
Introduction

The Achilles tendon (AT) is the strongest tendon in the
human body with a tensile strength in the order of 50-
100 N/mm (1, 2). It is formed from the joining of the two
tendons of soleus (dorsally) and gastrocnemius (ven-
trally). Despite its strength, the AT is the most frequent-
ly ruptured tendon in the body. Tendon fibres begin to
disrupt after a length increase of 3-4% and rupture after
an increase of 8%. Ruptures usually occur between 2-6
cm of its insertion into the superior surface of the calca-
neus, a relatively hypovascular area (3, 4). The major
blood supply to tendons is from the mesotendon, and
the largest supply is from the anterior mesentery (5).
The tendon is at the greatest risk of rupture when the it
is obliquely loaded, the muscle is contracting maximal-
ly, and tendon length is short.6 This usually occurs as a
result of pushing off with the foot against resistance,
and occurs most frequently in males in their fourth
decade. 

The aetiopathogenesis of AT rupture is unknown,
but histological evidence of failed healing response is
relatively common. McMaster suggested that normal
tendons do not rupture (6). Tallon et al. (7) showed that
both tendinopathic and ruptured tendons had a greater
degree of histological evidence of failed healing re-
sponse compared with normal tendons, and that the
degree of degeneration in the ruptured group was sta-
tistically greater than in the tendinopathic group. AT
rupture has also been associated with steroid use,
rheumatoid arthritis, renal transplantation, and
quinolone antibiotic use (8-11). 

Non-operative management of AT rupture was de-
scribed as early as 1575 by Ambroise Pare who treated
these injuries with bandages but noted a poor outcome.
Immobilization with an equinus cast has a reported re-
rupture rate of 17% (13), and will result in significant
loss of strength and power in the calf muscle (14). Open
surgical management of patients with ruptured ATs al-
lows accurate apposition of the ruptured tendon ends,
earlier motion, has a low risk of re-rupture, but is asso-
ciated with a significant rate of wound healing prob-
lems. Advocates of minimally invasive AT surgery cite

faster recovery times, shorter hospital stays, and im-
proved functional outcomes as the principal reasons for
adopting these new approaches when compared to tra-
ditional open techniques. Open procedures on the AT
can lead to difficulty with wound healing because of the
tenuous blood supply, and thus increased chance of
wound breakdown and infection. Moreover, the broad
exposure given by open procedures may case extensive
iatrogenic disruption of the subcutaneous tissues and
paratenon, increasing the potential for peritendinous
adhesions. Critics have raised questions about in-
creased percentage of complications (i.e. sural nerve
damage) (15). Nevertheless, percutaneous techniques
allow a secure repair to be achieved. Because of the per-
ceived greater strength of the suture and despite the
risks of wound complications, open repair has tradi-
tionally considered the treatment method of choice for
young fit patients wishing to return to sporting activi-
ties (16). 

Bradley and Tibone (16) reported a higher risk of re-
rupture in percutaneous repairs compared with open
repair. Lim et al more recently, however, in a prospec-
tive multicentre randomised controlled study compar-
ing open and percutaneous repair techniques reported
a higher rate of re-rupture in patients treated by an
open technique (6% vs 3%, using a percutaneous tech-
nique). The difference, however, was not statistically
significant. Bradley and Tibone (16) compared 15 pa-
tients treated with a gastrocsoleus fascial graft and 12
patients treated using a percutaneous technique.
Strength, power and endurance measurements of both
groups showed no statistical difference. Two of 12 (13%)
percutaneous repairs re-ruptured up to a follow-up of
1.8 years, compared with none in the open repair group
(follow-up 4.6 years). They recommended percuta-
neous repair in the recreational athlete and open repair
in the competetive athlete. Martinelli 18 reported 30
cases of percutaneous repair of ATs in which all athletes
returned to preinjury levels of sport by 150 days post-in-
jury. 

Wound healing problems associated with open re-
pair can be reduced by using percutaneous techniques,
and the incidence of adhesion of the skin to the under-
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lying tendon, as can occur in open repair, is also lower
with percutaneous techniques (13, 17). 

Kauranen and Leppilahti (19) reviewed the motor
performance of 90 patients following operative repair
(mean of 3.1 years post surgery) of a ruptured AT. They
observed the performance of the unloaded lower ex-
tremity, and compared the operated limbs with the un-
operated side, and to age and gender-matched control
subjects. They found no statistical difference between
any of the groups, and concluded that the motor per-
formance of the unloaded lower limb had fully recov-
ered in the tested parameters. 

Several percutaneous repair techniques have been
described (13, 20-22). Ma and Griffith described a tech-
nique of percutaneous repair of the AT in 18 patients us-
ing stab incisions over the tendon (20). The suture was
passed through stab incisions and crisscrossed through
the tendon. 

They reported some patients with sensory distur-
bance and one case of sural nerve entrapment. Hocken-
bury and John noted sural nerve entrapment in 3 of 5
cases treated using a percutaneous technique in cadav-
eric specimens with divided ATs (5). 

Gorschewsky et al. described a technique using
barbed suture wires passed from proximal to distal to
pull the retracted proximal stump distally and approxi-
mate the ruptured tendon ends. Fibrin glue was then
applied to the repair. The wires were removed at 3
weeks. At one year follow-up in 20 patients there was
one re-rupture and no other complications (21). 

Webb and Bannister described a new percutaneous
technique that reduced the potential risk to the sural
nerve by placing the most proximal of the incisions to
the medial side, away from the nerve (13). We described
a percutaneous technique of repair of the ruptured ATs
similar to that described by Webb and Bannister (13),
but using a more secure suture configuration.

Recently, several authors reported on the Achillon
mini-incision technique, comparing the basic mechan-
ical properties of the tendon suture performed using
the Achillon method with those of the Kessler method,
and assesses whether the strength of the repair was re-
lated to tendon diameter. The Achillon repair had com-
parable tensile strength to the Kessler repair. 

When compared to the Achillon repair our tech-
nique (27) is cheaper, and allows a stronger repair, as it
allows to use a greater number of suture strands (eight)
for the repair of the AT.

Pre-operative preparation 

The diagnosis is generally made clinically. Patients will
often report that thay felt as though they had been

struck at the back of the heel and may have heard a
snapping sound. They are usually unable to weight
bear on the affected limb because of pain and/or
weakness. If examined shortly after the injury, there is
usually a palpable defect in the AT. If some time has
elapsed since the rupture, the diagnosis can be more
difficult, as the gap fills in with oedema and palpation
is unreliable. Various tests can be employed to aid di-
agnosis (23-25). The calf squeeze test involves the ex-
aminer gently squeezing the patient’s calf muscles
with the palm of their hand (23). If the AT is intact, the
ankle plantar flexes. If the AT is torn, the ankle remains
still, or only minimally plantar flexes. The Matles test
can also be used (24). It involves flexing the patient’s
knee to 90 degrees with the patient prone. If the foot
falls into neutral or dorsiflexion, a ruptured AT is diag-
nosed. Both tests are performed on the injured and
uninjured sides for comparison. The needle test is ac-
curate, but uncomfortable for the patient and, there-
fore, we use it infrequently. We do not routinely use
imaging to diagnose a ruptured AT. 

The neurovascular status of the limb is assessed, in
particular the sensation over the distribution of the
sural nerve, and documented. The risks of surgery, in-
cluding sural nerve injury, re-rupture, wound infec-
tion and breakdown, are discussed with the patient
when informed consent is obtained. 

Surgical procedure 

The patient is positioned prone (27). Areas 4-6 cm
proximal and distal to the palpable tendon defect and
the skin over the defect are infiltrated with 20 mL of 1%
Lignocaine. 10 mL of Chirocaine 0.5% are infiltrated
deep to the tendon defect. A calf tourniquet, skin
preparation and steridrapes are applied.

A 1 cm transverse incision is made over the defect
using a size 11 blade. Four longitudinal stab incisions
are made lateral and medial to the tendon 6 cm proxi-
mal to the palpable defect. Two further longitudinal
incisions on either side of the tendon are made 4-6 cm
distal to the palpable defect. Forceps are then used to
mobilise the tendon from beneath the subcutaneous
tissues. A 9 cm Mayo needle (BL059N, #B00 round
point spring eye, B Braun, Aesculap, Tuttlingen, Ger-
many) is threaded with 2 double loops of Number 1
Maxon (Tyco Healthcare, Norwalk, CT, USA), and this
is passed transversely between the proximal stab inci-
sions through the bulk of the tendon (Figure 1). The
bulk of the tendon is surprisingly superficial. The
loose ends of the suture are held with a clip. In turn,
each of the ends is then passed distally from just prox-
imal to the transverse Maxon passage through the
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bulk of the tendon to pass out of the diagonally oppos-
ing stab incision. A subsequent diagonal pass is then
made to the transverse incision over the ruptured ten-
don. To prevent entanglement, both ends of the Max-
on are held in separate clips. This suture is then tested
for security by pulling with both ends of the Maxon
distally. Another double loop of Maxon is then passed
between the distal stabs incisions through the tendon
(Figure 2), and in turn through the tendon and out of
the transverse incision starting distal to the transverse
passage in a half Kessler configuration (Figure 3). The
ankle is held in full plantar flexion, and in turn oppos-
ing ends of the Maxon thread are tied together with a
double throw knot, and then three further throws be-
fore 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.

A subcuticular Biosyn suture 3.0 (Tyco Healthcare)
is used to close the transverse incision, and Steri-strips

(3M Health Care, St Paul, MN, USA) are applied to the
stab incisions. Finally, a Mepore dressing (Molnlycke
Health Care, Gothenburg, Sweden) is applied, and a
bivalved removable scotch cast in full plantar flexion is
applied being held in place with Velcro straps.

The patient is allowed home on the day of surgery,
and fully weight bears as able in the cast in full plantar
flexion. At 2 weeks, the wounds are inspected, and the
back shell is removed allowing proprioception, plantar
flexion, inversion and eversion exercises. The front
shell remains in place for 6 weeks to prevent forced in-
advertent dorsiflexion of the ankle. 

Possible complications 

Complications can be early, intermediate or late, and
are outlined in Table 1. 

Early possible post-operative complications are

3Percutaneous repair of acute Achilles Tendon ruptures. The Maffulli procedure

Figure 1   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,
USA), and this is passed transversely between the proximal stab
incisions through the bulk of the tendon.

Figure 2   Another double loop of Maxon is then passed between
the distal stabs incisions through the tendon.



sural nerve damage and haematoma formation. The
positioning of the incisions and the configuration of
the stitch reduces the risk of damage to the sural
nerve. The risk of haematoma formation is reduced as
the procedure is carried out without tourniquet so that
the surgeon will be able to deal with any bleeding at
the time of operation. 

Intermediate superficial and deep wound infec-
tions can occur. Open repair is associated with a sig-
nificant risk of wound breakdown. Percutaneous re-
pair reduces this risk. 

The most important late complication is re-rup-
ture. In a review of reported rates of re-rupture from
conservatively treated AT ruptures, Webb and Bannis-
ter reported a median 17% risk (13). They reported a
risk of rerupture-with operatively treated AT rupture of
2.7%, from a review of the literature. Using a percuta-
neous technique, Webb and Bannister did not have a
re-rupture at a median follow-up of 35 months in 27
patients. Bradley and Tibone reported a re-rupture

rate of 13% (2/12 patients) at a follow-up of 1.8 years
(16). However, re-rupture rates of 6% have been re-
ported for percutaneous repairs. 

In conclusion, the nascent literature on minimally
invasive AT repair is far from universally supportive.
Most published series on these surgical approaches
are first reports by originators of particular tech-
niques. Randomized controlled trials are required to
address the issue of the comparison between open
versus minimally invasive AT surgery. In our hands,
minimally invasive surgery has provided similar re-
sults to those obtained with open surgery, providing
decreased perioperative morbidity, decreased dura-
tion of hospital stay, and reduced costs.
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Figure 3   The double loop of Maxon is passed in turn through the
tendon and out of the transverse incision starting distal to the
transverse passage.

Table 1   Complications which can occur following a ruptured AT.

Early (peri-operative) Sural nerve damage 
Haematoma

Intermediate (<6 weeks) Infection
Wound healing complications

Late (6 weeks to 6 months) Re-rupture of tendon

Table 2   Key points of rupture and repair.

Patient selection

Prone position

Local anaesthesia

Incisions made to avoid sural nerve

Four and if necessary eight strand repair

Splintage to protect repair for total of 6 weeks
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