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Algorithm of physiotherapy after traumatic injury
of the Achilles tendon

Algorytm postepowania fizjoterapeutycznego po urazowym uszkodzeniu Sciegna Achillesa

Jarostaw Pasek!(ABDEF) Tomasz Stottny2(A.B.D.E) Maciej Szcze$niak2A.D),
Bogdan Dugietto®EF), Wojciech Gasior4B.D:E) Michat Czarnecki4®.D:E),
Jakub Jaczynski’(EF), Bogdan Koczy?A.D)

"Uniwersytet im. Jana Diugosza w Czestochowie, Wydziat Nauk o Zdrowiu, Czestochowa /
University of Jan Diugosz in Czestochowa, Faculty of Health Sciences, Czestochowa, Poland ) ;
2Samodzielny Publiczny Wojewddzki Szpital Chirurgii Urazowej im. dra Janusza Daaba w Piekarach Slgskich, Piekary Slgskie /
District Hospital of Orthopaedics and Trauma Surgery in Piekary Slgskie, Poland
3Studia (VI rok), Wydziat Lekarski w Katowicach Slgski Uniwersytet Medyczny, Katowice /
Studies (6t year), Medical University of Silesia in Katowice School of Medicine, Katowice, Poland
4Centrum Fizjoterapii Fizjofit Sp z 0.0., Gliwice / Physiotherapy Centre Fizjofit Sp. z 0.0., Gliwice, Poland
50ddziat Chirurgii Naczyniowej i Ogoélnej, Wojewodzki Szpital Specijalistyczny nr 4 w Bytomiu /
Department of Vascular and General Surgery, Regional Specialized Hospital No 4, Bytom, Poland

Abstract

Achilles tendon is the largest and strongest tendon in the human body. Due to its key function in
motor skills and the currently observed increase in popularity of various sports disciplines, it is
subject to more frequent injuries. This requires the introduction of appropriate therapeutic
measures. The main goal of the whole treatment process is to ensure the full recovery of tendon
function. In cases of a full tendon ruptures, the treatment of choice is surgery unless it is
contraindicated for general medical reasons. In both cases, proper physiotherapy is needed. In the
article, the authors present an algorithm for physiotherapy after traumatic injury to the Achilles
tendon.

Key words:
injury, Achilles tendon, physiotherapy, treatment

Streszczenie

Sciegno Achillesa to najwieksze i najsilniejsze $ciegno w organizmie cztowieka. Ze wzgledu na swoja
kluczowa funkcje w motoryce i obecnie obserwowany wzrost popularnosci réznych dyscyplin
sportowych podlega coraz czestszym urazom. Wymaga to wprowadzania odpowiedniego
postepowania leczniczego. Zasadniczym celem catego procesu leczenia jest zapewnienie mozliwie
pelnego powrotu funkcji Sciegna. W przypadkach catkowicie zerwanego Sciegna leczeniem z wyboru
jest zabieg operacyjny, chyba ze z przyczyn ogélnomedycznych jest on przeciwwskazany. W obu tych
przypadkach konieczna jest odpowiednia fizjoterapia. W artykule autorzy przedstawiajq algorytm

postepowania fizjoterapeutycznego po urazowym uszkodzeniu Sciegna Achillesa.

Stowa kluczowe:

urazy, Sciegno Achillesa, fizjoterapia, leczenie

76 www.fizjoterapiapolska.pl
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Introduction

Despite the fact that the Achilles tendon is the strongest
tendon in the human body, it may be subject to various types
of damage in which partial and total damage can be
distinguished [1].

The incidence of traumatic Achilles tendon injuries ranges
from 6 to 37 cases per 100,000 people per year. Rupture
usually occurs during practicing various forms of sporting
activity between 30-55 years of age. These injuries also
affect people under 30 years of age, especially
professional athletes for whom the number of injuries
accounts for 30-50% of injuries. As mentioned earlier,
athletes practicing various disciplines (long distance
running, team games) are exposed to Achilles tendon
injuries. Tendon injuries in recreational sports are not
excluded. Most people report that the injury occurred
when they tried to push and accelerate to run, going
straight into physical activity without warming up and
preparing  exercises, practicing sport activity in
inadequately selected footwear, a poorly planned training
cycle and the wrong selection of a sport. In professional
athletes, this damage is most often caused by numerous
overlapping micro-injuries and long-term overload, which
in the long run add up and, in combination with an acute
injury, lead to a complete rupture of tendon. In the case of
people practicing amateur sport, traumatic injuries of the
Achilles tendon are most often caused by an incorrect or
lack of warm-up, improper selection of loads to the
general condition of the exerciser or incorrect selection of
the sport [2, 3].

Mechanical strength of the Achilles tendon is primarily due to
the presence of type I collagen, which is characterized by high
tensile strength, and at the same time is a homogeneous
compact and elastic structure. If the tendon is damaged, it
remodels — the production of type III collagen increases,
which increases its percentage. It is less flexible and has lower
mechanical tensile strength, which may cause its repeated
damage [4].

The main risk factors for Achilles tendon damage are: reduced
collagen fiber size, increased BMI, and taking steroid
medications [4, 5].

Arner and Lindholm described three mechanisms of indirect
rupture of the Achilles tendon during physical activity;

1 — classic — arises in a situation in which a large and rapid
tension of the anatomical structures of the tendon is generated
in a very short time (pushing the player away from a stable
point with simultaneous plantar flexion of the foot and knee
extension),

2 — this is a situation of sudden dorsiflexion of the foot with
simultaneous load (high force applied with the maximally
extended tendon),

3 — is landing from a height on the forefoot followed by rapid
dorsiflexion of the foot [6].

On the other hand, direct injuries concern wounds that pass
directly through the tendon structure (random events) in which
sharp elements cut the skin along with the tissues under it
(knife, sheet metal, blade of an ice skate, etc.). Damage
(regardless of its type) disturbs the biomechanics of the lower

www.fizjoterapiapolska.pl 77
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limb and the correct gait pattern worsening the quality of life
of the patient [4, 6].

Physical examination

Correct diagnosis of Achilles tendon pathology is the basis
for further proceedings. In case of suspected tendon injury,
a thorough medical history should be collected, physical
examination (palpation, stand on tiptoe and Thompson's
test should be performed - patient lies prone with his foot
over the end of the couch, the examiner squeezes the
triceps surae, if pressure will not cause plantar flexion of
the foot, rupture of the Achilles tendon can be suspected).
The physical examination includes bilateral measurements
and tests (calves, joint mobility and muscle length tests,
muscle strength assessment and provocation tests). With
a complete rupture of the Achilles tendon, we are dealing
with a pathognomonic manifestation of paradoxical
mobility. This symptom is that during ankle joint
movement, there is no proper tendon slip to posterior
posterior fascia plate [1, 7].

Symptoms of Achilles tendon injury

The most obvious sign of acute Achilles tendon injury is
pain accompanied by weakness or lack of propulsion. These
symptoms are preceded by an audible / characteristic
cracking in the back of the lower leg. Later, edema
associated with the presence of hematoma appears. In
palpation, the tendon area is insulated and tender. The lack
of active plantar flexion of the foot indicates a break in the
continuity of the Achilles tendon. As a result of full rupture
of the tendon, triceps surae. function is lost, which makes it
difficult or impossible to take a position on the fingers of
a damaged limb. [8, 9].

Imaging diagnostics of the Achilles tendon

In the case of suspected traumatic Achilles tendon injury, it is
advisable to perform an ultrasound examination that allows
dynamic evaluation of the tendon during both passive and
active movement and radiological examination to exclude
injuries within hard tissues — bones. In selected cases,
diagnostics is extended to MR [10, 11].

Methods of treatment of traumatic Achilles tendon
injuries including physiotherapy

The criteria for starting treatment depends on the extent of the
injury and the level of loss of function. If the tendon structure
is not fully ruptured, surgery may be discontinued and conse-
rvative (inoperable) treatment may be applied. [12].
Conservative treatment consists of foot and ankle immobili-
zation (in plantar flexion = equine position of the foot in the
knee flexion about 15-20° in classic or synthetic femoral cast)
for a period of at least 2 weeks. Then, for about 4 weeks, im-
mobilizing the lower leg with the foot in plantar flexion with
plaster or Walker orthosis with heel pads. Conservative treat-
ment should be supplemented with the use of pharmacothera-
py (anticoagulant, anti-edema therapy, analgesics and
anti-inflammatory agents) [12, 13].
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During conservative treatment the patient should move using
elbow crutches with limb relief. It is recommended to
perform isometric exercises strengthening the musculo-
tendon system, stretching exercises and exercises for deep
sensibility. The physiotherapist's activities should be
supplemented with manual therapy and selected physical
treatments [12, 14].

Surgical treatment (performed on open or percutaneous) re-
fers to full or subtotal rupture of tendon in the absence of ab-
solute internal contraindications for anesthesia. The main
operating techniques are: transcutancous suturing method,
standard open method and minimally invasive method. After
surgery (depending on the indications) immobilization is used
(orthosis for a period of 4-6 weeks) which allows conducting
early physiotherapy [10, 15].

Physiotherapeutic management after full or partial
rupture of the Achilles tendon

The post-operative rehabilitation program should be based on
current guidelines taking into account the operating protocol,
individual characteristics of the patient, his/her functional and
motor capabilities. The entire physiotherapeutic procedure
should be based on mutual cooperation between the
physiotherapist and the orthopedic doctor [16].

The goal of postoperative physiotherapy is:

1. recovery of ankle joint mobility

2. restoring normal muscle strength (especially the triceps su-
rae muscle),

3. developing proper coordination of movement and locomo-
tion.

1-4 week after surgery
Immediately after the surgery (classic Achilles tendon
suture), the ankle joint (according to some authors)
should be immobilized with a femoral plaster cast in
talipes equinovarus position with ,,a window cut out in
the tendon area” and knee joint flexion up to 15° to
reduce muscle tension within the triceps surae and ensure
proper healing. In the case of application, immediately
after surgery, the plaster cast (after a period of 4 weeks),
the immobilization is replaced with a Walker brace with
inserts forcing talipes equinovarus position. Some authors
believe that only post-operative immobilization of the
ankle joint in a Walker brace using heel pads is sufficient
[14, 16, 17]. Regardless of the method of surgery, the
patient should be positioned on day 1 and begin exercise
and movement of two elbow crutches without burdening
the operated limb for 4 weeks. The goal of physiotherapy
during this period should be:
a) motorization in unloaded positions,
b) activation of the dorsiflexion to the neutral position,
c) activation of knee, hip and core muscles,
d) isometric exercises — every 10° of angular orientation — the
possibility of using isokinetics, active exercises,
e) sensomotorics in unloaded positions.
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After 4 weeks, the patient is allowed to gradually increase the
load on the operated limb. The selection of loads for each
patient can be made using the latest equipment the so-called
tensometric platforms used to visualize the pressure of the
lower limbs on the ground during standing (non-invasive,
simple method). Thanks to them, the patient can check the
appropriate amount of load and examine whether there is too
much overload of the operated or opposite side of the body
(Figures. 1 and 2) [17, 18].
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Fig. 2. View of monitor panel (stabilometic platform)
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It is important that while moving, the patient loads the heel
area, not the forefoot. During this period, we can also gradual-
ly increase the range of dorsiflexion in the orthosis. In addi-
tion, we introduce resistance exercises that are aimed at
improving the circulation of the operated limb, increasing the
mobility of the ankle and activating the muscles of the lower
leg and foot. Initially, we make them in an open biokinematic
chain (e.g. using Thera Band tapes), and then in a closed bio-
kinematic chain. Techniques for stretching the triceps surae
muscle should also be performed. The most common is poiso-
metric relaxation, which consists of alternating two phases:
tension and relaxation. This technique should be performed
with extreme caution and 4 weeks after the surgery. The above
exercises may be supplemented with eccentric exercises of the
muscles of the rear lower leg supplemented with concentric
exercises and stretching of the lower leg muscles. The therapy
is supplemented with the use of various types of Kinesio Ta-
ping applications. Early muscle and tendon stimulation results
in less muscular atrophy and better collagen fiber organiza-
tion, which prevents the formation of adhesions [18, 19, 20].
In the initial period of physiotherapy, when there is postopera-
tive edema and the muscle pump is turned off (limb immobili-
zation) the lack of tissue resistance in these places can
significantly improve the blood supply to the ankle and the
entire Achilles tendon. Palpation of the places listed below is
also recommended at a later stage of physiotherapy. The most
sensitive areas in this case include: the tarsal canal (medial an-
kle canal) which should be relaxed as soon as possible due to
the presence of the posterior tibial artery and vein as well as
the tibial nerve; Popliteal fossa with the popliteal muscle (re-
laxation of the popliteal fossa with the popliteal muscle which
has a significant impact on the blood supply to the shin and
foot due to the presence of artery and popliteal vein, making
this region more flexible, is also important due to the proximi-
ty to both heads of the gastrocnemius muscle); Hunter's canal
(adductor canal — important in the blood supply to the lower
limb due to the presence of the femoral artery and vein and
deep lymph vessels of the thigh) and the femoral triangle with
ilio-lumbar muscle (important due to the shallow position of
the femoral artery and vein and the presence of the iliac musc-
le itself) [21].

In the initial period after surgery, any movement of the operated
limb may cause pain. In this case, you can use local cryothera-
py treatments (liquid nitrogen, topical compresses or cooling
gels giving a pain-relieving effect), magnetic field treatments
(magnetotherapy / magnetostimulation), magnetoledotherapy
treatments, low-energy analgesic and anti-inflammatory laser
therapy. An additional advantage of these treatments is the ef-
fect that causes resorption of postoperative hematoma, as well
as a regenerative effect. To improve trophic, nutrition and
strengthen muscle mass, you can perform electrostimulation
treatments of the triceps surae [22].

5-6 weeks after surgery

After 5/6 weeks (in the absence of contraindications), the
patient is encouraged to weight bear on the operated limb with
one orthopedic crutch. The main goal of physiotherapy should
be to achieve 5/ 10° dorsiflexion, 40° plantar flexion and:
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Fig. 3. Exercises on izokinetic armchair
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a) motorization in higher positions,

b) learning the correct distribution of the center of gravity,

c) active ROM — the possibility of using isokinetics
(eccentric / concentric exercises) (Fig. 3).

d) symmetrical exercises in a closed muscle chain,

e) sensomotorics in higher positions and the introduction of
the first stage of gait re-education. If there is no swelling,
hematoma or pain, we strive to progressively increase the
range of motion (Fig. 4) [19].

qulnm

An important element of patient rehabilitation is gait re-
education, which should primarily shape the habit of
proper foot displacement (propulsion). The most common
mistake made when improving gait is to set the foot
outside (as a result of excessive external rotation in the hip
joint) [16, 23].

Eccentric exercise for the triceps surae and Achilles tendon
should also be started as soon as possible. Eccentric work
causes structural adaptation of newly formed collagen
fibers, reduction of the stiffness of the musculo-tendon
system, increase of the range of ankle joint mobility and
stimulation of the nervous and circulatory system (Fig. 5.)
[19, 24].

Scientific research shows that eccentric loading is not harmful
to the Achilles tendon compared to concentric work. It
increases tendon efficiency by stimulating the circulatory
system. Increasing joint mobility reduces the risk of injury
(retraction or injury of the ankle). At the beginning, it is
recommended to perform 3 sets of 15 repetitions of eccentric
exercises with upright knee joint, where in the initial phase the
movement should be slow and painless. Over time (if the
patient's condition allows it) eccentric contraction accelerated.

"(-ﬁzimil

Fig. 4. Sensomotoric exercises on unstable subsoil
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Fig. 5. Ekscentric exercies example on ladder

Then another 3 sets of 13 repetitions on the bent knee to 45 °
should be added. The next stage of progression is the patient
performing both variants of the exercise twice a day for 12
weeks. [24, 25].

During this period, in addition to continuing the exercises
from previous weeks, you can introduce manual techniques
(mobilization and manipulation) to improve the mobility of
the joints that are part of the ankle and foot joints. Other
manual techniques include those aimed at improving the
flexibility, blood supply, and metabolism of the Achilles
tendon itself and the triceps surae. Techniques using high
force and directly to a dysfunctional site appear to work most
effectively. These techniques can be performed in the presence
of pain felt by the patient within tolerance and as part of the
physiotherapist's experience. Examples of forms included in
this group of techniques are tissue mobilizations that can be
performed without movement or with passive or active ankle
movement [14, 26].

Regardless of the surgical technique that was used, it is very
important to mobilize the scar after surgery (laser therapy for
postoperative scars). Working as soon as possible on a scar
and in its vicinity contributes to the proper organization of
collagen fibers, which prevents the formation of adhesions.
The scar should be mobilized for tissue restriction The
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mobilization technique should be performed daily for about 10
minutes [26, 27].

All these techniques are supposed to restore the slip between
the Achilles tendon, its sheath, and subcutaneous tissue and
skin. It is also worth reducing the tension in the peroneal
muscle, posterior tibial muscle and triceps surae. In addition
to these methods, favorable treatment results can also be
obtained by fascial manipulations and FDM techniques
(Fascial Distortion Model) [16, 26].

A beneficial procedure in case of damage to the Achilles
tendon is massage, whose task will be to maintain the mobility
of collagen fibers and improve the blood supply to the dama-
ged area of the tissue. The most effective technique is rub-
bing of the collagen fibers forming the tendon, because it
affects tissue mobility and is an effective method of preven-
ting the scarring of the ligament apparatus. Massage should
be performed above the place of tendon injury, directly at
the place of damage (above the damage) and below the da-
maged fragment of the tendon. The transverse rubbing mo-
tion imitates the natural mobility of the fibers and does not
cause them to stretch or pull. The massage mobilizes the fi-
bers to move actively, thus obtaining an analgesic effect.
[18, 28].

Due to its role in the tendon slip during the ankle movement,
the clutch should also be subjected to elasticity. Active
relaxation of this area, similar to functional massage, works
very positively, with the difference that the patient actively
performs dorsiflexion movements when the physiotherapist's
fingers remain on the tissue barrier of the fascia under the
Achilles tendon [18].

A relatively new form of autotherapy is the use of rolling (so-
called foam rolling), which involves kneading soft tissues by
hard rollers, balls and hand rollers. This method is currently
widely used in orthopedics and sports medicine [29].

With physical treatments, you can use ultrasound or short-
wave diathermy with proven therapeutic (regenerative and
nutritional) effects [30].

7-8 weeks after surgery

From 7-8 weeks after surgery, we allow the patient to move
without crutches and fully load the operated limb if the
strength of the muscles stabilizing the joint is normal and the
correct gait stereotype has been developed. The goal of
physiotherapy will be full ROM, work on muscle
reconstruction, asymmetrical movement patterns, work on
muscular hypertrophy, introduction of planometry from stage I,
gait re-education, and one-leg sensomotorics. [16].

Shock Wave Therapy (ESWT) can be used to improve the
flexibility of the Achilles tendon and adjacent soft tissues. It is
recommended to introduce this procedure no earlier than 8
weeks after surgery. Initially, low pressure is used starting
from 1 Bar. With other physical treatments, you can use
a whirlpool massage (the condition is a properly healed
wound after surgery) and exercises in water [31].

Around the 12th week the first isokinetic measurement, power
test with progressive load and selected functional tests are
performed [19].
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15 weeks after surgery

After 15 weeks, specific exercises / motor tests, hop tests
(targeted) for a given sport or professional activity are
introduced. Another isokinetic test and measure the moments
of strength (Nm) of the muscles flexing and straightening the
foot relative to the lower leg for each patient in static
conditions can be perform [19, 24].

After 5-6 months after the surgery, the physiotherapist
should conduct endurance training therapy aimed at
shaping the patient's motor skills in the absence of
contraindications and the correct result of the ultrasound
control [2, 10].

By properly shaping the movement, the patient should also be
prepared for multidirectional movement, i.e. forward,
backward, sideways, direction changes, jumps, as well as
diagonal movements. This task should initially be carried out
on a march, gradually moving to the jog and ending with
running at the maximum speed possible. At the end of the
rehabilitation process, the patient should perform a correct
jump and landing on one leg [2].

Coordination and equivalent exercises are carried out on
special therapeutic pillows (balance trainers, mattresses,
mats) or wooden semicircular platforms. An example would
be standing on one leg. It is very important that at this stage
the patient regains full strength of the triceps surae. and is
able to freely climb the fingers. The variety can be a bicycle/
cyclo ergometer, CPM exercises (not ecarlier than 4 weeks
after surgery). Around 13-16 weeks, open and closed
kinematic chains, proprioception exercises and squats are
introduced. [6, 23].

Admission to sports activities

Before allowing a patient to engage in active sports,
a number of tests of their motor parameters should be used.
For this purpose, you can use the system to evaluate muscles
under Biodex isokinetic conditions. The advantage of this
system is the ability to assess the strength of the dorsal /
plantar flexors and to assess the muscle ratio of these groups.
With the increase in muscle deficit of the operated to
unoperated limb, the number of compensatory mechanisms
in the body increases. According to the authors, such
a deficit in athletes after Achilles tendon surgery is 15-20%
[32, 33].

By controlling the process of selecting loads during the
rehabilitation of a player, we try to make sure that before
admission to sport, it is not greater than 10%, thanks to
which we reduce the resulting overload in the body, and thus
reduce the possibility of further damage to the tendon.
Currently, the literature does not provide, long-term clear
differences in restoring muscle strength between open and
percutaneous Achilles tendon surgery. 30s, 60s, 120s, 180s
are the best studied angular velocities for assessing the
efficiency and ankle joint strength in the sagittal plane. The
physiological aspects of the operated limb should also be
restored (adequate muscle ratio after Achilles tendon
rupture). Therefore, the correct ratio of dorsal to plantar
flexor muscles is 1:4/1:5 depending on angular velocity. It is
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also recommended that tests in isolated conditions should
be supplemented with functional tests, e.g. Hop test. This
allows for a broader analysis of the improved patient /
player and reduces the risk of too early admission to sports
activities with a greater likelihood of the next injury [33,
34, 35].
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Fig. 6. Algorithm of physiotherapy after traumatic injury of the Achilles
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Summary

Treatment of Achilles tendon injuries is a complex process and
requires individual management based on medical knowledge
and clinical experience. Physiotherapy of patients after a trauma-
tic Achilles tendon injury is undoubtedly a major impact on the
final outcome. Physiotherapy has at its disposal a whole range of
methods and means thanks to which it is possible to recover lost
functions and achieve an optimal functional state. It should be
noted that the presented procedure may be subject to individual
changes depending on the general and local condition of the pa-
tient. An indispensable element guaranteeing good treatment re-
sults is prevention, which prevents tendon overload and
subsequent injuries. This applies in particular to people practicing
specific sports and people who are more exposed to re-rupture.
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