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Acute Achilles tendon rupture
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The incidence of Achilles tendon ruptures has risen with the increase in the level of sports activity of the average individual. An Achilles tendon rupture is generally diagnosed on the basis of clinical findings, sometimes in conjunction
with ultrasound or magnetic resonance imaging tests. The treatment of Achilles tendon ruptures is broadly divided into
surgical treatment and conservative treatment, and the gold standard treatment remains a controversial issue. The surgical treatment of Achilles tendon ruptures has been reported to be associated with a lower re-tear rate and thus has been
the conventional choice of treatment, in particular the direct repair for its ability to restore muscle strength. But recently
percutaneous repairs and minimally invasive methods have become more widespread. And the previously undervalued
functional rehabilitation such as early weight-bearing and postoperative joint exercises has gained greater importance
for their capacity to restore tendon function.
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INTRODUCTION
The Achilles tendon is the body’s thickest, largest, and
strongest tendon. The Achilles tendon serves to attach
the medial and lateral gastrocnemius muscles to the distal soleus muscle. And attached to its medial side is the
plantaris tendon. Biomechanically, the Achilles tendon
must endure 2–3 times more bodyweight during gait and
up to 10 times more bodyweight during certain athletic
activities [1].
The Achilles tendon rupture dates back to the lifetime
of Hippocrates. It was first described in 1575 by Ambroise Paré and reported in the literature in 1633 [2]. The
incidence of Achilles tendon ruptures has consistently
increased from the 1980s, which is thought to be because
of not only increased public awareness of health but also
increased participation in active sports by the older generation who are more susceptible to these lesions, such
as the middle-aged and the elderly [3]. This lesion is renowned for its debilitating consequences: around a third
of athletes fail to return to pre-injury levels of sports [4].
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Treatment for Achilles tendon ruptures can be divided
into conservative treatment and surgical treatment such
as open repairs, percutaneous repairs, and mini open repairs. In the past, there was greater preference for surgical
treatment of Achilles tendon injuries, but with Lea and
Smith’s report [5] on the conservative treatment for Achilles tendon ruptures, the use of conservative treatment
has since increased.

ACHILLES TENDON RUPTURES
Epidemiology
The incidence of Achilles tendon ruptures was 4.7 per
100,000 in 1981, which steadily increased to 6 per 100,000
in 1994; to 22.1 per 100,000 in 1991; and to 32.6 per
1000,000 in 2002 [6-10]. The incidence of Achilles tendon ruptures in men has been reported to be 2–12 times
greater than in women. This gender disparity has been
thought to be attributable to the level of sports participation: men tend to participate more in competitive sports
than women [11]. In support of this, researchers have
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shown that in a region where competitive netball is popular, the ratio of women with Achilles tendon ruptures was
around 46% [12]. Thus, it seems that the difference in risk
is not because of gender per se but because of the level of
sports activity.

tered collagen synthesis, and reduction in fibril size, and
modifiable factors, such as obesity, use of oral Quinolone
compounds and oral corticosteroids, city-dwelling, and
hypercholesterolemia, exist. Of these, they found that
only the reduction in fibril size was moderately associated with Achilles tendon ruptures.

Etiology
Achilles tendon ruptures are generally caused by direct
injury, such as through physical force on the Achilles tendon, and by concomitant degeneration of the tendon itself [13]. Although ruptures from direct injury alone rarely
occur, it can occur at any site through direct trauma,
crushing injury, or laceration of the posterior ankle.
The causative movements of Achilles tendon ruptures
can be classified into three types: 1) most commonly,
weight-bearing exerted on the extended knee as the forefoot pushes off; 2) sudden unexpected dorsiflexion of the
ankle; and 3) violent dorsiflexion of the plantar flexed foot
[14].
The most common site of Achilles tendon rupture is
3–6 cm proximally of the calcaneal attachment site [15],
which is the site of the Achilles tendon that receives the
most stress. The stress exerted in this region injures the
tendon itself and can lead to degenerative changes [16].
The degenerative change is brought about as a result of
a variety of factors such as chronic overloading, microtrauma, pharmacologic treatment, and heat necrosisinduced hypovascularity [17–20]. Other risk factors of
Achilles tendon ruptures include age because increased
collagen III and decreased collagen I with age results
in less collagen cross-linking and, thus, weaker tensile
strength [20]. Further, although ischemia at the watershed region of the Achilles tendon was long thought to
be causative of Achilles tendon ruptures, recent research
has shown otherwise, revealing that the hemodynamic
characteristics of the Achilles tendon remain unchanged
during exercise and rest [21]. These tendon ruptures have
been reported to be associated with oral steroid use and
with intratendinous steroid injections [22]. Hypercholesterolemia, gout, rheumatoid arthritis, long-term dialysis,
and kidney transplantations have also been shown to be
risk factors of Achilles tendon ruptures [10].
In 2014, Claessen et al. [23] conducted a systematic
review of 31 studies to investigate the predictors of
Achilles tendon ruptures. Their findings show that nonmodifiable factors, such as old age, an African ethnicity,
inflammation, enteritis, trauma, autoimmune arthritis,
infectious arthritis, rheumatoid arthritis, tendinitis, al-
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Diagnosis
Clinical symptoms
Upon rupture of the Achilles tendon, patients generally
experience pain in the posterior ankle as if they have
been kicked from the back and hear a ‘popping’, ‘snapping’, or ‘cracking’ sound simultaneously. Patients with
ruptured Achilles tendons often cannot stand on the
affected leg and have reduced plantar flexion torque.
Although pain usually comes instantly, some patients do
not feel any pain and can walk unprohibited [24,25]. For
these reasons, the patient’s visit to the hospital is often
delayed, leading to either delayed or incorrect diagnosis
[26].
Physical examination in patients with acute ruptures
reveals odema, bruising, a palpable deficit around the
rupture area, tenderness, and excess dorsiflexion of the
ankle. And acute odema and bruising within 24 hours
of the injury are helpful diagnostic markers in the early
phase of the disease. However, with time, the deficit becomes no longer palpable because the region is filled by
odema or by adipocytes. For neglected ruptures diagnosed at least 4 weeks after the injury, the deficit within
the rupture is usually filled with hematoma as a result of
the healing process and appears as a bulbous segment [26].
Acute Achilles tendon ruptures reduce plantar flexion
torque of the ankle. The reduction in plantar flexion
torque has shown to be less when the rupture lies more
proximally [13]. However, active plantar flexion of the
ankle is possible in spite of an Achilles tendon rupture
through the compensatory actions of the flexor hallucis
longus, the flexor digitorum longus, the tibialis posterior,
and the peroneal muscles.
An important diagnostic test for Achilles tendon ruptures is the Thompson test wherein the ability of the
patient to perform plantar flexion is tested whilst the patient is laying face down, calves squeezed, and ankles on
the edge of the bed. This is because an absence of plantar
flexion of the ankle denotes a ruptured Achilles tendon.
The sensitivity and specificity of this test was reported
to be 0.96 and 0.93, respectively. However, for neglected
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ruptures, false negative results may appear because of
partially healed tendon tissues [27,28].
In the knee flexion test, the patient lies in prone position and bends the knees 90° (which brings the tibia
perpendicular to the floor). Then, the angle of the ankle
is measured for both legs. A ruptured Achilles tendon is
indicated by a neutral or dorsiflexed angle. According to
Maffulli [27], the sensitivity and specificity of this test is
0.88 and 0.85, respectively.
According to the clinical practice guidelines developed
by the American Academy of Orthopaedic Surgeons, the
following diagnostic tests should be performed for Achilles tendon ruptures: a detailed medical history and two
physical examinations (the Thompson test, a test for reduced plantar flexion torque, palpation of the deficit, or
a test for increased passive dorsiflexion) [29]. Garras et al.
[30] reported that the combination of a positive Thompson test, a positive knee flexion test, and a palpable deficit
denotes a complete rupture of the Achilles tendon with a
sensitivity of 100%.

Imaging evaluation
When patients show obscure clinical symptoms, diagnostic imaging should be performed using for example
radiography, ultrasound, or magnetic resonance imaging (MRI) to image the axial view of the ankle (Fig. 1). In
patients with Achilles tendon ruptures, an axial view of
the ankle in radiological imaging would show a loss in
the Kager’s triangle, the Arner sign at the distal Achilles
tendon, the Toygar angle at the posterior Achilles tendon, and avulsion of the Achilles tendon attachment site
[14,24].

Fig. 1. An ultrasonograph shows the ruptured ends of an Achilles tendon.
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Although ultrasound is a simple, cost-effective, and
non-invasive method, it is heavily examiner dependent.
The sensitivity of ultrasound tests has been reported to be
100%; the specificity, 89.9%; and the accuracy, 94.4% [31].
The diagnosis of Achilles tendon ruptures on ultrasound
scans is be made when the deficit of the Achilles tendon
is seen to be filled with fluid, debris, scar tissue, or hematoma and when dynamic imaging shows acoustic vacuum and irregular tendon ends as the patient performs
plantar flexion or squeezing of the calves [31]. In dynamic
imaging, the distance between the ruptured tendon ends
is an important determinant of surgical treatment: some
authors have suggested that a distance greater than 5 mm
during plantar flexion of the foot should be an indication
for surgical treatment [32,33]. In addition, ultrasound
scans can be used in conservative treatment, such as cast
immobilization and functional brace, to assess the position and distance of tendon ends [34].
When clinical signs do not conclusively point towards
an acute Achilles tendon rupture, MRI can be used to
check for soft tissue injury [24]. According to Garras et al.
[30], physical examinations such as the Thompson test
and the knee flexion test, which involve measuring the
distance between ruptured tendon ends, show higher
sensitivity for acute Achilles ruptures than MRI. For neglected ruptures, the MRI has been shown to be essential
to confirm the severity of the tendon injury, to measure
the distance between the ruptured tendon ends, and to
determine the ideal mode of treatment [26].

Treatment
The aims of treatment in Achilles tendon ruptures are
to restore the normal length and tensile strength of the
Achilles tendon; to optimize its strength and function; to
expedite the rehabilitation process; and to return to preinjury levels of sports promptly. To choose the most ideal
treatment for each patient, a physician must deliberate
the relative benefits and complications of each treatment
[35].
The treatment of Achilles tendon ruptures can be
broadly divided into conservative treatment and surgical
treatment. In the past, surgical treatment over non-surgical treatment had been preferred because the latter was
associated with higher re-tear rates, reported to be up to
29% in some studies [36,37]. Although Lea and Smith [5]
suggested that the surgical treatment of Achilles tendon
ruptures is unnecessary, in 1972, only recently has the
preference for non-surgical modes of treatment risen.
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Conservative treatment
The conventional conservative treatment for Achilles
tendon ruptures is the long-leg cast immobilization. In
cast immobilization, the ankle is usually placed in 20°
of plantar flexion and knee in 30° of flexion for around
2–3 weeks. Then, the plantar flexion of the ankle is incrementally decreased and either a short-leg cast or brace is
administered for a three further weeks. In most cases, the
patient is de-immobilization within 6–8 weeks of injury,
and rehabilitation exercises are begun from active dorsiflexion of the ankle to muscle-strengthening exercises
[36–38].
In the past, conservative treatment had been associated
with a high re-tear rate mostly because of long-term cast
immobilization. Recently, functional rehabilitation fused
with conservative treatment has renewed interest in
non-surgical methods for acute Achilles tendon ruptures
[36,37,39]. In 1992, Saleh et al. [40] compared patients
who underwent 3-weeks of cast immobilization followed
by controlled early mobilization in a Sheffield splint to
patients who underwent only 8-weeks of cast immobilization. They found that the former group showed significantly faster return to sports and daily activities and
lower re-tear rates [40,41].
In 1995, Thermann et al. [42] suggested that as long
as patients begin early weight-bearing it did not matter
with respect to clinical outcomes whether patients underwent surgical treatment or conservative treatment.
Also, they suggested that early cast immobilization under
weight-bearing should be as short as possible and functional brace should be administered to promote weightbearing and, therefore, to minimize muscle atrophy and
stiffness. Wallace et al. [43] investigated the effectiveness
of the functional brace under weight-bearing within a
month of injury in 900 patients, hospitalized between
1996 and 2008, and found that only 2.8% of re-tears occurred. These findings have highlighted the advantages
of conservative treatment through early joint exercise
and through functional rehabilitation that gives controlled loading to the tendon. Zhang et al. [44] confirmed
this through a systematic review that shows that the
outcomes of conservative treatment with adjunct functional rehabilitation are comparable to those of surgical
treatment in terms of the re-tear rate, the range of motion
(ROM), the calf circumference, and functional outcomes.
By contrast, Soroceanu et al. [45] found that those who
received conservative treatment without functional rehabilitation showed significantly higher rates of re-tear than
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those who received treatment with functional rehabilitation.

Surgical treatment
Direct repairs had been the preferred choice of treatment
for acute Achilles tendon ruptures in the past because
of their advantages of lower rates of re-tear, of favorable
outcomes in terms of triceps strength recovery, and of
expedited return-to-sports. But recently percutaneous
and minimally invasive techniques have gained greater
popularity [24,46].
Direct repairs: The direct repair of ruptured tendons
minimizes the distancing of ruptured tendon ends and
reduces scar tissue formation, by doing so lowering the
chance of re-tears. Thus, it has long been considered
as the standard treatment for Achilles tendon ruptures
(Fig. 2). Direct repairs can be classified into the Krackow
technique, the Bunnel technique, and the Kessler technique. Interestingly, McCoy and Haddad [47] showed that
there is no treatment-dependent difference in terms of
repair strength.
In a later study, Cooper [24] reported that graft or
prosthesis augmentation for the repair of acute Achilles
ruptures may not be always needed and recommended
that the ankle should be fixed at 15°–20° of plantar flexion
postoperatively to promote blood circulation of the soft
tissues behind the Achilles tendon [24,48].
Percutaneous repairs: To resolve complications associated with direct repairs, Ma and Griffith [49] first suggested an alternative treatment based on percutaneous
repairs in 1977. Using the percutaneous technique, they
treated 18 patients under focal anesthesia and without a

Fig. 2. An intraoperative photograph shows a ruptured Achilles tendon
and a non-absorbable suture that was passed through the proximal end
using the Bunnel technique.
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tourniquet and found that the length and tensile strength
of the Achilles tendon were restored with minimal postoperative complications and without any iatrogenic sural
nerve injuries. Conversely, Klein et al. [50] observed sural
nerve damage in 13% of patients with Achilles tendon
ruptures when they used the Ma and Griffith’s technique
[49]. In a comparative study, percutaenous repair was
found to be superior to direct repairs in terms of re-tear
rate, aesthetic appearance, and postoperative complications, such as infections [51]. However, percutaneous repairs have been shown to be associated with higher rates
of sciatic nerve injuries [52].
Mini-open repairs: Greater interest in the anatomical course of the sural nerve was sparked by research by
Klein et al.’s group [50]. A cadaveric study reported that
at the level at which the sural nerve inserts into the calcaneus of the Achilles tendon, the sural nerve crosses the
lateral border on average 18.8 mm anterolateral of the
lateral border and 9.8 cm from the calcaneus [53]. On the
basis of this finding, Webb and Bannister [54] developed
a novel minimal incision technique which involves making three stab incisions along the posterior mid-section
of the Achilles tendon and performing an approximation
of the tendon. To approximate the tendon ends, two box
stitches are made using a 90-mm cutting needle and a
No. 1 nylon suture.
In 2002, Assal et al. [55] conducted a limited open repair
using the newly developed Achillon device (Integra LifeSciences, Plainsboro, NJ, USA), which places the suture
in the paratenon in order to minimize sural nerve injury.
However, a disadvantage of this technique is that it cannot prevent needle-related damages.
The purpose of such mini-open repairs is to lower the
re-tear rate as in direct repairs, as well as reducing soft tissue infections. Yet complications such as sural nerve entrapment, skin adherence, unreliable tendon apposition,
and weak repair strength still remain [56].

atic review to develop an evidence-based postoperative protocol. They found that compared to the non–
weight-bearing group the full weight-bearing group was
associated with a quicker return to gait and to pre-injury
levels of sports and with significantly better patient satisfaction. Further, they found that the group that performed joint exercises returned to sports or to work faster
than the group that did not perform joint exercises. These
observations have led to the recommendation of the following protocol [57]:
• Administer a postoperative splint or brace under full
weight-bearing in 30° of plantar flexion of the ankle.
• Begin joint exercises from the third postoperative
week and reduce plantar flexion angle by 10° every
week until an angle of 0° is reached. Allow weightbearing without brace from the 7th postoperative
week.
• Begin rehabilitation to increase muscle strength,
ROM, and proprioception.
The protocol indicates that early joint exercise and
weight-bearing are regarded as important adjunct treatments for both surgical and non-surgical treatments.

Postoperative rehabilitation

No potential conflict of interest relevant to this article was
reported.

Previously, Brumann et al. [57] conducted a system-

CONCLUSION
With an ever increasing active population, the incidence
of Achilles tendon ruptures is set to rise even further.
Although several treatment methods both conservative
and surgical (direct repairs, percutaneous repairs, and
mini-open repairs) exist, a standardized gold-standard
treatment has not been established. Thus, further studies
are required to investigate the best treatment for Achilles
tendon ruptures that minimizes complications, such as
re-tears, muscle weakening, skin-related disorders, and
sciatic nerve injuries.
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