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Summary



Load affects the structure of the tendon, causing positive or negative tendon adaptations. 
The influence of load on the tendon structure is determined by the amount of load 
performed, tendon load capacity and the subsequent recovery period. A positive tendon 
adaptation is observed when a sufficient amount of load is applied to the tendon with 
appropriate recovery period. The subsequent  response allows the tendon to adapt and 
to increase its capacity. However, if there is an imbalance between load and recovery, 
maladaptation (negative response) will be observed. Repetitive imbalance will lead to 
overuse injuries, like tendinopathy, causing pain and functional impairment. In (recreation/
elite) athletes tendinopathy can affect their performance and, in some cases, even end 
their career. In more sedentary individuals it can affect daily living and work activities. 
For patients with tendinopathy, load management and therapeutic loading exercises are 
important  elements of the treatment. 
 Although several studies investigated the influence of load on tendon structure 
with conventional imaging tools, more research is needed using quantitative imaging 
tools. Ultrasound tissue characterization (UTC) is a rather new ultrasound based imaging 
technique, which can objectively quantify changes in tendon structure. The UTC outcomes 
are presented in percentages of echo types I-IV; echo types I and II represents the amount 
of aligned fibers and echo types III and IV represents the amount of disorganized tendon 
structure. 
 The general aim of this thesis was to investigate the effect of load on healthy and 
pathological Achilles and patellar tendons using UTC.
 The first specific aim of this thesis was to investigate the use of UTC to characterize 
and quantify tendon structure (Chapters 2 and 3). Chapter 2 describes a systematic 
review which was performed to investigate the role of UTC in predicting, diagnosing 
and monitoring tendinopathy. A total of 27 studies were included, of which 18 studies 
investigated the Achilles tendon, five the patellar tendon and four studies both. It was 
observed that the images acquired with UTC to predict and diagnose tendinopathy were 
inconclusive. However, UTC might play an important role in monitoring changes in tendon 
structure. In addition to that, this systematic review observed a significant variation in the 
methods of performing UTC scans and analyzing the images. A standardization of the UTC 
scanning and imaging analysis for both Achilles and patellar tendons was proposed. 
 The reliability of UTC was previously only investigated for the use in Achilles 
tendons. Thus, in Chapter 3 the aim was to assess inter- and intra-rater reliability of the 
UTC for the patellar tendon; for conducting the UTC scan as well as marking contours. A 
total of 50 participants were recruited, 25 participants with patellar tendinopathy (PT) 
and 25 participants without any symptoms of knee pain. For every participant, UTC scans 
were performed three times and UTC contours were drawn three times by experienced 
physiotherapists/ researchers in UTC. For UTC scanning, results showed excellent 
Intraclass Correlation Coefficients (ICCs) for intra-rater reliability, with exception of echo 
type II, that showed a fair to good value. Regarding the contour marking, all ICC values for 
inter- and intra-rater reliability were excellent. The UTC can thus be considered a reliable 
tool to quantify patellar tendon structure.
 The second part of this thesis (Chapters 4 - 6) aimed to investigate the influence of 
load on the Achilles and patellar tendon structure of healthy subjects. The study reported 
in Chapter 4 investigated the effect of two different short running bouts, one of high load 
at 100% body weight (conventional treadmill), and one of low load at 20% body weight 
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(anti-gravitation treadmill), in the Achilles tendon (midportion) of novice runners. The 
UTC scan was performed immediately prior to each run, and two and seven days after 
each run. The results showed that there were no significant changes in the Achilles 
tendon structure for both high and low load conditions. However, a significant decrease in 
disorganized tendon structure (echo types III and IV) was seen, which suggest that low to 
moderate loads may be beneficial in the management of Achilles tendinopathy (AT). 
  Chapter 5 investigated the effect of running a marathon on the Achilles tendon 
structure of athletes. Tendon structure was investigated before running the marathon, 
and two and seven days after this activity. The tendon insertion and tendon midportion 
were analyzed separately. No significant changes were observed two days post-marathon 
in both insertion and midportion areas. The logbooks showed that from day two to seven 
post-marathon, the majority of subjects performed physical activities that involved 
running (5 to 20 km). Significant changes in tendon structure were observed seven days 
post-marathon, indicating that tendon structure might be influenced by the combination 
of a high-intensity activity and activities shortly thereafter. The results of Chapter 4 
and 5 show that a single bout of exercise performed by trained individuals causes no 
significant changes in the Achilles tendon structure, but when combined with other 
physical activities performed shortly thereafter significant changes are observed. Future 
studies should investigate the influence of different recovery periods in the tendon structure 
of (recreational/elite) athletes.  
 The influence of load on the patellar tendon structure was investigated in Chapter 6. 
Eighteen elite volleyball players were monitored over seven weeks during the preseason. 
Load (volume [minutes playing], Rating of Perceived Exertion [RPE], weekly load [RPE*volume] 
and jump frequency) was measured weekly and tendon structure was investigated biweekly 
with UTC. For the load parameters, significant changes over the weeks were observed for 
the volume and weekly load. Regarding the tendon structure, no significant changes were 
observed for both dominant and non-dominant sides. The investigation of the association 
between load and tendon structure showed that at the dominant side a higher weekly volume 
and weekly load resulted in a decrease of echo type I and a higher mean RPE in an increase 
of echo type II. Based on the results of this study it was concluded that monitoring load and 
the effect on patellar tendon structure may play an important role in injury prevention.
 The aim of the third part of this thesis (Chapters 7 – 9) was to investigate the relation 
between changes in tendon structure and changes in clinical outcome after conservative 
treatment of patients diagnosed with Achilles or patellar tendinopathy. In Chapter 7 the 
aim was to compare the tendon structure of the asymptomatic and symptomatic sides 
of patients with unilateral tendinopathy with the tendon structure of control subjects. 
Different analyses were performed for patients diagnosed with insertional AT, midportion 
AT or PT. In total 84 patients (16 insertional AT, 30 midportion AT and 38 PT) and 43 control 
subjects (18 Achilles tendons and 25 patellar tendons) were included in this study. It was 
found that for all patient groups the tendon structure of both the asymptomatic and the 
symptomatic sides were compromised, compared to the control group. It was concluded 
that investigating both tendons of patients diagnosed with unilateral tendinopathy 
is necessary, since abnormalities in the tendon structure of the asymptomatic side 
increases the risk of developing future symptoms. Moreover, clinicians should not use the 
asymptomatic side as ‘normal’ reference during their examination. 



 Chapters 8 and 9 focused on the association between clinical and imaging outcomes. 
The systematic review described in Chapter 8 aimed to investigate the association between 
clinical and imaging outcomes after therapeutic loading exercise of patients diagnosed with 
AT or PT at short- and long-term follow-up. A total of 21 studies were included, of which 18 
investigated patients diagnosed with AT and three investigated patients diagnosed with PT. 
There was moderate-to-strong evidence and moderate evidence for patients with AT and 
PT, respectively, for an association at long-term follow-up between clinical and imaging 
outcomes after eccentric exercise. Despite the limited number of studies, for both the AT 
and PT groups, there was moderate evidence for an association between clinical outcomes 
and tendon thickness and neovascularization after heavy slow resistance exercise. In this 
systematic review, only one study investigating the association between clinical outcomes 
and tendon structure using UTC was included. This finding highlights the importance of 
new studies. Therefore, the association between clinical outcome (Victorian Institute of 
Sport Assessment [VISA] score; patient-reported outcome measure) and imaging outcome 
(tendon structure assessed with UTC) at short-term follow-up after conservative treatment 
was investigated in Chapter 9. Patients diagnosed with AT (N = 15) or PT (N = 20) were 
included in this study. The conservative treatment included patient education, load 
management and therapeutic loading exercise. For the AT group, there was a significant 
improvement in clinical outcome without significant changes in tendon structure. For 
the PT group both clinical outcome and tendon structure did not change significantly. 
Regarding the association between clinical and imaging examination, the group analysis 
showed that an improvement in VISA score was significant correlated with a decrease of 
echo type II in the AT group. In this study, individual analyses were also performed and 
were in line with the expected changes after treatment: patients that improved clinically 
showed an increase of the aligned fibrillar matrix (echo type I) and a reduction in the 
disorganized structure (echo types III or IV). Despite the associations observed in this 
study, performing clinical and imaging examination can provide additional information to 
clinicians. Thus, it is recommended to perform both during the clinical care.
 In Chapter 10, the results of this thesis are discussed in a broader perspective and 
recommendations for future research and practical implications are provided. Generally, 
more studies are necessary investigating the influence of load on tendon structure in 
studies with a larger sample size and at longer-term follow-up. Based on the results of the 
studies included in this thesis, clinicians should be aware that a) monitoring both internal 
and external load may provide better insight in the training process and guide intervention 
strategies, b) in patients with unilateral tendinopathy, the asymptomatic side also shows 
abnormal tendon structure, c) during the interpretation of imaging examination following 
conservative treatment factors like follow-up period and tendinopathy location might 
influence the results, and d) imaging examination should be used in combination with 
clinical examination in patients diagnosed with AT or PT, especially at the short-term 
follow-up.
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