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Abstract
Purpose Treatment of acute subcutaneous Achilles tendon
rupture remains challenging. Whereas the results of
conservative and operative treatment are inconsistent, early
mobilisation treatment seems to be beneficial. Besides
suture repair, operative treatment using adhesives reveals
promising results. Our hypothesis was that a gluing
technique provides initial stability comparable to sutures.
Methods In a biomechanical study, 18 fresh frozen sheep
Achilles tendons were used to compare the biomechanical
properties of suture repair using PDS® II and Bunnell’s
technique to tendon gluing using BioGlue® and Tissucol®.
Load to failure testing was performed.
Results Ultimate failure loads of sutures (146.2±30.8 N) are
significantly superior to the techniques using BioGlue® (38.4±
18.3 N; p <0.0001) or Tissucol® (4.7±2.5 N; p <0.0001).
Interestingly, no significant differences in stiffness were found
between the application of BioGlue® and PDS® II.
Conclusions Suture repair provides significantly superior
biomechanical properties compared to the use of both tested
adhesives BioGlue® and Tissucol®. Based on the presented
data we recommend the use of suture material for open
Achilles tendon repair.

Introduction

The Achilles tendon is the strongest tendon in the
human body; however, it is also the one undergoing
acute subcutaneous rupture most frequently [1]. The
incidence of acute Achilles tendon rupture peaks in men
in the third and fourth decades of life and commonly
occurs during recreational sports activities [1–3]. Overall
an increasing incidence over recent decades has been
observed [2, 4].

Various operative and non-operative therapeutic options
have been described, but studies comparing the re-rupture
rates of operative repair and non-operative treatment have
been inconclusive in the past [5–9]. However, recent
studies did not reveal significant advantages of suture
repair over non-surgical treatment [9–13]. Throughout the
1980s fibrin gluing was widely used as an alternative to
suture repair of acute Achilles tendon rupture with
promising results [6, 14–17].

Whereas the traditional postoperative regimen consists
of prolonged immobilisation, some authors advocate an
early mobilisation after operative treatment of acute
Achilles tendon tears. In a prospective randomised trial
comparing early mobilisation and application of a rigid cast
after suture repair, Cetti et al. presented less complications,
less tendon elongation and favourable functional results in the
group treated with early mobilisation [5]. Maffuli et al.
demonstrated similar clinical results using an early mobilising
rehabilitation compared to traditional immobilisation
after operative repair of acute Achilles tendon ruptures
[18].

The supposed advantages of the use of gluing
techniques for operative repair of Achilles tendon
ruptures include an anatomical reconstruction of the
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tendon fibres avoiding ischemia or non-anatomical
adaption by the suture material [6, 15]. When comparing
operative repair by suture to fibrin glue, lower complica-
tion rates and comparable functional results have been
shown using fibrin glue [6, 15].

Combining the advantages of an early mobilisation with
those of fibrin sealing for acute Achilles tendon ruptures
would be worthwhile. However, in order to allow early
mobilisation, an adequate initial stability is required. This
study aims to compare the initial stability of two different
adhesives to suture material for operative repair of acute
Achilles tendon rupture. Our hypothesis is that gluing
provides comparable initial stability to suture repair and
thereby allows the application of an early mobilisation
protocol postoperatively.

Material and methods

Eighteen sheep Achilles tendons were harvested at a local
abattoir. Tendons included the distal part of calf muscle and
a part of the calcaneus containing the tendons’ insertion.
Specimens were immediately frozen at −20°C.

Prior to testing the specimens were standardised thawed
and brought to 37°C by temperature-controlled indirect
water bath. Specimens were continuously moistened with
saline solution buffer throughout processing and testing.
The mean diameter of the tendon at the point of the created
defect, 40 mm above the bony insertion, was 16 (range,
13–19) mm. The defect was created on a length of
20 mm by multiple z-shaped incisions in order to mimic
the fringed morphology of an acute Achilles tendon
rupture (see Fig. 1).

Specimens were randomly assigned to three groups,
containing six specimens each receiving treatment for
Achilles tendon repair by suture using 0.5 mm PDS® II
(Ethicon Inc., Somerville, NJ), BioGlue® (CryoLife,
Guildford, UK) or Tissucol® Duo S 1 ml (Baxter,
Unterschleißheim, Germany).

Suture repair was performed by Bunnell’s technique.
This technique offers high stability by providing a large
contact area between the tendon and suture material and is
considered a standard technique for open Achilles tendon
repair [19–23].

BioGlue® is composed of purified bovine serum
albumin and glutaraldehyde. The molecules bond to each
other and to the tissue proteins at the repair site to create
a flexible mechanical seal independent of the body’s
clotting mechanisms. Polymerization begins within 20–30
seconds and reaches its bonding strength within two
minutes.

Tissucol® consists of clottable protein, factor XIII
and aprotinin mixed to thrombin and calcium chloride

solution by simultaneous or sequential application. The
components are deep-frozen and need to be thawed
prior to use. After mixing both components a white,
elastic mass, which firmly adheres to tissue, is formed.
This stimulates the physiological coagulation process
and thereby glues the tissue. In the course of wound
healing the solidified fibrin sealant is completely
absorbed.

The groups receiving 1 ml of adhesive each were glued
in layers after careful anatomical reduction. After the
application of the adhesive, specimens were kept stationary
for 20 minutes prior to mechanical testing.

All specimens were mounted in a custom-made test
setup, fixing the proximal and the distal tendon, containing
part of the calcaneus, securely in clamps (see Fig. 2). Load
was applied and displacement was measured using an
electrodynamic material-testing machine (Instron® Ltd,
Model 5565, High Wycombe, UK). All testing was
performed applying axial load only.

For destructive testing, load was applied under a
constant displacement rate of 20 mm/min. The resulting
curve of load over elongation was recorded and ultimate
failure load, displacement at failure and stiffness were
evaluated. Stiffness was determined as the maximum
gradient in the linear (elastic) region of the load elongation
curve.

Fig. 1 Multiple z-shaped incisions in specimen to mimic acute
Achilles tendon rupture
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Failure of the destructive tests was defined as a sudden
decrease of >20% in the stress–strain curve. The type of
failure was determined macroscopically by visual inspection.

A Mann-Whitney test was performed. Statistical bound-
aries were a confidence interval of 95% and a significance
level of p<0.05.

Results

All specimens in the suture fixation group failed by suture
breakage and all specimens in both groups using surgical
adhesives failed by disruption at the site of adhesion.

Comparing the ultimate failure load, suture fixation
revealed significantly superior results (146.2±30.8 N) to
both adhesives tested (p=<0.0001). Comparing the failure
load of the adhesives, we found BigGlue® (38.4±18.3 N)
significantly superior to Tissucol® (4.7±2.5 N) (p=0.003)
(see Table 1).

Displacement at failure was significantly lower with
the use of Tissucol® (5.8±3.6 mm) over Bioglue®
(18.7±1.9 mm) (p=<0.0001) and PDS® II (50.1 ±14.5 mm)
(p=<0.0001) (see Table 1).

Considering the values of ultimate failure load and
displacement at failure for the calculation of the repair
stiffness we did not see a significant difference between the
use of PDS® II (3.4±0.6 N/mm) and Bioglue® (4.1±1.5 N/
mm) (p=0.33) whereas Tissucol® (0.9±0.7 N/mm) was
significantly inferior to both PDS® II (p=0.0002) and
Bioglue® (p=0.002) (see Table 1).

Discussion

Using surgical adhesives as an alternative to suture repair
for acute Achilles tendon rupture was very popular during
the 1980s [6, 14–16]. The procedure of fibrin gluing is
quicker and easier to perform and reported results are
comparable to those of suture repair [6, 15]. Despite the
adhesives being the more expensive material, superior
results could make this procedure worthwhile.

The duration of physical recovery after suffering an
acute Achilles tendon tear is important from both an
economic and individual perspective. Applying early
postoperative mobilisation protocols seems to shorten the
rehabilitation period as well as reduce time spent off work
due to injury [5, 18, 24–26]. Thus, allowing an early
postoperative mobilisation after use of surgical adhesives
for acute Achilles tendon repair should present an adequate
alternative to suture application.

Following operative treatment of acute Achilles tendon
rupture, lower re-rupture rates than after non-operative
treatment have been described in the past [27, 28]. Moller
et al. presented a rate of re-rupture of 20.8% after non-
operative and 1.7% after operative treatment. If a re-rupture
could be avoided, the authors found equally good
functional results after operative and non-operative
treatment [27]. Disadvantages of operative repair of acute
Achilles tendon rupture include significantly more com-
plications such as wound infections, adhesions and
disturbed sensitivity [27–29]. More recent randomised
controlled trials did not reveal significant differences in re-
rupture rates following surgical and non-surgical treatment
[9, 11, 12, 30]. Willits et al. did not see any clinically

Fig. 2 Test setup with specimen after suture repair by Bunnell's technique

Table 1 Failure load, displace-
ment and stiffness with
respect to group allocation

Group Failure load (N) Displacement (mm) Stiffness (N/mm)

Suture 146.2±30.8 50.1±14.5 3.4±0.6

BioGlue 38.4±18.3 18.7±1.9 4.1±1.5

Tissucol 4.7±2.5 5.8±3.6 0.9±0.7
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significant differences in outcome measures and Keating
et al. were unable to show convincing functional benefits
from surgery for patients with acute Achilles tendon tears
after a one-year follow-up [9, 11].

Open Achilles tendon repair by gluing reveals compara-
ble re-rupture rates to suture repair; whereas pooled re-
rupture rates after operatively treated acute Achilles tendon
tears are reported to be 3.1–3.5% [7, 22], studies investi-
gating Achilles tendon repair by gluing present re-rupture
rates of 1.9–6.5% [6, 14–16].

Advantages of gluing techniques such as an anatomical
reconstruction of the tendon fibres and the avoidance of
ischemia caused by the suture material are theoretical.
There is no evidence for advantages of an anatomical
repair, and the relative ischemia caused by suture techni-
ques may be overcompensated by the hypervascularity
induced by the injury.

However, compared to open suture repair, fibrin gluing
reveals significantly lower complication rates [6, 15].
Hohendorff et al. presented less paresthesia, adhesion and
pain with comparable functional results after Achilles
tendon repair by fibrin gluing using Tissucol® [6]. Redaelli
et al. found the use of Tissucol® resulting in less infections
and a lower re-rupture rate with significantly superior
functional results compared to suture repair [15]. Regard-
less of the operative management, postoperative treatment
in both studies consisted of initially non-weight-bearing
immobilisation with a gradual decrease in plantar flexion
over six to eight weeks post surgery. This postoperative
management does not differ significantly from non-
operative management of acute Achilles tendon tear and
the adhesion site is not stressed. As a result, poor initial
stability or secondary dislocation may be masked and may
remain clinically silent, with healing resulting from the
addition of a non-operative treatment.

Despite its wide use in surgery, to the authors’
knowledge no report on the use of BioGlue® in tendon
repair surgery is available yet and no biomechanical study
has ever examined the biomechanical properties of gluing
Achilles tendon tears using adhesives such as Tissucol® or
Bioglue® without an additional suture repair.

However, the ideal postoperative rehabilitation manage-
ment remains controversial. Whereas the traditional post-
operative care consists of prolonged immobilisation,
authors advocating functional treatment claim fewer com-
plications and comparable re-rupture rates following early
restricted motion therapy [5, 18, 24–26]. In a prospective
randomised trial comparing early mobilisation using a
mobile cast with restricted dorsal flexion and weight-
bearing via a stirrup for the heel to a rigid cast after
operative treatment of Achilles tendon rupture, Cetti et al.
presented less complications, less tendon elongation and a
favourable functional results after early mobilisation [5].

Maffuli et al. demonstrated similar clinical results applying
an anterior slab in neutral position with unrestricted plantar
flexion and full weight-bearing starting in the third
postoperative week compared to traditional immobilisation
after operative repair of acute Achilles tendon rupture [18].

Combining the promising results of gluing instead of
suture fixation with an early mobilisation for the treatment
of acute Achilles tendon tear would be attractive. For this
purpose gluing techniques need to provide initial biome-
chanical properties comparable to those of suture repair. In
a biomechanical study comparing initial stability of
different suture techniques, Watson et al. showed a
maximum load of 93.18 N for Bunnell’s technique without
significant differences between the Bunnell and Kessler
technique under single cycle load to failure conditions [31].
In a similar study Yildirim et al. showed a failure load of
197 N for the Bunnell technique and significantly inferior
loads for the Kessler technique [19]. Herbort et al. showed
a yield load of 44 N and a maximum failure load of 255 N
for the Bunnell technique [21].

We are aware of only one biomechanical evaluation of
fibrin gluing for acute Achilles tendon injury carried out by
Bösch et al. [32]. In this rabbit model, no biomechanical
advantage could be shown for additional use of fibrin
sealant in suture repair.

With a maximum failure load of 146 N, our study
reveals comparable biomechanical properties after suture
repair. Providing maximum failure loads of 38.4 N using
Bioglue® and 4.7 N using Tissucol® both gluing techniques
are significantly inferior to suture repair and the adminis-
tration of an early mobilisation protocol postoperatively
appears doubtful. Nevertheless, by offering less displace-
ment with comparable stiffness the use of Bioglue® seems
feasible applying cautious postoperative mobilisation.

In addition to its inferior biomechanical properties the
use of BioGlue® also bears a risk of tissue damage. Free
glutaraldehyde might be released from the glue either
spontaneously or under the influence of tissue restructuring,
thus exerting cytotoxic effects on the surrounding tissue
[33]. Besides causing cell death, BioGlue® is also known,
in some circumstances, to inhibit fibroblast growth,
enhance propensity of tissues for mineralisation and
facilitate foreign body giant cell reaction [33].

Tissucol®, being a fibrin glue based on human
plasma proteins and thrombin, does not, in contrast,
contain aldehydes as cross-linking agents and should
therefore be less toxic. However, it may evoke immune
reactions, especially if applied repeatedly. Additionally,
since human plasma is used, it does bear a risk of
infection [33].

By investigating biomechanical properties only, from
this study no conclusions can be drawn on actual clinical
results after the application of adhesives for acute Achilles
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tendon tear. Despite inferior initial mechanical stability
healing of the injured tissue may lead to comparable
clinical results to suturing.

Another limitation of this study is the use of non-human
tissue. Due to the limited availability of fresh human
specimens, sheep Achilles tendons have been used previ-
ously by Yildirim et al. [19]. Human Achilles tendons are
thicker than sheep tendons so the presented values may
be lower than in a human model and should be
interpreted cautiously. To what extent the use of non-
human fresh frozen tissue affects the biomechanical
properties of the tested gluing techniques remains
unclear. However, based on the active components these
factors should not be of significant influence. Since the
presented biomechanical properties after suture repair
are comparable to previous studies, the use of sheep
tendons in our study does not appear to bias the data
significantly [19, 21, 31].

Conclusion

The possible use of BioGlue® in tendon repair surgery
needs further critical review with regard to its adverse
effects and healing potential before clinical use. Our
biomechanical data does not confirm the promising results
after clinical use of Tissucol® for the repair of acute
Achilles tendon rupture and its use cannot be advocated.
Based on our data we recommend the use of suture material
for open Achilles tendon repair.
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