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Summary
Introduction: in this study we report the functional
results of 36 professional athletes treated with a
combined percutaneous and mini-open technique.
Methods: patients were evaluated with Victorian Institute of Sports Assessment-Achilles questionnaire
(VISA-A), the objective 100-points Hannover scale
and the Ergo-jump Bosco System device.
Results: at a mean 28- month follow-up no re-rupture cases were observed. Six patients had minor
complications. The Ergo-jump Bosco System device showed no significant differences in the
side-to-side evaluation in regard to strength (0.94%) and elasticity (+2.44%), while a significant
post-operative loss was detected in the endurance trials (-6.78%). The Hannover scale
showed an average score of 94.5, while the VISAA had an average of 93.1. Thirty-one patients resumed their pre-operative sports activity level
within five months from surgery.
Conclusions: our results showed that the combined mini-open and percutaneous repair is an effective treatment for professional athletes, with
satisfactory clinical and functional results, lack of
major complications and a quick return to professional sports activity.
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Introduction
Achilles tendon ruptures represent one of the most
common tendon injuries among athletes, especially
those involved in acceleration/deceleration or jumping
activities. Men in their third or fourth decade of life,
with lack of prodromal symptoms, are the prototype of
patients affected by this kind of rupture1. In fact, this
usually occurs on tendons which are already affected
by degenerative disorders, in which sport activities2-5
simply act as trigger factor6-9.
Despite a very high satisfaction rate reported with
many surgical procedures, such as the open, the mini-open, or the percutaneous procedure, many major
intra- and post-operative complications are still reported, lowering the overall satisfaction rate of patients and sometimes delaying their return to sports.
This is even more important if we consider professional athletes involved in very demanding sport activities.
The hypothesis of this study is to verify if the miniopen technique modified by Kakiuchi10 is an effective
treatment in professional athletes with subcutaneous
Achilles tendon rupture.

Materials and methods
We prospectively followed-up 36 patients surgically
treated for spontaneous Achilles tendon rupture at
our Sports Injury Centre11. They were all operated on
between 2008 and 2010 with a combined mini-open
and percutaneous technique as described by Kakiuchi (1995). Inclusion criteria to enter the study were:
involvement in sports activities as professional players; lack of previous diseases both in the involved
and in the healthy tendon; lack of previous local injections to the involved and healthy side; surgical treatment within five days from the trauma; a minimum follow-up of 24 months. We excluded from the study patients who had undergone previous systemic therapy
with corticosteroids or patients affected by collagen
fiber disorders.
In all patients, the combined open and percutaneous
repair was carried out by the same senior author
trained in Sports Traumatology. No augmentations
were ever used. In all cases, post-operative protocol
consisted in two weeks immobilization in a non-weight
bearing cast with 15 degrees of plantar flexion, followed by additional two weeks of immobilization in a
weight-bearing walker brace in neutral position.
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After this period, all patients started a comprehensive
physical rehabilitation program, basically focused on
recovery of range of motion (ROM) in the first two
weeks, on increasing the endurance and strength of
the triceps muscle and restoring coordination and
proprioception of the musculotendinous triceps unit,
after the first two weeks.

Gymnastic
6%
Running
6%

Ballet
Skiing 0%
3%

Surgical Technique
All patients were surgically treated with a combined
percutaneous and mini-open procedure as described
by Kakiuchi in 199510. With the patient in prone position, a 3.9 cm longitudinal paramedian incision was
made just above the palpable tendon gap, to provide
a direct view of the rupture. After longitudinal incision
of the fascia and paratenon, two suture guides made
of 2 mm Kirschner wire were inserted medially and
laterally to the proximal tendon stump: a long straight
needle threaded with an absorbable 2# suture was
then passed transversely through the skin, the intact
tendon, and the holes of the suture guides. After removal of the two Kirschner guides, the proximal tendon stump was easily drawn down by pulling on the
sutures (Fig. 1). The same procedure was repeated
on the distal stump of the torn tendon so that the two
stumps could be easily sutured together by passing
the sutures on the opposite stump and tightening.

Follow-up
Among the 36 surgically treated athletes, thirty-six
were available for follow-up. There were 33 males
(91.6%) and 3 females (8.4%). The mean age was
29.7 (range: 21-35).
In all cases, the tendon rupture occurred during sport
activities: in particular, in five cases (13.8%) during an
official match and in 31 cases (86.2%) during training.
Patients’ sports activities are shown in Figure 2.

Tennis
17%

Soccer
68%

Figure 2. Patients’ sports activity.

All the patients were followed-up after an average of
28 months (range: 24-31).
An independent blinded examiner assessed all the
patients with an accurate physical examination and
with two validated scoring scales: the Victorian Institute of Sports Assessment-Achilles questionnaire
(VISA-A) 12 and the objective 100-points Hannover
scale. Moreover, all the patients were functionally
evaluated with the Ergo-jump Bosco System device
(Byomedic, SCP, Barcelona, Spain), with the aim to
objectively estimate the recovery of the musculotendinous triceps unit. Charts of the patients were examined before follow-up. All patients gave their informed
consent to participate in this study. The physical examination consisted of an evaluation of the skin incision, in order to detect any hypertrophic scar tissue
or skin adhesions; skin sensitivity all around the incision area was assessed as well. The calf muscle circumference was measured (side-to-side, S/S) 5 cm
distal to the tibial tuberosity: diameter differences
were graded as mild (≤ 1cm), moderate (≤ 2 cm), and
severe (> 2 cm). Moreover, the ankle range of motion
and tendon width (S/S) were also recorded.

Hannover Scale

Figure 1. Bilateral insertion of two looped K-wires on the
proximal stump of the achilles tendon.
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The Hannover-100-point-scale combines in a simple
scale the clinical and isokinetic evaluation of the ankle function, compared to the contralateral limb. In
our study we chose this scale because it allowed an
objective evaluation of the Achilles tendon function
and its recovery, compared to the healthy side. The
articular range was evaluated with a goniometer (0°
was set as starting position) and the calf muscle circumference was measured at the point of maximum
thickness.
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Functional evaluation
The functional evaluation was made with the use of
the Bosco Ergo-jump System, which allows to measure flight time and height of one or more consecutive
vertical jumps in order to evaluate the triceps musculotendinous unit13.
We chose this method to obtain a reliable index of the
recovery of jumping capability which needs a great
contribution from the Achilles tendon.
Athletes were assessed using three different jump
tests: Squatting Jump test, Counter Movement Jump
test, and Ten Repetition Counter Movement Jump test.
The first test is designed to determine the explosive
strength of the extensor muscles of the inferior limbs:
the athlete squats until the knees are flexed at 90 degrees and then jumps vertically with maximum intensity. Hands are placed on the hips and no countermovement is used. The best score of three non-consecutive single leg jumps was recorded. The Counter
Movement Jump test is designed to determine the
elasticity of the extensor muscles of the inferior limbs:
the athlete starts in a standing position and then
jumps vertically with maximum intensity. A countermovement of lower and upper limbs is used. The best
score of three non-consecutive single leg jumps was
recorded. The Ten Repetition Counter-movement
Jump is designed to determine the muscle resistance
of the inferior limbs: the athlete starts in a standing
position and then jumps vertically with maximum intensity. A counter-movement of lower and upper
limbs is used. Results of ten consecutive single leg
jumps were recorded.
All functional evaluations were performed side-toside. The data obtained from the study was analysed
using the Chi square test and the Fisher exact test;
the SPSS software for Windows, version 8.0 (SPSS,
Inc., Chicago, IL) was used for all analyses.

Results
At a mean follow-up of 28 months no major complications, such as re-ruptures, thrombophlebitis or pulmonary embolisms were registered. We did not record
major complications in patients treated with this combined percutaneous and mini-open technique.
Six patients (16.6%) showed minor complications,
consisting in skin adhesions in two cases (5.5%), the
presence of a hypertrophic scar in one case (2.7%)
and wound healing delay with superficial infection in
three patients (8.1%), as documented by charts’
records. One of the two patients with skin adhesions
underwent a new surgical procedure to solve the aesthetic complication (she is a professional ballet
dancer), even thought she reported no functional restrictions related to the skin adhesions. No cases of
sural entrapment or sensibility disorders were observed. The ankle range of motion (S/S) was complete in 31 patients (86.1%); a 5° loss of dorsal flexion
was registered in 4 patients (11.1%). Calf atrophy was
observed in twenty-eight patients (77.7%) (p:0.02):
Muscles, Ligaments and Tendons Journal 2014; 4 (2): 177-181

calf circumference differences (S/S) were ≤ 1cm in 16
patients (44.4%), ≤ 2cm in 14 patients (38.8%), and >
2cm in 6 patients (16.6%). An increase of the repaired
tendon width was detected in 30 patients (83.3%)
(p:0.02): twenty-nine patients (80.5%) showed a thickness twice the contralateral, and 1 patient (2.7%) a
thickness more than twice the contralateral.
Evaluation scales and functional tests results are
shown in Table 1, Table 2, and Table 3 respectively.

Return to Sport
Thirty-one patients (86%) resumed their pre-operative
sports activity level within five months from surgery. Out
of the other five patients (14%), two resumed their
sports activity within seven months, and three between
seven and ten months. This delay was due to an additional operation in one patient (skin adhesion debridement) and superficial wound infection in two patients.
Thirty-three patients (91%) reported they resumed
the same pre-operative sports activity level, the last
three patients were forced to decline their sport activity level (Tab. 4).

Table 1. VISA-A scale results.

Table 2. Hannover scale results.

Table 3. Functional evaluation tests results.
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Table 4. Post-operative sport level.

Post-operative
level

= Pre operative

Decline sport level

33 (91%)

3 (9%)

Discussion
Surgical suture of Achilles tendon rupture represents
the most used treatment for athletes. In fact, many authors demonstrate a low rate of side effects after a mini invasive surgical technique. Despite this advantage,
side effects affect about 15-20% of all patients operated on with different techniques: these include adhesions with surrounding soft tissues, unsuccessful recovery of the original length, appearance of surgical
scar, increased re-rupture rate, inactivity time and delay of complete recovery of previous activities1, 14-17.
The main finding of this study is represented by the
satisfactory clinical and functional results provided by
the combined mini-open and percutaneous technique
in patients involved in professional sports activities.
In fact, even though it is now well accepted how surgical treatment is the gold standard for young active
patients, it is matter of debate among authors which
type of technique provides the best results in terms of
functional recovery in high-demand athletes.
The authors’ results regarding the best technique to
treat athletes are still very discordant2, 18-22. In particular, the introduction of the percutaneous repair in
1977 by Ma and Griffith 23 aimed to accomplish the
quarrel between supporters of the open technique
and supporters of the conservative treatment: its aim
was to gather the advantages of surgery, such as minor re-rupture rate, faster recovery, shorter immobilization, and the advantages of the conservative technique, such as minor vascular or neurological complications, superficial or deep infections7, 24-28.
Maffulli et al. 18 published the results of seventeen
elite athletes surgically treated with a percutaneous
technique, reporting excellent results, both in terms of
time of return to sports (average of 4.8 months) and
in terms of successful outcome (no re-rupture cases
and return to pre-operative sport activity in all the
cases). Moreover, they reported only two cases of minor complications such as superficial infection of the
wound. Similarly, Gigante et al. 19, in a prospective
randomized study, showed how the percutaneous
technique offered clinical outcomes equivalent to the
open technique, with considerable lower cutaneous
complications, faster recovery and better patients’
compliance. However, other authors, such as Aracil
et al.2 and Wong et al.20, did not report the same positive results and complained about high re-rupture
rates and sural nerve injuries. Some authors tried to
reinforce their surgical procedure with the use of autologous or synthetic augmentations, but even in
these cases results were not uniform29-32.
The new combined open and percutaneous technique
shown by Kakiuchi (1995) represented a further at-
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tempt to conjugate the benefits coming from the open
and the percutaneous technique. Rebeccato et al.33
compared three groups of patients operated on with
open, percutaneous and combined mini-open and
percutaneous technique, and showed how this last
group reported a re-rupture rate comparable to open
procedure, but with significant (p<0.01) less calf atrophy, more strength of the involved limb and better ankle range of motion.
Results obtained in our study are in line with what
shown by Kakiuchi (1995) and Rebeccato et al. (2001)
since neither re-ruptures nor other major complications
were detected. Moreover, patients included in this
study were all professional athletes, with a high request for a satisfactory recovery of the pre-traumatic
activity level. For this reason, the mini open technique
could be considered a valid choice for professional
athletes with Achilles tendon rupture. In fact, in line
with the literature34, in our experience all patients recovered their sport activities: 33 patients (91%) returned to their pre-operative sport level and only 3 patients were forced to decline their level.
The combined open and percutaneous technique appeared to satisfy the request of the patients, with both
subjective and objective satisfactory clinical outcomes (VISA-A: 93.1; Hannover: 94.5) and functional
results: in particular, the Ergo-Jump tests performed
showed very satisfactory recovery of the triceps
strength, as well as the elasticity of the operated limb
(-0.94% and +2.44% respectively; p: n.s.).
The only significant deficit detected was in regard to
the endurance of the triceps unit (evaluated through
the Counter Movement Jump test) which showed an
average deficit of 6.78%; however, this functional results did not correlate with clinical results, since the
vast majority of the patients returned to their pre-traumatic sports activity level.
We decided to use the Bosco System and the Hannover scale for our study because we believe they
can provide a clinical and functional evaluation of the
whole musculotendinous unit.
A limitation of this study is certainly represented by
the lack of a control group; however, all objective
measurements and functional evaluations were assessed in a side-to-side way, thus allowing us to have
a intrinsic control group. For the same reason, we did
not compare results of the used surgical technique
with another surgical technique.
In conclusion, our results showed that the combined
mini-open and percutaneous repair is an effective
and reliable surgical treatment for professional athletes with satisfactory clinical and functional results,
lack of major complications and fast return to professional sports activity.
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