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HE: (B8] BV NGB SE50E T 900 T Z MR BUE AR (percutaneous vertebroplasty, PVP) A7 BB A HEAR
JEZEPEET (osteoporotic vertebral compression fracture, OVCF) MIIGIRITAL. [Fik] MBI SHT 2021 4F 1 H—2022 4F 11 4
ABEAT PVP IGITIY 119 f 5075 Bz OVCE B AF M RGOk . AR ABERS ], B30 0 PIdl, 510 75 GR FPLAS N4 R
PVP, BRI 44 BRGS0 TFHES AR A RS PVP. LWESMZH BT AR . BT AR EE R, (SR ] I A B BI6R 58 i+
Ko HLESANHAETFARBA] [(19.5+5.3) min vs (28.0+7.4) min, P<0.001], ZEHIHE] [(7.7+4.5) min vs (14.3£6.8) min, P<0.001], B 7K
HEAKTE] [(7.3£1.6) min vs (8.7£1.6) min, P<0.001], R M UEL [(24.2£4.1) K vs (28.2+5.5) 1K, P<0.001], fEFEREL [(8.2£2.9) d
vs (12.3+4.4) d, P<0.001], — W MEZERI LTI [ (%), 67 (89.3) vs 27 (61.4), P<0.001], H/KJETEA [(6.61.1) ml vs (5.421.4) ml,
P<0.001] ¥ B EMFRETA . WAWKE 220 EH G B R 22 5 o824 L (P>0.05) . Bl RIS, B4 VAS #F4)3. ODI
FEHEN W EW > (P<0.05), AHRZETIEILL, WZHIE] FaRTEARI2E RS X (P>0.05). #5070, SARFHELL, KKK
Vil BIZHA S5 JR i Cobb £ . MEMRRATZ: 5 B 35 5003 (P<0.05) 5 AHNEAS ]S, P R SEARFE bR 22 R B G4 X
(P>0.05). [#ig] PLERNHBI T PVPIAYT OVCF %4, Bedi T ARMSE] . /AR PGB . BB KIEEAL, AT ARGR
HeAfEdA
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Robot— assisted percutaneous vertebroplasty versus conventional manual counterpart/ LUO Shi— ke, WANG Chuan— en,
XIONG Xiao—ming, ZHONG Rui, LI Jing—quan, HU Bin, WANG Zhuo—lin, XIANG Jun—wei. Affiliated Sport Hospital of Chengdu University
of Physical Education, Chengdu, Sichuan 610041, China

Abstract: [Objective] To compare the clinical outcomes of robot—assisted percutaneous vertebroplasty (PVP) versus conventional
manual PVP in the treatment of osteoporotic vertebral compression fracture (OVCF). [Methods]| A retrospective analysis was performed on
119 patients who received PVP for single—segment OVCF in our hospital from January 2021 to November 2022. According to the time se-
quence of admission, the patients were divided into two groups, 75 patients in the late stage received robot—assisted PVP, while 44 patients
in the early stage received conventional manual PVP through the extrapedicular approach. The data of perioperative period, follow—up and
imaging were compared between the two groups. [Results]| All patients in both groups had PVP completed successfully. The robot group
proved significantly superior to the manual group in terms of operation time [(19.5+5.3) min vs (28.0+7.4) min, P<0.001], puncture time
[(7.7+4.5) min vs (14.3+6.8) min, P<0.001], bone cement injection time [(7.3£1.6) min vs (8.7+1.6) min, P<0.001], intraoperative fluorosco-
py times [(24.2+4.1) times vs (28.2+5.5) times, P<0.001], hospitalization day [(8.2+2.9) days vs (12.3+4.4) days, P<0.001], one—time suc-
cess rate of puncture [cases (%), 67 (89.3) vs 27 (61.4), P<0.001] and bone cement injection volume [(6.6+1.1) ml vs (5.4+1.4) ml, P<
0.001]. There was no significant difference in the time to resume full weight—bearing activities between the two groups (P>0.05). With the
passage of time, the VAS and ODI scores in both groups significantly decreased (P<0.05), whereas which were not statistically significant
between the two groups at any corresponding time points (P>0.05). As for imaging, the local Cobb angle and anterior vertebral body margin
height significantly improved in both groups at the last follow—up compared with those preoperatively (P<0.05), however, there were no sig-
nificant differences in the above image indicators between the two groups at any time points accordingly (P>0.05). [Conclusion] The robot—
assisted PVP for OVCF is safer, with advantages of shortening operative time, reducing intraoperative fluoroscopy, increasing the amount of

bone cement injection, and effectively strengthening the vertebral body.
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FE] 2022 4F 1—11 A3 fET4H 44 1, AR
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Table 1. Comparison of general data between the two groups

before treatment

PLEs A4 R

D (n=75) (n=44) e
AL (4, T +) 70.6+8.6 70.7+8.1 0.984
PR (19, B/4x) 10/65 11/33 0.107
BMI (kg/m’, ¥ +s) 23.6%3.2 23.423.1 0.792
Wit (A, x+s) 13.8423.2 9.3+10.5 0.886

HRAE (5], Foe /AT 24/51 18/26 0.326

B (TH, & +s) -3.4+0.4 -3.4+0.4 0.738

1.3 FAKFE
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f, #EAR PSRRI . RS, R U R
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TTH B BB 1D 5 HLAS A s, 8 C B X
LA RM AT B, Wt HLER AR5 I 0 2
J s, SRIGE LSRRI A RO I R R 2 5 mm, PR
HERZERET e T S an b, W ey ) Bk A
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N385 R DA B L A Je AR S R Dy ) T A AR A o 2
e L L ST ¥ VAl e 11 B 2 N RSB 7y O [ I [ F Ve
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BLIELLE S B M, bR 10 51T BT 2
M, VITFPRIC A2y 5 mm, S8 o BT AR K
JE, JHTE CTBH X LB T S JAikHe R, 4%
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FEA . U AAR {2 il IS AT BEFR AR AL R B A E AHE
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FRILINGEL . EoKVER . BRI ARTE . Eke
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oo AERE 2 R I RAE . R 58 A 5 E T Sl
B S IR M BT 4> (visual analogue scale,
VAS) . ODI DifeRifF 4548 (Oswestry disability index,
ODD), Tk A HA T S WIT R IESS . A%
SERGAY, SRR Cobb f . PMERTZ: R
1.5 Geit#irik

K SPSS 26.0 AT G oM. TR L
X x5 N, GORHRIEIMEI, WZH ] FeBCR kST
FEAS ¢ K50 5 2H PN I TR) 5 TR] P 3R T B IR 3R T 22 03
Brs BORHRARIES M, SRR TR
FH X KB Fisher KEHAALR . S5 GURHPIAH LEEL
K H Mann—whitney U Krs, N EEBER 20
PRI Friedman ¥ . P<0.05 NZERA G5 L,

2 % R

2.1 FEFARBINS

PRI ZE R T AR, ARPToHZ | miEHif5
FEEIFRRE . PRI T ARIIRORI LR 2. HLds A41Y
FAREFE], ZERIBFE], EKTEEARSE] . ARAuERIK
B AEBER B BE D TIHET4 (P<0.05), Hlés A
) — MRS YR | EKEE AR 2 2 T
F2H (P<0.05), WZHE/KUEE I 28 AT HbA 7L B[]
2R BTGITFE L (P>0.05),
22 PiviSh

AT BREISAT 1 LA LR, AR B
IFRAE . Plas N 1 GIEAAEAR R B4, o3l kA
ARG 2. 10 H . REBERGL 34 A ¥heikE 2
WOTHTAE TR . PR BT 45 S WL 3. A &2 5¢
SR EWG IR 2R TG E L (P>0.05). B
B HERS . PIAL VAS P45 . ODI 45 %034 1 3 />
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120

®2 MABRERETFARPHARILE

Table 2. Comparison of perioperative documents between the

two groups
It ¢ HEF4
TR (min, & +s) 19.5+5.3 28.0+7.4  <0.001
ZERINE] (min, & ) 7.744.5 143268  <0.001
— KRR [ (%)] 67 (89.3) 27 (61.4)  <0.001
BKPTEAR (ml, 7 +s) 6.6x1.1 5414  <0.001
BIKPEFEARE] (min, % +5) 7.3x1.6 8.7+1.6  <0.001
KB (5] (%)) 19 (25.3) 19 (43.2) 0.066
AR EIDEL (K, % 2s) 24.2+4.1 282455  <0.001
T HIATHERTE] (d, % +5) 2.00.6 2.00.7 0.575
FEBERAL (d, 7 ) 8.2+2.9 12.3+4.4  <0.001

®3 MARERHER (r=) SHE
Table 3. Comparison of follow—up documents between the two

groups ( ¥ =s)

- GIE YN T4 Pl
(n=75) (n=44)
Se4 i T S A (d) 94.5+3.0 94.3%2.5 0.675
R VAS P2 ()
AR 6.30.7 6.20.7 0.492
AJF1d 2.3+0.6 2.3%0.5 0.890
ARG 31 H 1.120.4 1.1:0.4 0.894
ERUiv] 0.2+0.4 0.2+0.4 0.704
P1E <0.001 <0.001
ODI 5%k (%)
ARHT 53.1x2.1 53.3+1.9 0.858
AJE 3 A 14.4+1.9 14.5+1.8 0.913
R 9.4+0.9 9.5+0.8 0.851
P1H <0.001 <0.001

23 BRI

WAL RZ M PEAL 25 R UL 4. 5ARFIAHEL, PHAIAR
Ja 1d. RKBEVIET, JR# Cobb 310 E /N (P<
0.05); HEMCHTZ M B SR (P<0.05) 5 AH R B[]
A, YL EIRSEARIE R 2 R R GITF E X
(P>0.05) . HLAF AL SLALRG 5] WL 1.
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KL BFELE, 584, TuRAGMEEYT, T8 IEEHEILEE ARB) PVP RIGST. 1a, Ibh: RHT X LARHEREAR BRI e,
1d: R EERIBINBEEAR, IELLE Lk, MG THERET 1/3; le, 1f: RAPIEMALEEAG R EKIBEAE; 1g, 1Th: KK
BEVIR A X 2 /8 AR WLATHE] 530G o

Figure 1. A 58-year—old female underwent robot-assisted PVP for T,; compression fracture. la, 1b: Preoperative radiographs showed T},

vertebral compression fracture; 1e¢, 1d: Intraoperative fluoroscopic images with puncture in place, anteriorly across the midline and later-
ally in the front 1/3 of the vertebral body; le, 1f: Intraoperative fluoroscopic images showed satisfactory bone cement distribution as injec-

tion; 1g, 1h: X—rays at the last interview showed no obvious collapse of the injured vertebra.

R4 MEBREXBNELER (rx) SEK

. - \A
Table 4. Comparison of imaging documents between the two 3000 i

groups ( ¥ =s)

£, OVCF BEATEARG 1 AFNMLT-RE

b TR T i L M. RGN B

i o 1 0 PVP R A AT OVCF et 4 7 sy DI iRy
B VAR, (LG PYP RAEE—SelE, A

L 13:545.9 13359 0812 g R B, TN T R EASS
A 1 71541 8051 0290 AT HIBN T AR ARG, R AR Y
PRI 8.0+4.3 8.6+5.4 0517 RIS R E A E N ARk, BEE N TR RER A
b <0001 <0001 J&. HLE T AR B, TR
R ) A L L N =t T A LI X
i o s e ESSHRC BB RN TR T RIS
i, AR R . GORER 1 A, T

ARg1d 25.8+3.5 24.8+3.7 0.167 ﬁﬁﬁf?‘*%*ﬁ%*ﬁﬂ%%TE/\ 17, 1810 jﬁ;ﬁéﬁﬁﬁfﬁﬁ
AUHY 251534 24538 029 QIAYF, LB AR HCAETRCE AR . R
P <0.001 <0.001 L EMECE >, BT R RE AR EAR
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LRI HACNIRTT OVCF IR R

AT HLAF NLURFHPLE N RGERARET CT £
APEAT T, JHRATALRIMES LR, Btk
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PSR TR T R AR A B R, 1y 20 27 R ]
[t G 198 T 250 Hh s SRR 5 e 27 0 T 3
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it RO A FAAR. MSKsat, i mR

122

PE . SCEWE . RIS BN AT RO . RIS
B, BORSCR RS TTRs ph e BRAGT. Seit o ARIRAT
RV IR RAEEER . Gitadr, SRR, B RIE
Bl gt SORHTRAE; Eaisk. SRAEEERE . Siitar. ok
TEWFHEAEs At SRR . gait i, SRTess.

S 30k

[1] SiL, Winzenberg TM, Jiang Q, et al. Projection of osteoporosis—re-
lated fractures and costs in China: 2010-2050 [J] . Osteoporos Int,
2015, 26 (7) : 1929-1937. DOI: 10.1007/300198-015-3093-2.

[2] BRS¢, Fetm 2, Wi, &5 . b Busi ia ki 32y 46 v

—— BRI IZ W AR T IR ()] . RIEVT R, 2018,
9 (2) : 85-88. DOI: 10.3969/j.issn.1674-8646.2018.02.028.
Qiu GX, Pei FX, Hu ZM, et al. Guide to diagnosis and treatment of
osteoporotic fracture in China——osteoporotic fracture diagnosis and
treatment principl [J] . Heilongjiang Science, 2018, 9 (2) : 85-88.
DOI: 10.3969/}.issn.1674-8646.2018.02.028.

[3] Kato T, Inose H, Ichimura S, et al. Comparison of rigid and soft—
brace treatments for acute osteoporotic vertebral compression frac-
ture: a prospective, randomized, multicenter study [J] . J Clin Med,
2019, 8 (2) : 198. DOI: 10.3390/jcm8020198.

(4] Shimng, (4208, TKRE L, 5 . SR G RHHA BIE A Bk Jeis

U B IR R BT (D) P IR S RLAR AR, 2014, 22 (4) : 294
298. DOI: 10.3977/}.issn.1005-8478.2014.04.02.
Zhong YM, Fu SH, Zhang JL, et al. Causes and prevention of bone
cement leakage in percutaneous vertebroplasty [J] . Orthopedic
Journal of China, 2014, 22 (4) : 294-298. DOI: 10.3977/j.issn.1005
-8478.2014.04.02.

(5] R, e, iR EBE, 45 . MRS M BUE ARG TR ST IAR G

FER KR AT (1] . EBFE SN, 2015, 23 (2) : 124-131.
DOI: 10.3977/}.issn.1005-8478.2015.02.06.
Tang ZJ, Hou J, Zhang GA, et al. Analysis of risk factors causing
new vertebral compression fractures after percutaneous kyphoplas-
ty [J] . Orthopedic Journal of China, 2015, 23 (2) : 124-131. DOL:
10.3977/.issn.1005-8478.2015.02.06.

[6] IRAHE, 28R, B4, 45 . BRIEHESHB IR AR 1 Bl

FZER (1] . B EGFIE SRR, 2023, 31 (3) : 251-255. DOL:
10.3977/j.issn.1005-8478.2023.03.12.
Su YX, Li NH, Xin ], et al. Removal of paravertebral bone cement
leakage secondary to percutaneous kyphoplasty: a case report and
literature review [J] . Orthopedic Journal of China, 2023, 31 (3) :
251-255. DOI: 10.3977/.issn.1005-8478.2023.03.12.

[7]  Zohra A, Gonlugur U. Cement pulmonary embolism due to percuta-
neous vertebroplasty [J] . Curr Med Imaging, 2021, 17 (4) : 559-
561. DOI: 10.2174/1573405616666200923161922.

[8] Drigalla D, Stone CK, Juergens AL. Delayed symptomatic pulmo-
nary embolism secondary to bone cement after percutaneous verte-
broplasty [J] . ] Emerg Med, 2021, 60 (3) : e45-e47. DOI: 10.1016/
j.jemermed.2020.10.045.

[9] Harrison FS, Nayar G, Desai R, et al. Radiation exposure to the

surgeon during minimally invasive spine procedures is directly es-



E33HEFH2W
202541 H

T EBTESR RS
Orthopedic Journal of China

Vol.33,No.2
Jan.2025

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

timated by patient dose [J] . Eur Spine J, 2018, 27 (8) : 1911—
1917. DOI: 10.1007/s00586-018-5653-6.

Wang O, Hu Y, Gong S, et al. A survey of outcomes and manage-
ment of patients post fragility fractures in China [J] . Osteoporos
Int, 2015, 26 (11) : 2631-2640. DOI: 10.1007/s00198-015-3162~
6.

Galivanche AR, Toombs C, Adrados M, et al. Cement augmenta-
tion of vertebral compression fractures may be safely considered in
the very elderly [J] . Neurospine, 2021, 18 (1) : 226-233. DOI: 10.1
4245/ns.2040620.310.

Loisel F, Menu G, Boyer E, et al. Radiation exposure and the ortho-
pedic surgeon’s hand: Measurement of the equivalent dose over 13
months [J] . Hand Surg Rehabil, 2017, 36 (2) : 97-101. DOI: 10.10
16/j.hansur.2016.11.006.

Mroz TE, Abdullah KG, Steinmetz MP, et al. Radiation exposure to
the surgeon during percutaneous pedicle screw placement [J] . J
Spinal Disord Tech, 2011, 24 (4) : 264-267. DOI: 10.1097/BSD.0b
013e3181eed618.

Motov S, Bonk MN, Krauss P, et al. Implementation of a three—di-
mensional (3D) robotic digital microscope (AEOS) in spinal proce-
dures [J] . Sci Rep, 2022, 12 (1) : 22553. DOI: 10. 1038/s41598-02
2-27082~-1.

RS, ey, XIAIL, 45 BN as A 5B AT ) T & A
FIIATY MEHE T CAL FF RS RS B2 B8 BEWFSE (0] . Th e 2
ANBHARER, 2018, 32 (1) : 1371-1376. DOI: 10.7507/1002-1892.2
01804049.

Yang JS, Hao DJ, Liu TJ, et al. Comparison of accuracy between ro-
bot—assisted and fluoroscopy—guided percutaneous pedicle screw
placement for treatment of lumbar spondylolisthesis [J] . Chinese
Journal of Reparative and Reconstructive Surgery, 2018, 32 (11) :
1371-1376. DOI: 10.7507/1002-1892.201804049.

KA, BIEL, FEN—. 55 . Hlds NGB 28 B 28 BT A2 T A
AR (J] . i EAGUT AR SL, 2021, 25 (6) : 844-848. DOL:
10.3969/j.issn.2095-4344.2385.

Zhang W, Hu J, Tang LY, et al. Advantages of robot assisted percu-
taneous biopsy in the diagnosis of spinal lesions [J] . Chinese Jour-
nal of Tissue Engineering Research, 2021, 25 (6) : 844-848. DOI:
10.3969/j.issn.2095-4344.2385.

Fan M, Fang Y, Zhang Q, et al. A prospective cohort study of the
accuracy and safety of robot— assisted minimally invasive spinal
surgery [J]. BMC Surg, 2022, 22 (1) : 47. DOI: 10.1186/s12893-02
2-01503-4.

JRI2E, FEEBL MK, AR AR AL N DA S AR T 22 B [
AEMAIEMERT ()] . h EBIESMH R, 2021, 29 (10) : 865-869.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

DOI: 10.3977/}.issn.1005-8478.2021.10.01.

Zhou JP, Jiang ZW, Yang Y], et al. Spinal robot assisted percutane-
ous pedicle screw fixation of thoracolumbar fracture [J] . Orthope-
dic Journal of China, 2021, 29 (10) : 865-869. DOI: 10.3977/}.issn.
1005-8478.2021.10.01.

Yan K, Zhang Q, Tian W. Comparison of accuracy and safety be-
tween second—generation TiRobot—assisted and free—hand thoraco-
lumbar pedicle screw placement [J] . BMC Surg, 2022, 22 (1) : 275.
DOI: 10.1186/s12893-022-01723-8.

Kam J, Gan C, Dimou S, et al. Learning curve for robot— assisted
percutaneous pedicle screw placement in thoracolumbar surgery
[J]. Asian Spine J, 2019, 13 (6) : 920-927. DOI: 10.31616/asj.201

9.0033.

Cui GY, Han XG, Wei Y, et al. Robot—assisted minimally invasive
transforaminal lumbar interbody fusion in the treatment of lumbar
spondylolisthesis [J] . Orthopaedic surgery, 2021, 13 (7) : 1960—
1968. DOI: 10.1111/0s.13044.

Heo DH, Cho YJ. Segmental artery injury following percutaneous
vertebroplasty using extrapedicular approach [J] . J Korean Neuro-
surg Soc, 2011, 49 (2) : 131-133. DOI: 10.3340/jkns.2011.49.2.13

1.

TN . 22 B A AR A K SR (] . A AT 27 2%
7, 2017, 26 (9) : 769-774. DOL: 10.3969/j.issn.1008-794X.2017.
09.001.

Sun G. Percutaneous vertebral augmentation: its complications
and countermeasures [J] .
2017, 26 (9) : 769-774. DOI: 10.3969/}.issn.1008-794X.2017.09.0
01.

T et A, A5 L B RLES AT B R AT A N E AR
I I NEAFE B BT B T VR EE K > IR AT (0] . o A AR
& 4= 7K, 2020, 30 (12) : 1111-1117. DOL: 10.3969/j.issn.1004-
406X.2020.12.09.

Journal of Interventional Radiology,

Xiao Y, Long H, He ZB, et al. The accuracy and learning curve
analysis of the robot assisted percutaneous thoracolumbar screw
placement [J] . Chinese Journal of Spine and Spinal Cord, 2020, 30
(12) : 1111-1117. DOL: 10.3969/j.issn.1004-406X.2020.12.09.
Wang B, Cao J, Chang J, et al. Effectiveness of Tirobot—assisted
vertebroplasty in treating thoracolumbar osteoporotic compression
fracture [J] . J Orthop Surg Res, 2021, 16 (1) : 65. DOI: 10.1186/s1
3018-021-02211-0.
(mﬁ 2023-12-09 &[0l : 2024—05—31 )

B, R, #E)

RS FURAS)

(AT B R

AL,\ J

123



