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Study on the mechanical differences between single-row belt rivets and double-row suture bridge in repairing rotator
cuff injury LIU Lai-you and LYU Zhi. Department of Orthopaedics ,the Second Hospital of Shanxi Medical University,
Taiyuan 030001, Shanxi, China

ABSTRACT Objective:To compare and analyze the mechanical differences between single-row suture anchor fixation for
repairing rotator cuff injuries and double-row suture bridges for repairing rotator cuff injuries from a biomechanical perspective.
Methods : The CT scan data of healthy adult shoulder joint were imported into Mimics, Geomagics and Hypermesh to carry out
reverse reconstruction of two repair models, material assignment and mesh division,and the tearing of supraspinatus muscle
was designed. After treatments, the load and boundary conditions were applied to the shoulder joint in ABAQUS software. The
shoulder joint was fixed with four working conditions including flexion 15 °,flexion 30 °,internal rotation 15 ° and internal ro-
tation 30 © after anchor fixation and repair. The stress changes of the upper rotator cuff muscle and the anchor with thread were
compared under these four conditions. Results : Under the two flexion conditions, the stress of the supraspinatus in the double
row suture bridge fixation model was 8.3% and 12% less than that in the single-row suture anchor fixation, respectively. Under
the two internal rotation conditions,the stress of supraspinatus in the double row suture bridge fixation model was 47% and
48% less than that in the single row fixation repair model , respectively. Conclusion: The "load sharing" effect between the two
rows of four anchors makes the stress distribution more dispersed ,increases the contact area between the supraspinatus muscle
and the humerus,reduces the stress of the anchor, avoids the serious stress concentration phenomenon , and explains the advan-
tages of the fixation method of the double row suture bridge from the biomechanical angle.
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Tab.1 Material properties of various parts of shoulder joint

model

i bk (MPa) NER /N4
W T H 17 000 0.28
54T (PEEK) 3800 0.28
L 1200 0.4
WgE 1.08 0.4
WeE 400 0.3
1.2 JH T A BT A ST

300 [ S 5T ) SR T R AR S R T AR R
A ABAQUS A BRICH A 55T L 90 M A B 1B N -
FR A ELSE NIRRT 2 2, K B U I R 32 i
S A, AR H 43R A B R A LA S B

2
Fig.2 Single(2a) and double(2b) row rotator cuff stitching model diagram
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Fig.1 Left shoulder solidification model
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Fig.3 Left shoulder finite element model
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Tab 2 Stress of the lower rotator cuff muscles with two
external fixation methods of 30° rotation(MPa)

i PR BT AUHESE G 7 18 5
X B 120.56 289.32
X L 210.24 33045
NG 273.52 284.25
JA T L 373.15 379.82

L3 73 (416.3 MPa) 98 K XUHE 4% 15 1 452 2 o IX)

ENL 32 T3 (217.9MPa)

2.5 JEOT IR R R AR BT I T 2EAT
MR ST N 15° iy R AT Y %2 J1 1 ol (1

S, Mises S, Mises

(Avo: 75%)
+1.383e+02
+1,0008+02
+9.167e+01
+8.333e+01
+7.500e+01
+6.6678+01 +6.6678+01
+5.833e+01 +5.833e+01
+5.0008+01 +5.0008+01
+4.167e+01 +4.1678+01
+3.333e+01 +3.333e+01
+2.500e+01 +2,5008+01
+1.667e+01 +1.6678+01
+8.3332+00 +8.3332+00
+0.000e+00 +0,000e+00

(Avg: 75%)
+1.276e+02
+1.000&+02
+9.1672+01
+8.333e+01
+7.5008+01
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Fig.4 The stress of supraspinatus muscle in the two models under the condition of forward flexion
at 15°. The left picture shows the stress of the supraspinatus muscle repaired by the single-row wire

rivet model ,and the right picture shows the stress of the supraspinatus muscle repaired by the dou-

ble-row suture bridge repair model

S, Mises S, Mises

(Avg: 75%) (Avg: 75%)
+2,73%e+02 +2.548e+02
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Fig.5 The stress of supraspinatus muscle in two models under the condition of forward flexion at
30°. The left picture shows the stress of the supraspinatus muscle repaired by a single row of wire
rivets,and the right picture shows the stress of the supraspinatus muscle repaired by the double-row

suture bridge
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S, Mises S, Mises

(Avg: 75%) (Avg: 75%)
+2.3698+02 +1.4618+02
+1:250e+02 +1.280e+02
+1.146e+02 +1.146e+02
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+2.083e+01 +2.083e+01
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Fig.6 Stress of wire rivets in the two models under the condition of forward flexion at 15°. The left

SR ET

picture shows the stress of the rivets in the repair model of the single-row line rivet,and the right

picture shows the stress of the rivets in the repair model of the double-row suture bridge

S, Mises S, Mises

(Avg: 75%) (Avg: 75%)
+4.710e+02 +2.907e+02
+2.350e+02 +2.3508+02
+2,154e+02 = +2.154a+02
+1.958e+02 +1.9588+02
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Fig.7 Stress of wire rivets in two models under the condition of forward flexion at 30°. The left pic-

ture shows the stress of the rivets in the repair model of the single-row line rivet,and the right pic-

ture shows the stress of the rivets in the repair model of the double-row suture bridge

s, Mises S, Mises

(Avo: 75%) (Avg: 75%)
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49.167e+01 +9.167e+01
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Fig.8 The stress of supraspinatus muscle in the two models under the condition of internal rotation
15°. The left picture shows the stress of the supraspinatus muscle repaired by a single row of wire
rivets,and the right picture shows the stress of the supraspinatus muscle repaired by the double-row

suture bridge
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S, Mises S, Mises

(Avg: 75%) (Avg: 75%)
+4.1632+02 +2.179e+02
+2.000e+02 +2.000e+02
+1.8332+02 +1.833e+02
+1.667e+02 +1.667e+02
+1.500e+02 +1.500e+02
+1.333e+02 +1.333e+02
+1.167e+02 +1.167e+02
+1.000e+02 +1.0008+02
+8.333e+01 +8.333e+01
+6.6672+01 i +6.667e+01
+5.000e+01 +5.000e+01
+3.333e+01 +3.3338+01
+1.667e+01 +1.667e+01
+0.0002+00 +0.000e+00
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Fig.9 The stress of supraspinatus muscle in the two models under the condition of internal rotation
30°. The left picture shows the stress of the supraspinatus muscle repaired by a single row of wire

rivets,,and the right picture shows the stress of the supraspinatus muscle repaired by the double-row

suture bridge

S, Mises S, Mises

(Avg: 75%) (Avg: 75%)
sam e
+6.417e+01 +6.417e+01
+5.833e+01 +5.833e+01
+5.250e+01 +5.250e+01
+4.667e+01 +4.6678+01
i i
+2.917e+01 , +2.917e+01
+2.333e+01 +2.333e+01
+1.750e+01 +1.750e+01
+1.167e+01 1.167e+01
+5.833e+00 +5,833e+00
+5.356e-10 +3.988e-10
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Fig.10 The stress of the rivets in the two models under the internal rotation of 15°. The left picture

shows the stress of the rivets in the repair model of the single-row line rivet,and the right picture

shows the stress of the rivets in the repair model of the double-row suture bridge

S, Mises S, Mises

(Avg: 75%) (Avg: 75%)
+1.8252+02 +1.723e+02
+1.5008+02 +1.500e+02
+1.3752+02 +1.375e+02
+1.250e+02 +1.250e+02
+1.125e+02 +1.1258+02
+1.000e+02 +1.000e+02
+8.750e+01 +8.750e+01
+7.500e+01 y) +7.5008+01
+6.250e+01 +6.250e+01
+5.000e+01 +5.000e+01
+3.750e+01 +3.750e+01
+2.5008+01 +2.5008+01
+1.250e+01 +1.250e+01
+9.449e-10 +6.246e-10
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Fig.11 The stress of the rivets in the two models under the internal rotation of 30°. The left picture
shows the stress of the rivets in the repair model of the single-row line rivet,and the right picture

shows the stress of the rivets in the repair model of the double-row suture bridge

SNz Bk, R R A IR AL
SRR SN AR (Rl
7 373.15 MPa,379.82 MPa, %P
NARJE 55 i A1 e iz 3l B 32 22 i
JA R WSR2y, 1 A< PR Ay 15 245
SRR B 55 A e B E R L
Z RN ) K, 58 KT 18 Bl )
SEWFREE R — B, WA BT
BRI AT AR 2 T 5
3.2 HiJE LA N 1 b

B &5 1 15° (& 4) il
30° (& 5) B iy g i 42 78 e [X] 1 L
W 15345 2 B AT LUE Y F A
SRR AR R, X LY Az
JIB 3G, AR T A #h LR AE B
KBRS TEEEM.
fE W — A~/ JE AR (15°
30°) , FLHET 2R A ET A K] 1 L
% 77 b BUHE 2% A 1 [ 18 55 AR Y
X LAz 1 4 SR 8.3% Fil
12% , IV 73 43 A 18 50 2k &, BUHE
LY A X LR R T 53 AT T R 3
AT, UGB ACHESE G A [ AT ARSI
Jil Sk 55 LA ) B2 i T R, R A
AT R s, SUHE R s KB LR
J15r 5] W JET /N, DHT
15° (& 6) F11 30° (& 7) T4 £k
BEET T 32 N 1 43 AT, AE PR G JE T
U, BHER A g BT 1 N ) (R
| T 236.9 MPa #il 471.0 MPa, It
XUHEASE AR ef B T Y 32 77 43 3 16 n
T 62%F1 60% . it BH fif FH 5 £ 4
BTk AT DL A A5 [ 2 U 24 1) JE Al L
A, LBl A A T 50 (R 3 i, ks R
- 1l 3 FHE &1 45 58 43 B L T o
HAHE 2 MOIBET [ U7 i BAK L RE
E RN R HBEE JE O 18 3l
(38 R, FERRET S H B TR B
NS ELGE I RUHE 4 FCIRET 1)
52 8 0] DA i B AT 22 18] ) 67
VT N VAR LTI D O 7 L R Y VA
2R HLA 04 ET A SN T
HRFBENIKE
3.3 BELAL TN 15 b

JE KT E 15° (18 8) Fi P Jig
30°(1& 9) 00T, AR PR i A 721



P15 2021 4 6 HES 34 4555 6 ] China J Orthop Trauma, Jun.2021, Vol.34,No.6

-549.

WX B JILE R g o A AT I A 25 S, (HOUHEGE &

B v X LAY 32 380y, PR e 00 0 1

e HERE AL X F L2 T3 /0N 47 % 48% , 15t A A

i 2B BT 8] 72 LA 55 R B 3% 1R RE T8 43 4 ik, 7

Az T JRFRIV AR R o DA A AR TR A T G A A JiE

Lo AR AT 12 s 0L (&1 9, 10) AT LUA H , 1

RN i B 2 Al SR BT 32 3§, DB S 1

TEB BRI ] ARG i [ E M . miTER]— A

Ji€ M RE R (15°,30°) , FHRE 52 AT vpay 2R A 5T 52 2]

89 L 3 HG BUHE 4% & B A5 Y v 8 5T 52 3 W g 53 0 R

5.6%H 5.8% , H S HERE A b MU BT R B 5T Y BT

FEAR T EE AN ARG, OB g T 52

JISE RIS, R EE ARG R S T R

£
ARSCRLIX] WU R 5T 1 32 118 DL o BF 5 4

b, R BRICTITIEWT ST T B HEAT 2R 4T 5 % A1 XL

HESE S B 8 E 18 R w0 i J1 7 22 5 o B ARk

AR AT e AR b X B LR 2 BT 1Y

BTN, B2 SO T R AL X

VAR ET R J7, DEWIAE L HE 2 AR BT B 18 %E 5

LA K SR Z 0] D i, MELLA B S8 R 1Y

B T RUHRSE 5 4% [ WS S IRk T IX SR 2

5L Z 8] 58 73 0 Al 0 8 il 40 52 T 350, A A

TREIKSE , NAE W )25 BE R 1 XUHR4E S A7 ]

SE LT B B BT T o I — R

2 & 3k

(1] XU, Z00ME, 22 AR, 55 5 A 4 7 XCHE 181 52 618 52 )8 h
iG], a4 ,2008,24(8) :633-635.

LIU YJ,LI GH,LI ZL,et al. Arthroscopic rotator cuff repair
with double-row allograft bone suture anchor[J ]. Zhonghua Chuang
Shang Za 7Zhi,2008,24(8):633-635. Chinese.

[2] Inoue A,Chosa E,Goto K,et al. Nonlinear stress analysis of the
supraspinatus tendon using three - dimensional finite element
analysis[J]. Knee Surg Sports Traumatol Arthrosc,2013,21(5):
1151-1157.

(3] BRW, 6B B, 55, R B T AUFSE G AR BT 2
ORI il A2 2 R T RO A [C . WA s o 2 i B2
gy %3, 2015 AR W LA B BH 2 AR AR 218 SOIE S — O 1Y 4 8L i
VLA B2 e B R 00 23 LA B R P23, 2015:28-29.
CHEN G,PAN JE,HUANG CL,et al. Arthroscopic double-row
suture bridge technique for the treatment of medium to large rotator
cuff[C]. Orthopedics Branch of Zhejiang Medical Association. 2015
Zhejiang Orthopedics Academic Annual Conference Papers—Joint
Topics. Orthopedics Branch of Zhejiang Medical Association :
Zhejiang Science and Technology Association,2015:28-29. Chin-

ese.

(4] &7 Edward VC. A9y 9 38 16 8 #h B 0518 2 b itz 1) ). 1]

N

[11]

[12]

[13]

[15]

455.,2011,34(3) :263-265.
LU N, Edward VC. Applications of biologic augmentations in rotator
cuff repair[J ]. Zhongguo Gu Shang/China J Orthop Trauma,2011,
24(3):263-265. Chinese with abstract in English.
Wu LJ. Nonlinear finite element analysis for musculoskeletal
biomechanics of medial and lateral plantar longitudinal arch of
Virtual Chinese Human after plantar ligamentous structure failures
[J]. Clin Biomech (Bristol , Avon ) ,2007,22(2) :221-229.
Duprey S,Bruyere K, Verriest JP. Human shoulder response to
side impacts:a finite element study[J]. Comput Methods Biomech
Biomed Engin,2007,10(5):361-370.
Cutti AG, Veeger HE]JD. Shoulder biomechanics : today’s consensus
and tomorrow’s perspectives [ J ]. Med Biol Engin Comput,2009,47
(5):463-466.
AR JH O Bankart B3 191236 S H AR ) 2 1R RO 4y
BriD]. Lo 1A Kk, 2017.
ZHANG ZW. Diagnosis and treatment of shoulder Arthritis of
Bankart and its finite element analysis of biomechanics [D].
Shanghai : Shanghai Jiao Tong University,2017. Chiense.
SRS R, G, AL O I8 Zy UL A g R B 1 5
o [T ]. I K £ 4+, 2007, 14(2) : 221-225.
ZHU MZ,TANG JB,LING SC,et al. The experiental study of the
muscles” moment arms changes during the movement of the
glenohumeral joint[ ] ]. Zhongguo Lin Chuang Yi Xue,2007,14(2):
221-225. Chinese.
fuf iy, 45 =M, e R AN TR R ST DD RE AL BB MR = e A R
JEREF1 54T L] i R A 2% 35,2006, 9(6) :559-561.
HE F,GOU SH,BU HF. Three dimensional finite element analysis
of humerus under the different functional position of shoulder[]].
Lin Chuang Gu Ke Za Zhi,2006,9(6) :559-561. Chinese.
Mihata T,Watanabe C,Fukunishi K,et al. Functional and stru-
ctural outcomes of single-row versus double-row versus combined
double-row and suture-bridge repair for rotator cuff tears[J]. Am J
Sports Med,2011,39(10) :2091-2098.
Kim YS,Chung SW,Kim JY,et al. Is early passive motion
exercise necessary after arthroscopic rotator cuff repair[J]. Am J
Sports Med,2012,40(4):815-821.
Sano H, Takahashi A ,Chiba D, et al. Stress distribution inside bone
after suture anchor insertion : Simulation using a three-dimensional
finite element method[] ]. Knee Surg Sports Traumatol Arthrosc,
2012,21(8):1777-1782.
Park JY,Lhee SH,Oh KS,et al. Clinical and ultrasonographic
outcomes of arthroscopic suture bridge repair for massive rotator
cuff tear[ ] ]. Arthroscopy,2013,29(2):280-289.
SRR, AR, WAL 3G AT B 3 Ry B b A 4 R
Sy T LT ). o ,2017,30(8) :689-694.
ZHOU XB,LIANG JB,CHEN ZY. Comparison of therapeutic
effects of three repair methods for rotator cuff tears under
arthroscopy [J |. Zhongguo Gu Shang/China J Orthop Trauma,
2017,30(8) :689-694. Chinese with abstract in English.
CHH F 91 :2020-10-05 A< S04 it - 3 46 )



