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Abstract

Purpose To evaluate the sonoelastographic features of
Achilles tendon healing after percutaneous treatment using
real-time sonoelastography, a new tool able to quantify
deformation in biological tissues.

Methods Patients with atraumatic Achilles tendon rup-
tures, treated with a percutaneous technique, were assessed.
Sonoelastographic evaluations were performed at the myo-
tendinous junction, tendon body/lesion site and osteotendi-
nous junction, both for the operated and contralateral side,
at 40 days, 6 months and 1 year after surgery. Using stand-
ard regions of interest, the “strain index” (SI) was calcu-
lated as an indicator of tendon elasticity. Clinical outcomes
were assessed by the ATRS questionnaire at 6 months and
1 year post-operatively and correlated with sonoelasto-
graphic findings. Sixty healthy tendons from 30 volunteers
were used to provide a healthy control range.

Results Twenty-five patients were recruited for this study.
The SI in treated tendons showed progressive stiffening

A. Busilacchi (<) - F. Fusini - A. Gigante

Clinical Orthopaedics - Department of Clinical and Molecular
Science, School of Medicine, Universita Politecnica delle
Marche, Via Tronto 10/A, 60126 Ancona, Italy

e-mail: albertobusilacchi@yahoo.it; a.busilacchi @univpm.it

M. Olivieri - S. Ulisse
Department of Radiology, Azienda Ospedaliero -Universitaria
“Ospedali Riuniti”, Via Conca 71, 60126 Ancona, Italy

R. Gesuita - E. Skrami

Epidemiology and Biostatistics Centre — School of Medicine,
Universita Politecnica delle Marche, Via Tronto 10/A,

60126 Ancona, Italy

T. Lording

Orthopedic Department, Frankston Hospital, Hastings Rd,
Frankston, VIC 3199, Australia

@ Springer

over time, especially at myotendinous junction and at the
site of the sutured lesion, resulting in significantly higher
stiffness than both the contralateral tendon and healthy
volunteers. Peak thickness of treated tendons occurred at
6 months, with a tendency to reduce at 1 year, while never
achieving a normal physiological state. Greatest remodel-
ling was seen at the lesion site. The contralateral tendon
showed significant thickening at the myotendinous and
osteotendinous junctions. The SI of the contralateral ten-
don was found to be stiffer than physiological values found
in the control group. ATRS score improved significantly
between 6 months and 1 year, being negatively correlated
with the SI (p < 0.001).

Conclusion RTSE showed that operatively treated Achil-
les tendons become progressively stiffer during follow-up,
while the ATRS score improved. From a biomechanical
point of view, at 1 year after surgery Achilles tendons did
not show a “restitutio ad integrum”. Real-time sonoelastog-
raphy provides more qualitative and quantitative details in
the diagnostics and follow-up of Achilles tendon conditions
as the post-operative evolution of the repairing tissue.

Level of evidence Diagnostic and therapeutic study,

Level III.

Keywords Real-time sonoelastography (RTSE) -
Elastography, Achilles tendon - Elastosonography,
tendon healing - Tendon biomechanics

Introduction

Complete subcutaneous rupture of the Achilles tendon is
estimated to account for approximately 35 % of all ten-
don tears. It most commonly occurs in an active popula-
tion, particularly in those with specific risk factors such
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as diabetes, prolonged fluoroquinolone therapy or anti-
tumoural drug therapy [13].

During the last decades, the pathophysiology of human
tendon, and in particular its healing process, has been
extensively studied. However, the biomechanical changes
in tendon recovery have only partially been investigated in
pre-clinical studies [26], or in clinical studies of the entire
flexor functional unit rather than the tendon itself. It is well
known that after a complete tendon rupture, the healing
process normally requires approximately 1 year to restore
a normal histological structure [5-7, 15]. In 2002, Palmes
demonstrated in an experimental animal model the impor-
tance of early post-operative mobilization to achieve accel-
erated healing [26]. In their study, the histological structure
of these specimen tendons was more mature and rich in
elastic fibres than controls. It has not been clarified whether
it is possible to fully restore biomechanical features and
how long this may take.

B-mode ultrasonography (US) is a cost-effective diag-
nostic instrument used in tendon pathology: it converts
a radiofrequency signal into a bidimensional black and
white image showing morphological characteristics, but
with poor qualitative and no direct quantitative assessment
of the pathoanatomical and biomechanical condition of a
tissue.

Recently, real-time sonoelastography (RTSE), or “elas-
tosonography”, has become of interest as an ultrasound-
based technique to assess structural and biomechanical
features of biological tissues, such as ‘“elasticity” [31].
Ophir et al. [24] first described the elastographic princi-
ples of strain imaging, and more recently, Pesavento [27]
described the basis for its clinical applications. The reading
of RTSE is based on the effects of an external compression
force on the tissue under investigation, which produces dis-
placement in its structure. The magnitude of such displace-
ment is less in harder tissues than in softer tissues. Tissue
displacement is calculated in real time by a modified ultra-
sound scanner, such that different grades of elasticity may
be displayed over a common ultrasound image. An easy
colour scale overlaps the conventional US images, giving
an immediate portrait of the tissue. Furthermore, the soft-
ware analyses shear waves and returns a mean value for tis-
sue strain. For this reason, RTSE is considered as “virtual”
palpation [10, 16].

To our knowledge, this new ultrasound-based method
has been used to detect quantitative and qualitative infor-
mation in the normal and pathologic Achilles tendon, but
no systematic evolution of the repairing tissue after surgery
has been reported yet to assess whether the “restitutio ad
integrum” is myth or truth.

The aim of this paper is to report the RTSE pattern of
surgically repaired Achilles tendons, to provide new infor-
mation regarding the biomechanics of tendon healing and

to describe a feasible technical method that may be applica-
ble in day-by-day clinical practice.

Materials and methods

This study was designed as a prospective study. As the
technique is new and no gold standard exists for the pur-
pose of evaluating in vivo tissue strain, no comparison with
other images was performed. From January 2011 to Janu-
ary 2013, patients referred to our university hospital for
spontaneous subcutaneous rupture of the Achilles tendon
were enrolled. Patients aged over 65 years, or with a his-
tory of diabetes, familial hypercholesterolemia, fluoroqui-
nolones therapy, glucocorticoid therapies within the last
12 months (either orally or locally administered), colla-
genopathies, seropositive or seronegative enthesopathies or
anti-tumour drug administration were excluded. A control
group of healthy volunteers were evaluated for comparison
of the ultrasonographic and sonoelastographic findings. All
enrolled patients underwent a percutaneous tenorrhaphy
using a polyethylene terephthalate (PET) thread with two
long, straight needles. Surgical interventions were per-
formed as day surgery, under local anaesthesia with lido-
caine hydrochloride 10 % at the entry and exit points of the
device. The surgical technique is described in Gigante et al.
[14].

Clinical follow-up

Post-operatively, patients were discharged a few hours
after surgery with two crutches and an anterior splint, non-
weight bearing indication on the operated side and sub-
cutaneous low molecular weight heparin as DVT prophy-
laxis. At the first follow-up visit on day 20, the splint was
removed and a loose elastic bandage was applied with the
ankle in a neutral position. Protected weight bearing with
crutches and active flexion—extension exercises of the ankle
were then commenced.

At day 40, after US and sonoelastographic assessment,
the PET device was removed, and progressive weight bear-
ing and ankle rehabilitation were allowed.

At day 55, another clinical follow-up was performed.
Full weight bearing was then permitted, and the rehabilita-
tion program progressed [14].

At 6 months and at 1 year post-operatively, patients
attended a follow-up visit to assess functional recovery
through RTSE and administration of the Achilles Tendon
Total Rupture Questionnaire (ATRS) [23]. This is a disease-
specific, ten-item questionnaire (built on a Likert Scale
from O to 10 points per question) and is currently consid-
ered the most reliable questionnaire to assess the functional
recovery of the Achilles tendon after surgical treatment
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compared with previous scores such as the AOFAS or
VISA-A [3, 18]. The highest score, 100 points, indicates a
complete return to all activities, including sports. For each
question, a score of O corresponds to maximum limitation
and complaint, while a 10 signifies well-being and com-
plete recovery. For our study, the questionnaire was trans-
lated into Italian by the first author and revised by a profes-
sional medical writer.

Real-time sonoelastography methods and endpoints

Sonoelastographic evaluation was performed 40 days
post-operatively and repeated at 6 months and 1 year. Ten-
dons were first evaluated using conventional US with a
5-12 MHz probe, followed by RTSE examination (Philips
iU 22, Eindhoven, the Netherlands).

Patients were positioned in prone position with both the
ankles over the extremity of the bed. A senior radiologist,
expert in musculoskeletal disorders and blinded to clinical
outcome and questionnaire scores, examined a longitudinal
view of both Achilles tendons (the operated and non-oper-
ated sides). Image acquisition was performed, following
the technical notes published by Palle [25].

Thirty healthy volunteers (25 males and 5 females) aged
between 20 and 40 (mean 31.3) were recruited to identify
an ultrasonographic and elastographic normal range. The
same exclusion criteria were applied to this control group
as to the study group. This healthy control group included
smokers and non-smokers, non-diabetics and subjects
reported occasional physical activity, but none participated
in competitive sports.

Both volunteers’ tendons (60 tendons in total) were
scanned using the same methodology. Informed consent
was obtained from all patients. This study conforms to the
Declaration of Helsinki and subsequent modifications. IRB
of Department of Clinical and Molecular Sciences (DIS-
CLIMO)—Universita Politecnica delle Marche gave the
approval (ref. no. 2011/01).

All assessments were carried out with tendons in a
relaxed state. No acquisitions were made with contraction
of the triceps surae, to avoid mechanical effects on the ten-
don related to muscle.

Prior to performing sonoelastographic analysis, con-
ventional US was performed with the same machine, only
using the B-mode function. Thickness of tendon was evalu-
ated at the myotendinous junction (MTJ), the body of the
tendon (ruptured site), and at the osteotendinous junction
(OTJ).

For the sonoelastographic assessment, first the examiner
performed an auto-calibration of the pressure applied on
the probe, using a pressure sensor that showed the pressure
level on screen as a green bar. For reproducibility, tendon
examination was performed at 50 % of the peak pressure
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Fig. 1 Elastogram superimposed on the B-mode image. The colour
scale indicates progressive stiffness from red (soft) to blue (hard).
The upper colour bar is used as reference to compare the exam-
ined tissue. The lower red square marks the pressure bar that is used
by the operator to calibrate the pressure applied to the tendon. The
method is standardized such that the operator applies pressure at
50 % of the measurable peak

(Fig. 1). The probe was placed perpendicular to the ten-
don in order to reduce any bias related to anisotropy. The
examiner tapped the tendon in the same place four times
with a small, regular pressure: this external pressure gen-
erates a change in the structural shape of tendon that the
probe detects as elastographic information. Depending on
tissue deformability, one of four colours appears on the
screen superimposed on the B-mode image: blue for high
stiffness, green for intermediate stiffness, yellow for low
stiffness and red for very elastic tissue. This coloured pic-
ture is the so-called elastogram. The colour-coded images
were analysed on a personal computer using QLAB soft-
ware (Philips Medical Systems), which allowed selection
of a 30-frame cine loop. To calculate the SI, two regions
of interest (ROIs) or “windows” with the same area
(4 x 1 mm) were identified on the screen (Fig. 2): the first
localized on the tendon area being investigated and the
second in Kager’s fat. Adipose tissue has been reported to
show consistent sonoelastographic behaviour [12]. Each
acquisition was performed continuously for 30 s. These
technical methods allow the examiner to reach the best
accuracy and reproducibility according to the current litera-
ture [12, 21, 25, 29].

The SI is calculated as the mathematical ratio of the ten-
don and adipose strains within the selected window. Once
the ROIs are placed, the RTSE software creates a curve
showing the mean elasticity variations within the ROIs in the
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Fig. 2 Two regions of inter- TR
est (ROIs) of 4 x 1 mm are
identified on the elastogram:
the first belongs to the tendon
(red area) to be investigated
and the second is in the fat tis-
sue of Kager’s triangle (green
area). Fat tissue shows a poor
response to pressure; thus on
the elastogram, it does not
modify its colour. We consider
it a reference tissue to calculate
the SI and the strain/time curve
(shown here below the elasto-
gram)

Achilles Tendon

Kager’s Triangle Fat

B-MODE U.S.

30 s of continuous examination. Same size windows were
identified in MTJ and OTJ of both tendons and in the ten-
don body on the contralateral side at a distance of 3—4 cm
from the calcaneal insertion. All scans were recorded and the
data saved to hard disk for statistical analyses. Images were
obtained in the phase of compression as this provided the
best contrast. Three cycles of compression/decompression
were performed. Images were saved after every cycle.

Tendon thickness and SI in the three zones of the Achil-
les tendon were evaluated at each of the three follow-up
appointments. Furthermore, a correlation between ATRS
and SI at the lesion site was calculated, to determine how
the measured biomechanical features related to patient
recovery.

Statistical analysis

Group sample sizes of 25 patients and 30 healthy volun-
teers achieved 80 % power to detect a mean difference of at
least 0.5 mm in tendon thickness between the two groups,
with estimated group standard deviations of 0.8 mm, a sig-
nificance level of 0.05, two-tailed test. Besides, a sample
size of 25 patients achieved 82 % power to detect a dif-
ference of at least 0.6 mm in tendon thickness in the three
time-points, considering a standard deviation of 1 and a
significance level of 0.05, two-tailed test.

A nonparametric approach was used to compare the
treated group with the healthy group, and treated tendons
with contralateral untreated tendons, since variables were

Calcaneus

Kager's Triangle Fat

ROl 4x1Tmm

B-MODE + RTSE SUPERIMPOSITION

Deformation/Time graph

not found normally distributed. Qualitative variables were
summarized by absolute and percentage frequencies, and
comparisons between patients and healthy volunteers were
made using Fisher’s exact test. Quantitative variables were
summarized using the median and first and third quartiles
as variability measures. Comparison between patients and
healthy volunteers was made using Wilcoxon’s test (inde-
pendent samples); variations in tendon thickness between
day 40 and 1 year post-operatively, and between 6 months
and 1 year, were calculated with Wilcoxon’s test for paired
data. Correlation between the SI at the lesion site and ATRS
at 1 year of follow-up was estimated through Spearman’s
linear correlation with a 95 % confidence interval.

Results
Study population

During the period of investigation, to reach the sample
size, 29 consecutive patients were diagnosed with subcu-
taneous rupture of Achilles tendon and underwent percu-
taneous repair. Four patients were excluded; two patients
were excluded due to diabetes, one patient for anti-tumour
treatment and one patient due to age. None of the enrolled
patients were lost to follow-up. Of the enrolled 25 patients,
22 were male and three were female, with a mean age
of 42.1 + 9.0 years. In 80 % (20 tendons), the rupture
was on the left side, while in 20 % (five tendons), it was
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Table 1 Comparison of tendon diameters and SI between 40 days and 1 year post-surgery, and 6 months and 1 year post-surgery, respectively

Median (1st-3rd quartile) 40 days 6 months 1 year Da Dy
n=25 n=25 n=25

Treated tendon thickness (mm)

oTJ 6.4 (5.9-6.8) 7 (6.7-7.2) 6.2 (5.8-6.4) 0.045 <0.001

Lesion site 8.8 (8.4-9.2) 13.5 (13.1-13.8) 9.9 (9.3-10.5) <0.001 <0.001

MTI] 3.4 (3.1-3.6) 4.3 (4.1-4.7) 3.7(3.64.1) 0.003 <0.001

S1 of treated tendon

oTJ 24 (2.1-2.5) 1.9 (1.8-2.1) 1.5 (1.4-1.7) <0.001 <0.001

Lesion site 1.1 (0.8-1.3) 1.1 (0.8-1.2) 0.7 (0.5-1) 0.001 <0.001

MTIJ 1.4 (1.3-1.6) 1.3(1.2-1.4) 0.8 (0.7-1) <0.001 <0.001

Contralateral tendon thickness (mm)

OTJ 3.8(3.74.1) 54.7-54) 5.3(5.2-5.6) <0.001 0.005

Tendon body 4.7 (4.5-4.9) 4.9 (4.5-5.3) 4.7 (4.6-4.9) n.s. n.s.

MTJ 24 (2.1-2.5) 2.6 (2.4-3.1) 29 (2.6-3.1) <0.001 n.s.

SI of contralateral tendon

oTJ 1.1 (0.9-1.3) 1.5 (1.3-1.8) 1.6 (1.3-1.9) <0.001 n.s.

Tendon body 2.3(2.1-24) 1.8 (1.6-1.9) 1.9 (1.7-2) <0.001 0.013

MTJ 1.2 (1-1.4) 1.2 (1-1.3) 1.1 (0.9-1.2) n.s. n.s.

During the first 6 weeks (40 days) post-surgery, the repaired tendon is already in a phase of hypertrophic scar formation, as demonstrated by the
thicknesses. At the same time, SI values tend to reduce over time, being lower (stiffer) than the contralateral side. p, indicates the statistical sig-

nificance of these findings at 40 days and 1 year

All the treated tendons, after a peak of thickness at 6 months, undergo remodelling with a gradual decrease in sagittal diameter. At the same
time, SI also decreases to lower values, demonstrating significantly increased stiffness. p, indicates the statistical significance of these findings at

40 days and 1 year

on the right side. Patients were significantly older than
healthy volunteers (p < 0.001); no significant differences
were found in gender, smoke habits and physical activity
distributions.

Ultrasonographic findings

Tendon thickness, on a sagittal view in healthy volun-
teers and evaluated using conventional B-mode US, was
39 £ 04 mm at the osteotendinous junction (OTJ),
4.6 £ 0.5 mm in the body and 2.1 & 0.4 mm at the MTJ,
respectively.

Considering the treated tendons, for each of the three
examined areas and particularly at the lesion site, thick-
ness was significantly increased at 6 months post-opera-
tively and reduced after 1 year. Despite this reduction, after
1 year, the thickness remained greater than that observed in
the control group. The contralateral, untreated tendons, dur-
ing all evaluations, also demonstrated a significant increase
in thickness in all examined areas, by 0.5 mm (Table 1).

Real-time sonoelastography findings

The sonoelastographic method revealed a significant mod-
ification in SI values for all areas of the surgically treated
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and untreated tendons compared with the control group.
Values were lower than those found in normal samples.
In particular, a significant decrease was observed when
comparing the values at 40 days and at 1 year (Table 1).
In addition, a significant decrease was found when com-
paring the results between 6 months and 1 year for the
treated side (Table 1). Note that similar values for SI were
found at 40 days and 6 months, while the tendon thick-
ness was significantly different. When compared to the
control group, both the treated and untreated sides showed
increased thickness and SI differences. Treated tendons
appeared to be thicker than normal at 1 year, but also the
untreated side had a significant increase in thickness at
the OTJ and MTJ (Table 2). The SI for treated tendons
was lower (i.e. the tendons were stiffer) than healthy ten-
dons at 1 year, and interestingly, the contralateral tendons
also became stiffer over time, as shown by a reduced SI
(Table 3).

Clinical outcomes

At 6 months post-operatively, the median ATRS score
was 91 (78-97), and at 1 year, the score was 95 (80—-100).
During the follow-up period, a significant improvement
(» <0.001) was observed.



Knee Surg Sports Traumatol Arthrosc (2016) 24:2124-2132

2129

Table 2 Comparison of tendon thicknesses (treated and contralateral
sides) at 1-year follow-up with the values for healthy tendons using
the Wilcoxon—-Mann—Whitney rank-sum test

Tendon thickness  Patients Healthy volunteers p value
(mm) n=30
Median (1st-3rd (60 tendons)
quartile)
Treated tendons
n=25
oTJ 6.2 (5.8-6.4) 3.9 (3.64.2) <0.001
Lesion site/tendon 9.9 (9.3-10.5) 4.6 (4.1-5)* <0.001
body*
MTJ 3.7 (3.6-4.1) 2.2 (1.9-2.5) <0.001
Contralateral ten-
dons n = 25
OoTJ 5.3(5.2-5.6) 3.9 (3.64.2) <0.001
Lesion site/tendon 4.7 (4.6-4.9) 4.6 (4.1-5)* n.s.
body*
MTJ 2.9 (2.6-3.1) 2.2 (1.9-2.5) <0.001

The higher thickness in the treated side, in each of the three sections
in which the tendon has been divided, was statistically significant.
The contralateral, untreated tendon was also found to be significantly
thicker, especially at the osteotendinous junction

Asterisk indicates the values of the non-operated side at the tendon body

An inverse correlation was found between the ATRS
score and SI value at the lesion site (Spearman’s coefficient
—0.42, 95 % confidence interval —0.70 to —0.30, p = 0.03).
The wide confidence interval demonstrates low accuracy in
the estimation, due to the small number of cases.

Discussion

The most important findings of the present study were the
identification of an elastographic pattern of the Achilles

tendon after surgery and the relationship between these
data and clinical outcomes.

Despite the abundant literature on the Achilles tendon,
few data are available regarding the biomechanical recov-
ery of the tendon after surgical repair. Mc Nair and co-
workers [22] compared the effects of a weight bearing and
non-weight bearing protocol on energy stored, stiffness and
shock absorption in the plantar flexor muscle-tendon unit
of patients managed non-operatively following an Achil-
les tendon rupture. They found that weight bearing gener-
ally gave superior results; however, these results were still
well below the normal values seen in unaffected legs at
6 months follow-up.

Type III collagen is observed during scar formation,
prior to the neo-synthesis of type I collagen [11], leading to
a change in Achilles tendon biomechanics. This abnormal
collagen composition is recognized as a cause of intrinsic
tissue weakness [20].

RTSE is mainly used for the diagnostics of soft tis-
sues neoplasms; however, it has recently been proposed
as a novel and non-invasive instrument for the evaluation
of tissue elasticity in response to external pressure. This
field of application is new, and few papers have been pub-
lished reporting such methods in relation to tendons [8, 9,
12, 28]. The diagnostic estimation of tissue hardness or
elasticity has been used since the earliest origins of medi-
cine. The simplest example is palpation, as reported first by
Hippocrates [17]. Today, palpation of the Achilles tendon
is a valid and reliable instrument for diagnosis and follow-
up, although it is subjective, not quantifiable and related
to the extemporaneity of the examination. RTSE has been
described as “virtual palpation” [16], which adds qualita-
tive and quantitative details to the conventional clinical
examination.

In this context, the present study aimed to investigate the
potential role of RTSE in the follow-up of repaired Achilles

Table 3 Comparison of SI at one-year follow-up using the Wilcoxon-Mann—Whitney rank-sum test

Strain index median (1st-3rd quartile) Patients Healthy volunteers p value
n = 30 (60 tendons)
Treated tendons n = 25
OTJ 1.5 (1.4-1.7) 2.2 (1.9-2.5) <0.001
Lesion site/tendon body* 0.7 (0.5-1) 2.8 (2.3-3.7)* <0.001
MTJ 0.8 (0.7-1) 2.6 (2.2-3.1) <0.001
Contralateral tendons n = 25
oTJ 1.6 (1.3-1.9) 2.1 (1.9-2.5) <0.001
Lesion site/tendon body* 1.9 (1.7-2) 2.8 (2.3-3.7)* n.s.
MTJ 1.1 (0.9-1.2) 2.6 (2.2-3.1) <0.001

The significantly low value found in treated tendons highlights that the remodelling process is still active at 1 year, as the healing tendon has not
reached an elasticity close to normal. Furthermore, the contralateral Achilles tendon of the recruited patients had a lower SI, which may reflect
compensatory overloading during the rehabilitation period or disease predisposition

Asterisk indicates the values of the non-operated side at the tendon body
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tendons and verify the described steps in the physiology of
tendon healing. The Achilles tendon is superficial and has
little soft tissue coverage, making it the ideal candidate for
these first investigations.

De Zordo [9] observed a 94-96 % occurrence of stiff-
ness (blue-green colour) in the proximal section and a
95-100 % rate in the distal section of the Achilles tendon,
although these data were not compared to other images.
Drakonaki [12] in 2009 reported data from healthy Achilles
tendons with SI evaluation. Data are similar to our normal
control findings; however, a different machine was used and
data are not suitable for direct comparison. Tan [29] evalu-
ated 19 Achilles tendons in amateur soccer players after
surgical repair versus 40 tendons from 20 healthy players at
an average follow-up of 38.6 months. The treated tendons
appeared to be less elastic than normal controls on a gradu-
ated colour scale from red (very soft tissue) to blue (very
hard tissue). Furthermore, the proximal section was found
to be more rigid than the central and distal parts, which did
not differ in terms of sonoelastographic properties.

Aubry et al. investigated 18 healthy Achilles tendons
in three different examination positions, using shear wave
imaging of the mid-portion of the tendon [1, 2]. They
observed that maintaining the probe parallel to the collagen
fibres was important, as if the transducer is not correctly
placed, significant modifications to the results may occur.

The conventional US data from our investigation are
consistent with those reported by Gigante et al. [14] in
2008, in which the treated tendons were observed to gradu-
ally approach native tendon diameter. They also reported
a peak in thickness at 6 months post-operatively. Moreo-
ver, while it is understandable that the treated tendon has
a thicker diameter due to scar maturation and remodelling,
we also observed thickening of the contralateral tendon,
likely due to an overload during the rehabilitation period.
Among the several values we provided, thickening of the
untreated osteotendinous junction is significant, while the
myotendinous junction and tendon body were comparable
to normal findings.

The main focus was on the SI and not the colour pat-
tern classification, since this depends on the machine used.
Here, it is reported that a non-homogeneous chromatic pat-
tern was found in each of the three groups, confirming that
the colour is not a marker of pathology, but only of struc-
tural variability.

The modifications of sonoelastographic findings during
our study, and its trend to decrease after an initial phase
(the hypertrophic scar formation phase), surely comple-
ment the ‘“heterogenous echogenicity pattern” found in
simple B-mode US; however, we are not yet able to give
a clear association with pathoanatomical findings. Heal-
ing Achilles tendon tends to become stiffer at 6 months
and stiffer at 1 year of follow-up, confirming that it is still
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undergoing maturation. It is noteworthy that the contralat-
eral, untreated tendons also undergo a parallel modification
into a stiffer tissue. This was statistically significant in the
osteotendinous and myotendinous junction, but not in the
tendon body. It remains unclear what is behind this con-
tralateral stiffening, but it might be consequence of over-
load during the rehabilitation period, although it may also
be an indication of a predisposition to tendinopathy.

Clinically, ATRS confirmed again that percutaneous
Achilles repair provides excellent outcomes. Surprisingly,
these outcomes demonstrate a slight inverse correlation
with sonoelastographic findings. We hypothesize a com-
pensation phenomenon across the tibiotalar joint involving
the flexor tendons of the foot.

It should be noted from the present study that the Achil-
les tendon, in contrast with past histopathological and
isokinetic findings [5, 14], cannot be considered biome-
chanically healed at 1 year after surgery.

Recently, Tudisco et al. [30] reported his findings for the
supraspinatus tendon, assessing RTSE as a feasible method
for clinical practice in the diagnosis of small insertional
rotator cuff tears. The quantitative outcomes were corre-
lated with the several shoulder scores. Similarly to what
has been found with this study, the author found an inverse
correlation between stiffness and clinical outcome. They
used bone as a reference tissue as opposed to fat in our
study. For this reason, the results of the two studies cannot
be directly compared.

Chen et al. in 2013 [4] characterized 36 normal Achil-
les tendons and 14 torn tendons with shear wave elastogra-
phy. They found a significant elasticity pattern, which was
obviously expected, but quantified at 291.91 £ 4.38 kPa
for normal tendons compared with an elasticity value of
56.48 + 68.59 kPa for torn tendons. Like our study, this
study was preliminary and involved a small sample size, but
provides interesting new data about the tendon behaviour.

Contemporarily, Klauser et al. [19] provided a com-
parison between US and RTSE with an histological agree-
ment: they found that the elastography was able to depict
the 100 % of tendon high grade degeneration histologi-
cally demonstrated, while conventional US depicted only in
86 % of cases.

Although it is not yet known whether RTSE can really
identify tendon conditions earlier than MRI or B-mode US,
this method might be greatly useful for the orthopaedic sur-
geon for intraoperative monitoring and for follow-up of the
repaired tendon.

RTSE does have some limitations, such as the lack of
an MRI double-check and potential intrinsic operator
error, although this may be lower than US if a reproducible
method and auto-calibration are used [21]. The diagnostic
value of the SI is better than an absolute value of tissue
strain. The technique can be standardized, so that operator
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dependency is reduced and it might be useful for assessing
whether a tendon is healing normally or whether there is a
delay in the healing process.

The present study was of prospective design, with the
radiologist blinded to clinical examination results, which
had strict inclusion and exclusion criteria and included
a correlation between clinical and radiological findings.
Here, we report a very reliable method considering the
operator’s calibration, in the ROI window sizing and image
acquisition method, as well as the post-processing phases.
The study would require a longer follow-up period and a
larger sample size to determine “if and when” the Achilles
tendon has complete “restitutio ad integrum”. As in other
studies on this subject, the lack of a direct comparison
between RTSE and histological specimens from the exam-
ined tendons is a limitation. Despite that, RTSE application
in Achilles tendon has clinical implications in detecting the
evolution of the repairing scar tissue after surgery as in the
correlation with the outcomes, providing a novel diagnostic
and prognostic device in the hands of the clinician.

Conclusion

RTSE is interesting novel method in the follow-up of sur-
gically repaired Achilles tendons, showing that 1 year
after surgery the scar tissue is stiffer than the contralateral,
untreated side and healthy control tendons. Validity and
reliability of RTSE need to be further investigated, and it
should be compared with existing methods for biomechani-
cal evaluation.
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