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Application of a new bone cement injectable cannulated pedicle screw in lumbar spondylolisthesis combined with
osteoporosis

XTAO Jun, SONG Lei, HE Lei, ZHOU Rui, DAI Fei (Department of Orthopaedics , First Affiliated Hospital , Army Medical Uni-
versity , Chongqing 400038, China)

Abstract: Objective To evaluate the medium and long-term effects of a new bone cement injectable cannulated pedicle screw
(CICPS) in lumbar spondylolisthesis complicated with osteoporosis. Methods Totally 56 cases of lumbar spondylolisthesis combined with
osteoporosis treated by CICPS from May 2011 to May 2017 were retrospectively analyzed. The clinical efficacy of the patients was evaluated by
the improvement of preoperative and postoperative pain visual analogue scale( VAS) and oswestry disability index( ODI). The loosening of
screws, loss of intervertebral space height and intervertebral fusion were assessed by preoperative and postoperative lumbar imaging examina-
tion, including anterior and lateral position X-ray examination,CT and other imaging examinations. Results A total of 176 CICPSs were im-
planted intraoperatively,9 cases of which had leakage,with a leakage rate of 5. 1% . All the 56 patients were followed up for 17 to 75 months,
with an average follow-up time of (29.91 +14.78) months. The VAS score was (4.34 +1.65) points before operation,and it was (0.95 +
0.64) points at the last follow-up,the difference was significant( P <0.05). ODI score was (50.40 +17.34) % before operation,and it was
(6.03 £6.72)% at the last follow-up, the difference was significant( P <0.05). The height of the intervertebral space of the patients was
(7.85 £2.75) mm before operation, and it was (12.43 £2.13) mm after operation, the difference was significant (P <0.05) ,and it was
(11.89 + 2. 80) mm at the last follow-up, there was no significant difference compared with the height immediately after operation
(P >0.05). In all patients,the change of lumbar dynamic position at the fusion segment was less than 5 degrees,and plain CT scan suggested
that continuous callus could be seen at the fusion segment. There was no loose , break nor pull out of screws. Conclusion The unique lateral
cavity design of CICPS can ensure its mechanical stability in patients of lumbar spondylolisthesis combined with osteoporosis, and the medium
and long-term efficacy is safe and reliable.

Keywords: bone cement injectable cannulated pedicle screw;inflatable pedicle screw;hollow lateral hole pedicle screw;lumbar spon-

dylolisthesis ; osteoporosis

HEE A T MOOAE A I IR 1 5 [ S A A JR 3 114 B 2 H B 52 R PR A A8 3, A A A5 A
WM HZ—, ZWTL, ~ LB R LR ARG, B o S HRET [ & S HEAMRHI bR i A
HBUgoBFERT P 5 = AEgE M, B =i ) 2o

[(EE€TH] F3E %5 K000 BRI R B # A& (SWH2016 jt,ﬂjtﬁ@ﬁ%%%ﬁﬁ%%ﬁﬁ%,% HET e iitase
e PERE0 26 R B W0 1 2 R I AR

[#EE1EE] 1t «,E-mail;david-feifei@ 163. com




974 BRERERE

J REG ANAT OPER SURG 2019,28(12)

http : //www. jjssxzz. cn

HIRE N OB ACAL 25, B B 1) K6 3 8 4
R ,2008 AR E 29 A £ T 00 g AL A, Wt
2020 4F 3 [H B TEE fa AR R D R Ik 2
2.87 42" AT RSNV A I IR A AR
KA BT TEAEN AR AP HEAR SRR 2 AL R 5 HER
R ME R AR R HME S AR ET RO BTIR HE  $ i T4 2
R INZ B E BB B ANE , SR ETHE 45 ) TR, 1R 5T
PSRRI 5 0 R, BT A — il A R 1Y
HES ARMRETIRA b 2

DU ME 5 ARRET K B M MRS SF B, AT ER R HE
HRARET A=) g 2R e M, (R3S T | S5 R R, AR e
SHIRET I F R E R E A IR . 2 ETE N AMIFR 2
A FF 0] I i HE 5 M2 4T (expandable pedicle screw,
EPS) F1 25 .0 M L #E 5 M2 B2 4T ( fenestrated pedicle
screw , FPS) fH FIRBRET7EMEHENS I , o HJ2 B 1
Hiz F A AR OGO, HoBk = H K 0T s W
g ORI BT [ TR AT G K VR R AT
( bone cement-injectable cannulated pedicle screw,
CICPS) , SR JH 1 Ry 7 728 O] L A1 B8 ) T 1] 44 A £
SR A AT RIS IE S T CICPS HA I B
(SER7/PIE S SVt e 3 1LY EE S P S R N 3/
B TE I i xF 56 4] £ & Y 1] o B, 2E — 2 WA
CICPS By KA 3L

1 wNSHE

1.1 R H

[l B oA 2011 4F 5 5 2017 48 5 H e[l 4%
P2 K258 — B I B e SR AT CICPS 357 1) JBEHE 1 bt
IEB BB AT B 56 1], rh 55 10 1], £ 46 1] 4 %
46 ~76 %, F-H(61.07 +7.74) % BB RE{H - 2.5 ~
-5.0SD,FH4( -=3.10 £0.5)SD, L, ¥ 3 4, L,
T 31 1], Ls 15 i 27 )5 1 BT M 21 451], 10 J3 3
25 {5, LB M I 9 51, IV EE W G 1 3. T R AR i
26 X 4R (CT S MRI KA 417 AN [R) A5 B %) M v
AEV T B P MEEME A e e A I 458 |, A1 R TR
JEE 0 FEAIR R AT B — M e 2 R AR o i s
RATEEE TG RE . AbRHE: OA AT EAE B
WG, Hgad 3 ~ 6 4~ A RSFIRYT AR & W& f#
SR ARG U s @A 1B BB A E , AR RSO T8 % B
KR T < -2.5 SD;OARAT L B F AR,
1.2 CICPS #43% 3t

AV [ F6F & CICPS 42 5.0 ~6.0 mm,
KB 45 ~50 mm , £T KSR RS 7 BT R BRET 0
s KR S B AR 2.2 mm, i E ], Hd

T ]Sk Be % CICPS W] LAFE/KSF- +20° 07 [ ek , B
15Tk AT 7K J7 ) 360°ighs . TEARET R 2/5 it 3 A4~
WAL, s /NBI RGN oA o SR BT Sk ROMIFL o [RE ,
2 2 mg X0 A] B 1S MR S i BB AL, K AR
3 mm, AR 2 mm; R R BT AR U BUIFL K 4 mm), 58
2mm( & 1),

a: $RAT =4 B X it ;b SR 4T @ A D B Kok 3Lt e d s
Tl egixit @ e kT AMILEE

1 CICPS #24Tig&it
1.3 F&%

FARR G A B, K02 5 T JE 0 B AR S
NHER B PEET 15, AR K T B U5 2%, CICPS B 4T £
FERS KT FUME S AR IR ET | B AT 72 o o PR = AR
MEMR R e st . EATSEEE, C B X GHERHLIE
T T A A 0 T SR R S R A 1 R K R A
“HEMTHEA CICPS, 254 Fiar s, & Mk A K
Je 1.5 mL, QA - 7K e itk &% 5 T e it 5, 07 57 R4 I
TS, ISR O A e R K IR 1
UM BERET [ B A TS A5 30 1) R I 5 A 1] it AR 4
SEEARHREAR F AT — 00 OB A AR D) B A 1] 254
BRUBUHE , T 280 B B i A5 A 38 A [ 5 2
BEAMEMEBL . ARJF 24 h 8B T W EPURIIRYT
RIGH 2 KT HIE 5,3 4~ H PIRE A S HoAfil 3, R
J& B A THUE TSN IRYT
1.4 MERIGHRZMN B 5 %

I RAE AR E I, 3 55 A8 AR ) | O o R
JG I BAE , T BB AR R H FLAT IR AR 0L 4y
(VAS) Oswestry DJfEREfF8 2T 4> (ODI) | FuAS B
RET AJG B AR KT VAS ODI AR5 . 1445
B b, ek £ AR ARG BR R Bl AR B
TR 0 2 8, SR BB X SRF R A A7 0] A ] 5 5 o 5
(HL) ,HfE [a] B 2% i B2 (H2) , 30 sk P& 197 24 {H
(H), WL 2a, its#AR G BRI BT CICPS 42 #H
BIMEIRRTZRAE (8 (X)) BB B MER - S 25 8 1



BEF K% 2% ]REG ANAT OPER SURG 2019,28(12)

http : //www. jjssxzz. cn 975

(Y) , ARJFEIC R X-p Y-p, RIKBEVTIN T 58 X-£, Y,
AHR 22 fE AT RIS XY (8] 2b) o sk B8 R I BE U5
I3l ARl T B AR A AL BRETAA Bl PF o i
R EMEMIAL - CICPS 3% (X, Y) KT 1 mm HEHE X
LR A o LI S AUERAE S o A ] B A i 2
FERRUES) )AL R Rl Y B A AR EA <5°, R
CT P48 7R il G715 Bt I B A i 2 VB il .
A BT TR 6 528 5 £ A3 {5 & 4t (picture archiving
and communication systems, PACS) il .

) X
F oS - <
|

a: MER IR 3 R 6 2 s b SRATAE S IR B &
El 2 CICPS 8XiEtRiMNE S iE
1.5 “itso
N SPSS 25. 0 GEit B AT 4 T, ) — 46 AR il
S W X SR T BC AT ¢ A 56, ] — 46 A 22 a0 2R H
BRIR Ty 25530, T 26 55 SR AT LSD K 5, Ty 25 AN 5
KB, P<0.05 FRnERFAGIEE L.

2 HR

2.1 FARRMGHA

FARAFE 150 ~341 min, F-45(238.27 £79.97 ) min,
Hi it 100 ~2 300 mL, - (505. 36 +403.70) mL,
AR IR A CICPS 176 £, Ho 9 MUE B, Y 0
HIERDKE T , B 5. 1% , AR b 835 R W] 1 3 3
FIFRERG . 51 B8 EH A VRIE R B 8 A% 3 iR I
W B2, 2 Bl VRIS T R SR AN E , 48
ik A H BRI T i | e R R R . RS
KA 2 pIYI g 1 BB G @A, 1 Bgw BB
JURIT IO @G . ARG i B A3 25, B UiES
17 ~75 4 H ,F4(29.91 £14.78) 4 H .
2.2 WEFRLER

B RHET VAS 2 (4.34 £ 1.65) 43, RIKFE Ty
(0.95 +0.64) 43, BT WREAL, 22 F HA G
X (P<0.05), HEARRF ODI J(50.40 +17.34)% , %
KBEVIS R (6.03 +6.72) % , BT AR, 22 7 5
AYitEE X (P <0.05)

2.3 B EER

A AR HIHERI B = B2 2 (7. 85 £2.75 ) mm, AR J5 B
Z009(12.43 +2.13) mm , A J5 HE ] B2 55 B2 W] A A2, 22
ARG R (P <0.05) , AR B 15 B HE [E] B e B2 by
(11.89 +2.80) mm, 5 AR 5 BV 204 Lt , i ] B 5 B B AT
—ERENER HERERITFEX(P>0.05), K
J& BB Z| CICPS PR B5 #f {& Hi % (5.02 £2.35)mm,
ARWRFEVTES 2 (5. 07 £2.31) mm, 22 5 o415 5 X
(P>0.05) ;RJ5 CICPS BFE§ 24 (7.39 £2.56) mm,
ARIKBEVTES Ry (7. 49 +£2.50) mm, 22 5 To e 127 L
(P>0.05) , XY 4 XHER/NT 1 mm, A5 VT A7
A AR ILHTRSIAME(# 3) o i B E ARG AR R BE DT I
NEEHE Sl ) Sl G B BE AR ARAE A <5°, H CT F-142
TR T BOME ] B 14 Sk g il il

"é 157 - X
= Y
R 1.0

&

®

& 0.5

Hd

>

& 0.0+

0 5 10 1520 25 30 3540 45 50 55 60
e RS

3 CICPS i iER
2.4 ARG

B 20,59 & R 9 AR INE AR AT Bk
i 1A, BOGFE % -2.7 SD, EHEMIA 387 1 RE i
JiE, TR 4 B BRI T A7 I i AT o J30 A2 7 A A ik
JE MERIFE B RS i K TR IR ET s Ak N B R, RS 12
FNVE IR A R B K PR S BB s AR 6 4 H
BEDTAR WARETFA SN, AR JT 49 4> B U7 $& - 1R 5T X 4
LR IEA R DL B S BUAMIE , B AT TE W2, CT 8 n il &
5 BOHER] AT DL Sk B (& 4) .

3 g

REEHE T WA 2 5 A PP 2 AR B A 1 DL P 2
—, PR B AMEAR A RE B AR E I, T L
T LA R R A P v R B A M ] il 5 114 S
INE 3, DT fR2 AfA  A  l £ f B s 3T I B
i B BN JCREHE N T S8 A b i B ME(R o7
FRIREE I , [ L B0 A T 2 2 T ) XL, DR REEAE T
Ji & I BB A AE P AT DR B K JRIRETAR AR5
RI R T 2 A P IR E T BT I R AT A

Chen %™ [l F 55 45 S o, 7K U8 3 2 I T
AT v 00 AL o AN DRABTA B 0T & (¥ CICPS R



976 HBFRKFRE

J REG ANAT OPER SURG 2019,28(12)

http : //www. jjssxzz. cn

. 0 e o )

as RATHEHE X SHEME b A U6 X SH& 27 B AT 9 B o KB 6 A X S & A LBATIA S d e f: K5 49 A A X 4t

LA CT 327 BB BOHE 1) B 5T JU £ 4 MR e i 3

4 BB R R

ARFLAR T, P BT T s 1) 32 3t 40K R R A /N B K 1
3 AR AL, o LY 28, B P 1 i K YR ML Hh 3
i B I 5534380, B8 ST SR B HEMR P, ORAIE T
CICPS [ R T o AT w0 2o A ) g 2
REIER] , CICPS Z\ [ HT4k th J1 I 34 hin 323. 8% , W] it
5 T 24 Sk B 4RGE B 96% ~ 262% 1 Bl &
B, AR S5 R Z20 5 2 v Bt 1 R AE [0 it v B 22 5% TR Ge T2
7 X, CICPS PR HEA R 2 22 fb i S CICPS R g 2%
AR A /N T 1 mm , X LRI R ISR E B2 7 1R
ETHRVURAS) , BIHEE 52 T CICPS £ B HE W B4 B i
BAAE B TP A ) AR . Al R B AT
AN AN N 2 I7 ST 45 45 o ARFSE R IR
Bl DT I, BT B S A R m A B AR R AR R
A <5°, HERFH CT P-4 fl A 719 Brtt [|) B 34 221k
B, S B AR Bl A s, it — R T
CICPS (A %1 .

HKPIRET B IR R — BT KEE TN
Mo AW E A 176 # CICPS, Horb 9 MUk A B,
B HERT K S e, TTHEE N BT, BIRE 5. 1% 1%
FHAd 2 F BB T ARE . X5 CICPS [l 455
A K, CICPS (1) 3 AMUFLAE Hh AE SR ET T it 1 i 2/5
HoK eI H B I B HE A J5 BE , B CICPS AR £L % 1T
TP T B 7KV AT R H, 43800 T B /K U8 T 5 i 1 )
TS, NI RAAR 11 7K 8 38 FE M A S AR B T 11
WS o BRAEA 2 i dE, R v g oK Je i i A i 5 8 e
REIEAN S ARBFgT T, AT (R B KR
1.5 mL T BUA SCHlk i po i F 0% X aT fE
f& CICPS B AR T H A 2L AL /K Je SR ET 1 I I 2
—o AMR B EF PRI BoR, B F
VAS #i1 ODI g3t 2 3, & BB B R AN IS, 0F — 26
BOUE T CICPS i 2e 4tk

ARMFTE IR, BB AR 5 AR UK B U R AFE (8] B 15 35 A7
R R R AR ZAR KBTS VAS F1 ODI

BIRAT IR B , HA AR5 VA s T A & 5 By
PATE LRGSR B EHEN Bl B B —E R Y
FR MBI AR CICPS 3657 B PRI 78

WA AT X e T AE AR A7 [+] — - TH0 B 40 1

J L SR R R R BT RE DRI , CTCPS 1) B gy Sk AT ]

SKBLT AT AA PR ET Sk AEAH I 5 1) BEAT T % , (5 Bz It A1)

RN, e — R F R T PARMERE, 548 T R

R [E 7o 23 D N 1 B

25 LBk, CICPS 7o JEMENT & JF B st AL 4T A

H R EA AR A e R T, PRI TR 4 AT

FE, ARG TIZ RPN — L R £ EADES

INFAS R 6 SN BT 5T, U S5 PR AR TE—

RE AL LU, e 2 7 A% 0 BRI AR AR B )

S MORREA G, Bt R R I R RRAIE ST, it R4

P AT SE A £ %

[ &% 30K ]

(1] 38 e AR R A7 1 ¥ AR i3 y7 [T ], P S5 H 5 24, 2015,
10(2) :244 —-245. doi:10. 14163/j. cnki. 11 —5547/r.2015.02. 179.

[2] £ MoK, KRR, 5. BIEREHER BUAE T AT T]. T EE
A% ,2011,26(1) :29 -31.

[3] Mobbs RJ,Park A,Maharaj M, et al. Outcomes of percutaneous pedicle
screw fixation for spinal trauma and tumours[ J]. J Clin Neurosci, 2016,
23.88 —94. doi: 10. 1016/j. jocn. 2015. 05. 046.

[4] Wood CL,Stenson C,Embleton N. The developmental origins of osteopo-
rosis[ J ]. Curr Genomics, 2015, 16 (6) :411 - 418. doi: 10. 2174/
1389202916666150817202217.

[5] Dvorak MF,Pitzen T,Zhu Q,et al. Anterior cervical plate fixation:a bio-
mechanical study to evaluate the effects of plate design,endplate prepa-
ration , and bone mineral density[ J]. Spine, 2005,30(3) :294-301.

[6] Ramaswamy R,Evans S, Kosashvili Y. Holding power of variable pitch
screws In osteoporotic, osteopenic and normal bone:are all screws crea-
ted equal [ J]. Injury, 2010, 41179 - 183. doi: 10. 1016/j. injury.
2009.08.015.

[7] Cook SD,Barbera J, Rubi M, et al. Lumbosacral fixation using expand-
able pedicle screws. an alternative in reoperation and osteoporosis[ J].

Spine J,2001,1(2) :109 - 114.



J REG ANAT OPER SURG 2019,28(12)

977

http : //www. jjssxzz. cn

(8]

[9]

[10]

(1]

[12]

[13]

(14

[N

[15

[

[16]

[17]

[18]

Vishnubhotla S, McGarry WB, Mahar AT, et al. A titanium expandable
pedicle screw improves initial pullout strength as compared with stand-
ard pedicle screws[ J]. Spine J,2011,11(8) ;777 —781. doi;10. 1016/
j. spinee. 2011. 06. 006.
Chen YL, Chen WC, Chou CW et al. Biomechanical study of expand-
able pedicle screw fixation in severe osteoporotic bone comparing with
conventional and cement-augmented pedicle screws[ J |. Med Eng Phys,
2014,36 (11 ) : 1416 — 1420. doi: 10. 1016/j. medengphy. 2014. 05.
003.
Fransen P. Increasing pedicle screw anchoring in the osteoporotic spine
by cement injection through the implant. Technical note and report of
three cases[ J]. J Neurosurg Spine,2007,7(3) :366 —369. doi: 10.
3171/SPI -07/09/366.
Becker S, Chavanne A, Spitaler R, et al. Assessment of different screw
augmentation techniques and screw designs in osteoporoticspines[ J ] .
Eur Spine J,2008,17(11) :1462 - 1469. doi : 10. 1007/s00586 — 008 —
0769 -8.
Chen LH,Tai CL,Lai PL, et al. Pullout strength for cannulated pedicle
screws with bone cement augmentation in severely osteoporotic bone:
infl uences of radial hole and pilot hole tapping[ J]. Clin Biomech,
2009,24(8) :613 —618. doi: 10. 1016/j. clinbiomech. 2009. 05. 002.
Choma TJ, Pfeiffer FM, Swope RW, et al. Pedicle screw design and
cement augmentation in osteoporotic vertebrae: effects of fenestrations
and cement viscosity on fixation and extraction[ J]. Spine ( Phila Pa
1976), 2012, 37(26) . E1628 — 1632. doi: 10. 1097/BRS. 0b013
€3182740€56.
Leichtle CI,Lorenz A, Rothstock S, et al. Pull-out strength of cemented
solid versus fenestrated pedicle screws in osteoporotic vertebrae[ J].
Bone Joint Res,2016,5:419 —426. doi: 10. 1302/2046 - 3758. 59.
2000580.
Yaoyao L, Jianzhong X, Fei L, et al. Biomechanical and finite element
analyses of bone cement-injectable cannulated pedicle screw fixation in
osteoporotic bone[ J]. J Biomed Materials Research ,2016,104 (5) :
960 -967. doi:10. 1002/jbm. b. 33424.
Ko CC, Tsai HW, Huang WC, et al. Screw loosening in the Dynesys
stabilization system:radiographic evidence and effect on outcomes|[ ] ].
Neurosurg Focus,2010,28 : E10. doi:10.3171/2010. 3. FOCUS1052.
Ruf M, Koch H,Melcher RP, et al. Anatomic reduction and monoseg-
mental fusion in high-grade developmental spondylolisthesis [ J ].
Spine ,2006,31(3) :269 —274. doi: 10. 1097/01. brs. 0000197204
91891. eb.
Floman Y, Michael AM, Ashkenazi E et al. Instrumented slip reduction

and fusion for painful unstable isthmic spondylolisthesisi in adults[ J].

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[27

[

[28]

J Spinal Disord Tech,2008,21(7):477 - 483. doi: 10. 1097/BSD.
0b013€e31815b1abf.

2 TR, 55 5 B HES ARIRET B E B S thBMP-2
TR AL T M ME T BT OB [T ], B i TR 2 2% K, 2019,
28(5) :399 —402. doi:10. 11659/ jjssx. 12E01801.

Fu J,Yao ZM,Wang Z,et al. Surgical treatment of osteoporotic degen-
erative spinal deformity with expandable pedicle screw fixation;2-year
follow-up clinical study [ J]. Orthop Traumatol Surg Res, 2018,
104(3) :411 —415. doi:10. 1016/]. otsr. 2017. 11. 010.

Harrington JF,Park MC. Single level arthrodesis as treatment for mid-
cervical fracture subluxation:a cohort study[ J]. J Spinal Disord Tech,
2007,20( 1) :42 —48. doi;10. 1097/01. bsd. 0000211255. 05626. 0.
Hu MH,Wu HT, Chang MC, et al. Polymethylmethacrylate augmenta-
tion of the pedicle screw :the cement distribution in the vertebral body
[J]. Eur Spine J,2011,20(8) :1281 - 1288. doi: 10. 1007/500586 —
011 -1824 -4.

Chang MC,Kao HC, Ying SH, et al. Polymethylmethacrylate augmenta-
tion of cannulated pedicle screws for fixation in osteoporotic spines and
comparison of its clinical results and biomechanical characteristics with
the needle injection method[ J]. J Spinal Disord Tech,2013,26(6) :
305 -315. doi:10. 1097/BSD. 0b013€318246ae8a.

Amendola L, Gasbarrini A, Fosco M, et al. Fenestrated pedicle screws
for cement-augmented purchase in patients with bone softening: a re-
view of 21 cases[ J]. J Orthop Traumatol,2011,12(4) 193 - 199.
doi:10. 1007/s10195 =011 - 0164 -9.

Venmans A, Klazen CA, van Rooij W], et al. Postprocedural CT for
perivertebral cement leakage in percutaneous vertebroplasty is not nec-
essary-results from VERTOS 1I [ J]. Neuroradiology,2011,53:19 -
22. doi:10.1007/500234 - 010 — 0705 - 6.

Lubansu A, Rynkowski M, Abeloos L, et al. Minimally invasive spinal
arthrodesis in osteoporotic population using a cannulated and fenestrat-
ed augmented screw : technical description and clinical experience[ ] ].
Minim Invasive Surg, 2012, 2012: 507826. doi: 10. 1155/2012/
507826.

Martin GJ Jr,Haid RW Jr,Macmill AM, et al. Anterior cervical discec-
tomy with freeze-dried fibula allograft. Overview of 317 cases and liter-
ature review[ J]. Spine,1999,24(9) .852 - 858.

Kast E, Derakhshani S, Bothmann M, et al. Subsidence after anterior
cervical inter-body fusion. A randomized prospective clinical trial[ J].
Neurosurg Rev,2009,32(2).:207 - 214. doi: 10. 1007 /s10143 -
008 -0168 —y.

(iR M8 T7)



