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Summary

This cross-sectional study assessed the prevalence of 
Achilles tendinopathy symptoms and ultrasound (US) 
abnormalities in male and female ice skaters, and com-
pared this to age-matched controls. The 20 skaters of 
mean (sd) age 17.3 (7.9) were recruited from British 
figure skating clubs. The 17 non-skaters of mean age 
18.0 (3.7) were recruited from a secondary school and 
university. Each group had 12 females. All participants 
completed a questionnaire, and Achilles tendons were 
ultrasound-scanned for thickening, hypoechoic ar-
eas, paratenon blurring and neovascularization. Skat-
ers experienced significantly more lifetime symptoms 
(p=0.012) than the control group but there were no dif-
ferences in present symptoms. Mid-tendon longitudinal 
thickness and the coefficient of variation (CoV) for lon-
gitudinal tendon thickness were significantly greater 
in the skaters (p=0.001 and p=0.017 respectively). No 
other ultrasound abnormalities were detected in either 
group.  Figure skaters may be at a greater risk of Achil-
les tendon problems than the general population and 
have adaptive changes in their tendons.

Key words: Achilles, skating, sonography, tendinopathy, ul-
trasonography.

Introduction

Over the past two decades training time and intensity of fig-
ure skating have increased in response to rising expecta-
tions1, with a likely increase in repetitive forces propagated 

through the lower limb2
. If such forces repeatedly stress the 

Achilles tendon fibres beyond their physiological limit, an in-
creased risk of Achilles tendinopathy may ensue3,4. Further-
more, although the foot is somewhat protected by the skat-
ing boot, it is maintained in slight plantarflexion. This may 
cause tightening of the calf muscles, which may be linked 
to Achilles tendinopathy4. Achilles tendinopathy produces 
pain, swelling, stiffness and tenderness in and around the 
tendon5 . It is often associated with impaired function that 
may prevent the athlete from pursuing their sport6. Current-
ly no research has directly investigated the prevalence of 
Achilles tendinopathy symptoms in figure skaters.
Ultrasonography (US) is a valid and reliable indicator of 
Achilles tendinopathy7. General increases in tendon thick-
ness may be a feature of tendinopathy 8,9 and hypoecho-
ic areas, focal thickening, blurred margins and increased 
blood flow 10,11 are considered a frequent feature. To our 
knowledge no studies have assessed the Achilles tendons 
of skaters for US abnormalities. Such assessment may 
have particular importance because sonographic markers 
of tendinopathy are present in asymptomatic tendons in 
other sports12,13, and these tendons may be at higher risk 
of becoming symptomatic14,15. Detection of such markers in 
asymptomatic skaters might therefore suggest further longi-
tudinal work evaluating whether these markers can predict 
future symptoms as well as informing clinicians looking after 
such athletes. 
The primary hypothesis of this study was that the preva-
lence of symptoms and the ultrasound characteristics of the 
Achilles tendons in a group of figure skaters would differ 
from age-matched controls. The secondary hypothesis was 
that ultrasound abnormalities indicative of pathology would 
occur without the presence of symptoms in some skaters. 

Materials and methods 

Subjects 
Male and female subjects were recruited, within the age 
range of 12-45. The study group was recruited from British 
figure skating clubs by contacting coaches and club secre-
taries. Skaters were approached during training sessions 
on the day of data collection. The control group was recruit-
ed from a secondary school and a university in a similar 
manner. Individuals under the age of 12 were excluded from 
both groups, and subjects with figure skating experience 
were excluded from the control group. 

Procedure 
Height, weight, age, gender and leg dominance data were 
collected. The dominant leg was defined as the leg the 
subject predominantly jumped with. The study group com-
pleted a questionnaire about skating discipline and level of 
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competition, average training hours per week, and the num-
ber of years that they had been training at that intensity. 
Achilles tendinopathy symptoms, current or previous, and 
the amount of training missed as a consequence were also 
recorded (Appendix 1). The control group filled in a similar 
questionnaire, which was modified to exclude specific figure 
skating questions, asking about average hours of sport or 
exercise per week instead of training duration. The primary 
investigator was blinded to the symptomatic status of the 
subjects; a second investigator collected the anthropomet-
ric data and questionnaires and the primary investigator did 
not have access to these data until after analysis of the US 
scans.
US scans were performed with a high-resolution 3-12MHz 
linear transducer (Voluson-i, GE medical systems, UK) by 
the primary investigator, who had attended a musculoskel-
etal ultrasound course and gained further experience under 
the supervision of a musculoskeletal consultant radiologist.
The machine settings were standardised prior to examina-
tion for optimal visualisation of the Achilles tendon. The sub-
jects lay prone on an examination couch, with their feet over 
the end of the couch. To standardise the measurements, 
ankles were fixed at 90o with a device constructed for this 
purpose. Care was taken to keep the transducer perpendic-
ular to the tendon fibres at all times to reduce the anisotropy 
effect10. Grey-scale images were obtained at three points 
along both right and left tendons in the longitudinal plane. 
These points were the insertion at the calcaneus, the mus-
culotendinous junction (MTJ) between tendon and soleus 
muscle, and midway between these points (mid-tendon). 
These images were recorded and analysed offline using 
Image J 1.38x software (National Institutes of Health, USA). 
The tendon thickness was measured at the three points 
along each tendon on the longitudinal images (Fig. 1). The 
mean and coefficient of variation (CoV) of these three mea-
surements were calculated for each tendon. The presence 
or otherwise of degenerative markers - hypoechoic areas, 
focal thickening and paratenon blurring - were assessed 
throughout the tendon length in the longitudinal view. The 
presence or otherwise of tendon vascularity was examined 
longitudinally in real time with colour Doppler. 

Reliability study 
Intra-observer reliability was assessed. The primary inves-
tigator scanned eight Achilles tendons using the protocol 
described above. The same tendons were then rescanned 
later the same day.  All images were recorded, and anal-
ysed by measurement of tendon thickness at the 3 points. 
The test-retest reliability for each of the three measurement 
points was calculated using Intraclass Correlation Coeffi-
cients (ICCs) type 3,1 and limits of agreement (LOA)16,17.

Data analysis 
Sample size calculations, using a power of 80% and an 
alpha of 5%, and Achilles mid-tendon thickness group dif-
ference and variance data derived from a similar study on 
gymnasts18, indicated that 32 tendons were needed in each 
group. 
Focal thickening was quantified by calculating the co-effi-
cient of variation (CoV) of tendon thickness across the three 
points, using the formula: CoV = sd of the 3 measures/mean 
of the 3 measures. Subjects were classified as having US 
abnormalities by having at least one sign of neovascularisa-
tion, hypoechoic areas, or paratenon blurring at any region 
along the tendon.
SPSS version 15.0 (SPSS Inc, Chicago, USA) was used 
to analyse the data. Continuous data were tested for nor-
mality by inspecting their distribution in histograms. The 
normally distributed age, height and weight variables were 
tested for group differences with independent t tests. As the 
other continuous data were generally skewed, all tendon 
thickness data were presented as medians and interquartile 
ranges, and group differences were tested for significance 
with nonparametric Mann-Whitney U tests. Mann-Whitney 
U tests were also used to compare ultrasound tendon thick-
ness findings between symptomatic and non symptomatic 
groups within skaters and controls. Pearson’s Chi-Square 
tests were used to compare present and lifetime history 
symptom status between the groups and to compare their 
gender composition. For all calculations, 95% confidence 
intervals were used, and p values<0.05 were considered 
statistically significant.

Ethical Considerations
The study received local ethical approval for human stud-
ies from Queen Mary University of London research ethics 
committee. Informed consent was obtained from all sub-
jects. 

Results

Subject data: 
Twenty figure skaters were recruited; 12 female and 8 male. 
Sixteen skaters competed in  singles free skating, 3 in pairs, 
9 in ice dance and 8 were part of a synchronised skating 
team. There was some overlap between these categories, 
with some skaters participating in more than one discipline. 
The level at which they competed ranged from novice to 
elite. They trained for a mean (sd) of 11.5 (6.0)  hours a 
week, including both on- and off-ice training sessions, and 
had been training at this intensity for an average of 5.4 Figure 1. Measurements in the longitudinal plane.
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Table 1. Characteristics of the groups.

years. In addition, most skaters took part in other sports or 
exercise, either at school or in their spare time. 

Seventeen active controls were recruited: 12 female and 5 
male. Eight controls were from a secondary school and 9 
were from a university. The mean (sd) of sport or exercise 
the controls did per week was 5.3 (2.7) hours, which was 
significantly less (p<0.001) than the skaters.         

There was no significant difference in gender between the 
two groups (chi square=0.904, p=0.34), nor were there sig-
nificant differences in age, height or weight (Tab. 1). 

Ultrasound tendon thickness measure covariates
Age, height and weight did not differ between groups, so 
even if they had an association with tendon thickness this 
would not confound results. However, as training load dif-
fered between groups, its relationship with tendon thickness 
was regarded as important. In skaters, there was evidence 
of a relationship between present training load and mid ten-
don thickness (rho=0.45, p=0.03), longitudinal MTJ thick-
ness (rho=0.35, p=0.03) and mean thickness (rho=0.39, 
p=0.01). There was no evidence of statistically significant 
correlations between training load and any thickness mea-
sures in controls. 

Directly observed ultrasound measures of tendinopa-
thy
Apart from measured tendon thickenings, no US markers of 
tendinopathy were seen in any symptomatic or asymptom-
atic skaters or controls. 

Symptom status
There was no significant difference between the groups when 
comparing current symptoms (Pearson Chi-Square=2.66, 
p=0.103). However, the figure skaters had experienced sig-
nificantly more lifetime symptoms of Achilles tendinopathy 

Characteristic Figure skaters [mean (SD)] Controls [mean (SD)] p value 

Age (years) 17.25 (7.91) 18.00  (3.65) 0.510 

Height (cm) 162.08 (12.48) 167.02 (8.04) 0.230 

Weight (kg) 57.74  (15.85) 65.68  (13.22) 0.590 

Table I. Characteristics of the groups.  

 

Ultrasound tendon thickness measures 
When comparing the mean tendon thickness between 
dominant and non-dominant legs there was no significant 
difference in either group. Therefore each tendon was con-
sidered separately for analysis, making a total of 40 tendons 
in the study group and 34 in the control group. 
The mid-tendon thickness was significantly greater 
(p=0.001) in skaters [median (interquartile range) 4.91mm 
(4.54-5.31)] than in the control group [4.41mm (4.17-4.78)] 
(Fig. 2). The thickness at the MTJ was similar for both 
groups [skaters 4.77 (4.29-5.41), controls 4.84 (4.51-5.18), 
p=0.841], as was the calcaneal insertion thickness [skaters 
3.90 (3.38-4.42), controls 4.07 (3.70-4.65), p=0.315] and 
the mean of the three thickness measures [skaters 4.63 
(4.28-4.95), controls 4.45 (4.20-4.77), p=0.162]. The CoV of 
the three individual tendon measurements was significantly 
greater in the tendons of the skater group than those of the 
control group (p=0.017) (Fig. 3). 

Figure 2. Tendon thickness at the mid-point measurement in 
each group.

Figure 3. COV of longitudinal tendon thickness in each group.

Figure 4. Number of Achilles tendons that had or had not been 
symptomatic.
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(Pearson Chi-Square=6.38, p=0.012) (Fig. 4). None of the 
participants had ever ruptured an Achilles tendon. 
For skaters, those with ‘symptoms ever’ had a median (IQR) 
calcaneal insertion thickness of  4.37mm (3.90-4.71), com-
pared to 3.7mm (3.33-4.35) in those with no symptoms ever 
(p=0.01). There were no significant differences in US ten-
don thickness variables between ‘symptomatic ever’ and 
‘asymptomatic ever’ groups in other thickness measures in 
skaters, or in any thickness measures in controls.
Similarly, skaters with present symptoms had a median 
(IQR) calcaneal insertion thickness of  4.71mm (4.57-5.02), 
compared to  3.9mm (3.36-4.37) in those with no present 
symptoms (p=0.030). There were no significant differences 
in US tendon thickness variables between presently symp-
tomatic and presently asymptomatic groups in other thick-
ness measures in skaters, or in any thickness measures in 
controls.

Reliability data
Intraobserver reliability for measurement of the tendon thick-
ness measures was good to excellent19 with an ICC for the 
insertion of 0.89, an ICC of 0.88 for the myotendinous junc-
tion and an ICC for the mid-tendon of 0.96. Limits of agree-
ment were 1.03mm, 0.96mm and 0.61mm respectively. 

Discussion 

Statement of principal findings
To our knowledge, this is the only study to show that figure 
skaters experience significantly more lifetime symptoms of 
Achilles pain than controls, which partially supports our pri-
mary hypothesis. However we were unable to demonstrate 
group differences in current symptoms. 
The middle portion of the Achilles tendons of figure skat-
ers was significantly thicker than those of controls, although 
there were no analogous findings for the other two thick-
ness measures. We were unable to directly detect any signs 
of hypoechoic areas, neovascularisation, paratenon blurring 
or focal thickening in either group, thus failing to fully sup-
port our primary hypothesis. Nevertheless, we did calculate 
a greater CoV of longitudinal thickness within individual ten-
dons of figure skaters. However the differences in measure-
ments between the skaters and controls were small and all 
measurements were within a normal physiological range. 
This may support the increases in the skating group being 
due to a training adaptation, particularly as there was a sig-
nificantly positive correlation between training volume and 
mid tendon thickness.
Our secondary hypothesis of the existence of asymptomatic 
US signs in skaters was unsupported, as no asymptomatic 
skaters had directly observable US abnormalities. 

Strengths and weaknesses of the study
The main strength of this study was the representativeness 
of the sample of skaters. The sample covered all grades 
of ability and experience, included both male and female 
skaters, and encompassed most of the forms of the sport. 
Furthermore, the sample size was adequately powered to 
allow detection of group differences in Achilles mid-ten-

don thickness. Another important advantage was that the 
groups were well-matched in terms of the important con-
founders of gender, age, height and weight. Where the 
sample may have been limited was in the volume of training 
undertaken by skaters on a weekly basis. With a mean (sd) 
of 11.5 (6.0)  hours a week, this is well below what elite 
skaters are likely to do and this may account for the lack of 
significant results and the small differences were significant 
results were found. In addition, bias was reduced by the in-
vestigator conducting the ultrasound scans being blinded to 
the symptomatic status of the subjects. This investigator re-
ceived intensive sonographic training by a consultant mus-
culoskeletal radiologist, and used established techniques 
and equipment. Consequently, reliability of measures was 
generally excellent. Another strength of this study is that it 
provides the only known source of data on Achilles tendon 
symptoms and signs in skaters.
This study had two potential limitations. The major con-
founder of training load, quantified by duration, was not 
matched between groups, and so any differences observed 
between groups in symptoms or pathological changes may 
have been due to the different training loads and not due to 
skating per se. Nevertheless, high training durations may be 
intrinsic to skating because of the time required for technical 
as well as physiological training, and so this criticism may 
not be valid. It is also important to note that training load 
did not differ between skaters with and without symptoms, 
suggesting that training load may not have contributed to 
differences in pathology between the groups. The second 
limitation was that although the study was powered to de-
tect thickness differences, it was probably underpowered to 
detect differences in current symptoms, or to detect differ-
ences in all measures of thickness between skaters with 
and without symptoms.

Strengths and weaknesses in relation to other studies 
This is the only study to our knowledge to investigate the 
relationship between ice skaters and the symptoms and so-
nographic signs of Achilles tendinopathy, and so it is not 
possible to compare this study with directly related papers. 
However it is very similar in approach to related Achilles ten-
dinopathy prevalence studies on gymnasts18, and club track 
athletes20. Those studies18, 20 were similarly powered, were 
also matched for demographic variables, involved blinding 
of the investigator performing the scans to symptomatic sta-
tus, and used the same sonographic techniques and equip-
ment. Differing findings reflect the different sports surveyed. 
The lifetime prevalence of 37.5% in skaters compares 
closely to 35% in gymnasts18 and 42% in club runners20 . 
These lifetime prevalences reflect the similar sporting de-
mands of skating and gymnastics.  

Meaning of the study: possible mechanisms and impli-
cations for clinicians or policymakers 
Our finding of a more prevalent lifetime history of Achilles 
tendinopathy in the skaters suggests that skating training or 
competition are likely risk factors, and that those providing 
medical or rehabilitative care for skaters should be aware 
of the likelihood of this disorder. This may enable quicker 
symptom recognition and thus earlier treatment initiation, 
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which may lead to a better outcome21. The lack of group 
differences for present symptoms may possibly be a type 
II error given the very small number of subjects with pres-
ent symptoms, and further studies with larger numbers are 
required. 
The greater mid-portion thickness in the skaters could be 
related to pathology, as previous work in non-skaters has 
shown greater tendon thickness with Achilles tendinopa-
thy8,9. This link between thickness and pathology is support-
ed by the fact that greater thickness was only noted in the 
mid portion of skater tendons, which is the most commonly 
injured part of the tendon6 .The fact that longitudinal mid-
tendon thickness did not differ between skater tendons with 
or without symptoms weakens this supposed link between 
thickness and pathology, although it should be noted that 
this study was not powered to detect differences in tendon 
thickness within the skater group. It is possible that at least 
part of the greater mid-tendon thickness in the skaters could 
be a benign adaptive response to training22. This possibility 
is supported by the significant and positive correlation ob-
served between training load and mid-tendon thickness and 
also by there being no pathological tendon changes in those 
with previous or current symptoms.  
A particularly interesting finding was the association be-
tween greater calcaneal thickness and the existence of both 
past and present symptoms within the skater group. This 
suggests that greater calcaneal thickness in skaters may 
be associated with pathology, though exactly what pathol-
ogy is not possible to tell from this study; i.e. reported pain 
currently or previously in the Achilles tendon may represent 
mid portion Achilles tendinopathy, paratenonitis, insertional 
tendinopathy or other diagnosis. However, there were no 
differences between skaters and non-skaters in calcaneal 
thickness, even though these groups differed in symptom-
atology. One way to explain this apparent paradox is to sur-
mise that healthy skaters may tend towards smaller calca-
neal insertion thicknesses than the age and height-matched 
general population, but that these may thicken in response 
to pathology. This is supported by post hoc comparison of 
the calcaneal thickness in currently asymptomatic skaters 
and asymptomatic non skaters which did indeed suggest a 
trend for a smaller calcaneal insertion thickness in healthy 
skaters, although this was not significant (p=0.15). Alterna-
tively this may represent of the study not being powered 
for this comparison. The lifetime prevalence of Achilles dis-
orders in figure skaters is lower than many other overuse 
injuries; 10 out of 469 overuse injuries reported in one ret-
rospective study of junior elite figure skaters, albeit a group 
less likely to develop tendinopathy due to age but compa-
rable tour study group. 
Although we did not detect any standard sonographic mark-
ers of tendon abnormality in either group, we did calculate 
a greater co-efficient of variation (CoV) of longitudinal thick-
ness within individual tendons of figure skaters, initially 
suggesting that they may be more prone than the general 
population to areas of focal thickening, which are recog-
nised indicators of pathology23. However, it has been shown 
that the patella tendon may adapt to load by increasing the 
variation of thickness along its length24, indicating that our 
results may largely reflect an adaptive, rather than patho-

logical, process in the skaters25. This lack of a relation to 
pathology was supported by a post-hoc analysis showing 
a surprising trend (P=0.056) for the currently asymptomatic 
skater tendons to have larger thickness variations than the 
3 currently symptomatic skater tendons (CoV of 18% com-
pared to 10%). 
The lack of any directly observed markers of degeneration 
in all subjects is surprising, but probably reflects the fact that 
only 3 tendons were currently symptomatic. Other studies 
have also reported a lack of US signs in some symptomatic 
tendons3, 8 which does suggest that US signs may be a less 
sensitive indicator of tendinopathy than assumed. 

Unanswered questions and future research
The most important unanswered question is whether so-
nographic abnormalities exist in asymptomatic skaters. If 
further work in samples powered to detect such an effect 
shows that they do, further longitudinal work may be car-
ried out to assess if such asymptomatic signs are actually 
pre-symptomatic signs; that is, markers for progression to 
symptomatic pathology. Subsequent work could involve the 
testing of prophylactic treatments in skaters. 
Another issue revealed by this study is the role of the calca-
neal insertion region in skater pathology. This study showed 
that only calcaneal insertion thickness had an association 
with past and present pathology in skaters, and this finding 
deserves further investigation. For example, an intriguing 
question might be to confirm whether healthy skaters have 
smaller calcaneal insertion thicknesses than the normal 
population, and whether this difference has some role in the 
development of Achilles tendinopathy in skaters. 
Finally, further studies should be adequately powered for 
sub-group analysis, and detecting sufficient participants 
with current symptoms. This will allow fuller evaluation of 
mechanisms, and a greater opportunity to examine the re-
lationship between skating, current symptoms and sono-
graphic abnormalities. 
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