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Isthe UU Stitch Really Alternativeto Modified MA (Mason-Allen)

Stitch for Rotator Cuff Repair?
- Biomechanical Compar ative Study of UU to Modified MA Stitch -

Darren J Friedman, M.D.*, Sang-Hun Ko, M.D., Ki-Bong Park, M .D., Hyung-Min Jun, M .D.,
Tae-Won Kim, M.D., Hyun-Woo Lim**, Young-Jin Yum, PhD**,

Department of Orthopedic Surgery, Ulsan University Hospital, University of Ulsan College of Medicine,
School of Medical and Automotive Engineering**
South Korea, NYU Hospital for Joint Diseases, NYU School of Medicine*

Purpose: In arthroscopic rotator cuff repairs there are generally weak link in tendon suture interface,
arthroscopic rotator cuff repairs can have higher retear rates than open repairs. The purpose of this study
was to compare the strength of UU (Ulsan University) suture than open modified MA (Mason-Allen)
suture when suture anchored into bone.

Materials and Methods: The human supraspinatus tendons were harvested from the shoulder of the
cadaver and split in 2 times, producing four tendons per one shoulder, for a total of 24 specimens. Two
suture configurations (UU, MA) were randomized and checked on each set of tendons. Specimens were
cyclically loaded under force control between 5 and 30 N at 0.25 Hz for fifty cycles. Each specimen was
loaded to failure under displacement control at 1 mm/sec. Cyclic elongation, peak to peak displacement,
stiffness, ultimate tensile load, mode of failure were checked.

Results: No significant difference was found between two suture configuration with respect to peak to
peak displacement, cyclic elongation, and stiffness. With regard to ultimate failure load, there were no
significant difference statistically between the UU suture and modified MA suture (109.4 N, 110.6 N).
The most common mode of failure between both sutures was suture pull-out through the tendon.
Conclusion: The UU suture and modified MA suture produced similar biomechanical properties.

Key Words: Shoulder, Rotator cuff repair, Biomechanics, UU suture, Modified Mason-Allen suture
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— 208 —



SR 7 el 2

gollM UU S8

K
Al

=R
v, & polyester braded <t long chaln polyethyl*
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tuberosity)@ #&E™ (articular surface of humer-
al head)®] 4ol YAAAFA.
2 AFdA Abgd g

Naples,

o

gLy 4] (custom-made

Fig. 1. The human cadaver shoulder was dissected and
separated to each rotator cuff tendon (12 o'clock for the
supraspinatous tendon, 3 o’ clock for infraspinatous tendon
and 9 o’ clock for the biceps tendon).
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Fig. 2. The diagram of UU (Ulsan University) sutureislooking
like as tension-band suture.
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Fig. 3. The MTS Q Test/5 (Material Testing System,
Eden Prairie, MN) and the laser extensometer were posi-
tioned for experiments.

Table 1. Conditioning elongation and peak-to-peak elongation
on UU suture

SR M 123 M 2=

ot 3 4 (mode of failure)e 23 242e]
F 5742 A dal B3 29 (suture break) =
oA Egtel W (suture pull-out), B3 AF wh
(anchor pull-out) &2 7]=3kcp*

Zt AA= 7] FoF A3 od —ro} AdS 2%
gk 271A19] el e 3PS ke T 5 FH
7te] zols A3 A&l =2 Ze] (conditioning
elongation), peak-to-peak Z°] (peak to peak
elongation), #tl <%= (ultimate tensile load),
71€7] (stiffness)oll tiall FATHAQl A4S Alds}
St SAYHLE student-t A3 Mann-Whitney
rank sum testE Ald3ste] Zhzbel B3H (UU,
MA)e el vlmatslon, A oJol= p0.05=
ot 2de B 2 EF AR 7|55

o Ao ¥

Z2

Z 24719] Aol st UU (Ulsan University)
B3t Wy MA (Mason-Allen) 332 Al3)sith.
71 Fab AAke] 4 UU 532 W8 MA 533 1]
wate] H|S=gk Hatgke]l 23 Heol(condition elonga-
tion)¢} peak-to-peak o] @ 7F¥a (Table 1,
2), 7 He EFH AbelelA SAIEARD Atol= T
(pX0.05). std Fal ko] A9, ¥E MA 532 UU
B3l vlal o 2 HAd A g 7o (Table 3,4).
T 0ol BeH AlelellA 9 Fst HARE Hlmgls o,
SAAERL ztel= fllem (pX0.05), stiffnesse] 73
NE UU 287 wa MA 23} 7k EA 8 og ,]

vl = Apol= Al gl

Table 2. Conditioning elongation and peak-to-peak elongation
on modified Mason-Allen suture

Conditioning Peak-to-peak Conditioning Peak-to-peak
Sample No. elongation (mm) elongation (mm) Sample No. elongation (mm) elongation (mm)

1 18 0.7 1 13 0.9

2 19 0.8 2 19 0.8

3 2.0 0.9 3 20 1.0

4 29 21 4 18 0.6

5 19 0.6 5 20 11

6 19 0.8 6 24 0.9

7 22 1.0 7 18 0.9

8 19 0.8 8 1.9 1.0

9 18 0.7 9 27 16
10 21 0.9 10 17 0.9
11 2.0 0.9 11 20 1.0
12 2.0 0.8 12 19 0.6
Mean 2.0 0.9 Mean 1.9 0.9
SD 0.3 0.4 SD 0.3 0.3
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A Wi AN FEEYon, A7]dM = shte AMEA dd B3 &7 a2 Ao oM dAA
o
A

o
]

UU &AM, stvts fd MA S3elr #2300

2 d
Ax 2709 HAE SFAF AAAA FEEHA=H, o Ae Bl 7o del AFHD AHEEHE 5 =719
7% st UU B34, slves W3 MA 23 Hlwale] fAF T2 o 453 23S Hojof s}
oM #AFTH e RE HAME B3 A= Aol Ak UU B3y Aoz 7P 7k
W (suture tendon interface)olr &3t wiA g gez Wygd MA B3 7o) AdE =

Table 3. Ultimate tensile load and stiffness on UU suture

Sample No. Ultimate tensile load (N) Stiffness (N / mm) Mode of failure
1 129.8 271.7 Suture failure
2 68.5 11.0 Anchor failure
3 99.4 25.6 Tendon pull-out
4 1215 455 Tendon pull-out
5 151.6 55.0 Tendon pull-out
6 69.9 15.3 Tendon pull-out
7 90.0 10.4 Tendon pull-out
8 140.6 26.1 Tendon pull-out
9 126.0 28.9 Tendon pull-out
10 106.0 24.9 Knot failure
11 89.8 25.7 Tendon pull-out
12 119.7 251 Tendon pull-out
Mean 109.4 26.8
SD 26.6 12.8

Table 4. Ultimate tensile load and stiffness on modified MA suture

Sample No. Ultimate tensile load (N) Stiffness (N / mm) Mode of failure
1 109.4 10.7 Suture failure
2 40.9 10.9 Tendon pull-out
3 110.6 279 Knot failure
4 125.9 39.0 Tendon pull-out
5 155.9 58.9 Tendon pull-out
6 56.9 14.4 Tendon pull-out
7 99.7 12.1 Tendon pull-out
8 154.9 259 Tendon pull-out
9 138.9 259 Tendon pull-out
10 117.9 239 Tendon pull-out
11 975 14.9 Anchor failure
12 121.7 251 Tendon pull-out
Mean 110.9 24.1
SD 347 139

— 211 —



A FuAEES

H b B | [e]
A7heITh
UU $38e a42 A sdel #a7 e 3ol
EAeE 5 gl NEE MAZIES B47 o
o gelal A48 & s Beel Mg dol
9. AASEe WaE ML 2Ee A8 Q9T
d stedelAl, 2d

weE ML 2%

g 29 F 9 PHoz YAId. o|ge WIH
ML 23S 50 Belshl #97 seld A8 4
S ARl WP Yol v UU B@Held

A =2l B3re APt ol tigh vz AF
(cyclic loading test)® <174 A& (load to failure
test) & A T o B F7] FaE 7t 5 2
= A7t est, gAY W3S FHgHer Ao}
7] $13 mm @919 FEg 54
gk Foizl dHiolHE A5t #e
7F Zasith A HA a7d g
A4 i 4 Ao, FEF

2% 740l HAstm gE

~
fo
iy
1,
kY

A

N
)

A%l BF AT
2% 474 <

=

o2 orfr ol oX

o
2y
X
I ™
o,

X
R

|

B
op
e
&
o
52
F

i o

£ Bl Moot
ol

C o (o 9t

c o &
o
fr
ke
o
)
rO
(¢
E o}
NI
)
%2,
32,
vl

et
o Asfel] UU 238e W3e MA 2
bl F7] atel T A sgol £

=
=
£
)
S

e

. Peak-to-peak
el g Aozt gllen o+

ofz H
oo i

o ¥

T Cod & Y
(loosening) 8 < Aow, HHEZH<Q]
AdoA FARS HFo g ojgk d
P&, UU 3ol A 914
Wy} fAbetg e, ol U
FHS A= vwets
Fro] doj&s T

5

¥ R AHg

o

[
-
)
A
oft
oo
ol
¥
2
>
2]
oflt
i,
=

oft

?{_[

i

=

=

El

%

o L

o ©
2

S oft
18

o Y

o N

Tg fle

2

07

= 9
et

o ?%

oo A

% o
4 o

I
=
st
232

o oo oY A >

peak-to-peak #o]<}
placement) & 7}It}.
#4474 3 MA %% (Arthroscopic Mason-Allen

(X H 12 3 A 2 2 —

suture)2 43 B3 HAHE F3)
AA = viEE AMEsllen, wiE
AR Fejtn FEEAG. olg e BEA 3 MA %
3ol o] FuEAIRE, AGsHAQl 5L ofF 4
A A gdeH? . B2 (MC, Massive Cuff) &3
o] ot 1 RS o] gate] AT o] AP
ZAgo] wRFHAeH Ho AFHL o B3l Hs)
B
[e)

S B

i)
Ik
=)
ey
Jo

~
2
P‘L
3R 0
dlo

AL @ Aol AH AdddlAe] sd 7f

gatlor, Axkse A= Azt A
a7l wZel ddHem o 4
AR AE8 5 e Aoz YZET. AREY A
o] e AW ddHer FdEe AAE
Siol MNeks Fotol WA SellA AlFEA

rd
=
s il
il
>~
Rl
ofo

&
zte] e gk do] JHE SHsAH. WiFS =
7] ARE AaA1717] flske] gk el FE el (Ko
S.H.)ell ofalf Ald=len, H &5 wj5H (Revo
knots) & AFESI AL, RE H] &F ufFdA RHAP
(Reverse Half hitches and Alternating Post)%}
Zo| #A7 slolA AdEE WS AMEed Y A
o] FHeo] & & 3l

2 5L old B3 (double row suture
repair)°] & 27| 2% A=rF 9 Asitta Azt
SEAIRE, 7]=AQl ofelgo] dvta AZEn. AAES

rHu



— I&FE  EEE N mEel SEoM UU St 2 HAEE MA(Mason-Allen) S8 OxE = A=71 —

REFERENCE

1) Cummins CA, Murrell GA: Mode of failure for rota-
tor cuff repair with suture anchors identified at revi-
sion surgery. J Shoulder Elbow Surg, 12: 128-133,
2003.

2) Galatz LM, Ball CM, Teefey SA, Middleton WD,
Yamaguchi K: The outcome and repair integrity of
coletely arthroscopically repaired large and massive
rotator cuff tears. J Bone Joint Surg Am, 86: 219-224,
2004.

3) Gerber C, Schneeberger AG, Beck M, Schlegel U:
Mechanical strength of repairs of the rotator cuff. J
Bone Joint Surg Br, 76: 371-380, 1994.

4) Gerber C, Schneeberger AG, Perren SM, Nyffeler
RW: Experimental rotator cuff repair A preliminary
study. J Bone Joint Surg Am, 81: 1281-1290, 1999.

5) Ko SH, Cho SD, Choe SW, et al.: The evaluation for
the usefulness of arthroscopic miniopen repair which
related with large and massive sized full-thickness
rotator cuff tear and clinical results. J Korean Shoul-
der Elbow Soc, 9: 83-88, 2006.

6) Ko SH, Cho SD, Gwak CY, Eo J, Yoo CH, Choe
SW: Use of massive cuff stitch in arthroscopic repair
of rotator cuff tears. J Korean Shoulder Elbow Soc, 9:
181-188, 2006.

7) Ko SH, Cho SD, Lew SG, Park MS, Kwag CY, Woo
JK: Comparison of arthroscopic versus mini open
repair in medium and large sized full thickness rotator
cuff tear -short term preliminary results-. J Korean
Orthop. Soc. Sports Med, 3: 73-80, 2004.

8) Ko SH, Cho SD, Park MS, Woo JK: The use of bio
suture anchor in the arthroscopic repair of medium

sized full thickness rotator cuff tear in sports injury. J
Kor Sports Med, 23: 180-185, 2005.

9) Ko SH, Cho SD, Ryu SO, Gwak CY, Park MS:
Arthroscopic repair of full thickness rotator cuff tear. J
Korean Shoulder Elbow Soc, 6: 161-166, 2003.

10) Ko SH, Lee CC, Friedman D, Park KB, Warner
JJP: Arthroscopic single-row supraspinatus tendon
repair with a modified mattress locking stitch: a
prospective randomized controlled comparison with a
simple stitch. Arthroscopy, 24: 1005-1012, 2008.

11) Ko SH, Rhee YG, Jeon HM, Lee CC: The usefulness
of all arthroscopic repair with biceps incorporation in
massive sized full thickness rotator cuff tears. J Korean
Shoulder Elbow Soc, 10: 106-111, 2007.

12) Ma CB, MacGillivray JD, Clabeaux J, Lee S, Otis
JC: Biomechanical evaluation of arthroscopic rotator
cuff siitches. J Bone Joint Surg Am, 86: 1211-1216,
2004.

13) MacGillivray JD, Ma CB: An arthroscopic stitch for
massive rotator cuff tears: The Mac stitch. Arthroscopy,
20: 669-671,2004.

14) Ma CB, Comerford L, Wilson J, PuttlitzCM: Biome-
chanical evaluation of arthroscopic rotator cuff
repairs. double-row compared with single-row fixa-
tion. J Bone Joint Surg Am, 88: 403-410, 2006.

15) Scheibel M T, Haber meyer P: A modified Mason-Allen
technique for rotator cuff repair using suture anchors.
Arthroscopy, 19: 330-333, 2003.

16) Schneeberger AG, von Roll A, Kalberer, Jacob HA,
Gerber C: Mechanical strength of arthroscopic rota-
tor cuff repair techniques: an in vitro study. J Bone
Joint Surg Am, 84: 2152-2160, 2002.

17) Sileo MJ, Ruotolo CR, Nelson CO, Serra-Hsu F,
Panchal AP: A biomechanical comparison of the medi-
fied Mason-Allen stitch and massive cuff sitich in vitro.
Arthroscopy, 23: 235-240, 2007.

— 213 —



\
=
ol
r
4
rt:l
J0|
ol

FE|X| M 12 # M 2 =

= E
S A7 5 3|AE N B dukrl oz A-E3E HET (tenon-suture interface) ©l
oFak 9] (weak link)7}F EAE0] glo] #AA 3f A2 7 B3 /ia BiEHt) =2 A
HFgd&e 7RIt o] Ao EA2 FFALE wo uid Hh7do=z A 4 9le UU

o

(Ulsan University) 32} /144 ¥18 MA (Mason-Allen) &3] =g vluske= 3ot
CHAM 2 Hi: oF 2o ARA] S22 g AFste] Arte g e & oA Arkg vro] AR 9]
oAl I g 1l e AE e F 24009 AAE WEJT. F 5F FE (UU. MA)
= TR dgstdon zhzte] e Attt AAE 0.25 Hzoﬂfﬂ 5~30N<| =24 ¢
st Al 503 F7] -3 (cyclic loading) € #tth. 7+ HAAlE 2% Ilmme| o)t & 48
slolA wtdo] whE u(ultimate tensile load)7HA] #3312 wgktd. =7 o]¢k (condition
elongation), peak-to-peak %°](displacement), 71&7] (stiffness), Htl <& (ulti-
mate tensile load), € ¢ (mode of failure) 5= 7153+

o 7] Fof A@oA F &8 dH T 7o e Aol AT 4"41 e AR UU &

g W3y MA (Mason-Allen) &3 7ol BAEAHC 2 {23t Afol= At (109.4 N, and
110.6 N). & B3 FejolA 71 &3 3 Fd2 53 g (suture pull-out) o] ATt
HE: UU 339 A8 MA 5382 FA18 A9 5448 7B

i}
—

AOL BHOf: Ak, 3 J) B, Ao 49, UU &% ¥¥e MA &

— 214 —




