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BACKGROUND

SUMMARY

Backround. Different suture materials are preferable for the repair of Achilles tendon
ruptures. The effect of the sutures on the biological level on a repair scenario is still tenta-
tive. The purpose of this study is to show the effects of Vicryl®, Ethibond® and PDS®II on
Achilles tendons at mRNA levels.

Methods. 36 Achilles tendons of 18 White New Zealand Rabbit were divided into four
groups (n:9). Acute tendon rupture model was created and three groups were repaired
with each of the aforementioned sutures (fourth was the control group). At day twelve,
mRNA was isolated from each tendon, and expression levels of Collagen (COL) 1A2,
COL3AL1, Decorin, Matrix Metalloproteinase (MMP) 13 and Interleukin (IL) 1B were
measured quantitatively and compared.

Results. Tendons repaired with PDS®II showed high COL1A2, COL3A1 and decorin
expression levels (p<0.05). MMP-13 expression was high in Ethibond® group when
compared with PDS®II (p<0.05). High IL-1p expression in tendons repaired with Ethibo-
nd® was found (p>0.05).

Conclusions. Tendons repaired with PDS®II are found to have superior properties regard-
ing extracellular matrix component synthesis-degradation, and inflammatory cytokine
production at mRNA levels when compared to Vicryl® and Ethibond®. These results can
be a guide to surgeons regarding suture choice in Achilles tendon repairs.
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I alpha chain forms the 65 — 80% the tendon’s dry weight

Achilles is the largest and strongest tendon in the body and
subject to tensile forces of up to 12.5 times body weight (18).
It is the third most commonly injured tendon with an inci-
dence of 18 in 100.000, most commonly 4th and 5th decade
male patients. Operative or non-operative treatment options
for Achilles tendon rupture is in preference of orthopaedic
surgeons and the patients (17). Different suture materials
and suture techniques are widely used for the repair.

All tendons have a complex and composite architecture
composed of collagen fibrils and surrounding decorin and
elastin like proteoglycans. In Achilles tendon, collagen type
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(18). Collagen type I alpha 1 chain, together with type I alpha
2 chain (COL 1A2), encodes the major component of type I
alpha collagen. Collagen type I1, which is another constitu-
ent of Achilles tendon, functions as a connection in between
endotenon and the main collagen fibrils. Type III collagen is
localized in the endotenon in normal intact tendon, whereas
it is found in the whole tissue after an injury to the tendon,
therefore it is assumed that type III collagen plays a role
in tissue repair process. Decorin is an important proteogly-
can, it is responsible for assembly of extracellular matrix by
binding to type I collagen fibers.
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When the Achilles tendon loses the integrity, cellular and
tissue response to this trauma cause an increase in the
expression of matrix-degrading enzymes and some inflam-
matory cytokines (11). In literature, studies on rat and
rabbit tendons found different expression levels of these
enzymes and cytokines (5, 20, 22). Matrix metallopro-
teinases (MMP) 2, 3, 9, 13 and 14 are important regula-
tors of extracellular matrix remodelling (22). Among these
enzymes, MMP-13 mRNA levels were found to increase
rapidly after injury and these high levels persisted for a long
time (42 days) (5). Besides, MMP-13 was found to partici-
pate only in collagen degradation (it is also named as Colla-
genase I1I), not in collagen remodelling (7, 20, 22). With
the injury to the tendon tissue, inflammatory phase starts
and IL-1f reaches its high levels. IL-1 and MMP-13 are
shown to be up regulated following an injury to rat patellar
tendons in overusing conditions (23).

Animal tendons are usually good options for the biome-
chanical, histologic or molecular level experiments, howev-
er anatomy of the tendon can be quite different from human
tendon anatomy. Doherty et al. showed that, rabbit Achilles
tendon has some different anatomic features when compared
to human Achilles tendon. The medial and lateral gastroc-
nemius muscle tendons merged at 93 % of their course from
proximal to distal, different from the gastrocnemius human
tendons, which merged at 23 % of their overall course. The
soleus muscle and tendon are negligible in the rabbit (8).
These particular comparative anatomic features are import-
ant to consider when using the rabbit as a research model,
especially for mechanical testing, however we do not think
that this anatomic difference is not important for studies
measuring quantitative mRNA levels of different proteins.
Suture materials are in close contact with the tendon tissue
after the repair and they can trigger some inflammatory
reactions (1, 4, 14, 19). Among the suture materials used in
Achilles tendon repair, polyglactin 910 (Vicryl®), polydiox-
anone (PDS®II) and polyester (Ethibond Excel®) are the
most frequently used ones. However healing response on
the biological level is still tentative. There is no data on
how tenocyte metabolism is influenced from these different
suture materials.

The aim of the present study was to demonstrate 7z vivo
effects of frequently used three different suture materials by
quantitavely measuring the synthesis of structural proteins
(collagen, decorin), matrix-degrading enzymes (MMP-
13) and cytokines (IL-1f) at mRNA levels. We hypothe-
sized that a nonabsorbable polyester suture material may
elevate inflammatory mRNA levels due to irritative nature
when compared to those of absorbable polyglactin 910 and
polydioxanone.
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MATERIALS AND METHODS

20 male White New Zealand rabbits aged between 9-12
months and weighing 2.4-3.4 kg. were recruited in the study.
With the approval of the local Ethics Review Board, animals
arrived to laboratory two weeks before surgery to allow accli-
matization. Animals were provided a standard laboratory
diet and water ad libitum. Animals were numbered from 1 to
20 and kept single in cages. Animals were randomly divided
into four experimental groups; while right Achilles tendons
of animals with an odd number formed group 1 (Vicryl®
group), left Achilles tendons formed group 2 (Ethibond
Excel® group). Similarly right Achilles tendons of animals
with an even number formed group 3 (PDS®II group) and
left Achilles tendons formed group 4 (control group).

A single prophylactic intramuscular dose of the antibiot-
ic cephazolin (100mg) was applied before surgery. Under
anesthesia (100mg/kg ketamine + 5mg/kg chlorpromazine)
and sterile conditions, achillotomy was performed 15 mm
proximal to calcaneal insertion of both Achilles tendons of
the rabbits (figure 1a, b and ¢). Tendon repair was done by
modified Kessler’s technique with different suture materi-
als in groups 1, 2 and 3 (figure 1d). Repair was done with
2/0 Vicryl® (round-tip, ¥ circle, 26-mm needle) in group 1,
2/0 Ethibond Excel® (round-tip, % circle, 26-mm needle)
in group 2 and 2/0 PDS®II (round-tip, % circle, 26-mm
needle) in group 3. Cut tendon was not repaired and left
to secondary healing in control group. After closure of the
wound (figure 1e), short leg casting in plantar flexion was
done to all groups (figure 1f).

All animals were sacrificed at day twelve. Choice of 12t day
is based on high collagen remodelling and MMP-13 levels
seen in between 7* — 14% days by Oshiro et al. (15). Achilles
tendons were exposed through the same incision line. In the
first three groups, tendon tissue which was in close contact
with suture material was excised. In control group, second-
ary healing tissue between tenotomy ends was excised. All
specimens were shaved in 20 micron (pm) thick by a cryostat
microtome. Following the addition of Qiazol Lysis Reagent®,
homogenization was performed by using a polytron homog-
enizer. The supernatant after centrifugation was used for
mRNA isolation by using an mRNA isolation kit (Qiagen
Rneasy Mini Kit®). The concentration of mRNA from each
sample was measured using a nanodrop spectrophotometer.
Concentrated mRNA solutions were diluted further in order
to provide 200 ng mRNA/microliter (nL) of each sample.
RNAs of all groups were converted into cDNA by using
reverse transcriptase enzyme. This was followed by quan-
titative RT-PCR (Real Time Polymerase Chain Reaction)
protocol by the measurement of sybr green fluorescence
of PCR products. Primers that were used to determine the
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Figure 1. Stages of procedure: a) Lower extremity of rabbit after shaving. b and c) Tenotomy is done 15 mm proximal to Achil-
les tendon insertion. d) Repair by modified Kessler's method. e) Skin closure with 3/0 polyproplene. f) Casting in plantar flexion.

mRNA levels of collagen type I alpha 2 chain, collagen type =~ Quantitative RT-PCR was performed in three steps includ-
III alpha 1 chain, decorin, MMP-13 and IL-1 are shown in  ing denaturation (90-95 °C), primer binding (57-60 °C) and
table I. B-Actin mRNA expression was used as a housekeep-  extension (70-75 °C). 24T formula in the guidance of 3-ac-
ing gene to quantify relative mRNA levels. tin housekeeping is used for calculation of mean values and
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Table I. Base sequences and melting degrees of the primers used in the quantitative PCR analysis. Primers were selected

according to the Primer 3 Output program.

GENE Primer Sequences Product Size Annealing
(ORYCTALAGUS CUNICULUS) (base pair) Temperature (0C)
(forward/reverse)

Collagen 1A2 Left primer: AACTTGCCTTCATGCGTCTG 153 bp 57 °C
Right primer: CCTCGGCAACAAGTTCAACA

Collagen 3A1 Left primer: GTCAACCAGTACAAGTGACCA 175 bp 60°C
Right primer: AGCACCATTGAGACATTTTGAAA

Decorin Left primer: CAAAGTGCCCAAGGACCTTC 160 bp 60 °C
Right primer: TGTAAATGCTCCAGGGCTGA

MMP-13 Left primer: CTGCCCCTCCTCAACAGTAA 185 bp 57°C
Right primer: CCTGTCACCTCTAAGCCGAA

IL-1p Left primer: AAGGAGAGCTCTTTCCCACC 220 bp 60°C
Right primer: GCCTCTGGTCTCCTTGGATT

Beta Actin Left primer: CGCATGCAGAAGGAGATCAC 162 bp 57°C

(Housekeeping gene) Right primer: CGACTCGTCATACTCCTGCT

standard deviations of the groups. According to 2-*T meth-
od, control group is always calculated as ‘1°.

In order to verify that replication products are the copies of
the relevant genes (not primer-dimers), RT-PCR products
were run on agarose gel electrophoresis and band appear-
ances were visualized under ultraviolet light.

One-Way ANOVA method was used in the comparison of
quantitative data between the groups. Tukey test was used
for post-hoc analysis. The results were expressed within
95% confidence interval and the level of statistical signifi-
cance was set at p<0.05.

RESULTS

Two animals (one with an odd, other with an even number)
died in the postoperative period during the study, thus
total number of animals decreased to 18 (9 samples in
each group). At the end of day 12, casts were removed and
neither infection nor wound site complication was seen in
any group. With the exposure of the tendon tissue, any gap
formation or pull-out in the tendon-suture complex was not
seen in groups 1, 2 and 3. In group 4, secondary healing
tissue was seen in between cut tendon ends of all samples.

According to quantitative RT-PCR data, mRNA expres-
sions of genes encoding the structural proteins (COL1A2,
COL3A1 and decorin) were found to be highest in PDS®II
group. The expression of mRNA for COL1A2 gene was
1.02+£0.32 in the PDS®II group, 0.42+0.23 in the Ethi-
bond Excel® group and 0.35+0.18 in the Vicryl® group.
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High value in the PDS®II group was significant (p<0.01)
when compared with Ethibond Excel® group (mean differ-
ence=0.59, %98.4 confidence interval (0.12-1.07)) and,
Vicryl® group (mean difference=0.67, %98.4 confidence
interval (0.19-1.15)). However there was no significant
difference in between Vicryl® and Ethibond Excel® groups
(figure 2a). The expression of mRNA for COL3A1 gene
was 0.54+0.16 in the PDS®II group, 0.39+0.31 in the Ethi-
bond Excel® group and 0.22+0.08 in the Vicryl® group.
High value in the PDS®II group was significant (p<0.05)
only when compared with the Vicryl® group (mean differ-
ence=0.32, %95 confidence interval (0.003-0.63)), howev-
er there was no significant difference in between neither
PDS®II and Ethibond Excel®, nor Vicryl® and Ethibo-
nd Excel® groups (figure 2b). The expression of mRNA
for decorin gene was 1.20+0.45 in the PDS®II group,
0.38+0.12 in the Ethibond Excel® group and 0.29+0.23
in the Vicryl® group. High value in the PDS®II group was
significant (p<0.01) when compared with Ethibond Excel®
group (mean difference=0.82, %98.4 confidence inter-
val (0.17-1.47)), and Vicryl® group (mean difference=0.92,
%98.4 confidence interval (0.26-1.56)). However, there was
no significant difference in between Vicryl® and Ethibond
Excel® groups (figure 2¢).

The expression of mMRNA for MMP-13 was 1.15+0.74 in the
Ethibond Excel® group, 0.52+0.30 in the Vicryl® group and
0.23+0.12 in the PDS®II group. Low value in the PDS®II
group was significant (p<0.05) only when compared with
the Ethibond Excel® group (mean difference=0.92, %98.4
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confidence interval (0.57-1.77)), however there was no signif-
icant difference in between neither PDS®II and Vicryl®, nor
Vicryl® and Ethibond Excel® groups (figure 3).

The expression of mRNA for IL-1p was 1.58+0.96 in the
Ethibond Excel® group, 1.35+1.09 in the PDS®II group and
1.03+0.60 in the Vicryl® group, but no significant difference
was found in between any group (figure 4).

DISCUSSION

The present study showed that three different suture mate-
rials have different effects on the Achilles tendon metabo-
lism. According to the data, repairing Achilles tendon with
PDSP®II instead of Vicryl® or Ethibond Excel®, favourably
affects tendon metabolism and results in reduced synthesis
of proteases responsible for collagen breakdown, confirm-
ing our hypothesis.

MDNMP-13 mRNA expression following Vicryl,
Ethibond and PDS applications

2,4

16

Relative MMP-13 mRNA levels

Ethibond PDS Control

Vieryl

Figure 3. Mean mRNA expression ratios of MMP-13 (*p<0.05
PDS®Il versus Ethibond Excel®).
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Figure 2. Mean mRNA expression ratios of proteins: a)
COL1A2 (**p<0.01 PDS®Il versus Vicryl® and Ethibond
Excel®), b) COL3A1 (*p<0.05 PDS®Il versus only Vicryl®),
and c¢) Decorin (**p<0.01 PDS®lI versus Vicryl® and Ethibond
Excel®).
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IL-1f mRNA expression following Vieryl,
Ethibond and PDS applications

Relative IL-1 mRNA levels
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Figure 4. Mean mRNA expression ratios of IL-1f (No signifi-
cant difference found in between any group).
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The present study was carried out on rabbits because
rabbits have been used for translational studies of Achilles
tendon repair using a variety of techniques and therapeutics
for several decades (24). Their size allows for clinically rele-
vant operative technique, and they can easily be manipulat-
ed to control post-operative rehabilitation through casting.
A quantitative RT-PCR method was used to measure the
levels of mRNA expressions in order to compare Achil-
les tendon groups repaired with different suture materials.
There are studies in the literature that used similar measure-
ment methods to evaluate tendon metabolism (2, 5, 12, 13,
15, 20, 23). Karousou et al. studied the extracellular matrix
of 19 ruptured human Achilles tendons and compared the
composition of specimens harvested close to the rupture
with specimens harvested from an apparently healthy area
in the same tendon (15). They compared expression levels
of collagen type I, decorin, and versican including enzymes
involved in their metabolism as matrix metalloproteases
(MMP-2 and -9) and tissue inhibitory of metalloprotein-
ase (TIMP-1 and -2) using real-time PCR, zymography and
FACE (fluorophore-assisted carbohydrate electrophoresis)
analysis. They found an overall significant increase in the
expression of all these genes together with the inflammation
at the rupture site when compared to healthy area.

Sun et al. created in vivo degenerative tendon model in the
rat patellar tendon and found an interrelated increase in
MMP-13 and IL-1p expressions in tendon tissue (23). In a
similar way, we looked for IL-1ff and MMP-13 expression
levels in all groups and found that both genes were highly
expressed in tendons repaired with Ethibond Excel® when
compared with other suture material groups.

Gold standard suture material in the repair of Achilles
tendon s still a matter of debate. Studies about this issue are
mostly focused on factors such as holding strength - pull-
out strength or suture strength — suture endurance. In this
regard, Cook et al. compared 2-0 Fiberloop (UHMWPE;
Ultra High Moleculer Weight Polyethilene) and #2 Ethi-
bond Excel® suture materials on Achilles tendon of cadav-
er (6). There are also studies that simultaneously evaluated
suture materials and suture techniques. In a study conduct-
ed on cattle Achilles tendon, Yamagami et al. compared 16
tendon repair groups by combining Fiberwire (UHMWPE),
Ethibond Excel®, PDS®II and Prolene suture materials
with four different suture techniques (single locking, multi-
ple locking, single grasping and multiple grasping tech-
nique) (25). Petri et al. compared 9 tendon repair groups by
combining PDS®II, Ethibond Excel® and Fiberwire suture
materials with three different suture techniques (Baseball,
Kessler and Hannover) on cadaver hamstring tendons (21).
However, although these studies provide information about
holding capacity and pull-out strength of different suture
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materials, all are 7z vitro studies and provide information
only about instantaneous tensile strength at time zero. As is
known, suture material used in Achilles tendon repair must
be resistant to tension forces during postoperative healing
and rehabilitation periods. However, the reason for failed
surgery may not be always due to pure mechanical causes
such as error in suturing technique or suture fail. Under
some circumstances, strong suture materials may be pulled
out of tendon tissue which is weakened due to inflammation
(26). This weakness in tendon structure, starting with the
inflammatory process and persisting until day 21, may cause
70% decrease in suture holding capacity and have been
considered responsible for suture pull-out (27).

PDS®II is a rapid absorbable monofilament suture mate-
rial and loses its strength by 20% at 2 weeks and by 40%
at 6 weeks. These features are considered disadvantag-
es in the repair of Achilles tendon which is exposed to
strong tensile forces. But PDS®II is also known to have
advantages; it is associated with minimum trauma to the
tissue during surgery. In an animal study on sheep Achil-
les tendon has shown that PDS®II has higher holding
strength on the tendon when compared with Prolene,
Vicryl® and Ethibond Excel® (28). In addition, as a mono-
filament suture material, it is less likely to promote bacte-
rial adhesion compared with braided sutures. The loss
of tensile strength in the early period might be seen as a
disadvantage for absorbable sutures; however, complete
elimination of these sutures can be considered as an advan-
tage in terms of foreign body reaction.

Oshiro et al. looked for expressions of different genes at
different days after repair of precut flexor digitorum longus
tendon (using 9/0 nylon) on rats. They found that gene
expression of type I collagen decreased initially and then
returned gradually to the initial level by day 28. MMP-9
and MMP-13 gene expressions were both found at maxi-
mum levels between post-operative days 7 and 14, and
participated only in collagen degradation, not in remod-
eling (20). In the present study, MMP-13 gene expression
was measured at day 12 and the amount of its expression
was found to be significantly higher in the Ethibond Excel®
group when compared with the PDS®II group. In another
study that measured MMP-13 gene expression, Berglund et
al. repaired precut rabbit flexor digitorum tendons with 6/0
PDS®II and they found constantly high MMP-13 expres-
sion levels (including day 42) (5). Berglund lean the differ-
ent MMP-13 expression levels with Oshiro’s study on the
fact that Oshiro immobilized the rats after surgery while
Berglund et al. did not. However, they didn’t mention about
the use of different suture materials in these studies. It must
be kept in mind that the difference may have resulted from
the use of Nylon in one study and PDS®II in the other.
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The study by Esenyel et al. conducted on rabbits is the only
in vivo experimental study comparing the effects of differ-
ent suture materials on Achilles tendon repair (10). They
evaluated histologic inflammatory response at postoperative
3 and 6% weeks in tendons repaired with Prolen, Ethibond
Excel® and Fiberwire® (UHMWPE) suture materials and
compared the extent of inflammatory areas measured under
microscopy. They found the largest inflammatory response
at 3 week in the Ethibond Excel® group. This finding is
consistent with the current study that found the highest
MMP-13 and IL1f response in the Ethibond Excel® group
at 12 days.

An observational study was conducted by Kocaoglu et al.
to prospectively evaluate the effect of different suture mate-
rials used in human Achilles tendon repair surgeries (16).
Forty-eight patients were treated with minimal invasive
surgical repair method with the diagnosis of spontaneous
Achilles tendon rupture, half was repaired by Vicryl® and
remain was repaired by Ethibond Excel®. Functional status
has been verbally compared and no significant difference
was found between these two groups. However, the rate of
complications such as recurrent rupture, foreign body reac-
tion and deep infection was significantly lower in the Vicryl®
group.

Severe inflammatory response to suture material follow-
ing Achilles tendon repair has been presented in the form
of case reports. Ahluwalia et al. reported a case of Achil-
les tendon rupture repaired with modified Kessler’s meth-
od using Ethibond Excel® in which a superficial rash has
occurred 3 weeks after surgery and continued with chronic
sinus development (1). Baig et al. showed in their prospec-
tive clinical study that Achilles tendons repaired with PDS
provided fewer wound complications when compared to
Achilles tendons repaired with Ethibond Excel® which
is confirming our finding (3). Authors reported that this
complication is related with the usage of Ethibond Excel®.
Kara et al. reported a different complication related to the
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