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Comparison of different suture techniques
for Achilles tendon repair in a rat model
using collagen scaffolds

CAROLIN GABLER*, SUSANN GIERSCHNER, THOMAS TISCHER, RAINER BADER

! University Medicine Rostock, Department of Orthopedics,
Biomechanics and Implant Technology Laboratory, Rostock, Germany.

Purpose: Tendon injury is an increasing problem in orthopedic and trauma surgery due to aging of the population and increased ac-
tivity demands. Many rodent animal models are used in order to evaluate tendon reconstruction. Although tendon reruptures are a well-
-known clinical problem, the outcomes of tendon repair in animal models are rarely discussed in the literature. The goal of the present
experimental study was to compare the primary fixation stability of three suture techniques for repair of Achilles tendon defects in a rat
model using a collagen scaffold. Methods: Cadaveric left hind limbs of Sprague-Dawley rats were prepared with an Achilles tendon
defect of 3 mm and rejoined using a collagen scaffold. Three suture configurations (simple, simple stitch with additional framing suture,
and modified Mason—Allen stitch; n = 5 each) underwent tensile testing until complete failure was observed. Results: Under a load of
a mean value of 6.6 N, the failure load of simple stitches was the significantly lowest (p < 0.01). Both, modified Mason—Allen stitches
and simple stitches with additional framing suture showed a mean failure load of more than 14 N. Regardless of the suture technique,
most of the samples showed failure of tendon due to suture tear-out. The suture material as well as the scaffold remained mostly intact.
Conclusions: Although simple end-to-end suture techniques are common in the literature, stitches with more suture strands should be
preferred. Using techniques like an additional framing suture or modified Mason—Allen stitch, maximum failure load can be doubled and
the risk of tendon rerupture may be decreased within in vivo testing.
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(e.g., dogs or sheep) to small animals (e.g., rabbits or
rats) [6]. Certainly, animal models have their short-
comings including anatomic, metabolic and hormonal

1. Introduction

Tendon injury (e.g., in rotator cuff or Achilles ten-
don) is an increasing problem in orthopedic and trauma
surgery due to aging of the population and increased
activity demands. To augment or replace damaged ten-
dons, tissue engineering applications and scaffold devel-
opment have become a major focus of research [21]-
[23]. Usually, new scaffold materials are tested in ani-
mal models before they are used clinically. Thereby,
biofunctionality of the scaffolds and their effect on the
healing process can be observed in a relatively short
time [13]. Some animal models have been established
in order to evaluate the quality and functionality of
these materials. Models range from large animals

differences from humans. However, they provide an
appropriate tool to investigate novel ideas and theories
[6], [13]. Mostly, the investigation of scaffolds as an
augmentation material is executed on the M. supraspi-
natus tendon as a part of the rotator cuff [5], [6], [19].
Defect models, in which the scaffold serves as inter-
position, were usually carried out in small animal
models using the Achilles tendon [3], [24], but the
surgical techniques themselves showed large vari-
ances. For tendon repair of the Achilles tendon, defect
sizes range from 3 mm [1] to 5 mm [24]. The supple-
mentary excision of the M. plantaris tendon is rec-
ommended in the rat model by some working groups
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[2], [8], [18]. Numerous suture techniques are available,
such as simple end-to-end [24], [25] and modified
Kessler stitches [8], [12].

Although reruptures are a well-known problem in
tendon repair in humans [21]-[23], the outcomes of
tendon repair in animal models are rarely discussed in
the literature. It is important to know whether the initial
restoration was sufficient to evaluate the data adequately.
Some models with postoperative immobilization were
also present [4], [7], [17], but it remained controversial
whether or not they result in better outcomes [10], [13].
However, most of these immobilization procedures
may cause problems, such as skin irritation, weight
loss, and slipping out of the cast [4], [10]. Mostly, ani-
mals are allowed to move free in their cages after sur-
gery. Therefore, a secure initial suture technique is
important to prevent suture pullout of the scaffolds or
adjacent tendon tissue directly after the operation.

Hence, the goal of the present experimental study
was to compare the primary fixation stability of three
suture techniques (simple stitch, simple stitch with
additional framing suture, and modified Mason—Allen
stitch) for repair of Achilles tendon defects in a rat
model using a collagen scaffold to serve as a basis for
future animal experiments.

2. Materials and methods

Sample preparation

In total, 15 cadaveric left hind limbs of male Spra-
gue-Dawley rats were harvested, wrapped in gauze,
soaked with saline solution, and kept frozen (=20 °C)
until the day prior to testing. The hind limbs were
thawed in a bath of saline solution at 4 °C overnight
and stored at room temperature for at least four hours
before ex vivo operation and six hours before final
testing.

Each sample underwent a transection of the Achilles
tendon with creation of a tendon defect of 3 mm. The
plantaris tendon was removed. The remaining tendon
ends were rejoined with a scaffold (5 mm length
x 3.5 mm width x 0.88 mm thickness) based on bovine
stabilized collagen chemically cross-linked with ori-
ented collagenous fibers [9]. The fiber direction of the
scaffold was oriented along the longitudinal direction
of the Achilles tendon. Three suture configurations
were randomly selected and placed into 3 groups
(Fig. 1): group 1: two simple stitches at each end with
Vicryl® 4-0 (Ethicon, Somerville, NJ, USA); group 2:
two simple stitches at each end (Vicryl® 4-0) aug-
mented with an additional framing suture (Vicryl® 2-0);

and group 3: two modified Mason—Allen stitches
(Vicryl® 4-0) at each end. Five specimens were tested
for each suture configuration.
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Fig. 1. Schematic illustration of the suture techniques.
Left to right: simple stitches (group 1),
simple stitches with framing suture (group 2),
and modified Mason—Allen stitches (group 3)

Load-to-failure tensile test

The Achilles tendon-calcaneus-foot complex was
freed from all hard and soft tissue before testing. The
foot was mounted with a cyanoacrylate adhesive
(LOCTITE" 4902™, Henkel, Diisseldorf, Germany)
at 45° to the surface of a custom-made aluminum block
and additionally fixed due to a clamping unit via screws.
For tensile testing the specimen-block-complex was
fixed in a material testing machine (Z1.0, Zwick, Ulm,
Germany). Specimens were preloaded with 1 N and
subsequently stretched at a rate of 1 mm/s until com-
plete failure was observed. The load-displacement
curve was recorded and maximum failure load and
stiffness were evaluated. Additionally, video recordings
were made to evaluate the mode of failure macro-
scopically. Specimens were kept moist during the
whole procedure.

Statistics

Statistical analysis was performed using IBM SPSS
Statistics 22 software (IBM, Ehningen, Germany). All
values showed normal distribution within the Kol-
mogorow—Smirnow test. Because of the low number
of samples, statistical significance of differences be-
tween the groups was calculated using Mann—Whitney
U-test. The level of significance was set to p < 0.05.

3. Results

The simple stitch suture showed significantly lower
maximum failure loads (Fi.x) with 6.65 + 2.28 N, com-
pared to simple stitches with framing suture (p < 0.01)
and modified Mason—Allen stitches (p < 0.01). Dif-
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Fig. 2. Results of biomechanical testing. Left: Maximum failure load (¥ [N]).
* Simple stitch suture showed the significantly lowest maximum failure load (p < 0.01). Right: Stiffness (S [N/mm]).
*Modified Mason—Allen stitch showed significantly lower stiffness compared to simple stitches with framing suture (p < 0.01)

Table 1. Failure characterization

) Failure Location
Suture technique
suture scaffold tendon proximal distal
Simple stitches 5 5
Simple stitches with framing suture 5 4 1
Modified Mason—Allen stitches 1* 1 4% 4 1

* One case: distal stitches failed: one due to loose knot and the other due to suture tear-out of the tendon. Therefore n = 6 in

failure column.

ferences in maximum failure load of simple stitches
with framing suture (Fy.x = 14.72 £ 3.70 N) and modi-
fied Mason—Allen stitches (Fi.x = 14.09 £ 3.24 N) were
not recorded (p > 0.05). Stiffness of the simple
stitches with framing suture was highest with 2.82
+ 0.41 N/mm. Simple stitches and modified Mason
—Allen stitches showed lower values of stiffness with
1.63 = 1.01 N/mm (slightly not significant, p = 0.056)
and 1.73 + 0.19 N/mm (significant with p < 0.01),
respectively. No differences in stiffness of simple
stitches and modified Mason—Allen stitches could be
observed (p > 0.05). Results are presented in Fig. 2.
Table 1 shows the distribution of failure modes
in tendons and sutures for the individual suture
techniques. The evaluation shows that most of the
samples (14 out of 15) finally failed due to suture
tear-out of the tendon. The suture material as well
as the scaffold remained mostly intact. All samples
in group 1 (simple stitches) failed due to suture
tear-out at the proximal tendon side. In group 2
(simple stitches with framing suture), two samples
showed tear-out of the framing suture at the proxi-
mal tendon side. Two more samples showed tear-
out of the simple stitches at the distal side, but also
finally failed due to tear-out of the framing suture at
the proximal tendon side. One specimen showed
suture tear-out (simple stitches with framing suture)

at the distal tendon side. The highest diversity in
failure characterization was seen in group 3 (modi-
fied Mason—Allen stitches). One specimen showed
migration of the distal sutures out of the tendon, but
finally failed because the scaffold broke down at the
proximal suture. Another sample showed migration
of the sutures at both tendon sides, but final failure
was recorded at the proximal tendon side. In one
case, migration of the sutures at both tendon sides
was also recorded. Finally, the distal sutures failed
consecutively due to one loose knot and one suture
tear-out of the tendon. The other two specimens of
the modified Mason—Allen suture group showed
a suture tear-out at the proximal tendon side.

4. Discussion

The healing after tendon repair still remains a clinical
challenge with high rerupture rates, depending on
factors including patient’s age, tendon quality, and
tear size [21]. Regeneration of the tendon is a slow
and complex process. Biologic or synthetic, scaffold
devices for tendon augmentation are used to provide
more effective management option, with increased
healing rates [23]. To overcome current limitations,
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such as lack of biocompatibility or mechanical strength
during the remodeling process, development of new
implantable scaffold materials has been the focus of
research in the field of tissue engineering for tendon
repair [22], [23]. For this purpose, several approaches
with animal trials were analyzed. However, animal
models as well as surgical techniques have high vari-
ability in the literature.

In the present study, we investigated the primary
fixation stability of three suture techniques for bridg-
ing an Achilles tendon defect in a rat model with
a collagen scaffold to avoid early postsurgical failure.
No statistical differences between modified Mason—
Allen stitches and simple stitches with framing suture
were found, but both techniques showed more than
twofold failure loads and, therefore, significantly higher
values, compared to simple stitches (>14 N vs. 6.6 N).
One sample from group 1 (simple stitches) had the
lowest failure load of 2.92 N. It was likely that the
proximal suture was placed (not quite optimally) in
the surrounding connective tissue rather than in the
tendon. Since the risk of misalignment during surgery
in small animal experiments exists, the sample was
not excluded from the evaluation. Most of the samples
showed failure of tendon due to suture tear-out. The
suture material as well as the scaffold remained
mostly intact. These results support the hypothesis
that an increased number of suture strands can im-
prove the repair characteristics [13].

Animal experiments, especially with small animals,
enable relatively fast insight into the functionality of new
scaffold material, since the animals have a high regen-
eration potential [23]. Suture techniques for several ten-
dons, such as Achilles tendon, flexor tendon, or rotator
cuff repair in humans are controversially discussed [15],
[16], [20]. Complex stitches and a high number of suture
strands are known to provide better results in failure tests
[11], [14]. In small animals space is limited and, there-
fore, simplification of suture techniques right up to sim-
ple stitches [24], [25] is often required.

The problem of high rerupture rates is clinically
well-known in the restoration of tendon injuries.
However, in the literature regarding outcome of ten-
don repair in animal models these problems are rarely
discussed and data about rerupture rates have not been
provided so far. In a previous animal experiment, we
tested collagen scaffolds for tendon repair in a rat
model were tested [9]. Before mechanical testing was
carried out, tendon repair was examined via magnetic
resonance imaging (MRI). A failure rate of 31% was
observed. Most of these failures were not visible after
preparation of samples. There was no correlation of
biomechanical values (i.e., failure load or stiffness) of

the tested Achilles repairs regarding whether they failed
in vivo or not. MRI indicated that scaffolds remained
intact and dislocation of scaffolds seems to be caused
by suture tear-out of the tendon. It has been reported,
that mechanical properties of tendon repairs with dif-
ferent suture techniques did not show clear differences
after healing in vivo [6]. Aspenberg and Virchenko [1]
showed that a 3 mm Achilles tendon defect can achieve
nearly 70% of maximum failure load after 28 days of
healing, compared to non-operated control. On the
other hand, we assume that the remodeling process is
dependent on the junction to native tendon tissue and
transferred tensile loads, so the Achilles tendon repair
was intact over time or not. Therefore, it is important
to use a secure suture technique to prevent suture
tear-out or other defects. Although simple end-to-end
suture techniques are common in the literature, other
stitches with more suture strands should be preferred,
even in small animal models. Beyond higher breaking
strength, the framing suture of the modified percuta-
neous stitch can act as a partial immobilization, as
described by Gilingérmiis et al. [10]. In their work,
they could show a stimulatory effect of that partial
immobilization on tendon healing. With this, over-
loading could be prevented without damaging the
surgical repair sides, so that and animals are enabled
to move freely at the same time.

The present study was limited by small sample
size. Nevertheless, the results support our findings in
MRI that failure was mainly caused by suture tear-out.
To investigate Achilles tendon repair in rat, especially
with the use of scaffolds it is important to avoid early
postsurgical failure. In this context, imaging tech-
niques like MRI are important auxiliary tools to verify
the outcome of tendon repair in animal models by
showing the healing in the right place.

5. Conclusion

Many rodent animal models are used in order to
evaluate tendon repair and reconstruction in the lit-
erature, but rerupture rates in animal models are rarely
discussed. Because postoperative immobilization can
implicate many problems and may lead to dropout
results, many animals are allowed to move freely after
surgery. Therefore, secure suture techniques are re-
quired. Our results showed that simple sutures per-
formed poorly against techniques with more suture
strands, in this particular case simple stitches with an
augmenting framing suture vs. modified Mason—Allen
stitches. Using these techniques, the maximum failure
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load can be doubled and the risk of rerupture may be
decreased within in vivo testing.
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