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Achilles tendinopathy is common inbothathletic andnonathletic individuals, and the incidence
has risen in the last few decades. Although Achilles tendinopathy has been extensively
studied, there is a clear lack of properly conducted scientific research to clarify its cause,
pathology, natural history, and optimal management. The treatment of Achilles tendinopathy
lacks evidence-based support, and individuals having tendinopathy are at risk of long-term
morbidity with unpredictable clinical outcome. Most patients respond to conservative treat-
ments. When conservative management is unsuccessful, surgery is recommended. Similar
results have been reported with both open and minimally invasive techniques. However,
minimally invasive techniques appear to reduce the risks of infection and provide better
cosmetic results. An Achilles tendon rupture is frequent in young athletes and middle-aged
people who practice recreational activities, and it is a serious injury. The management should
take into account the age, occupation, and level of sporting activity. Open surgery provides
good functional results and a lower rerupture rate, but it is frequently associated with a higher
risk of superficial skin breakdown and wound problems. Percutaneous repair aims to provide
good functional outcome while decreasing the problems associated with open surgery for
wound healing and skin breakdown. Percutaneous repair followed by early functional
rehabilitation is becoming increasingly common and should be considered in selected
patients.
Oper Tech Sports Med ]:]]]-]]] C 2014 Elsevier Inc. All rights reserved.
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Introduction

Achilles tendinopathy and rupture can occur in athletes.
Achilles tendinopathy is a clinical condition characterized

by both pain and pathologic changes in and around the
tendons. In the past 3 decades, the incidence of Achilles
tendinopathy has risen because of greater participation in
sporting activities. It is estimated to occur in approximately
7%-9% of top-level runners. A 10-fold increase in Achilles
tendon (AT) injuries has been reported in runners when
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compared with that in age-matched controls.1 Achilles tendin-
opathy is also common among people participating in racquet
sports, track and field, volleyball, and soccer. However, the
condition is by no means confined to athletes. In a recent
study, 31% of 58 patients with Achilles tendinopathy did not
participate in sports activities.2

Acute AT ruptures are frequent in young athletes and
middle-aged people who practice recreational activities.3 Most
of these injuries occur in soccer, tennis, badminton, and
squash players, but 25% of ruptures occur in sedentary
patients as well. The incidence rate ranges from 6-18 per
100,000 per year.3 Although the rupture seems to occur
because of a traumatic injury on a healthy tendon, in reality, it
is caused by an eccentric contraction on a pathologic asymp-
tomatic tendon.4

Etiology and Pathophysiology
The etiology of Achilles tendinopathy remains unclear, and
many predisposing factors have been proposed. AT injury can
be acute or chronic, and it is caused by either intrinsic or
1
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extrinsic factors. In acute trauma, extrinsic loads exceed the
tensile strength of the tendon. Extrinsic factors such as
increased frequency and duration of training have been
associated with Achilles tendinopathy. Changes in training
pattern; poor technique; previous injuries; footwear; and
environmental factors, such as training on hard, slippery, or
slanting surfaces,may predispose the athlete to this condition.5

However, a retrospective study showed that tendinopathy was
not necessarily associated with the level of physical activity.6

Fluoroquinolones and corticosteroids have been implicated as
risk factors in tendinopathy. Ciprofloxacin causes enhanced
interleukin-1β–mediated matrix metalloproteinase 3 (MMP3)
release, inhibits tenocytes proliferation, and, as does cortico-
steroids, reduces the collagen and matrix synthesis.7

Intrinsic factors include alteration of lower limb function,
biomechanics, sex, age, and genetics. Lower limb alignment
and biomechanical faults are claimed to play a causative role in
two-thirds of athletes with AT disorders. In particular, hyper-
pronation of the foot has been linked with an increased
incidence of Achilles tendinopathy.8 The incidence of tendin-
opathy is lower inwomen than that inmen, and estrogen levels
might play an important role in tendon homeostasis.7Women
showed a lower risk of tendinopathy during premenopausal
years than men did, but after menopause, this risk increases.9

Postmenopausal estrogen deficiency seems to downregulate
collagen turnover and decrease the elasticity in the tendons.
Cook et al10 reported that AT health of women using hormone
replacement therapy was better than that of the controls. An
animal study showed poorer AT healing in estrogen-deficient
rats comparedwith that in controls.11 Little is known about the
effect of estrogen on tenocytes. A recent in vitro study showed
that proliferation and tenocyte biosynthesis are negatively
affected by age and estrogen deficiency.12 Tenocytes from
excised ovary and old rats showed a significantly lower
proliferation rate, decreased collagen type I synthesis, and
overexpression ofMMP comparedwith that in young controls,
showing that aging and,more significantly, estrogen levelsmay
affect tendon metabolism and healing.
Age and some metabolic diseases, such as diabetes mellitus

and obesity, are also predisposing factors. Connective tissue
aging is associated with compromised tissue function,
increased susceptibility to injury, and reducedhealing capacity.
This has been partly attributed to collagen cross-linking by
advanced glycation end products (AGEs) that accumulate with
both age and chronic diseases, particularly diabetes mellitus.13

Protein glycation is a spontaneous reaction depending on the
degree and duration of hyperglycemia, the half-life of the
protein, and permeability of the tissue to free glucose. Glycated
proteins can undergo further reactions giving rise to poorly
characterized structures called AGEs.13 AGEs are complex,
heterogenous molecules that cause protein cross-linking,
which alter physical characteristics of collagen fibers. In
tendons, AGE formation has been shown to affect the
interactions between collagen fibers, extracellular matrix
(ECM) protein, and tenocytes.14 These changes have been
associated with both reduced healing capacity and altered
mechanical properties of connective tissues. The effects of
AGEs on the mechanical properties of tendon collagen fiber
have been recently studied in a rat model.15 The formation of
AGEs would change the way a tendon reacts to loading,
significantly reducing collagen fiber sliding in particular.
Conversely, tendons try to compensate for this loss of function
by increasing collagenfiber stretch,whichmayhave potentially
important implications for predisposing collagen fibrils to
damage during everyday use. The tissue stiffness does not
appear to be significantly affected. Therefore, physiological
loads in the tendons of patients who are aged and diabetic
could involve fiber “overstretching” that leads to accelerated
accumulation of damage.
These findings may have important clinical consequences,

because middle-aged people who are used to playing sports
regularly do not change their habits, but changes in the
physiology and function of connective tissues begin to occur,
and this leads to a higher rate of tendon injury.
The physiopathology of tendinopathy in patients with

obesity is yet to be understood, but some studies show that
obesity may affect tendon health and reduce its healing
ability.16 Many authors consider obesity as a risk factor for
tendon injury,17 andpoorer outcomes have been reported after
arthroscopic rotator cuff repair in patients with obesity than
that in controls.16 Anatomical studies show that AT thickness
is significantly higher in individuals with obesity than in
control groups,18 and ultrasound images showed thicker and
hypoechogenic tendons in subjects with obesity compared
with that in normal people.19 Histologic changes have been
observed in animal studies. Lipid drops accumulate in the
ECM.20 During ultrastructural analysis by transmission elec-
tron microscopy, disorganized collagen fibrils can be observed
in the ECM of tendons in obese animals.21 Low levels of
glycosaminoglycans (chondroitin and dermatan sulfate),
which play an important role in the regulation of the ECM
and collagen fibrillogenesis, have been detected, whichmay be
responsible for the inadequate deposition and organization of
collagen fibrils.22 Finally, obesity is frequently associated with
other pathologies, such as diabetes mellitus and insulin
resistance, which may also play a role in tendon pathology.
Changes in the expression of genes, regulating cell-cell and

cell-matrix interactions in Achilles tendinopathy, have been
reported, with downregulation of MMP3 and upregulation of
MMP2 messenger RNA in tendinopathic AT samples.23
Clinical Presentation
Pain is the main symptom of Achilles tendinopathy. Pain
occurs at the beginning and a short while after the end of a
training session, with a period of diminished discomfort in
between. As the pathologic process progresses, painmay occur
during the entire exercise session, and in severe cases, it may
interfere with activities of daily living. Although significant
advances have been made for understanding the pathologic
changes in both the ECM and the tenocytes, relatively little is
known about pain. Traditionally it has been thought to arise
through inflammation or via collagen fiber degeneration.
However, chronically painful ATs have no evidence of
inflammation, and many tendons with intratendinous pathol-
ogy detected on magnetic resonance (MR) or ultrasound



Figure 1 The knee flexion test. The foot on the affected side falls into
the neutral or dorsiflexionposition. (Color versionoffigure is available
online.)
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images are not painful. Pain seems to be related to changes in
neuronal regulation. Substance P is a neuropeptide, which
involves an important function in pain perception. The sensory
function of substance P is thought to be related to the
transmission of pain information into the central nervous
system.24 It coexists with the excitatory neurotransmitter
glutamate in primary afferents that respond to painful stim-
ulation.24 Recent researches showed changes in the peripheral
neuronal phenotype in painful human tendinopathy. A
significant upregulation of the excitatory glutaminergic system
and a significant increase in sensory neuropeptide expression
have been found, in addition to changes in the molecular
morphology of tenocytes, blood vessels, and nerves.25 In
rotator cuff tendinopathy, substance P has been shown to
correlate with pain, and the neural density in the subacromial
bursa has been shown to correlate with rest pain.25 An
increased release of substance P was found in pathologic
ATs26,27 in animal studies. So the peripheral neuronal pheno-
type is currently considered an important factor in the patho-
genesis of painful human tendinopathy.
In the acute phase, the tendon is diffusely swollen and

edematous, and on palpation, tenderness is usually greatest at
2-6 cm proximal to the tendon insertion.1 In chronic cases,
exercise-induced pain is still the cardinal symptom, but
crepitation and edema diminish. In most patients, simple
single-leg heel raises are sufficient to cause pain. The differ-
ential diagnoses include tendinopathy or dislocation of the
peroneal tendon, tendinopathy of plantar flexor tendons,
irritation or neuroma of the sural nerve, and systemic
inflammatory disease.
In case of an acute AT rupture, patients often give a history

of feeling a blow to the posterior aspect of the leg and may
describe an audible snap followed by pain and the inability to
walk. A gap in the AT is usually palpable. Active plantar flexion
of the foot is usually preserved because of the action of the
tibialis posterior and the long toe flexors. The calf squeeze test,
first described by Simmonds in 195728 but often credited to
Thompson, is performedwith the patient prone and the ankles
clear of the table. The examiner squeezes the fleshy part of the
calf, causing deformation of the soleus, resulting in plantar
flexion of the foot if the AT is intact. The affected leg should be
compared with the contralateral leg. The knee flexion test is
performed with the patient prone and the ankles clear of the
table.29 The patient is asked to actively flex the knee to 901.
During this movement, the foot on the affected side falls into
the neutral or the dorsiflexion position, and a rupture of the AT
can be diagnosed (Fig. 1).
Imaging Methods
Achilles tendinopathy is a clinical diagnosis mainly based on a
careful history recording and detailed clinical examination.
However, at times, diagnostic imaging may be required to
verify a clinical suspicion or occasionally to exclude other
musculoskeletal disorders.30

Ultrasonography is widely used. It is easily available, quick,
safe, and inexpensive. However, ultrasound is operator
dependent, has somewhat limited soft tissue contrast, and is
not as sensitive as MR imaging (MRI).30 Color and power
Doppler have recently added a new dimension to standard
ultrasound tendon imaging.31

MRI is also a helpful diagnostic study. It provides extensive
information on the internal morphology of tendons and the
surrounding structures. An excellent correlation between MRI
and pathologic findings at surgery has been reported.32
Management of Achilles
Tendinopathy
Conservative Treatment
The initial management of Achilles tendinopathy is nonoper-
ative. Conservative management would include activity mod-
ification and correction of training errors. Treatments that have
been investigated with randomized controlled trials include
nonsteroidal anti-inflammatory medication (nonsteroidal anti-
inflammatory drug [NSAID]), eccentric exercise, glyceryl
trinitrate patches, electrotherapy (microcurrent and micro-
wave), sclerosing injections, and shock wave treatment
(SWT).33

Modification of foot posture in some patients can reduce
pain and increase the capacity to load the tendon.34 An
orthosis that places the hindfoot in neutral position may prove
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beneficial. A heel lift of 12-15 mm is classically used as an
adjunct to the management of AT pain.
Cryotherapy has been regarded as amost useful intervention

in the acute phase of Achilles tendinopathy, as it has an
analgesic effect, reduces the metabolic rate of the tendon, and
decreases the extravasation of blood and protein from new
capillaries found in tendon injuries.
Eccentric muscle training for treatment of Achilles tendin-

opathy has been recommended since the mid-1980s,35 and it
has been demonstrated to be superior to controls.36,37 Several
studies reported good short- and long-term results after
eccentric training.38-40 However, not all trials have had
favorable results. In 2006, Sayana and Maffulli41 studied the
effects of eccentric exercises in sedentary nonathletic patients.
Of the 34 patients with a clinical diagnosis of unilateral
tendinopathy of the main body of the AT, 44% did not
improve with the eccentric exercise regimen.
SWT is effective in Achilles tendinopathy.42 Lohrer et al43

reported significant pain reduction and increased functionality
in patients with Achilles tendinopathy who received radial
SWT. In a small, randomized, double-blinded, placebo con-
trolled trial consisting of 39 patients, Peers reported a 77%
success rate at 12-week follow-up.44 In a recent randomized
controlled trial, Rompe et al45 compared the effectiveness of 3
management strategies. Group 1 was treated with eccentric
loading exercises, group 2 was treated with repetitive low-
energy SWT, and group 3 was treated with a “wait-and-see”
approach. All 75 enrolled patients had received unsuccessful
management with traditional nonoperative methods for a
minimum of 3 months. At 4 months from baseline, the
VISA-A score increased in all groups and pain rating decreased
in all groups. For all outcomemeasures, groups 1 and2did not
differ significantly and showed significantly better results than
group 3 did.
NSAIDs are widely used in themanagement of acute athletic

injuries. The evidence to support enhanced healing is limited.
Some data suggest that NSAIDs impair tendon healing. In a
study, they were shown to inhibit tendon cell migration and
proliferation.46 They had little or no effect on the clinical
outcome.47
High-Volume Injections for theManagement of
Achilles Tendinopathy
High-volume image-guided injections (HVIGIs) target the
neurovascular bundles growing from the paratenon into
the AT. HVIGIs produce local mechanical effects, causing the
neovessels to break or occlude, with pain relief that could also
be explained by the destruction of sensory nerves. Denervation
of the AT by releasing the paratenon may be the most
important part of this procedure. Several substances have been
injected in and around tendons, including normal saline,
corticosteroids, and local anesthetics. In preliminary studies in
patients with recalcitrant tendinopathy, HVIGIs decreased the
extent of pain perceived by them and improved functional
activities in the short and long term.48,49 Amixture of 10 mLof
0.5%bupivacaine hydrochloride and 25 mg of hydrocortisone
acetate can be used in chronic Achilles tendinopathy,
immediately followed by 4 � 10 mL of injectable normal
saline. Hydrocortisone acetate is used to prevent the inevitable
acutemechanical inflammatory reaction produced by the large
amount of fluid injected in the proximity of the tendon. The
injection is performed under ultrasound guidance to avoid
intratendinous corticosteroid injections. Patients are allowed to
walk on the injected leg immediately, but they are strictly
advised to refrain from high-impact activity for 72 hours. After
this period, they are instructed to restart a heavy eccentric
loading physiotherapy regime twice daily. Good results have
been reportedwith this technique at short-term follow-up.48 In
a recent study, aprotinin has been used for HVIGIs with
significant improvement in the VISA-A score, a relatively high
rate of return to sport in athletic patients, and no serious
adverse events at 1-year follow-up.50 However, although
HVIGI seems to be an effective and safe procedure, it warrants
further investigation to understand the basis of its effects and to
better study its role in the management of Achilles
tendinopathy.
Surgery for Midportion Achilles
Tendinopathy
In 24%-45.5% of patients with Achilles tendinopathy, con-
servative management is unsuccessful and surgery is recom-
mended after at least 6 months of conservative management.41

The frequency of surgery has been shown to increase with
patient age, duration of symptoms, and occurrence of tendi-
nopathic changes. Long-standing Achilles tendinopathy is
associated with poor postoperative results with a greater rate
of reoperation before reaching an acceptable outcome.51 Both
mini-invasive and open surgical techniques have been
described.
Percutaneous Longitudinal Tenotomy
Percutaneous longitudinal tenotomy can be usedwhen there is
no paratenon involvement andwhen the intratendinous lesion
is smaller than 2.5-cm long, assessed by MRI or ultrasounds.
The procedure is performed under ultrasound guidance. The
procedure can be performed as an outpatient case. The patient
lies prone on the operating table with the feet protruding
beyond the edge and the ankles resting on a sandbag. A
bloodless field is not necessary. The tendon is accurately
palpated and the area of maximum swelling or tenderness is
marked and checked again by US scanning. The skin and the
subcutaneous tissues over the AT are infiltrated using 10-
15 mL of plain 1% lidocaine. A number 11 surgical scalpel
blade is inserted parallel to the long axis of the tendon fibers in
the marked area in the center of the region of tendinopathy.
The cutting edge of the blade points caudally and penetrates
the whole thickness of the tendon (Fig. 2). Keeping the blade
still, a full passive ankle dorsiflexion movement is produced
(Fig. 3). The scalpel blade is then retracted to the surface of the
tendon, inclined 451 on the sagittal axis and inserted medially
through the original tenotomy (Fig. 4). Keeping the blade still,
a full passive ankleflexion is produced. Thewhole procedure is



Figure 2 A number 11 scalpel blade inserted into the predetermined
area with the blade edge pointing cranially.
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repeated by inclining the blade 451 laterally to the original
tenotomy. Keeping the blade still, a full passive ankle flexion is
produced. The blade is then partially retracted to the posterior
surface of the AT and reversed 1801, so that its cutting edge
now points cranially, and the whole procedure is repeated
taking care to dorsiflex the ankle passively. Preliminary
cadaveric studies showed that a tenotomy that is 2.8-cm long
on average is obtained through a stab wound in themain body
of the tendon. A Steri-Strip can then be applied on the stab
wound. The wound is dressed with cotton swabs, and a few
layers of cotton wool and a crepe bandage are used.
After surgery, early active dorsiflexion and plantar flexion of

the foot is encouraged. On the second postoperative day,
patients are allowed to walk using elbow crutches, weight
bearing as able, and full weight bearing is allowed after 2 or
3 days when the bandage is reduced to a simple adhesive
plaster over the wounds. Stationary bicycling and isometric
concentric and eccentric strengthening of the calf muscles are
started under physiotherapy guidance after 4 weeks.
Figure 3 The blade penetrating thewhole thickness of the Achille
produced.
Swimming andwater running are encouraged from the second
week. Gentle running is started 4-6 weeks after the procedure,
and the mileage is gradually increased.
Excellent and good results have been reported in 63% of

athletes with unilateral Achilles tendinopathy treated with
ultrasound-guided percutaneous longitudinal tenotomy after
failure of conservative management without experiencing
significant complications.52 This technique is simple, can be
performed on an outpatient basis, requires minimal follow-up
care, and does not hinder further surgery if necessary.
Minimally Invasive Stripping for Chronic
Achilles Tendinopathy
In this procedure, 4 skin incisions are made. The first 2
incisions are 0.5-cm longitudinal incisions at the proximal
origin of the AT, just medial and lateral to the origin of the
tendon. The other 2 incisions are also 0.5-cm long and
longitudinal, but 1 cm proximal to the distal end of the tendon
insertion on the calcaneus. A mosquito forceps is inserted in
the proximal incisions (Fig. 5), and the AT is freed of the
peritendinous adhesions. A number 1 unmounted Ethibond
suture is inserted proximally, passing through the 2 proximal
incisions (Fig. 6). The Ethibond suture is retrieved from the
distal incisions (Fig. 7), over the posterior aspect of the AT.
Using a gentle seesaw motion, the Ethibond suture thread is
made to slide posterior to the tendon (Fig. 8), which is stripped
and freed from the fat of the Kager triangle.
The procedure is repeated for the posterior aspect of the AT.

If necessary, using a number 11 blade, longitudinal percuta-
neous tenotomies parallel to the tendon fibers are made.
s tendon, and a full passive ankle dorsiflexionmovement is



Figure 4 The procedure is repeated with the blade inclining at 451
medial and 451 lateral to the original tenotomy.

Figure 5 A mosquito forceps is inserted in the proximal incisions.
(Color version of figure is available online.)

Figure 6 A number 1 Ethibond suture is inserted proximally, passing
through the 2 proximal incisions over the anterior aspect of the
Achilles tendon. (Color version of figure is available online.)

N. Maffulli et al.6
The subcutaneous and subcuticular tissues are closed in a
routine fashion. A cam boot can be used if necessary. Post-
operatively, patients are allowed to mobilize with full weight
bearing, and after 2 weeks, they can start physiotherapy.
The rationale behind the current management modality is

that the sliding of the suture breaks the neovessels and the
accompanying nerve supply, thus decreasing pain. This
minimally invasive technique reduces the risks of infection
and is technically easy to master and inexpensive. It may
provide a greater potential for the management of recalcitrant
Achilles tendinopathy by breaking neovessels and the accom-
panying nerve supply to the tendon.53 It can be associatedwith
other minimally invasive procedures to optimize results.
Figure 7 The Ethibond suture is retrieved from the distal incisions.
(Color version of figure is available online.)



Figure 8 The Ethibond suture is slid over the anterior aspect of the
Achilles tendon with a gentle seesaw motion. The whole process is
repeated over the posterior aspect of the tendon. (Color version of
figure is available online.)

Figure 10 Appearance at the end of the procedure. (Color version of
figure is available online.)
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Open Surgery
Under regional or general anesthesia, the patient is placed
prone with the ankles clear of the operating table. The limb is
exsanguinated, and the tourniquet is inflated to 250 mm Hg.
The incision is made on the medial side of the tendon to avoid
injury to the sural nerve and the short saphenous vein. The
skin edges of the incision should be handledwith extreme care,
as wound healing problems are serious. The paratenon is
identified and incised. In patients with evidence of coexisting
paratendinopathy, the scarred and thickened tissue is generally
excised. The tendon is incised sharply in line with the tendon
fiber bundles. The tendinopathic tissue can be identified as it
generally has lost its shiny appearance and it frequently
contains disorganized fiber bundles that have more of a
“crabmeat” appearance. This tissue is sharply excised (Fig. 9).
The remaining gap can be repaired using a side-to-side repair,
but the authors leave it unsutured (Fig. 10). If significant loss of
tendon tissue occurs during the debridement, a tendon
augmentation or transfer could be considered, although the
authors find that this is rarely necessary. Then, the subcuta-
neous tissue is sutured with absorbable material and the skin
edges are juxtaposed with Steri-Strips and a routine
Figure 9 The tendinopathic tissue is excised. (Color version of figure is
available online.)
compressive bandage. The limb is immobilized in a below-
knee synthetic cast with the foot plantigrade.
A period of initial splinting and crutch-walking is generally

used to allow pain and swelling to subside after surgery. After 2
weeks, the wound is inspected and motion exercises are
initiated. The patient is encouraged to start daily active and
passive ankle range-of-motion exercises. The use of a remov-
able walker boot can be helpful during this phase. Weight
bearing is allowed according to the degree of debridement
needed at surgery, and early weight bearing is encouraged.
However, extensive debridements and tendon transfers may
require protected weight bearing for 4-6 weeks postopera-
tively. After 6-8 weeks, more intensive strengthening exercises
are started, gradually progressing to plyometrics and eventually
running and jumping.
Successful results have been reported with this surgical

procedure. A systematic review of the literature showed
successful results in more than 70% of cases,54 but these
relatively high success rates are not always observed in clinical
practice. This is probably because of the poormethod scores of
many articles. Patients should be informed of the potential
failure of the procedure, risk of wound complications, and
occasional prolonged recovery time. Possible complications of
this surgical procedure are wound healing problems, infection,
sural nerve injury, rupture of the AT, and deep vein
thrombosis.
Management of AT Ruptures in
Athletes
Acute AT rupture is a serious injury. Most (75%) acute
ruptures occur during recreational activities in men aged
between 30 and 40 years, but 25% of ruptures occur in
sedentary patients.55 The incidence ranges from 6-18 per
100,000 per year.56Management of acute ruptures of the AT is
still controversial. In conservatively managed patients, healing
in a lengthened position may result in loss of calf muscle
strength. In addition, incomplete healing of the gap between
the tendon stumps may contribute to the high rerupture rate.
More recent literature reports a rerupture rate up to 13% in



Figure 12 Another double loop of the Maxon suture is then passed
between the most distal stab incision through the tendon. (Color
version of figure is available online.)
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patients treated conservatively,57 which is not acceptable to the
authors in young and active patients. We feel that operative
management provides a lower rerupture rate, early functional
treatment, less calf atrophy, and stronger push off than
nonsurgical treatment does.
Open, minimally invasive, and percutaneous procedures

have been successfully used. Open surgery provides good
strength to the repair, low rerupture rates, and reliably good
endurance and power to the gastrocnemius-AT complex.58

However, open surgical approaches result in a high risk of
infection and morbidity. Review articles and meta-analysis
show high costs and a 20-fold higher rate of complications in
open procedures than that in conservative treatment.59 There-
fore, minimally invasive and percutaneous procedures have
been successfully used to avoid these complications.Minimally
invasive repair allows one to see the tendon stumps through a
small incision over the defect, although the sutures themselves
may be passed through stab incisions. With percutaneous
repair, the tendon stumps are not seen directly. The resting
tone of the ankle and a calf squeeze test or visualization by
ultrasound or endoscopy indicates the restoration of the
tendon continuity. These techniques provide many advan-
tages, such as less iatrogenic damage to normal tissues; lower
postoperative pain; accurate opposition of the tendon ends,
thusminimizing surgical incisions; and improved cosmetics. A
recent systematic review reported a rate of superficial infections
of 0.5% and 4.3% after minimally invasive and open surgery,
respectively.58 Shorter hospitalization time and average time to
return to working activities were also found. The functional
outcomes were not significantly different between minimally
invasive and open surgeries. A potential complication of
percutaneous AT repair is sural nerve injury.
Minimally Invasive AT Repair
A 1-cm transverse incision is made over the defect using a
number 11 blade. In this technique, 4 longitudinal stab
incisions are made lateral and medial to the tendon, 6 cm
proximal to the palpable defect. Furthermore, 2 or 4 longi-
tudinal incisions aremade on either side of the tendon, 4-6 cm
distal to the palpable defect. Forceps are then used to mobilize
the tendon from beneath the subcutaneous tissues. A 9-cm
Mayo needle is threaded with 2 double loops of a number 1
Figure 11 A 9-cm Mayo needle is threaded with 2 double loops of a
number 1 Maxon suture, and this is passed transversely between the
most proximal stab incision through the bulk of the tendon. (Color
version of figure is available online.)
Maxon suture, and this is passed transversely between themost
proximal stab incision through the bulk of the tendon
(Fig. 11). The bulk of the tendon is surprisingly superficial.
The loose ends are held with a clip. In turn, each of the ends is
then passed distally from proximal to the distal transverse
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. To prevent entanglement, both the ends of theMaxon
suture are held in separate clips. This suture is then tested for
security by pulling with both its ends distally. Another double
loop of the Maxon suture is then passed between the most
distal stab incision through the tendon (Fig. 12), and in turn
through the tendon and out of the transverse incision starting
distal to the transverse passage (Figs. 13 and 14). The ankle is
held in full plantar flexion, and in turn, the opposing ends of
the Maxon thread are tied together with a double throw knot,
and then 3 further throws before being buried using the
forceps. A clip is used to hold the first throw of the lateral side
to maintain the tension of the suture. We use a 3-0 VICRYL
suture to close the transverse incision and Steri-Strips to close
Figure 13 The double loop of the Maxon suture is passed in turn
through the tendon and out of the transverse incision, starting distal to
the transverse passage and then out the incision at the rupture site.
(Color version of figure is available online.)



Figure 14 The suture’s path. AT, Achilles tendon.
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the stab incisions. A nonadherent dressing is applied. A full
plaster cast is applied in the operating room with the ankle in
physiological equinus. The cast is split on both medial and
lateral sides to allow for swelling. The patient is discharged on
the same day of the operation.
Excellent results have been reported in 17 elite athletes after

percutaneous surgical repair of their AT rupture.60 All patients
came back to compete at a high level, and the average time to
return to full sport participation was 4.8 months (range: 3.2-
6.5).
Conclusion
Tendinopathy of the AT is common both in athletic and
nonathletic individuals. Most patients respond to conservative
treatments. When conservative management is unsuccessful,
surgery is recommended. Successful results have been reported
with an open surgical procedure, but patients should be
informed of the long recovery time andpossible complications.
Minimally invasive techniques show good results, thus reduc-
ing the risk of infection. They are technically easy to perform
and relatively inexpensive. They can be associated with other
minimally invasive procedures to optimize results and should
be considered for treatment of Achilles tendinopathy.
Acute AT rupture is a serious injury for athletes. The

management should take into account the age, occupation,
and level of sporting activity of the patient. Open surgery is
frequently associated with a higher risk of superficial skin
breakdown andwound problems, which can beminimized by
performing a percutaneous repair. Percutaneous repair fol-
lowed by early functional rehabilitation is becoming increas-
ingly common and should be considered in selected patients.
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