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Abstract
Introduction One aim of the surgical treatment of acute
Achilles tendon ruptures is to obtain a maximum primary
stability of the sutured tendon. Therefore, we investigated
the primary stability of sutured human Achilles tendons
depending on diVerent applied techniques.
Methods The strength of 60 repaired cadaveric human
Achilles tendons was tested depending on either the suture
technique (Bunnell or Kessler), the suture material (PDS-
thread or PDS-cord) or an additional plantaris tendon aug-
mentation (PDS-thread with or without augmentation). Fol-
lowing anatomic reconstruction the repaired specimens
were loaded to failure.
Results The use of Bunnell's technique resulted in a
stronger primary suture stability compared to Kessler's
technique. Sutures carried out with a PDS-thread were of
lower strength than those accomplished with a PDS-cord

(Bunnell: thread 139 N § 29.8; cord 291 N § 55.2/Kessler:
thread 137 N § 37.3; cord 180 N § 41.1). Sutures per-
formed according to Bunnell's technique with a PDS-thread
and an additional autologous plantaris tendon augmentation
reached the highest primary stability (326 N § 124.9).
Conclusions The Wndings identify the Achilles tendon
suture with a PDS-cord according to Bunnell's technique as
a mechanically strong method. A plantaris tendon augmen-
tation in addition to a PDS-thread can even add more stabil-
ity to the Achilles tendon suture.
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Introduction

Ruptures of the Achilles tendon are steadily increasing in
frequency due to the increase in sport activities of modern
societies. Depending on the social environment about 18
out of 100,000 humans sustain a rupture of the Achilles ten-
don every year [1, 3, 15, 19, 22, 24–26].

The optimal therapy regime (i.e. surgical versus func-
tional-conservative) of fresh Achilles tendon ruptures has
been the subject of intensive debate for many years [2, 3, 6,
7, 13–20, 30]. However, in 88.7% the open surgical suture
of the ruptured tendon is favored in Germany [16]. For
Achilles tendon repair almost 60 diVerent techniques have
been described so far [8]. The techniques established by
Kessler, Bunnell, Lange and Kirchmeyer are applied most
frequently [8, 16, 30]. According to Lill [16], an additional
augmentation of the repaired tendon by the plantaris tendon
is only applied in about 30% of all trauma–surgical depart-
ments in Germany. The plantaris tendon, which exists in
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about 90% of the patients, is regularly used as an autolo-
gous transplant in reconstructive surgery [9, 18, 28].

On the basis of the enormous heterogeneity of surgical
suture techniques in the repair of the Achilles tendon, a pro-
cedure which results in a maximum mechanical stability of
the sutured Achilles tendon is desirable. This could also
help to reduce the number of reruptures, which is observed
in up to 5% of the patients treated with an open surgical
suture [7, 17, 29].

Only few biomechanical studies have investigated the
primary stability of sutured (human) Achilles tendons so far
[10, 21, 27, 31]. None of these studies examined the stabil-
ity of sutured human Achilles tendons under consideration
of an additional plantaris tendon augmentation.

Therefore, the presented biomechanical study investi-
gates the primary stability of human cadaveric ruptured
Achilles tendons after suture–repair as a function of (1) the
suture technique, (2) the suture material as well as (3) an
additional plantaris tendon augmentation.

Materials and methods

Specimens

Sixty human cadaveric Achilles tendons were tested alto-
gether. Tendons, namely the complete muscle–tendon–
bone-units, were removed from 30 acutely deceased
patients (74% males, 26% females) with an average age of
44.9 years (15–67 years) within 12 h post mortem and
stored at ¡20°C until suture. In 83% of the preparations a
plantaris tendon was found. The study was carried out
according to existing rules and regulations of Hamburg
University School of Medicine. Chronic cardiovascular or
endocrine diseases, diabetes, corticoid therapy as well as
previous ruptures of the Achilles tendon were considered as
an exclusion criteria. Non of the patients had received an
intratendinous injection. Ten preparations were randomly
assigned to each of the six diVerent subgroups (see below).

Achilles tendon suture

The Achilles tendons were transversely transected with a
conventional scalpel 50 mm proximal of their insertion at
the tuber calcanei. After dissection, the tendons were
sutured according to Bunnell's (group A) or Kessler's
(group B) technique, partly with an additional plantaris ten-
don augmentation (Fig. 1a–d). The suture material con-
sisted of absorbable polydioxanone (PDS) and was either a
thread (strength 1, metric 4, Ethicon, Norderstedt, Ger-
many) or a cord of 0.7 mm diameter (Ethicon, Norderstedt,
Germany). In addition to this thread suture a plantaris ten-
don augmentation was carried out in two subgroups

(Fig. 1c), using a soft edged Jungbluth’s needle (Fig. 1d)
for guiding the tendon through and to avoid destroying of
the previously applied sutures. The most proximal and dis-
tal transverse passes of the suture material through the ten-
don was led 30 mm away from the transection plane. To
ensure reliability as well as exact suturing and augmenta-
tion techniques all sutures were carried out by two experi-
enced trauma surgeons.

Test set-up

After the suture was carried out the muscle–tendon–bone-
complex was directly clamped into a dynamic testing
device (Instron Model 1195, Canton, MA, USA). Accord-
ing to Thermann, the calcaneus was bolted distally of the
achillo-calcanear transition onto a steel plate (Fig. 1e) [24,
25]. The sutured triceps surae muscle was put into a special
steel pot and Wxed by rapid freezing with liquid nitrogen for
60 s. The entire clamping length amounted to approxi-
mately 150 mm. The dynamic testing took place under
axial tension with a constant speed of 1.66 mm/s. Failure
forces (N) were determined by the yield point in the stress
strain curve at which the suture material failed or the suture
pulled out from the tendon.

Statistics

Results are presented as mean value § SD. Statistical anal-
ysis of the biomechanical data was performed with the
Kruskal–Wallis One-Way ANOVA. A P < 0.05 was con-
sidered to be of statistically signiWcance.

Results

All 60 muscle–tendon–bone-units were tested in the Instron
device without any setup failure at the muscular or osseous
Wxation points (Fig. 1e).

The mean, maximum and minimum load to failure
forces (N), the corresponding standard deviations as well as
the number of suture ruptures and thread or cord pull outs
from the tendon of the six tested groups are shown in
Table 1 and Fig. 2. Tendons sutured with a PDS-thread had
the lowest load to failure forces (Bunnell group
139 N § 29.8, Kessler group 137 N § 37.3) and six rup-
tures out of ten sutured tendons in the Bunnell group and
three out of ten in the Kessler group occurred. In contrast,
four threads pulled out the tendon in the Bunnell group,
whereas in the Kessler group seven pulled out.

Sutures accomplished with a PDS-cord showed a higher
primary stability (Bunnell group 291 N § 55.2; Kessler
group 180 N § 41.1). As a consequence, Wve cord ruptures
in the Bunnell group and one in the Kessler group were
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Fig. 1 Scheme of frequently 
applied open suture techniques 
in Achilles tendon repair: 
Kessler a, Bunnell b. 
A standardized open suture pro-
cedure is shown in c depicting an 
additional plantaris tendon 
augmentation carried out with 
Jungbluth's needle (d). For axial 
load testings, the muscle–ten-
don–bone-complex is placed 
into the Instron device and 
loaded under constant speed of 
0.0166 m/s (e)

Table 1 Summary of the biomechanical data resulting from the testing series

Please notice that the augmented Bunnell (column 3) as well as Kessler (column 3) PDS-thread sutures failed in all cases due to suture/plantaris
tendon-pull out from the tendon after prior thread ruptures at lower force values

Bunnell group Kessler group

PDS-Thread PDS-Cord 0.7 PDS-Thread/
Pl. tendon

PDS-Thread PDS-Cord 0.7 PDS-Thread/
Pl. tendon

Mean load (N) 139 291 326 137 180 211

SD 29.8 55.2 124.9 37.3 41.1 60.4

Maximum (N) 186 374 550 225 231 363

Minimum (N) 98 217 173 86 108 145

Suture rupture (n) 6 (10) 5 (10) 10 (10) 3 (10) 1 (10) 10 (10)

Suture pull out (n) 4 (10) 5 (10) 10 (10) 7 (10) 9 (10) 10 (10)
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observed. In the Kessler PDS-cord group nine out of ten
sutures failed by pulling out of the tendon, whereas in the
Bunnell PDS-cord group Wve out of ten sutures pulled out
of the tendon.

If in addition to a PDS-thread suture a plantaris tendon
augmentation was performed, the tendon suture presented
the strongest primary stability (Bunnell group
326 N § 124.9; Kessler group 211 N § 60.4). Here, the
augmented Bunnell as well as Kessler PDS-thread sutures
failed in all cases due to suture/plantaris tendon-pull out
from the tendon after prior thread ruptures at lower force
values.

If in addition to the PDS-thread suture in the Kessler
group a plantaris tendon augmentation was carried out, the
primary stability of the tendon could be increased by 54%.
Similarily an increase of the primary suture stability of
134% was achieved by an additional plantaris tendon aug-
mentation in the Bunnell group.

In our test series, the PDS-thread suture according to
Bunnell’s technique under simultaneous plantaris tendon
augmentation, represented the most stable treatment of the
ruptured Achilles tendon.

Discussion

Until today the type of surgical treatment of ruptured Achil-
les tendons is still the subject of controversial debates.
Even if—based on biomechanical studies—diVerentiated
treatment concepts concerning the therapy of the freshly
ruptured tendon exist, the majority of surgeons exclusively
treat an Achilles tendon rupture by a primary open surgical
suture [3, 17, 25, 30].

The biomechanical investigations presented here aimed
to determine the Achilles tendon suture with the highest
primary stability. Of all described diVerent suture tech-
niques, the two techniques described by Kessler and Bun-
nell were tested in this study which in the clinical practice
are applied most frequently [8, 16, 30]. In the presented test
series the PDS-thread showed the lowest maximum
strength with six material ruptures in the Bunnell group and
three in the Kessler group. Compared to that the PDS-cord
reached a higher primary stability of the suture. In the
Kessler group 90% of the sutures performed with a PDS-
cord failed by pulling out of the tendon ends at an average
of 180 N, whereas in the Bunnell group a cord pull-out
occurred at an average force of 291 N. In a comparable
study concerning the primary stability of 18 sutured human
Achilles tendons, Watson et al. [27] determined a lower
tear strength. Here, the average stability of the sutured ten-
don accounted for 85 N in the Kessler group and 93 N in the
Bunnell group, whereby all sutures failed by thread rupture.
The suture material used by Watson (No. 1 Ethibond)
seems to be less stable than the suture material used in our
study. In another study Yildirim performed a biomechani-
cal test on the strength of the sutured sheep Achilles tendon
and found lower suture pull out forces in the Kessler group
(101 N) compared to those in the Bunnell group (197 N)
[31]. The higher stability of the sutured tendons in the Bun-
nell group is caused by an increase of the coeYcient of fric-
tion between the tendon and the thread surface. As a
consequence, the Bunnell’s thread has a larger contact area
with the proximal and distal tendon stumps [11, 31].

In our study the strongest tendon suture was obtained by
using a PDS-thread with simultaneously performing an
additional plantaris tendon augmentation. Here, the aug-
mented Bunnell suture failed at an average of 328 N due to
a suture pull out in all cases, whereas the underlying PDS-
thread ruptured at lower force values. In the Kessler group
an average maximum strength of 211 N was observed and
the underlying PDS-threads likewise ruptured at lower
force values.

The higher stability of the augmented suture also seems
to be attributable to an increase of the coeYcient of friction
caused by a larger contact area of the suture material with
the surrounding tendon tissue. Besides that the plantaris
tendon extensively bridges the rupture area and thus can be
regarded as a biological guide rail for the following repara-
tive process.

Regarding the proprioceptive function of the plantaris
tendon–muscle-unit, there is no data existing in the current
literature. Even if there is evidence that tactile and proprio-
ceptive information from the foot sole and the Xexor ankle
muscles might subserve the maintenance of errect stance
and that patients with a previous history of Achilles tendon
rupture display proprioception deWcits, the role of the

Fig. 2 Boxplot showing the biomechanical data of the six tested
groups (force to failure in N, B Bunnell, K Kessler, T thread, C cord).
Kruskal–Wallis One-Way ANOVA revealed that the diVerences in the
median values among all treated groups are greater than would be
expected by chance
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plantaris tendon within the neural triceps surae muscle–ten-
don-complex remains unclear [4, 5, 12, 23]. Thus, the con-
sequences of plantaris tendon dissection during plantaris
tendon augmentation for ankle joint proprioception cannot
be predicted.

Summing up, the observations made in this study
demonstrate that in addition to the used suture material
the applied suture technique also has a crucial inXuence
on the primary stability of the Achilles tendon suture.
With the selection of an appropriate thread or cord, the
suture technique must be individually adjusted to the
applied suture material. Thus, the basically strong Bun-
nell technique can only develop a maximum strength if a
suYciently loadable suture material is selected. Further
stability to the Achilles tendon can be added by an addi-
tional plantaris tendon augmentation suture which is
likely to be attributable to an increase of the coeYcient of
friction.
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