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Abstract

The Achilles tendon is one of the most commonly ruptured tendons in the human body. Minimally invasive and open surgi-
cal repairs are commonly undertaken to manage acute Achilles ruptures. This article describes the postoperative imaging
findings and their evolution after surgery. Ultrasound and magnetic resonance imaging provide crucial information regarding
the morphology, structure, vascularization and mobility of the Achilles tendon on the surrounding planes. Morphologically,
a repaired tendon is physiologically larger and wider than an intact one, with a loss of its fibrillary structure; the presence
of surgical material in the context of the tendon is normal after the rupture has been repaired. After surgery, the tendon is
more vascularized in power-Doppler imaging. Elastography and diffusion tensor Imaging are innovative tools which allow
for the visualization of microstructural abnormalities not apprehensible using conventional imaging techniques. A treated
Achilles tendon is unlikely to regain a normal imaging appearance, and the health care professional must distinguish between
postoperative findings and actual pathological features. In this context, clinical examination still reigns supreme.
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Introduction

The Achilles tendon (AT) is the conjoint terminal struc-

ture of the gastrocnemius and soleus muscles, and plays an

important role in the foot’s plantar flexion and in hindfoot

54 Marcello Zappia inversion [1]. Ruptures of the AT are more frequent than
marcello.zappia@unimol.it ruptures in any other tendon, accounting for about 50% of all
operative tendon repairs. The injury mostly plagues active
men in early middle age, with imaging and histological fea-
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surgeons still choose to repair AT ruptures because nonsur-
gical treatment is associated with a lower rate of return to
sport and a greater rate of tendon elongation [6, 8].

Etiology

The etiology of AT rupture is not still clear, with two major
theories having been proposed. Arner et al. found degenera-
tive changes in all 74 of their patients with acute AT rup-
tures [9], and this study was the basis for the “degenerative
theory,” according to which chronic degeneration of the AT
may lead to a rupture without the need for excessive loads to
be applied [10]. These degenerative changes have been seen
in several studies, including the assessment of AT within
24 h of the rupture or in operated AT indicating preceding
chronic changes [11, 12]. The postulated mechanism is that
impaired blood flow to the tendon could play a major role,
with resultant hypoxia and altered metabolism [13].

The “mechanical theory” hypothesized that differ-
ent movements and forces exerted on the tendon can lead
to rupture. Barfred et al. [14] noted that a tendon was at
greatest risk of rupture when obliquely loaded at a short
initial length with massive muscle contraction. This risk is
increased when there is a dysfunction in the body’s ability to
limit excessive and uncoordinated muscle contractions [4].

Surgical procedures

Several surgical approaches (open or percutaneous) have
been described to repair AT ruptures. In addition to direct
end-to-end AT repair, various means of augmentation of the
repaired tendon have been described, including the use of
the gastrocnemius turn down the flap and plantaris [15].

Surgical treatment aims to restore both the function and
strength of the gastrocnemius-soleus complex by maintain-
ing the optimal length-tension relationship [10]. Some tech-
niques allow for bridging the defect with biological tissue,
synthetic material or allogeneic tissues that provide satis-
factory strength for the repair [16—18]. However, the use
of such augmentation techniques has no advantages over
primary AT repairs.

Open repair can be performed under general or spinal
anesthesia; some authors’ routines identify the sural nerve
during open repair procedures [19].

Percutaneous techniques carry a lower rate of complica-
tions than traditional open repair techniques [20]. In 1977,
Ma and Griffith published the first article about percutaneous
repair of acute AT ruptures [21]. Percutaneous techniques
produce a lower risk of wound soft tissue complications,
including a lower incidence of infections and hematoma in
the zone of injury [19]. In 2008, Metz et al. [22] reported
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similar risks of complications in patients who underwent
minimally invasive surgery and those treated with non-
operative treatment and immediate full weight-bearing.
Other studies [23, 24] reported favorable cosmetic appear-
ance, fewer wound complications, high patient satisfaction,
and better imaging results using percutaneous techniques.
Mini-open technique AT repair techniques can be used suc-
cessfully in higher-demand patients, with acceptable rates
of adverse outcomes [20-22, 25].

Imaging

The follow-up of an operated AT is primarily clinical. Post-
operative imaging has improved thanks to the recent tech-
nological advances in magnetic resonance imaging (MRI)
and in ultrasound (US) that allow for better representation
of tendon specimens.

The postoperative imaging appearance of AT repair
depends on the surgical technique used. The evaluation of
AT via such imaging allows to obtain important information
regarding general morphology, tendon structure, grade of
vascularity and tissue mobility.

Ultrasound

Given its capability to perform a dynamic evaluation of the
structure examined, ultrasound plays a crucial role in the
follow-up of operated tendons [26—28].

The operated AT is thicker and wider than a normal AT;
its mean thickness is about 10 mm, and it ranges from 7 to
16 mm, whereas the average thickness of a healthy tendon
is 5.4 mm (4-8 mm) [29, 30]. This increase in size occurs
during the first 3—6 months after surgery and the AT can
gradually decrease in thickness 1 year after surgery [31] or
remain thickened [27].

Fluid collections are suggestive of a poor prognosis, and
if occurring in more than 50% of the affected tendon, should
be considered pathological [32]. The contours of the ten-
don may be irregular, with hypoechoic peritendinous areas,
which may persist for up to 3 months [27] and small hypo-
echoic areas surrounding the stitches up to 6 months after
surgery [33] (Fig. la, b).

The incidence of postoperative tendon calcifications after
percutaneous Achilles tendon repair is 11.1%. They have no
negative impact on the postoperative clinical outcome [34]
(Fig. 2).

The micro vascularity assessment with power Doppler
shows newer vessels with higher flow rates during the heal-
ing process [21, 22] (Fig. 3); the vascular response may indi-
cate the process of tendon healing, with initial high flow
vascularity within and around repaired tendons, and the total
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Fig.1 a, b Transverse (a) and
longitudinal (b) US scans of
Achilles tendon 4 months after
surgery. The tendon appears
thickened, with hypoechoic
areas around the stitches
(arrows) and small fluid collec-
tions (asterisks)

Fig.2 Longitudinal US scan of Achilles tendon 1 year after surgery
shows several little calcifications (arrows)

blood flow amount consistently and predictably decreases
with time [35]. The increased vascularity shown by power
Doppler indicates the healing progress of repaired AT and
persists until avascular scar formation occurs. If there is
increased vascularity 2 years after surgery, and the tendon
is symptomatic, this should be investigated [35]. As in the

; . . L. Fig.3 Longitudinal power Doppler US scan of Achilles tendon
native Achilles tendon, the plantar flexion position of the 9 8 P PP

3 months after reconstruction with plantaris tendon shows diffuse
neo-vascularization of the tendon
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Fig.4 Longitudinal US scans of Achilles tendon 3 months after open
surgery shows focal adhesion. The superficial border of the tendon
is indistinct, and the superficial tendon fibers (arrows) appears to be
attracted by the subcutaneous scar

Fig.5 Longitudinal power Doppler US scan of an infection 2 months
after Achilles tendon calcaneal re-attachment. The screw (white arrows)
is extruded from the calcaneal tuberosity (Ct). The fistula (black arrows)
runs from the calcaneal cortex to the cutaneous wound. Note the neo-
vascularization of the enthesis of the Achilles tendon (AT)

foot should be maintained for power Doppler evaluation of
the tendon, so as not to compress the new vessels [36, 37].

One year after surgery, adhesions between the tendon
and the skin may be evident in up to 40% of patients [39].
Dynamic ultrasound examination is definitely a good method
of highlighting focal peritendinous adhesions, indistinct ten-
don borders and limited tendon gliding function [32, 35]
(Fig. 4).

In the assessment of postoperative infection, the US is
particularly sensitive to evaluate soft-tissue edema, fistula
and fluid collections. Power or color-flow Doppler is an
added feature that can identify the hyperemia of the sur-
rounding soft tissues indicative of inflammation, thus favor-
ing a collection as being infected [26] (Fig. 5).

Sonoelastography is an US technique that aims to assess
tissue elasticity, and its usefulness in the musculoskeletal
field has recently increased [38—41]. Over the last few years,
ultrasound elastography has increased in diagnostic utility
with the introduction of the shear wave method, which has
the advantage of being operator-independent, reproducible
and quantitative [42]. After surgical treatment of a complete
tear, the tendon stiffness pattern gradually increases at 12,
24 and 48 weeks as the wound-healing process continues. A
hard and heterogeneous pattern of surgically repaired tendon
structure at elastography may be a physiological feature of
tendon healing. [42, 43] (Fig. 6).

If a partial re-rupture is suspected, sonographic diagnosis
is harder because of the structural characteristics of the ten-
don following surgery, particularly if large fluid collections
are present; dynamic evaluation during ankle flexion and
extension is helpful to evidence the gap of tendon disconti-
nuity [44, 45].

Intraoperative ultrasound examination with high-fre-
quency probes can be of assistance during percutaneous

Fig.6 a, b Axial US scan (elastography on the left; grey-scale on the right) of Achilles tendon 4 months after surgery. The operated tendon
shows heterogeneous elastography patter, predominantly hard in the deep portion
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repair of Achilles tendon ruptures, with no complications
related to the sonography [46]. The possibility of performing
intraoperative ultrasound is helpful in detecting anatomical
variants in the course of the sural nerve and the relationship
between the nerve and the AT since this nerve can run sepa-
rately or in close contact with the tendon [47]. Post-surgical
evaluation of the sural nerve can be useful to exclude iat-
rogenic nerve entrapments in patients operated on with a
minimally invasive technique [46].

Magnetic resonance imaging

MRI is useful in evaluating the healing process of surgically
treated AT. In almost all surgically repaired AT, a high signal
intensity area (on fluid sensitive sequences) at the rejoined
tendon ends is identified (Fig. 7). This finding is generally
evident between 6 weeks and 3 months after surgery; after
6 months, this area tends to greatly decrease in size. The
high-signal-intensity findings on MRI seem to be correlated
with the healing response and the actual tendon tissue com-
position with respect to morphology and biochemistry [48,
49]. Fujikawa et al. explored the MRI features of normal
healing of the expected residual gap in surgically repaired
AT, reporting visible gaps 4 weeks after surgery on T1- and
T2-weighted images, after both percutaneous repair and
open surgery. At 8 weeks, a gap was visible on T1-weighted
images in 80% of cases after percutaneous repair and in 10%
after open surgical repair; T2-weighted images showed a
tendon gap in 63% of ATs repaired with the percutaneous
technique but in none of the tendons in the open surgical
repair group. After 12 weeks, neither T1-weighted nor
T2-weighted images showed a tendon gap in either group
of patients [50].

Karjalainen et al. analyzed 21 surgically repaired AT rup-
tures with MRI at 3 weeks, 6 weeks, 3 and 6 months after
surgery, and found intratendinous areas of high-intensity sig-
nals in almost all surgically repaired AT (19/21) at 3 months
after surgery on both proton-density- and T2-weighted
images [51].

Hahn et al. demonstrated the postoperative MRI course
after flexor hallucis longus tendon transfer and noted that full
tendon integration can be expected in only half the patients,
with fatty muscle degeneration in the gastrocnemius and
soleus muscles being common after this procedure [52].

The analysis of MRI images acquired after gadolinium-
based contrast agent injection shows larger high signal inten-
sity changes; these changes slowly decrease with time and it
is reported that no significant intratendinous signal enhance-
ment should be encountered at the 2-year MRI follow-up.
This supports the theory that the gadolinium-contrast agent
interacts with the pathological intratendinous tendon heal-
ing process [48]. Nevertheless, the use of gadolinium-based

Fig.7 a, b Sagittal Tlw (a) and STIR (b) MR images of Achilles
tendon 8 months after surgery. The tendon appears thickened, with
hyperintense areas (arrows). Note the bone marrow edema syndrome
of tarsal structures

contrast agents in this setting is not completely justified,
especially in the light of the controversial accumulation of
these media in human tissues, although its clinical impact
is still unclear [53].

After tendon augmentation, the graft could be well
detected on MRI, especially in T1w images (Fig. 8).

In MRI examinations, the surgical wound scar appears
as a low-signal-intensity area in the subcutaneous fat tissue,
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Fig.8 Sagittal T1w (a) and
STIR (b) MR images of Achil-
les tendon 10 months after
augmentation. The graft can be
detected (arrows)

and the AT seems to be attached to the skin at the site of
the scar, thereby preventing the physiological glide of the
tendon [54].

The AT re-rupture may be clearly detected on MRI
examinations to the same degree as in the native tendon
[49] (Fig. 9).

Advanced MRI application

Over the last few years, the use of diffusion tensor imag-
ing (DTI) in musculoskeletal field has been growing, not
only in experimental settings but also in clinical practice
[55]. DTT is based on the concept that molecular mobility
in human tissues is usually non-isotropic, which implies that
diffusion does not occur equally in all directions; protein
fibers and cell membranes tend to hinder water diffusion.
Thus, the diffusion of water molecules in healthy tissues
is lower than that of free water. The subsequent anisotropy
is related to the presence of an organized structure that
restricts molecular movement in some directions; thus, the
measurement of fractional anisotropy (FA), an important

@ Springer

DTI parameter, reflects information about the architectural
organization of tissues [2]. After surgical procedures, the
use of DTI may assist in ascertaining the microstructural
properties and integrity restoration of the ruptured tendon
during the healing process. Sarman et al. analyzed pre and
postoperative DTI examinations of ATs of 16 patients with
a median follow-up duration of 21 (range 6—80) months;
they found that tendon FA values of the ruptured AT were
significantly lower than those of the normal side (»p =0.001)
[2]. FA and fiber density index measurements could facili-
tate a description of the pathologic changes in tendon fibers
and provide quantitative measurements in both healthy and
injured skeletal tendons, even though large DTT studies are
still needed in this setting (Fig. 10).

Conclusion
The MRI and US evaluation of the operated Achilles tendon

requires knowledge of normal and pathological changes to
identify post-operative complications.
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Fig.9 STIR MR image of Achilles tendon 16 months after surgery
shows a re-rupture of its middle third. (asterisks)

Fig. 10 Tractography of Achilles tendon 6 months after surgery
shows a fiber thickening with a moderate structural distortion at the
suture at the level of its middle third
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