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Estimation of tensile properties of the Achilles tendon in
haemophilic arthropathy of the ankle: case study
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The progressive deterioration leading to disability in
patients with haemophilic arthropathy (HA) of the
ankle is mainly characterized by structural damage to
the tibiotalar and subtalar joint, coupled with biome-
chanical changes associated with the loss of mobility
and pain. These changes include: distal widening of
the tibia, valgus hind foot and flat feet. In advanced
stages of arthropathy of the ankle the orthopaedic
choice options are the arthrodesis or prosthesis (joint
replacement) [1].
Early degenerative changes of HA are associated

with disabilities having a significant clinical impact on
haemophilia patients and require physiotherapy. For
this reason, the care of patients with HA requires
comprehensive scores. Haemophilic arthropathy of the
ankle is still currently evaluated through clinical and
functional assessment, image scores and pain measure-
ment [2].
The bleeding of the ankle joint causes: severe pain,

limited movement and swelling with cartilage and
synovial involvement. The consequent joint disorders,
product of this bleeding, may produce capsular and
tendon shortening helping to develop joint contrac-
tures [3].
One way to assess the viscoelastic behaviour of the

tendons is to calculate tendon hysteresis and stiffness.
The loading and unloading curves during cyclic tensile

testing of tendon structures produce a loop, which
determines the hysteresis. The percentage values of
hysteresis are considered representative of the amount
of energy dissipated as heat in the load–unload cycles
of the tendon during various everyday activities. Fur-
thermore, stiffness can be determined based on any
tendon, the medial gastrocnemius being the most
explored, due to its importance in human locomotion
and its easy accessibility via ultrasound imaging
because of its shallowness [4,5].
To evaluate the properties of the medial gastrocne-

mius tendon movement, ultrasound imaging has been
widely used, specifically by detecting the displacement
of the muscle-tendon junction (MTJ) during the iso-
metric contraction of the plantar flexors. The area
between the load and unload curve generated between
the MTJ displacement and specific isometric force of
the muscle to be evaluated, was used to estimate the
percentage of live tendon hysteresis; some works
showed hysteresis values of the Achilles tendon in
healthy subjects of 17% � 12% and 18% � 3% [6,7].
The purpose of this letter is to show the hysteresis

of the Achilles tendon during isometric contraction in
a haemophilic subject with ankle arthropathy com-
pared to that observed in a healthy subject and a
description of the measurement protocol used.
Upon approval by the Ethics Committee of the Ser-

vicio de Salud Metropolitano Norte de Santiago de
Chile (Chilean Health Service), a haemophilic patient
(HP) with a history of HA in his left ankle was
recruited. The patient was asked to perform three
maximal isometric contractions of the ankle plantar
flexors, so as to reach the highest peak in 1 s, holding
the position for 1 s and then relax after 1 s. This
model of performance was chosen because it was the
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most comfortable for the HP. The patient performed
the manoeuvre 1 week before the evaluation during
20 min. The aim was to explain the task and perform
20 submaximal executions to reproduce the loading
and unloading curve of homogeneous form between
tests. At the time of measurement, the patient had no
pain in the ankle. Prior to the final evaluation, a test
run of 10 submaximal contractions was performed by
visual feedback to stabilize the tendon and practice
the manoeuvre.
To calculate the hysteresis, MTJ displacement

and maximum torque exerted during the isometric
contraction were measured. To do this, an ultrasound
scanner with a linear transducer of 5–10 MHz (Sono-
Site Titan; Sonosite Inc., Bothell, WA, USA) was used,
synchronized with a 1000-Hz load cell, with a resolu-
tion of 0.25 N. The patient sat with his hip at 80°
flexion, full extension of the knee and the ankle in a
neutral position. The ultrasound transducer was
placed on the back of the medial calf in the longitudi-
nal axis at the level of the distal MTJ. The patient
repeated the test three times, pausing for 2 min
between each repetition to prevent fatigue. The results
of the three tests were averaged. To estimate the med-
ial tendon force (Ft), the formula of previous studies
was used, that is, T 9 d�1 [4], where T is the plantar
torque exercised and d is the moment arm length of
the medial gastrocnemius at 0° of dorsiflexion [8].
Stiffness calculation was determined by dividing the

MTJ displacement at 100% of the maximum volun-
tary contraction (MVC) by the maximum specific
force exerted by the medial gastrocnemius [4]. To
determine the Ft curve and MTJ displacement, data
were collected every 5% of the MVC [4]. Hysteresis
of the Achilles tendon was calculated by subtracting
the area under the load curve (A1) and area under the
unloading curve (A2), divided by the area under the
load curve * 100 [4].
For each performance by the patient, execution

speed was determined by the % of MVC per second,
to standardize the loading and unloading period in
each of the tests.
The subject studied is an 18-year-old male with hae-

mophilia A, receiving biweekly prophylactic treat-
ment, 68 kg in weight and 1.71 m tall. Arthropathy
of his left ankle according to the radiological Petters-
son score is 7 points of 13. The clinical assessment
Gilbert score is 7 of 13 (range of joint motion of 0°
dorsiflexion and 20° plantar flexion. Moderate pain 2/
3). At the time of measurement, he was performing
physical rehabilitation twice weekly. The control sub-
ject is a 21-year-old male with no history of musculo-
skeletal disorders, 1.65 m in height and 70 kg in
weight.
Table 1 shows the results. Stiffness and hysteresis

values are higher in the HP respect healthy subject.
The values for the healthy subject are as those

observed in the literature [6,7]. However, it is impor-
tant to consider that there are methodological vari-
ables that can lead to errors in hysteresis estimation,
such as synchronizing the torque measurement and
ultrasound recording [9]. Other variables that could
influence the variability in the outcome of such hyster-
esis are fluctuations during unloading phase [9]. In
addition, the results of the hysteresis and stiffness ten-
don could be influenced by other factors, like the
determination of the length of the moment arm of the
Achilles tendon during isometric contraction, because
it affects the calculation of the tendon force.
In the case of patients with ankle HA, assuming the

geometry of the articular surface is irregular, in our
opinion, there is no methodology to estimate the
length of the moment arm of the Achilles tendon. So
that, we based on standard value from Hashizume
et al. [8].
In relation to synchronizing the torque measurement

and ultrasound recording, in this case a similar sam-
pling rate to that used in Wang’s analysis, 2012 was
used [4]. Hysteresis values observed in patients with
Achilles tendinopathy are 28% and those observed in
our case report are 39%.
Moreover, the high values related to stiffness found

in our patient with ankle HA, differ from those
observed in patients with Achilles tendinopathy
(132 N mm�1) [4]. This increased stiffness is related
to clinical record in patients with ankle HA, that is,
decreased mobility, contractures of the muscles and
tendons [3]. Finally, hysteresis and stiffness results
obtained in this case report (Fig. 1) are higher than
those reported in the literature [6,7], both in healthy
subjects and in subjects with Achilles tendinopathy
[4]. Regarding the high hysteresis and stiffness values
found in HP, this relationship is controversial, for
example, there has been an inverse relationship
between the hysteresis and stiffness [1,6], this means
that low percentage of hysteresis are related to high
values of stiffness, however, this relationship was not
observed in other studies [10].
In conclusion, the determination of the viscoelastic

properties of the Achilles tendon in patients with HA
could help supplement the physical assessment and
establish treatment guidelines aimed at improving the

Table 1. Comparison of the viscoelastic properties of the Achilles tendon.

Control Patient with HA

Stiffness (N mm�1) 149.7 [146.1–152.6] 241.4 [203.4–276.0]
Hysteresis (%) 19.8 [13.8–24.7] 39.1 [35.2–43.1]
MTJ displacement (mm 11.4 [10.8–12.3] 7.5 [5.6–9.9]
Velocity loading

(% MVC*seg)
95.6 [89.6–98.8] 73.7 [77.6–97.9]

Velocity unloading

(% MVC*seg)
65.8 [59.2–72.6] 68.5 [64.1–76.5]

HA, haemophilic arthropathy; MTJ, muscle-tendon junction. MVC,Maxi-

mum voluntary contraction

Values are expressed as mean and [minimum–maximum] of three tests.
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viscoelastic properties of the tendon and, consequently,
improving joint functionality. Assuming that changes in
the initial stages of the ankle HA, the viscoelastic prop-
erties of Achilles tendon should differ from the
advanced stages of the ankle HA. Therefore, the objec-
tives and results of physiotherapy in the Achilles tendon
must be redefined in terms of the stage of the ankle HA.
Future studies are required to establish more consis-

tent and reliable methodology for patients with ankle

HA, as well as the determination of the relationship
between different degrees of arthropathy and changes
in the viscoelastic properties of the tendon in these
patients.
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