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The use of N-butyl-2-cyanoacrylate (Histoacryl) in primary tendon
repair: a biomechanical study with sheep flexor tendons

Tendon onartminda N-butil-2-siyanoakrilat (Histoakril) kullanimi:
Koyun fleksor tendonuyla biyomekanik ¢alisma

Volkan OZTUNA, Ali YILMAZ, Cengiz YILMAZ, Metin M. ESKANDARI,
Irfan AYAN, Abtullah MILCAN, Fehmi KUYURTAR

Mersin University School of Medicine Department of Orthopaedics

Amac: Bu calismada, tendon periferik onariminda de-
vamli epitendindz dikis ve biyocoziiniir bir yapistirici
olan N-butil-2-siyanoakrilat (Histoakril) (NBSA) kullani-
larak yapilan onarimlarin biyomekanik ozellikleri karsi-
lagtirilda.

Cahisma plani: Calismada 24 adet koyun fleksor tendo-
nu kullanildi. Orta seviyeden kesim isleminden sonra 12
tendona (grup 1) no 2 prolen ile modifiye Kessler kor di-
kis ve 3/0 prolen ile devaml epitendindz dikis yapildi.
Diger 12 tendonda ise (grup 2), modifiye Kessler kor di-
kisten once kesi hattina NBSA siiriildii. Her iki gruptan
altisar tendona hidrolik test cihazinda yiiklenme-defor-
masyon (20 mm/dak hizda gerilme) ve siklik yiliklenme-
deformasyon (1-15 N aras1 20 siklus/dakika frekansta
yiiklenme) testleri uygulandi. iki testte de onarim saha-
sinda 1 mm bosluk olusumu onarimin bozulmasi olarak
yorumlandi.

Sonuclar: Grup 1°de onarimin bozulmasi i¢in gerekli yiik or-
talama 27.3 N (dagilim 25-32 N), ikinci grupta ise 50.4 N (da-
Silm 32-63 N) bulundu (p=0.022). Grup 1’de onarimin bo-
zulmasia kadar yapilan siklus sayisi ortalama 140 (dagilm
45-250), grup 2 de ise 350 (dagilim 150-600) idi (p=0.032).

Cikarmmlar: Bu calismada, tendonlarda NBSA ile yapilan
periferik onarmmin, devamh epitendindz dikis ile yapilan
onarima gore biyomekanik agidan daha avantajl oldugu go-
riildii.

Anahtar sozciikler: Biyomekanik; siyanoakrilat/terapotik kul-
lanim; el yaralanmasi/cerrahi; materyal testi/yontem; koyun; di-
kis teknikleri; tendon yaralanmasi/cerrahi; gerilme kuvveti.

Objectives: In this study, the biomechanical properties
of peripheral tendon repair with the use of epitendinous
suture  technique and N-butyl-2-cyanoacrylate
(Histoacryl) (NBSA), a biodegradable glue, were com-
pared.

Methods: Twenty-four flexor tendons were harvested from
sheep hind limbs. Following transection of the tendons, 12
tendons (group 1) were repaired with modified Kessler core
sutures using no 2 prolene and epitendinous running sutures
with 3/0 prolene. In the other 12 tendons (group 2), NBSA
was applied between the cut surfaces before placing modified
Kessler core sutures. Placed on an hydrolic test machine, half
of the tendons from each group were subjected to load to fail-
ure with a tensile force of 20 mm/min and the other half to
cyclic loading with a tensile loading between 1-15 N at a rate
of 20 cycles/min. Observation of a gap of 1 mm between the
tendon ends in each test was regarded as repair failure.

Results: The mean load to failure was 27.3 N (range 25
to 32 N) for group 1 and 50.4 N (range 32 to 63 N) for
group 2 (p=0.022). The mean number of cycles at failure
was 140 (range 45 to 250) in group 1 and 350 (range 150
to 600) in group 2 (p=0.032).

Conclusion: Our results showed that peripheral tendon
repair with the use of NBSA has biomechanical advan-
tages over repair with the epitendinous running suture
technique.
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Controlled active motion protocols yield superior
results when compared to early passive motion proto-
cols during the rehabilitation period of hand flexor ten-
don injuries."”" Active rehabilitation programs
increase the speed of tendon healing and remodeling;
preventing adhesion and deformity at the repair
zone.?* This condition requires a strong tendon
repair that can permit early active motion. The strength
of tendon repair depends not only on core suture but
as well on peripheral repair technique.
Contemporarily, the most frequently employed periph-
eral repair technique is epitendinous running suturing.
However, experimental studies showed that this suture
technique is biomechanically inferior to cross-stitch
and Halsted technique.”'” In cross-stitch and Halsted
technique the surgical technique is complex and over
manipulation of transected ends of tendons and
increased surface area of suture material causing fric-
tion with peripheral tissue lead to adhesion.""*' A ten-
don repair technique that can be easily employed in
surgical practice and also biomechanically of suffi-
cient strength shall provide early active motion at the
same time preventing peripheral adhesion of tendons.

N-butyl-2-cyanoacrylate (NBSA) is bacteriostatic,
bioresorbable, hemostatic adhesive with a long half
life and good tissue compatibility."*'" Trail et al. "
compared continuous epitendinous suturing with
peripheral repair performed with NBSA and observed
that the latter was superior. However, in their study
only loading-deformation experiments were done;
cyclic loading-deformation was not observed. Loading
on the repair site during the rehabilitation of tendon
repair is mostly cyclic."*"™ Thus when a new repair
technique is researched its complete biomechanical
properties should be tested. In our study, biomechani-
cal properties of epitendinous running sutures and
peripheral repair done with NBSA were compared.

Materials and methods

Twenty-four flexor tendons harvested from sheep
hind limbs were used in this study. Biomechanical
experiments were performed employing Testometric
micro 350 hydrolic test machine (Lancashire, UK)
and load-deformation curve obtained from a system
linked computer. In biomechanical studies done
using tendons, the ends are attached to the test
machine with special clamps aiming to prevent
release of tendons when tension force is applied. In

our study the suitability of the clamps of Testometric
micro 350 hydrolic test machine was assessed ini-
tially. This was achieved by placing a tendon of
25cm length to the test machine and applying a ten-
sion of 20mm/min. The both ends of the tendon were
marked and checked for any release from the
clamps. Load-deformation curve was controlled by
the computer attached to the machine. When loading
was 1450 N load to failure and a deflection in load-
deformation curve were observed. This value was
considered to be high enough enabling firm attach-
ment of the tendon to the system.

Twenty-four (25x1 cm) tendons were harvested
from sheep in half an hour following their death and
kept in deep freezer. On the day of experiment they
were taken out from deep freezer and thawed in
room temperature. Following transection of tendons,
12 tendons (Group 1) were repaired with modified
Kessler core sutures using no 2 prolene and epi-
tendinous running sutures with 3/0 prolene. In the
other 12 tendons (Group 2), NBSA was applied
between the cut surfaces before tying modified
Kessler core sutures. During core suturing, ends of
tendons are compressed for two minutes. Tendons
are kept in serum physiologic during the experiment.

Load to failure experiment

Six tendons from each group were placed on a
hydrolic test machine. Distance between the clamps
holding the tendon ends were calibrated as 10cm.
Pretension of 1N was performed for two minutes,
and then a tension force of 20mm/min was applied.
Load to failure curve was recorded from the com-
puter attached to the system. Observation of a gap of
Imm between the tendon ends was considered as a
repair failure, and a sudden change in the curve was
observed and noted.

Cyclic loading to failure experiment

Six tendons from each group were placed on a
hydrolic test machine. Pretension of 1N was applied
for two minutes after when a cyclic loading of 1-
15N at a rate of 20cycles/min was applied. Before
the initiation of the experiment 1000 cycles were
aimed. A gap formation of Imm in the relaxation
phase was considered as a repair failure. Number of
cycles when the gap was formed was recorded. The
results of both experiments were compared using
Student-t test.
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Results

Repair failure was noted as release of epitendinous
suture from the tendons in epitendinous suturing, and
as seperation of adhesive material in the NBSA used
group. The mean load to failure was 27.3 N (range 25-
32N) for the group in which core and epitendinous
running sutures were used; while it was 504 N
(range32-63 N) for the group in which core suturing
and NBSA application were performed (Figure 1a).
The difference was significant (p=0.022).

The mean number of cycles at failure was 140
(range 45-250) in group 1 and 350 (range 150-600) in
group 2 (Figure 1b). The difference regarding the
number of cycles was significant (p=0.032).

Discussion

Recently numerous studies have been done
researching the tendon structure, and its biomechan-
ics, response to trauma and repair techniques. These
studies have led to the conclusion that earlier the
active motion, faster the rate of tendon healing, and
lower the peritendinous tissue adhesion.>>"?"
Commencing early active motion requires a strong
repair. The strength of tendon repair not only
depends on the core suture technique, but as well on
the peripheral repair technique.”" In our study, two
types of peripheral repair techniques with a con-
comitant core suture technique were compared. It
was concluded that modified Kessler technique aug-
mented with NBSA yielded superior results when
compared to modified Kessler and epitendinous run-
ning suture techniques.
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The strength of a tendon repair depends on the
technique and suture material."” Two forms of dam-
age are evident when the strength of repair technique
is tested biomechanically. First is the slippage of the
suture material from the tendon ends; second is the
rupture of a suture material.”" In our study we tried
to use thick material (core suture with no2 prolene,
epitendinous suture with 3/0 prolene) in order to pre-
vent failure due to rupture of suture material.
Differing from the literature, we surmised that our
approach enabled us to assess the biomechanical
variability of different peripheral repair techniques
independent of suture materials.

Today the most commonly used technique in
peripheral tendon repair is running epitendinous
suturing. It is known that this technique renders an
additional strength of 700 grams to the repair.” This
strength varies with the distance between the suture
and transected end of a tendon as well as the depth
of the suture.” However in practice determining the
tightness of the epitendinous suture, its location and
depth may not always be possible. Although other
suture techniques as cross-stitch and Halsted renders
a biomechanically stronger repair,”'” they incur
problems as complexity, frequent manipulation of
transected tendon ends and finally increased adhe-
sion to the surrounding tissue resulting from friction
between the tissue and the suture material.""" Tt is
also evident that each suture placed in the tendon
disrupts its vascularity.”” We believe that peripheral
repair with NBSA used in our study is a method that
can be easily applied in a standart fashion.
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Figure 1a. Results of load to failure test in Group 1 and 2. Figure 1b. Results of cyclic loading to failure test in

Group 1 and 2.
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N-butyl-2-cyanoacrylate is a bacteriostatic,
biodegradable, hemoastatic biological glue that has
a long half life and biocompatibility."*'
Cyanoacrylate glue was first discovered by Ardis in
1949 and used surgically by Coover for the first time
in 1959. " N-butyl-2-cyanoacrylate that was later
developed was utilised as a strong tissue adhesive
due to its being non histotoxic and availability as a
glue even in non dry environment.”” Today NBSA is
used widely as a hemoastatic and embolic agent in
obliteration of the fallopian tubes, retinal tears,
corneal ulcus and placement of grafts."” Its use in
fracture and osteotomy fixation is experimental and
usally confined to the craniofacial and mandibular
bones.”* Shermak et al "' reported that the glue
disintegrated in the third week in most of the exper-
imental subjects. Cyanoacrylate also has bacteriosta-
tic and bacteriocidal effects.***! However, Evans et
al " showed that cyanoacrylate could be cytotoxic
in their tendon cell culture experiments.

In the literature there are studies in which NBSA
is used in tendon repairs. Trail et al "” compared the
biomechanical properties of NBSA and epitendinous
suture and found that the former provided a 30-40%
increase in repair site strength. However in this
study only load to deformation was investigated, and
cyclic load to deformation was omitted. Bonutti et al
14 compared techniques of Kessler and epitendinous
sutures plus cyanoacrylate augmentation with
Kessler and epitendinous sutures in rabbit Achilles
tendons, and found that the former was superior bio-
mechanically. However in this study, direct compar-
ison between cyanoacrylate and epitendinous
sutures was not done. In our study the repair tech-
niques were compared using load to deformation
and cyclic load to deformation experiments. In both
experiments NBSA provided a stronger repair.

There are a few drawbacks of our study. In load
to failure experiments the fact that the tendon ends
were not attached to the test machine with special
clamps might decrease reliability. In the pre experi-
ment done to assess the reliability of our experiment
the suitability of the clamps on the test machine for
the tendon experiment was researched and an intact
tendon of 25cm long was placed on the test machine
and a tension of 20mm/min was applied. We
observed that the minimum force required for the
tendons to slippage from the clamps was 1450 N.

We believe that our experiment is reliable as the
maximum tension force used has been 63 N.
Another drawback of our study was that the gap
formed between the tendon ends was observed
naked eye instead of using camera or digital system.
Although in the literature this limit was 2mm ¥, in
order to decrease interpration errors this value was
decreased to Imm. This situation made it difficult
for us to compare force (N) values in the literarture
with ours.

Our findings showed us that NBSA repair tech-
nique in peripheral tendon repairs is biomechanical-
ly superior compared with running epitendinous
suturing. However, in vivo studies are required to
test its biocompatibity before utilising NBSA clini-
cally.
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