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KEY POINTS

� Athletes require operative repair of the Achilles tendon following acute rupture.

� The choice of open versus percutaneous techniques continues to be debated.

� Early rehabilitation should be instigated: early movement and weight bearing leads to
improved tendon healing.
INTRODUCTION

The Achilles tendon (AT) is the strongest and largest tendon in the human body, and is
also the most frequently ruptured.1,2 AT rupture is more common in men, with a male/
female ratio of between 1.7:1 and 30:1. However, ATs in men present higher stiffness
and maximum rupture force than in women, and also have a larger cross-sectional
area.3 Moreover, younger tendons present significantly higher tensile rupture stress
despite having lower stiffness.4 The incidence of AT ruptures has largely increased in
the last decade,5,6 and they usually occur in sedentary, white-collar individuals who
play sport occasionally, mostly in the third or fourth decade of life.7 Therefore, most
AT ruptures (44%–83%) occur during sport activities, andbiochemical andbiomechan-
ical changes related to aging may play a significant role in the pathogenesis of the
injury.8 Subcutaneous tears are more common in the AT compared with any other
tendon in human body. Several microscopic interruptions in the tendinous substance
occur during normal activities, whereas fibers remodel and new collagen is continu-
ously formed.9,10 A tendon usually loses its wavy configuration when stretched more
than 2%. When the tendon is stretched by more than 3% to 4% of its normal length,
it starts to disrupt, and, when stretched more than 8%, macroscopic rupture occurs.11
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ANATOMY AND HISTOLOGY

The AT consists of the tendinous portions of the gastrocnemius and soleus muscles.
Moreover, the plantaris muscle is present in 93% (752 of 810) of lower extremities,
located medially to the AT and distinct from it.12 The medial and lateral heads of
the gastrocnemius originate from the femoral condyles and their contribution to the
AT commences as a wide aponeurosis at the lower ends of these muscular bellies.12

The soleus muscle originates from the tibia and fibula, and its tendinous contribution
to the Achilles tendon is shorter and thicker.12 The calcaneal insertion is composed of
a specialized layer of hyaline cartilage and an area of bone not covered by perios-
teum. A retrocalcanear bursa is located between the AT and the calcaneus, whereas
a subcutaneous bursa is located between the tendon and the skin.13 The cellular pop-
ulation of the tendon is composed of tenocytes and tenoblasts for 90% to 95%,
whereas collagen and elastin proteins account for 70% and 2% of the dry weight
of a tendon, respectively, and form most of the extracellular matrix (ECM).14 Type I
collagen is the most common, and it accounts for 95% of tendon collagen,15 whereas
tenocytes from ruptured ATs produce more type III collagen than tenocytes from
normal ATs,16 which is less resistant and elastic to tensile force. The ground
substance of ECM surrounding the collagen and the tenocytes is composed of glyco-
proteins, glycosaminoglycans, and proteoglycans.17 Glycosaminoglycans decrease
with aging, whereas collagen increases, and acute exercise increases the formation
of type I collagen in the peritendinous tissue.18,19 The tendon is formed by well-
organized fascicles surrounded by endotenon. These fascicles are enveloped by
a layer of connective tissue, the epitenon, in direct contact with the endotenon.20–22

The epitenon, in turn, is surrounded by the paratenon with a thin layer of fluid in
between to allow tendon movement with reduced friction.23 Type I and type III
collagen fibrils, an inner lining of synovial cells, and few elastin fibrils compose the
paratenon, which is in contact with the fascia cruris covering the posterior aspect
of the tendon.24 In addition, the paratenon has 2 layers: a superficial layer called
the peritenon, which is connected with the underlying layer via the mesotenon; and
a deeper layer, surrounding and in direct contact with the epitenon.24 The sensory
supply of the AT derives from the nerves of the attaching muscles and cutaneous
nerves, in particular the sural nerve.25 Moreover, the AT blood supply is guaranteed
proximally by the musculotendinous junction, along its length by the surrounding
connective tissue, and distally by the bone-tendon junction.26 The site of AT rupture
is usually 2 to 6 cm proximal to the tendon insertion. The poor vascularity in the main
body of the AT may play an important role in the pathogenesis of the rupture.27

Furthermore, the blood flow is higher in women compared with controls, and
decreases with aging.28 Exercise increases the blood flow 4-fold in the AT 5 cm prox-
imal to the insertion, whereas it increases only 2.5-fold 2 cm proximal to the
insertion.29

CAUSES AND PATHOLOGY

Several hypotheses have been developed to clarify the causes of AT rupture, but there
is no agreement in the literature,30 and the events leading to an AT rupture are still
unclear.31–33 Numerous factors such as gastrocnemius-soleus dysfunction, a subopti-
mally conditioned musculotendinous unit, age, gender, changes in training pattern,
poor technique, previous injuries, footwear,34,35 poor tendon vascularity, and degen-
eration36,37 are frequently attributed to AT ruptures. In addition, various pathologic
conditions, such as infectious diseases, neurologic conditions,38 hyperthyroidism,
renal insufficiency, arteriosclerosis,39 inflammatory and autoimmune conditions,
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hyperuricemia, genetically determined collagen abnormalities,40 and high serum lipid
concentration,41,42 can be associated with AT ruptures.
Two main theories are proposed for the cause of AT ruptures: the degenerative

theory and the mechanical theory. The degenerative theory states that the chronic
degeneration of the tendon leads to a rupture without excessive loads being applied.
The degeneration of the tendon tissue can be caused by numerous factors such as
chronic overloading or microtrauma, physiologic alterations in the tendon, and phar-
macologic treatments.

Degenerative Theory

The molecular events leading to a rupture of the AT are still unclear.31–33 Arner and
colleagues43 were the first to observe degenerative changes in all of their patients
with AT rupture. They hypothesized that these changes were already present before
the rupture, although their data were obtained more than 2 days after the rupture.
Davidsson and Salo44 found degenerative changes in 2 patients with AT rupture oper-
ated on the day of injury, and they also concluded that the degenerative changes were
already present before the rupture.45 Similar findings were obtained in our own series.
In all of the ATs operated on within 24 hours after the injury, we detected marked
degenerative changes and collagen disruption.46,47 Moreover, several investigators
observed degenerative alterations in the intratendinous substance of the AT in various
patients with a spontaneous rupture, in all sites studied, and most of these abnormal-
ities had no known cause.47 Several investigators have hypothesized that alterations in
blood flow with subsequent hypoxia and impaired metabolism were important factors
for the development of the degenerative changes of the AT. Kannus and Jozsa48 eval-
uated patients with spontaneous AT ruptures using biopsy specimens, harvested at
the time of repair. They noted that only a small proportion of the patients presented
symptoms before the rupture, suggesting that degenerative changes are common
in the tendons of people who are older than 35 years, and that these changes can
be associated with spontaneous rupture.48 These observations were confirmed by
another study of ours. In the 176 AT ruptures that we treated from January 1990 to
December 1996, only 9 (5%) patients had had previous symptoms.49 We also showed
that tenocytes from ruptured and tendinopathic tendons produced type III collagen,
which alters the physiologic tissue architecture, making the tissue less resistant to
high loads and tensile forces.49 Furthermore, Jozsa and colleagues50 observed that
fibronectin, which is normally located in basement membranes, was present on the
torn surfaces of ruptured ATs. Fibronectin is present in a soluble form in plasma,
and binds more readily to denatured collagen than to normal collagen, indicating pre-
existing collagen denaturation.51

Mechanical Theory

The AT can be damaged when frequent and repetitive microtrauma occur, without
leaving enough time to the tendon for repair,52,53 even in healthy tendons with no
degeneration.54 Numerous movements occurring in many sports, and not just those
that require rapid push-off, may be responsible for these occurrences. A healthy AT
usually ruptures after a violent muscular strain in the presence of an incomplete
synergism of agonist muscle contractions, inefficient action of the plantaris muscle
acting as a tensor of the AT, and a discrepancy in the thickness quotient between
muscle and tendon.54 Inglis and Sculco34 suggested that uncoordinated muscle
contractions could cause a rupture of an otherwise normal tendon, and athletes
who have a long period of inactivity and return to training too early seem to present
a greater risk of a rupture caused by this mechanism. Sporting activity plays a major
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role in the development of problems with the AT, especially when training session
are wrongly performed.35 Moreover, the risk of rupture of the AT is greatly
increased during inversion or eversion movements of the subtalar joint when they
are associated with the application of oblique stress. AT injury may also result
from structural or dynamic disturbances in normal lower leg mechanics such as
functional overpronation, gastrocnemius/soleus insufficiency, overtraining, and
repeated microtrauma produced by the eccentric loading of fatigued muscle.55 In
conclusion, complete rupture of the AT can be considered as the consequence
of multiple microtrauma and microruptures that lead to failure of the tendon after
reaching a critical point.56

Drug-related Tendon Rupture

Drugs such as anabolic steroids and fluoroquinolones cause dysplasia of collagen
fibrils, which decreases tendon tensile strength and increases the risk of AT rupture.
Normal and healthy tendons are not usually damaged by intratendinous injection of

steroids,57 whereas systemic and local corticosteroid administration have been widely
implicated in tendon rupture.58,59 Nevertheless, numerous studies have shown that
the intratendinous or peritendinous injection of corticosteroids into an injured tendon
may precipitate a rupture.57,60 In addition, the analgesic properties of corticosteroids
may mask or delay the onset of the symptoms related to damage to the tendon,61

inducing individuals to maintain their high activity levels even when the tendon is
damaged. Corticosteroids also interfere with the healing of tendons, resulting in
collagen necrosis. The consequent restoration of tendon strength is attributable to
the formation of a cellular amorphous mass of collagen, and, for these reasons,
vigorous physical activity should be avoided for at least 2 weeks following injection
of corticosteroids close to a tendon.62

The administration of the fluoroquinolone (4-quinolone) antibiotics or ciprofloxacin
has been associated with tendon rupture. Pefloxacin, ofloxacin, levofloxacin, norflox-
acin, and ciprofloxacin are the fluoroquinolones most frequently associated with
tendon disorders. A variety of laboratory evidence for the direct deleterious effects
of fluoroquinolones on tenocytes has been produced.63 In a study conducted on
100 patients taking fluoroquinolones, several tendon disorders were observed,
including 31 ruptures.64 However, numerous patients in this study also received corti-
costeroids. In addition, in an animal study the administration of fluoroquinolone was
associated with disruption of the ECM of cartilage, depletion of collagen, and necrosis
of chondrocytes, suggesting that these abnormalities in animals might also occur in
humans.65

Mechanism of Rupture

According to Arner and Lindholm,66 the mechanisms of AT rupture can be classified
into 3 main categories:

1. Fifty-three percent of ruptures occur during weight bearing with the forefoot
pushing off and the knee in extension. Sprint starts and jumping sports more often
require these movements and this explains the prevalence of left AT rupture in
right-handed people.

2. Seventeen percent of ruptures occur following sudden unexpected dorsiflexion of
the ankle, such as slipping into a hole, or falling downstairs.

3. In 10% of patients, the tendon was ruptured because of violent dorsiflexion of
a plantarflexed foot, such as may occur after falling from a height. In the rest of their
patients, they could not identify the mechanism of injury.
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PRESENTATION AND DIAGNOSIS

The diagnosis of AT ruptures should start with a careful assessment of the history fol-
lowed by physical examination.38,67 Nevertheless, 20% to 25% of AT ruptures are not
diagnosed by the first examining doctor,11,68,69 whereas the clinical diagnosis is
immediate in case of acute ruptures of the AT.
Patients with ruptured ATs usually report a history of pain in the affected leg and the

feeling that, at the time of injury, they had been kicked in the posterior aspect of
the lower leg. Moreover, the inability to bear weight and weakness or stiffness of
the affected ankle are common. However, a small number of patients may be still
able to use the flexor hallucis longus, flexor digitorum longus, tibialis posterior, and
peroneal tendons to plantarflex the affected ankle.
On clinical examination, diffuse edema and bruising are usually present, and, unless

the swelling is severe, a palpable gap may be felt along the course of the tendon, most
frequently 2 to 6 cm proximal to the insertion of the tendon.70 Inspection and palpation
should be followed by other tests to confirm the diagnosis, such as the Simmonds and
Matles test and the O’Brien and Copeland tests.
The Simmonds or Thompson calf squeeze test is performed with the patient prone

on the examination couch and the ankles off the couch, and the examiner squeezes
the fleshy part of the calf. This procedure causes the overlying of the AT, producing
plantar flexion of the ankle if the tendon is intact.71 The clinical findings on the affected
leg following this test should be compared with the opposite leg to exclude any false
positive that may occur in the presence of an intact plantaris tendon.72

The Matles test is performed with the patient prone on the examination couch.
Patients are asked to flex their knees to 90�, and, if the foot on the affected side falls
into neutral or dorsiflexion position, an AT rupture is diagnosed.73

The O’Brien test consists of the insertion of a hypodermic 25-gauge needle through
the skin of the calf, medial to the midline and 10 cm proximal to the superior border of
the calcaneus, within the substance of the tendon. The ankle is then alternately plan-
tarflexed and dorsiflexed and if, on dorsiflexion, the needle point moves distally, the
tendon is presumed to be intact in the portion distal to the needle. If, on dorsiflexion,
the needle point moves proximally or remains still, there is presumed to be a loss of
continuity between the needle and the site of tendon insertion.69

The Copeland test is performed by asking the patient to lie prone with the knee
flexed to 90� and a sphygmomanometer cuff positioned around the bulk of the calf
of the affected leg. The cuff is then inflated to 100 mm Hg with the foot in plantarflex-
ion. The foot is then dorsiflexed. If the pressure increases to approximately 140 mm
Hg, the musculotendinous unit is presumed to be intact. The opposite leg should be
used to exclude a false-positive response or for comparison purposes.74

IMAGING EVALUATION

Real-time high-resolution ultrasonography and magnetic resonance imaging are more
sensitive and less invasive imaging evaluations than soft tissue radiography or xerora-
diography. However, ultrasonography is generally considered the primary imaging
method for the diagnosis of AT ruptures.75,76

Lateral radiographs of the ankle can be performed to diagnose an AT rupture. The
loss of normal configuration of the Kager triangle, the space between the anterior
aspect of the AT, the posterior aspect of the tibia, and the superior aspect of the calca-
neum, is pathognomonic of AT rupture. Arner and colleagues43 found that deformation
of the contours of the distal segment of the tendon resulting from loss of tone were the
radiographic changes most likely to be associated with AT rupture. The Toygar sign77
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involves measuring the angle of the posterior skin surface curve seen on plain radio-
graphs, because the ends of the tendon are displaced anteriorly following a complete
tear. The posterior aspect of the Kager triangle then approaches the anterior aspect,
and the triangle decreases or disappears. An angle of 130� to 150� indicates AT
rupture.
Ultrasonography of the AT is considered the primary imaging method to diagnose

a rupture, although it is operator dependent.75,76 The possibility of performing
a dynamic and panoramic evaluation of the AT by means of linear ultrasonography
is influenced by the type of transducer used and the angle of the ultrasound beam
with respect to the tendon.78 Moreover, ultrasonography can be used to evaluate
the tendon structure after any kind of operative repair. Despite their short focusing
distance, high-frequency probes of 7.5 to 10 MHz provide the best resolution.79 To
avoid artifacts during the ultrasonography evaluation of the AT, the probe should be
managed by expert examiners and held at right angles to the tendon. Linear array
transducers are therefore more suitable than sector-type transducers, which produce
excess obliquity of the ultrasound beam at the edges. It may also be necessary to use
a synthetic gel spacer or standoff pad, increasing the definition of the surface echoes
and allowing a suitable support.80,81 The normal ultrasonography appearance of the
AT is a ribbonlike hypoechogenic image, contained within 2 hyperechogenic bands.
Tendon fascicles appear as alternate hypoechogenic and hyperechogenic bands
that are more compact when the tendon is strained and more separated when the
tendon is relaxed.80 The presence of an acoustic vacuum with thick, irregular edges
is typical in AT rupture.80

The normal aspect of the AT in magnetic resonance imaging is hypointense on all
pulse sequences. The Kager triangle, which appears hyperintense because of the
presence of fat, is well delineated by the AT. Sagittal-plane and axial-plane
T1-weighted and T2-weighted images are usually used to evaluate suspected AT
ruptures, especially in cases of increase in intratendinous signal intensity (Fig. 1). In
T1-weighted images, the AT rupture appear as disruption of the signal within the
tendon, whereas in T2-weighted images the rupture is seen as a generalized increase
in signal intensity. Moreover, in T2-weighted images, the edema and hemorrhage at
the site of rupture are seen as an area of high signal intensity.
MANAGEMENT OF ACUTE AT RUPTURE

The management of acutely ruptured AT can be broadly classified into operative and
nonoperative82 and usually depends on the preference of the surgeon and the patient.
The surgical management consists of open or percutaneous repair, whereas the
conservative management consists of immobilization or functional bracing. More
evidence is available for the use of percutaneous techniques than for open
surgery,83,84 and also for the use of early mobilization.85–87

Surgical treatment has been the method of choice in the last 2 decades, especially
in athletes and young people and in cases of delayed ruptures, whereas conservative,
nonoperative management can be used in nonathletes.88 Open operative manage-
ment of acute AT ruptures significantly reduces the risk of rerupture compared with
nonoperative treatment, but is associated with a significantly higher risk of wound
healing problems,89 which can be reduced by performing surgery percutaneously.82,83

The objective of the management of AT rupture is to minimize the morbidity of the
injury, optimize rapid return to full function, and prevent complications. The complica-
tions can be rated as major or minor from their impact on daily life activities, and can
be divided into 3 categories: (1) wound complications, (2) general complications; and
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Fig. 1. Magnetic resonance imaging showing a complete AT rupture, identifying disruptions
of the signal within the tendon.
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(3) rerupture. Deep venous thrombosis, pulmonary embolism, and rerupture are the
most severe complications and may affect patients regardless of treatment.89
NONOPERATIVE MANAGEMENT

Conservative management and percutaneous repair can be considered viable alterna-
tives to open surgery, which is the most risky and costly of the 3 options.82 The choice
of the type of management should take into account the age, occupation, and level of
sporting activity of each patient.
Pels Leusden was the first to propose nonoperative management for AT rupture, in

the early 1900s.90 Immobilization in a below-knee plaster cast in gravity equinus posi-
tion for 4 weeks followed by a more neutral position for a further 4 weeks is considered
the most common nonoperative protocol of management of AT rupture.91–96 Other
investigators maintained the gravity equinus position for 2 weeks, followed by
a more neutral position for a further 2 weeks. After this period, a below-knee plaster
cast with the foot plantigrade is applied for a further 2 weeks, allowing weight bearing
for the last 2 weeks of this management regime. After 1 to 3 weeks of immobilization,
braces, splints, or shoes with limitation of dorsiflexion and increased heel height have
been used for functional rehabilitation.97–100 The reports on early functional treatment
suggest good functional outcome and low rerupture rates.101

In elderly patients, more than 70 years of age, who present chronic AT rupture,
physiotherapy alone can be used. These patients usually complain of weakness in
plantar flexion and of a strange gait, but they often adapt well to their disability.
Following immobilization, a profound alteration of muscle morphology and physi-

ology occur.102 Aside from the gastrocnemius muscle, which is a biarticular muscle
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able to move when a short leg cast is used, the soleus muscle is particularly suscep-
tible to immobilization. Because of the presence of a high proportion of type I muscle
fibers in the human soleus, it is particularly susceptible to atrophy if immobilized.103

Problems caused by immobilization may also occur after open operative manage-
ment, but not to the same extent as with nonoperative management. The calf circum-
ference greatly decreases after nonoperative management compared with operative
management.104 Moreover, following operative management, no significant difference
of calf circumference is seen compared with the uninjured contralateral tendon.104

However, patients with open operative repairs spend less time in plaster, and are
more often are serious athletes who comply well with postoperative management
(Fig. 2).

Immobilization

Plaster cast immobilization, usually for a period of 6 to 10 weeks, is most commonly
used,105 and the clinical outcome is comparable with operative management.94,106

Although function following nonoperative repair is generally good, the high incidence
of rerupture is considered unacceptable. Lea and Smith94 reported a rerupture rate of
13% in 55 spontaneously ruptured ATs, managed with below-the-knee cast immobi-
lization for 8 weeks with the foot in gravity equinus, followed by a 2.5-cm heel lift for
a further 4 weeks after cast removal. Persson and Wredmark96 reported a 35% rate
of rerupture in 20 patients managed nonoperatively. Moreover, at the final follow-
up, 16 patients had no complaints, the remaining 4 had only minor problems, and
7 patients, not necessarily those whose tendon had reruptured, were not satisfied
with the result. Using functional bracing, McComis and colleagues98 nonoperatively
treated 15 patients who had sustained a rupture of the AT. Good functional results
were achieved in all patients, suggesting that, in selected cases, functional bracing
may be a viable alternative to the use of plaster cast or operative intervention for
the management of acute ruptures of the AT.
SURGICAL MANAGEMENT
Percutaneous Repair

In 1977, Ma and Griffith107 were the first to propose percutaneous repair for the
management of AT ruptures, to find a compromise between open surgical and
nonsurgical management. After producing 6 small stab incisions across the medial
and lateral borders of the tendon, they passed a suture through the tendon using
Fig. 2. (A, B) Ruptures of the AT and results after conservative treatment with cast.
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these incisions. There were no reruptures, but 2 minor, noninfectious skin complica-
tions occurred. Similar results were obtained by FitzGibbons and colleagues108 con-
cerning rerupture rate; no skin infections occurred, but there was a case of sural
nerve injury. In our previous center in Aberdeen, United Kingdom, Rowley and Scot-
land109 described 24 patients with rupture of the AT, 14 treated by casting in equinus
position alone, and 10 treated by percutaneous repair. One patient with percuta-
neous repair suffered entrapment of the sural nerve, but no other complications
were encountered. Moreover, patients in the sutured group reached earlier normal
plantar flexion strength and normal activity than the group treated by cast alone. In
contrast, numerous investigators report a lower success rate with percutaneous
repair. Klein and colleagues110 reported sural nerve entrapment in 13% of 38
patients. Hockenbury and Johns111 performed an in vitro study using a transverse
tenotomy of the ATs extracted from 10 fresh frozen below-the-knee cadaver speci-
mens who received percutaneous AT repair or open AT repair. The specimens
were divided into 2 groups of 5 specimens each, 1 receiving open Achilles repair
using a Bunnell suture technique, the other undergoing percutaneous repair accord-
ing to the Ma and Griffith107 technique. The ATs undergoing open repair were able to
resist almost twice the amount of ankle dorsiflexion than those undergoing percuta-
neous repair before a 10-mm gap in the repaired tendon appeared (27.6� vs 14.4�,
P<.05). In addition, entrapment of the sural nerve occurred in 3 of 5 specimens
undergoing percutaneous repair and the tendon stumps were malaligned in 4 of 5
specimens. Since this study, percutaneous repair of AT ruptures has been associated
with approximately 50% of the initial strength guaranteed by open repair, and places
the sural nerve at higher risk for injury. Furthermore, in most studies, , percutaneous
repair is associated with a higher rerupture rate compared with open operative
repair.112 Also, high rates of transfixion of the sural nerve have been reported,109,111

with persistent paresthesias and the necessity of formal exploration to remove the
suture and free the nerve.110

In 2005, Webb and Bannister113 described a new percutaneous repair technique,
performed under local anesthesia using 3 midline transverse 2.5-cm incisions over
the posterior aspect of the AT. No reruptures or sural nerve injuries occurred at
a median interval of 35 months after the injury. We later modified this technique using
stronger absorbable sutures and a Kessler suture,114 and Carmont andMaffulli115 pre-
sented a modification of the previously described technique. This modification, which
uses 3 transverse incisions, minimizes the chance of sural nerve injury, allowing an
even less invasive approach to the tendon that permits the accurate apposition of
the tendon ends. Ismail and colleagues116 compared the mechanical properties of
the Achillon mini-incision technique with the long-established Kessler method,
concluding that the strength of the repair was related to tendon diameter and that
there were no differences between the two techniques. We prefer the Carmont and
Maffulli115 technique compared with the Achillon repair: the first procedure is cheaper,
and creates a stronger repair, because it allows the use of a greater number of suture
strands (8) for the repair of the AT. However, we conducted a biomechanical study
comparing the primary stability of Achillon repair and our modified percutaneous
repair115 on 18 (9 matched pairs) frozen ovine ATs, concluding that the Achillonlike
configuration and the modified percutaneous repair of ruptured AT provided similar
biomechanical performance.117

Despite the high risk of skin wound problems, several advantages are associated
with open surgical repair of AT ruptures, such as correct alignment of the torn tendon,
excellent functional results with less chance of rerupture, superior strength, and early
active mobilization.
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Percutaneous Repair Preferred by the Authors

The patient’s position is prone (Fig. 3).115 A 20-mL solution of 1% lignocaine is used to
infiltrate the areas 4 to 6 cm proximal and distal to the palpable tendon defect and the
skin over the lesion. Ten milliliters of Chirocaine 0.5% are infiltrated deep to the tendon
defect. A calf tourniquet is applied to exsanguinate the limb. The skin preparation and
draping are performed in a standard fashion. A size 11 blade is used to perform a 1-cm
transverse incision over the defect and 4 longitudinal stab incisions are made on the
lateral and medial aspects of the AT, 4 and 6 cm proximally to the palpable defect.
In addition, 2 longitudinal incisions on either side of the tendon aspect are made prox-
imally to the calcaneal insertion of the tendon. The tendon is then mobilized from the
subcutaneous tissue by means of forceps. A 9-cm Mayo needle (BL059N, #B00
round-point spring eye, B. Braun, Aesculap, Tuttlingen, Germany) is threaded with
2 double loops of number 1 Maxon (Tyco Healthcare, Norwalk, CT), and this is passed
transversely between the proximal stab incisions through the bulk of the tendon. The
Fig. 3. (A) A 9-cm Mayo needle (BL059N, #B00 round-point spring eye, B Braun, Aesculap,
Tuttlingen, Germany) is threaded with 2 double loops of number 1 Maxon (Tyco Healthcare,
Norwalk, CT), and is passed transversely between the proximal stab incisions through the
bulk of the tendon. (B, C) Each of the ends is then passed distally from just proximal to
the transverse Maxon passage through the bulk of the tendon to pass out of the diagonally
opposing stab incision. (D) Another double loop of Maxon is passed between the distal stab
incisions through the tendon and (E, F) in turn through the tendon and out of the transverse
incision starting distal to the transverse passage.
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bulk of the tendon is superficial. The loose ends are held with a clip. In turn, each of the
ends is then passed distally from just proximal to the transverse Maxon passage
through the bulk of the tendon to pass out of the diagonally opposing stab incision.
A subsequent diagonal pass is then made to the transverse incision over the ruptured
tendon. Clips are used to hold both ends of the Maxon, preventing entanglement. To
test the security of this suture, both ends of the Maxon are pulled distally. In addition,
the distal stab incision through the tendon is used to pass another double loop of
Maxon, and in turn through the tendon and out of the transverse incision starting distal
to the transverse passage. The ankle is held in full plantar flexion, and in turn opposing
ends of theMaxon thread are tied together with a double throw knot, and then 3 further
throws, before being buried using forceps. To maintain the tension of the suture,
another clip is used to hold the first throw of the lateral side. The transverse incision
is closed with a subcuticular Biosyn suture 3.0 (Tyco Healthcare) and Steri-strips
(3M Health Care, St Paul, MN) are used to close the stab incisions. At the end,
a Mepore dressing (Molnlycke Health Care, Gothenburg, Sweden) is applied, and
a bivalved removable scotch cast with Velcro straps is used to position the foot in
full plantar flexion.

Open Surgical Repair

In recent years, open surgical repair was considered the gold standard for the
management of AT ruptures in young, fit individuals (Fig. 4). Moreover, the numerous
advances in surgical techniques, such as in postoperative rehabilitation protocols,
have encouragedmany surgeons to favor direct tendon repair.39 In addition, the excel-
lent results of surgical repair concerning rerupture rates and tendon strength, such as
calf trophism, may help many athletes to return to preinjury physical activities.
Different operative techniques can be performed to repair ruptured ATs, ranging

from simple end-to-end suturing by Bunnell or Kessler sutures, to more complex
repairs using fascial reinforcement or tendon grafts,118 artificial tendon implants,
materials such as absorbable polymer–carbon fiber composites,119 xenograft ECM
scaffolds,120,121 Marlex mesh, and collagen tendon prostheses.122 Primary augmenta-
tion of the repair with the plantaris tendon,123 a single central or 2 (1 medial, 1 lateral)
gastrocnemius fascial turndown flaps,124 the peroneus brevis tendon,125 the gracil
tendon,126 the bone-patellar tendon,127 the bone-quadriceps tendon,128 the semite-
ndinosus tendon,129 and the free hamstring tendon transfer130 was also performed.
However, there is no evidence that, in acute AT ruptures, this is better than a nonaug-
mented end-to-end repair.131 Platelet–rich plasma (PRP) has also been used alone for
the management of chronic AT tendinopathy,132 or in association with open repair in
case of acute AT ruptures (Fig. 5).133 Randomized control trials that evaluated the role
Fig. 4. (A, B) Open surgical repair of an acute AT rupture.
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of PRP in acutely ruptured AT or in chronic AT tendinopathy concluded that PRP is not
useful for the management of these disorders.132,133 In our opinion, the use of
augmentation should be preferred only when dealing with delayed repairs, chronic
tears, and in the management of reruptures.125,126,134–139
POSTOPERATIVE MANAGEMENT

Patients canbedischarged2days after or the samedate as the operation, if any compli-
cationoccurs.Anorthopedicphysiotherapist should instruct thepatient tousecrutches.
Patients are allowed to bear weight on the operated leg as tolerated. In addition, is
important to tell the patient to keep the affected leg elevated for as long as possible
to prevent swelling. Patients are followed on an outpatient basis at 2-week intervals,
and the cast is removed 6 weeks after the operation.85,86 In case of application of
a cast with the ankle in equinus, after this period it is changed, putting the ankle in grad-
ually increasing dorsiflexion, until plantigrade, after 2 and 4 weeks. The cast is then
removed 6 weeks after the operation.140 After the 6-week immobilization period,
patients should weight bear partially, and gradual stretching and strengthening exer-
cises are allowed. Full weight bearing is not advised before 8 to 10 weeks after surgery.
During theperiod in thecast, gentle isometriccontractionsof thegastro-soleuscomplex
must be started, especially afterweight bearing hasbecomecomfortable. After removal
of the cast, patients should start to mobilize the ankle and, after 2 weeks, cycling and
swimming are permitted, also continuing the active ankle mobilization exercises.
Patients usually return to their normal sports activity 4 months after the surgery.85–87

In athletes, postoperative management must be different from that provided for
nonathletic patients. The ankle must be immobilized in equinus position with an ante-
rior below-knee plaster-of-Paris slab. Patients are usually discharged on the same day
or the day after the operation. They are allowed to toe-touch weight bear on the oper-
ated limb as tolerated. They are also advised to keep the operated leg elevated for as
long as possible, to reduce postoperative swelling. After 48 to 72 hours, when the
postoperative swelling should be significantly reduced, patients are seen in the plaster
room to change the plaster-of-Paris slab with an anterior below-knee synthetic slab
with the ankle in gravity equinus. The slab is kept in place by an elastic bandage, which
allows plantar flexion of the ankle, whereas dorsiflexion is limited by the foot piece of
the slab. Patients must use crunches and are allowed to weight bear as tolerated. The
slab is changed at the second postoperative week so that the ankle can dorsiflex to
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neutral, and dorsiflexion is limited until the sixth week, when the slab is removed.
When high-level, well-motivated athletes are compliant, they can usually return to
some training 6 to 8 weeks after the removal of the anterior slab. The anterior slab
can be substituted with a hinged orthosis, which is more expensive than a simple
synthetic cast but can be reused. Moreover, free ankle motion after repair of AT
provided by a patellar tendon bearing plaster cast with a protecting frame under the
foot, allowing weight bearing immediately after surgery, is also safe and associated
with satisfactory clinical results.141 The preinjury level of sporting activity is usually
reached 4 months after surgery.85–87

OUTCOME EVALUATION

The variables usually studied after AT rupture are complications to treatment, calf
muscle strength, patient satisfaction, endurance, tendon configuration, impact of AT
rupture on absence from work, and impact on sports participation. Overall, outcome
measurements using 100-point scoring systems have been used.4,98,142,143 The major
limitation to their common use has been that the scores include dynamometry testing,
which are not widely available in routine clinical practice.
The AT Total Rupture Score144 can be a good solution to resolve this problem. It is

a patient-reported instrument for measuring outcome after treatment of total AT
rupture. It is a self-administered instrument with high clinical usefulness, and it has
been suggested for measuring the outcome, related to symptoms and physical
activity, after treatment in patients with total AT rupture.

SUMMARY

In recent decades, the incidence of AT rupture has increased, whereas the evidence
for best management is still debated, and several options are still challenging. In
elderly or a few selected patients, conservative management and early mobilization
achieves excellent results but the associated rerupture rate is not acceptable in young
individuals. Open surgery is frequently associated with higher risk of superficial skin
breakdown and wound problems, which can be prevented by performing percuta-
neous repair. Percutaneous repair, performed under local anesthesia and followed
by early functional rehabilitation, is becoming increasingly common, and may be
considered in selected patients. However, several percutaneous techniques are
proposed by different investigators, and there is a lack of appropriate trials that
show which of these is the best. More randomized controlled trials are awaited to
clarify the issues and disputes discussed in this article.
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