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A Biomechanical Comparison of Tendon Repair with a
Knotless Barbed Suture and a Conventional Monofilament
Suture Material: An ex-vivo Animal Experiment
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ABSTRACT

Objective: Our aim is to compare the ultimate tensile strength and stiffness of a 2/0 barbed suture and a 3/0 polypropylene monofilament suture in a
porcine tendon repair model.

Methods: Sixteen porcine Achilles tendons were transected and separated into two groups. In group | tendons were repaired with a modified knotless
four-strand Kessler technique using a 2/0 V-Loc barbed suture. In group Il tendons were repaired with a four-strand Kessler technique using a 3/0
monofilament conventional suture and knots were tied. All specimens were biomechanically tested for ultimate tensile strength (UTS) and stiffness. Mode
of failure was also noted.

Results: Five specimens in group | failed by stripping of the suture from the tendon tissue, three failed due to suture breakage. In group Il two out of
eight tendons failed by stripping of the suture and remaining six failed by suture breakage. Median UTS value was found to be 85.96 N (range: 63.24)
in group | and 64.29 N (range: 56.84) in group II. Median stiffness value of the samples in group | was found to be 5.67 N/mm (range: 4.32) and in group
Il it was found to be 4.53 N/mm (range: 6.23). The statistical analysis of UTS and stiffness values revealed no significant difference between the groups
(p=0.17 and p=0.56 respectively).

Conclusion: A knotless Kessler tendon repair made with a 2/0 barbed suture is biomechanically equivalent to a knotted Kessler tendon repair made with
a 3/0 conventional polypropylene suture in ex-vivo conditions.
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0z
Amag: Bu calismada 2/0 V-Loc capali dikis ile yapilan ex-vivo domuz asil tendon onarimini, maksimum cekme dayanimi (UTS) ve sertlik yontinden 3/0
konvansiyonel monofilament dikisle karsilastirmayr amacladik.

Yéntemler: On alti domuz asil tendonu ortadan kesildikten sonra randomize edilerek iki ayri gruba ayrildi. Birinci grupta 2/0 V-Loc capali dikis kullanilarak
modifiye 4'lii Kessler siitur yontemi ile diigiim baglanmaksizin tamir uygulandi. ikinci grupta 3/0 konvansiyonel monofilament polipropilen dikisle yine
ayni yontemle tamir uygulandi, ancak farkli olarak dikisleri sabitlemek igin diigim bagland:. Tim 6rnekler mekanik bir test cihazi ile gekme testine tabi
tutuldu ve UTS'leri ve sertlikleri lclldi. Ayrica tim éreklerin yetmezlige gitme sekilleri not edildi. Gruplar arasindaki farklar Mann-Whitney U testi ile
analiz edildi.

Bulgular: Grup 1'de bes tendon dikis materyalinin tendondan siyrilmasi sonucu, lg 6rnek dikis kopmasi sonucunda yetmezlige gitti. Grup 2'de iki 6rnek
siyrilma, alti érnek dikis kopmasi sonucu yetmezlige gitti. Grup 1'de 6rneklerin ortanca UTS 85,96 N bulunurken, bu deger grup 2'de 64,29 N olarak
bulundu. Orneklerin ortanca sertlik degerleri grup 1 igin 5,67 N/mm ve grup 2 igin 4,53 N/mm olarak bulundu. Her iki degiskene ait degerlerin istatistiki
analizi sonucunda gruplar arasi bir fark olmadigi gozlendi. (p=0,17 and p=0,56).

Sonug: Bu calismada 4'lu Kessler sttur ydntemiyle diigiim baglanmadan uygulanan 2/0 ¢apali tendon dikisiyle, konvansiyonel yéntemle 3/0 monofilament
polipropilen kullanilarak uygulanan dikis arasinda biyomekanik yénden fark bulamadik.
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INTRODUCTION

The ideal tendon repair should be strong enough to enable early
range of motion exercises, should be easily performed, should
minimize injury to tendon vasculature and should not be bulky
to facilitate smooth gliding of the tendon (1-3). However, the
higher the number of strands that cross the tendon, the more
manipulation needed to put them in the tendons and the greater
number of knots needed to tie them off which eventually results
in a bulky construct.

The recently introduced barbed sutures have properties which
render them very different from conventional sutures and yet they
have not been extensively tested for tendon repair scenarios. The
evenly distributed micro spikes on the barbed suture helps it with
unidirectional anchoring all across the suture trajectory, thus they
do not require complex trajectories and knots for tissue grasping
and friction (4,5). These spikes generate homogenous and steady
friction against slippage throughout suture trajectory in the
opposite direction of the suture introduction. Increased tissue
friction generated by this behavior of the barbed suture represents
itself as a theoretical advantage for tendon repair scenarios since
it eliminates the necessity for complex suture trajectories, locking
loops and tying knots which are all proven to be mechanical and
inflammatory stress risers (4,5). Yet, the same spikes also represent
a mechanical disadvantage. The spikes in a barbed suture are
created by generating cuts on the body of a monofilament suture
which decreases the effective diameter of the barbed suture.
Therefore, these evenly distributed cuts through the body of the
suture create mechanical stress risers which render them weaker
than a conventional monofilament suture of the same material
and diameter (6-8).

Al these differences between the barbed sutures and
conventional monofilament suture materials create a basis for
extensive investigation of barbed sutures’ role and performance
in tendon repair scenarios. Currently, the evidence on barbed
suture as a tendon repair device is limited and it is still not clear if
their disadvantage of being weaker at the location of spikes are
compensated by not being dependent on afore mentioned stress
risers. Therefore, in this study, we aim to compare the ultimate
tensile strength (UTS) and stiffness of a 2/0 barbed suture and a
3/0 conventional polypropylene monofilament suture in an ex-
vivo porcine Achilles tendon repair model.

METHODS

Experimental Method

All ex-vivo specimen used in the study were obtained from animals
which were euthanized for endoscopic education purposes at
our institution, thus no ethics committee approval was obtained.
Sixteen porcine Achilles tendons were surgically extracted from
freshly euthanized animals and were fresh frozen in an industrial
fridge at -21 centigrade for later use. On the experiment day,
the tendons were thawed at room temperature and divided into
two groups of 8 tendons. All tendons were cut in the middle with
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a sharp scalpel blade (Figure 1). The tendons were repaired by
two separate (four strand) modified Kessler core sutures (Figure
2a and 2b). In group 1, a 2/0 barbed polypropylene (V-Loc PBT
Non-Absorbable Wound Closure Device, Covidien Deutschland
GmbH, Neustadt, Germany) was used for the repair (Figure 3)
and sutures were left untied. In group Il, a 3/0 polypropylene
monofilament suture (Prolene, Ethicon, Somerville, N.J., USA) was

used and two separate knots were tied. A suture purchase length

of 1 cm was devised for the repairs in both groups.

Figure 1. A transected tendon sample

Figure 2 a) Photograph showing application of the dual Kessler
sutures to the cut tendon before approximation

Figure 2 b) Photograph showing application of the dual Kessler
sutures to the cut tendon after approximation
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Biomechanical Test

A 3kN MTS Acumen 3 testing machine (MTS Corp., Shenzhen,
China) was used to assess UTS of the constructs. 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 (Figure 4). After mounting, specimens
were axially preloaded with 1 N of force. The specimens were
pulled with a speed of 20 mm/minute until failure was confirmed

on the stress strain graph on the screen of the mechanical testing

Figure 3. Close up photograph of the V-loc barbed suture de-
picting micro anchors

Figure 4. Photograph showing a sample mounted on the me-
chanical test device for biomechanical testing
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device or visual conformation of suture failure by breakage or pull
out. The mode of failure was also noted for samples.

Statistical Analysis

Inter group differences for UTS and stiffness were analyzed with
the Mann-Whitney U test at 95% confidence interval, using SPSS
21.0 for Windows (Release 21.0, SPSS Inc, Chicago, IL, USA)
computer software.

RESULTS

Five specimens (62.5%) in group 1 failed by stripping of suture from
the tendon tissue, three (37.5%) failed due to suture breakage. In
group 2, two out of eight tendons (25%) failed by stripping of the
suture and remaining six (75%) failed by the breakage of which 4
(50%) were adjacent to the knot.

The median UTS value was found to be 85.96 N (range: 63.24) in
group 1and 64.29 N (range: 56.84) in group 2. The median stiffness
value of the samples in group 1 was found to be 5.67 N/mm (range:
4.32) and in group 2, it was found to be 4.53 N/mm (range: 6.23).
A box-plot graphics is provided for better visualization of the UTS
and stiffness values (Figure 5, 6). The homogeneity of variance for
both UTS and stiffness variables between groups were tested and
both variables were found to have similar distribution between
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Figure 5, 6: Box-plot charts depicting the minimum-maximum
values of UTS and stiffness values for easy visualization of study
data
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the groups. The statistical analysis of UTS values with the Mann-
Whitney U test revealed that there was no significant difference
between the groups (Mann-Whitney U test: 19, p=0.17 two-tailed).
The statistical analysis of the stiffness values of the groups with the
Mann-Whitney U test also showed that there was no significant
difference between these two groups (Mann-Whitney U test: 26.5,
p=0.56 two-tailed).

DISCUSSION

The findings of our study provide new data to the literature in the
field of research of barbed sutures for tendon repair scenarios. In
this biomechanical study, our comparison of a barbed suture and
a conventional monofilament suture for UTS and stiffness revealed
that there was no statistically significant difference between the
groups.

The specification sheets of the barbed sutures and previous
studies state that tensile properties of the barbed sutures of a
certain diameter are comparable to unbarbed sutures of one size
smaller diameter conventional monofilament sutures in a straight-
pull test as a result of decreased effective diameter caused by
the methodology for creating barbs (6-8). Therefore, in this
study, we compared a 2/0 barbed suture to a 3/0 monofilament
suture. Yet, previous studies prove that repair site thickness
of tendons repaired with barbed sutures of one size larger
diameter is comparable or thinner than the tendons repaired with
conventional sutures of one size smaller diameter for the fact that
they do not require bulky knots to be tied (7-9).

When we compare our findings to the literature, we can see
that our findings show parallelism to some similar studies in the
literature. The previous studies also do suggest that tendon repair
made with the barbed suture which is one size larger by diameter
than the compared conventional monofilament suture displays
identical UTS and stiffness properties (6-8,10).

Joyce et al. (7) have investigated a novel four strand suture
technique with 2/0 barbed suture to a four strand Adelaide
technique with 3/0 conventional monofilament suture. Their
results showed that the mean ultimate strength of the barbed
repairs was 54.51 N while that of the Adelaide repairs was 53.17 N
and statistical analysis of their data showed no difference for UTS
between the groups. On the other hand, their measurements of 2
mm gap forming force which represents stiffness of the construct
favored the barbed group over conventional suture group, which
we believe is a result of the new technique they devised for the
barbed suture group. In another study by Clemente et al. (8) which
investigated a four-strand new technique with 2/0 barbed sutures
to two strand modified Kessler technique with 3/0 conventional
monofilament sutures, they found identical UTS and 2 mm gap
formation forces when the results were corrected for the number
of strands in the repair. Yet the study by Marrero-Amadeo et al.
(6) also confirms these findings that 2/0 barbed suture performs
biomechanically similar to 3/0 conventional monofilament suture.
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Contrary to our findings which showed the barbed suture to be
biomechanically equivalent to the conventional monofilament
sutures, there are studies which have found them to be inferior
and superior to the conventional sutures (9,11-14). Trocchia et al.
(11) reported that Kessler tendon repair done with a 2/0 barbed
suture was biomechanically inferior to the repair done with a 3/0
non-absorbable braided conventional suture. McClellan et al.
(12) investigated the ultimate tensile strengths of three different
tendon repairs. In the first group, repairs were made using a 3/0
Ethibond modified Kessler 2-strand repair, in the second group
a 3-0 Ethibond modified Savage repair and in the third group a
unique knotless 4-0 novel barbed suture. They reported that the
Savage and knotless repair groups performed significantly better
as compared to the modified Kessler repair group. Peltz et al. (13)
compared three groups of different tendon repairs, in which one
group consisted of a four-strand Adelaide 3-0 Ticron traditional
repair, the other a novel four-strand 3-0 Ticron suture repair and
the final group with the same novel four-strand technique as in
group 2 but with a 3-0 V-Loc barbed suture instead. Their results
indicate significantly better ultimate tensile strengths favoring the
barbed V-Loc over the other techniques and sutures.

It is critical that a tendon repair suture should not fail prematurely
before reaching strength values close to the suture material’s
simple straight pull test yield values. Suture failing by pull-out is
an example of premature failing since the suture does not break,
meaning that the force required to fail is less than the suture
material’s yield strength. Suture breakage adjacent to the knots
is another example of premature failure since knots create a weak
point in the filament. As a result, the ideal mode of suture failure
is suture breakage in the continuum of the filament where there is
no mechanical stress riser.

In our study, five specimens in the barbed suture group failed by
stripping of suture from the tendon tissue and the remaining three
failed due to suture breakage in the continuum of the filament. In
the non-barbed suture group, two out of eight tendons failed by
stripping and six by suture breakage of which four were adjacent to
the knots. The analysis of the failure modes in our study suggests
that Kessler suture technique may not be the most suitable for
tendon repair with the barbed suture since most of the specimens
(67.5%) in this group failed by suture slippage. We believe that
modern tenorrhaphy techniques including Kessler have evolved
for conventional non-barbed sutures through years of basic and
clinical research. Therefore, new research efforts on tendon repair
investigating barbed suture’s role should concentrate on new
techniques which are customized for barbed sutures. Yet, our
results confirm that knots do create weak points in the filament
forming stress riser areas since four out of eight (50%) specimens
in the non-barbed group failed by breakage adjacent to the knot.
Studies with similar methodology to ours confirm similar modes
of failure data.

Marrero-Amadeo et al. (6) reported that repairs with conventional
monofilament sutures with knots failed 65% by suture rupture
and the remaining repairs failed by the suture knot unraveling,
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whereas repairs made with the barbed sutures failed 67% by
suture pull-out, and the remaining repairs failed by suture rupture.
Joyce et al. (7) also found comparable results about the mode
of suture failure. They have reported that the cause of suture
failure for the barbed group was breakage in 60% of the cases
and pullout in the remainder. For the non-barbed group, they
have reported a suture failure mode of pull out by 60% and suture
breakage by 40% noting that seven out of eight suture breakage
cases occurred adjacent to the knot.

Although we believe that our study fulfills a role in providing
additional data on barbed suture’s role in the tendon repair
scenarios, our study has its own limitations as well. Firstly, the
sample size for the groups of our study is the minimum limit for
such a study to be relevant. Another limitation to our study is that
no measurements of tendon repair site diameter was made, which
is often useful to speculate on tendon gliding performance. Next,
our study like many other similar ones in the literature compares
the biomechanical performance of a barbed suture to a non-
barbed suture with a suture technique which has evolved for
non-barbed sutures, thus theoretical advantages of the barbed
suture are dwindled by this move. Finally, as being an ex-vivo
biomechanical study, our findings lack the strong evidence which
can only be provided by randomized controlled in-vivo studies.

CONCLUSION

Our study confirms some of the previous findings of the literature
indicating that the knotless tendon repair made with a one size
larger diameter barbed suture is biomechanically equivalent to
the knotted tendon repair made with a one size smaller diameter
conventional monofilament suture in-vitro conditions. With
the theoretical advantages of the barbed suture such as easy
application, no dependency on complex trajectories, locking
loops and knots, these sutures may prove to be beneficial for
tendon repair scenarios. Yet, further research with potentially
advantageous suture techniques and /in-vivo studies are needed
to assess barbed suture’s role in tendon repair.
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