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Abstract
Purpose A rupture of the Achilles tendon may heal in
continuity, resulting in a lengthened Achilles tendon. The
elongated structure must be shortened to restore effective
push off. We report the results of a longitudinal study using
Z-shortening of ruptured Achilles tendons that healed in
continuity but were elongated.
Methods Nine patients underwent surgery for elongation of
a healed Achilles tendon rupture. All participants were
prospectively followed up for two to five years, and final
review was performed at 32±14 months from operation.
Clinical and functional assessment (anthropometric meas-
urements, isometric strength, postoperative total rupture
score) was performed.
Results All patients were able to walk on tiptoes, and no
patient used a heel lift or walked with a visible limp. No
patient developed clinically evident deep-vein thrombosis or
sustained a rerupture. Two patients were managed conser-
vatively following a superficial surgical wound infection. At
final review, maximum calf circumference remained signif-
icantly decreased in the operated leg. The operated limb was
significantly weaker than the nonoperated one.
Conclusions Managing a healed Achilles tendon rupture
using Z-shortening is safe and effective, providing good

recovery and early weight bearing and active ankle mobi-
lisation. Such patients should be warned that they are at risk
for postoperative complications and that their ankle–plantar
flexion strength is likely to be permanently reduced.

Introduction

Achilles tendon ruptures are common [1] but may be missed
in up to 20 % of patients at initial presentation [2]. Patients
may present with weakness on push off, pes planus, and toe
clawing [3]. Ruptures may heal in continuity, resulting in a
lengthened tendon [4]. The elongated tendon may have to be
shortened or reconstructed to allow restoration of push off.
Z-shortening has been reported for operative shortening of
the elongated Achilles tendon following healed rupture [5].
We describe a modification of this technique for a chronic
rupture of the Achilles tendon that healed in continuity and
resulted in an elongated, non-functional gastroc-soleus [6].

We performed a Z-shortening in nine patients in whom
the Achilles tendon had healed in continuity but was elon-
gated. We therefore evaluated long-term results of this
single-centre, single-surgeon study using as outcome meas-
ures the postoperative Achilles Tendon Total Rupture Scores
(ATRS), maximum calf circumference, isometric plantar
flexion strength and complications.

Patients and methods

Ethics

All the procedures described were performed after local
Ethical Committee approval had been granted.
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Patients

All operations were performed in the period 2001–2006. A
total of 11 patients were secondary or tertiary referrals from
other health-care professionals. We were able to track down
nine of the original cohort of 11 patients, and this article
focuses on patients for whom we obtained complete data.
These nine patients (two women, aged 41 and 53 years; and
seven men, mean age 50.4±8.1 years; range 40–62 years)
underwent Z-shortening of a lengthened Achilles tendon
following rupture and healing in continuity (five after con-
servative management, three following percutaneus man-
agement, one open surgery). Between eight and 19 (mean
13.8) months elapsed before the index operation.

Diagnosis

When questioned by the senior author, all patients reported a
sudden sharp pain in the calf or at the posterior aspect of the
ankle. Subsequently, routine daily tasks such as walking up
hill or climbing stairs became difficult. At presentation to the
senior author, no patient had a palpable gap, and they were all
able to perform active plantar flexion but were not able to
stand on tiptoes with the knee extended. Single-leg toe raises
were possible with a variable degree of flexion of the ipsilat-
eral knee, and all patients kept the foot of the affected limb in
slight external rotation when walking and with a nonpropul-
sive gait. In all patients, calf muscles of the affected limb were
wasted. Eight patients had clawing of the lesser toes and an
apparent higher medial arch.

Regardless of appearance at MRI or ultrasound scan, and
although the calf squeeze test did produce some motion in the
ipsilateral ankle [7, 8], the knee flexion test showed elongation
of the gastroc-soleus–Achilles tendon complex [9] (Fig. 1). In
the knee-flexion test, the patient lies prone with knees flexed
to 90°. The ankle on the affected side assumes a more dorsi-
flexed position compared with the normal side. This is due to
the absence of the normal slight tension under which the
tendon connects the gastroc-soleus complex to the calcaneum.
The effects of gravity make the foot dorsiflex on the ankle. All
patients had undergone a trial of up to three months using a
heel lift of 1–1.5 cm but declared themselves dissatisfied and
wished to undergo surgery.

Operative technique

With the patient prone, a calf tourniquet is applied and
inflated to 250 mmHg after exsanguination. Skin prepara-
tion and sterile drapes are used. Following preoperative skin
marking, a medial, gently curvilinear incision is made. In
the patient who had undergone open repair of an acute
Achilles tendon tear, the scar of the previous surgery was
used. The tendon appears macroscopically intact, having

healed in continuity, although it is elongated and thicker
and rounder than a normal Achilles tendon (Fig. 2). Macro-
scopically, it may be possible to detect healthy areas, where-
as scar tissue lacks fibre continuity. Once the distal and
proximal borders of the normal tendon are established, the
tendon is mobilised from the flexor hallucis longus fascia.
Kager’s triangle is greatly reduced, and often the Achilles
tendon lies directly on the flexor hallucis longus fascia. A
longitudinal split is made through the length of the healed
scar area, extending from normal tendon proximally through
the healed area into the normal tendon distally (Fig. 3). The
opposing halves of the tendon are released on opposing
sides in a z-shape. With the ankle held in full plantarflexion,
the opposing strands of the shortened z are resected, leaving
enough tissue to adequately approximate opposing tendon
ends with the ankle in full plantarflexion (Fig. 4). A

Fig. 1 Typical magnetic resonance imaging (MRI) appearance: the size
of the Achilles tendon is increased, and there appears to be continuity

Fig. 2 Intraoperative appearance: The anteroposterior diameter of the
tendon is increased. The tendon appears in continuity, with peritendi-
nous adherences to the superficial tissues
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longitudinal running suture using no. 1 Maxon (Tyco Health-
care, Norwalk, CT, USA) is then used to secure both halves of
the tendon. The approximated transverse halves are then su-
tured using a modified Kessler suture, further increasing the
strength of the repair (Fig. 5). Using tissue forceps, the tendon
is turned over, and the undersurface of the incision is sutured
again using the locking, runningMaxon suture. The final knot
is tied on the undersurface of the tendon so as not to irritate the
overlying skin. Care is taken to ensure that the sural nerve is
not damaged. The wound is closed in layers with a subcutic-
ular suture; wound edges are covered with Steristrips (3M
Health Care, St. Paul, MN, USA), and a Mepore (Molnlycke
Health Care, Gothenburg, Sweden) dressing is applied.
Patients are immobilised in a below-knee synthetic cast in full
equinus, leaving the metatarsal heads free.

Postoperative management

No venous thromboembolism prophylaxis was implemented
in our patients. Patients are allowed to weight bear on the

metatarsal heads, as comfort allows, using elbow crutches
[10]. It would be unusual for a patient to weight bear fully at
this stage. They are encouraged to perform active flexion
and extension of the hallux and toes and to perform isomet-
ric exercises of the calf muscles and toes. After two weeks,
the plaster is bivalved, the back shell is removed, and
physiotherapy is commenced with the front shell in situ,
thus preventing ankle dorsiflexion and focusing on proprio-
ception, plantar flexion, inversion and eversion [10, 11].
During this period of rehabilitation, the patient is permitted
to weight bear as comfort allows with the front shell in situ,
although full weight bearing rarely occurs on account of
balance difficulties, and patients usually continue to require
the assistance of a single elbow crutch at this stage. The
front shell may be removed after six weeks. We do not use a
heel lift after cast removal, and patients normally regain a
plantigrade ankle within two or three weeks [10, 11].

Follow-up

Patients were assessed during the sixth postoperative week,
after the cast had been removed, and during the third and sixth
postoperative month. They were then followed up at three-
month intervals unless clinical needs required more frequent
appointments. All patients were able to perform at least ten
heel raises unaided on the operated leg and had returned to
work and/or leisure activities by two years after the operation.
Patients were routinely discharged 24 months after the oper-
ation. They were prompted to contact the operating surgeon
should any problems arise at any time after the operation.
They underwent a final assessment for the purposes of this
project at a mean of 32.4±14.1 months from operation.

Achilles Tendon Total Rupture Score

The ATRS [12] was used to evaluate postoperative symp-
toms and physical activity after treatment.

Fig. 3 After drawing the direction of the Z-shortening cuts, the rele-
vant amount of tendon is excised from the proximal and distal trans-
verse branches of the Z

Fig. 4 If necessary, the tendon can be debulked
Fig. 5 Z-shortening is secured using strong absorbable sutures along
the entirety of its course
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Anthropometric measurements

Maximum calf circumference was measured in both the
affected and the contralateral leg using a commercially
available steel tape measurer.

Functional assessment

Patients were asked to perform ten single-leg heel raises on
the affected leg and were judged as either being able or as
being unable to do so.

Classification of results

Surgical outcome was rated using the 4-point scale by
Boyden et al. [13], which is routinely used and had been
validated in our setting [10, 14]. A patient with an excellent
result had no pain, no limitation of recreational or daily
activities, no footwear restrictions, and was thoroughly sat-
isfied with the surgery. A patient with a good result had
mild occasional pain, limitation of recreational but not
daily activities, no footwear restrictions, and was satis-
fied, with only minor reservations. A patient with a fair
result had mild to moderate pain, limitation of recrea-
tional and daily activities, moderate footwear restrictions
(unable to tolerate fashionable shoes, with or without an
insert), and was satisfied, with major reservations. A
patient with a poor result had moderate to severe pain,
limitation of recreational and daily activities, severe foot-
wear restrictions (brace or modified shoes only), and was
dissatisfied or had rerupture.

Isometric gastroc-soleus strength

Isometric plantarflexion strength of the gastroc-soleus com-
plex was determined bilaterally with the ankle in the neutral
(0°) position by using a custom-made apparatus [15] con-
sisting of a foot plate, the angle of which could be varied and
locked into a given position. An analogue to digital converter
(ADC-10; PICO Technology, Cambridge, UK) connected
the strain gauge on the foot plate to a voltmeter (Picoscope;
PICO Technology). In its turn, the voltmeter was connected
to a computer. Voltage changes were then converted into
Newtons to measure strength. The apparatus was calibrated
by suspending known weights from 2.5 kg to 37.5 kg before
and after each patient was tested, giving a linear response.
Each patient supported their lower limb in the leg rest, with
their heel placed firmly at the top of the foot plate and with
the plantar aspect of their foot resting at ease. The patient was
then asked to exert maximal isometric force on to the foot
plate for three to five seconds. The maximum result was
noted. The amplifier was used each time to return the
voltmeter to 0. Each patient performed two maximal

attempts, and the average was used for further analysis
[15]. For technical reasons, we were able to collect
strength data from 25 of our 32 patients.

Statistics

Data were entered in a commercially available database.
Descriptive statistics were calculated. Comparisons between
operated and normal limb were performed using the McNe-
mar test to analyse binary data and the Wilcoxon test on the
difference in scores for continuous data. Significance was
set at the 0.05 level. The paired-samples t test was used to
compare isometric gastroc-soleus strength in the ruptured
side with the nonruptured side.

Source of funding

No funding source was received to perform the study.

Results

All patients were discharged from routine clinical care by
two years following the index procedure. Although most
patients were satisfied with the procedure, only two were
classified as having an excellent result, and six of our nine
patients achieved a good result. The other patient experi-
enced a fair result (Table 1).

Complications

Two patients had a superficial infection of the surgical
wound and were managed conservatively with systemic
antibiotics and local dressings. All healed within three
months of the index procedure without need for additional
operations. One patient developed a hypertrophic scar in the
area of the Achilles tendon surgical wound. No patient
developed a clinically evident deep-vein thrombosis or sus-
tained a rerupture. All were able to walk on tiptoes, and no
patient used a heel lift. Two patients, although not walking
with a visible limp, still retained external rotation of the
affected limb.

Anthropometric measurements

Maximum calf circumference was significantly decreased
in the operated leg by the time of latest follow-up [37.7±
4.0 cm (side with rupture) vs. 43.2±3.6 cm (uninjured
side); P00.05)] (Table 2).
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Functional assessment

Patients were able to perform at least ten single-leg heel lifts
on the affected leg by discharge, and two patients were able
to perform at least 60 single-leg heel lifts on the affected leg.
All patients had returned to their preinjury working occupa-
tion. (Table 2).

ATRS

The ATRS score at final follow-up was 83.8±5.2. (Table 2).

Isometric gastroc-soleus strength

The duplicate measurements showed a high intraobserver
reliability (r00.90; P00.012). T test paired sampled statis-
tics showed that the operated limb had a lower peak torque
than the nonoperated leg (240.9 N±51.9 N vs. 299.0 N±
44.2 N; P00.05), but the patients did not perceive this
decrease in strength as interfering with their daily or leisure
activities. (Table 2).

Table 1 Clinical results (N09)

Postoperative evaluation

Clinical

Pain

None 6

Mild, occasional 2 2

Moderate 2 2

Severe 0 0

Activity limitations

None 6 6

Limited recreational but not daily living activities 2 2

Limited recreational and daily living activities 1 1

Footwear restrictions

None, mild (most shoes tolerated) 9 9

Moderate (unable to tolerate fashionable shoes, with
or without insert) 0

0

Severe (only modified shoes tolerated or brace) 0 0

Satisfaction

Satisfied 7 7

Satisfied with minor reservations 2 2

Satisfied with major reservations 0 0

Dissatisfied 0 0

Overall results

Excellent 2 2

Good 6 6

Fair 1 1

Poor 0 0
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Discussion

We evaluated postoperative ATRS, maximum calf circum-
ference, isometric plantar flexion strength of the gastroc-
soleus complex, and complications in a series of nine
patients who underwent Z-shortening for a rupture of the
Achilles tendon that had healed in continuity [6]. Surgery
for these lesions is challenging because of greater muscle
atrophy at time of surgery and adherences between skin and
tendon that can be frequently present around the tendon.

Wound breakdown is a common complication in Achilles
tendon reconstruction surgery, and superficial infection rate
is up to 9 % [14]. Z-shortening of the Achilles tendon has
been performed through a longitudinal medial incision.
Sural nerve injury is another complication. At the level of
the tendon’s insertion, the sural nerve is 18.8 mm lateral to
the tendon; but, as it progresses proximally, the nerve grad-
ually traverses medially, crossing the lateral border of the
tendon 9.8 cm proximal to the calcaneum [16]. In our study,
we did not experience any sural nerve complication.

Our technique is useful in patients in whom a rupture of
the Achilles tendon has healed in continuity and the Achilles
tendon is lengthened. The shape of the cut allows the heal-
ing surface of the tendon to be maximised. The approxima-
tion of the tendon ends is wide without leaving defects. The
shape of the cut also minimises interposed scar tissue be-
tween tendon ends and consequently reduces the risk of
further elongation. However, we recently showed that in
Achilles tendon ruptures, the areas proximal and distal to
the rupture itself exhibit profound biochemical and gene-
expression changes and cannot be considered normal [17].

We allow early weight bearing following surgery: this not
detrimental to the outcome of repair after rupture and short-
ens the time needed for rehabilitation [10, 18]. Full weight
bearing following repair is optimal for tendon healing [19],
as shown in well-conducted randomised studies [10, 19]. To
suture Z-shortening cuts, we use absorbable material, so we
impart initial strength to the repair itself, and, as healing
progresses and the suture material degrades, progressively
greater loads are transmitted to the tendon itself, allowing
appropriate physiological healing [20]. Also, using absorb-
able material, we avoid the presence of a permanent foreign
body, which could act as a focus of infection.

We tested the strength of the gastroc-soleus complex, and
although the strength deficit was relatively low and patients
reported no subjective loss of strength, it appears that there
is permanent loss of plantar flexion of the gastroc-soleus
complex. All patients were operated on by a fully trained
orthopaedic surgeon with a special interest in such injuries,
and postoperative management was uniform throughout the
study. We are aware that the evidence given for assessing
postsurgical outcomes and for establishing causation is not
as strong as that which would be produced by a randomised

controlled trial. However, the condition reported in this
study is uncommon, and a randomised controlled trial
would probably be long and costly, necessitating large
numbers of patients.

We were able to follow up nine of the 11 patients origi-
nally operated upon with this technique. Nevertheless, we
are confident that the sample reported is representative of
the entire population. We noticed clawing of the toes in a
remarkable percentage of patients. It is likely that this may
be a consequence of the overactivity of the long toe flexors
to compensate for the lack of activity of the gastroc-soleus
complex. We are not sure of the clinical relevance of this
finding, although it is possible that prolonged overactivity of
these muscles may produce permanent toe deformity.

In conclusion, this technique allows close approximation
of normal tendon tissue, optimises repair strength, mini-
mises further scar formation, subsequent potential for scar
elongation, and further plantarflexion weakness. It affords
good recovery in patients with a rupture of the Achilles
tendon healed in continuity. However, the patients should
be warned about postoperative complications, e.g. wasting
of the calf is not likely to recover and ankle plantar flexion
strength can remain permanently reduced.

Competing interests None
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