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Abstract: Objective To investigate the biomechanical properties of a novel sacroiliac lag screw with a spiral
blade. Methods Percutaneous sacroiliac lag screws were used as the controls. Polyurethane material was used
to simulate the trabecular bone, and the pullout resistance performance was tested on an Instron mechanical
testing machine. Subsequently, pelvic specimens were utilized to analyze the static stiffness and dynamic stability
of the novel sacroiliac lag screw in repairing sacroiliac joint injuries under normal standing conditions, with normal
pelvis, single-sided sacroiliac joint injury pelvis, percutaneous sacroiliac lag screw-single screw repair, and
percutaneous sacroiliac lag screw-double screw repair as controls. Results The damage to the polyurethane
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material after screw extraction was smaller in the novel sacroiliac lag screw group. The average effective holding
displacement of the novel sacroiliac lag screw was significantly greater than that of the percutaneous sacroiliac lag
screw ( P<0.05). However, the maximum resistance to the pullout force for the percutaneous sacroiliac lag
screw was significantly higher than that for the novel sacroiliac lag screw ( P<0.05). The stiffness after repair of
sacroiliac joint injuries was significantly higher when using a single sacroiliac lag screw than when using two
percutaneous sacroiliac lag screws ( P<0.05). The displacement amplitude was the highest in the sacroiliac joint
injury group, followed by that in the normal group. The displacement amplitudes in the other groups were similar;
however, the differences were statistically significant ( P<0.05). The dynamic stability of the sacroiliac lag screw
repair group was the best, slightly better than that of the percutaneous sacroiliac lag screw-double screw repair
group, and the dynamic stability of the sacroiliac joint injury group was the worst. The novel sacroiliac lag screw

effectively repaired the sacroiliac joint injuries. Conclusions

the trabecular bone and has practical clinical utility.

The novel sacroiliac lag screw can effectively hold

Key words: percutaneous sacroiliac lag screw; trabecular bone; sacroiliac joint injury
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Fig.2 Schematic diagrams of various lag screw models

(a) Preparation of test specimens, (b) Pullout force testing,

(¢) Damage of polyurethane block after testing
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Fig.4 Pelvic mechanical testing (a) Percutaneous sacroiliac
lag screw repair, (b) Novel sacroiliac lag screw repair,

(¢) Illustration of specimen clamping

2.2 HEER

2.2.1 #ARE SHEWGERARNIMG, Bt
B AR AS TR 46 A7 # B 5 I R, 500 N s 7 B #)
(3.48+0.08) mm [ 1IE % & A b A K (1.96 +
0.04)mm] ; S SETIBEE B A BUE S, B T g
L TR B R4 1 B e/, R (1. 51£0.01) mm;
HIRHE 28 B I3 BT -XUET B S 0 R 4R 0 F8 Ty (1. 56 +
0. 02) mm ; fAHE 28 2 P AT - A TIE I R 45 01 By
(1.79+0.02) mm,, #1475 2R RIRI B fe/)N , FTHA
FAFF[ WL 5(a) ] BRERZ R H 15T -FRETIE S 1Y 1
s TN ) N Rl o = e 1 55 T
RIRRAR DI ETE 200 B R W o5 K, s KTt
R B2 P 7 ET-BUET B 52 0 B 28 B AU W 3 [ WL
Kl 5(b) ], MCEMEREMIE SRFE, H 1B
TRURRHE R D ET 11 1 2 50 R s O T REAE 8 Je B ) T -
SUET 1) [T 8RR, 7843 U BH T B RRAR 7 T 5T P
BRI o 1 R R

500
Z 400
gsoo _ %E]
200 22
& Vs - =43
10027 - 414
45
0 1 2 3 4
AL E/mm
(@) ‘B EFEAR L 58 R DR 2%
300
250
"= 200
g
P 150
100
= 50l
0

M1 #H2 #H3 H4 4
(b) ZHRFEARIE
Es5 g@&SimsR
Fig.5 Static test results (a) Pelvic specimen compression load-
displacement curve, (b) Stiffness of each pelvic specimen

. 5(b) Rl , P<0. 05,

2.2.2 HAMBEHE NTHWHRSHIERE
PRI S Al e 2 £ 50 HT 55 1,100,200, 300,400
F1500 A JE B 4RSS B[ DLIE 6 (a) ]
AR EE R A e /N R AR B 1 AR R R B 2
Bow, Z A A7 T MR, B/ 46 0 % B
Hﬂ;ﬁﬁiiﬁm WEs /N (R 1 2 2 R



O, E. RN 5T h RN
LIANG Cheng, et al. Evaluation of Mechanical Properties of a Novel Sacroiliac Lag Screw 269

i, BRI 28 AH R a6 S8 1, de /N 4 0 B B8 /)N
W1 A2 E/MIBRIRIEZHN 0.3.0.5 mm,
WAL R S W 40 3 290 0. 225 mm, B3
PRI 4 HSAN0.2 mm, HEEHAHE
[ULEL6(b) T F3Hr 45 4l Bp i A6 B I i 179 22 4k
K, A 2 1A PR IR B K, b (0.995 +

0.021) mm; H 24 1 BN EEHRIE, } (0. 520+
0.011) mm ; HAYAL N A0 B IR M 55 A H2 30, (H 22
SAGIFE X (P<0.05) . 4 LRk, B A
&P ET 1B 52 1) shas e vk e f , s £ T HEHE &
Fe RS ET BUET B 52 41, B O 1 B0 405 A 1 e e
w2

06 — 411 —411 --4f14 1.2
il , I e f
£ 03, Do | 0 e e RO
@ 0Tl A NS gl Lo deeee §08
g—giz / V E-04 l\‘\%\ﬁ\{ﬂ o
03 ' VR E—o.s lin‘»_i_‘_ﬁ_ go.e
:§§ M IR IR Y oo T 04 —
-0. -0. e I S
HEFFSE TS Ml OE> E3 m4 A
K S L L A

(a) b5 W32 B 4r b % il 2%
Ee6 mHEREMRBER

(b) % ARSI

(o) F4L R ABABIRIE

Fig. 6 Dynamic stability test results (a) Dynamic compression displacement curve at selected cycles, (b) Minimum displacement at

selected cycles, (c¢) Amplitude for each group at a single cycle

P 6(b) P4 4 45 i, P=0.959; HAR 40 L dse, P<0. 05, & 6(c) P44 Lh#, P<0. 05,

3 itig

4l ASTM F543-2013 5 4TI bR e T hr H
ETRdeak s iR, 159 2047 1 £7 58 B 1) fe R Pk
TR BACFEAL AL BUHE 28 K hr J0 T X P i 1Y)
JERERE 18059, 25 2 LI 2 R 8L, R .
X2 ) AT i) BB A7 205 181 2 i JBT 15 1) i L AR B )
FIRAEEMIm AR L, MR 45 R T LUE 1, 5
RURRAE 0 5T AR XS T HIRHE 28 K B 7 5T 8T X 48 i
BAYELF R ERERE T o B BUECER B 0 £ T4k it
JE| B LR 2 s e ARG B/0  ELBT B BIAR 1 0 £T g
SRR AR e FERR 16 0 N HRBT R R 4K 7
B8 s MAICHK 28 K P 7 5T H R AR/ I 3 Hh A7 7% 1 52
A RAERE, MR G, R ) e 5,
SRIGHLITET B 58 R A%, 3 615 150 347 150 B i 72 Ak
PLITET 1 A o B HAA W WA

AR, H R P AT s KR ik i 4y
S BEAE 2 B R IETRY 50% | B RUBEHE B H T R R
ik ) BN TR & B b 1 ET B BLREHE i
FETHRARKE KT 20 mm B, Hobge Kk i ok F
517 N, #2338 A1 3 5 (600 N) (BPH AL#EHE
FIETHRA K BEFRTF 20 mm B, 57 F7 5T 3k W ok g st
AL 1A A ) o R, B BRGS0 £ 74 FH B

SRS R B BB A BRI e RyLak Hh i
ARIRPRI o PR, L1 5T 18 52 B 535 181405, ir
JIET FE R A A 1) A T AR SRR T B A2 A
WG RLAT BT B B KRR S 70 e — 5 A5 PR RIAT
TR A E AR Ty IR —FR IR 2% A A H T
BT RUHRER B 77 BT A I RS . 5 I 5 AT LA
N2 ST BB 10 £ T B RAT 4k R ) B A B A
G 9 QAT A S K R R E ROCR AR
T R HR AR L) BT IR EAT B IR A 1 45 R R A
ARSI, 37 T E T35 BE 7 AR ORI e e LA, AR
SE M1 52 0 SR B 5 T RE R BT e . BRET o A
B B e IR W ST F AL, BT FE R (9 B 25 R a5 A
R BORE A Rt — BT . B PENA BR5E
TR A HEETFR BT RIS 4 it PRy W T F
B AN s PENA AR FE S 52 2 45 44 B3 g , s e
RESIHE AT AE Rt S ]

MRYEOFTELE R F AT HR 8 A ] 61
BHAEIZAAE T B B AR 0 5T RO R SR R 1
RESE SO0, AT LAHEIT, 76 [R) e B BB AL A 3T
SEAFT B AR S ) BT U A S L R R S R
B X TR A AR BT T S BT R RS T
BT HAAR B N AR I S PR BLREAT — s I, B8
TUBRHE L S 5T HoAs A8 R e R BTk il g, o 7



EREMANE $39% $F28 2024548
270 Journal of Medical Biomechanics, Vol.39 No.2, Apr. 2024

HICAR DL AT B AR AN OB AU, Mg e B
(T 5 M BE S e 8 B 14 sl A AR e, T B RS
FIETAG S AR 5 19 48 3 ) S8R s 8 1 B 22 B fir
JIET-XETAESE B RUBRAE 10 BT REAE I A2 11 PRIV H]
BOR, X T BAL SR AT AB S 18 5E , nT AR AT
WFFEASTETEATHEWT X T8 BB AR A2, B B A
PLATETE 52 HEAK 5 1 453473 ) ROR 12 30 B 22 ml BE AL
T2 ﬁhﬁ’ﬂ AT, MRAEIRIEEE R, sh S E
PR, SR — 5 P B L IR B8 Sz W I a0 A 10 7 25
WIBE | 3 B de /ML % 4 7S B R 50 SO R
TEAR TR B SN 2R AE T, fe /MO AS B AR (E )N
VUTZAE AR M AR B J] SR RS/ | A A R
Ko ZERIARENIL T IRAEAS AR ORI E A I 8
TR {5 B 2 S Rl I, R AT
B, SIASARE P TRCE SR A P R PR R 5 M R 3K
LRV e —E TR EUG TR v

R =B AR B 22 FLAE A P il IR O 19 2
AR BT 1 B LA A R T
AR R Z 5 BA B 4 2 2OR 5 Y
e ROR B 22 . A I 5 P AR B K 8 T 0 5i
RTSUIIE 2, PR A B BT R 7 JEE 2 e KR T
B, ZALEERIRUINERIE 22, HOE 57 7 i JL, 7 R 4R
PRI = 22 A LA A W 57 77 i I ik Z R, %7 %
AJE— T IR IAST I IR AR SRR A Y
FAXS ZFLAEAYY  BRIE TT J E A B Jo i 242 [ HE 5
R, BAT B A | b ) R B E TR AR, H A
DI 53 90 P S e e A 2>l L9 D LR 55 A7 i A
POR N

AT BRIENT . B bR A (4 4 ke
P, AR SR A %’ﬁ@'ﬁﬁﬂ%ﬁﬂ%ﬁﬁ%ﬁﬁﬁ%ﬁtﬂ X
PRI, 2R FH A [R] A9 122 30 s o B A A W 113 45
JE U AT FAR B B A HEA TR K e ; @ Fh?zjc
T B A E 1 OB A PR AS 0 IR, A ST
PEHIE W & 2 An A E 7108, )5 TR B 2
B RARRAS 5 b ST A ) A7 2, SR 58T kA
WAL PUN S dUT kN INDIE NIV RE RV E

4 it

L7 ET B3k 11358 36 5 UG Rk B0 A O 15
A SRR 1 B LS A BE 43 B, XA B R, B it
B T B B A2 A F M, 0 A BB o

MAE/N, REAE SCBUA R RE . B AR A 1 1 ) AE R
KA RS e R W B SRR ) BT 18
S IR DR 41 1 1) [T W A s s 1, — BB

TR A 3T B0 [T S8R R A B 28 B i 1 4T
FIBY I ERCRAN Y, 5870 B T%ﬁﬂ%&ﬂ%hj}ﬂﬁ

R A [ PERE .

Mz ER L,

EE TR R A T30 £ 5| 3K I
PHTENE B XIBE, N A2 LG f kT
HERE , EXHTHBEAE BT Fof Sk
Fow XA BT R A RIS T R 7 5% AT
FAGF S,

S

[ 1] PATEL V. Sacroiliac joint injuries [ J]. Orthopedics, 2012,
35(5): 398.

(2] HKR, #Obk. HREECT AL B4 N B TR TR S ) )
SO J]. PEBFEAME LR, 2011, 19(12) ; 1002-1004.

[ 3] GIANNIKAS KA, KHAN AM, KARSKI MT, etal
Sacroiliac joint fusion for chronic pain: A simple technique
avoiding the use of metalwork [ J]. Eur Spine J, 2004, 13
(3): 253-256.

[ 4] LEDONIO CG, POLLY DW, SWIONTKOWSKI MF.
Minimally invasive versus open sacroiliac joint fusion:. Are
they similarly safe and effective? [ J]. Clin Orthop Relat
Res, 2014, 472(6) . 1831-1838.

[ 5] FANG J, DONG H, LI Z. Comparison of curative effects
between minimally invasive percutaneous lag screw
internal fixation and reconstruction plate for unstable pelvic
fractures [J]. J Coll Physicians Surg Pak, 2020, 30(1):
28-32.

[ 6] TNA. B BEER ARG I =R ] e g R
ZRik, 2004(11) ; 50-53.

[ 7] X, $KR. BEEWEEITZITREJI].
&, 2017, 37(1); 1-10.

[ 8] HOLLENSTEINER M, SANDRIESSER S, BLIVEN E,
et al. Biomechanics of osteoporotic fracture fixation [ J].
Curr Osteoporos Rep, 2019, 17(6) : 363-374.

[ 9] FANG C, LAU TW, WONG TM, et al. Sliding hip screw
versus sliding helical blade for intertrochanteric fractures. A

e B R

propensity score-matched case control study [J]. Bone
Joint J, 2015, 97-B(3) ; 398-404.

[10] WAHNERT D, HOFMANN-FLIRI L, GOTZEN M, et al.
Feasibility study on the potential of a spiral blade in
osteoporotic distal femur fracture fixation [ J]. Arch Orthop
Trauma Surg, 2013, 133(12) . 1675-1679.



B, %E. FEMREER 15T 1 E M
LIANG Cheng, et al. Evaluation of Mechanical Properties of a Novel Sacroiliac Lag Screw 271

(11]

[12]

[13]

[14]

[17]

ASSARI S, KAUFMANN A, DARVISH K, etal

Biomechanical comparison of locked plating and spiral

s

blade retrograde nailing of supracondylar femur fractures
[J]. Injury, 2013, 44(10) ; 1340-1345.
FROST HM. Wolff’s Law and
adaptations to mechanical
clinicians [ J]. Angle Orthod, 1994, 64(3) . 175-188.
AL, SRR, O, . R R AR B S BT E S
2R VRS ST A 7 ke o TN VL Rl S R A 3 1
2024, 28(9) : 1336-1341.

LIANG C, LI CY, QIN XS,
comparison of the new cross-locking intramedullary nail

bone’s structural

usage: An overview for

et al. Biomechanical
with tension band wiring for transverse olecranon fractures
[J]. Injury, 2023(54) : $95-S100.

YL, B, BRI A A 1 F R BT ST SR [ ]
rhEQI G E R SRR, 2018, 20(3) : 223-227.

XS—, Blhe &, BT, . B 1T o BRIE V) R BUE RS A
ETIRTT A MLRE [H] B T 1) 0 R RE S KB iR [ J . th B 4b
Bl2eik, 2014, 22(22) . 2105-2107.

CORNELL CN.
osteoporosis [J]. J Am Acad Orthop Surg, 2003, 11(2):

Internal fracture fixation in patients with

(18]

[19]

[20]

[21]

[22]

109-119.

B, XVEEE, BRI, & BREE ATUEET I Or R IE X
JrEEERe T[] B 15, 2021, 36(3) : 371-376.
LIANG C, LIU JH, LU MJ, etal. Mechanical equation
verification and mechanical property analysis of the TC4
self-tapping bone screw [ J]. J Med Biomech, 2021, 36

(3): 371-376.
SORIANO-BARON H, LINDSEY DP, RODRIGUEZ-
MARTINEZ N, et al. The effect of implant placement on

sacroiliac joint range of Posterior
transarticular [ J]. Spine, 2015, 40(9) . E525-E530.
RUDOLF L. Sacroiliac joint arthrodesis-MIS technique with
titanium implants; Report of the first 50 patients and
outcomes [J]. Open Orthop J, 2012(6) : 495-502.

CHER DJ, RECKLING WC, CAPOBIANCO RA. Implant
survivorship analysis after minimally invasive sacroiliac joint

motion ; versus

fusion using the iFuse Implant System (® ) [J]. Med
Devices, 2015(8) : 485-492.

LI Y, LI W, BOBBERT FSL,
behavior of additively manufactured biodegradable porous
zinc [J]. Acta Biomater, 2020(106) : 439-449.

et al. Corrosion fatigue



