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Abstract

the optimal treatment and the best rehabilitation pro-
tocol after an acute Achilles tendon rupture (AtR)
remain a matter of  controversy in orthopaedic and
sports medicine. the use of  validated injury-specific
outcome instruments is the only way to clarify these
issues, in order to ensure that patients receive the best
possible treatment. 
this article describes the most commonly reported
outcome measures used to assess patients treated for
AtR. on the basis of  the available evidence, the
Achilles tendon total Rupture score (AtRs) is the
most appropriate outcome measure for evaluating the
management of  acute AtR.

Keywords: Achilles tendon, surgical treatment, con-
servative treatment, outcome evaluation.

Introduction

Proper evaluation tools are of  the utmost importance
both in the scientific setting, for the evaluation and
comparison of  research studies, and in the clinical set-
ting, for guiding therapeutic decisions and assessing
the progression of  treatments. Recent years have seen
an increase in the demand for validated, reliable and
responsive outcome measures.

Acute Achilles tendon rupture (AtR) is one of  the
most common tendon injuries in the adult population,
especially in men in their third and fourth decades of
life (1).
Despite improved knowledge of  Achilles tendon pa -
thology, the optimal treatment and the best rehabilita-
tion protocol after an acute rupture remain a matter of
controversy in orthopaedic and sports medicine. the
use of  validated injury-specific outcome instruments is
the only way to clarify these issues, in order to ensure
that patients receive the best possible treatment. 
this article describes the most commonly reported
outcome measures used to assess patients treated for
AtR. the aim is to provide clinicians and researchers
with an overview of  the available evidence on the que-
stion of  what evaluation tools should be used for this
specific injury.

Outcome measures following ATR

the outcome measures used to evaluate functional
results following an AtR can be broadly divided into
two types: objective measures and patient-reported
measures.
the former are parameters directly taken by the clini-
cian, such as ankle range of  motion (RoM) or calf
muscle strength measurements. these objective data,
derived from the patient’s physical examination, have
traditionally formed the basis of  functional asses-
sment following an AtR.
However, over the past two decades, it has become
increasingly recognized that the patient’s own apprai-
sal of  outcome is of  the utmost importance when jud-
ging the results of  a treatment (2). 
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in this regard, none of  the traditional objective para-
meters has been convincingly correlated with patient
satisfaction (3, 4).
therefore, it is now well accepted that traditional out-
come measures need to be complemented by measu-
res that focus on the patient’s own feelings regarding
a given treatment. this is clearly demonstrated by the
explosion, in the literature, of  patient-reported outco-
me measures, i.e. questionnaires completed by patients
to measure their perceptions of  their own functional
status and wellbeing (5-7).  
objective and subjective parameters used to evaluate
treatment modalities for AtR are variably reported in
the literature – as isolated measures or grouped into
different multi-item scoring systems (Tab. 1).
Validity, reliability and responsiveness are the clinime-
tric properties that define the clinical relevance of
each outcome measure (8). in this regard, it is worth
remembering that the process of  establishing the use-
fulness of  an outcome instrument is never complete,
but rather an ongoing process whereby evidence is
collected to support the use of  the instrument under
various conditions (9).

Objective measures

After an AtR patients have been reported to show a
lengthening of  the healed tendon along with impair-
ments of  joint RoM and calf  muscle strength, endu-

rance and trophism. therefore, when evaluating the
final outcome of  treatment, it is important to include
these clinician-generated measurements (10). Each of
these parameters is usually compared between the
injured and the healthy side, in order to establish the
limb symmetry index expressed as a percentage (11). 

Achilles tendon lengthening
some thirty years ago, nyström and Holmlund repor-
ted the occurrence of  postoperative separation of  the
tendon ends after suturing of  ruptured Achilles ten-
dons in patients immobilized for three weeks in a
position of  slight plantarflexion (12). More recently,
schepull et al. confirmed these observations, descri-
bing a biphasic lengthening of  the tendon in the reco-
very period after an AtR, regardless of  the type of
treatment (13).
Although there have been improvements in the thera-
peutic strategies, Achilles tendon lengthening after
AtR remains a frequent complication, assumed to
cause functional modifications in the ankle RoM,
strength deficits and gait abnormalities (14-16). 
to explain the proposed relationship between tendon
elongation and functional impairments, it has been
suggested that the lengthening of  the tendon reduces
the tension of  the whole musculotendinous unit. As a
consequence the power produced by the calf  muscle
contraction is reduced because the muscle is poten-
tially acting at a different point in its force-length
curve (16). tension of  this unit is also necessary for
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Table 1. Commonly reported outcome measures used to assess patients treated for Achilles tendon rupture.

Objective Measures                                Multi-item Scoring Scales

                                                                 Clinician-based                                                    Patient-reported

Achilles tendon elongation                        AoFAs Ankle-Hindfoot scale                            the Achilles tendon Rupture score (AtRs)
                                                                                                                                            disease specific

Calf  muscle size                                        Leppilahti score                                                  the Foot and Ankle outcome score (FAos)
                                                                                                                                            region specific

Calf  muscle strength                                                                                                            the Foot and Ankle Ability Measure (FAAM)
                                                                                                                                            region specific

Calf  muscle endurance                                                                                                         short Form-36 (sF-36)
                                                                                                                                            generic
Ankle range of  motion                                                                                                        
Achilles tendon mechanical 
properties                                                  
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the healing of  muscle fibers. therefore slackness of
the tendon can also affect the potential for strength
recovery through physical therapy (17). schepull et al.
could not find any correlation between tendon elonga-
tion and other functional outcomes after AtR (13),
suggesting that variations in elongation within reaso-
nable limits probably do not influence the end result.
Currently there exists no clear definition and no vali-
dated outcome measure for tendon elongation.
nyström and Holmlund reported a technique invol-
ving the placement of  a marker (thin steel wire) at
each end of  the tendon during the surgical repair and
subsequent direct measures of  the position of  these
markers on postoperative standardized X-ray (12).
silbernagel et al. evaluated Achilles tendon length as
the distance between the calcaneal osteotendinous
junction and musculotendinous junction, by means of
non-invasive ultrasound imaging (15). selvik reported
the use of  Roentgen stereophotogrammetric analysis
(RsA) to measure, with high accuracy, the distance
between implanted tantalum beads in three dimen-
sions (18).
in conclusion, given its potential influence on functio-
nal recovery, an important treatment goal appears to
be to minimize tendon elongation. 

Calf  muscle strength
Calf  muscle strength is significantly reduced following
AtR. the majority of  the reports on functional outco-
me after an AtR show a permanent strength deficit of
up to 30% compared with the uninjured side (19, 20).
Because of  the detrimental effects related to persistent
calf  muscle strength deficit, the treatment of  an AtR
should not only restore the Achilles tendon length but
also the original strength of  the whole musculotendi-
nous unit (17). in several studies strength measure-
ments obtained through dynamometry were used to
evaluate outcome after surgical and conservative treat-
ment of  AtR (21-23). 
Currently, there is no consensus regarding the best
method to determine strength. Both isokinetic and
isometric measurements of  ankle dorsiflexion and
plantarflexion power are reported, as well as eccentric
and concentric surveys. the position used, in the cli-
nical setting, to measure these parameters also varies
between studies (17, 21-24).
the reliability of  isokinetic and isometric dynamo-
metry is generally high, and the various testing posi-

tions for plantarflexion and dorsiflexion have good
test-retest reliability (25, 26).
strength deficits following an acute AtR seem to be
related to anatomical and structural changes of  the
healed tendon, specifically elongation, as the ability of
the calf  muscle to contract is not reduced after the
injury (16).
However, it is important to remember that although
strength tests are valid for measuring improvements in
strength, they are only moderately correlated to func-
tional performance and they need to be supplemented
with other types of  functional assessment (17, 27).

Endurance/heel-rise test
Evaluation of  muscular endurance is another type of
muscle function measurement. the heel-rise test is the
most commonly used test for measuring calf  muscle
endurance (28) (Fig. 1).
the subject being tested stands on one leg, while main-
taining a straight knee, using fingertip support for
balance, and avoiding body sway forward. it is impor-
tant to instruct the patient to go as high as possible
with every heel rise. Heel rise can be measured both as
the number of  repetitions and the height of  each heel
rise (29). this test has been shown to be reliable, valid
and responsive in patients with AtR (30, 31).
Following an AtR there is a significant deficit in heel-
rise height and repetition between the injured and
uninjured side (14, 15, 29). silbernagel et al. showed a
correlation between the degree of  tendon elongation
and the side-to-side deficit in heel-rise height (15). the
test also correlated well with isokinetic measurements
in several research studies (4, 19, 30).
Given these observations, and the ease of  execution
of  the test, the heel-rise test is recommended as a
measure of  functional recovery after AtR.

Calf  muscle size
Calf  muscle circumference is measured to evaluate
muscle trophic modifications after rupture and during
the recovery phase. it is important to remember that
there are aspects, such as swelling and body composi-
tion (relative presence of  fat tissue versus muscle tissue),
that need to be taken into account in order to obtain
unambiguous interpretations of  circumference values.
Different techniques are described to measure this
parameter. some Authors propose Ct or MRi measu-
rement techniques (13, 22, 23), while others report cir-
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cumference values detected manually at predetermi-
ned positions related to bony landmarks (33) (Fig. 2).
Regardless of  the technique used, calf  circumference
is described as a reliable parameter (30, 32). 
nevertheless, its correlation with other important out-
comes, such as calf  muscle endurance and strength, is
debated (17, 19, 33). 
Leppilahti et al. reported muscle size recovery in only
30% of  patients surgically treated for an AtR, in spite
of  excellent isokinetic strength results in 73% (33).
Conversely, Rosso et al. recently reported that calf
muscle circumference is an easy-to-measure parameter
that correlates well with the force that can be exerted
by the muscle (17). Möller et al. (19) showed that when
calf  muscle size is evaluated by means of  Ct-derived
cross-sectional area, it correlates well with the muscu-
lar ability to perform repeated heel-rise tests. these
apparently conflicting data suggest that the assessment
technique is probably an important factor influencing
the validity of  calf  muscle size as an outcome for eva-
luating recovery after AtR.

Ankle range of  motion
Measurements of  joint RoM are common both in clini-
cal and in research settings.
Ankle RoM is usually used as an indirect measure of
tendon elongation: increased dorsiflexion after an

AtR is assumed to result
from tendon lengthening.
Goniometric measurements,
both active and passive, in
different positions are de -
scribed in the literature (34).
these measurements have
been shown to have higher
intra-tester than inter-tester
reliability (11).

Other parameters
in an attempt to propose
increasingly valid outcome
measures, some Authors de -
scribed specific mechanical
parameters for evaluating dif-
ferent treatment regimens for
AtR. selvik was the first to
use RsA to describe the

mechanical properties of  a healing Achilles tendon (18).
Using an RsA technique schepull et al. calculated the
early modulus of  elasticity of  the healing tendon and
found a correlation with late functional outcome (13,
35). interestingly the Authors reported no difference
in early mechanical properties between operative and
non-operative treatment for AtR.
Rosso et al. (17) recently introduced pedobarographic
analysis of  plantar pressure distribution as a means of
evaluating the results of  different surgical techniques
for AtR. they found a significant correlation between
the push-off  force and calf  muscle volume measure-
ments. Dynamic pedobarography is easy to measure
and seems to be a suitable tool for evaluating functio-
nal changes following an AtR (36).

Multi-item scoring scales

these rating systems are important measures of  sub-
jective (the patient’s perception of  pain and function)
and objective (physical examination) data, or both,
and they are useful for evaluating and comparing
patient functioning and different treatment modalities.
Generally, outcome scales are characterized as global,
regional or disease-specific. Each type of  instrument
has an unique purpose and has advantages and disad-
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Fig 1. The Heel Rise Test - The subject is standing
on one leg, maintaining a straight knee; support
with the fingertips for balance.

Fig 2. Calf muscle circumference - The maximal
calf circumference is measured relative to fixed
identifiable bony landmarks, e.g. the medial
joint line.
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vantages that affect its potential usefulness. Global
scales like the short Form-36 (sF-36) (37) are desi-
gned to be general health status assessment tools; the
sF-36 may be used in different patients and in diffe-
rent conditions, but it might not capture important
aspects of  a specific disease. Conversely, disease-spe-
cific measures are designed to assess function, pain
and disability in specific conditions, and have the
important advantage of  showing greater responsive-
ness in capturing changes in the targeted disease.
Region-specific instruments contain items specific to
only one body part (e.g. the foot or ankle) and they can
be used in several different disease states affecting this
specific region (9, 38).
in 2011, Kearney et al. (39) performed a systematic
review of  the literature in order to identify the most
suitable outcome scales for the assessment of  patients
after an AtR. the Authors reported 21 different
multi-item patient outcome measures, of  which the
American orthopaedic Foot and Ankle society
(AoFAs) Ankle-Hindfoot scale was the most fre-
quently used. of  all the cited tools, the Achilles ten-
don total Rupture score (AtRs) was the only one
developed using recognized methodology for outco-
me measure development (5). 
We here provide a brief  description of  some of  the
outcome scales commonly used in research studies on
AtR treatment.

The American Orthopaedic Foot and Ankle Society
(AOFAS) Ankle-Hindfoot Scale
the AoFAs developed its Ankle-Hindfoot scale in
1994, in order to provide a universally accepted outcome
measure for comparing different methods of  treatment
in patients with hindfoot problems (40) (Tab. 2).
this clinician-based outcome scale gathers both sub-
jective and objective factors into numerical scales and
has a maximum total score of  100 points. the subjec-
tive portion has been shown to have satisfactory relia-
bility and responsiveness (41).
As a region-specific system, the AoFAs Ankle-
Hindfoot scale is intended to be used in several hind-
foot problems affecting the ankle, subtalar, talonavicu-
lar and calcaneocuboid joints (40).
As a result, it  is commonly used to evaluate conditions
and treatments very different from AtR and AtR
treatment, such as ankle arthroplasty, talonavicular
arthrodesis and ankle instability (42). Although the
Ankle-Hindfoot scale is routinely reported as an out-

come measure in studies in patients with AtR (39, 43),
its validity and responsiveness have never been evalua-
ted in this specific population (24, 39). therefore some
Authors question its clinical relevance. on the basis of
the available evidence this scale cannot be recommen-
ded for use in research studies on AtR (11, 44).

The Achilles tendon Total Rupture Score ATRS
the AtRs (Tab. 3) is a patient-reported, injury-speci-
fic instrument developed in 2007 to specifically eva-
luate outcome after treatment in patients with AtR
(45). this questionnaire is a self-administered instru-
ment, filled out by the patient and scored by the clini-
cian. it consists of  ten items evaluating aspects of
symptoms and function. Each item has scores ranging
between 0 and 10 on a Likert scale. the instrument
therefore has a maximum score of  100, which corre-
sponds to no symptoms and full function.
thanks to its injury-specific nature the AtRs has
demonstrated multiple facets of  validity for use in the
specific AtR patient population (39).
the reliability, validity and responsiveness of  the
AtRs have been evaluated and confirmed outside the
developing center and for languages other than that of
the original version (24, 46, 47).
At present, the best available evidence suggests that
the AtRs is the most appropriate outcome measure
for evaluating the management of  acute AtR (11, 39).

The Leppilahti Score
Described by Leppilahti et al. in 1998, the Leppilahti
score (Tab. 4) is the first reported disease-specific
standardized protocol for evaluation of  outcome after
AtR (48). this scoring system combines both subjec-
tive assessments of  symptoms and objective measures,
such as ankle RoM and isokinetic calf  strength. it has
a total of  seven items giving a sum of  100 points as
the best possible score. 
the Leppilahti score is currently reported in several
research studies on AtR treatment (21, 49, 50).
However, a potential limitation for comparison bet-
ween different studies is the presence, in the final score,
of  parameters for the detection of  which no consensus
has been established, such as muscle strength (24).

The Foot and Ankle Ability Measure (FAAM)
Described by Martin et al. in 2005 (51), the FAAM is
a self-reported outcome instrument that takes the
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form of  questionnaire filled out by the patient. it is
region specific, being divided into two separate sub-
scales, namely activities of  daily living and sports acti-
vities, comprising 21 and 8 items respectively. the two
subscales are scored separately, then summed: a higher
score represents a higher level of  physical function
(51) (Tabs. 5, 6).
this scale has been validated for individuals with a
broad range of  musculoskeletal disorders of  the lower
leg, foot and ankle, with reported evidence of  validity,
reliability and responsiveness (28). in a recent systema-
tic review on clinimetric properties of  the outcome sca-

les used to measure lower leg conditions, shultz et al.
reported the FAAM to be one of  the most frequently
assessed in terms of  evidence of  responsiveness (38).
nevertheless, to date the FAAM has not been evaluated
for use in the specific AtR patient population.

Conclusions

A proper outcome evaluation following an AtR is
essential in order to properly ascertain the effective-
ness of  available treatment modalities. At present, the

achilles tendon function: evaluation tools

Table 2. the AoFAs Ankle - Hindfoot scale.
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Table 3. the Achilles tendon total Rupture score (AtRs).

Table 4. the Leppilahti score.
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Table 5. the Foot and Ankle Ability Measure (FAAM). Activities of  Daily Living subscale.
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use of  validated, responsive and reliable rating systems
is the only way to allow comparisons of  outcomes
across clinical practice, which, in turn, may help us to
draw conclusions about the optimal treatment.
the best choice of  outcome tools for reporting the
results of  treatment in patients with foot and ankle dis-
orders remains uncertain. nevertheless, on the basis of
the available evidence, a patient treated for an AtR
should be assessed with a disease-specific measure, such
as the AtRs, in combination with a generic measure,
such as the sF-36. these patient-reported outcome sca-
les focus on the patient’s perception of  his/her health
status, which has to be considered the most important
indicator of  the success of  a treatment. Patient-reported
outcome scales should be complemented by objective
indicators of  function, such as muscle strength, endu-
rance and return to previous activity level, in order to
obtain a complete picture of  the effect of  the treatment.
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