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Clinical assessment is sufficient to allow outcome
evaluation following surgical management
of Achilles tendon ruptures
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neous therapy. Active Heel raise showed a positive correlation to peak torque at dorsal extension
and increased sports activity as well as a negative correlation to high postoperative pain, where
as calf circumference was positive correlated to
peak torque at dorsal extension and body height
as well as negative correlated to female gender.
Conclusion: device independent measures, like
range of Motion, and amount of Heel raise, are an excellent tool providing similar information compared
to isokinetic testing and could be used to evaluate
clinical outcome after Achilles tendon rupture.
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Introduction

Summary
Study design: cross-sectional study in otherwise
healthy athletic adults with a unilateral Achilles
tendon rupture.
Objectives: define the relationships of active
range of motion, calf circumference or number of
heel raises to a full set of isokinetic parameters.
Background: Achilles tendon ruptures commonly
occur during sports and create a considerable
amount of morbidity. The benefits of different treatments are difficult to determine. Complex and expensive isokinetic testing is often required. If a simple force measurement could replace this testing,
large clinical trials would be more easily feasible.
Methods: 74 patients with acute Achilles tendon
rupture and surgical treatment were evaluated retrospectively. Active range of motion (ROM), ratio
of ROM, number of heel raises, ratio of heel raises,
calf circumference and isokintetic measurements
were recorded. Regression using a Bayesian elastic net showed the most important correlations.
Results: Active range of motion showed a significant correlation to peak torque angle at flexion
and extension as well as increased sports activity. There was a negative correlation to percuta-
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Achilles tendon ruptures most commonly occur during
sports and are responsible for a considerable amount of
morbidity among the young to middle aged involved in
leisure sports with a reported annual incidence of 18 per
100,0001,2. Treatment options range from conservative
therapy to open surgery3-5. It is difficult to determine the
true benefit of a treatment. For clinical practice some
objective and subjective measurements have been developed6,7. These include dorsal flexion, plantar flexion,
calf size, heel raise, patient-reported function and pain8.
However, the most commonly used scores based on
these parameters unfortunately lack a rigorous validation9. More complex isokinetic force measurements are
unquestionably valid and provide a multitude of variables8,10. However, they are expensive, effortful, difficult
to interpret and unpractical in routine patient follow-up.
Comparing simple and feasible measurements on one
hand and a vast array of biophysical variables on the
other is not trivial. Ideally the method used for comparison should indicate the most important correlations
and highlight their magnitude. One has to keep in mind
that the number of patients is often much less than the
number of parameters measured. Linear regression
with a Bayesian elastic net can extract the most relevant variables. In this way, a clinician could derive
valid conclusions about a therapy with the simplest
tools: his hands, a goniometer and a wall. Therefore
the present study sought to define the relationship between simple force related measurements – active dorsal flexion and plantar flexion, calf circumference, heel
raise – and a full set of isokinetic measurements to
prove their clinical importance, correlation and validity.
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Materials and methods
This study was conducted in accordance with international ethical guidelines as described in Padulo et
al.11. It was approved by the institutional review board
of the University Hospital Basel (EKBB). All patients
gave informed consent in order to participate.
Patients who were treated for acute Achilles tendon rupture at the hospitals Basel and Liestal during the period
1996-2006 were retrospectively evaluated. The inclusion
criterion was a unilateral rupture of the Achilles tendon
treated by percutaneous or open surgery. Exclusion criteria were any other pathology of the ipsilateral or contralateral foot, secondary injuries, fractures, surgeries on the
lower extremities, degenerative changes or osteoarthritis
of the lower extremities, rheumatoid arthritis and neurological or cardiopulmonary problems preventing biomechanical testing. Out of 162 identified patients 74 patients
were included. The age ranged from 29-46 years (Ø 37
years). 16 women and 58 men participated. Measurements were performed 55 (± 19,6) months after operation.

Surgical techniques
Percutaneous repair was done in a modified technique
according to Webb and Bannister12. Patients lay prone on
the operating table and skin incisions were marked. The
leg was prepared and draped in the usual manner. The
ﬁrst incision was made at the site of the rupture, the second 5 cm proximal to this and the third 5 cm distal. A
small curved hemostat was used to deﬁne the track into
the tendon itself. A single loop of a No. 1 nylon suture on
a curved 90 mm cutting needle is passed through the middle incision then through the tendon substance, exiting at
the proximal incision. The needle is reintroduced through
the proximal incision, ensuring that a separate entry point
in the tendon is used, and taken out through the middle incision. It is then introduced into the middle incision and the
distal stump of the tendon is captured. An artery clip is
placed on the free ends of the suture before a second one
is passed. A hemostat ensures that the sutures are not
catching skin and subcutaneous tissues. The ankle is
placed in plantar ﬂexion while the sutures are tied.
For open surgery a longitudinal incision was made 1 cm
medial to the Achilles tendon, preserving the lesser
saphenous vein and the sural nerve. Dissecting between
the Achilles tendon and the paratenon created a full
thickness ﬂap. The tendon rupture was identiﬁed and the
edges minimally debrided. Repair of the tendon was
achieved using either the Bunnell or modiﬁed Kessler
method with number ﬁve non-absorbable suture and a
running epitendinous absorbable 2.0 suture. Careful repair of the paratenon was performed in all cases. A plaster cast in approximately 20° plantar ﬂexion was applied.

were performed with the knee flexed at 0° and 90°. Ratio
of dorsal extension and plantar flexion of affected and
unaffected leg were calculated. Calf circumference of
both legs was measured 10cm below the knee and differences of calf circumference between affected and unaffected leg were defined. Heel raises were performed
while standing on one foot and keeping the balance by
lightly touching a rail with the fingertips. The number of
heel raises above 3cm was recorded. Three measurements were performed, one before warm-up, one after
warm-up for 10 minutes on a treadmill and one after isokinetic measurement. Average and total number of heel
raises was used for analysis. Ratios of affected to unaffected leg were calculated. Isokinetic measurements of
both legs were performed in a seated position with
speeds of 45°/sec, 60°/sec and 120°/sec. Range of
movement, peak torque, peak torque angle for concentric dorsal flexion and plantar flexion of the foot were
recorded. No verbal encouragement was given during
the measurements. Four measurements were performed
and the average was used in further analysis. Active
dorsal extension, plantar flexion, average heel raises, total heel raises and the ratios were used as dependent
variables. Independent variables included the isokinetic
parameters, kind of surgery (open or percutaneous),
sex, age, height, weight, body mass index (BMI), duration of hospital stay, duration of postoperative sick leave,
time to follow up, current pain on a visual analogue scale
(VAS), take off leg, dominant leg, sports before and after
treatment and changes in sport level after treatment
(categorized as more, same or less).

Statistical analysis
Regression was performed using a Bayesian implementation of the elastic net, a form of a Least Absolute Shrinkage and Selection Operator (LASSO,
Tibshirani 1996) 13 , as proposed in Kyung et al.
(2010)14. Linear regression was used for continuous
data, and both poisson and binomial regressions with
a random link function were used for heel raise
counts. For the intercept a flat prior was used, whereas prior information for the coefficients was taken as
the best general linear model estimate and the prior
for total variation was uninformative. Simulations
were performed using the Open BUGS version 3.2.2
software. Coefficients were considered significant if
both the 2.5 and 97.5-percentile of the credible interval had the same sign. The results are given as the
coefficient in round brackets followed by the 2.597.5%-credible interval in square brackets.

Results
Range of motion while sitting

Examination
Every patient was tested for active plantar flexion and
dorsal extension of both ankle joints. The measurements
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Dorsal extension of the affected foot was negatively
correlated with percutaneous surgical treatment (-1.8
[-2.9,-0.7]), and positively with peak torque angle at
flexion of the affected foot with 45°/sec (1.2 [0.2, 2]).
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Plantar flexion of the affected foot was positively correlated with the peak torque angle at flexion of the affected foot with 45°/sec (0.8 [0.02,1.6]).
The ratio of dorsal extension was negatively correlated with percutaneous therapy (-0.05 [-0.09, -0.004]).
The ratio of plantar flexion was positively correlated
with the peak torque at flexion of the affected
foot with 120°/sec (0.03 [0.0006, 0.06]).

Range of motion while standing
Dorsal extension of the affected foot was not correlated significantly with any variable. Plantar flexion of
the affected foot was positively correlated with the
peak torque angle at flexion of the affected foot with
45°/sec (1.1 [0.1, 2]).
The ratio of dorsal extension was positively correlated with a higher sport level (0.05 [0.007, 0.1]). The
ratio of plantar flexion was positively correlated with
the peak torque at dorsal flexion of the affected foot
with 120°/sec (0.02 [0.06, 0.1]) and with 60°/sec (0.05
[0.005, 0.09]). Correlation with percutaneous therapy
was negative (-0.05 [-0.09, -0.005]).

Calf circumference
The calf circumference of both legs was positively
correlated with the peak torque at dorsal extension of

Figure 1. Correlations of device independent measures.
Fm: female, AOP: amount of pain, Hgt: body height, PT:
percutaneous therapy, SA: sports activity.

the affected foot with 120°/sec and 60°/sec and with
height of the patients. There was a negative correlation if the patient was female. The ratio showed no
significant correlations.

Heel Raises
Average heel raises of the affected foot were negatively correlated with the amount of pain
indicated by the patient (-0.03 [-0.05, -0.001]). Total
heel raises were not correlated significantly with any
variable. The ratio of average heel raises was not
correlated significantly with any variable. The ratio of
total heel raises was positively correlated with the
peak torque at dorsal extension of the affected foot
with 120°/sec (0.06 [0.03, 0.09]) and with a higher
sport level (0.04 [0.0006, 0.09]) (Fig. 1, Tab. 1).

Discussion
In the present study, we found that the active
range of motion both while sitting and standing
showed a significant correlation to peak torque angle and peak torque of plantar flexion. No other
measurement showed a direct correlation with
plantar flexion.
Appropriate calf muscle strength and calf muscle
endurance are crucial for a normal gait cycle, ability
to walk on tiptoe and the performance of heel-raises. Even during daily activities the calf muscles
should be able to generate high peak torques at the
ankle joint8. Therefore the most crucial parameters
for the Achilles tendon are the peak torque and peak
torque angle of plantar flexion. Because of this, an
isokinetic dynamometer is used in the outcome evaluation of treated Achilles tendon ruptures. Although
used predominantly to study the knee joint15,16 , its
reproducibility at the ankle is described for different
dynamometers, positions and modes 17-19 . The results may be difficult to interpret and compare because test position, type of stabilization, angular velocity and type of isokinetic device are often inconsistent20. Other factors that influence the measurement include the accuracy of the dynamometer, the
test protocol, the reproducibility of the measurement

Table 1. Significant influencing factors of device independent measures.
Measures

positive

negative

ROM

peak torque plantar flexion

percutaneous therapy

Ratio of ROM

peak torque plantar flexion
peak torque dorsal extension
increased sports activity

percutaneous therapy

Calf circumference

peak torque dorsal extension
high body height

female

Heel raises
Ratio of Heel raises
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high postoperative pain
peak torque dorsal extension
increased sports activity
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and factors related to the subject and the person
performing the test20,21.
In contrast, the range of motion at the ankle joint has
a good to excellent correlation between test sessions8. This together with our findings suggests that a
simple test of the range of motion can reliably replace
isokinetic measurements.
The ratio of dorsal extension also showed a positive
correlation with the level of sport. This parameter
could objectively judge the level of sport and be used
to measure rehabilitation efficiency.
The calf circumference correlated positive with peak
torque parameters in dorsal extension, which is
known in literature6,22. However, the calf size as not
just a clinical sign of gastrocnemius muscle power.
This parameter is strongly influenced by gender and
height and can only be used in comparison to the unaffected side and not in comparison to absolute values. However, we did not find any significant correlation with the ratio of calf circumference. Therefore
the calf circumference does not give additional information for the evaluation of treated Achilles tendon
ruptures.
The heel-raise test has been recommended as a
measurement of calf muscle function8,22,23. We found
that the number of heel raises was most strongly correlated with the amount of pain indicated by the patient and the level of sport. Although it is certain that
calf muscle strength and endurance play a role in
heel raises, it seems that this movement also integrates many other variables. It may be an indication
of the general functionality of the leg. Thus pain experienced by the patient would be the single most
common and most important factor reflected in this
test. In athletic adults the level of sports would be
equally contributing. The additional subjective assessment of sports and pain should be therefore routinely performed.
However, range of motion negatively correlated
with percutaneous surgical therapy reflecting a difference in the biomechanical outcome between percutaneous therapy and open surgery. This indicates
that simple and exact clinical measurements are, if
well done, more than appropriate to differentiate
between various therapies. Therefore, clinicians
should keep in mind that valid conclusions could be
made with simplest tools: hands, goniometer and
wall.

Conclusion
We conclude that simple, device independent clinical
measures like active range of motion and active heel
raise may be more than sufficient to evaluate the outcome after Achilles tendon ruptures. The correlations
we found could be used to judge the progress in recovery of healthy and athletic adults after a unilateral
Achilles tendon rupture with surgical treatment. It
could be that with the help of these simple measures,
the long standing question of best therapy could be
resolved in future trials.
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Key Points
Findings: simple, device independent clinical measures and specifically the active range of motion correlate with isokinetic measurements of calf strength
and may be more than sufficient to evaluate the outcome after Achilles tendon ruptures.
Implications: the correlations could be used to easily
judge the progress in recovery of healthy and athletic
adults after a unilateral Achilles tendon rupture with
surgical treatment.
Caution: because these analyses were performed on
healthy and physically active adults, the observed relationships would need to be investigated in people
with pre-existing morbidities. Future trials would have
to show whether these simple measurements are
enough to detect differences in treatment outcomes.
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