
The Achilles tendon, which runs from the top of the
heel to the back of the calf, is a strong, non-elastic,
fibrous tissue that attaches the gastrocnemius

muscle (Figure 1A) and the soleus muscle (Figure 1B)
to the calcaneus (heel bone)1. Another name for the muscle
group sharing the Achilles tendon is the “triceps surae.”
The Achilles tendon can effectively absorb ground
reactive forces associated with running that can
approach 6-8 times body weight with an average of 800
foot strikes per mile.2,23 Injury to the Achilles tendon or
its surrounding sheath, the paratendon, can be the
result of overuse, improper training, gait abnormalities,

age-related degenerative
changes, or improper
footwear.1-7 Recreational
runners who prematurely
increase the intensity,
duration, and/or fre-
quency of their training
sessions are prone to
developing Achilles
tendon injuries because
the Achilles tendon does
not have the time to
adapt to the increased
demand. Improper
training may lead to
microtears and degen-
erative changes to the
Achilles tendon or the
surrounding paratendon,
weakening the tendon
and predisposing it to
further injury. Achilles

tendon injuries usually occur gradually, increasing in
severity without proper treatment and rehabilitation.
Symptoms of Achilles tendon injuries can include one
or more of the following:
• diffuse or localized swelling and tenderness around

the tendon
• pain with the first few steps after getting out of bed in

the morning
• exacerbation of the injury upon walking uphill. 

Conservative therapy can aid in the normal reparative
processes of Achilles tendon healing, thereby allowing
athletes to return to their sport more quickly.4,8 

There are three classifications of Achilles tendinopathies:
tendinosis, tendonitis, and paratenonitis. Achilles
tendinosis is a non-inflammatory asymptomatic condition
that may lead to abnormal thickening of the tendon or
other structural degenerative changes. These degenerative
changes compromise the strength and function of the
Achilles tendon, predisposing it to further injury.
Achilles tendonitis and paratenonitis are painful
inflammatory conditions of the Achilles tendon and
surrounding paratendon respectively.1,9,10,11

To develop effective treatments for these injuries, it
is necessary to understand the biomechanics of the
ankle joint, the function of the triceps surae during a
normal running gait, and the conditions that predispose
the Achilles tendon to injury.  

BIOMECHANICS OF THE ANKLE JOINT
AND ACHILLES TENDON WITH RUNNING

A runner’s gait can be separated into two phases:
the stance phase and the swing phase. During the stance
phase, the foot contacts and adapts to the ground surface;
during the swing phase, the leg accelerates forward
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and prepares for ground contact. The stance phase with
walking consists of the following sub-phases: initial
contact, loading response, midstance, and terminal
stance (Figures 2). During initial contact, the heel contacts
the ground surface. The loading response occurs
immediately after initial contact, ending when the 
contralateral foot lifts off of the ground surface. During
the loading response, the foot and ankle adapt to the
terrain and absorb ground reactive forces. Double limb
support occurs during initial contact and the loading
response, when both feet are in contact with the
ground surface. The midstance phase starts when the
contralateral foot lifts off of the ground surface; the
contralateral leg is now the swing leg. The midstance
phase ends as the forward momentum of the swing leg
and the tension on the triceps surae of the stance leg
cause the heel to lift off of the ground surface. The 
terminal stance phase begins when the heel lifts off of
the ground and ends when the swing leg contacts the
ground. The running stance phase differs from the
walking stance phase in that the stride is elongated,
the cadence is increased, and double limb support is
eliminated (Figures 3).6,12,13

There are two types of active muscle contractions:
eccentric and concentric. An eccentric contraction
involves lengthening of a muscle as it attempts to
decelerate a particular movement, while a concentric 
contraction involves shortening of a muscle as it generates
force to produce movement across a joint. Most overuse
soft tissue injuries are caused by repetitive eccentric
forces that exceed the tensile strength of the tissue that
is attempting to decelerate a particular movement. The
Achilles tendon is the strongest tendon in the body;
normally it does not incur injury when absorbing the
eccentric forces exerted on it during running or jumping.1

However certain gait abnormalities, tightness of the
calf musculature, improper training, and age-related
changes can predispose the Achilles tendon to repetitive
microtrauma and injury. 

The ankle joint is actually two joints: the talocrural
joint and the subtalar joint. The talocrural joint is the
articulation between the leg bones (tibia and fibula)
and the talus (an ankle bone) (Figure 4). Two types of

movements primarily
occur at the talocrural
joint: plantarflexion
and dorsiflexion.
Plantarflexion of the
talocrural joint involves
the toes pointing
downwards as the
heel lifts off of the
ground (Figure 5).
Plantarflexion of the
ankle joint occurs
when conducting a
calf raise as the 
triceps surae contracts
c o n c e n t r i c a l l y .
Dorsiflexion of the
ankle joint involves
approximation of the
leg towards the foot
and occurs throughout
the midstance phase
of gait (Figure 6).

During the midstance phase
of gait, the triceps surae
contracts eccentrically,
exerting force through the
Achilles tendon to decelerate
forward movement of the
stance leg over the foot.2,4,14

Dorsiflexion of the ankle
joint is dependent on flex-
ibility of the triceps surae.
A tight triceps surae limits
dorsiflexion of the ankle
joint, placing excessive
eccentric strain on the
Achilles tendon throughout
midstance, predisposing
it and the surrounding
paratendon to injury.

The subtalar joint of
the ankle consists of the

articulation between the talus and the underlying 
calcaneus (Figure 7). Two primary movements occur at
the subtalar joint: inversion and eversion. Subtalar
joint inversion involves the calcaneus turning inward
(Figure 8). The ankle joint is stabilized in subtalar
inversion as the ligaments and surrounding structures
on the outside of the ankle become taut. Inversion of
the calcaneus occurs
during the initial
contact phase to
prepare for ground
contact, and later in
the terminal stance
phase to provide a
rigid platform for
toe-off. Subtalar joint
eversion involves the
calcaneus turning
outward (Figure 9).
Eversion of the cal-
caneus occurs during
the loading response
and continues into
the beginning of
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midstance. From
loading response to
midstance the foot
and ankle change
from a rigid lever
into a mobile shock
absorber and adapt
to the terrain. 

Initially, when the
foot strikes the ground,
it is in supination;
the talocrural joint is
neutral and plan-
tarflexing, the subtalar
joint is inverted, and
the forefoot is
adducted – toes are
directed towards the
midline (Figure 10).
The supinated position
maintains stability of
the ankle joint during
initial contact with

the ground. After initial contact the ankle pronates, the
talocrural joint dorsiflexes, the subtalar joint everts, and
the forefoot abducts – toes are pointed away from the
midline (Figure 11).
The ankle pronates
during the loading
response and into
the beginning of
midstance, allowing
the ankle and foot to
absorb compressive
forces and become a
mobile adaptor to
the ground. During
pronation the triceps
surae contracts eccen-
trically to decelerate
eversion and dorsi-
flexion at the ankle
joint. The ankle 
re-supinates during
midstance to create
a rigid lever for
effective toe-off. 

During initial contact the calcaneus is normally in
2-3 degrees of inversion. However, certain structural
abnormalities can change normal inversion. One such
structural abnormality, rearfoot varus, involves excessive
inversion of the calcaneus during initial surface contact.
To compensate for rearfoot varus, the subtalar joint
pronates excessively and at a faster speed than normal
to allow for the medial aspect of the calcaneus to contact
and adapt to the terrain. The excessive pronation of the
subtalar joint, which occurs at an increased velocity
from initial contact to midstance, places an increased
eccentric load on the Achilles tendon, predisposing the
tendon to injury.  

Forefoot varum is another structural abnormality
that predisposes the Achilles tendon to injury. In this
condition the forefoot has an increased inversion tilt as
compared to the rearfoot. Forefoot varum leads to prolonged
pronation through midstance and into terminal stance
to allow for the inside of the forefoot to contact the
ground surface.  During the beginning of midstance

and into terminal stance of a normal running
gait, the subtalar joint re-supinates to change
the foot into an effective rigid lever for 
toe-off. However, a runner’s gait with forefoot
varum may exhibit prolonged pronation
throughout midstance causing the subtalar
joint to rapidly re-supinate and create a
rigid lever for toe-off. Prolonged pronation
into midstance followed by an attempt of
the subtalar joint to re-supinate causes a
bowstring effect on the Achilles tendon
(Figure 12). The bowstring effect places an
increased eccentric load on the medial
side of the Achilles tendon, predisposing it
to injury.5,15,23,24

The subtalar joint in a runner with a
flat inside arch (pes planus) tends to 
overpronate, causing an increased eccentric
strain on the Achilles tendon. The subtalar
joint in a runner with a rigid high inside
arch (pes cavus) has limited pronation.
Limited pronation decreases the ability of
the foot and ankle to absorb ground forces,
leading to transmission of excessive forces
through the Achilles tendon and other
adjacent structures.     

Runners in their 30s and 40s have an increased risk of
developing Achilles tendon injury because the collagen
(supportive subunits of muscles, tendons, and ligaments)
of the triceps surae degrades with age (16). Without
adequate time to rest and heal between bouts of exercise
the triceps surae of these athletes are predisposed to
injury. To prevent injury older athletes should train on
softer surfaces and cross-train with exercises such as
cycling, swimming, cross country skiing, rollerblading,
and use of a quality elliptical machine.

Factors predisposing an athlete to developing
Achilles tendon injuries include tight gastrocnemius
and soleus musculature, overpronation and increased
velocity of pronation from initial contact through the
beginning of midstance, prolonged pronation during
midstance, age-related degenerative processes of the
Achilles tendon, and training programs that do not
allow for adaptation of the Achilles tendon. Initial
training programs that incorporate too many uphills or
downhills, high intensity interval training, and excessive
mileage, lead to injury because the Achilles tendon is
not allowed to adapt.  

GRADES OF TENDON INJURIES AND
PHASES OF TISSUE REPAIR AND 
TREATMENT

There are five grades of tendon injuries: 
Grade 1 – Pain does not occur during normal activity,
but generalized pain is felt in the Achilles tendon about
1 to 3 hours after sport-specific training has ended.
Tenderness in the Achilles tendon usually resolves
within 24 hours without intervention.
Grade 2 – Minimal pain is present in the Achilles tendon
towards the end of the sport-specific training session,
but performance is not affected. Appropriate treatment
may be necessary to prevent a Grade 3 injury.
Grade 3 – Pain is present in the Achilles tendon at the
onset of training, and interferes with the speed and
duration of a training session. Treatment and training
modification are necessary to prevent a grade 3 injury
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from progressing to a grade 4 injury.
Grade 4 – Pain in the Achilles tendon restricts training
and is also noticeable during activities of daily living;
the athlete can no longer continue sport-specific training.
Low impact training, such as swimming and biking,
can be implemented for cardiovascular fitness and
aggressive musculoskeletal therapy can decrease the
severity of the injury. The goal of therapy is to restore
structural integrity of the tissues allowing for the athlete
to return to pain-free sport-specific training.
Grade 5 – Pain in the Achilles tendon interferes with
training as well as activities of daily living. The
Achilles tendon becomes deformed and there is a loss
of function of the triceps surae.5 Aggressive therapy is
required and surgery may be necessary.

Conservative therapy is usually successful for 
treatment of Achilles tendon injury. A thorough history
and examination will help find the cause of the Achilles
tendon injury. Was the injury caused by improper training
techniques, age-related degenerative changes, a tight
triceps surae or biomechanical dysfunction of the rear
orforefoot? Initial goals of therapy are to reduce swelling
and inflammation of the tendon and paratendon to 
alleviate acute tendon injury or chronic flare-ups so the
patient can perform activities of daily living with less
pain. Pain-free modified training can then be 
implemented to improve strength and flexibility of the
triceps surae, as well as cardiovascular fitness. The end
goal is to return the athlete to pain-free running.
However, even if the pain dissipates, the athlete should
be made aware that it takes time for the Achilles tendon
to regain full strength and function. With fewer blood
vessels than muscles, tendons have a limited oxygen
and nutrient supply. Faced with this shortage, tendons
take a longer time to heal than muscles. 

There are three phases of tissue repair: the reactive
phase, the regenerative phase, and the remodeling phase.
The reactive phase is the initial inflammatory response to
microtrauma. Vasodilation of the blood vessels surrounding
the injured tendon or muscle occurs, causing swelling,
pain, and loss of function. To limit the immobilizing
effects of the reactive phase, RICE (rest, ice, compression,
and elevation) should be applied to the injured region.
During the regenerative phase dead cells are cleared
out, tiny blood vessels are restructured to help supply
oxygen to the damaged tissue, and collagen is laid
down for repair. The reparative collagen is initially
weak, but with time its strength improves. After 7-14
days, damaged muscle regains approximately 50% of
its strength; tendons may take a longer time to regain
their strength. During the remodeling phase, the reparative
collagen matures. After completing a proper medical
treatment program and complying with a home
strength-training and flexibility routine, the athlete
may regain 100% strength. The remodeling phase can
take up to six months for muscle repair and even longer
for tendon repair, depending on the severity of the
injury.11,17,18 

Appropriate treatment of a Grade 1 or a Grade 2
Achilles tendon injury consists of: 
1. Manual adjustments to the ankle and foot to free up

joint motion.25

2. Deep tissue procedures, such as Graston Technique
and Active Release Technique, to break up scar tissue
in the affected tendon or paratenon and restore soft
tissue motion and glide.19

3. Ultrasound and electric muscle stimulation are useful

modalities to restore normal muscle tone, help in the
healing process, and decrease pain.17,20

4. Inflammation reduction by icing the Achilles tendon
for 20 minutes on, 1 hour off, repeating throughout the
day, and use of NSAIDs (non-steroidal anti-inflammatory
drugs) per primary doctor recommendation.
Iontophoresis with dexameth sone is also a useful
modality to decrease inflammation.  

5. A strength training program for the gastrocnemius
and soleus musculature, including standing and seated
calf raises (Figure 13A and 13B). Studies have indicated
that emphasizing eccentric strength training of the
triceps surae has been beneficial in treatment and
prevention of future Achilles tendon injuries.26,27

Dorsiflexion strengthening exercises should also be
implemented to increase the strength of the tibialis
anterior and extensor
musculature (Figure 14).
Strengthening exercises
should progress appro-
priately with little or no
discomfort.

6. Use of a step or slant
board to stretch the tri-
ceps surae (Figure 15A and 15B). A stretching and
strengthening routine for the lower extremities,
using a resistive band, can be implemented to
improve strength of the dorsiflexors and evertors and
flexibility of the hamstring and calf musculature.

7. A recommendation to replace running sneakers after
250-500 miles of use, at which point the shoe loses
40% of its shock absorption abilities.17

8. The possible recommendation of appropriate arch
supports. A runner with a flat inside arch, pes
planus, will usually overpronate, placing an increased
strain on the Achilles tendon. A good sneaker with a
firm heel counter and an inside arch support will aid
in correcting overpronation and help in preventing
Achilles tendon injury. If the Achilles tendon injury
does not resolve with sneaker adjustment, a semi-rigid
orthotic with no more than 5/8” medial arch support is
useful. A temporary
1/8” heel lift can
also be added to the
orthotic to limit
dorsiflexion of the
foot; this takes
pressure off of the
injured Achilles
tendon. A runner
with a high inside
arch has limited
pronation and poor
shock absorption.
The high arch
runner should get
a sneaker with
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good cushioning; if necessary a semi-rigid orthotic
or cushioned liner can be added.3,4, 8,13,28

9. A night splint that maintains the ankle and foot in
slight dorsiflexion can help to alleviate morning stiffness
in the Achilles tendon.23 For more advanced cases of
Achilles tendon injury a walking splint can alleviate
stress on the slowly healing tendon.

10. Recommendations for appropriate training limits. For
marathon runners, an initial training base of four
miles at 65%-75% maximum heart rate. A gradual
progressive training schedule should follow. A proper
warm-up, consisting of a slow jog, increases the
blood supply to the muscles and tendons, making
them more efficient in absorbing loads. Hill training
should be added gradually to a training route
because uphill running increases the eccentric load
on the Achilles tendon. 

Early therapy and intervention are important to
prevent a Grade 3 tendon injury from progressing to a
Grade 4 or a Grade 5 tendon injury. In the early stages
of a Grade 3 tendon injury, one week of modified activity
is recommended, along with treatments similar to those
administered for Grade 1 and Grade 2 injuries. Modified
activity with swimming, running in the pool, bicycling,
or using a quality elliptical machine maintains aerobic
fitness and allows the triceps surae to heal properly
before the athlete resumes full training. Treatment of a
more advanced Grade 3 or Grade 4 tendon injury
involves a longer bout of modified activity, rest from the
offending activity, and a slower progression of weight
training and stretching.3,4,18

Chronic Achilles tendon injuries may not always
resolve with conservative therapy. Initially, microscopic
tears in the Achilles tendon or paratendon repair naturally
with Type III collagen. Type III collagen is immature,
disorganized scar tissue that temporarily binds the
damaged tendon fibers. Type III collagen is later
replaced by Type I collagen, mature scar tissue that has
a similar parallel arrangement of fibers as the normal
tendon tissue. With time and a properly progressed
rehabilitation program the Type I collagen scar regains
the tensile strength of the normal tendon tissue.
However, sometimes the Type III collagen is not always
replaced by Type I collagen in the later stages of healing.
The immature scar tissue remains a chronically inflamed
and weakened structure that may be palpated as a tender
nodule, usually located on the medial side of the
Achilles tendon. The degenerative scar tissue may be
resistant to conservative care, and attempting to train
on the injured tendon may cause further injury. An athlete
who wants to return to running without pain may need
to consider surgery. Magnetic Resonance Imaging has
been shown to be extremely sensitive to pathological
changes in the Achilles tendon and may be a useful tool
for the surgeon in discovering degenerative tissue that
needs debridement. Surgery usually involves excision
of the degenerative intratendinous lesion, followed by
rehabilitation. In cases of chronic paratenonitis “brisement” –
distension of the paratenon-tendon-interface may help
to resolve paratenonitis.23,29,30,31

CONCLUSION
Athletes participating in sports involving repetitive

jumping and running are predisposed to developing an
Achilles tendon injury. Achilles tendon injuries can be

reduced by following a properly progressed training
program that allows for adaptation of the Achilles tendon
to increased eccentric loads. Certain biomechanical
dysfunction, such as, rearfoot varus, forefoot varus, pes
cavus, tight and weak triceps surae, and age-related
degenerative changes, also predispose an athlete to
Achilles tendon injury. To prevent injury athletes with
these dysfunctions should incorporate proper sneaker
wear – if necessary semi-rigid orthotics – as well as
lower body flexibility, strength and cross training.
Achilles tendon injuries can usually be treated successfully
with a conservative rehabilitation program that
includes modified training and incorporates eccentric
strength training of the triceps surae. The athlete must
be made aware that it takes time for the Achilles tendon
to heal even with rehabilitation. After the Achilles tendon
regains function and becomes pain free, the athlete
should implement an appropriate training program to
prevent re-injury. Sometimes Achilles tendon injuries
are resistant to conservative therapy. In such cases surgery
and proper rehabilitation may be necessary to remove
the degenerative tissue from the tendon or paratendon
to allow for proper healing and restoration of strength
and function.  
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