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Objective The purpose of the study is to evaluate the clinical results and return to
sports in patients undergoing reconstruction of the Achilles tendon after minimally
invasive reconstruction with semitendinosus tendon graft transfer.
Methods Eight patients underwent surgical reconstruction with a minimally invasive
technique and tendon graft augmentation with ipsilateral semitendinosus tendon for
chronic Achilles tendon rupture (more than 30 days after the injury and a gap of
>6 cm). Patients were evaluated at a minimum follow-up of 24 months after the
surgery through the American Orthopaedic Foot and Ankle Society (AOFAS), the
Achilles Tendon Total Rupture Scores (ATRS), the Endurance test, the calf circumference
of the operated limb, and the contralateral and the eventual return to sports activity
performed before the trauma.
Results The mean age at surgery was 50.5 years. Five men and three women
underwent the surgery. The average AOFAS was 92, mean Endurance test was 28.1,
and the average ATRS was 87. All patients returned to their daily activities, and six out of
eight patients have returned to sports activities prior to the accident (two football
players, three runners, one tennis player) at a mean of 7.0 (range: 6.7–7.2) months
after the surgery. No patient reported complications or reruptures.
Conclusion Our study conﬁrms encouraging results for the treatment of Achilles
tendon rupture with a minimally invasive technique with semitendinosus graft
augmentation. The technique can be considered safe and allows patients to return
to their sports activity.
Level of Evidence Level IV, therapeutic case series.

Achilles tendon rupture occurs mainly in two categories of
patients: young athletes and older patients (>50 years) not
related to sports.1–3 Chronic Achilles tendon ruptures are

relatively uncommon, and are deﬁned as a rupture of the
Achilles tendon with an interval between rupture and treatment of at least weeks.4 In such patients, the triceps surae is
shortened, and the gap between the proximal and distal
stumps of the Achilles can be ﬁlled up with ﬁbrous tissue.5,6
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Plantar ﬂexion of the ankle is reduced and residual movement occurs through the action of the secondary plantar
ﬂexors of the ankle joint.7 The management of this rupture
presents a high risk of complications such as wound breakdown and infections.8 In ruptures with a large gap (>6 cm),
the semitendinosus tendon can be used to undertake the
reconstruction.9
The aim of this study is to assess clinical results and return
to sports in eight patients with chronic rupture of the
Achilles tendon and treated with the minimally invasive
technique of reconstruction with semitendinosus tendon
graft augmentation with a minimum follow-up of 24 months.

Methods
Eight consecutive patients were enrolled (5 men and 3 women;
mean age 50.5) with chronic closed rupture of the Achilles
tendon who had undergone surgical reconstruction with
a minimally invasive technique and tendon graft augmentation
with ipsilateral semitendinosus tendon.
All subjects gave their written informed consent to participate in the study, which was approved by the Ethical
Review Committee.
Patients were enrolled if they had a diagnosis of a chronic
closed rupture of the Achilles tendon on the basis of clinical
and radiological examination. The average time between
injury and surgical procedure was 40.4 days (range:
31–60). Both right and left sides of patients were affected.
The patients were enrolled if magnetic resonance imaging
(MRI) was available and showed a gap between the proximal
and distal stumps of the Achilles tendon of at least 6 cm with
the ankle in maximal plantar ﬂexion. All patients also underwent an ultrasound evaluation to study the Achilles tendon.
At clinical examination, all patients had a palpable gap at the
site of rupture; furthermore, they presented a nonpropulsive
gait on the affected limb and were not able to stand on their
tiptoes.
The clinical diagnosis of Achilles tendon rupture was
made using the Single Leg Heel Rise test, the Calf Squeeze
test, and the Knee Flexion test.10
In the ﬁrst test, the patient is asked to perform a single leg
heel rise. If the patient is able to lift his heel against gravity,
the Achilles tendon is intact. In the Calf Squeeze test (or
Thompson’s test), the patient lies prone with both feet
hanging from the examination table. The examiner squeezes
the affected calf muscle; if the Achilles tendon is intact, the
foot will remain plantar ﬂexed. If the Achilles tendon is torn,
the foot will remain in the resting position, or only minimal
plantar ﬂexion will occur. On the affected side, the calf
muscle should be squeezed at the level where the largest
range of motion will be reached on the healthy side. In the
last test, the patient lies prone, and is asked to ﬂex both knees
to 90°. During this movement, the position of both ankles is
observed. An Achilles tendon rupture is diagnosed if the foot
of the affected limb falls into neutral or dorsiﬂexion. If the
tendon is intact, the foot will remain slightly plantar ﬂexed.
All assessments were performed by a clinician. Minimum
follow-up was 24 months (mean 27.9; range 24–34).
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Surgical Procedure
The patient is in prone position with high tourniquet. The
ﬁrst incision is performed 2 cm proximal and is just medial to
the palpable end of the residual tendon. The second incision
is 2 cm distal in the midline over the distal end of the tendon
rupture. Care must be taken to avoid the sural nerve.
The two stumps of the tendon are then mobilized, releasing any possible adherence. The ruptured tendon end is then
resected to the healthy tendon. The proximal tendon is then
mobilized from the proximal wound, and is freed by adhesions, and further soft tissue release anterior to the soleus
and gastrocnemius allows maximal excursion, minimizing
the gap between the two stumps.
To harvest the semitendinosus, a vertical incision, 2.5 to
3 cm of length, is performed over the pes anserinus (►Fig. 1).
The semitendinosus tendon is passed through a small incision in the substance of the proximal stump of the Achilles
tendon using an absorbable suture (►Fig. 2). At this point,
the semitendinosus is passed under the intact skin bridge to
the distal incision, and passed from medial to lateral through
a transverse tenotomy in the distal stump (►Fig. 3). Maintaining the ankle in maximal plantar ﬂexion, the semitendinosus tendon is sutured to the Achilles tendon at each entry
and exit point. Repair is tensioned to maximal equines. One
extremity of the semitendinosus tendon is then passed again
beneath the intact skin bridge into the proximal incision and
passed from medial to lateral through a transverse tenotomy
in the proximal stump. The same step is performed with the
other extremity of the semitendinosus tendon with the distal
stump of the Achilles tendon.

Postoperative Rehabilitation
Patients were discharged within 24 hours of the operation. The
operated leg was positioned in a cast immediately after surgery,
in neutral position (90°) and was held for approximately
40 days. No weight bearing was allowed until cast removal.

Clinical Evaluation
Clinical evaluation consisted of The American Orthopaedic
Foot and Ankle Society (AOFAS) clinical rating system, the
Achilles Tendon Total Rupture Score (ATRS), the Endurance
test, the calf circumference of the operated limb, and the
contralateral and the eventual return to sports activity

Fig. 1 Harvesting of the semitendinosus tendon through a vertical,
2.5–3 cm longitudinal incision over the pes anserinus.
ST, semitendinosus.
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Fig. 2 With the patient prone, the semitendinosus is sutured to the
proximal stump of the Achilles tendon. ST, semitendinosus; PSAT,
proximal stump of the Achilles tendon.

performed before the trauma and time for return to
sport.11–14
The AOFAS11 has developed four rating systems in which
the clinical status of the ankle and foot is reported. These
systems incorporate both subjective and objective factors
and are the most used scale in articles dealing with foot and
ankle pathologies.15
The ATRS12 evaluates aspects of symptoms and physical
activity. The questionnaire consists of 10 items, where the
score for each item ranges between 0 and 10 on a Likert scale,
with a maximum score of 100.
The Endurance test14 is the most commonly used test for
measuring muscular endurance of the calf musculature. In a
heel rise test, the plantar ﬂexion of the ankle is performed
repetitively while standing until fatigued. The normal number of toe-raise repetitions on one leg is regarded to be 25.
Circumference measurements are often used to determine gross muscular hypotrophy; however, such measurements cannot be used to determine muscle quality.
Furthermore, the calf muscle circumference has a weak
correlation to calf muscle strength and endurance after
treatment for Achilles tendon rupture.

Results
All patients were reviewed at the average follow-up of
27.9 months (range: 24–34 months) from surgery; no patient
was lost to follow-up. Clinical results are reported in ►Table 1.

Fig. 3 The semitendinosus is passed under the skin bridge to the
distal incision.
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At the follow-up, the mean AOFAS was 92 (range: 83–96),
mean ATRS was 87 (range: 81–95), mean Endurance test was
28.1 (range: 24–31), and the mean calf circumference of the
operated leg was 37.5 cm (range: 32.5–41.7) in respect to the
contralateral calf that was 38.5 cm (range: 33.0–42.5). All
patients returned to their daily activities, and six out of eight
patients have returned to sports activities (2 football players,
3 runners, 1 tennis player) at a mean of 7.0 (range: 6.7–
7.2) months after surgery.
No patient reported complications either as regards to the
symptoms related to the harvest of the semitendinosus or for
the reconstruction of the Achilles tendon. There were no
reported tendon reruptures of the tendon, issue of dehiscence of the surgical scar, or infections.

Discussion
Several techniques for Achilles tendon reconstruction have
been described, including turndown ﬂap, tendon transfer,
tendon graft, or augmentation with synthetic materials.
Tendon transfer is widely reported in literature with good
results, but in some cases it can cause a loss of function.16 For
the transfer of the ﬂexor hallux longus, many patients have
reported decrease in strength of the great toe ﬂexor, whereas
transfer of the ﬂexor digitorum longus affects the push-off
strength.17,18 For the peroneus brevis, its transfer can be
associated with a decrease in eversion strength of the
ankle.19
In 2013, Maffulli et al20 treated 26 patients who had
undergone minimally invasive semitendinosus autologous
graft reconstruction for chronic ruptures to the Achilles
tendon. At a mean follow-up of 8.2 years from surgery, the
maximum calf circumference was signiﬁcantly higher than
preoperatively, and the mean ATRS was 88. Two patients
developed a superﬁcial wound infection, and one patient
developed scar adhesion to the distal wound. All patients
returned to their preinjury working occupation; 22 patients
returned to their preinjury level of activity at a mean of
6.7 months after surgery.
Sarzaeem et al21 reported results in 11 consecutive patients, with a chronic Achilles tendon rupture with a gap of
greater than 6 cm with the same technique. All patients have
been evaluated at a mean follow-up of 25 months, and the
average AOFAS and ATRS improved signiﬁcantly from 70  5
and 32  6 preoperatively to 92  5 and 89  4 points
postoperatively. The range of dorsiﬂexion was signiﬁcantly
limited on the operated side. All patients were able to stand
on the tiptoe of the injured leg, and no patient walked with
a visible limp. Postoperative complications included one
patient with symptomatic deep vein thrombosis and two
patients with superﬁcial infection treated nonoperatively.
The authors conclude that the technique offers good clinical
and functional outcomes and is safe.
Dumbre et al22 treated 35 patients with symptomatic
chronic Achilles tendon ruptures. The average follow-up duration was 30.7 months. Postoperatively, the strength of gastrocnemius and soleus was measured by manual muscle testing
(MMT) in non-weight-bearing and weight-bearing positions.
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Table 1 Clinical results and return to sports after a follow-up of at least 24 months
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All operated patients showed satisfactory functional outcome,
good soft tissue healing, and no reruptures. The preoperative
weight-bearing MMT of 2/5 improved to 4/5 or 5/5 postoperatively. In all patients, postoperative non–weight-bearing MMT
was 5/5. All patients returned to their prerupture daily activity.
The authors believe that the technique is a valuable option
especially when allografts are not available. It is inexpensive as
suture anchors or tenodesis screws are not used. This can be a
useful option if other tendons (ﬂexor hallux longus, peroneus
brevis, etc.) are not available for transfer.
Wound breakdown is challenging with complications at a
rate of 9% in open technique,23 especially in chronic rupture
of Achilles tendon.3,19,24
Minimally invasive technique allows reconstruction preserving skin integrity, reducing risk of scar infection or
deihscence.25
Furthermore, the use of semitendinosus tendon can cover
a gap of greater than 6 cm. In fact semitendinosus is a long
and strong tendon and provides a sturdy reconstruction of
the Achilles tendon.19 The morbidity related to semitendinosus harvesting is minimal as it does not cause any loss of
strength at the knee.7,26,27
To evaluate clinical beneﬁts of the procedure, we used a
well-validated scoring system.
The AOFAS has developed four rating systems, in which
the clinical status of the ankle and foot is reported. The
purpose of these rating systems was to have a clinically
useful method, which could be used when comparing the
results of different methods of treatment. These systems
incorporate both subjective and objective factors.
The ATRS evaluates aspects of symptoms and physical
activity. The questionnaire has good reliability, validity, and
responsiveness for evaluating outcome after treatment in
patients with tendon rupture.28
Limitation of the study is the lack of a control group and the
small number of patients. An uncontrolled group design does
not allow proving the superiority of this surgical technique for
the management of chronic Achilles tendon rupture.
In conclusion, our study conﬁrms, as already reported in
literature, encouraging results for the treatment of Achilles
tendon rupture with minimally invasive technique with
semitendinosus graft augmentation. No complications have
been reported and patients return to their sports activity.
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