43* 18.03£3.29 16.43+2.36™ 37.35+2.18% 14.25+0.95* 23.10+1.82* 20.92+1.61>

TE - DMMS B8 30T I 5 bR v 70 o B 8 D ‘29 0 7 i D A A I 237 0 e A0 00 B B DR vl 01 1k B8 27 5 DS 38 g 8 5 R v D7) i 2 AP 5
A TE S5 S AMBUAY IR 2 0 B S0 B B S AR Hp D7) 1 B 5 DSLMAEAS O BE 2 500K v U1 11 B 25 5 DSLL, 1] M5 13 B BDATE 45 000 A 22 0 ) g st B
B s DML, BB B RS BIVA B 30T 5 5 0 R L 8 2 2 5 5 5 0 IR HE Y ) 2 8 L 1=6.296 , P=0.000; "1=11.630 , P=0.000; “t=6.116 , P=0.000 ; “t=
8.120,P=0.000;"1=3.581,P=0.003 ;*4=4.722,P=0.000 ;1 =3.463,P=0.001 ;*1=3.556, P=0.001 ;*4=1.779,P=0.082;*1=0.035, P=0.972 ;*1=6.686 , P=
0.000;™=9.211,P=0.000;*21=2.490,P=0.016;*1=6.413, P=0.000;*1=0.297 , P=0.946 ;*1=7.469 , P=0.000 ; *1=2.407 , P=0.020 ; *; =2.009 , P=0.050 ; “ =
2.122,P=0.039;*1=2.266,P=0.082;*t=4.113,P=0.000 ; *+=2.654 , P=0.011 ;*¢=0.799 , P=0.428 ;>4=2.485 , P=0.017 ;*¢=3.865 , P=0.002

Note: DMMS, distance from the medial point of bone destruction to mid-sagittal plane; DLMS, distance from the lateral point of bone destruction to mid-
sagittal plane ; DSLM, distance from spinal canal lateral wall to mid-sagittal plane ; DSLL, distance from spinal canal lateral wall to the lateral point of bone
destruction ; DML, distance from the medial point to lateral point of bone destruction ; Compared with males in the same parameters , 4=6.296 , P=0.000 ; 1=
11.630,P=0.000;"t=6.116,,P=0.000; '4=8.120,P=0.000; “¢=3.581,P=0.003 ;*1=4.722, P=0.000 ;*1=3.463 , P=0.001 ;*1=3.556 , P=0.001 ;*¢=1.779 , P=
0.082;*=0.035,P=0.972;*t=6.686,P=0.000;"+=9.211,P=0.000;*t=2.490,,P=0.016 ; *¢=6.413,P=0.000;*t=0.297 , P=0.946 ; “+=7.469 , P=0.000 ; "1 =
2.407,P=0.020;*t=2.009,P=0.050;*¢=2.122,P=0.039;*1=2.266, P=0.082;*1=4.113,P=0.000; "1 =2.654 , P=0.011;*1=0.799, P=0.428 ;*1 =2.485 , P=
0.017;*1=3.865,P=0.002
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