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Linear Frictional Properties of a Barbed Suture in the Tendon Tissue

Capali Bir Dikisin Tendon Dokusunda Dogrusal Tutunma Ozellikleri
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ABSTRACT

Objective: The barbed suture has been around for some time with some
important theoretical advantages for tendon repairs such as resistance to suture
slippage and knotless application. However, these theoretical advantages are not
yet proven to be practically important. The literature on the barbed suture for
tendon repair has a focus on in-vivo or ex-vivo preclinical investigations of
established tenorrhaphy methods. Current literature is poor in knowledge on its
fundamental properties thus basic research. Our study attracts attention on the
lack of basic research on barbed suture for tendon repair and investigates a
barbed suture’s linear frictional performance in the tendon.

Methods: Thirty-two fresh frozen porcine forefoot digital flexor tendons were
separated into four groups of eight tendons. In group 1 a barbed suture was
introduced to the tendons 1 cm proximal to the distal cut-end and was advanced
through the core of the tendon tissue leaving the distal cut-end at the core. In
group 2 the suture was introduced in the same way purchasing 2 cm of tendon
tissue, in group 3 and 4 the suture purchase length was 3 and 4 cm respectively.
Ultimate tensile strength generated by anchorage of the barbs of the suture in
the tendon tissue was assessed with a mechanical testing machine and the
results were statistically compared between groups.

Results: Mean ultimate tensile strength was found to be 5.4N for group 1, 7.45N
in group 2, 4.87N in group 3 and 5.76N for group 4. Intergroup comparison was
made with a data set corrected for suture purchase length which was obtained
by dividing each sample’s ultimate tensile value by the distance of suture
purchase length accordingly. Statistical analysis with corrected data set revealed
that group 1 versus 2 showed no difference whereas comparison of group 1 vs 3
and group 1 vs 4 showed a significant difference.

Discussion: Our results showed that the frictional forces generated by the
barbed suture were directly proportional to the suture purchase length only to
some extent. Statistical analysis confirmed the direct linear relation between
pullout strength and suture purchase length up to 2 centimeters of suture
purchase. Pullout strength in samples with 3 and 4 centimeters of suture
purchase showed deterioration.

Conclusion: The tissue grasping strength of the barbed suture we tested in our
study is not directly proportional to the suture purchase length. More basic
research on barbed suture for tendon repair is needed to better understand how
its theoretical advantages can be appreciated practically. Suture producing
companies should investigate and produce barbed sutures specially tailored for
tendon repair.

Key Words: Barbed suture, suture/tissue pullout test, tendon repair

Received: 06.11.2018 Accepted: 09.23.2018

OzZET

Amag: Tendon onarimi senaryolarinda ¢apali dikisler dokudan dikis siyrilmasina
karsi yapisal direng gostermeleri ve digim baglanmaksizin kullanim saglamalari
nedeniyle konvansiyonel dikislere gore bazi teorik avantajlar sunmaktadir.
Guncel literatir c¢apall dikislerle konvansiyonel tendon tamir teknikleri
kullanilarak yapilan in-vivo ve ex-vivo hayvan arastirmalarina odaklanmaktadir.
Capali dikislerin tendonda kullanimi ile ilgili temel o6zelliklerinin saptanmasina
yonelik temel arastirmalar ise mevcut degildir. Arastirmamiz bu eksiklige vurgu
yaparak ¢apali bir dikisin tendon dokusunda tutunma gliclini dogrusal ¢ekme
testi ile arastirmaktadir.

Yontemler: Otuz iki taze donmus domuz 6n ayak dijital tendonu sekizerli dort
gruba ayrildi. Birinci gruptaki 6rneklere ¢apali dikis tendonun iginde 1 santimetre
mesafe kat edecek sekilde uygulandi. ikinci, tiglincii ve dérdiincii gruplardaki
orneklere capali dikisler tendonun iginde sirasiyla 2, 3 ve 4 santimetre mesafe kat
edecek sekilde uygulandi. Capali dikislerin tendon dokusu iginde tutunma guigleri
mekanik test cihazi ve dogrusal maksimum c¢ekme dayanim testi kullanilarak
olglldl. Gruplar arasindaki fark istatistiksel olarak degerlendirildi.

Bulgular: Ortalama maksimum ¢ekme dayanimi birinci grupta 5.4N, ikinci grupta
7.45N, Gglincli grupta 4.87N ve dordiinci grupta 5.76N olarak bulundu. Gruplar
arasl karsilastirma yapmak igin érneklerin maksimum ¢ekme dayanim degerleri
¢apali dikislerin tendon iginde kat ettikleri mesafeye bolinerek elde edilen
diizeltilmis degerler kullanildi. Diizeltilmis degerlerle yapilan istatiksel analiz
sonucunda 1 ve 2.nci gruplar arasinda fark bulunmazken, 1-3 ve 1-4 gruplar
arasinda fark bulundu.

Sonug: Sonuglarimiz deneyde kullandigimiz capali dikisin tendon iginde kat ettigi
mesafe ile tendon dokusunda Urettigi tutunma giclnin dogrusal orantil
olmadigini ortaya koymaktadir. Capal dikislerin tendon onariminda rollerinin
daha iyi anlasilabilmesi igin daha dazla temel arastirmaya ihtiyag vardir.
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INTRODUCTION

The ideal tendon suture repair should be strong enough to allow early
mobilization, easily performed, minimize injury to tendon vasculature, and
minimize the bulk at the repair site while providing the smoothest possible
gliding surface (1-3). It is well known that repairing the tendons with a greater
number of suture strands crossing the repair site results in higher tensile
strengths (2,4-6). However, the increased number of strands, bulky knots and
complex suture trajectories are known to increase gliding friction, cause
excessive inflammation and cause circulatory compromise, which are
responsible for impaired outcomes in tendon repair (1-3,7-11). Therefore, the
suture technique used to approximate a severed tendon is crucial for achieving
a better outcome, since it is well known that poor handling of the tendon tissue
during surgery leads to poor outcomes (12).

Barbed sutures do not have to rely on complex trajectories, multiple loops or
even knots to provide tissue grasp and friction. Instead, a barbed suture relies on
homogenous tissue grasp and friction throughout the monofilament suture
material (13,14). This core characteristic of the barbed suture comes from the
circumferentially and evenly distributed spikes or anchors throughout the
filament. These spikes generate homogenous and steady friction against slippage
throughout suture trajectory in the opposite direction of suture introduction
(14,15). Theoretically, this advantage may lead to a reduced need to obtain
complex trajectories with acute angles, multiple loops or tying knots which are
proven to be mechanical stress risers and possible reasons for failed tendon
repair (12,13).

Literature provides very little information about fundamental properties of an
ideal barbed suture for tendon repair (13-15). Yet, most of the available
literature on barbed sutures for tendon repair has a focus on comparison of its
effectiveness against standard sutures with standard tenorrhaphy techniques in
the ex-vivo or in-vivo preclinical setting (6,12,16-22). We find this very awkward
while the barbed sutures are described by both the manufacturers and the US
Food and Drug Administration as a wound closure device (23). This indicates that
the current literature is deficient in basic science regarding the barbed suture for
tendon repair.

The barbed suture's linear frictional property in the tendon tissue is such a
topic that needs to be investigated in order to contribute for a better practical
understanding which may help to design and propose innovative tenorrhaphy
techniques. We planned this study to investigate a specific barbed suture’s linear
fictional performance in tendon tissue with the hypothesis; that the amount of
frictional tension a barbed suture generates is proportional to the distance it
spans through the tendon tissue.

MATERIALS AND METHODS

The surgical and biomechanical test method

All ex-vivo specimen used in the study were obtained from animals which were
euthanized for endoscopic education purposes in our institution, thus no ethics
committee approval was obtained. Thirty-two porcine forefoot digital flexor
tendons were surgically extracted from freshly euthanized animals and were
fresh frozen in an industrial fridge at -21 centigrade for later use. After thawing
of the specimen, they were divided into four groups of eight tendons. In group 1
a V-Loc 180 Absorbable Wound Closure Device (37mm 1/2 circle round taper
needle, 0 imperial/3.5 metric) was introduced to the tendon 1 cm proximal to
the distal cut-end and was advanced through the core of the tendon tissue
leaving the distal cut-end at the core. In group 2 the suture was introduced in the
same manner purchasing 2 cm of tendon tissue, in group 3 and 4 the suture
purchase length was 3 and 4 cm respectively (Figure 1 and 2). The tendon was
stabilized at both ends by an assistant to facilitate suture passage through the
desired core trajectory. In groups 3 and 4 marked difficulties were encountered
while trying to advance rather large % circular needle through a rather small
diameter flexor tendon. A 10kN Shimadzu Autograph AGS-J model universal
testing machine (Shimadzu Corp., Kyoto, Japan) was used to assess ultimate
tensile strength that the suture-tendon interface generates through friction
caused by anchorage of the barbs of the suture in the tendon tissue (Figure 3).
The both ends of the samples were mounted directly to the clamps of the
mechanical testing device making sure that the samples were parallel to the pull
direction of the device. The mechanical testing device was preloaded with 1
newton of force before the pull test and the testing was stopped manually once
visual suture slippage from tendon was confirmed.

Figure 2: A close-up photo of the specimens from group 2 depicting some detail
of the barbed structure of the suture.

Table 1: Table summarizing ultimate tensile strength of each sample, mean and
mean values corrected by suture purchase length by groups.

Sample Group 1 Group 2 Group 3 Group 4
1 6.50 8.24 9.87 5.93
2 5.15 8.46 2.72 8.72
3 443 7.18 1.93 9.48
4 6.75 5.90 6.27 2.13
5 6.16 11.07 5.96 3.40
6 4.95 6.56 2.81 7.33
7 3.79 5.60 3.83 2.75
8 5.54 6.65 5.63 6.42
Mean 5.40 7.45 4.87 5.76
Mean /suture purchase

length 5.40 3.72 1.62 1.44
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Figure 3: A photo showing a specimen from group 3 while being tested for
ultimate tensile strength.

Statistical analysis

The correlation between suture purchase length and ultimate tensile strength
was tested with Spearman’s correlation test. Since a directly positive relation
between suture purchase length and ultimate tensile strength is anticipated a
statistical model to test this is implemented by calculating a “corrected
comparison value” for each sample. The “corrected comparison value” for each
sample was found by dividing ultimate tensile strength values by suture purchase
length of each sample. In other words, values in group 1 were divided by 1, values
in group 2 were divided by 2 and values in the 3rd and 4th groups were divided
by 3 and 4 consecutively. These “corrected comparison values” were than used
to assess any significant difference between groups with independent samples
Kruskal Wallis test. SPSS 21.0 for Windows (Release 21.0, SPSS Inc, Chicago, IL,
USA) computer software was used for statistical analysis.

RESULTS

All specimen in all groups failed by stripping of barbs from the tendon tissue,
no failure due to suture breakage or tendon and suture stripping from the mount
was encountered. Mean value of ultimate tensile strength was found to be 5.4N
for group 1, 7.45N in group 2, 4.87N in group 3 and 5.76N for group 4 (Table 1).
The Spearman correlation test showed no significant relation between suture
purchase length and ultimate tensile strength (p=0.84, two-tailed). Since this was
an unexpected result further analysis was performed to reveal inter group
differences. The calculated comparison values were used to assess any
significant difference between groups with independent samples Kruskal Wallis
test. Kruskal Wallis test revealed significant difference (H=24.23, 3 d.f,
P=0.02x10-3) Post-hoc analysis with Bonferroni correction revealed that groups 1
vs 2 showed no difference whereas comparison of group 1 vs 3 and group 1 vs 4
showed significant difference. Table 2 summarizes these post-hoc analysis
results.

Table 2: Table summarizing post-hoc intergroup comparisons with adjusted
significance for Bonferroni correction

Intergroup Adjusted
comparison Test Statistic significance
1vs2 6.87 0.85

1vs3 18.37 0.001

lvs4 19.75 <0.005
2vs3 11.50 0.08

2vs4 12.87 0.036

3vs4 1.37 1.00

DISCUSSION

To our knowledge, our study is the first study to assess the linear frictional
performance of a barbed suture in the tendon tissue. The known and established
parameters for a barbed suture which are related to linear frictional performance
are mainly related to issues regarding filament. Previous research has shown that
diameter of the filament, barb density, barb geometry and barb depth are the
main factors that seem to affect the frictional resistance of a barbed suture in
the tissue (14,15).

In this biomechanical study there were four groups and in group 1 the length
of the tendon tissue spanned by the suture was 1 ¢cm, in group 2 it was 2cm and
in groups 3 and 4 there were consequently 3 and 4 centimeters. In other words,
the number of barbs in the tissue was the differentiating factor between the
groups which is presumably proportional to the length of the suture in the
tendon tissue since the barbs in the suture are homogeneously distributed.
Samples in group 2 which had two times the length of suture material in tendon
when compared to group 1 showed a directly proportional increase in ultimate
tensile strength. However, while we were expecting the same direct proportional
increase in groups 3 and 4 analysis did not prove so. In fact, our results showed
that the ultimate tensile strength of the barbed suture deteriorated in these
groups indicating that there may be other variables contributing to the frictional
performance of the barbed suture in tendon tissue. We believe this issue of
awkward frictional performance of the barbed suture might be related to the
needle of the suture. As mentioned in the materials and methods section of our
manuscript we encountered difficulty passing the 37mm % circular, rather large
needle through the core of the tendon in groups 3 and 4 where consecutively 3
and 4 cm of tendon tissue was spanned by the suture. We believe this rough
procedure might have detrimental effects on tendon tissue by dilating the suture
trajectory and breaking structure of tendon fibrils. However, this has yet to be
proven by new investigations. Nevertheless, it is clear that the needle of the
suture was not ideal for our study design. Currently, the barbed sutures are only
being produced and labeled as wound closure devices so ideal needle options for
tendon repair are not the priority list of barbed suture manufacturing companies.

As afore mentioned in the introduction section we believe that unique tissue
grasping properties of the barbed suture separates it from the classical suture
material thus, the tendon repair technique should also differ from the classical
tendon repair techniques. To our knowledge, there is only one study which has
investigated the barbed suture for possible new tendon repair techniques and it
is most probably the oldest one by McKenzie in the year 1967 (13). He has
described the suture as “An experimental suture for certain compact (low
caliber) tendons capable of giving neat and relatively atraumatic approximation”
and he also noted that it provided comparable results to Bunnel “buried core”
technique with an in-vivo animal model. In his work, he described a couple of
possible repair configurations for flexor digital tendon repair. To our knowledge,
these are the first described surgical methods that take advantage of the barbed
suture’s linear frictional properties by eliminating complex trajectory, multiple
loops and knots. These tendon suture configurations were generally two
separate filaments passing through the severed tendon in a reverse parabolic
orientation.
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No knots or suture tying was described but some configurations showed
anchorage of suture over the skin in a classical pull-out fashion. Unfortunately,
after his study research on the barbed suture for tendon repair was scaled down
for a very long time. This might be a result of the inefficacy of technology at his
time for manufacturing quality and economic barbed sutures. After many years
of being lost to surgical procedures, barbed sutures made a comeback in the 21st
century with some product diversity and economic availability. As a result, some
recent data has accumulated for the barbed suture’s role in tendon repair
scenarios.

Most of the available literature on the barbed suture for tendon repair cases
has a focus on comparison of its effectiveness against standard sutures with
standard tenorrhaphy techniques. We believe that modern tenorrhaphy
techniques have excelled for regular sutures through years of basic and clinical
research. Therefore, the proven tenorrhaphy methods of today are actually
tailored to the properties of regular sutures through many years of practice and
research. As a result, comparing barbed sutures to standard sutures employing
established tenorrhaphy techniques may not be the best way of discovering their
potential for tendon repair. Yet, recently the research community has mainly
focused on just doing that (12,16-22). Since there is little basic science behind
these clinical studies, we find them impractical for defining the role of barbed
suture for tendon repair. On the other hand, few studies have attracted attention
on basic properties of the barbed suture, suggesting that the ideal barb geometry
may not be the same for all surgical procedures and tissue types (14,15,24).
Among these, a biomechanical study by Ingle and King reported that due to
tendon tissue’s higher modulus of elasticity compared to skin, any barb to
penetrate tendon tissue needs to be more rigid. Thus, they recommended a
barbed suture to have barbs cut at an angle of 150° at a depth of 0.18 mm for
tendon repair and a cut angle of 170° at a depth of 0.18 mm for skin tissue
(14,24). Nevertheless, we believe that linear frictional characteristics of different
barbed sutures with different needles, filament diameters, barb geometry and
barb density should be first investigated and understood to find itself a place in
new tendon repair procedures.

CONCLUSION

The tissue grasping strength of the barbed suture we tested in our study is not
directly proportional to the suture purchase length. Further investigation is
needed to explain this behavior and to confirm the theoretical advantages of the
barbed suture for tendon repair scenarios. If this can be achieved, there is the
possibility that the repair techniques of today may evolve or new techniques may
be proposed to take better advantage of the barbed suture.

Furthermore, to our knowledge, no suture company has introduced any
barbed suture which is specially tailored for tendon repair. Our study along with
the previous studies on tendon repair with barbed sutures indicate that the
barbed suture for tendon repair needs to be specially designed from needle to
diameter of the filament and from barb density to barb geometry.
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