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Introduction

chilles tendon problems comprise a
complex of complaints that are
widespread in sport, particularly

among athletes in the running and jumping
events. Various authors report an increase in
Achilles tendon problems in the last 30 years
(SEGESSER et al., 1980; JÒSZA et al., 1989;
JUNGMICHEL & NAWROTH, 1989; GROS-
JEAN & DEJUNG, 1990; LOHRER, 1996;
MAYER et al., 2000). In running, the number
of Achilles tendon injuries comes to 5-18% of
all injuries (ULREICH et al., 2002).

The influence of a motion, the specific mor-
phology of the Achilles tendon and the sur-
rounding muscles, and the effects of these
factors on the development of typical Achilles
tendon problems are poorly understood
(ARNDT, 1997). The consequences of this
knowledge gap in athletes and coaches
include late diagnosis of clinical symptoms
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right up to ruptures of the Achilles tendon,
which are being found more and more fre-
quently (LOHRER, 1996). Moreover, this
understanding is of great importance for the
prevention of problems and for planning the
training to accompany therapy when prob-
lems occur.

In this context it is interesting that such
aspects are raised in sport medicine and bio-
mechanics publications but are not always
referred to in the relevant coaching literature
such as the frame training plans of the Ger-
man athletics federation.

The purpose of this article is to provide a
practical reference for coaches and athletes.
It begins with brief descriptions of the biome-
chanics of the Achilles tendon then covers the
main problems to affect the Achilles tendon
and the mechanisms at work in an Achilles
tendon injury before concluding with a discus-
sion of the factors that must be taken into
account in the prevention of Achilles tendon
injuries.  An accompanying article details how
to plan and structure therapeutic pro-
grammes so that the athlete can return to
competitive sports as soon as possible with-
out the risk of follow-up injuries.

Biomechanics of the Achilles Tendon

The main functions of all tendons are a) the
storage of elastic energy and b) the transfer of
force between muscles and bones (GRE-

GOR, 1988). The ability to store elastic ener-
gy primarily depends on the tendon material
and its mechanic loading capacity. The trans-
fer of force is influenced by the mechanics of
the joint, as well as by the force repercussion
of the joint mechanics.  

The Achilles tendon is marked by low flexi-
bility and high tensile strength (ARNDT, 1976).
In fact, it is the strongest tendon in the human
body. FRANKE (1990) reports that the tear
resistance value of the Achilles tendon is
680kg for static loads and 930kg for dynam-
ic loads. However, a number of authors have
shown that within the scope of sport motions
there are forces at the Achilles tendon that far
exceed the strength limits found in tests on
dead material or in animal experiments. For
example, KOMI (1990) states a maximum
load on the Achilles tendon in running of
9,000N (N= Newton) or 12.5 times the body
weight. BURDETT (1982) has measured a
load range of 5.3 to 10 times the body weight
and SCOTT & WINTER (1990) report meas-
urements in the internal anatomical structures
of 6.1 to 8.2 times body weight. Table 1 gives
an overview of calculated tensile loading at
the Achilles tendon in various athletics-related
activities by other authors.

That such peaks are regularly tolerated
without rupture or other injury is primarily due
to the elastic qualities of tendons, which are
able to store elastic tensile energy in relative-
ly large amounts and to release it again
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Sport Tensile Loading Author Year

Running 5,880N CARLSÖÖ (according to Ljungqvist 1968) 1968

Running 3,700N BURDETT 1982

Sprinting 8,830N CARLSÖÖ (according to Ljungqvist 1968) 1968

Sprinting 7,000N BURDETT 1982

Long Jump 14,700N HEGER 1966

Long Jump (8.40m) 14,715N WEINECK 1997

High Jump 11,800N HEGER 1966

High Jump (2.30m) 11,772N WEINECK 1997

Table 1: Tensile loading at the Achilles tendon in various activities (N= Newton)



quickly (HERZOG & LOITZ, 1994). Study of
animals has shown that in cyclic motions
such as running, the muscle-tendon complex
is stretched by a contraction of the muscle
and tensile energy is built up. However, the
“deformed” tendon material is able to release
the energy almost totally as soon as the ten-
sion diminishes. This quality enables a bio-
logical system to produce high speeds or
jumping performances with relatively low in
energy. 

Equivalent studies are relatively rare with
human beings. However, FUKASHIRO (1995)
examined the energy storage of human ten-
dons in various forms of jumping. The amount
of energy stored in the Achilles tendon was
measured in squat jumps, counter movement
jumps and hopping. The results showed that
the highest value was reached in rhythmic
hopping - 34% or 17.5J (J= Joule). The
measured values for squat jumps were 23%
or 7.9J, and for counter movement jumps
17% or 6.2J. This shows that an increased
amount of energy can be stored in the
Achilles tendon by stretching the muscles.
The author also found that:
• Stretching over longer duration reduces

the loss of energy, 
• Larger tendons (with more tendon materi-

al) can store more energy,
• Longer tendons slow down the transfer of

energy and hence make coordination
more difficult,

• Shorter tendons transfer forces more
quickly and with a smaller amount of ener-
gy loss.

The role of the Achilles tendon is to enable
plantar flexion to take place in the ankle joint.
This flexion has a range of 30° to 50°, starting
at a 0° neutral position of the foot.  Of this
movement, 95% takes place in the upper
ankle joint (KAPENDJI, 1992; LUNDBERG,
1989). Plantar flexion is accompanied by a
supination, which is smaller due to the fibular
ligaments and can take some of the strain off
the Achilles tendon (SEGESSER, 1974). In this
context, it is important to note that the centre
of the tendon insertion is located slightly medi-

ally of the joint centre. This results in an inver-
sion of the os calcaneum. Additionally the
twisted fibre bundles of the gastrocnemius
and soleus muscles insert at opposite parts of
the os calcaneum and lead to an asymmetri-
cal load pattern of the Achilles tendon (WAL-
LENBÖCK, 1995). Hence, the transfer of
forces between muscle and tendon leaves
much room for manoeuvre or, to be more pre-
cise, asymmetrical, dynamic transfer possibili-
ties, which are causally important for the
development of Achilles tendon problems.

Traumatology 

The two most important forms of Achilles
tendon injuries are ruptures and a range of
problems known as achillodynia.

Ruptures
Although loads that far exceed the theoreti-

cal strength capacity of the Achilles tendon are
regularly tolerated, it is understandable that in
certain sports with highly dynamic motions,
including athletics, pronounced problems of
the Achilles tendon can develop and these
can even lead to ruptures. With an incidence
of 1:10,000/year, the Achilles tendon rupture
is one of the most frequent tendon injuries in
sport. The incidence of this type of injury rises
with increasing age (PETERSON, 2002).

Partial or total ruptures of the Achilles ten-
don without injuries of the covering skin are
called subdermal ruptures. These are classi-
fied according to where they occur. These
include ruptures at the location of the smallest
diameter of the tendon (the so called loco
classico), which is 3 to 5cm above the onset
of the Tuber Calcanei, and distal cuts of the
tendon that happen with an osseus tear frag-
ment from the calcaneus. In 90% of all cases
the Achilles tendon will rupture at the predilec-
tion site, the point of its smallest diameter
(ARNDT, 1976). Quite rarely, a rupture is locat-
ed at the proximal section of the triceps surae.
This is called “tennis leg” (SCHMIDT, 1981).

In addition to mechanical factors, endoge-
nous and exogenous factors like infections,
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metabolic diseases, rheumatic problems, arte-
riosclerosis, genetic predisposition and corti-
sone injections can contribute to Achilles ten-
don injuries (ARNDT, 1976; JÒZSA, 1997;
STEINBRÜCK, 2000). In sport, however,
Achilles tendon ruptures are mainly the result
of mechanical causes, often due to an
unfavourable balance of power in the
muscle/tendon cross-section of 120-150:1
and a maximum load capacity of the tendon of
9,000 to 11,000N/cm2 (STEINBRÜCK, 2000).
In this context, according to ARNER & LIND-
HOLM (1959) and STEINBRÜCK (2000), the
following operational sequences with eccen-
tric muscle contractions are of importance:
• Take-off from extended knee joint with

maximally contracted calf muscles
(sprints, accelerations),

• Unexpected dorsal extension in the upper
ankle joint with a reflex contraction of the
calf muscles (a forward fall, i.e. slipping on
a staircase with a sudden drop of the heel),

• Dorsal extension in the upper ankle joint at
landing in plantar flexion (jump landing,
especially from high platforms).

Achillodynia
More than one hundred years ago, ALBERT

(1893) used the term achillodynia to describe

problems at the base of the Achilles tendon
caused by a specific inflammation of the
bursa calcaneare.  Achillodynia is marked by
pain about 2-6cm above the calcaneal base
at pressure and at rest or strain (ULREICH,
2002). The initial pain and, as a clinical guiding
symptom, a hampered rolling function of the
foot are typical. Achillodynia is a common dis-
ease pattern, especially in serious and high-
performance sport, and it often persists or
recurs (THIEL, 1982; CHEN, 1992). Achillody-
nia does not allow a continuation of running
loads and hence forms one of the most com-
mon causes for breaking off a career in athlet-
ics (LOHRER, 1996). As achillodynia is close-
ly associated with both running and football, it
also affects many leisure-time and fitness par-
ticipants. In the industrialised countries the
incidence of achillodynia has quadrupled in
the last 20 years.

Table 2 gives an overview of the range of
possible causes of achillodynia that have
been identified.

Serious athletes first experience achillody-
nia at an average age of 23.5 years, mass
sports athletes at 39.2 years. Table 3 shows
that among those with the condition there are
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Systematic
Disorders

Impaired
Biomechanics

Endocrine Disorders
and Metabolic Diseases

Local Nutritional
Disorders

External
Influences

Rheumatic forms: 
• PCP
• Reiter’s

syndrome
• Bekhterev’s

disease 
• Chronic

nephritis 
• Chronic

osteomyelitis
• Lues 
• Typhoid 
• Tuberculosis

• Foot deformity
after trauma
(flat foot) 

• False posture
of the foot (pes
plano valgus)

• Fony spur
(Haglund Exos-
tosis, Calca-
neus spur)

• Athrosis defor-
mans

• Overuse due
to injuries in
the contra-
lateral lower
extremities

• Diabetes mellitus 
• Gout 
• Hyperpara-thyroidism

• Fokal-toxic
inflammations

• Improper injec-
tions (especial-
ly of corticoids)

• Circulatory dis-
orders

• Varicosis
endangitis
obliterans

• Wrong foot-
wear (too little
cushioning
effect, too flat
heel)

• Inappropriate
surface condi-
tions (asphalt 
jogging, indoor
tennis)

• Inappropriate
organisation of
training (no
stretching
exercises)

• Unfavourable
running style

Table 2: Pathogenetic factors of achillodynia (according to ACHTEN, 1986)



both heel-runners and ball of the foot- or fore-
foot-runners (track and field athletes from the
sprinting/jumping events and the running
events). Runners with an elevated instep are
also at risk but this is less often the case for
runners with fallen arches. 

Pain associated with achillodynia can man-
ifest in the Achilles tendon itself and nearby
areas including the muscle origin, the inser-
tion, the bursas and the gliding tissue of the
tendon. The following syndromes can be dis-
tinguished, depending on the location and
their clinical symptoms (see Figure 1): 
• in the area of the muscle origin,
• within the tendon itself,
• in the area of insertion,

• within the bursa,
• within the circumfluent paratenon.

The clinical differentiation between the
various forms of achillodynia is very difficult
(ROMPE & STEINBRÜCK, 1982; PETERSON
& RENSTRÖM, 2002). Moreover, when
numerous areas are affected, it can be hard 
to find out where the problem has taken 
its origin (SCHÖNBAUER, 1986; JÒSZA,
1997).

ALFREDSON & LORENTZON (2000) point
out an additional problem, namely the non-
uniform use of terms to describe syndromes.
Within the scope of surgical operations and
post-operative rehabilitation measures, the
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Figure 1: Achillodynia and its most frequent causes (according to GEIGER, 1997)

Sprints and Jumps 18 (39%)

Middle & Long Distance 24 (52%)

Combined Events 4  (9%)

Achillodynia Bursitis Subachillae

Normal foot 6(23%) 1 (12%)

Elevated instep 11(42%) 5 (62%)

Fallen arches 9 (34%) 2 (25%)

Table 3: Epidemiology of achilles tendon pain syndrome. Runners in sports with forefoot loads
(sprints, jumps) and heel-runners (long distances) are affected in similar incidence (LOHRER, 1996)



following terms are used for chronic, painful
changes in the Achilles tendon:  
• Achillodynia,
• Tendinitis,
• Tendonitis, 
• Tendinosis,
• Chronic tendinopathy, 
• Partial rupture.

Injury, Overload, and Healing Mechanisms

Achilles tendon injuries, like other muscular-
skeletal sports injuries, can be brought on by
intrinsic and extrinsic factors, separately or in
combination. Intrinsic factors predominate
with overuse injuries, in the case of acute
traumas, however, extrinsic factors are more
commonly involved. 

In theory, an overload is a repeated flexing of
the tendon (3 – 8% of the initial stretch tension),
until a critical value is reached. Tissue damage
results if the tension exceeds the upper value
(JÒSZA, 1997). By  repeated tension the ten-
don is disrupted both microscopically and

macroscopically. In this case, the collagenic
fibres glide past each other and a rupture
develops between the “crosslinks” (KANNUS
et al., 2002), which are located between them.
Additionally, a denaturation or inflamation with
edema and pain emerges. In this way the vari-
ous clinical pictures of achillodynia come into
being, as well as a first manifestation of a ten-
don overuse injury (HESS, 1989). 

The self-repair capacity of the tissue of the
Achilles tendon is limited, especially in the
case of regularly repeated loads. The blood
supply of the Achilles tendon can deteriorate
due to an injury of the micro- or macrovascu-
lar structures. Capillary occlusions are fre-
quently found together with tendon damage
and they lead to a reduction of metabolic
activity and disturbed oxygen transport
(JÒSZA, 1997).

Prevention

Prevention of Achilles tendon injuries calls for
the athlete, coach and support personal to be
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Figure 2: Assumed pathophysiological mechanisms of tendon overuse injuries, which are also
considered as factors of a tendon rupture (according to KANNUS et al., 2002)

healing, tissue repair
and regeneration

healing through conservative or surgical
measures, with scar formation
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clinically:
physically overuse,
tendinopathy

histo-pathologically:
degenerative changes

complete rupture
of the tendon

deterioration of the
changes



aware of and, if required, proactively treat for
the risk factors listed below. In any case, the
coach should ensure that a thorough analysis
by an orthopedist specialised in sports, is car-
ried out on each athlete beginning training
focused on high performance sport.

Intrinsic factors
Intrinsic factors, in particular anatomical

peculiarities of the athlete, such as bad pos-
ture, are assumed to have consequences on
the load effect of the Achilles tendon and
Achilles tendon injuries. The most important
are considered to be malalignments of the
axes, exaggerated pronation, stiffness of the
gastrocnemius and soleus muscles, muscular
imbalance and age (PETERSON, 2002). 

For example, in a tibial varus and a forefoot
varus, pronation is excessively developed. A
forefoot varus of more than 7° has been found
in more than half of runners with Achilles ten-
don problems. Hence it is assumed that func-
tional hyper-pronation is a common cause of
the problems. However, at the moment no
biomechanical indication for an increased local
stress of the Achilles tendon due to hyper-
pronation has been demonstrated (MAYER,
2000; PETERSON, 2002). Figure 3 shows the
asymmetrical pull of the tendon as a conse-

quence of over-pronation (calcaneus valgus)
and over-supination (calcaneus varus).

Additional factors include other anatomical
predispositions (ligament insufficiency in the
ankle joint, static and dynamic foot insufficien-
cy, Haglund exostosis, pelvic obliquity, etc.),
differences in leg length, reduced adaptability,
overweight, pre-dispositioning diseases, pre-
vious injuries, female gender, and local blood
flow (due to ischemia, hypoxia, intratendinous
hyperthermia) (MÜLLER, 1996; WEINECK,
1997; KANNUS et al., 2002). 

Infectious diseases (e.g. angina of the salp-
ingopalatine fold) or incompletely cured bac-
terial focuses (teeth, pharyngeal tonsils, etc.)
can also lead to degenerative changes of the
Achilles tendon (WEINECK, 1997).

Extrinsic factors
It is assumed that extrinsic factors have a

greater influence on Achilles tendon problems
than intrinsic factors. ARNDT (1976) points
out that the theoretical maximum power of a
muscle cannot normally be achieved by vol-
untary innervation. This also applies to the
loads triggered by proprioceptive reflexes
caused by inhibiting mechanisms such as
sudden irritations of the tendon (stretching or
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Figure 3: Asymmetrical Achilles tendon strain in A) over-pronation and B) over-supination (right
foot) (GEIGER, 1997)



a blow). However, there are situations imagin-
able in sport in which such stimuli are simul-
taneously effective (i.e. in a plyometric jump).
In cooperation with gravity, they can exceed
the tolerability of the tendon many times over
for a short duration and lead to injury.

Excessive strain on the body from bad train-
ing (wrong motion pattern, speed of motion,
high repetition frequency, high intensity, quick
progression or increase of training loads, hilly
terrain, faulty technique, excessive fatigue) is
also known to contribute to overuse problems
(LOHRER, 1996; KANNUS et al., 2002). In par-
ticular, high training volume and excessive load
intensity are seen as problem causes by many
authors (CLEMENT et al., 1981; MACERA,
1989; VAN MECHELEN, 1992; BRILL & MAC-
ERA, 1995; MAYER, 1999). Runners who have
a training volume of more than 32 km/wk are
considered particularly at risk. However, no
correlation between running speed and injury
incidence has been found (MARCERA, 1989). 

Additional factors in overuse problems are
suboptimal environmental conditions (dark-
ness, heat, coldness, humidity, wind, ground
surface), as well as bad equipment (footwear,
sportswear) (PETERSON, 2000; KANNUS et
al., 2002). 

Training methodological factors
As training has been identified as a source

of problems that can contribute to Achilles
tendon injuries, it is necessary for coaches to
look, from the point of view of prevention,
more closely at the training methodology they
employ. Specific examples for coaches to
consider include:

1. With inadequate warm-up the nutritional
situation of the Achilles tendon cannot
completely adapt to high load intensities
and volumes. This can lead to metabolic
disorders and, over time, degenerative
changes of the Achilles tendon (SAGER-
ER & FREIWALD, 1994).

2. Persistent load volumes, especially on the
ball of the foot, as is the case in a series

of jumps, often produce avoidable conse-
quential damages in the area of the
Achilles tendon. The excessive and one-
sided use of one training means can also
lead to problems, even on appropriate ter-
rain and at adequate intensity (MÜLLER,
1996; WEINECK, 1997; PETERSON,
2002).

3. In extensive and highly intensive jump
loads (i.e. in a training unit of competitive
high or long jumps), the coach has to con-
sider the affective and emotional state of
the athlete. The load peaks that come into
effect in such situations can easily lead to
problems.

4. The lack of a compensatory training, such
as insufficient stretching of the calves or
inadequate strengthening of the antago-
nist muscles, can lead to imbalances,
which in the long run lead to local stress
and overuse in the tendons (MÜLLER,
1996; WEINECK, 1997; PETERSON,
2002; KANNUS et al., 2002).

5. Lack of knowledge about correct tech-
nique in strength training, the sprints
(where there can be more than 8,000N in
a support phase of the stride) or jumping
exercises (where there can be more than
11,000N in a high jump take-off) can
aggravate pre-existing defects of the bio-
logical structures (JANSHEN, 1996).

6. Careful attention should be paid to good
axial alignment of the knees and feet in
jumping exercises and sprinting. Observa-
tions and evaluations can be complicated
by potential (possibly not even detected)
malalignments of the feet, knees or hip.
Supervision from the rear perspective is
particularly advisable, as incorrect lateral
deviations of the os calcaneum are more
obvious. The evaluation of loads (i.e. in
take-offs) should not only be seen from
the perspective of muscle contractions,
but also from the perspective of passive
loads, e.g. when planting the foot. “Caus-
es for complaints can hence not only be
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found in stretchings of tendons, but also
in shear forces, compressive, bending
and torsion loads.” (MÜLLER, 1986). 

7. A negative effect on the load tolerance of the
Achilles tendon is caused by bad footwear
(worn out or worn-down soles of the shoes),
lack of an elevated heel and over-firm,
inelastic soles. In wintry conditions, it is nec-
essary to wear insulating clothes (thick
socks would be helpful) to prevent a drop of
temperature in the area of the Achilles ten-
don. Otherwise there is an increased liability
for injuries. (SCHEIBE, 1973; BRENKE et al.,
1979; SEGESSER et al., 1980; HUDLER,
1983; WEINECK, 1997).

There is a particularly important set of prob-
lems that has to do with where training takes
place. Running and jumping exercises carried
out on a surface that is too hard, too soft or
too slippery can cause modifications to the
technique or the motion in general. These sit-
uations create unusual loads and can bring
on Achilles tendon problems. Two common
examples are:

1. Athletes who train often on synthetic
tracks, are exposed to a special stress
caused by vibrations in foot during the
support phase of the stride. Due to the
high elasticity of the synthetic surface,
vibrations in the muscles transfer to the
neighbouring tissues with elasticity dif-
ferences (muscle to tendon transition).
These then exert a high mechanical
stimulus on the tendons, in what is
known as the tartan syndrome
(PROKOP, 1972). 

2. When there is an abrupt change of train-
ing terrain, as is the case in the transition
from outdoor to indoor season or vice
versa, or a the case of a change from a
cinder to synthetic track, there are com-
pletely different strains, which may lead
to substantially higher loads in the
achilles tendon area, and hence the pos-
sibility of overuse (MAIER, 1995; WEI-
NECK, 1997; MAYER, 2002). Figure 4
shows the differences in forces experi-
enced while running on a synthetic sur-
face and on grass. 
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thetic track or grass (NIGG, 1980).



Sport medical factors
Coaches and athletes must also be aware of

basic sport medicine and hygiene factors than
can impact the Achilles tendons and then
adjust their activities accordingly.  For example,
it has been found that there often is a lack of
physio-prophylaxis to improve the blood flow
after extreme loads and or over-cooling in train-
ing (i.e. timed-runs in winter etc.). This can lead
to a reduction of the metabolism in the Achilles
tendon and hence to reduced load processing.
Some running to warm down and some
warmth application or the like after training
would, however, provide an improved recovery
and an optimal restitution (SCHEIBE, 1973;
BRENKE et al., 1979; SEGESSER et al., 1980;
HUDLER, 1983; WEINECK, 1997).

It is also known that athletes and coaches
frequently ignore the beginning problems or
microtraumas in the area of the Achilles ten-
don. In most cases, highly motivated ath-
letes will practice into the pain and thereby
aggravate minor problems. Early action nor-
mally prevents degenerative changes
caused by such problems, and can hence
avoid a persistent achillodynia (SCHEIBE,
1973; BRENKE et al., 1979; SEGESSER et
al., 1980; HUDLER, 1983; WEINECK,
1997). 

Please send all correspondence to:
skroesche@gmx.de
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