
 

 

 University of Groningen

Achilles tendon rupture
Dams, Olivier Christian

DOI:
10.33612/diss.171082409

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2021

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Dams, O. C. (2021). Achilles tendon rupture: current clinical practice, imaging and outcome. [Thesis fully
internal (DIV), University of Groningen]. University of Groningen. https://doi.org/10.33612/diss.171082409

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.33612/diss.171082409
https://research.rug.nl/en/publications/976534a3-15ff-40da-bca8-f3354682bbe5
https://doi.org/10.33612/diss.171082409


219218

Chapter 9
Ultrasound tissue characterization in Achilles tendon rupture 

Olivier C. Dams, Inge van den Akker-Scheek, Ronald L. Diercks, Inge H.F. Reininga, 
Johannes Zwerver
Submitted



221220

ABSTRACT

Purpose: The aim of this study was to investigate the tendon structure after Achilles 
tendon rupture (ATR) using ultrasound tissue characterization (UTC).

Methods: This study used data from a multicenter prospective cohort study. A total of 
50 ATR patients were included and received UTC scans at 3, 6 and 12 months post-ATR. 
Using UTC tendon structure was quantified into four different echo-types (I–IV). 

Results: Achilles tendon structure remains compromised throughout the first year after 
ATR. At 3, 6 and 12 months ATR patients showed predominantly (> 50%) disorganized 
(echo-type III and IV) tendon structure. 

Conclusion: UTC provides information on Achilles tendon architecture and structural 
integrity and can be used as an objective method to assess tendon repair after ATR. The 
results reflect the slow tendon repair process. Several explanations for persisting poor 
Achilles tendon structure following rupture are discussed. 
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INTRODUCTION

Achilles tendon rupture (ATR) is a common sports injury that results in significant 
disability [3, 9, 17]. Tendon overload in combination with other etiological factors 
results in histological degeneration consisting of extracellular matrix disorganization 
and redistribution of cellular alignment [15], leading to altered tendon morphology and 
composition. ATR is considered to be the result of long-term degenerative abnormalities 
that predispose to rupture within the normal physiological loading threshold [4, 13]. 

Conventional imaging, like ultrasound and MRI, show long-lasting inferior structural 
characteristics and notable thickening [7]. Although these imaging modalities can 
accurately visualize structure, the results are generally not associated with other 
(functional) outcomes following ATR [7] and do not provide quantitative data or information 
concerning tissue integrity and repair.

Ultrasound tissue characterization (UTC) is a novel ultrasound imaging modality, designed 
specifically for large tendons and can be used to objectively quantify tendon structure 
based on several ultrasonographic parameters [19]. UTC is increasingly used to study 
healthy and tendinopathic tendons [19]. However, UTC has not yet been used to quantify 
Achilles tendon structure after ATR.

The aim of this study was to investigate the tendon structure after ATR using UTC.
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MATERIALS AND METHODS

Study design and ethical approval
For this study data from a multicenter prospective cohort study is used. The study 
protocol has been previously described [6]. This study was approved by the institutional 
review board (IRB) of the University Medical Center Groningen (UMCG) (METc 2017/126) 
and locally approved by the IRB of the Martini Hospital Groningen (MHG) (MEC 2017–
087) and Medical Center Leeuwarden (MCL) (COV 274(a)).

Participants
Inclusion criteria were patients aged 18 and older who were diagnosed and had either 
primary non-surgical or surgical treatment for an acute total ATR at UMCG, MHG, or 
MCL. Participants were included within the first 3 months post-injury and invited for 
measurements at 3, 6 and 12 months post-injury. All participants were given written and 
oral information prior to granting informed consent. The baseline characteristics of the 
study population is described in Table 1.

UTC
UTC is an ultrasonographic imaging modality that can tomographically visualize and 
accurately quantify tendon structure in three planes. The device has a 7–10 MHz linear 
transducer (SmartProbe 12L5-V, Terason 2000+; Teratech; Burlington, Maryland, USA) 
positioned in a motor-driven tracking device (UTC Tracker, UTC Imaging, Stein, The 
Netherlands) that moves automatically over the long axis of the tendon and makes 
transverse recordings over a distance of 12 cm at regular intervals of 0.2 mm [21]. UTC 
standardizes variables such as transducer tilt, angle, gain and depth. In this study a 
previously recommended protocol for scanning and analysis was used [19]. Additionally, 
UTC analysis showed good intra-rater and inter-rater reliability [1]. Ultrasound coupling 
gel was applied between the skin and the integrated standoff device prior to scanning. 
Participants were in a prone position on an examination table with the ankle in maximal 
passive dorsiflexion. The tracking device was placed on the posterior surface of the 
Achilles tendon and the transducer was aligned to the Achilles tendon insertion at the 
calcaneus. Scanning was performed in a distal to proximal direction. 

Table 1. Study population (n = 50) 

Age, years, mean (SD) 42.6 (12.3) 

Sex, female (%)/male (%) 16 (32%)/34 (68%) 

BMI, kg/m2, mean (SD)  25.5 (3.3)  

ATR side, left (%)/right (%) 24 (48%)/26 (52%) 

Treatment, surgical (%)/non-surgical (%) 14 (28%)/36 (72%) 

Abbreviations: Standard deviation: SD, Body Mass Index: BMI, Achilles tendon rupture: ATR 
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The recorded images were stored and used to reconstruct a three-dimensional (sagittal, 
coronal and transverse planes) ultrasound data block using UTC software (UTC Analyzer 
v2.0.0; UTC Imaging, Stein, the Netherlands). Tendon structure was analysed from a 
region of interest that was selected around the border of the tendon in the transverse 
plane of the stored greyscale images. Regions of interest were manually contoured 
starting at the proximal edge of the calcaneus at intervals of 4.8 mm apart (25 frames). 
Contours were drawn until the tendon was no longer visible within the calf musculature. 
Parts of the tendon that were not clearly visible due to disturbance, motion or thickening 
were excluded from further analyses. 

Based on the three-dimensional stability of the greyscale images, the UTC algorithm 
quantifies tendon structure into four distinct echo-types (I-IV) depending on the amount 
of fibrillar disorganization and tendon integrity: echo-type I, intact and aligned tendon 
bundles; echo-type II, less integer and waving tendon bundles; echo-type III, mainly 
fibrillar tissue; echo-type IV, amorphous matrix with loose fibrils, cells or fluid [19, 21]. In 
general, both echo-type I and echo-type II are characteristic for normal healthy tendon 
[19, 21].

Statistical analyses
Statistical analyses were performed using IBM SPSS software, version 23.0 for Windows 
(IBM Corporation, Armonk, NY). Descriptive statistics (means) were used to present the 
UTC outcomes.
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RESULTS

Of the 50 participants included in this study, a total of 9 were lost to follow-up. Additionally, 
3 scans were not conducted and 9 were excluded due to insufficient scanning quality 
resulting in a total of 129 UTC scans, made at 3, 6 and 12 months post-ATR, available 
for analyses.
Figure 1 shows the UTC echo-type distribution after ATR and the UTC echo-type 
distribution as reported in literature in healthy [22] and tendinopathic tendons [21] as 
comparison. 
 

Figure 1. UTC outcomes after ATR and UTC outcome of healthy [22] and tendinopathic tendon [21]
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DISCUSSION

This is the first study that used UTC to monitor and evaluate the structure of Achilles 
tendons after complete rupture. This study showed UTC provides information on Achilles 
tendon architecture and structural integrity and can be used as an objective method to 
assess tendon repair after ATR. Tendon structure remains compromised over the first 
year after ATR. We highlight several explanations and implications. 

Tendon regeneration
Adult tendon tissue is remarkably hypocellular and hypovascular and generally has poor 
regenerative and remodelling capacity [11]. The repair process comprises reorientation, 
replacement and reorganization of collagen fibrils [16]. The newly deposited collagen 
network lacks sufficient arrangement and mechanical properties [7, 16]. This inferior 
mechanical construct may persist for years after rupture [8, 16]. Functional rehabilitation 
may stimulate further remodelling via mechanoinduction [14], but some authors argue 
that complete biochemical and structural regeneration may never be achieved [11]. 
The results of this study reflect the slow remodelling process. This could explain the 
suboptimal long-term tendon function after ATR: the not yet regenerated tendon shows 
inferior (bio)mechanical characteristics and is prone to re-injury at lower traumatic forces.

Tendinopathy continuum
There is abundant evidence that ATR is the result of long-standing damage, degeneration 
and inflammation [4, 13]. It is hypothesized that, preceding the occurrence of an ATR, 
there is a prolonged process of high collagen turnover, which begins years before the 
development of the rupture, often without any symptoms [12]. This can also explain 
the signs of tendon degeneration seen in the contralateral tendon and the increased 
risk of contralateral tendon rupture [2, 18]. Following the tendinopathy continuum 
model [5], it is hypothesized that in the at-risk population with asymptomatic tendon 
degeneration two different scenarios develop. In the first scenario, a repair process 
starts, with hypervascularisation swelling and pain, leading to tendinopathy. The other 
scenario results in insufficient repair, leading to a sudden rupture of an “asymptomatic” 
tendon due to mechanical insufficiency. Thus, a proportion of the patients included in this 
study were likely to have structural abnormalities related to degeneration, and possibly 
asymptomatic tendinopathy, prior to rupture. To substantiate this hypothesis, this would 
require large longitudinal studies using objective imaging modalities such as UTC, in an 
asymptomatic at risk population (middle-aged “weekend warriors”). Also, the effect of 
preventive exercise and loading therapy to prevent ATR and other (overuse) injuries in this 
at risk population at risk could be researched.

Clinical implications, future directions and limitations
Inferior tendon mechanics, as a consequence of insufficient regeneration, are related 
to poor functional outcome [20]. It is therefore recommended that treatment and 
rehabilitation strategies optimize tendon regeneration and structural remodelling by 
considering methods such as early repair [15] and sufficient mechanical loading [14]. 
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Exercise based treatment remains the cornerstone of the rehabilitation process but 
novel modalities that may facilitate tendon repair such as tissue engineering and stem 
cell therapy [10] should be subject of future research. Imaging is recommended for 
monitoring structural healing (response) and evaluating the effect of (novel) therapy 
[7]. Conventional imaging (ultrasound, MRI) does not provide information concerning 
architecture and integrity of the collagenous matrix and hence does not accurately 
detect subtle tendon alterations. Therefore, to assess the biomechanical regeneration 
after ATR the use of objective imaging modalities such as UTC is encouraged. 
Despite recommendations for its use, UTC administration and analyses may be hampered 
by incomplete tendon contouring as a result of thickening post-rupture. A thickened 
tendon can fall outside the range of the UTC software algorithm. As a result, the outer 
region, where the largest degree of tendon adaptation and tissue turnover occurs [11], 
is excluded from analyses. This could contribute to the persisting poor structure seen in 
this study. The development of UTC hardware and software for evaluation of the ruptured 
Achilles tendon structure is therefore encouraged.
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CONCLUSION

Using UTC this study shows that ATR patients exhibit inferior structural tendon 
characteristics persisting for up to one year after injury. These results reflect the slow 
tendon repair process. UTC can be used as an objective outcome measure of tendon 
regeneration and healing, and its use as an adjunct to functional and patient-reported 
outcome during clinical follow-up of ATR patients seems recommended.
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