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ABSTRACT
Introduction
One of the treatment options in chronic damage or unsuccessful suturing of the Achilles
tendon is a surgical treatment consisting of its reconstruction using the tendon of semitendinosus and gracilis muscle. The multitude of types of reconstruction causes discrepancies in
rehabilitation protocols. All of them aim to return to full functional fitness as the ultimate goal.
Aim
This study aims to present the proprietary rehabilitation protocol after Achilles tendon
reconstruction using the tendon of semitendinosus and gracilis muscle.
Material and methods
The presented rehabilitation program lasts about 12 months and is divided into six stages.
Stage I consists of standing up and anticoagulant exercises, and isometric exercise. Stage II,
lasting up to 2 weeks after the procedure, consists of the patient’s independent work in the
home environment. Stage III, lasting up to 4 weeks, involves learning to walk and putting
weight on the limb in a cam Walker. In the third stage, after the postoperative wounds
have healed, exercises in water conditions are started. Stage IV, lasting from 4 weeks after
the operation, involves loading the limb with support, increasing the range of dorsiflexion
motion, and progressive muscle strengthening. Stage V, which lasts up to 8–12 months after
surgery, eliminates functional deficits and prepares the patient for a functional biomechanical assessment. Stage VI is the stage of work on the compensation of deficits resulting from
the analysis of the results of the functional biomechanical assessment necessary to return
to the full sports activity.
Results
The rehabilitation time, in accordance with the assumptions of the above protocol, is 8–12
months. After this time, the patient should proceed to a functional biomechanical assessment.
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Discussion and conclusions
The rehabilitation protocol presented by our team describes in detail the stages of post-operative
rehabilitation after Achilles tendon reconstruction with a hamstring graft. It provides the
conditions necessary for the patient to meet before starting the next phase and returning to
sport. Our requirements are consistent with the assumptions available in the scientific base.
Keywords: Achilles tendon reconstruction, return to sport, rehabilitation program.
STRESZCZENIE
Wstęp
Jedną z opcji leczenia w przewlekłym uszkodzeniu lub nieudanym zszyciu ścięgna Achillesa
jest leczenie operacyjne polegające na jego odbudowie za pomocą ścięgna mięśnia półścięgnistego i smukłego. Mnogość rodzajów rekonstrukcji powoduje rozbieżności w protokołach
rehabilitacyjnych. Wszystkie z nich dążą do powrotu do pełnej sprawności funkcjonalnej
jako ostatecznego celu.
Cel
Celem pracy jest przedstawienie autorskiego protokołu rehabilitacji po rekonstrukcji ścięgna
Achillesa przy użyciu ścięgna mięśnia półścięgnistego i smukłego.
Materiał i metody
Przedstawiony program rehabilitacji trwa około 12 miesięcy i jest podzielony na sześć etapów.
Etap I składa się z ćwiczeń nauki chodzenia, przeciwzakrzepowych oraz ćwiczeń izometrycznych. Etap II, trwający do 2 tygodni po zabiegu, polega na samodzielnej pracy pacjenta w środowisku domowym. Etap III, trwający do 4 tygodni, polega na nauce chodzenia i obciążaniu
kończyny w ortezie typu Walker. W trzecim etapie, po zagojeniu się ran pooperacyjnych,
rozpoczyna się ćwiczenia w wodzie. Etap IV, trwający od 4 tygodni po operacji, polega na
obciążeniu kończyny z podpiętkami, zwiększeniu zakresu ruchu zgięcia grzbietowego i stopniowym wzmacnianiu mięśni. Etap V, trwający do 8–12 miesięcy po zabiegu, niweluje deficyty
czynnościowe i przygotowuje pacjenta do funkcjonalnej oceny biomechanicznej. Etap VI to
etap prac nad wyrównaniem deficytów wynikających z analizy wyników biomechanicznej
oceny funkcjonalnej, niezbędnej do powrotu do pełnej aktywności sportowej.
Wyniki
Czas rehabilitacji, zgodnie z założeniami powyższego protokołu, wynosi 8–12 miesięcy. Po
tym czasie pacjent powinien przystąpić do biomechanicznej oceny funkcjonalnej.
Wnioski
Przedstawiony przez nasz zespół protokół rehabilitacji szczegółowo opisuje etapy rehabilitacji
pooperacyjnej po rekonstrukcji ścięgna Achillesa z wykorzystaniem przeszczepu z ścięgna
mięśnia półścięgnistego i smukłego. Zapewnia on pacjentowi warunki niezbędne do spełnienia przed rozpoczęciem kolejnej fazy i powrotem do sportu. Nasze wymagania są zgodne
z założeniami dostępnymi w bazie naukowej.
Słowa kluczowe: rekonstrukcja ścięgna Achillesa, powrót do sportu, program rehabilitacji.
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Introduction
One of the treatment options in a chronic
tear or unsuccessful suturing of the Achilles
tendon is a reconstruction with an autologous
hamstring graft.
The minimally invasive technique of Achilles tendon reconstruction proposed by our
team (described in the paper by Piontek et al.,
2016) creates biomechanical conditions for
the quick, postoperative restoration of foot
function by using muscles far from the ankle
for tendon transplantation. The patient
gains the possibility of normal walking very
quickly, which is a definite advantage of the
presented surgical treatment. Our rehabilitation protocol is based on biomechanical tests
performed in a cadaver lab and described in
our previous work (Bąkowski et al., 2020).
The current observations of the rehabilitation results based on the protocol described
below allow us to conclude that all patients
return to their professional and sports activities before the injury, including athletes practicing sports at a professional level.
Aim
This paper aims to present the proprietary
12-month rehabilitation protocol after Achilles tendon reconstruction with a hamstring
graft.
Material and methods
Rehabilitation after Achilles tendon reconstruction with semitendinosus and gracilis tendons takes about 12 months. This is
the essential time of rehabilitation and has
a decisive impact on the subsequent recovery
of the full function. (Bąkowski et al., 2020).
After this time, the strength and endurance of
the calf muscles are expected to return fully.
The main goal of rehabilitation is to regain
full physical activity. The physiotherapist
monitors the course of rehabilitation. He is
in constant contact with the operating doctor.
We divide the rehabilitation protocol into
stages, depending on the time after the
surgery.

First stage
After the procedure, the foot is positioned
in maximum plantar flexion using the cam
Walker. On the first day after the procedure,
the physiotherapist shows how to use the
orthosis and teaches how to walk with
weight-bearing as tolerated. He teaches antiinflammatory and isometric exercises that
the patient will be doing over the following
days at home.
Second stage
The patient should lead a sparing lifestyle at
this stage, but it is not recommended to lie
down constantly. This stage takes about 12
days. The patient should remove the orthosis
several times a day to maintain the hygiene
of the operated area.
Exercises performed during this period
focus on breathing exercises and isometric
work of the lower limbs, pelvis, and torso
muscles. All exercises should be painless
during and after. They should not increase
the swelling in the operated area. In case of
pain, recommended is ice compression and
elevation. Increased swelling may occur after
too long staying in the standing position.
A patient is taking anticoagulants throughout
this period. He walks with weight-bearing
as tolerated.
Third stage
This stage begins about 10–14 days after the
surgery. After a medical control, the doctor
removes the stitches and refers the patient
for rehabilitation. If the wound is fully healed,
the cam Walker is removed, and a patient
walks in normal shoes with 3 cm heel pads.
A physiotherapist begins his work with an
interview, manual examination, and a conversation about the patient’s expectations and
the purpose of rehabilitation. During the
examination and therapy, the therapist cannot
avoid the knee joint area, and the hamstring
group from the graft was harvested. In the
rehabilitation process, exercises for this
muscle group will be necessary because the
remaining muscles, such as the biceps and
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Figure 1. The main goals of the individual stages of rehabilitation.

semimembranosus, must compensate for
the weakness of this area.
Manual work focuses on therapy around
the operated area. The foot, upper and lower
ankle joint, proximal calf, knee joint, hamstring group, and buttock. Therapy stimulating the circulatory and lymphatic systems is
performed, which will help in regeneration. In
the following weeks, the therapist introduces
active and passive movement in the operated
area. The therapy should be painless and comfortable for the patient. Increasing the range
of motion is done more by gradually introducing exercises and manual therapy than
by stretching. A slow and gradual increase
of the range of motion makes it possible to
remove the heel pads. The condition is that
there is no pain when standing and moving.
All of them should remove within about four
weeks after the procedure.
General development exercises are also
helpful in restoring proper functions. The
therapist introduces exercises for the torso,
axial stabilization, the gluteal muscle group,
46

and the thigh muscles. It is also possible to
work calmly on a stationary bike.
Exercises in the operated area are aimed
at stimulating and improving blood supply.
Isometric calf triceps tension exercises are
introduced in the light plantar flexion setting.
Active movement of the upper ankle is performed with a possible, painless, Theraband
rubber load. Flexor hallucis is activated. In the
sitting position, core foot system exercises
are introduced. This term means exercises
for the short muscles of the foot. These exercises are progressing through the successive
stages of rehabilitation (McKeon et al., 2014).
By the end of this stage, the wounds should
be fully healed. The therapist starts working
with the scars to make the operated area more
flexible. It is possible to introduce rehabilitation in an aquatic environment. This type of
activity starts with basic deep water exercises
and ends with complex swimming exercises.
The timing of completion of the three
stages is 4–6 weeks after surgery. However,
apart from time, the most important element
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for the transition to the next phase is removing the orthosis.
Stage fourth
The goals of this period are: to progressively
build the range of dorsiflexion in the upper
ankle joint and restore normal gait. The test
to prove the range of motion is the “knee to
wall test”. (Powden et al., 2015) The movement performed during the test is often
used as an exercise. The patient can perform
them freely at home. The exercises from the
previous stage are progressed. Triceps calf
isometry is performed in the new range of
motion. Calf muscle resistance exercises can
be performed in various body positions with
external load or full-body load, e.g., climbing on toes in a sitting or standing position.
One-leg exercises are introduced, including
one-leg deadlift, Bulgarian squat, lunge, and
steps on the box.
Progression of short-foot exercises comes
down to proprioception exercises with the
activation of the whole body. The therapist
pays attention to exercises that restore gait
phases. As a rule, the hell-off and toe-off
phases are the most disturbed. It should be
focused on by introducing gait re-education
exercises from various physiotherapeutic
methods.
The work of the muscle groups above the
knee passes to the stage of rebuilding and
increasing muscle strength. Exercises should
be properly progressed with positions and
external weight.
The platform with the Gamma system
assessing the distribution of loads on the
right and left sides of the body is helpful in
this period. During exercises, e.g., a squat, the
patient gets a visual response of the correct
load on both sides of the body.
Endurance training on a stationary bike
is continued while maintaining sitting positions.
In this stage, heel pads are used while walking in normal shoes (8 weeks after surgery,
we use 1.5 cm heel pads).

Stage fifth
We continue at this stage: therapy to increase
the range of motion of the upper and lower
ankle joints, using three-dimensional movements of all joints in the lower limb; mobilizations and automobilizations of the forefoot;
therapy increasing the range of dorsiflexion
of the big toe.
Attention should be paid to the excessive
activity of the toe flexors when climbing on
toes in the operated limb. Further progression
of the isometric calf muscles contraction
using a lunge or squat position and lengthening the time and power of contraction. The
exercises can be much more complex and
strenuous. The patient continues to conduct
general body development exercises using
all movement patterns. A simple test, and at
the same time an exercise, is the movement
of climbing on the toes of the operated limb.
The climbing on toes movement on the operated leg is necessary to restore the patient’s
regular physical activity (Olsson et al., 2014).
This stage lasts up to 8–12 months after the
procedure. It is expected to regain: proper
gait, full range of motion compared to the
unoperated limb, painless during exercise
and everyday life.
In the final two months of this stage, we
introduce full calf muscle strength training
and the initial stages of plyometric training.
It is to prepare the patient for the stress that
occurs during the functional biomechanical
assessment.
Results
The rehabilitation time, according to the
assumptions of the above protocol, is 8–12
months. After this time, the patient should
proceed with the evaluation. It is very individual and depends on the patient’s involvement in the rehabilitation process.
Biomechanical functional assessment
It is a battery of tests that allow the physiotherapist to determine the patient’s condition objectively. The results show deficits,
and on their basis, further rehabilitation
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or back to training should be planned. After
reconstruction of the Achilles tendon, it is
performed: ten to twelve months after surgery
in a non-professional sports patient and about
eight months after surgery in professional
athletes. The assessment time may shift due
to the individual elements that the patient
must fulfill before the assessment: functional
range of ankle joint motion, no swelling, no
pain, and no fear.
Tests used in the assessment:
 Knee to wall test
 Star Excursion Balance Test
 Load distribution test using the Gamma
system
 Toe climbing test on one leg on an oblique
platform
 One-legged long jump
 Vertical jump on one leg measured using
the “MyJump” mobile application for jumping analysis
 Isometric strength test of the ankle flexors
and extensors using the Biodex system
 Strength and endurance test for the gastrocnemius muscle in concentric and eccentric
contractions using the Biodex system.
The results of the biomechanical assessment carried out by our team, presented in
the work of Bąkowski et al., 2020, were the
basis for creating this protocol and confirming
the use of biomechanical assessment tests
to control it.
The norm of results for a patient is the
condition and results achieved in the opposite leg. The difference in results between
the limbs acceptable by our team is 10%.
This is a number that is presented in many
scientific studies on functional and physiotherapeutic test evaluations. (Silbernagel
et al., 2006; Plisky et al., 2009; Olsson et al.,
2014; Bäcker et al., 2019).
The choice of tests was dictated by the
involvement of the Achilles tendon in their
performance, repeatability, simplicity, safety,
and a well-estimated value in clinical evaluation (Silbernagel et al., 2006; Olsson et al.,
2014).
48

The results of the performed tests, analysed
by the therapist, are the basis for planning
a further level of rehabilitation or deciding
to end the treatment process.
Discussion
This study presents a physiotherapy program
after the Achilles tendon reconstruction with
hamstring grafts. This program has evolved
over several years and is based on experience in daily work with patients, including
professional athletes. It has been analyzed
and compared with the protocols available
in the scientific base (Maffulli et al., 2013;
Brumann et al., 2014; Gordon, 2016; Rosińska
et al., 2016; Kiedrowski et al., 2018; Tarantino
et al., 2020). To our knowledge, this is the
first paper describing rehabilitation protocol
after minimally invasive Achilles tendon
reconstruction using the hamstring grafts.
In other reconstruction methods, a graft is
taken from the area of the operated joint, e.g.,
the tendon of flexor hallucis longus, which
in our opinion may disturb rehabilitation,
make it difficult, and delay the restoration of
foot functions. However, the authors agree
that harvesting a flexor hallucis longus graft
does not impair foot function (Hossman et al.,
2018; Jordi et al., 2018). Despite the loss of
the range of dorsiflexion of the toe joints, the
patients returned to total physical activity
(Wegrzyn et al., 2009). Other authors show
that harvesting a flexor hallucis longus graft
causes a permanent loss of flexion of the toe,
which significantly reduces the quality of life
of patients (Lee et al., 2009).
In some studies, the return to dynamic
activity is based on time after the surgery
(Gordon 2016). This period is divergent
and requires further research and scientific confirmation. None of the available
research presents the study before returning
to physical activity and sport as detailed as
our study. Analysis of the problems after
Achilles tendon reconstruction and the results
of the isokinetic and functional assessment
led to the development of this program. I was
also based on our previous experience with
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post-operative assessment after percutaneous Achilles tendon suture (Bąkowski et al.,
2017; Bąkowski et al., 2017). To minimize the
reconstructed Achilles tendon’s stretching,
we use heel pads for about three months.
The available rehabilitation protocols also
include the use of an orthosis. Gordon, in
his 2016 publication, recommends using
the orthosis for six weeks without using the
heel pads after this period. According to our
protocol, a patient wears the orthosis for
approximately two weeks, which is dictated by
the wound healing. In our opinion, it enables
faster restoration of the function of walking
while protecting the operated tendon. Quick
implementation of loading the operated limb
in orthopedic Walker shoe makes it easier
for patients to return to their daily activities.
The quick burden of the operated area, painlessly, is recommended by the authors of the
available protocols (Gordon 2016; Rosińska
et al., 2016; Tarantino et al., 2020).
Many studies on Achilles tendon surgery
refer to its suturing. We believe that due
to the significant similarity of the surgical
procedure, they can be the basis for creating
post-reconstruction protocols. They also
assume a quick load of the operated area
(Aufwerber et al., 2019).
An individualized rehabilitation program
focusing on the return of strength and endurance parameters of the calf muscles and the
correct movement pattern gives a chance
to reduce the harmful effects of an injury.
Thanks to the minimally invasive method,
small postoperative scars reduce the possibility of postoperative adhesions, and therefore
faster restoration of the full range of motion.
In our opinion, it minimizes restrictions on the
sliding of the skin and fascia layers relative
to each other and the reconstructed tendon.
The early healing of more minor scars allows
for faster load and training in the water. Due
to the minimally invasive technique, there
are fewer infections and complications of
postoperative wounds (Maffulli et al., 2008;
Bąkowski et al., 2020). Also, less damage to
the surrounding tissues was observed than

open techniques (Molloy et al., 2009; Piontek
et al., 2016). Minimally invasive techniques
around the Achilles tendon significantly
reduced the risk of superficial wound infection, with a patient satisfaction three times
greater, which provided good or excellent
results compared to conventional open surgical approaches (McMahon et al., 2011).
A rigid time frame does not limit the abovedescribed program. It is constantly modified
by the attending therapist depending on
the patient’s condition and needs. However,
the rehabilitation should follow the physiological processes of regeneration of the
reconstructed tendon, tissue healing, and
collagen remodeling.
Conclusion
In conclusion, the rehabilitation protocol
presented by our team describes the stages
of post-operative rehabilitation after Achilles
tendon reconstruction with a hamstring graft.
A comprehensive approach to the problem
gives a chance to return to pre-injury activity.
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