
 

 

 University of Groningen

The influence of load on tendons and tendinopathy
Maciel Rabello, Lucas

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:
2019

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Maciel Rabello, L. (2019). The influence of load on tendons and tendinopathy: Studying Achilles and
patellar tendons using UTC. [Thesis fully internal (DIV), University of Groningen]. Rijksuniversiteit
Groningen.

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: 25-05-2023

https://research.rug.nl/en/publications/0a93b9d0-9014-4ade-af78-b12cc1336612


Chapter 5
Running a marathon – the effect on Achilles tendon structure

Lucas Maciel Rabello
Iris Sophie Albers
Mathijs van Ark
Ron L. Diercks
Inge van den Akker-Scheek
Johannes Zwerver

Submitted



72 | Chapter 5

Abstract

Context: Several studies have been conducted to better understand the effect of load on 
the Achilles tendon structure. However, the effect of high-intensity load, like running a 
marathon, on Achilles tendon structure is not clear yet. Clinicians, coaches and athletes 
will benefit from knowledge about the effects of a marathon on the structure of the Achilles 
tendon.

Objective: To investigate the short-term response of the Achilles tendon structure after 
running a marathon.

Design: Case series (prospective).

Setting: Sport medicine center facilities.

Participants: Ten male non-elite runners who participated in a marathon. 

Main outcomes measure: Tendon structure was assessed before and 2 days and 7 days 
after a marathon using ultrasound tissue characterization (UTC), an imaging tool that 
quantifies tendon organization by dividing the structure into four different echo types 
(I-IV). Echo type I represents the most stable echo pattern, echo type IV the least stable.

Results: Two days after a marathon no significant changes in tendon structure were 
observed, yet after 7 days both the insertional and the midportion structure changed 
significantly. At both the insertion and the midportion of the tendon, 7 days post-marathon 
there was a significant increase in percentage of echo type II and a significant decrease in 
percentage of echo types III and IV. Additionally, at the insertion a significant increase in 
percentage of echo type I was observed. Based on logbooks, 9/10 patients ran at least once 
during the follow-up period of this study.

Conclusion: In contrast to previous studies, we observed effects of running a marathon 
on the Achilles tendon structure 7 days after the event. Running the marathon combined 
with the activity performed shortly thereafter might have caused the changes in tendon 
structure. This stresses the importance of sufficient recovery time after high-intensity 
loading in order to prevent overuse injuries.

Keywords: marathon, men, runners, imaging, Achilles tendon

Introduction

According to the 2017 Running USA annual report, more than half a million athletes were 
enrolled in a marathon run in recent years.1 These high numbers might be explained by 
it being a low-cost activity2 and awareness of the benefits of being physically active.3 
It has previously been reported that the risk for chronic diseases such as hypertension, 
hyperlipidemia and diabetes are lower among marathon runners.4 Besides the benefits of 
running, musculoskeletal injuries, especially of the lower limbs, are frequently observed in 
this population.5 Achilles tendon disorders have previously been reported as among the five 
most common injuries sustained by runners.6  
 During running the Achilles tendon is subjected to high loads and multiple tensile 
strain cycles.7,8 It is already known that short-duration exercise does not affect the Achilles 
tendon structure.9,10 The effect of a marathon, which is lengthy and covers long distances 
(~42 km),11 on the Achilles tendon structure is not clear yet. Previous studies did show that 
tendon stiffness did not change at 1 hour post-marathon12 and decreased at 3 days post-
marathon.13 An increase in Doppler signal was also observed at 3 days post-marathon.13

 Different imaging tools are used to assess tendon structure, including ultrasound 
tissue characterization (UTC), which was introduced to objectively quantify changes in 
tendon structure. This imaging technique was used by different authors to investigate 
the effect of various loads on the Achilles tendon, at different follow-up periods and in 
different populations.10,14–17 However, the number of studies investigating the changes in 
Achilles tendon structure after a single running bout (not related to other activities) are 
limited. Wong et al. (2015) investigated the effect of a 10-km run in subjects with diabetes 
mellitus type I and observed no significant change in the Achilles tendon structure 4 days 
after the run.17 Other authors investigated the effect of a single running bout (high load 
and low load) on the Achilles tendon structure and observed no significant changes on 
tendon structure 7 days post-exercise .10 Although those studies investigated the changes on 
tendon structure after running, no previous research has looked into the effect of running a 
marathon on tendon structure as assessed using UTC.
 Elucidating the effect of high loads on Achilles tendon structure is necessary given 
the importance of preventing injuries such as Achilles tendinopathy, which is common 
and a challenging condition to treat.18 Hence the aim of this study was to investigate the 
short-term response of Achilles tendon structure after running a marathon. Based on 
the continuum model proposed by Cook & Purdam (2009),19 which described the acute 
response of the tendon to load as a reactive stage, we hypothesized that a transient change 
in echo patterns (decrease of echo type I and increase of echo type II) occurs on day 2 post-
marathon and returns to baseline values a week later.

Running a marathon – the effect on Achilles tendon structure | 73



74 | Chapter 5

Methods

 Subjects
A total of 10 male non-elite marathon runners who participated in the Mar-athon’ of 
2014 in Sneek, The Netherlands  were recruited for this study. We included participants 
in the study if they had previous running experience and were training to run a marathon. 
We excluded participants if they had current complaints of the Achilles tendon and/or 
if they had been diagnosed with any kind of systemic disease (e.g. diabetes, rheumatoid 
arthritis). The Medical Ethical committee of the University Medical Center Groningen 
(UMCG) reviewed the study protocol and concluded that the study was not subject to the 
Medical Research Involving Human Subjects Act (2014/458). All participants gave written 
informed consent.

 Measurements
Two days before the marathon (VISIT1), participants visited the Sport Medicine Center 
of University Medical Center Groningen (UMCG) to take the UTC test and complete 
a baseline questionnaire with anthropometric characteristics, medical history and 
information about physical activities. At the end of this visit participants were instructed 
to complete a logbook to monitor their load in the remaining days before and the week 
after the marathon. After the marathon, participants came two more times to take a UTC 
test: 2 days (VISIT2) and 7 days (VISIT3) after the marathon. This design was chosen based 
on expected physiological changes in tendon tissue structure post-loading.20 The previous 
study had observed changes in tendon structure 2 days after activity, returning to normal 4 
days after activity.16 The previous study that investigated the effect of two load intensities 
on Achilles tendon structure used the same protocol.10

 Ultrasound Tissue Characterization (UTC)
The Achilles tendon structure was quantified using the UTC imaging tool. Two experienced 
examiners (ISA and MvA) performed the scans, and images were analyzed by a third 
examiner (LMR) with experience in UTC imaging analysis. Images were acquired using 
a 7 MHz to 10 MHz linear ultrasound transducer (SmartProbe 12L5-V, Terason 2000+; 
Teratech; Burlington, MD , USA) positioned in a tracking device (UTC Tracker, UTC 
Imaging, Stein, The Netherlands) that moved automatically along the Achilles tendon long 
axis over a distance of 12 cm recording regular images at intervals of 0.2 mm. Transducer 
tilt, angle, gain, focus and depth were standardized by the tracking device. 
 Participants were positioned with their great toe and knee to the wall to ensure the 
same intra-individual degree of flexion for each scan, and only the left side was scanned 
(a priori decision). Coupling gel between the stand-off pad and skin and the transducer 
was applied to ensure maximum contact. The tracking device was placed on the posterior 
aspect of the calcaneal region perpendicular to the long axis of the Achilles tendon, 
ensuring that the calcaneus was observed on the imaging. Further, this bony landmark 
served as reference point to analyze tendon structure. The recorded images were stored 
using UTC software (UTC version 1.05, UTC Imaging). The UTC algorithm quantified echo 
types across a rolling window of 17 continuous images.

 Tendon structure was quantified from a region of interest (ROI) that was contoured 
around the border of the Achilles tendon at its insertion and midportion. On both tendon 
parts contours were drawn in an area of 2 cm, at intervals of 5 mm. The insertion of the 
tendon was defined from the end of the calcaneus up to 2 cm and the midportion was 
defined from 2 to 4 cm from the calcaneus.
 Using UTC, tendon structure is divided into four echo types: 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: a mainly amorphous matrix with loose fibrils, 
cells or fluid.21

 Statistical analysis
Since the data were not normally distributed, we calculated median and interquartile 
ranges for all four echo types at each measurement. To compare echo types percentages 
over the analysis period a Wilcoxon signed-rank test was performed. All analyses were 
conducted using SPSS Statistics (v.22) and significance was set at p < 0.05.

Results

The characteristics of the ten subjects included in this study are shown in Table 1. None 
had current symptoms of Achilles tendinopathy (exclusion criterion). Five participants had 
a history of Achilles tendon symptoms but none showed pathological changes at baseline. 
A total of 28 scans were made: one participant did not show up for the second scan and 
the final scan of another participant could not be performed due to technical problems.

Regarding the activities that subjects performed during the week after the marathon 
(based on the logbooks), two subjects ran twice, seven subjects ran once and one subject 
did not perform any activity. The distances covered by the subjects that ran once ranged 
from 5 to 10 km. The subjects that ran twice covered a total of 20 km each. None of the 
runners referred pain after the activities performed during follow-up.
 Median and interquartile ranges (IQRs) for each echo type in insertion and midportion 
areas are shown in Tables 2 and 3, respectively. Comparing the echo types percentage at 
baseline of the insertion portion and the midportion, we observed a significantly higher 
amount of echo type I in the midportion and a significantly higher amount of echo type II 
in the insertion of the Achilles tendon (p = 0.038).
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Table 1. Subject characteristics.

Age (years) 48 (4,1) 31 - 70
BMI (kg/m2) 22.6 (0.4) 20.7 – 25.3
Running experience (years) 15.6  (2.8) 3 – 25
Training volume per week 5.5 hours (0.7)  3 – 10 hours
 49.5 km (4.7) 30 – 75 km 
VISA-A* score 99 (0.5) 95-100

 Mean (SD) Range

* VISA-A: Victorian Institute of Sport Assessment-Achilles Questionnaire (5). A Dutch version of the questionnaire 
was used to assess current Achilles tendon symptoms.
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 In terms of changes in tendon structure, 2 days post-marathon we observed no 
significant changes in percentages of any echo types for the insertion and midportion 
areas. By contrast, 7 days post-marathon the tendon insertion showed a significant 
decrease in percentage of echo types I, III and IV and a significant increase in percentage 
of echo type II; the tendon midportion showed a significant decrease in percentage of echo 
types III and IV and a significant increase in percentage of echo type II. 

Table 3. Median percentages and inter quartile ranges for the echo types (midportion) at each measurement.

Echo type Measurement Median (IQR) P-values compared to baselin
   (Wilcoxon signed rank)

I Baseline 75.9% (5.88)
 Day 2 post-marathon 77.6% (5.90) 0.260
 Day 7 post-marathon 72.1% (11.99) 0.051
 
II Baseline 23.1% (5.35)
 Day 2 post-marathon 25.5% (5.43) 0.594
 Day 7 post-marathon 26.7% (12.08) 0.021

III Baseline 0.75% (0.67)
 Day 2 post-marathon 0.35% (0.82) 0.314
 Day 7 post-marathon 0.28% (0.46) 0.028

IV Baseline 0.43% (0.54)
 Day 2 post-marathon 0.16% (0.56) 0.314
 Day 7 post-marathon 0.10% (0.12) 0.008

IQR: Inter quartile range

Table 2. Median percentages and inter quartile ranges for the echo types (insertion) at each measurement.

Echo type Measurement Median (IQR) P-values compared to baseline  
   (Wilcoxon signed rank)

I Baseline 73.1% (7.65) 
 Day 2 post-marathon 72.7% (6.03) 0.314
 Day 7 post-marathon 63.9% (9.95) 0.008

II Baseline 26.1% (5.71)
 Day 2 post-marathon 25.9% (3.88) 0.314
 Day 7 post-marathon 35.4% (8.96) 0.008

III Baseline 0.73% (1.35)
 Day 2 post-marathon 0.69% (0.62) 0.260
 Day 7 post-marathon 0.42% (1.04) 0.015

IV Baseline 0.33% (0.74)
 Day 2 post-marathon 0.24% (0.45) 0.374
 Day 7 post-marathon 0.07% (0.17) 0.011

IQR: Inter quartile range

Discussion

The present study investigated the short-term response of the Achilles tendon structure 
after running a marathon. We observed no changes 2 days post-marathon but there 
were significant changes in Achilles tendon structure 7 days post-marathon. At both the 
insertion and midportion tendon sites, the percentage of echo type II increased and the 
percentage of echo types III and IV decreased.
 This is the first study to investigate, using UTC equipment, whether the Achilles 
tendon structure (insertion and midportion) changed after running a marathon. Looking at 
the 2-day post-marathon results, our results corroborate previous studies which observed, 
in different populations and after 10-km and 20-min treadmill runs, no significant changes 
in Achilles tendon structure as assessed by UTC 2 days after the activity.10,17 However, our 
findings are not in line with a study by Rosengarten et al. (2015), who observed significant 
changes in percentage of echo types I and II two days after an Australian football game.22 
An explanation for those divergent results might be that not only the amount of load might 
influence the changes,23 but also the fact that Australian football involves more explosive 
bursts of running as well as jumping and cutting maneuvers. Moreover, runners included 
in this study were allowed to perform sport activities during the follow-up period. The 
majority of the activities were performed 3 to 7 days post-marathon, which might have 
influenced the changes in tendon structure 7 days post-marathon.
 At 7 days post-marathon, the increase  in percentage of echo type II (at the tendon 
insertion and midportion) and the decrease in percentage of echo type I (at the tendon 
insertion) suggest a reactive response of the tendon to accumulative load performed 
(marathon plus activities during the first week post-marathon). According to the 
continuum model proposed by Cook and Purdam,19 the reactive stage is the first acute 
(short-term) response of the tendon to the load. The load performed by the subjects 
included in this study may have caused an overload, as most of the runners ran at least 
once shortly after the marathon. Based on previous studies showing no significant changes 
in Achilles tendon structure after moderate activity (e.g. a 10-km run), post-marathon 
activities alone would not cause significant changes in tendon structure.10,17 The response 
observed in the present study might be a reaction to the accumulative load. The initial 
tendon response (2 days post-marathon) showed that running the marathon did not seem 
to exceed the tendon load capacity of the experienced runners (no significant changes in 
tendon structure), yet the training sessions shortly after the marathon may have caused 
a net state of collagen catabolism instead of stimulated collagen synthesis (significant 
increase of echo type II).24 These results suggest that the recovery period was too short or/
and the load performed after the marathon was too high.
 It is known that tendon reaction might be driven by a complex interaction of many 
factors. Hence in this study the late reaction of the tendon to the load performed might not 
only be caused by load accumulation but also by factors like age. Future research should 
investigate the influence of different factors in the acute response of the tendon to the 
load performed.
 Besides the changes in percentage of echo types I and II, at 7-days post-marathon a 
significant decrease of echo types III and IV was also observed in both the insertion and 
midportion areas. This is the first study to show a significant change in echo types III 
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and IV after a single bout of exercise. It is however important to stress that the changes 
observed were minimal, considering that at baseline the sum of echo types III and IV did 
not exceed 2%. This low percentage confirms that only subjects with non-pathological 
pictures (tendon without high amount of disorganized structure) were included in this 
study. The fact that the subjects included were not novice runners – which implies that 
their tendons are adapted to high loads – might also explain the results.
 Our data suggest that excessive load, like running a marathon, does have an effect – 
albeit a late one – on the tendon structure of healthy male runners. This study does have 
some limitations: the small number of participants and its observational nature, which 
allowed runners to perform activities in the week after the marathon. 
 In conclusion, the structure of the Achilles tendon in recreational runners does not 
change 2 days after a marathon. However, 7 days after running the marathon we observed 
significant changes at the insertion and midportion of the tendon, indicating an increase 
of the amount of aligned tissue (especially echo type II) and a decrease of the amount of 
disorganized tissue (echo types III and IV). Our results provide new insights for clinicians, 
coaches and athletes about the effect of load on Achilles tendon structure in terms of 
accumulation of load. It seems that tendon structure is influenced by the combination of 
a high-intensity activity like running a marathon and activities shortly thereafter. This 
stresses the importance of an appropriate recovery period to prevent overuse injuries like 
tendinopathy.
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