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Mechanical Comparison of High-Strength Tape
Suture Versus High-Strength Round Suture
William P. Ensminger, M.D., Terence McIff, Ph.D., Bryan Vopat, M.D., Scott Mullen, M.D.,
and J. Paul Schroeppel, M.D.
Purpose: To compare knot and loop characteristics of commonly used high-strength tapes and high-strength round
sutures. Methods: Twenty tied 30-mm loops were prepared for using suture-knot combinations of 4 common arthro-
scopic knots or a hand-tied surgeon’s knot and 7 sutures. Two tapes (BroadBand, SutureTape) and three no. 2 sutures
(MaxBraid, FiberWire, DynaCord) were compared. Two additional larger tape sutures (FiberTape, PermaTape) not
commonly tied arthroscopically were included in the hand-tied group. Each suture-knot combination was evaluated for
loop integrity (single load to a specified elongation), knot security (plastic loop deformation with cyclic testing), loop
security, and knot volume. Data were compared using analysis of variance followed by Tukey-Kramer post hoc tests.
Results: BroadBand and SutureTape demonstrated superior loop integrity compared to most no. 2 suture-knot combi-
nations. FiberTape (430.48 � 89.00 N) and PermaTape (545.16 � 95.09 N) required significantly greater force to undergo
3 mm of displacement than all other hand-tied sutures (P < .001). All suture-knot configurations demonstrated significant
plastic deformation (cyclic elongation) over 1000 cycles (P < 0.001). DynaCord displayed the best loop security except
when paired with the Duncan loop. Overall, BroadBand and SutureTape had lower knot volumes compared to all other
sutures. Conclusion: This study exhibits the ability of narrow tape sutures to provide reliable tissue apposition and
fixation in multiple suture-knot configurations, while decreasing the potential adverse effects accompanying knot
prominence. Generally, BroadBand and SutureTape demonstrated an ideal balance of mechanical characteristics to
achieve the optimal suture-knot construct among those tested. Dynacord displayed superior loop security and performed
best among round sutures. PermaTape and FiberTape showed greater loop integrity, albeit to the detriment of loop se-
curity and knot volume. Clinical Relevance: When securing a rotator cuff repair construct with a knot, one should have
a basic understanding of the mechanical properties of the suture and knot being used to provide the best possible repair.
This study will provide information about the mechanical characteristics of commonly used high-strength tape suture
knots and loops to help determine what knot type may provide the best overall construct.
n arthroscopic and open treatment of soft tissue in-
Ijuries, a strong, stable repair is necessary to optimize
healing potential and postoperative outcomes. With
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Arthroscopy, Sports Medicine, and Rehabilitation, V
advancements in implant technology and surgical
techniques, results of operative treatment have gener-
ally improved over time; however, failure of surgical
repairs continue to occur.
In rotator cuff repairs, for example, retear rates of

large tears remain relatively common, ranging from
10% up to 41% at 6 months, and up to 90% at 1
year for massive cuff repairs.1,2 The introduction of
suture anchors and double-row techniques attemp-
ted to improve these results. Additionally, the
development of high-strength tape sutures led to
improved biomechanical characteristics of the repair
construct. The tape design provides increased
tendon-footprint contact pressures and greater
suture-tissue pullout strength compared to high-
strength round suture.1-5

Ultimately, the tissue-suture repair construct must be
placed in a manner that will provide immediate durable
fixation of the soft tissue to bone and remain stable
until adequate healing has occurred.3,4,6-9 When
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Fig 1. Knot-tying cannula setup. Knots were tied through a
standard arthroscopic cannula using a knot pusher, onto the
30-mm dowel.
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securing the repair construct with a knot, one should
have a basic understanding of the mechanical proper-
ties of the suture and knot being used to provide the
best possible repair.3,10-12 Many studies have compared
multiple knots, including arthroscopic and open, with
various round no. 2 sutures; however, little exists
regarding the characteristics of knot and loop perfor-
mance in high-strength tape suture.
It has been implicated that suture or material-related

failure results from a single extreme load, while biologic
or tissue failure occurs via cyclic loading.9,13-16

Numerous studies have affirmed the importance of
knot and loop security to create an effective knotted
suture loop construct.6,7,11,13-24 Loop security refers to
the ability to maintain a fixed suture loop while tying
the knot.6,16,17 Knot security has been defined as the
knot’s ability to resist slippage (or breakage) and is
dependent on factors including friction, internal
interference, and amount of slack between
throws.11,16,19,21,22,24,25

Single-load strength testing is a commonly used
method to quantify knot security.13,16,18,19,21,22,24,26,27

However, this fails to account for the material prop-
erties of the suture, which will elongate based on its
innate elasticity.20,23,24 Therefore, single load strength
testing characterizes the summation of knot slippage,
or knot security, and the elastic deformation of the
suture. The authors of this study refer to this as loop
integrity.
Knot security was better characterized by the effects

of cyclic testing.20,28 The amount of plastic loop defor-
mation after 1000 cycles, referred to as cyclic elonga-
tion, more accurately isolated knot slippage, despite
material (suture) failure typically occurring as a result
of a single, sustained force.9,13,16

Knot volume can also influence surgical outcomes.
Symptomatic prominence of suture material, typically
involving the knot, has been described.7,8,10,11,14,15,29-31

Authors have noted knot prominence causing irritation
after rotator cuff procedures because of minimal clear-
ance beneath the acromion.31 Injury to the articular
surface can ensue if a knot is positioned in close prox-
imity. Placement of large prominent knots adjacent to a
joint surface is a described cause of chondral injury after
shoulder labral repairs and knee meniscal repairs.14

Foreign body reaction is also of concern and can be
exacerbated with increasing amounts of suture material
present.7,8,11,14

The purpose of this study was to compare knot and
loop characteristics of commonly used high-strength
tapes and high-strength round sutures. The authors
hypothesized that the narrow tape sutures would
demonstrate overall superior mechanical characteristics
across all knot types to provide the best overall suture-
knot construct.
Methods
Four high-strength tapes and three high-strength

round sutures were tested. The tapes were BroadBand
(Zimmer-Biomet, Warsaw, IN), SutureTape (Arthrex,
Naples, F:), FiberTape (Arthrex), and PermaTape
(DePuy-Mitek, Raynham, MA). The widths measured
1.3 mm for BroadBand and SutureTape, whereas
FiberTape and PermaTape were 2.0 mm and 2.5 mm
wide, respectively. The no. 2 sutures consisted of
MaxBraid (Zimmer-Biomet), FiberWire (Arthrex), and
DynaCord (DePuy-Mitek).
Four commonly used arthroscopic knots were tested:

the arthroscopic surgeon’s knot, Samsung Medical
Center (SMC) knot, Tennessee slider, and Duncan loop.
Each knot was secured with 3 reversing half-hitches on
alternating posts.32 The surgeon’s knot was also tested
using the standard open 2-hand tie technique and
secured with 3 alternating square throws for a total of 5
throws. To simulate intraoperative conditions, all knots
were tied while wearing surgical gloves with saline
solutionesoaked sutures. The arthroscopic knots were
tied through an arthroscopic cannula using a knot
pusher (Fig 1).13,33 Tape designs measuring 2 mm or
greater in width are not commonly tied arthroscopically
and were tested only with the hand-tied surgeon’s knot.
All arthroscopic knots were tied by a single sports

medicine fellowshipetrained orthopaedic surgeon. All
hand-tied knots were tied by a single senior-level or-
thopaedic resident. Sutures were presoaked for several
minutes before being tied over a stainless-steel dowel,
creating a 30-mm suture loop. The 30-mm loop was
chosen in part to be consistent with other studies and to
reduce the elastic effects of the suture material by
keeping the loop relatively small.13,21,22,24,33,34



Fig 2. Material testing system
apparatus. (A) Overview and (B)
Enlarged image of the mechanical
testing equipment. The upper arm
(solid arrowhead) is affixed to the
testing machine actuator above.
The lower arm (hollow arrow-
head) is attached to custom
fixture within the saline bath
(dashed arrow). The custom
fixture and saline bath are atop an
X-Y table (not pictured) to ensure
inline pull during testing. The
solid arrow denotes a knotted
suture loop held by two stainless-
steel posts, as it would appear just
before testing.
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Mechanical testing was performed using a servohy-
draulic materials testing machine (MTS Systems, Min-
neapolis, MN). For testing, each knotted suture loop
was carefully removed from the dowel and placed over
two 3.15-mmediameter stainless-steel posts for single
load or cyclic testing. The upper arm was affixed to the
testing machine actuator and the lower arm was con-
nected to a custom-made fixture submersed within a
37�C isotonic saline bath (Fig 2).20,24 The bath and
fixture were supported by an X-Y table that could slide
to ensure alignment of the direction of suture pull with
the tensile force applied.20 The suture loops were pre-
tensioned to 10 N once placed over the posts. The loop
length at the pretensioned load then served as the
starting position for the single load and cyclic
tests.12,13,25,26 In total, 400 arthroscopic knots and 140
hand-tied knots were tied and used for testing with
single load-to-failure or cyclic loading.
Single Load Testing
The force required to elongate the knotted loop 3 mm

during single-load testing was the primary outcome
measure of the study. Each suture loop was loaded to
failure at a rate of 60 mm/min or 2 times the length of
the loop being tested, in accordance with the U.S.
Pharmacopeia standards for suture tensile strength
testing.9 Failure load was defined as the maximum
force reached during upward crosshead displacement
from 0 to 3 mm (loop elongation) or at knot breakage
before reaching 3 mm.12,13,25,34 Maximum tensile force
at 3 mm of elongation was recorded. Results with fail-
ure defined at 2 mm were also evaluated.13,34 Each
suture-knot combination was tested using 10 specimens
in single load testing to reduce variability and to remain
consistent with previous studies.7,8,14,26,27,33

Cyclic Testing
Each suture loop was loaded with a sinusoidal wave

form from 10 to 60 N at 1.0 Hz for 1000 cycles. Cyclic
elongation was recorded at the end of cyclic testing and
defined as the amount of plastic loop deformation,
following initial pre-tensioning, that occurred after
1000 cycles of loading. The knotted suture loops were
then loaded to failure using the single load testing
protocol.12,13,25,26 Knot breakage or elongation of 3 mm
at any point during cyclic testing was considered a
failure. Each suture-knot combination was tested using
10 specimens in cyclic load testing.

Loop Security
Loop circumference was measured after pre-

tensioning to evaluate initial loop security using the
formula previously described by Lo et al.21 in 2004.
Because each loop and knot was tied around a dowel
having a 30-mm circumference, perfect loop security
was assumed to yield a pretensioned loop length of 30
mm. Each suture-knot combination was evaluated us-
ing 20 specimens before cyclic or single load testing.

Knot Volume
To assess knot size, the knot volume was calculated by

measuring the height and depth of each knot before
testing, on the basis of scaled photography and using
Adobe Photoshop software (Adobe Systems, San Jose,
CA). The formula used to measure knot volume was



Fig 3. Representative image of the technique used to measure
knot volume with a measurement diagram.
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previously described by Rodes et al.14 and assumes a
cylindrically shaped knot stack: V¼ p

4d
2h, where V ¼

knot volume, d ¼ knot diameter, and h ¼ knot height
(Fig 3). Each suture-knot combination was evaluated
for knot volume using 20 specimens.

Statistical Analysis
Two-way analysis of variance followed by Tukey-

Kramer post hoc tests were used to compare the
mean tensile forces reached during single load and cy-
clic testing, as well as the analysis of loop circumference
and knot volume. Statistical comparisons were made
between the larger tapes, narrow tapes, and round
sutures, within groups based on the knot used. Statis-
tical analyses were performed using Statistica software
(StatSoft, Hamburg, Germany). P < .05 was considered
statistically significant.
Results

The 3-mm Single Load Testing
In single load testing, the mode of failure varied be-

tween knot breakage and knot slippage. The mean
failure load of FiberWire was lower than that of all
other sutures independent of the knot tied. A combined
analysis of all knots (n ¼ 50 for each group) showed no
difference between the narrower tapes and both
DynaCord and MaxBraid, but independent of the knot
tied, FiberWire required significantly less force to pro-
duce 3 mm of loop elongation than the other sutures
tested (P < .001).
Individual comparisons of suture-knot combinations
revealed significant differences in mean maximum load
achieved by the tape sutures and round sutures across
various knot types (Table 1). Hand-tied FiberTape and
PermaTape achieved significantly higher loads at failure
than all other hand-tied sutures (P < .001). In general,
the narrower tapes performed as well or better than
MaxBraid and FiberWire across all knot types. Dyna-
cord arose as the only round suture to achieve a
significantly higher result over the tape sutures.

2-mm Single Load Testing
Average maximum loads between 0 and 2 mm of

loop elongation proved similar to that seen with 3-mm
displacement, albeit with expectedly lower overall
maximum forces achieved (Table 2). Despite the com-
parable results, differences between the narrow tapes
and round sutures became more apparent, with more
statistically significant differences favoring the tape
designs. Although PermaTape maintained its trend of
statistically significant higher failure loads over all
narrow tapes and round sutures, FiberTape failed at
similar loads to the narrow tapes, only remaining
significantly stronger than MaxBraid and FiberWire
(P < .001).

Cyclic Testing
All combinations demonstrated significant plastic loop

deformation, or cyclic elongation, over the 1000 cycles
of loading (P < .001). Mean cyclic elongation ranged
from 0.57 to 1.27 mm. No suture-knot combination
failed during cyclic testing. Comparisons of cyclic
elongation also produced significant results, mostly
favoring the tape sutures in the hand-tied group
(Table 3). PermaTape and the narrow tapes performed
similarly; however, FiberTape demonstrated findings
more akin with the no. 2 sutures.
Load-to-3 mm after cyclic testing followed a similar

pattern as the single load testing groups (Figure 4). The
tape sutures performed as well or better than the round
sutures with the exception of DynaCord (300.43 �
39.11 N) failing at a significantly higher load than
SutureTape (237.72 � 30.05 N) using the SMC knot
(P < .001).

Loop Security
After pre-tensioning to 10 N, mean initial loop cir-

cumferences were found to range between 30.17 and
32.53 mm, indicating a mean increase in loop size of
0.17 to 2.53 mm during knot tying (Table 4). Generally,
the arthroscopically tied knots demonstrated better loop
security than hand-tied knots. Overall, DynaCord had
the lowest changes in loop circumference prior to ten-
sile testing. Conversely, hand-tied FiberTape had a
significantly larger loop circumference than each of the
narrow tapes and round sutures (P < .001). PermaTape



Table 1. The 3-mm Single Load Testing (N)

Suture/Knot Hand-Tied SMC Knot Tennessee Slider Duncan Loop Surgeon’s Knot

BroadBand 322.09 � 41.36*,y 266.73 � 28.02y 217.03 � 49.04 221.73 � 88.40 317.94 � 52.78
SutureTape 294.67 � 39.09y 225.32 � 40.60 204.91 � 50.16 285.63 � 59.02y,z 293.52 � 55.33
MaxBraid 263.27 � 37.99 248.82 � 31.04 200.18 � 60.27 292.42 � 52.70 271.79 � 73.93
FiberWire 200.30 � 33.34 203.89 � 31.88 182.70 � 49.97 158.66 � 35.25 227.48 � 78.51
DynaCord 331.28 � 22.45 271.52 � 42.96x 298.86 � 24.26x,jj 191.37 � 42.57 283.03 � 67.78
FiberTape 430.48 � 89.00{

PermaTape 545.16 � 95.09{

Data are presented as mean � standard deviation; n ¼ 10 for all groups. Demonstrates mean maximum force (N) measured from 0 to 3 mm of
displacement (or suture-knot breakage) for each suture-knot combination. P values represented are within knot comparisons between tape
sutures and round sutures only.
SMC, Samsung Medical Center.
*Significantly higher than MaxBraid (P < .05).
ySignificantly higher than FiberWire (P < .05).
zSignificantly higher than all narrow tapes and No. 2 sutures (P < .05).
xSignificantly higher than SutureTape (P < .05).
jjSignificantly higher than BroadBand (P < .05).
{Significantly higher than DynaCord (P < .05).

Table 2. The 2-mm Single Load Testing (N)

Suture/Knot Hand-Tied SMC Knot Tennessee Slider Duncan Loop Surgeon’s Knot

BroadBand 229.48 � 22.90*,y 189.06 � 44.08 155.81 � 56.92 194.43 � 62.10y,z 262.07 � 60.31y

SutureTape 234.42 � 35.71*,y 190.19 � 39.27 149.18 � 46.27 228.12 � 41.11y,z 234.06 � 89.60
MaxBraid 191.64 � 23.97 196.60 � 37.57 133.33 � 45.25 213.44 � 41.46 182.16 � 55.47
FiberWire 163.42 � 24.92 168.15 � 41.91 140.52 � 40.32 139.27 � 22.47 172.86 � 53.27
DynaCord 239.78 � 27.97 205.37 � 24.92 224.35 � 41.07x,jj 130.21 � 24.82 194.01 � 49.57
FiberTape 258.71 � 46.81*,y

PermaTape 380.21 � 67.56{

Data are presented as mean � standard deviation; n ¼ 10 for all groups. Demonstrates mean maximum force (N) measured from 0 to 2 mm of
displacement (or suture-knot breakage) for each suture-knot combination. P values represented are within knot comparisons between tape
sutures and round sutures only.
SMC, Samsung Medical Center.
*Significantly higher than MaxBraid (P < .05).
ySignificantly higher than FiberWire (P < .05).
zSignificantly higher than DynaCord (P < .05).
xSignificantly higher than SutureTape (P < .05).
jjSignificantly higher than BroadBand (P < .05).
{Significantly higher than all narrow tapes and No. 2 sutures (P < .05).

Table 3. Cyclic Elongation (mm)

Suture/Knot Hand-Tied SMC Knot Tennessee Slider Duncan Loop Surgeon’s Knot

BroadBand 0.64 � 0.07*,y,z 0.82 � 0.40 1.63 � 0.52 0.68 � 0.30z 0.97 � 0.66
SutureTape 0.69 � 0.13*,y,z 0.84 � 0.31 0.87 � 0.39 0.57 � 0.09z 1.18 � 0.81
MaxBraid 0.95 � 0.10 1.03 � 0.26 1.29 � 0.55 0.80 � 0.10 1.35 � 0.47
FiberWire 0.76 � 0.13 0.77 � 0.18 1.16 � 0.47 0.81 � 0.26 0.99 � 0.48
DynaCord 0.98 � 0.17 0.90 � 0.10 0.97 � 0.22x 1.22 � 0.35 0.89 � 0.16
FiberTape 0.88 � 0.15
PermaTape 0.59 � 0.08y,z

Data are presented as mean � standard deviation; n ¼ 10 for all groups. Represents the mean amount of plastic loop elongation (mm) that
occurred from the initial 10 N pre-tensioning position to the end of cyclic testing (1000 cycles). P values represented are within knot comparisons
between tape sutures and round sutures only.
SMC, Samsung Medical Center.
*Significantly less than FiberTape (P < .05).
ySignificantly less than MaxBraid (P < .05).
zSignificantly less than DynaCord (P < .05).
xSignificantly less than BroadBand (P < .05).
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Fig 4. Load-to-failure
following cyclic testing with
failure defined as loop
elongation of 3 mm; verti-
cally oriented error bars
represent standard devia-
tion; n ¼ 10 for all groups.
Mean maximum force (N)
was measured from 0 to 3
mm of elongation after
completion of cyclic load
testing. Open circles indi-
cate values significantly
higher than FiberWire (P <
.05). Open circles inside
squares indicate values
significantly higher than all
narrow tapes and no. 2 su-
tures (P < .05). Open di-
amonds indicate values
significantly higher than
SutureTape (P < .05). Error
bars indicate values signifi-
cantly higher than Dyna-
Cord (P < .05). P values
represented are within knot
comparisons between tape
sutures and round sutures
only.
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fared slightly better, with hand-tied BroadBand, Fiber-
Wire, and DynaCord all revealing a significantly smaller
circumference (P < .001). The narrow tapes were
generally comparable to MaxBraid and FiberWire.

Knot Volume
Comparisons of knot volume favored the narrow tape

designs (Table 5). SutureTape revealed significantly
smaller knot volumes with the hand-tied knot, SMC
knot, Tennessee slider, and Duncan loop, than Fiber-
Wire and DynaCord (P < .001). Similar results arose
Table 4. Loop Circumference (mm)

Suture/Knot Hand-Tied SMC Knot

BroadBand 31.08 � 0.22*,y,z 30.65 � 0.16*

SutureTape 31.32 � 0.19y 30.69 � 0.25
MaxBraid 31.43 � 0.20y 30.84 � 0.19
FiberWire 31.25 � 0.21y,z 30.75 � 0.22
DynaCord 30.19 � 0.19x 30.26 � 0.14jj

FiberTape 32.53 � 0.65
PermaTape 31.61 � 0.26

Data are presented as mean � standard deviation; n ¼ 20 for all groups.
after pre-tensioning to 10 N, with the ideal circumference being 30 mm. P
and round sutures only.
SMC, Samsung Medical Center.
*Significantly less than MaxBraid (P < .05).
ySignificantly less than FiberTape (P < .05).
zSignificantly less than PermaTape (P < .05).
xSignificantly less than all tape sutures (P < .05).
jjSignificantly less than BroadBand and SutureTape (P < .05).
with BroadBand, demonstrating significantly less bulk
using the hand-tied knot, SMC knot, and Duncan loop
than FiberWire and DynaCord (P < .001). PermaTape
and FiberTape had significantly larger knot size than all
of the other sutures (P < .001).
Discussion
The findings observed in this study demonstrate the

general reliability and strength of BroadBand and
SutureTape, across multiple suture-knot combinations,
Tennessee Slider Duncan Loop Surgeon’s Knot

31.04 � 0.44 30.47 � 0.40 30.77 � 0.52
30.92 � 0.60 30.43 � 0.18 30.76 � 0.28
30.94 � 0.25 30.42 � 0.11 30.93 � 0.37
30.95 � 0.43 30.52 � 0.61 30.94 � 0.42
30.20 � 0.19jj 30.17 � 0.24 30.26 � 0.20jj

Represents the mean circumference (mm) of the knotted suture loop
values represented are within knot comparisons between tape sutures



Table 5. Knot Volume (mm3)

Suture/Knot Hand-Tied SMC Knot Tennessee Slider Duncan Loop Surgeon’s Knot

BroadBand 11.46 � 1.77*,y,z 10.05 � 0.76*,y 10.10 � 1.00y 14.70 � 1.23*,y 14.23 � 2.51
SutureTape 10.50 � 1.31*,y,z 9.65 � 1.39*,y,x 9.85 � 1.71*,y 14.15 � 1.11*,y 13.82 � 2.16
MaxBraid 12.05 � 1.88z 11.10 � 0.77 10.79 � 2.25 14.27 � 1.32 14.14 � 2.16
FiberWire 15.49 � 2.50z 12.93 � 2.23 11.57 � 1.73 17.94 � 1.58 14.45 � 2.31
DynaCord 16.82 � 1.67z 13.09 � 1.27 14.52 � 2.05 19.65 � 1.62 15.54 � 2.62
FiberTape 70.92 � 5.99
PermaTape 24.32 � 3.40

Data are presented as mean � standard deviation; n ¼ 20 for all groups. Demonstrates the mean volume (mm3) of each suture-knot
combination. P values represented are within knot comparisons between tape sutures and round sutures only.
SMC, Samsung Medical Center.
*Significantly less than FiberWire (P < .05).
ySignificantly less than DynaCord (P < .05).
zSignificantly less than FiberTape and PermaTape (P < .05).
xSignificantly less than MaxBraid (P < .05).
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in several tests assessing important mechanical prop-
erties of the knotted suture loop. This level of perfor-
mance and consistency was not seen among the large
tapes or no. 2 sutures. Across all knot types, BroadBand
and SutureTape displayed overall superior results
incorporating loop integrity, knot security, and knot
volume, and comparable loop security when tested
against the large tape and round sutures.
Loop security represents the capability to maintain a

fixed suture loop as a knot is being tied.6,16,17 The
ability of the knot to resist slippage or breakage against
an applied load defines knot security.11,16,19,21,22,24,25

Loop integrity combines the characteristics of knot se-
curity, or knot slippage, with the innate elastic prop-
erties of the suture material and refers to the ability of
the suture-knot construct to resist forces that would
otherwise result in material failure and disruption of
the loop. Optimal loop integrity and security are both
necessary to achieve a suture-knot construct that will
provide an adequate local environment conducive with
healing of the tissue repair.11,20-24,34

Applying these principals to the clinical setting proves
more difficult than simple extrapolation of results.
Clinical failure can occur through different mecha-
nisms, largely grouped into 2 types. Suture (material)
failure has been suggested to more likely occur due to a
single maximal load, while cyclic loading will more
likely lead to biologic (tissue) failure.9,13,16 Many efforts
have been used to reduce clinical failures, including
advancements in surgical techniques and implant
innovation, as well as changes in postoperative reha-
bilitation protocols.1-5,11,13-15,19 This study primarily
focused on properties in relation with material failure.
The exact strength of a repair construct necessary for

successful tissue healing is not known and likely differs
among anatomic areas and individuals.3,13,16,20,21,26 In
an attempt to address this issue, Burkhart et al.16 used
experimental and mathematical models to estimate the
contractile force of the rotator cuff and defined 60 N as
the amount of force that the average suture in a rotator
cuff repair must be able to withstand. The suture-knot
constructs tested in this study sustained forces well
beyond 60 N before reaching failure thresholds. In the
clinical scenario, however, it is best to strive for the
strongest possible construct, because physiological
conditions may increase or decrease the loads observed
by a given suture.13

Additionally, the amount of construct elongation or
displacement that a repair can tolerate while main-
taining the ability to heal has not been defined in the
literature. Many widely cited articles arbitrarily define a
cutoff of 3 mm of elongation to represent clinical
failure.6,9,10,13,14,16,18,19,21,22,24-28,33,35,36 To remain
consistent with other studies and because the tolerance
for loss of tissue apposition with respect to healing is
unclear, 3 mm of suture loop elongation, or suture
breakage, defined clinical failure in this study. Given
the possibility that healing potential requires less than 3
mm of gap formation, results were collected for failure
defined at 2 mm of displacement.13,34,35

BroadBand and SutureTape largely outperformed the
round sutures in single load testing, representing loop
integrity. Clinically, improved loop integrity suggests
greater strength of the repair construct after sur-
gery.13,21,22 A noteworthy exception, DynaCord was
the only round suture to achieve significantly greater
results over any of the tape sutures. Notably the narrow
tapes had more statistically significant results at 2 mm
compared to 3 mm of elongation. Leishman et al.34

recorded higher forces with SutureTape over Fiber-
Wire tied with a hand-tied surgeon’s knot at failure
cutoffs of 2 mm (242.7 � 38.6 N and 181.2 � 24.4 N,
respectively) but did not reach significance at 3 mm
(279.3 � 42.4 N and 225.5 � 46.1 N, respectively), in
part because of large group variances at that elongation
threshold. When comparing the same suture-knot
configurations, the current study showed significantly
greater forces with SutureTape at both 3-mm and
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2-mm displacement thresholds. The statistically signif-
icant results achieved at both failure cutoffs may be
attributed to increased power from a larger sample size
(10 vs 6 sutures).
PermaTape and FiberTape were significantly stronger

at 3 mm of elongation than all other sutures. Although
PermaTape remained the strongest at 2 mm, FiberTape
performed more closely to the narrow tapes. FiberTape
incorporates a centrally integrated polyblend core
within its flat braided construction.3,34 The central core
may hinder proper seating, folding, and compression of
the suture within the knot, therefore having less
internal friction to resist knot slippage. The other tapes
in this study do not have a central core. In general, the
results of loading to 3 mm after cyclic testing were
similar to the single load testing at 3-mm displacement.
As discussed above, knot security, as assessed with

single load testing, inaccurately measures knot slippage
by combining it with the innate stiffness or elasticity of
the suture material. To minimize the effects of elastic
deformation of the suture loop with applied loads, knot
security was evaluated by cyclic elongation, or the
amount of plastic loop elongation that occurs through
cyclic testing.20,28 The measured cyclic elongation was
felt to better represent knot slippage, despite previous
reports stating biologic failure, as opposed to material
failure, more likely occurs via cyclic loading.9,13,16,20

Overall, PermaTape, BroadBand, and SutureTape per-
formed best, with the majority of statistically significant
results observed in the hand-tied group. Clinically, the
average cyclic elongation for all tested suture-knot
combinations remained below the single load failure
thresholds of 2 and 3 mm of elongation. This suggests
that the tested configurations should adequately resist
the expected forces generated in the postoperative re-
covery period, particularly in cases using a decelerated
rehabilitation protocol.13,20

DynaCord displayed the greatest loop security, reach-
ing statistical significance when paired with all but one
knot, the Duncan loop. Increased loop security implies
greater ability to approximate and maintain tissue
apposition during surgical repair.17,21,22 Designed with a
silicone-salt core that expands while in solution, Dyna-
Cord reduces laxity within the knotted suture loop after
being tied.37 The narrow tapes had comparable loop
security to the remaining No. 2 sutures, FiberWire and
MaxBraid, leaving PermaTape and FiberTape with the
worst results. The inferior loop security demonstrated by
the large tape sutures is thought to be partially due to the
initial loop circumference and the large knot base, which
appeared to have difficulty seating completely, prevent-
ing the suture from conforming concentrically in a loop
with a relatively small radius of curvature.
Prominent suture material, largely attributed to

the knot, can also influence clinical out-
comes.7,8,10,11,14,15,29-31 Knot abrasion of the
undersurface of the acromion following rotator cuff
repair may affect the integrity of the repair.31 Irritation
of the subcutaneous tissues and skin after Achilles’
tendon repair has been described, occasionally
requiring a repeat surgical procedure to address the
symptoms.29 It is also widely accepted that chondral
damage can occur as a result of placement of relatively
large knots adjacent to an articular surface.14 Careful
consideration concerning the number of securing half-
hitches to provide adequate strength without excess
throws increasing knot size. Minimizing knot burden
while maintaining mechanical performance may
improve outcomes and reduce complications related to
excess suture material. The current study compared the
knot volume of the large and narrow tapes and the no.
2 sutures. Expectedly, FiberTape and PermaTape
exhibited the bulkiest knots, with the central core in
FiberTape contributing to the largest average knot size.
BroadBand and SutureTape demonstrated the
smallest average knot volumes across multiple
combinations. None of the round sutures were found to
have significantly less knot volume than the narrow
tapes.
Based on this study, BroadBand and SutureTape

provided the best balance of the mechanical prop-
erties tested, along with overall smaller knot size,
across a variety of configurations. However, the data
suggest that the larger tapes or round sutures may
be preferred over the narrow tapes in specific sce-
narios. The surgeon may opt to use a larger tape,
with superior loop integrity, if unwavering resis-
tance against near supraphysiologic loads are
anticipated during the post-operative course.
Conversely, when a significantly more intimate level
of tissue apposition is of greater importance, the
enhanced loop security observed in DynaCord offers
potential benefit. The choice of suture repair
construct ultimately depends on an understanding
of the innate material properties, the mechanical
characteristics of the construct, the functional
interaction with biologic tissues, and the specific
clinical situation.1-5,11

The advent of tape suture has improved the biome-
chanical properties of many surgical constructs.1-5

Other studies have demonstrated superior innate me-
chanical characteristics of tape designs over No. 2
suture. Taha et al.38 compared the viscoelastic prop-
erties, including stiffness, creep and deformation
(plastic and elastic), of two high-strength tape designs
to four round suture designs. Under static and dynamic
conditions, their findings demonstrated overall supe-
rior results with tape sutures over most round
sutures.38 Although tape suture demonstrates many
favorable features, novel innovations in suture tech-
nology are not limited to tape designs, as demonstrated
by DynaCord.37
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Limitations
This study is not without limitations. Some limitations

may be due to the bench methods used. Attempts were
made to closely simulate operative conditions; howev-
er, differences from in situ conditions existed. Labora-
tory conditions may generate knots of different quality
than those tied under in vivo conditions. Although
more controlled and precise, the mechanical testing of
the suture does not directly mimic the physiological
stresses after a repair. Additionally, other physiological
effects, including that of the environment on the suture
and the suture construct on tissue, were not evaluated.
Therefore extrapolation of these findings directly to
clinical results should be done with caution.
All of the arthroscopic knots were tied by a single

orthopaedic surgeon, fellowship-trained in sports
medicine. Although this provides consistency, knot
performance could have been influenced by the sur-
geon’s level of familiarity with each knot and the suture
material and may not represent the orthopaedic com-
munity as a whole. Analysis of the innate properties of
each suture material was not performed. Although this
could potentially increase the accuracy in various
testing (e.g., knot security and knot slippage), it was not
thought to be necessary to achieve the purpose of this
study. Knot size was assessed by measuring knot vol-
ume using a formula that assumes a cylindrical shape of
the knot stack. This technique has not been validated in
the orthopaedic literature.

Conclusion
This study exhibits the ability of narrow tape sutures

to provide reliable tissue apposition and fixation in
multiple suture-knot configurations, while decreasing
the potential adverse effects accompanying knot
prominence. Generally, BroadBand and SutureTape
demonstrated an ideal balance of mechanical charac-
teristics to achieve the optimal suture-knot construct
among those tested. Dynacord displayed superior loop
security and performed best among round sutures.
PermaTape and FiberTape showed greater loop integ-
rity, albeit to the detriment of loop security and knot
volume.
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