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Sonoelastography shows that Achilles tendons with insertional
tendinopathy are harder than asymptomatic tendons
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Abstract

Purpose To seek differences of Achilles tendon hardness
between insertional tendinopathy (IT) and asymptomatic
controls by using computer-assisted quantification on axial-
strain sonoelastography (ASE).

Methods The study consisted of 37 non-athletic patients
presenting with Achilles tendon pain in one or two tendons.
Both tendons were examined clinically. Among the 74 ten-
dons, 16 were diagnosed and categorized into an IT group
and 29 into an asymptomatic group. The remaining 29 ten-
dons were excluded due to non-insertional tendinopathy,
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ruptures, previous surgery or mixed disorders. The tendons
in the IT and asymptomatic groups were examined with
both ASE and conventional ultrasound. Computer-assisted
quantification on ASE was conducted to extract parameters
of tendon hardness, including the 20th percentile (H20),
median (H50) and skewness (Hsk) of the hardness within
tendon, as well as the ratio of the mean hardness within
tendon to that outside tendon (Hratio).

Results The H20 (p = 0.003), H50 (p = 0.004) and Hratio
(p = 0.002) were larger and Hsk (p = 0.001) was smaller
at distal thirds of IT tendons than those of asymptomatic
tendons. For differentiation between two groups, the Hsk
achieved the best value (0.815) of area under the receiver
operating characteristic curve, with a sensitivity of 81.3 %,
a specificity of 86.2 % and an accuracy of 84.4 %.
Conclusions Computer-assisted quantification on ASE
shows that IT tendons are harder than asymptomatic ten-
dons. It might act as a potentially useful technique for iden-
tification and risk stratification of IT patients and thus be
valuable in day-by-day clinical practice for monitoring IT
progression and for evaluating therapeutic effects.

Level of evidence 1I1.

Keywords Sonoelastography - Achilles tendon -
Insertional tendinopathy - Tissue hardness - Tissue
elasticity - Computer-assisted quantification

Introduction

Achilles tendinopathy frequently occurs in athletes and
soldiers, but also in the general public. As a real-time, effi-
cient and low-cost imaging modality, ultrasound (US) is
beneficial in the diagnosis of Achilles tendinopathy [18].
Axial-strain sonoelastography (ASE) is a newly developed
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technique of ultrasonography for measurement of tissue
hardness, which involves manual axial compression of tis-
sue using the hand-held US transducer to generate tissue
strains (deformations) [24, 34]. The role of ASE on imag-
ing of Achilles tendinopathy has increased in recent years
[7, 12, 17, 24, 25, 30]. Compared with conventional US,
ASE provides additional information regarding the biome-
chanical properties of tendon [7, 8, 14, 17, 24, 30, 32, 34,
36].

There are two types of Achilles tendinopathy, insertional
tendinopathy (IT) and non-insertional tendinopathy (NIT).
IT occurs at the insertion of an Achilles tendon onto calca-
neus, while NIT affects the middle portion of an Achilles
tendon. Previous studies on ASE of Achilles tendinopathy
are often focused on NIT or carried out on mixed popula-
tion [7, 17, 24, 25]. However, aetiology, histopathology
and injury mechanism differ between IT and NIT [37, 38],
which may result in their different patterns of hardness.
The NIT tendon usually involves degeneration and disor-
dered arrangement of collagen fibres, focal hypercellularity
and neovascularization, which could soften the tendon [15—
17]. But the IT is most often with formation of bone spurs
and calcifications in the tendon proper at the insertion site
[37, 38], which may increase the hardness of the tendon [6,
11]. To date, the role of ASE in evaluating the hardness of
the IT conditions is still unclear.

Former research employed various elastography grading
systems for qualitative identification of tendon disorders.
No standard grading protocol has been established [16, 23].
Furthermore, the elasticity grades are generally scored by
radiologists and are not yet automated, which limits the
intra- or inter-observer reproducibility. Quantitative assess-
ment of ASE images with computer assistance is poten-
tially useful for more objective measurement of Achilles
tendon hardness.

The purpose of this study was to propose a computer-
assisted method for quantifying tendon hardness on ASE
and apply it to comparing Achilles tendons with IT and
asymptomatic tendons. To our knowledge, this study was
the first to report different hardness patterns between IT
and asymptomatic tendons. The computer-assisted ASE
could be potentially used in daily clinical practice for mon-
itoring IT progression and for evaluating treatment effects.

Materials and methods

This study was a retrospective analysis of a prospectively
collected database for records of patients who under-
went ASE of tendons. The study included 37 non-ath-
letic patients (26 male and 11 female), who complained
of Achilles tendon pain in one or both tendons and were
examined clinically and with conventional US and ASE.
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Table 1 Numbers of subjects included and not included in this study

No. Included

Asymptomatic 29 Yes
Symptomatic 45

Insertional tendinopathy (IT) 16 Yes

Non-insertional tendinopathy (NIT) 9 No

IT plus NIT 4 No

Ruptures or surgically repaired ruptures 16 No
Total (37 patients x 2 tendons/patient) 74

All patients reported occasional sports activities but with-
out participation in professional or amateur tournaments.
For each patient, clinical evaluation was conducted on
bilateral Achilles tendons (n = 74) by a sports medicine
surgeon with 14 years of experience to classify them into
29 asymptomatic and 45 symptomatic tendons (Table 1).

The Achilles tendons were divided into three sections
for clinical evaluation [7]: (1) proximal (musculotendi-
nous junction), (2) middle (2—-6 cm above insertion at the
calcaneus) and (3) distal (insertion). The clinical evaluation
included an assessment of tenderness, oedema, crepitus,
and nodularity or thickening of each Achilles tendon sec-
tion to differentiate symptomatic from asymptomatic ten-
don thirds [7, 24]. The symptomatic tendons all presented
with pain, and the asymptomatic tendons had no history of
tendon disorders or painful episodes on any section. For
clinical diagnosis of tendinopathy, the patients had to have
documented pain upon palpation over the tendon and pain
with resisted activation of the tendon [22]. The tendons
with tendinopathic findings confined on distal sections
were finally identified as IT.

Among 45 symptomatic tendons, 16 were clinically
diagnosed as IT (Table 1). Twenty-nine were diagnosed
as NIT, IT plus NIT, ruptures or surgically repaired rup-
tures and were excluded from further research (Table 1),
while their contralateral asymptomatic or IT tendons were
reserved. Therefore, the tendons under further investigation
consisted of two groups: 16 symptomatic with IT and 29
asymptomatic, presumably healthy.

Among the 16 IT tendons, there were seven with calci-
fication detected at the distal sections on conventional US
and nine without. Thus, the IT group was divided into two
subgroups, calcified and non-calcified.

Ultrasound image acquisition

The subjects were examined in a prone position with
the foot hanging over the edge of the examination bed
using the HI VISION Preirus system (Hitachi Medical,
Tokyo, Japan) equipped with a linear array transducer
(L74 M, 5-13 MHz). Both conventional US and ASE
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were performed on Achilles tendons by a radiologist with
11 years of experience in musculoskeletal US, who was
blinded to the clinical findings. Longitudinal and transver-
sal imaging was performed for each third.

During ASE examination, light repetitive compression
was applied over an Achilles tendon with the hand-held
transducer. The transducer pressure was applied vertically,
perpendicular to the Achilles tendon, and was adjusted so
that the real-time feedback visual indicator of pressure on
the screen depicted a sinus curve [16], as shown in lower
left of Fig. 1a. The elastograms were represented in colour
overlaying the B-mode greyscale image, using a colour

map from red to blue indicating high to low strains, i.e. low
to high hardness (Fig. 1a).

The sinus curve should be stable at an almost con-
stant amplitude and frequency for at least four cycles.
For each scan plane, a representative image was selected
from cine loops, captured and stored in DICOM format
for image interpretation including computer-assisted
quantification. A representative image should adequately
depict tendon boundaries and regular structured periten-
dinous layers including paratenon, muscles and bursae,
so that tissue movement would not affect intratendinous
colouring [8].

Fig. 1 Example for illustrating the computer-assisted quantifica-
tion of tendon hardness on axial-strain sonoelastography (ASE). The
imaging system provides dual-modality visualization in a full screen
a consisting of two parts: the right part depicts a greyscale B-mode
image and the left is a composite colour image that is a pure colour
elastogram overlaying the same B-mode image. The pure colour

elastogram (b) is retrieved by subtracting the B-mode image from
the composite image. The tendon borders are delineated by using
interactive software (c). The pure colour elastogram is transformed
to a greyscale image (d). The location of the tendon is depicted in a
binary template (e)
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Computer-assisted quantification of tendon hardness

A computer-assisted quantification program was developed
for tendon hardness using MATLAB R2007a (MathWorks,
Natick, MA, USA). The computer-assisted quantification
was conducted by the same radiologist who had performed
the scans. Then three months later, this radiologist assessed
the same images for evaluating the intra-observer variabil-
ity. Meanwhile, after receiving four-hour special training
on musculoskeletal anatomy and imaging, a computer sci-
entist specialized in computerized medical image analysis
performed the same assessment for evaluating the inter-
observer variability.

The Hitachi ASE system provides dual-modality visu-
alization in a full screen (Fig. 1a). The right part is a grey-
scale B-mode image, while the left part is a composite colour
image in the red—green—blue (RGB) format, displayed as a
translucent colour ASE image superimposed on the greyscale
B-mode image. Thus, a pure colour elastogram was obtained
by subtracting the B-mode image from the composite image,
but still in RGB format (Fig. 1b) [42, 43]. The strain distri-
bution was then reconstructed by computing the hue value
from the pure elastogram [43], ranging from O (red, softest)
to 5/6 (blue, hardest), depicted as the greyscale image shown
in Fig. 1d. Areas appearing as black holes or black shades on
ASE colour images (Fig. 1a, b) had invalid hue values, and
they were automatically detected and excluded from further
calculation and analysis (Fig. 1d, depicted in magenta).

Software was developed for interactive delineation of
a tendon border on either the ASE colour image (left of
Fig. 1a) or the B-mode greyscale image (right of Fig. 1a),
and it would automatically simultaneously map the outlined
contour back to the other image. User interactions were
as simple as clicks on either image while selecting several
points on the tendon border (red dots in Fig. 1c) [40], and
the B-spline interpolation of the discrete points was used to
get a smooth closed curve (yellow curves in Fig. 1c, d).

The hardness of tendons was quantified by using the sta-
tistics of tendon hue values on ASE [41], including the mean
(Hmean), skewness (Hsk), 20th percentile (H20) and 50th
percentile (median; H50) of the hue values within tendon, as
well as the ratio of the mean hardness within tendon to that
outside tendon (Hratio). Here, Hsk measures the asymmetry
of the probability distribution of tendon hardness. A nega-
tive Hsk value indicates that the mass of the distribution is
concentrated on the right of the hardness histogram, and a
more negative Hsk value indicates a harder tendon.

Morphological parameters were also automatically com-
puted, including the thickness (THK), cross-sectional area
(CSA) and eccentricity (ECC) of tendon. ECC ranges from
0 to 1, with a larger value denoting a more oblate shape
of tendon. The CSA and ECC were only calculated at the
transversal planes.
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Every patient had given written informed consent for
the ASE examination in the prospective database collec-
tion. The Institutional Review Board of Huashan Hospi-
tal, Fudan University, approved this study and waived the
requirement for written informed consent for the retrospec-
tive analysis of the database.

Statistical analysis

All statistical analysis was performed with MATLAB.
Tendon hardness and morphological parameters were
expressed as mean = SD because they were normally dis-
tributed via the Lilliefors test. Patient age was expressed as
median and interquartile range (IQR) because of its non-
normal distribution.

Parameters of tendon thirds were compared by using
unpaired two-sample ¢ tests between two groups, i.e. IT
and asymptomatic controls. Quantitative parameters calcu-
lated on transversal and longitudinal planes were both com-
pared between groups. The receiver operating characteristic
(ROC) analysis was conducted for evaluating the differen-
tiation performance of the parameters between two groups.
The intra- and inter-observer agreement for each quantita-
tive parameter was evaluated with Pearson’s correlation (7).
The difference of age between groups was assessed with
the Kruskal-Wallis test and the difference of sex with the
Chi-square test. A p value less than 0.05 was considered to
be statistically significant. The sample sizes of groups were
statistically determined [4].

Results
Patient statistics and quantification repeatability

The median age of the patients was 33 years (IQR 14.5 and
range 14-80). The median age of the IT group (12 male
and four female) was 32 years (IQR 13 and range 15-53),
and that of the asymptomatic (20 male and nine female)
was 33 years (IQR 14.3 and range 14-80). There was no
significant difference of patient age or sex between the two
groups.

The correlation coefficients () measuring the intra-
observer agreement were all larger than 0.86 for five hard-
ness parameters (p < 0.001), while the r-values denot-
ing the inter-observer agreement were all larger than 0.77
(p <0.001).

Comparisons of hardness and morphology
between groups

At transversal scans, Hmean, H20, H50, Hsk and Hratio of
the distal portions in IT tendons were significantly larger
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than those in asymptomatic tendons (Table 2), indicating
that IT tendons had harder distal portions than asympto-
matic controls. The results at longitudinal scans were simi-
lar to these found at transversal scans. In Fig. 2, four typi-
cal IT tendons were harder than one asymptomatic tendon
by visual observation and quantitative comparison.

Compared with asymptomatic tendons, IT tendons
tended to be significantly thinker and less oblate (more
round) shaped (Table 2). However, the p-values of the
morphological parameters were all larger than those of the
hardness parameters.

There was a tendency that from the asymptomatic group
to the non-calcified subgroup and then to the calcified sub-
group, the distal portions became harder (H20 = 0.25, 0.34
and 0.35, respectively; Hsk = —0.28, —0.73, and —0.84)
and thicker (THK = 0.45, 0.48, and 0.62 cm). H20 and Hsk
were significantly different between the calcified subgroup
and the asymptomatic group (p = 0.021 and 0.007), as well
as between the non-calcified subgroup and the asympto-
matic group (p = 0.022 and 0.026), while THK only had
a significant difference between the calcified subgroup and
the asymptomatic group (p = 0.004), but not between the
non-calcified subgroup and the asymptomatic group.

In terms of H50, IT tendons were significantly harder
than asymptomatic tendons at middle portions (0.50 £ 0.09
vs. 0.43 £ 0.10, p = 0.014), but not significantly at prox-
imal portions. In IT tendons, there was no difference
between three sections (n.s.), neither was there in asympto-
matic tendons (n.s.).

Sensitivity, specificity and correlation

For discrimination between two groups, all five hardness
parameters had larger AUCs than three morphological
parameters (Table 3; Fig. 3). Hsk achieved the best AUC
value of 0.815 with a sensitivity of 81.3 %, a specificity of
86.2 % and an accuracy of 84.4 %.

H50 (r =0.42; p = 0.004), Hmean (r = 0.38; p = 0.009)
and Hsk (r = —0.35; p = 0.017) were marginally but sig-
nificantly correlated with CSA at distal sections in the
entire population. There were no significant correlations
between hardness parameters and morphological param-
eters at middle or proximal sections.

Discussion

The most important finding of the present study is to report
that symptomatic IT tendons are significantly harder than
asymptomatic controls, presumably healthy tendons, by
using a set of quantitative parameters derived from ASE
with computer-assisted methods. ASE combined with
computer-assisted quantification is recognized as a feasible

Table 2 Comparisons of distal thirds between the Achilles tendons with insertional tendinopathy (IT) and the asymptomatic controls by using  tests

Morphological parameters®

Hardness parameters®

ECC

Area (cm?)

Hratio THK (cm)

H20 H50 Hsk

Hmean

Mean

0.97
0.96

0.74
0.90

0.45
0.54

0.87
1.04

—0.28
—0.78

0.42
0.51

0.25
0.34

0.42
0.48

Asymptomatic

1T
SD

0.01
0.03

0.23
0.40

n.s.

0.08
0.20

0.17
0.17

0.50
0.41

0.09
0.08

0.10

0.08

0.07
0.06

Asymptomatic

IT

0.030

0.003 0.004 0.001 0.002 0.024

0.006

p-value of 7 test

# H20, H50, Hmean and Hsk: the 20th and 50th (median) percentiles, mean and skewness of the tendon hardness; Hratio: the ratio of the mean hardness within tendon to that outside tendon

Y THK, CSA and ECC: the thickness, cross-sectional area and eccentricity of the tendon
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technique in the assessment of insertional Achilles tendi-
nopathy, providing quantitative information about mechani-
cal properties of tendons. This quantitative hardness infor-
mation would be potentially valuable for identification
and risk stratification of insertional Achilles tendinopathic
patients. Thus, in daily clinical practice, it might be useful

@ Springer

for monitoring the progression of IT and for evaluating the
effects of surgical and non-surgical treatment, such as open
and arthroscopic surgeries, injections, eccentric training
and extracorporeal shockwave therapy.

Hardness parameters exhibited a more significant dif-
ference between IT and asymptomatic tendons than did
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«Fig. 2 Distal thirds of Achilles tendons from four subjects with
insertional tendinopathy (a—d) and one subject with an asymptomatic
tendon (e). The tendinopathic tendons shaded blue and green (a—d)
are harder than the asymptomatic tendon which is predominantly
green and mixed with small yellow stripes and blue patches (e).
Arrows in (a) and (b) indicate calcification. a The quantitative param-
eters H50 = 0.62, Hratio = 1.30, Hsk = —2.23 and THK = 0.50 cm.
b H50 = 0.55, Hratio = 1.14, Hsk = —0.83 and THK = 0.70 cm. ¢
H50 = 0.56, Hratio = 1.42, Hsk = —1.26 and THK = 0.86 cm. d
H50 = 0.60, Hratio = 1.27, Hsk = —1.54 and THK = 0.38 cm. e
H50 = 0.33, Hratio = 0.67, Hsk = 0.20 and THK = 0.43 cm. H50
and Hsk denote the 50th percentile (median) and skewness of the
hardness within tendon, Hratio denotes the mean hardness within
tendon to that outside tendon, and THK represents the thickness.
The THK in the asymptomatic tendon (e, 0.43 cm) was only a little
smaller than that in an IT tendon (a, 0.50 cm) and even larger than
that in another IT tendon (d, 0.38 cm); the differences of H50, Hratio
and Hsk values between two groups of tendons were much more sali-
ent

morphological parameters (Table 2) and also achieved
better discrimination performance with ROC analysis
(Table 3). Furthermore, alterations from the asymptomatic
group to the non-calcified subgroup and then to the calci-
fied subgroup were more evident using hardness param-
eters than morphological ones. These results suggest that
tendon hardening may happen before changes in tendon
morphology and that ASE can reliably and reproducibly
detect tendon hardening before the conventional US finds
calcification or other morphological alterations. The find-
ing that ASE can observe increased hardness in non-cal-
cified subgroup also suggests that ASE may be capable of
detecting early calcification and spur formation.

Compared with the asymptomatic tendons, the median
hardness (H50) of the IT tendons increased by 20 % at dis-
tal sections (0.51 vs. 0.42, p = 0.004; Table 2) and 18 % at
middle sections (0.50 vs. 0.43, p = 0.014), but there was no
significant difference between two groups at proximal sec-
tions. The increase in hardness from normal to IT tendons
became less significant from distal to middle and then to
proximal sections. It could be hypothesized that the hard-
ening process of IT begins from distal sections, evolves to

middle sections and finally approaches proximal sections
so as to stiffen the entire tendon. However, the hypothesis
needs to be tested by using longitudinal studies.

Previous studies on the hardness of Achilles tendino-
pathic tendons usually used mixed population including
both IT and NIT tendons. Sconfienza et al. [30] found that
tendons with chronic overuse-associated pain were harder
than asymptomatic tendons. However, others reported
that symptomatic patients had softer tendons compared
with healthy controls [1, 7, 24]. These contradictory find-
ings might be explained as due to heterogeneous subjects
across studies; different proportions of IT and NIT patients
in the mixed population might lead to completely different
results. To our knowledge, the present study is the first to
investigate the regional-specific changes in Achilles tendon
hardness by including only IT tendons in the tendinopathic

Sensitivity

e Hsk, AUC = 0.815
------- H50, AUC = 0.767
Hratio, AUC = 0.765
THK, AUC = 0.643

..
0 01 02 03 04 05 06 07 08 09 1
1 - Specificity

Fig. 3 Receiver operating characteristic curves and the areas under
curves (AUCs) of three hardness parameters (Hsk, H50 and Hratio)
and one morphological parameter (THK) for discrimination between
asymptomatic and insertional tendinopathic tendons

Table 3 Sensitivity, specificity,
accuracy, Youden’s index and

Hardness parameters

Morphological parameters

area under receiver operating Hmean H20 H50 Hsk Hratio THK (cm) Area (cm?) ECC

characteristic curve (AUC) of

five hardness parameters and Sensitivity (FN) 81.3(3) 87.5(2) 81.3(3) 81.3(3) 68.8(5) 37.5(10) 62.5(6) 37.5(10)

three morphological parameters  gpecificity (FP)  75.9 (7) 62.1 (11) 72.4(8) 86.2(4) 82.8(5) 93.1(2)  724(8)  96.6(1)

for discrimination between Accuracy 778 711 756 844 778 733 68.9 75.6

asymptomatic and insertional

tendinopathic tendons Youden’s index  57.1 49.6 53.7 67.5 51.5 30.6 349 34.1
AUC 0.746 0.759 0.767 0.815  0.765 0.643 0.625 0.560
Cut-off values 0.46 0.25 0.49 —0.64 0.99 0.56 0.83 0.95

The sensitivity, specificity, accuracy, and Youden’s index are denoted as percentages

FP false positive; FN false negative
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group, but no NIT tendons. This study has shown increased
hardness on IT tendons, most likely attributable to calci-
fication and spur formation. However, NIT tendons may
tend to be soft due to mucoid degeneration disordered col-
lagen fibres, and cellular, vascular and neural proliferation
[15—17]. Therefore, future work will be focused on investi-
gating the different hardness patterns between IT and NIT
tendons.

Ageing alters tendon mechanical properties [27, 33,
45]. Recent studies found that the hardness of Achilles ten-
don increased with increasing age in healthy subjects [28,
35]. In the present study, the ages of subjects had no sig-
nificant difference between two groups, indicating that our
findings were not biased by the subject age. Furthermore,
considering the association between the incidence of ten-
dinopathy and ageing [33, 45], tendon hardening with age-
ing observed in those recent studies seems to coincide with
our argument of increased hardness in IT tendons but be
in contrary to the findings of decreased hardness in tendi-
nopathic tendons in other literature [1, 7, 24]. Anyhow, the
effect of ageing on tendon hardness should be elucidated
with longitudinal studies.

Tendon hardening is recently observed in patellar ten-
dinopathy with sonoelastography [44], which is in accord-
ance with our finding in Achilles tendinopathy. In addition
to Achilles tendinopathy, Achilles tendons have been evalu-
ated with sonoelastography in various populations, such as
patients with ankylosing spondylitis [36], foot ulcers [13],
clubfoot [20, 21], ruptured Achilles tendons [5, 9, 14] or
repaired ruptures [19, 32]. On these new application areas,
computer-assisted quantification of sonoelastography will
be expected to yield more objective measurement of tendon
hardness.

Four terms, hardness, stiffness, elasticity and elastic
modulus, have been interchangeably used across studies
[1, 9, 17, 23, 30, 34]. Hardness is a general term describ-
ing the ability of a material to resist plastic deformation,
while strictly speaking the latter three terms have more
specific meanings. Stiffness is defined as the ratio of the
force applied on a material to its consequent displacement
[39]. Elasticity is the ability of a material to resist a stress
and return to its original shape and size after the stress
is removed. FElasticity is quantified by elastic modulus,
which is the ratio of the stress to its resulting strain [29, 31].
A larger elastic modulus stands for smaller elasticity. ASE
does not measure elastic modulus or stiffness but strains,
which are a quantity representing hardness, and its meas-
urement has been extensively validated with phantoms and
excised tissues [2, 26]. Therefore, the term “hardness” is
used throughout the article for appropriate description [23].

There are several limitations. First, asymptomatic ten-
dons contralateral to symptomatic ones composed the con-
trol group in this retrospective study. Healthy population
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should be recruited as controls in a future prospective
study to eliminate the factor that the contralateral asymp-
tomatic tendons may also have early subclinical changes
in hardness [7]. Second, the sample size is small espe-
cially for calcified IT tendons, which renders our results
preliminary. However, for such a pilot study, the subject
number is statistically calculated to be acceptable to yield
reliable results [4]. Third, ASE uses freehand probe-axial
compression/decompression for imaging, assessing only
axial hardness of tendons. Combining both axial and lat-
eral sonoelastography techniques may be more sensitive
to changes in the material properties of tendon’s highly
anisotropic structures [3]. Fourth, ASE is a modality of
strain elastography measuring relative elasticity of tissues.
A technique for measurement of elastic modulus, such as
shear-wave elastography, would provide absolute elasticity
measurement [1, 5, 9, 10, 19, 28, 44]. Fifth, the prelimi-
nary findings on ASE need to be confirmed with histopa-
thology in the future.

Conclusions

It is shown that in patients with insertional Achilles tendi-
nopathy, the computer-assisted ASE can reliably and repro-
ducibly detect increased hardness prior to conventional
ultrasound. As a quantitative objective method, the com-
puter-assisted ASE might act as a potentially valuable tool
in day-by-day clinical practice to provide tendon hardness
information, which could be important for monitoring the
progression of IT and for evaluating the effects of surgical
and non-surgical treatment.
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