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The Swansea Morriston Achilles Rupture Treatment (SMART) programme was introduced in
2008. This paper summarises the outcome of this programme. Patients with a rupture of the
Achilles tendon treated in our unit follow a comprehensive management protocol that
includes a dedicated Achilles clinic, ultrasound examination, the use of functional orthoses,
early weight-bearing, an accelerated exercise regime and guidelines for return to work and
sport. The choice of conservative or surgical treatment was based on ultrasound findings.
The rate of re-rupture, the outcome using the Achilles Tendon Total Rupture Score (ATRS)
and the Achilles Tendon Repair Score, (AS), and the complications were recorded. An
elementary cost analysis was also performed.
Between 2008 and 2014 a total of 273 patients presented with an acute rupture 211 of
whom were managed conservatively and 62 had surgical repair. There were three
re-ruptures (1.1%). There were 215 men and 58 women with a mean age of 46.5 years (20 to
86). Functional outcome was satisfactory. Mean ATRS and AS at four months was 53.0
(SD 14), 64.9 (SD 15) (n = 135), six months 67.8 (SD 16), 73.8 (SD 15) (n = 103) and nine months
(72.4; SD 14) 72.3 (SD 13) (n = 43). The programme realised estimated cost savings exceeding
£91 000 per annum.
The SMART programme resulted in a low rate of re-rupture, a satisfactory outcome, a
reduced rate of surgical intervention and a reduction in healthcare costs.
Cite this article: Bone Joint J 2015; 97-B:510–15.

The Achilles tendon is the thickest and strongest tendon in the body, but ruptures are common. The management of this injury remains
controversial. Historically, it has been reported
that conservatively managed ruptures will
result in fewer complications; but the risk of
re-rupture is reported to be higher at 13%
compared with 5% after a surgically managed
rupture,1 The complications of surgery include
infection and sural nerve damage.1,2 Recently,
there have been reports of a lower re-rupture
rate with conservative management involving
functional orthoses.3,4 Wallace et al3 reported a
rate of re-rupture of 2.9% in 945 patients, who
were managed in this way.
Several factors probably influence the outcome. These include consideration of the interrelationship between the characteristics of the
pathology, the physiology of healing/tendon
mechanics and the demands of the patient.
The crucial decisions include whether to
treat surgically or not, how to immobilise the
ankle, and what is the optimal rehabilitation, in
particular when to re-introduce tendon loading. Many different protocols have been proposed for the use of orthoses,3,4 the duration of

immobilisation, and the degree of plantar flexion chosen. The two main specific complications of this injury are re-rupture and incorrect
tendon length. Both are dependent on the location and completeness of the tear, and the proximity of the ends of the ruptured tendon.5
Ultrasound may be used to identify the location
of the rupture, the amount of tissue torn and,
importantly, the ability of the torn tendon tissue
to oppose in varying positions of equinus.6,7
This is therefore an essential investigation. For
patients who are treated conservatively, knowledge of the optimum position for immobilisation is obtained by using ultrasound to place the
ankle in a position in which the ends of the tendon ends oppose, rather than overlap or fail to
approximate.
Re-rupture occurs as a result of compromised mechanical properties of the healed tendon. The tensile strength of the tendon, and its
ability to resist load, is dependent on the orientation and number of collagen filaments.
Although the healing profile is likely to be
dependent on the type and position of immobilisation, for both conservative and surgically
managed patients, the subsequent loading
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A&E
Equinus back slab, NWB, Fracture clinic
Fracture clinic
Management decision –
Doctor, Physiotherapist, US examination
Operative management
Outside other comorbidity, patients who
fulfill the following three criteria:
1. Age < 55 years
2. Complete rupture in the body of tendon
3. Non opposition of tendon ends (passive
PF) of greater than 1 cm

Conservative
treatment
All other cases

Immobilisation
• Two weeks equinus cast in best
position of obliteration of gap
• Walking orthosis with gradual
reduction in equinus
Following immobilisation
Physiotherapy – strict rehabilitation guidelines
Fig. 1
Summary of the SMART protocol. (US, ultrasound, NWB, Non-Weight
Bearing, PF, Plantar Flexion).

regime of the healed tendon will dictate the strength of the
scar tissue and influence the likelihood of re-rupture.8-10 A
structured, fully managed, staged rehabilitation protocol,
both during and after immobilisation, is therefore essential.
The objective of the Swansea Morriston Achilles Rupture Treatment (SMART) protocol was to create rationalised decision-making for patients with a ruptured Achilles
tendon and a rationalised and comprehensive rehabilitation
regimen. We report the results of patients with a rupture of
the Achilles tendon who were managed using this protocol.

Patients and Methods
Between January 2008 and January 2014 a total of 273
patients presented with an acute rupture of the Achilles tendon, all within two weeks of injury. Some patients who presented more than two weeks after injury were also treated
using the protocol, but their results were not included in
this study. There were 215 men and 58 women with a mean
age of 46.5 years (20 to 86) (median 44, SD 14) six of whom
were elite sports personnel. A total of 211 patients were
treated conservatively and 62 underwent operative repair.
The protocol. The SMART protocol (Fig. 1) was established
in 2008 with three main tenets of management: ultrasound
examination; referral to a dedicated clinic with specialist
physiotherapists rather than an orthopaedic surgeon and
strict rehabilitation guidelines. Between 2008 and 2010,
minor changes were made, such as updating the documentation forms and training other physiotherapists, but since
then no further alterations have been made.
VOL. 97-B, No. 4, APRIL 2015

Fig. 2
Ultrasound scan form completed by the Consultant Radiologist.

The protocol covers the period from presentation in the
emergency department to discharge from care when the
patient has returned to their required level of activity. The
rupture was confirmed clinically at presentation using the
Simmonds test,11 a non-weight-bearing equinus back slab
was applied, and a referral to the fracture clinic was
arranged. A consultant musculoskeletal radiologist conducted an ultrasound examination of the Achilles tendon
on a semi-urgent basis, preferably during the same or the
next working day. The primary aim of this was to confirm
the diagnosis. It also detailed the site and extent of the rupture and the smallest gap that could be achieved between
the tendon ends in varying positions of equinus. The radiologist completed an injury-specific form (Fig. 2) to document this information.
Since 2011, the decision regarding conservative or surgical treatment has been more strongly influenced by the
ultrasound findings. Operative management was advised
for patients fulfilling all the following criteria: age < 55
years, rupture in the body of the tendon, and a gap of the
tendon ends > 1 cm on passive plantar flexion. This rationale was based on the fact that function is likely to be
impaired if the tendon heals with a gap of > 1 cm.12 Use of
ultrasound examination for all patients resulted in increased
frequency of conservative management. Comorbidities
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Table I. Management of patients during immobilisation period for operative and non-operative patients
Week

Conservative

Surgical

0 to 2

Equinus FWB cast with a wedge in the best position that
opposes the tendon ends
Vacoped boot locked at 30 degrees FWB
Vacoped boot 30° to 15° FWB
Yellow theraband exercises for soleus and gastrocnemius
Vacoped boot 0-30 degrees with a flat wedge FWB
Vacoped boot fully unlocked FWB
Removal of boot
To wear only in vulnerable environments (6/52)

Back slab NWB

2 to 5
5 to 7
7 to 9
9 to 10
10 to 16

Vacoped boot locked at 30° FWB
Vacoped boot 30° to 15° degrees
Yellow theraband exercises for soleus and gastrocnemius
Vacoped boot 0-30 degrees with a flat wedge FWB
Vacoped boot fully unlocked FWB
Removal of boot
To wear only in vulnerable environments (6/52)

FWB, Full Weight Bearing, NWB, non weight bearing

Table II. Rehabilitation guidelines after immobilisation for operative and non operative patients)
Do

Do not

Weeks 10 to 12 post injury
Issue patient with a heel raise for shoe
Warn the patient that most re-ruptures occurs during this phase
Advise the patient to avoid activities which involve extreme dorsi flexion
of the ankle combined with active plantar flexion
Advise the patient that they will not return to sports which involve running
until they are 6 to 8 months post injury
Advise the patient on a PWB gait pattern; particularly re-educating the
toe off phase of gait
Work on ROM of the ankle and foot. Particularly length of soleus and
gastrocnemius
Lower limb muscle strength work. Particularly of the plantar flexors

Proprioception exercises
Gentle plyometric exercises
Hydrotherapy – particularly good during this phase
For surgical patients take care of the scar. Any sign of break down
refer patient back to clinic as soon as possible
3 to 5 months post injury
Dispense of heel raise
Continue to avoid activities of extreme dorsi flexion combined
with active plantar flexion
Aim to single leg heel raise
Plyometric – progress for example start with 2 feet jumps (bunny hops),
jogging on trampet, PWB jogging, i.e., leaning on table
5 to 6 months post injury
Gait – Start jogging on the flat
Strength – start eccentric exercises off step
Progress proprioceptive exercises as appropriate
Sports specific rehab exercises
6 to 8 months post injury
Gait – introduce hill running

Do NOT attempt running, jumping or hopping

Do NOT attempt eccentric lowering exercise off a step used for
tendonopathies. Do not attempt resistance plantar flexion exercises which requires more than half the patients body weight

Return the patient to competitive sports until they can: single leg
heel raise; sprint with the toe off phase of gait; until horizontal
single leg hop × 3 is at least 75% of good leg and vertical hop is at
least 75% of good leg

Introduce hopping and progress to long horizontal and vertical hops
Return to sport as able
ROM, range of movement

were also considered. All patients with comorbidities considered as contra-indications to surgery were treated conservatively. Open injuries were always treated surgically.
Non-operative management was selected for all other
cases, including elite athletes (national representation,
semi-professional and professional sports personnel).

The position of immobilisation was determined from the
ultrasound scan. Patients in whom the gap was obliterated
in full plantar flexion were placed in a below-knee weightbearing cast in maximum equinus. This cast was retained
for two weeks, after which a walking orthosis that enabled
a gradual reduction in equinus was used.
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Table III. Modification of final question on achilles tendon repair score
Score
Excellent (15 points)
Good (10 points)
Fair (5 points)
Poor (0 points

Single leg heel raise to same height as other leg, no hand support required
Single leg heel raise not to the same height as other leg, min hand support required
Just about Single leg heel raise, maximum hand support required
Unable to single leg heel raise

Table IV. Outcome scores at four, six and nine months post rupture
Mean score at:

Achilles tendon rupture Mean achilles repair
score
score

4 months (n = 135)
6 months (n = 103)
9 months (n = 43)

53.0 (SD14)
67.8 (SD 16)
72.4 (SD 14)

64.9 (SD 15)
73.8 (SD 15)
72.3 (SD 13)

Table V. Annual cost implications of The Swansea Morriston Achilles
Rupture Treatment protocol comparing 2008 and 2013
Increase costs
20 extra ultrasound scans per year at £60 per scan = £1200
Boots compared with cast × 3 £6867 (inclusive VAT)
Total = £8067
Decreased costs or savings
37 fewer operations at £2300 per operation + £400 a night hospital stay
Total = £99 900
Total saving = £ 91 813 per annum

If the tendon ends overlapped in full plantar flexion the
ankle was dorsi- flexed to a position where the tendon ends
opposed. It was important to flex and extend the knee during the ultrasound examination and to assess the amount of
opposition of the tendon ends in varying positions of equinus, including 20° to 30° plantar flexion. This latter position could be provided by functional orthoses (Vacoped,
Oped UK Ltd, Devizes, United Kingdom).
All patients were referred to an Achilles tendon clinic
during the period of immobilisation, and their overall management was conducted by a specialist physiotherapist
(Table I). Following removal of the orthosis, all patients
were referred for physiotherapy at their local hospital with
strict guidelines for rehabilitation (Table II) and were
reviewed in the Achilles clinic until they had returned to
their required activity demands. This varied between four
and nine months after injury. The Achilles Tendon Rupture
Score (ATRS), a valid and reliable outcome measure for
Achilles tendon ruptures,13 and the Achilles Repair Score
(AS)14 were completed. Both these scores are out of 100,
with 100 being regarded as a perfect outcome. In the
absence of an isokinetic machine, the final question of the
AS was modified as described in Table III to include a single-leg heel-raise test to assess muscle strength.
If the physiotherapist at the achilles tendon clinic identified any problems, the patient was referred to a consultant
VOL. 97-B, No. 4, APRIL 2015

foot and ankle surgeon in conjunction with the specialist
therapist.
Venous thromboprophylaxis was undertaken selectively.
Any patient with a history or a family history of a deep vein
thrombosis (DVT) or pulmonary embolism (PE) received
low molecular weight heparin subcutaneously, once daily
for the immobilisation period. All other patients were counselled about the risk of DVT and PE and anticoagulated if
they agreed.
Statistical analysis. A descriptive data analysis was performed of the demographic details, the rate of re-rupture,
outcome (ATRS and AS) and complications. The rate of rerupture is presented as frequency data, the outcome scores
as means and standard deviations (SD). The financial
impact of the pathway was also analysed using an elementary health economics evaluation.

Results
The rate of re-rupture was 1.1% (3/273). Two patients with
a re-rupture had been managed conservatively (2/211) and
the other surgically (1/62). Two patients were noncompliant. One, who was managed surgically, was on
steroid medication and the other, who was managed conservatively, was injured in a fight. The third patient, who
was compliant, fell downstairs two weeks after removal of
the orthosis. The ATRS and AS scores at four, six and nine
months are shown in Table IV. The mean ATRS and AS at
four months was 53.0 (SD 14), 64.9 (SD 15) (n = 135), six
months 67.8 (SD 16), 73.8 (SD 15) (n = 103) and nine
months 72.4 (SD 14) 72.3 (SD 13) (n = 43). Once patients
had reached their required level of activity they were discharged from the clinic. Therefore, identical follow-up data
was not available for all patients.
Operating selectively led to an estimated overall cost saving to the department of £91 813 per annum (Table V).
This was in comparison with operative figures for patients
with a rupture of the Achilles tendon prior to the instigation of the protocol. The major cost saving, associated with
the introduction of the protocol was the shift from operative to non-operative treatment. In 2008/2009 just under
half of patients with a rupture of the Achilles tendon were
managed surgically. Between 2011 and 2013, only 6% of
patients were treated operatively (Fig. 3). The change in the
choice of treatment with the passage of time was not associated with any obvious changes in self-reported outcome
(Fig. 3).
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Fig. 3
Histogram demonstrating the change in management of
operative to non-operative management with evolution of
the SMART protocol. The change over time of the mean
Achilles Tendon Rupture Score (ATRS) score nine months
post-immobilisation is shown at the top to demonstrate
consistency in outcome scores regardless of the change in
management.

There were 23 major complications in addition to the
three re-ruptures; 15 patients had a DVT (diagnosed on
Doppler ultrasound scanner) and five had a PE (diagnosed
on CT pulmonary angiography). In the 211 conservatively
managed patients, 11 had a DVT and four a PE. In the 62
surgically managed patients four had a DVT and one had a
PE. The overall rate of venous thrombo-embolism (VTE)
was 7.3%. Three patients had a superficial wound infection. There were 11 minor complications, including soreness from the boot.
During the immobilisation period (either following surgery or during conservative management) most patients
(264/273, 97%) were managed without further involvement of an orthopaedic surgeon; nine required review by an
orthopaedic surgeon. The reasons for this were re-rupture
(n = 3), suspected DVT (n = 2), wound infection (n = 3) and
excessive pain (n = 1).

Discussion
These results demonstrate that the SMART protocol results
in a low rate of re-rupture (three patients, 1.1%), a satisfactory outcome with a mean ATRS = 72.4 and mean
AS = 72.3 at nine months and significant cost savings.
These nine month scores are limited in terms of follow-up
data available but a similar pattern is seen for both the four
and six month follow-up data.
Although this study was not designed to show that any
improvements in the rate of re-rupture resulted directly
from the introduction of the new protocol, the findings are

persuasive. There are a number of possible reasons why the
protocol could have resulted in this exceptionally low rate
of re-rupture. First, decision-making for management is
based on ultrasound, with the choice of operative management and/or the position of immobilisation being influenced by the findings. To our knowledge this is the first
protocol to include a detailed ultrasound examination for
this purpose. Other protocols describe positions for immobilisation irrespective of the amount of opposition of the
ends of the tendon as seen on ultrasound in the plantarflexed position.3 The results only relate to patients who
have been assessed and begin treatment within two weeks
of injury. Although data exist for those with delayed presentation, the analysis remains incomplete. Issues such as
partial or non-closure of the gap resulting from organisation of a haematoma may confound the results for those
patients with delayed presentation.
Secondly, all our patients were followed up during the
immobilisation period in a specialised dedicated clinic. This
standardised approach may maximise patient compliance
and understanding of the injury. The role of the specialist
physiotherapist is considered a key component, providing a
dedicated service that allows the patient to develop an
understanding of the management and treatment. Continuity of care is also important, and the provision of this by the
specialist physiotherapist addresses the potential problem
created by rotation of junior doctors and changes in working practice. Furthermore, the specialist physiotherapists
had access to immediate support from orthopaedic consultants when required. The protocol requires a level of commitment, manpower and dedication that would be difficult
to provide in a large standard fracture clinic.
Thirdly, following the period of immobilisation all
patients followed a strict physiotherapy protocol. The progression of rehabilitation needs to be balanced against the
risks of re-rupture and lengthening of the tendon. Strict
guidelines throughout all parts of the rehabilitation process
are therefore essential.
We report a rates of VTE of 7.5% (20/273); the incidence
of symptomatic DVTs being 5.5% (15/273) and that of
symptomatic PE 2% (5/273). This incidence of VTE is similar to that reported by Healy et al, 2010 who reported an
incidence of 10 DVT and 3 PE from 208 patients that had
ruptured their Achilles tendon.15 The thromboprophylactic
management of patients with Achilles rupture is controversial. Our patients were treated selectively. Interestingly,
both of the patients with a previous history of DVT sustained another DVT despite prophylaxis. Mechanical
methods (i. e. graded compression stockings or intermittent
pneumatic leg compression devices) in conjunction with the
cast/orthosis, have proven ineffective.16
There are a number of limitations to this study. First, it
was a descriptive case series aimed at monitoring our current practice, which has evolved over a period of five years,
rather than an experimental study testing the efficacy of a
treatment. Although it clearly shows potential benefit for
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these patients, it is not a substitute for the proof afforded by
a randomised controlled trial. Previous attempts to conduct
a randomised study in our department failed because of a
high level of patient preference for either non-surgical or
surgical treatment. Secondly, the secondary outcome measures, the ATRS and AS scores, were not collected from all
the patients (four months, n = 135; six months, n = 103;
and nine months, n = 43), as patients were discharged from
the clinic once they had returned to their required level of
activity. In addition, we did not have access to isokinetic
strength testing and included a single-leg heel-raise test to
give an indication of muscle strength.
Although it was not our intention to conduct a study
testing the efficacy of treatment, there was a need to review
this newly adopted protocol for patient safety on an annual
basis. We felt that it was important to share our case series
report, albeit with the above limitations, as the rate of rerupture appears to be the lowest reported to date.
This work has produced local and regional changes in
how patients with a rupture of the Achilles tendon are managed. There has been a move away from an equal ratio of
conservative to surgical management to one favouring conservative treatment. In addition, as the protocol was used
for elite sports personnel, it suggests that the regime is safe
and appropriate for the high-performance athlete. In order
to achieve these goals, the SMART protocol requires a
committed team approach and a good relationship between
the orthopaedic surgeons, radiologists, physiotherapists
and nurses.
This protocol is a pragmatic approach to the management of patients with a rupture of the Achilles tendon that
can easily be followed by most healthcare providers. Most
importantly, this change has resulted in improved outcomes, a reduced rate of re-rupture, a reduction in surgical
intervention and cost savings.
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