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Summary
The primary aim of this prospective cohort study
was to compare the incidence of Achilles tendinopathy symptoms in elite soccer players with and without baseline asymptomatic ultrasound abnormalities. This study also investigated the relationship
between baseline tendon thickness and development of symptoms. Using ultrasonography, 18 players were examined in 2009 for the existence of
hypoechoicity, paratenon blurring, focal thickening
and/or neovascularisation, and anteroposterior tendon thickness was measured. Symptom development during the follow-up period was assessed by
interview one year later. Baseline mid-tendon thickness was greater (p=0.041) in tendons that experienced symptoms [median (IQR): 0.53 (0.51-0.55)
cm] in the following year than tendons remaining
asymptomatic [0.48 (0.45-0.52) cm]. No association
between the existence of baseline ultrasound signs
and development of symptoms in the following year
was observed (Chi-Square: 1.180, p=0.277). A thicker baseline mid-tendon thickness was identified as
a risk indicator for the development of Achilles tendinopathy in elite soccer players.
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Introduction
Achilles tendinopathy (AT) is a common overuse injury
amongst athletes, with an increasing incidence over the
past 30 years (1,2). It is typified by pain that usually occurs at both the onset and cessation of activity (3), swelling around the tendon, morning stiffness, and performance impairment (4). It is often chronic, with one study
reporting that only 37% of athletes felt their AT
symptoms had improved after 2 years (6). In severe cases, AT can end a sporting career (2,6). The condition is
therefore especially problematic to elite professional
athletes.
Achilles tendinopathy is particularly prevalent in athletes
who perform running and jumping (7), and is thus common in sports such as soccer. In the four principal soccer leagues in England, there are an average of 3.5
Achilles tendon-related injuries per week in preseason,
and an average of one injury per week in the competitive season (8). There is a need to ensure that chronic
and potentially career-ending AT injuries are detected at
an early stage, because AT responds better to treatment
when pathology is less severe (1,9). The ultrasound
(US) signs of hypoechoic areas, spindle-shaped thickening, neovascularisation and paratenon blurring (10,11)
have been shown to be associated with AT (12,13) and
therefore may be potential predictors of future tendinopathy (6,7) when existing in asymptomatic individuals.
Further, the time lost in sporting participation is especially important to address in professional athletes such
as the sample in this study.
Fredberg and Bolvig (6) demonstrated that a sample of
asymptomatic Danish soccer players with US-detected
abnormalities had a 45% risk of developing AT over the
following year compared to a 1% risk in asymptomatic
players with no baseline US signs. A later and larger
study (7), looking at a similar sample, demonstrated an
almost 3-fold increase in the risk of developing
symptoms in players with ultrasonographic abnormalities compared to those without. However, the only US
abnormalities that were measured in these two studies
were spindle-shaped thickening and hypoechoicity, and
they may have therefore possibly underestimated any
effect. Furthermore these Danish results (6,7) may not
be applicable to players at the highest level of the sport,
such as those in the current cohort, as playing and training conditions may be different.
In addition to detecting structural abnormalities, US can
also be used to measure the dimensions of the tendon,
which may also be potential predictors of future
symptoms. Cross-sectional studies have shown a relationship between antero-posterior Achilles tendon thickening and symptoms (14), but it is not possible to determine from these studies whether tendon thickening
predates symptoms. Although two longitudinal studies
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(6,7) have shown the existence of baseline spindle shaped thickening leads to an increased likelihood of future
symptoms, no studies have analysed the mathematical
relationship between baseline tendon thickness measurements and subsequent symptom development.
The primary aim of this study was to compare the risk of
developing AT symptoms in elite professional soccer
players with and without baseline asymptomatic sonographic signs. The secondary aim was to determine the
relationship between baseline tendon thickness and the
development of symptoms. These aims were chosen in
order to guide sports and exercise medicine professionals working with footballers at the highest level.

Materials and Methods
Subjects
Twenty five male elite soccer players were recruited
from an English Premier League first team squad in April
2009 via the club’s medical staff. The exclusion criteria
were any age below eighteen, and Achilles tendinopathy
symptoms on the day of the baseline test. The sample
size was calculated with an online calculator
(http://www.dssresearch.com/toolkit/sscalc/size_p2.as)
using data from a previous study (6), an alpha of 0.05
and a power of 80%. This gave a sample size of 10 subjects required for each follow-up group (symptoms developed during the follow up year versus no symptoms
developed). Ethical approval was granted by the Queen
Mary Research and Ethics Committee, and informed
consent was obtained from each participant.

Baseline procedures
Baseline measures were performed in late April 2009.
All subjects were asked a question about present AT
symptoms (“Do you have pain, tenderness or stiffness of
your Achilles tendons today?”). Only players who were
symptom free were allowed to continue participation in
the study, which happened to be all 25 players recruited.
Height and weight were measured and recorded, and
age data were collected.
Ultrasound
Players were then examined sonographically prior to a
training session. The US scanner used was the high-resolution 3-12 MHz linear array transducer (Voluson-I, GE
Medical Systems, UK). All ultrasound scans were performed by a single operator (Sports and Exercise Medicine
trainee) who had been adequately trained by an experienced radiologist in scanning Achilles tendons (15).
The procedure was performed with the subject lying prone on the examination bed, with their ankles in a relaxed
position (approximately plantargrade). All subjects were
imaged bilaterally, right leg first, in the sagittal plane.
Probe pressure was minimised to prevent neovessel
obliteration, and the probe was held perpendicular to the
imaged tissues to minimise anisotropy (16). Three greyscale US pictures were taken, which were of the calcaneal insertion (defined on US as the clearest image of
the pre-Achilles bursa); the musculotendinous junction
[the area found on US where the last soleus fibres at-
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tach to the tendon (17)]; and the midpoint of the two.
The antero-posterior tendon thickness at these 3 points
was measured offline using Image J software. The
thickness at these three points was measured, rather
than at the greatest width, because many of the tendons were parallel (i.e they did not have a thickest
point) and it was desired to measure at consistent
points along the tendon.
The tendon was rescanned for areas of hypoechoicity,
spindle-shaped thickening and paratenon blurring. Fredberg and Bolvig’s (6) criteria of spindle-shaped thickening, defined as a thickness more than 0.1 cm in relation
to the normal distal part of the tendon, and hypoechoic
regions with a diameter of more than 0.1cm, were applied. Paratenon blurring was defined as an indistinct
anterior or posterior tendon border (18). The tendon was
also assessed using power Doppler for neovascularization at a gain setting established by reducing the gain
until no random noise was produced deep to the cortical
bone of the calcaneal tuberosity (19). Hypoechoicity,
spindle-shaped thickening, paratenon blurring and neovascularisation were graded on either their presence or
absence in a tendon. The presence of any one of these
four US signs classified a tendon as ultrasonographically abnormal.

Follow up procedures
Follow-up occurred in May 2010, approximately 12
months after the baseline measures. Seven subjects
were unable to attend follow up, due to having been
transferred or on loan to another club, or away from training due to non-Achilles injury. Results therefore pertain
to the eighteen subjects attending both baseline and follow-up. The outcome variable was the presence of any
AT symptoms during the one year follow up period, assessed with the question: “Have you had any pain, tenderness or stiffness in either Achilles tendon at any time
in the past 12 months?” This question was asked in an
interview, and the player was encouraged to think back
to any incidences, of any duration, where they had felt
pain in the AT. This was facilitated by pointing to the players’ own Achilles tendon. The examiner conducting the
interview had not carried out the baseline US examinations and was unaware of US scan results.

Data Analysis
The software SPSS version 18.0 (SPSS Inc, Chicago,
USA) was used for analysis. Both tendons of each subject were treated as individual tendons in the sample, as
is the case in previous studies (6,7, 20). Continuous data in each of the two follow-up groups (symptomatic during follow up versus asymptomatic during follow up)
were plotted and inspected for normality. All anthropometric and thickness measurement data were non-parametrically distributed in the symptomatic during follow
up group so the non-parametric Mann-Whitney U test
was used to compare the two follow up groups for the
potential confounders of age, height and weight, and for
the baseline thickness variables. Pearson’s Chi-square
tests were used to assess the strength of relationship
between the existence of abnormal US signs in tendons
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at baseline and the development of symptoms in tendons at follow up. In all cases, p<0.05 was used to indicate significance.

RESULTS
Subjects
The 18 male professional soccer players who had not
been lost to follow up led to a sample of 36 tendons at
one year follow-up. All tendons had been asymptomatic on the day of testing at baseline. The potential confounders of age, height and weight were not significantly
different between (p>0.05) tendons that were symptomatic during follow up and those that were not symptomatic (Tab. I).
Baseline US signs and development of symptoms
From the twenty-three ultrasonographically abnormal
but asymptomatic tendons at baseline, five (22%) tendons subsequently developed AT symptoms during follow up compared to one tendon (8%) from the thirteen
ultrasonographically normal asymptomatic tendons (Fig.
1). This difference in
risk was non-significant [Pearson’s χ2 (1)
= 1.180, p=0.277]. Furthermore, there was no
significantly increased
risk identified between
any individual baseline
US sign considered
alone, and the development of AT symptoms in the subsequent
twelve months [Neovascularisation: χ2 (1) =
1.44, p=0.23; Hypoechoicity: χ2 (1) = 0.22,
p=0.88; Paratenon blurring: χ 2 (1) = 0.51,
p=0.47; Focal thickening: χ2 (1) = 0.66,
p=0.42)].

don thickness at baseline [median (IQR): 0.53 (0.510.55) cm] than tendons remaining asymptomatic [0.48
(0.45-0.52) cm]. Tendons symptomatic during follow-up
showed a strong trend (p=0.053) of being thicker at the
calcaneal insertion at baseline [0.50 (0.45-0.55) cm]
than tendons asymptomatic during follow up [0.46 (0.430.48) cm]. No baseline difference between the two follow up groups was observed for baseline musculotendinous junction thickness (p=0.686) (Fig. 2).

Discussion
Statement of principal findings
A thicker mid-tendon at baseline, in the absence of
symptoms, was significantly related to an increased likelihood of AT symptoms developing in elite professional
soccer player tendons one year later. In contrast, there
was no association between asymptomatic baseline ultrasonographic abnormalities (neovascularization, hypoechogenicity, paratenon blurring and focal thickening)
and the development of subsequent AT symptoms.

Baseline thickness measurements and development of symptoms
Tendons that became
symptomatic during the
12 month follow up
had significantly thicker (p=0.041) mid-tenFigure 1. Baseline US findings in Achilles tendons, and symptom status at 12 months follow up.

Table 1. Median (IQR) age, height and weight for tendons that were symptomatic and asymptomatic during the 12
month follow up period.

Age (years)
Height (m)
Weight (kg)

Symptomatic during follow up (n=6)

Asymptomatic during follow-up (n=30)

p

24.0 (22.0-27.5)
1.78 (1.75-1.93)
73.0 (65.0 – 84.4)

23.0 (22.0 – 26.0)
1.80 (1.78-1.86)
75.0 (72.8-78.0)

0.307
0.885
0.442
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Strengths and weaknesses of the
study
This study is the first to use predominantly world class soccer players,
and is thus the only study providing
information relevant to players at the
very highest levels of soccer. This is
also the first study to analyse the relationship between Achilles tendon
thickness measurements and the
subsequent development of AT
symptoms in soccer players. Since
the potential confounders of height,
age and weight were similar between
those with and without subsequent
symptom development, the differences in baseline thickness may represent a real risk factor for subsequent symptoms.
A longitudinal cohort design was used,
which is optimum for a study attempting
to assess causal relationships involving Figure 2. A box plot of baseline thickness (cm) in tendons which were symptomatic
baseline variables that require objective in the 12 month follow up period and in tendons which remained asymptomatic.
measurement. In addition, the assessor Boxplots represent the median, interquartile range and full range (excluding outcollecting data on injuries during the fol- liers). Calc = calcaneal, MTJ=Musculotendinous junction. * = significantly greater
low up period was blinded to the base- in the symptomatic group (p=0.041).
line status of the participants, thus
dle-shaped thickening, but, unlike our study, this did not
avoiding detection bias. One potential weakness was the
permit any calculation of thickness thresholds associatpossible under-powering of the part of the study dealing
ed with later development of symptoms. In the later
with the relationship between US abnormalities and sympstudy, Fredberg et al. (7) also did not analyse the relatom development. Post-hoc power calculation
tionship between continuous measures of thickness and
(http://www.openepi.com/OE2.3/Menu/OpenEpiMenu.htm)
subsequent symptom development.
showed that our power was only 18%, which concurs
In contrast to our study, Fredberg and Bolvig (6) showed
with our failure to recruit enough subjects at baseline to
that sonographically abnormal Achilles tendons at basereach our sample size analysis target. Another drawline led to a significantly increased risk of developing
back was that any player recall inaccuracy could reduce
symptoms in Danish elite players. They noted that abthe validity of the data on AT symptoms during the folnormal sonographic findings at baseline conferred a rellow-up period. However, conducting the questionnaire
ative risk of 38.6 (95% CIs: 5.0, 301.1) for developing
as an interview allowed identification of the exact site of
symptoms at follow up compared to the group with norpain and therefore may have reduced any such inaccumal baseline sonographic findings. This is a much largracy. There was also the possibility of players under-reer effect than our non-significant relative risk of 2.8 (95%
porting AT because of fear regarding team selection, but
CIs: 0.4, 21.7). Although our lack of statistical signifiall players were clearly told about the confidentiality of
cance may relate to our smaller sample sizes, the difresults, and that club medical personnel would not be
ference in effect size is difficult to explain, given the
given any study information. Another limitation was that
same follow up duration.
the timing of the US scan was not standardised, so
Although the players in the Danish study (6) were likely
some players might have just finished training when the
to be at a lower level of excellence than our cohort, this
scans were performed. This could have potentially afdifference could not explain the large difference in effect
fected the measure of neovascularisation, which has
size. Another possible reason for the observed differshown to be increased by activity (21). Finally, although
ence could be the time of season at which baseline
all players were asymptomatic at baseline, this did not
measures were made. In our study, baseline measures
preclude the fact that some had suffered symptoms prewere performed at the close of the season, whereas in
viously. It is therefore possible that some of the ultrathe Danish study (6) they were performed pre-season. It
sound signs or thickness measurements were influis possible that end of season sonographic findings may
enced by past pathology, rather than these measures
not be as prognostic as those taken when players are
relating only to future symptoms.
relatively rested. Sonographic findings have been noted
to occur as a non-pathological response to acute activity (21), and it is possible that a similar effect could occur
Relation to other studies
in response to chronic fatigue. One other methodological difference was that Freberg and Bolvig (6) used onFredberg and Bolvig (6) did not analyse the relationship
ly one measure of Achilles tendon ultrasonographic abbetween continuous thickness measures and later
normality (the existence of spindle shaped thickening) in
symptoms. They observed a relationship between
contrast to our four separate criteria. However this difsymptom development and the existence or not of spin-
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ference would probably have led to Fredberg and Bolvig
(6) detecting less of an effect, if all four criteria are valid
measures of tendon pathology. On the other hand, it is
possible that if localised thickening is a more valid
measure of tendon abnormality than the other criteria
then this might explain their more pronounced findings;
however when we analysed tendon abnormality specifically in terms of spindle-shaped thickening we did not
observe a significant or strong effect size.
Interestingly, Fredberg and colleagues (7) observed a
very similar relative risk to ours, at 2.6 (95% CI: 1.3,
5.1), although their finding was statistically significant.
That analysis included hypoechoicity as a criterion of
baseline Achilles tendon abnormality, in addition to the
existence of spindle shaped thickening. However, as
previously argued, this is unlikely to explain the difference to their results in the earlier study (6). Fredberg
and colleagues (7) included data on participants exposed to a prophylactic intervention of eccentric exercise, but data from those participants are not included in
the relative risk calculation given above, calculated by
the author of the present paper from Fredberg and colleagues (7) data on control participants.
One relative weakness of the two Danish studies (6,7)
was their failure to blind the assessor collecting data on
the development of symptoms; however, potential selection bias was limited by the ongoing recording of injuries to confirm questionnaire findings. A relative
strength of the Danish studies (6,7) compared to ours
was their greater sample sizes, permitting greater power to detect significant differences.

ness over an appropriate threshold. Our data might suggest that a sonographically-measured mid tendon thickness of over 0.5 cm would indicate an increased risk of
future symptoms. Consideration of the percentiles of our
data in each group suggests that this mid-tendon thickness threshold of 0.5 cm would have a sensitivity of 90%
and an approximate specificity of 60% for detecting future symptom development. Clinicians should consider
paying extra attention to the emergence of such signs,
and institute training and treatment modifications to reduce reactive tendinopathy at this stage.

Unanswered questions and future research
Our study probably has insufficient numbers to allow accurate or reliable thresholds of tendon thickness to be
calculated. Larger scale studies with more normally distributed data are necessary before such calculations
can derive clinically useful results. Further work therefore needs to gather data from more than one soccer
club to ensure sufficient numbers of participants. Finally, variables such as height and levels of training load
may influence tendon size as well (15), and further work
will need to take this into consideration when calculating
such thresholds.
To avoid problems with recall of injury during the followup period, future studies should also provide players
with an injury diary during the follow-up period, where
any twinges or pains, however mild, can be recorded as
they happen. Finally, to avoid prior activity confounding
ultrasonographic findings, future studies should conduct
all scans before training begins.

Meaning of the study: possible mechanisms and implications for clinicians
ACKNOWLEDGEMENTS
The baseline Achilles tendon thickness associated with
subsequent symptoms in the current study [median
(IQR): 0.53 (0.51-0.55) cm] was much lower than that
reported in previous studies of symptomatic patients
scanned in a radiology departments [>0.59 cm] (14,22).
This difference may reflect the early stage of (asymptomatic) pathology at which the tendons in our study existed at baseline. Recent studies have identified reactive
followed by degenerative stages of tendon pathology
(23,24). Reactive tendinopathy is characterized by less
tendon anteroposterior thickening (25), is more common
among young active athletes, and is less likely to contain Doppler signal (23,24). Given that only 2 of the 5
sonographically abnormal tendons that later became
symptomatic contained Doppler signal, and that they
were less thick than previous reports of symptomatic
tendon, we may have identified subtle reactive tendon
pathology at baseline. As Achilles tendons often swell in
the mid-portion, this section of the tendon may be more
sensitive to this initial and subtle pathology, explaining
why only this site showed significant differences between the follow up groups. These findings need to be
confirmed in larger studies but may have important implications for the detection of early tendon pathology
and prevention of pain.
On a clincal level, these findings indicate that US
screening could be appropriate. Once a screening programme is in place, then preventative measures could
be taken for those players showing mid-tendon thickMuscles, Ligaments and Tendons Journal 2011; 1 (2) 51-56
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