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High-Strength Suture Tapes Are Biomechanically
Stronger Than High-Strength Sutures Used in Rotator

Cuff Repair

Paul Borbas, M.D., Lukas Fischer, B.Sc., Lukas Ernstbrunner, M.D., Ph.D.,

Armando Hoch, M.D., Elias Bachmann, M.Sc., Samy Bouaicha, M.D., and Karl Wieser, M.D.
Purpose: To assess the mechanical properties, tendon resistance to suture cutout, and knot size of a broad variety of high-
strength sutures and tapes available for arthroscopic rotator cuff repair. Methods: Nine different types of high-strength
sutures and tapes for arthroscopic rotator cuff repair were studied: 6 were tapes (FiberTape, Hi-Fi Tape, Permatape,
SutureTape, UltraTape, and XBraid TT), and 3 were sutures (Dynacord, FiberWire, and Ultrabraid). First, mechanical
tensile testing of suture loops (n ¼ 6) was performed. Second, the suture material was passed through an intact human
cadaveric rotator cuff tendon (supraspinatus or infraspinatus), and cyclic as well as load-to-failure testing was performed,
8 times for each suture or tape. Statistical analysis of groups (tapes vs sutures) and between each suture and each tape was
performed. Results: Material testing revealed significant differences with superior mechanical properties of tapes compared
with sutures regarding load for 3 mm of displacement (201 N vs 84 N, P< .0001), displacement at 200 N (3.6 mm vs 6.6 mm,
P < .0001), stiffness (46 N/mm vs 25 N/mm, P < .0001), and ultimate load to failure (509 N vs 288 N, P < .0001). FiberTape
showed thehighest ultimate load to failure (805.5�36.1N), thehighest loadnecessary for 3mmofdisplacement (376.2�19.1
N), and the lowest displacement at a 200-N load (2 � 0.1 mm). Permatape had the highest stiffness (58.5 � 5.3 N/mm).
FiberTape had the highest knot height (9.5� 1.3mm) and knotwidth (3.8� 0.7mm) of a suture loopwith 7 square knots. The
typical failuremode in the cadaveric study part was tendon cut through.Conclusions: Biomechanical in vitro testing showed
that high-strength suture tapes comparedwith regular high-strength sutures have significantly bettermechanical properties in
both dry-laboratory testing and human cadaveric rotator cuff tendon pullout testing. FiberTape outperformed the other tapes
and the sutures used in this analysis. Nonetheless, differences in tendon testing appeared to be less substantial than in dry-
laboratory testing, and FiberTape had the highest knot height and width. Clinical Relevance: FiberTape revealed the most
favorable biomechanical performance in dry-laboratory and rotator cuff tendon testing. Itmay provide the best repair strength
in vivo; however, it also has the largest knot size.
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well as tendon and muscle quality.1-4 Since the break-
through of arthroscopic RCR (aRCR), technical factors
and material properties have gained more impor-
tance.5,6 Correct stitch positioning, suture configura-
tion, and adequate knot-tying techniques have been
proved prerequisites for successful aRCR.7-10 Failure
analyses suggest that the suture-tendon interface is the
weakest link of aRCR constructs.11,12

Historically, No. 2 Ethibond (Ethicon, Somerville, NJ),
which is a braided, nonabsorbable polyester suture, had
been used as a standard suture.6,13 Over time, polyblend
suture materials that incorporate ultrahigh-molecular-
weight polyethylene (UHMWPE) were introduced and
gained popularity because of their biomechanical supe-
riority.6,14 FiberWire (Arthrex, Naples, FL) is a nonab-
sorbable, polyester suturewith aUHMWPEmultifilament
core and a braided polyester jacket. The nonbraided core
resists elongation and is further protected by the polyester
, Vol 3, No 3 (June), 2021: pp e873-e880 e873
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Fig 1. Suture materials tested (6 tapes and 3 sutures) and their material composition.
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jacket. Recently, No. 2 Dynacord suture (DePuy Mitek,
Raynham, MA) was introduced, and less tendon cut
through was found compared with FiberWire.15 Dyna-
cord incorporates a silicone- and salt-filled core within a
UHMWPE sheath.15 Another popular high-strength su-
ture is Ultrabraid (Smith & Nephew, Andover, MA),
which has previously been shown to be less abrasive than
FiberWire.16 Ultrabraid has braided UHMWPE fibers
without a longitudinal core.
Over the past decade, tape-type sutures gained in

popularity with promising reports in the literature.17-19

FiberTape (Arthrex) is an ultrahigh-strength 2-mm-
wide tape that incorporates the structure of FiberWire.
It has shown 3 times higher stiffness and ultimate load
to failure in comparison to FiberWire.20 Consequently,
SutureTape (Arthrex) was introduced, which is a
comparably thinner tape with a UHMWPE portion
covered in a braided UHMWPE-polyester jacket, and
also showed greater stiffness and ultimate load to
failure than FiberWire.19 In knotted aRCR techniques,
knots may be a source of potential subacromial irrita-
tion21 and smaller knot sizes may be beneficial.
Furthermore, desirable suture material properties pro-
vide sufficient hold in the tendon to avoid the common
failure mode of suture-tissue cut through, besides suf-
ficient mechanical strength to resist breakage with
sufficient stiffness and knot security.
The purpose of this study was to assess the mechan-

ical properties, tendon resistance to suture cutout, and
knot size of a broad variety of high-strength sutures and
tapes available for aRCR. We hypothesized that high-
strength suture tapes would have significantly better
mechanical properties than regular high-strength su-
tures. We further hypothesized that tapes would show
greater tendon abrasiveness and larger knot sizes.
Methods
Ethical approval was obtained for this study (project

No. 2018-00588).
Experimental Design
Nine different types of high-strength sutures and

tapes for aRCR were studied; of these, 6 were tapes and
3 were sutures (Fig 1). The tapes used in this study were
FiberTape, Hi-Fi Tape (ConMed Linvatec, Largo, FL),
Permatape (DePuy Mitek), SutureTape, UltraTape
(Smith & Nephew), and XBraid TT (2.0 mm; Stryker
Endoscopy, San Jose, CA). The sutures used were
Dynacord, FiberWire, and Ultrabraid.
The study consisted of 2 parts: In the first part of the

study, exclusive mechanical testing of all the types of
suture material was performed (mechanical study). In
the second part, the suture material was passed through
an intact cadaveric human rotator cuff tendon and cy-
clic as well as load-to-failure testing was performed
(cadaveric study).

Experimental Setup

Mechanical Study. Sutures were securely fixed around
a dowel with a 20-cm circumference, forming a suture
loop using 7 square knots. The knots were all tied by 1
fellowship-trained orthopaedic surgeon (P.B.)
performing more than 100 aRCR procedures per year.
Furthermore, the knots were hand tied to prevent
any potential differences or biases due to the use of
instruments, as has been performed previously.10

Mechanical strain testing was performed using a
material testing machine (Z010; Zwick/Roell, Ulm,
Germany), which recorded the data with dedicated
software (testExpert II; Zwick/Roell) and evaluated the
data regarding load (in newtons) and displacement (in
millimeters). Each suture loop construct was placed
between a hook and a pin secured to the crosshead and
base of the machine (Fig 2). The knot was placed so that
it was between both dowel pins and not touching either
one. Each suture loop was preloaded to 5 N, and the
initial crosshead displacement was recorded. Load and
displacement data were recorded as the suture loops
were loaded at a rate of 5 mm/second until failure,



Fig 2. In the mechanical study part, each suture or tape loop
construct was placed between a hook and a pin secured to the
crosshead and base of the material testing machine.

Fig 3. In the cadaveric study part, tapes or sutures were
pierced just medial to the rotator cable of the rotator cuff
tendon.
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similarly to other studies that recorded data at varying
frequencies and at a rate of 1 mm/second. For each
sample, we determined the ultimate load to failure;
maximum load at 1, 2, and 3 mm of displacement; and
mode of failure. Each of the 9 different sutures and
tapes was tested 6 times.

Cadaveric Study. Two fellowship-trained orthopaedic
surgeons (P.B. and L.E.) performed dissection,
preparation, and repair after thawing of 18 fresh frozen
(e20�C) human shoulders (average age, 70.1 � 8.2
years) for 24 hours at room temperature. The
supraspinatus and infraspinatus muscle and tendons
were harvested from the specimens as a unit. The
tendon unit was sharply detached from its insertion site
at the greater tuberosity of the humerus and
macroscopically assessed for rotator cuff integrity. Any
rotator cuff tendon with a partial- or full-thickness tear
was excluded. Specimens were kept moist with 0.9%
saline solution during dissection, preparation, and
mechanical testing. Seventy-two tests were performed
on 18 rotator cuff units.
In each rotator cuff tendon unit, 4 possible stitch

locations from anterior to posterior were tested. The ro-
tator cable was identified on the articular side of the
supraspinatus and infraspinatus tendons, and stitch
positioning was determined as just medial to the rotator
cable, as previously described by Wieser et al.10 Simple
stitches, piercing the width of the tendon using 9
different high-strength sutures and tapes, were per-
formed randomly in 4 different positions (from anterior
to posterior) to minimize variability in technique (Fig 3).
The distance between the stitches was about 1 cm. Su-
tureswere securelyfixed to a 10,000-N load cell, forming
a suture loop using 7 square knots. The muscle-tendon
side of the specimen was wrapped in gauze and
fastened between grooved jaws by bolts. Tendon thick-
ness and knot height andwidth, as well as the distance of
the suture to themyotendinous junction,weremeasured
with a Vernier caliper (0.01-mm resolution). The
average tendon thickness was 4.5 � 1.5 mm at the site
where the tapes and sutures were pierced through the
rotator cable, without a statistically significant difference
between tapes and sutures (P ¼ .69). The average dis-
tance to the myotendinous junction was 13.8 � 5.1 mm
(P ¼ .64). Separate cyclic and load-to-failure tests for
each suture starting anteriorly and ending posteriorly
were performed.
The investigations were performed using a material

testing machine (Z010), which recorded the data with



Fig 4. Experimental setup of cadaveric study part, in which
cyclic loading and load-to-failure testing were performed in a
material testing machine.

Fig 5. Displacement assessment in cadaveric study part.
Before and after 40 cycles from 5 to 30 N, cut through of the
suture material into the tendon was measured using a tele-
centric lens, a digital camera system, and ImageJ software.
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dedicated software (testExpert II) and evaluated the
data regarding load (in newtons) and displacement (in
millimeters); data were digitally recorded, and the
deformation curve and mode of failure were docu-
mented (Fig 4). Displacement was assessed at 50 and
100 N. After 40 cycles from 5 to 30 N, a telecentric lens
(Techspec Large Format 62-921; Edmund Optics, Bar-
rington, NJ), digital camera system (EOS M50; Canon,
Tokyo, Japan), and ImageJ software (National Institutes
of Health, Bethesda, MD) were used to measure any
displacement of the suture as the suture cut through
the tendon (Fig 5). Knot slippage was calculated as the
difference in total displacement measured by the testing
machine and knot displacement on the tendon, which
was measured with the camera system.

Statistical Analysis
An a priori power analysis was performed based on the

published data of Leishman and Chudik,19 who used 6
sutures per group to compare FiberWire suture with
SutureTape in a testing model similar to that in our
study. To detect a difference in ultimate load-to-failure
testing (327.2 � 15.4 N vs 257.4 � 12.2 N) with a po-
wer of 90% and an a error of 5%, the estimated sample
size was only 2. Because most biomechanical suture
studies have used 6 to 8 sutures per group, we decided to
include 6 sutures in the mechanical study part and 8
sutures in the cadaveric study part.
The data were normally distributed per the Shapiro-

Wilk test. Comparison of tapes versus sutures was
performed using the unpaired Student t test and 1-way
analysis of variance with Bonferroni adjustment when
statistically significant. P < .05 was considered statisti-
cally significant, and all tests were 2-tailed.

Results

Mechanical Study
There was a statistically significant difference between

tapes and sutures regarding load for 3 mm of
displacement (201 N vs 83.9 N, P < .0001), displace-
ment at 200 N (3.6 mm vs 6.6 mm, P < .0001), stiffness
(46.3 N/mm vs 25 N/mm, P < .0001), ultimate load to
failure (509.2 N vs 288.4 N, P < .0001), and knot height
(7.4 mm vs 5.6 mm, P < .0001) but not displacement at
failure (10.8 mm vs 8.7 mm, P ¼ .27). The average
ultimate load to failure of all 9 tested sutures and tapes
was 435 � 174.5 N, with the highest load to failure for
FiberTape (805.5 � 36.1 N) and the lowest load to
failure for No. 2 FiberWire (257.8 � 15.3 N, P < .0001).
FiberTape also showed the highest load necessary for 3
mm of displacement (376.2 � 19.1 N) and the lowest
displacement at a 200-N load (2 � 0.1 mm) (Fig 6).
Permatape was found to have the highest stiffness
(58.5 � 5.3 N/mm), whereas Dynacord had the lowest
stiffness (9 � 0.5 N/mm, P < .0001). Dynacord also had
the lowest load needed for 3 mm of displacement
(19.1 � 1.8 N) and the lowest displacement at a 200-N
load (10 � 0.6 mm). SutureTape had the least
displacement at failure (5.9 � 0.4 mm) of all sutures
and tapes tested, with XBraid TT showing the highest
displacement (25.6 � 5.8 mm, P < .0001). Detailed
results are listed in Tables 1 and 2.



Fig 6. Ultimate load to failure (in newtons) and force necessary for 3 mm of displacement (in newtons) of all 9 sutures and tapes
tested in the mechanical study part.

Table 1. Comparison of Results of Cyclic and Load-to-Failure
Testing of High-Strength Sutures and Tapes (Mechanical
Study Part)

Parameter
Tapes

(n ¼ 36)
Sutures
(n ¼ 18) P Value

Stiffness, N/mm 46 � 13.4 25 � 14.2 <.0001
Force at 3 mm, N 201 � 95.3 84 � 56.0 <.0001
Displacement at 200 N, mm 3.6 � 1.53 6.6 � 2.60 <.0001
Ultimate load to failure, N 509 � 170.1 288 � 31.7 <.0001
Displacement at failure, mm 10.8 � 7.54 8.7 � 2.99 .157

NOTE. Data are presented as mean � standard deviation.
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Cadaveric Study
The failure mode was tendon cut through (98.6%) in

all cases except in 1 (1.4%), in which a FiberWire su-
ture ruptured close to the knot at a failure load of 285
N. We did not observe any significant knot slippage
(0.18 � 0.86 mm for tapes vs 0.11 � 0.57 mm for su-
tures, P ¼ .75).
A statistically significant difference between tapes and

sutures was found regarding load for 3 mm of
displacement (55.3 N vs 43.6 N, P ¼ .029), stiffness (20.4
N/mm vs 16.8 N/mm, P ¼ .029), knot height (7.6 mm vs
6.3 mm, P ¼ .007), and knot width (2.3 mm vs 1.7 mm,
P < .0001). There was no statistically significant differ-
ence between tapes and sutures for displacement at 50 N
(2.6 mm vs 3.1 mm, P ¼ .113), displacement at 100 N
(6.2 mm vs 7.1 mm, P ¼ .257), and ultimate load to
failure (152.6 N vs 152.7 N, P ¼ .996).
The average ultimate load to failure of all 9 sutures and

tapes tested in tendons was 152.6 � 63.1 N, with
FiberTape showing the highest load to failure (178 �
50.5 N) and UltraTape showing the lowest (103.8 � 37.2
N, P ¼ .74). FiberTape also showed the highest stiffness
(26.1 � 7.6 N/mm), lowest cyclic displacement (0.43 �
0.38 mm), highest load necessary for 3 mm of
displacement (84.9 � 29.4 N), and lowest displacement
at 50-N (1.9 � 0.7 mm) and 100-N (4.5 � 3.2 mm)
loads. In addition, FiberTape had the highest knot height
(9.5 � 1.3 mm) and knot width (3.8 � 0.7 mm)
measured compared with SutureTape, which had the
lowest knot height (5.6 � 0.7 mm, P < .0001) and,
together with FiberWire and Ultrabraid, had the lowest
knot width (1.6 � 0.3 mm, P < .0001). XBraid TT had
the lowest stiffness (14.1� 3.2 N/mm, P¼ .013), highest
cyclic displacement (1.03 � 0.57 mm, P ¼ not signifi-
cant), and highest displacement at a 50-N load (3.7� 1.1
mm, P ¼ .02). Dynacord had the highest displacement at
a 100-N load (8.8 � 3.3 mm, P ¼ not significant).
Detailed results are listed in Tables 3 and 4.

Discussion
The main finding of this biomechanical analysis was

that tapes showed superior biomechanical characteris-
tics both in the dry-laboratory testing setup and on
in vitro rotator cuff tendon testing regarding stiffness



Table 2. Results of Cyclic and Load-to-Failure Testing (Mechanical Study Part) of 9 Different High-Strength Sutures and Tapes

Product N

Stiffness, N/mm Force at 3 mm, N
Displacement
at 200 N, mm Ultimate Load to Failure, N Displacement at Failure, mm

Mean SD Mean SD Mean SD Mean SD Mean SD

FiberTape 6 50 5.2 376 19.1 2.0 0.10 806 36.2 8.8 3.78
Hi-Fi Tape 6 56 3.2 205 23.2 3.2 0.74 592 52.4 25.6 5.79
Permatape 6 58 5.3 219 11.0 2.8 0.12 551 38.1 7.4 1.66
SutureTape 6 37 2.3 130 14.6 4.2 0.34 327 24.7 5.9 0.35
UltraTape 6 54 4.9 197 35.0 5.7 0.39 402 37.6 5.9 1.11
XBraid TT 6 23 3.2 80 11.8 6.7 0.75 378 69.9 10.9 2.58
Dynacord 6 9 0.5 19 1.8 10.0 0.58 314 21.6 12.4 1.47
FiberWire 6 42 4.4 151 9.0 4.1 0.41 258 15.3 6.0 0.98
Ultrabraid 6 24 0.9 82 10.6 5.7 0.39 294 28.3 7.6 0.66
Total 54 29 2.3 162 100.5 4.6 2.42 436 174.5 10.1 6.43

SD, standard deviation.
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and the load needed for 3 mm of displacement (clinical
failure). However, as expected, tapes also had a higher
average knot height and knot width.
FiberTape showed the best mechanical properties for

various tested parameters, such as stiffness, cyclic
displacement, load necessary for 3 mm of displacement,
and displacement at both 50- and 100-N loads in the
tendon testing setup. However, FiberTape also had the
largest knot size. The clinical relevance of potential
subacromial irritation caused by this higher amount of
knot volume has not been proved so far, and the me-
chanical superiority of FiberTape may outweigh this
potential yet undescribed disadvantage. Thus, animal
studies suggest that nonabsorbable bulky knots may
migrate, cause chronic inflammation, and potentially
weaken tendon-to-bone healing.21

Suture-tendon cut through is usually considered the
weakest link of the tendon-to-bone RCR and therefore
one of the most important reasons for failure in
aRCR,12,22 and abrasiveness of the suture material used
may be an essential biomechanical factor.15,16,23 Con-
trary to observations of previously published
studies,15,17,19,23 we could not find significantly less
tendon cut through of tapes versus sutures. However,
our findings may be related to the high number of tapes
Table 3. Comparison of Results of Cyclic and Load-to-Failure
Testing of High-Strength Sutures and Tapes in Human Rotator
Cuff Tendons (Cadaveric Study Part)

Parameter
Tapes

(n ¼ 48)
Sutures
(n ¼ 24) P Value

Stiffness, N/mm 20.4 � 7.6 16.9 � 5.1 .029
Cyclic displacement, mm 0.8 � 0.65 0.6 � 0.33 .586
Force at 3 mm of displacement, N 55.3 � 25.4 43.6 � 16.8 .029
Displacement at 50 N, mm 2.6 � 1.13 3.1 � 1.01 .113
Displacement at 100 N, mm 6.2 � 2.56 7.1 � 2.48 .257
Ultimate load to failure, N 153 � 61.5 153 � 67.5 .996
Knot height, mm 7.6 � 1.55 6.4 � 1.63 .007
Knot width, mm 2.3 � 0.82 1.7 � 0.31 .001

NOTE. Data are presented as mean � standard deviation.
tested in this study, which have shown considerably and
significantly different results. Whereas FiberTape has
shown the least amount of cycling displacement
(0.4 mm) of all sutures and tapes tested, another tape
(XBraid TT) had the highest cyclic displacement (1 mm).
Therefore, individual suture material analyses were
found to be more relevant in the assessment of abra-
siveness than comparing general tape and suture groups.
Furthermore, the different knot size and strength can be
well explained by the different sizes of the tapes and
sutures tested. For example, FiberTape has a diameter of
2 mm, making it larger than any other suture material
tested. An interesting finding was that a tape-type suture
(SutureTape) showed the lowest knot volume in our
study.
Failure analysis in the second part of the study

confirmed that the mechanical strength of all suture
materials tested is high enough because the weak point,
as well as the typical failure mechanism, is tendon cut
through of the suture material.12,22 The average failure
loads were comparable between tapes and sutures;
however, interindividual ultimate failure loads were
also significantly different in this part of the study.
Whereas a variety of tapes and a suture (FiberTape,
SutureTape, FiberWire, and Permatape) had similar
high failure loads, another tape (UltraTape) showed a
significantly lower load to failure. Various parameters
such as tendon quality, stitch positioning within the
rotator cable, and abrasiveness of the suture material
may influence these results. However, meticulous
attention was paid to diminish the influence of the first
2 possible causes because the tendon location for stitch
positioning was randomized, the tendon thickness and
distance to the myotendinous junction were measured,
and no differences were found regarding the suture
material groups.
It is interesting to note that the stiffness values in our

study (46 � 13.4 N/mm for tapes vs 25 � 14.2 N/mm
for sutures, P < .0001) are substantially higher than the
values published by Leishman and Chudik19 for
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FiberWire (2.8 � 0.3 N/mm) and SutureTape (5.4 � 0.3
N/mm). We can only hypothesize that the insufficient
stiffness in their study is related to the study method
used.

Limitations
A limitation of this study is that we did not examine

the influence of different types of RCR techniques in a
tendon-to-bone repair model, such as single- versus
double-row or suture-bridge repair, as well as the use of
knotted versus knotless anchors. There would have
been too many variables that would have weakened
the main goal of the study: to independently evaluate
the actual biomechanical properties of different high-
strength sutures and tapes. We decided to use simple
stitches, as published in similar previous biomechanical
studies.10 However, this is not a common method of
aRCR today and therefore is a limitation. Furthermore,
the results of our study should be analyzed in light of
the fact that our biomechanical model comprised intact
and not degenerated rotator cuff tendons, a factor
known to significantly influence suture behavior and
therefore tendon cut through.1 Moreover, we did not
analyze the influence of testing temperature,24 as well
as suture integration in living tissue.25 Another weak-
ness is that we did not include all tapes and sutures that
are available on the market for aRCR. However, we
tried to include as many tapes as possible and decided to
include 3 sutures that have shown good biomechanical
data in the literature previously, with No. 2 FiberWire
probably being the gold standard for many years. A
further weakness of this in vitro study is that we did not
perform the tests in an aqueous test setup, which could
have had a potential beneficial effect on the results of
the Dynacord sutures.15 However, we decided to test all
tapes and sutures under standardized conditions to
provide adequate comparability of all products, as per-
formed in previous biomechanical studies.6,17,19,26 To
reduce the risk of operator bias, all knots were tied in a
standardized open fashion by an experienced shoulder
surgeon. This strong knot-tying technique was chosen
to prevent suture slippage because this occurs quite
frequently in arthroscopic techniques.27
Conclusions
Biomechanical in vitro testing showed that high-

strength suture tapes compared with regular high-
strength sutures have significantly better mechanical
properties in both dry-laboratory testing and human
cadaveric rotator cuff tendon pullout testing. FiberTape
outperformed the other tapes and the sutures used in
this analysis. Nonetheless, differences in tendon testing
appeared to be less substantial than in dry-laboratory
testing, and FiberTape had the highest knot height
and width.
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