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Abstract

The objective was to investigate, first, whether six weeks of intensive ballet dance exposure is 

associated with structural and clinical changes in the Achilles tendon; second, the importance 

of demographics, self-reported Achilles pain, and generalized joint hypermobility (GJH).

Data were collected at baseline and at six weeks’ follow-up, using Achilles tendon ultrasound 

tissue characteristics (UTC) as primary outcome (percentage distribution of echo-type I-IV; 

type I=intact and aligned bundles, type II=discontinuous/wavy bundles, type III=fibrillar, type 

IV=amorphous cells/fluid). Secondary outcomes included clinical signs of Achilles 

tendinopathy, Achilles tendon pain during single-leg heel raise, self-reported symptoms 

(VISA-A questionnaire) and GJH. Sixty-three ballet dancers (aged 18-41) participated. From 

baseline to follow-up, UTC echo-type I decreased significantly (β=-3.6, p=0.001; 95% CI: -

5.8;-1.4), whereas echo-type II increased significantly (β=3.2, p<0.0001, 95% CI: 1.6;4.8). 

Furthermore, a significant effect of limb (left limb showed decreased echo-type I and 

increased echo-type III+IV) and sex (women showed decreased echo-type I and increased in 

type II) was found. No significant changes in the remaining secondary outcomes were found.

Ballet dancers showed structural changes in UTC, corresponding to a decreased echo-type I 

distribution after six weeks of rehearsing for Swan Lake ballet. No changes in self-reported 

symptoms, clinical signs of Achilles tendinopathy and single-leg heel raise test were seen 

from pre- to post-rehearsal. Thus, UTC changes in the Achilles tendon seem to appear earlier 

than clinical signs of tendinopathy.

Keywords: Diagnostic imaging, Tendinopathy, Dance, Physical activity 

Introduction 

In professional ballet dancers four out of five injuries are related to overuse1 and Achilles 

tendinopathy is the second most common overuse problem1-3.

The high amount of relevés (heel raises), pointe work (standing on the tip of the toes), pliés 

(squats with hips externally rotated), and jumps performed4,5 and the tendon response to these 

repeated high tensile loads, may have negative or positive consequence on the tendon tissue 

due to the balance between collagen synthesis and of the rate of degradation6. Swan Lake 

ballet is characterized by demanding choreography consisting of repeated relevés and jumps 

within a short period of time. Therefore, six weeks of Swan Lake rehearsals constitute a high 

workload period for the ballet dancers. The exact response of the Achilles tendon (AT) to 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

high-load rehearsal periods in ballet dancers is not clear, but collagen degradation via 

repetitive loads may occur6. 

The presence of focal hypoechoic changes in musculoskeletal ultrasound (US), has been 

reported to be one of the strongest predictors for developing symptoms of Achilles 

tendinopathy7,8. A more advanced method, ultrasound tissue characterization (UTC), detects 

changes in tendon structure (quantified by echo-type I-IV) as response to loading9,10. Positive 

changes (an increase in echo-type I and a similar decrease in echo-type II) were seen over 

periods of continuous loading over 4-5 months within football11and cross-country runners12. 

Conversely, negative transient structural changes (a decrease in echo-type I and a similar 

increase in echo-type II) in the AT were shown as a more acute response to high load 

immediately after a football match13, and 7 days after running a marathon14. Tendon structural 

response to a longer and high-intense training period of 4-8 weeks is, however, unknown. 

The high prevalence of Generalized Joint Hypermobility (GJH)15 is of further interest, as GJH 

may be considered a form of collagen deficiency16. This means that tendons may be weaker 

structurally and respond slower/incompletely to training effects15. However, whether UTC 

changes are influenced by the presence of GJH has not yet been confirmed.

In the clinic, diagnosis of tendinopathy is often based on a clinical examination including 

palpation of the AT17 and functional activity tests17,18. Further, the Victorian Institute of Sport 

Assessment – Achilles questionnaire (VISA-A) is often applied to measure self-reported 

Achilles symptom severity19. However, changes in tendon structure of the AT based on UTC 

have previously been found unrelated to changes in symptom severity (VISA-A) over time20. 

Whether structural changes of the tendon measured by UTC occur before symptom onset 

and/or coincide with Achilles pain in dancers is not known.  

This exploratory study had a dual objective: 1) to investigate whether structural characteristics 

measured by UTC were different from baseline to follow-up after six weeks of high physical 

load (rehearsals for Swan Lake) in professional ballet dancers, and their associations with 

demographics, self-reported Achilles pain, and GJH; and 2) whether self-reported symptoms 

(VISA-A score), clinical signs of Achilles tendinopathy and pain during single-leg heel raise 

differed from baseline to follow-up; and were associated with characteristics, such as 

demographics, self-reported Achilles pain and GJH. 
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Materials and Methods

Study design and procedures

A cohort study was conducted, with baseline and follow-up assessments six weeks apart, 

based on a detailed and standardized assessment protocol. The data was collected at the 

training facilities of the ballet in the beginning of the pre-season in August 2016 (baseline) 

and in October 2016 (six-weeks follow-up). The period between the two data collection time 

points was an intense rehearsing period for the Swan Lake ballet, with 6 days of rehearsals 

per week of 2 to 8 hours daily training/rehearsals. Follow-up assessments were taken just after 

the Swan Lake premiere in October 2016. 

At baseline and at six-week follow-up, all dancers had bilateral UTC scans of the AT, clinical 

examinations (pain at palpation), and single-leg heel raise tests. The dancers also completed 

three questionnaires:1) VISA-A19;2) a questionnaire regarding GJH and joint symptoms 21; 

and 3) a custom-made questionnaire on self-reported Achilles pain. Scans, examinations and 

tests and questionnaires were conducted in random order. At baseline, a clinical test for GJH 

was performed and the dancers also completed a custom-made questionnaire on 

demographics, years of dance experience and history of serious injury/surgery.

Participants

All ballet dancers and apprentices, aged between 18-41, employed at a single Scandinavian 

ballet company were invited to participate in the study. Exclusion criteria were pregnancy and 

long-term injuries that prevented them from participating in morning classes and rehearsals 

for more than five consecutive days.

Before entering the study, the dancer received oral and written information. Furthermore, 

participant’s assent was given prior to collecting any data from them. The study protocol was 

reviewed by the local Health Research Study Board for approval, but no ethical approval was 

required due to the study design (H-16028358).

Standardized assessment protocol /Methods

Ultrasound tissue characterization

UTC scans were performed using a Terason Tera2000+ ultrasound scanner utilizing UTC 

Tracker and UTC Software (UTC Imaging™). UTC image capturing was conducted using a 

mounted 5-12MHz linear US transducer mounted on a customized motor (UTC Tracker; UTC 

Imaging), allowing for standardization of transducer tilt, gain, focus, and depth. Acoustic 
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coupling gel was applied to the acoustic standoff pad of the tracker to ensure maximum 

contact between the skin and the transducer. 

UTC quantifies tendon integrity into four different echo-types, based on the stability of pixel 

brightness over 17 transverse contiguous images (3.2mm). These four echo-types are 

characterized as type I: intact and aligned bundles, type II: less continuous fibers and wavy 

bundles, type III: highly variable, mainly smaller fibers, and type IV: amorphous tissue 

containing cells and/or fluid9,11,13,22. 

Intra-observer and inter-observer reliability of the UTC-method has previously been found to 

be good to excellent9,13,22,23, with a minimal detectable change (MDC) of the four echo-types 

(type I-IV) corresponding to 2.5%, 2.7%, 0.3% and 0.8%, respectively24. 

One of two experienced UTC investigators (JA, CM), blinded to the dancer’s injury and 

health status, conducted the UTC scans. During UTC scans the dancer was lying in a prone 

position with feet hanging over the edge of the examination table, and the foot placed into 

maximum passive dorsiflexion against the examiners knee. The dancer was told to lie still 

during the 45 seconds of scanning. The UTC tracking device was placed on the posterior part 

of the lower leg, moving automatically and proximally from the calcaneus towards the soleus 

insertion of the AT during scanning.

 

UTC data extraction

UTC data was extracted by two experienced UTC clinicians (JA, CM) who made contours of 

each tendon in the transverse plane with contours no greater than 5 mm to ensure capturing 

only the region of interest (not the fat pad or para-tendon). Contours were located between the 

edge of the calcaneus where the calcaneus disappears, to the musculotendinous junction on 

the transverse images. A region of interest (ROI) was defined as the most affected area in the 

sagittal plane (2 cm) within the tendon indicated by the highest type III values. One cm on 

either side of the identified point (highest type III) were measured except for near the 

insertion. In case of disagreement between the two UTC clinicians (JA, CM) on the selected 

ROI, the whole tendon was re-analyzed. Data extraction/analyses were conducted with UTC 

algorithm window size setting, corresponding to an average of 17 frames (entropy norm = 8; 

correlation norm = 110-120).

Clinical examination

For the clinical examinations, an experienced clinician (KT or AB), blinded to the dancer’s 

injury and health status and UTC scan result, palpated bilaterally the AT tendons. Clinical 
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palpation test have previously shown satisfactory clinimetric properties18,25. During palpation, 

the dancer was proned with the feet hanging over the edge of the examination table. The 

examiner palpated the tendon in a proximal to distal direction, gently squeezing the tendon 

between the thumb and the index finger18. The dancer reported verbally whether there was 

any actual/current feeling of pain or discomfort at the insertion, tendon or/and bursa 

(no/yes)26. If the ballet dancer answered positively to any of these palpation points (n=3) 

during the examination, clinical signs of tendinopathy were recorded as being present 

(Appendix A (Q.1E, 2E)). Clinical signs of tendinopathy were defined as ”yes” if clinical 

signs of tendinopathy were recorded as being present at the examination.

GJH was classified by two investigators (BJK, HN) by the use of the Beighton score27, and by 

the 5-part Questionnaire for symptomatic Joint Hypermobility at baseline21, previously found 

to have satisfactory reliability28,29. A dancer was categorized as having GJH when fulfilling 

the criteria for GJH from both the Beightons tests with a cut-point of at least 5/930 and the 5-

part questionnaire with a cut-point of at least 2/521.

Heel raise test

The instruction for the single-leg heel raise tests was given by the same experienced clinician 

(KT or AB). Single-leg heel raise was tested while standing on a step bench17,18. Three slow 

repetitions on each leg were performed and the dancer reported any feeling of pain or 

discomfort (no/yes) during the activity. The test has previously shown fair to moderate 

clinometric properties, except for sensitivity (the ability to identify Achilles tendinopathy) 

which was poor (below 30%)18. 

Self-reported Achilles pain and function

The custom-made questionnaire was based upon previous studies (see Appendix A) 17,18. The 

questionnaire included self-reported questions on AT pain history within the past three 

months in both right and left AT (no/yes) (Q. 1B and Q. 2B), and for more than four 

consecutive weeks within the past year (no/yes) (Q. 1A and Q. 2A) and current pain (no/yes) 

(at the assessment day) (Q. 1C and Q. 2C). 

The VISA-A19 was used for describing current self-reported bilateral AT symptoms 19. A 

VISA-A score cut-point of more than 89 points, has previously shown to discriminate 

between asymptomatic and symptomatic tendons, with 90 points and above classified as 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

asymptomatic31, which was also used as cut-point in the current study. The questionnaire has 

been found valid and reliable, as well as user friendly19, with an MDC of  6.5 points32. 

Demographics and history of serious injury/surgery 

Demographic data included information regarding sex and age and further, self-reported 

weight, height, rank in the company, years of dance experience and preferred take-off leg 

were collected. Distribution of the individual dancer’s number of roles (including understudy 

roles) in the Swan Lake was counted by an investigator (CAP) according to the ballet 

company’s official role list. Further, serious injury, defined as an injury that prevented the 

dancer from dancing for more than one week, or surgery within the past year (no/yes) and 

within the past three months (no/yes) were self-reported.

Statistical Analyses 

All continuous data was normally distributed, except for the VISA-A scores. VISA-A scores 

were dichotomized and AT were classified as asymptomatic/symptomatic (VISA-A score 

below 90)31. 

Descriptive statistics were presented on an overall group level and by sex for each limb.  

Echo-types as mean scores and 95% confidence intervals (C.I.) and with numbers (%) for the 

specific levels. VISA-A scores as median scores and 25-75th percentiles and development of 

clinical signs of tendinopathy and pain at single-leg heel raise as percentage and C.I. (Table 

2).

A multilevel mixed-effect linear regression analysis for all echo-types including time, limb, 

sex and age as covariates, was performed with β–levels and 95% C.I. for each factor in the 

model. For analyses aspects, we removed individuals that had more than 20% absenteeism 

from training/rehearsal at follow-up. Because the interaction between echo-type and time was 

found to be significant, we created models for each echo-type including the same covariates 

as above plus BMI, rank, GJH and self-reported AT pain on a 3-level scale (no pain/pain 

within the past year (without current pain)/current pain). 

Multilevel logistic regression analyses for the secondary outcomes (the VISA-A scores, 

clinical signs of Achilles tendinopathy and pain during single-leg heel raise, as dependent 

variables, each at a time) were performed with Odds ratios and 95% C.I., and with the same 

covariates as for the analyses of the UTC echo-types.
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Finally, a sensitivity analysis (t-test analysis) on differences in demographic data between 

dancers lost to follow-up and dancers included in the final analyses was conducted to evaluate 

whether dancers lost to follow-up (missing values) were missing at random. 

A priori significance level was set at p 0.05. The statistical calculation and analyses were  <

carried out in STATA version 15.1 (Statacorp, College Station, Texas, USA). 

Results

Descriptive characteristics

All dancers (n=79) of the company were invited to participant in the study by the project 

manager (CAP). Sixty-three dancers (80%) agreed to participate (Table 1). The participants 

included 6 principal dancers, 12 soloists, 41 corps dancers and 4 apprentices with an average 

dance seniority of 17.0 years. The women had on average 3.4 (SD=2.1) roles and the men had 

on average 2.3 (SD=1.0). Forty dancers (63%) reported left leg as their preferred take-off leg 

and 22 (35%) preferred their right leg. One dancer (2%) preferred either left and right leg for 

their take-off leg. 

At six-week follow-up, 5 dancers dropped out (Figure 1). Due to technical errors, four UTC 

scans from baseline and 10 from follow-up, were invalid and counted as missing data. 

Sensitivity analyses showed that dancers who dropped out at follow-up were missing at 

random. A further 4 dancers were excluded at follow-up due to more than 20% absenteeism 

from training and rehearsals (Figure 1). In total, 54 dancers (68%) attended both assessment 

sessions and fulfilled the criteria to be included at follow-up(Figure 1). 

At baseline, the largest echo-type (percentage) was type I (66.1%) and type II (26.7%), while 

the two others (type III and IV) were both below 5% (Table 2). Descriptive statistics for the 

VISA-A-score, clinical signs of Achilles tendinopathy and pain during single-leg heel raise 

are shown in Table 2.

Data analyses

In total 54 dancers (68%) fulfilled the criteria to be included in the statistical analyses (Figure 

1).  From baseline to follow-up, there was a statistically significant decrease in the 

distribution of UTC echo-type I (β=-3.6, 95% CI: -5.8;-1.4) with simultaneously statistically 

significant increase in type II (β=3.2, 95% CI: 1.6;4.8), with no changes in echo-type III and 

IV. Besides the effect of time, there was a statistically significant effect of limb, where the left 
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limb showed decreased echo-type I (β=-3.3, 95% CI: -5.4;-1.2) with increased type III (β=1.5, 

95% CI: 0.7;2.2) and IV (β=0.4, 95% CI: 0.8;0.002). Furthermore, a statistically significant 

effect of sex was seen in type I (β=-6.9, 95% CI: -1.9;-11.9) and type II (β=5.6, 95% CI: 

2.0;9.1) where females showed decreased distribution of type I echo-type structure. There was 

no effect of self-reported AT pain and GJH on the echo-type structure distribution (Table 3).

At the individual level, 55 tendons (58%) showed a decrease of echo-type I bigger than the 

MDC 24, whereas 30 tendons (32%) showed an increase in echo-type I bigger than the MDC. 

In comparison, 26 tendons (27%) showed a decrease of echo-type II more than the MDC 24, 

and 50 tendons (53%) showed an increase in echo-type II bigger than the MDC. 

There was no significant change from baseline to follow-up in VISA-A, clinical signs of 

Achilles tendinopathy or pain during the single-leg heel raise test. However, there was a 

significant effect in dancers with self-reported current AT pain on VISA-A, clinical signs of 

Achilles tendinopathy, and the single-leg heel raise test. Further, a significant effect on VISA-

A-score in dancers with self-reported AT pain within the past year was found (Table 4).

Discussion

After six weeks of rehearsals for Swan Lake a reduction in UTC echo-type I and an increase 

in echo-type II were found in the Achilles tendons of the ballet dancers. Further, an effect of 

limb and sex was seen with left limb and women having a lower distribution of echo-type I 

and a higher distribution of echo-type II-IV. No effects of additional demographics, self-

reported Achilles pain and GJH were found. 

Furthermore, no significant change was seen after the six weeks of rehearsal in the secondary 

outcomes (VISA-A, clinical signs of Achilles tendinopathy and pain during single-leg heel 

raise). However, dancers who at baseline reported AT pain within the past year had higher 

odds of having symptomatic VISA-A-score, and those with current AT pain had higher odds 

of having symptomatic VISA-A-score, clinical signs of tendinopathy and pain during single 

heel raise.

The findings of the present study provide important insight into the response of the AT across 

a six-week intensive rehearsal period for the Swan Lake ballet. A 3.6% shift from type I 
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mostly to type II from baseline to follow-up, suggests that the normal tendon integrity on 

group level was negatively affected and has been challenged. Other UTC studies have shown 

that in the days after a football match and running a marathon, the AT responds with a 

reduction of the echo-type pattern (with a similar shift from echo-type I to echo-type II) due 

to the high-load exercise13,14. The study by Rosengarten et al.13 including football players 

subsequently had four days of full restitution after match play and interestingly the UTC 

distribution returned to normal during this period. A return to normal baseline UTC values is 

in line with previous research indicating an increased collagen synthesis and degradation as a 

result of mechanical loading33,34. A reason for the current ballet dancers’ negative changes in 

UTC over the six-weeks period, may be due to the decreased periods of restitution combined 

with frequent high plyometric loads during rehearsals.

Other UTC studies on athletic populations conducted over a period of 4-5 months of football 

players11 and cross country runners12 have shown significantly “positive” changes in the echo-

pattern distribution suggesting an improvement in the AT structure (from echo-type II to 

echo-type I). Some of the reasons for these “positive” changes compared with the current 

dancers’ negative changes, may be due to less frequent and intense loading cycles. 

Characteristics of The Swan Lake ballet are the demanding choreographies with high intensity 

loading and many shifts in static and dynamic workloads. These shifts occur both between 

and within rehearsals and often the preparation time to switch from low-load to high-load 

performances is limited. 

Besides the effect of time (the six-week high-load period of Swan Lake rehearsals) on UTC, 

an effect of limb (on type I, III and IV) and sex (on type I and II) was found, with left limb 

and females showing an altered (worse) echo-type structure distribution. The effect of sex 

may be due to the lower number of roles performed for male vs females in the Swan Lake 

ballet, in addition to females having a high amount of pointe work (static and dynamic) in this 

particular ballet. The effect of left limb is interesting, but we can only speculate on this 

finding. Within classical ballet all steps during morning classes begin with the dancer 

standing and loading the left limb, whether Swan Lake also preferentially load the left limb 

more is not known. However, precise quantification of the individual dancers training and 

rehearsal loads is necessary in future longitudinal studies to obtain more accurate knowledge 

about differences in sex and limbs. 
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When looking at the UTC changes at an individual level larger than the MDC of 2.5%, the 

majority of tendons (55 tendons, 58%) showed a decrease of echo-type I, whereas about half 

the tendons (30 tendons, 32%) showed an increase. Further, an opposite pattern was seen for 

type II changes, with 26 tendons (27%) showing a decrease of echo-type II, and 50 tendons 

(53%) showing an increase. From a clinical perspective, this demonstrates that despite an 

overall deterioration on a group level the tendons appeared to also respond individually and 

positively to six weeks of high-load rehearsing. Some tendons appear to maladapt whilst other 

adapt quickly and some tendons remain unchanged. This highlights the relevance of including 

individual screening with UTC or similar modalities, as it seems that subtle changes in 

response to load may be identified and may be promising in early detection of tendinopathy8.

No significant associations between the distribution of echo-pattern and current or historical 

self-reported AT pain were found. However, as suggested recently structural intratendinous 

pathology and changes as seen with UTC (substantial matrix and cell abnormalities) may 

occur in pain-free tendons35, and are risk factors for developing tendinopathy 7. Conversely, 

the VISA-A-score is more sensitive to current pain and symptoms than UTC. Whether UTC-

changes seen in this study is a response to overload remains unknown and needs further 

investigation. Longitudinal studies of the consequences of UTC changes are necessary for 

predicting non-traumatic injuries in the AT, such as tendinopathy. 

No significant effect of GJH was seen on UTC outcome or secondary outcomes. As the 

prevalence of GJH among the current dancers was 32% and GJH has been suggested to be an 

intrinsic injury risk factor within ballet dancers36, this was unexpected. However, since ballet 

is based on hard competition, studies indicate36,37 that dancers with symptomatic joint 

hypermobility may not have chosen ballet as their career path. 

The limitation of this study is that UTC has only been validated histologically against equine 

tendons38, therefore validity of UTC echo-types has yet to be proven in humans. Additionally, 

there is no inter-tester and/or intra-tester analyses on this specific UTC method. To increase 

the current reliability and minimize measurement errors, the same two experienced clinicians 

performed all UTC measurements with standardized procedures, and both clinicians drew the 

contours for the ROI. Another limitation is the lack of a control group of non-exposed 

dancers, limiting the possibility to study the natural tendon response over time.
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A substantial strength of the study is the systematic data collection conducted based on a 

detailed and standardized protocol for UTC measurements, clinical tests and examinations. 

Furthermore, data comprises 80% of a whole ballet company, which increases the internal 

validity in this population. 

In conclusion, a reduction in echo-type I distribution was found in a cohort of ballet dancers 

after six weeks of pre-season rehearsals for The Swan Lake ballet. An effect of limb and sex 

was also found. There were no changes in self-reported symptoms, clinical signs of Achilles 

tendinopathy and performance during the single-leg heel raise from pre- to post-rehearsal. 

Perspective

In high injury-risk populations, secondary healthcare prevention including early detection and 

management strategies for muscle/tendon impairments seems promising39. The findings of the 

present study are interesting and suggests that early signs of structural changes may be 

detected with UTC before changes in self-reported and clinical assessments appear. This 

finding of early imaging symptoms before clinical symptoms is supported by Tran et al. 

(2020). They found a gradual increase in angiogenesis, increased tendon size and an increase 

in tissue anabolic/catabolic signaling in the early phase of tendinopathy identified by US and 

magnetic resonance imaging (MRI)8. UTC scans are clinically promising as they are easier to 

apply than MRI when working on site at the training facilities. By using UTC, a secondary 

prevention strategy throughout a full ballet season can be established. If shown effective this 

may help healthcare professionals by detecting and stratifying athletes at risk before 

symptoms appear, instead of relying on information on previous injury and baseline grey-

scale US alone. In this way, UTC could be a promising new tool of detecting the development 

of tendinopathy, a troublesome and longstanding disease. Longitudinal studies are, however, 

needed to investigate if UTC can be used for risk stratification and early management of 

Achilles tendinopathy, as well as comparing it to other modalities more commonly used in 

clinical practice such as grey-scale US and MRI.
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Table 1. Demographics and baseline characteristics of participating dancers, shown for the overall 

group level and by sex.

Overall group Male Female

n = 63 n = 27 n = 36

Demographics

Age, mean (SD), year 25.3 (5.3) 26.4 (5.3) 24.4 (5.3)

Body-mass index, mean (SD), kg/m2 

Weight, mean (SD), kg

Height, mean (SD), cm

20.1 (1.9)

62.0 (10.4)

175.0 (8.2)

21.6 (1.4)

72.1 (5.7)

182.6 (5.4)

18.9 (1.3)

54.4 (5.3)

169.4 (4.5)

Serious injury� or surgery

 within the past year, n(%) 16 (25) 6 (22) 10 (28)

 within the past three months n (%) 1 (2) 0 (0) 1 (3)

Classified as having GJH, n (%) 20 (32) 8 (30) 12 (33)
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Self-reported Achilles pain

Right leg, n (%)

No pain

Current pain

 Pain within the past year§

Left leg, n (%)

 No pain

 Current pain

 Pain within the past year

47 (75)

4 (6)

12 (19)

53 (84)

4 (6)

6 (10)

17 (63)

2 (7)

8 (30)

24 (89)

0 (0)

3 (11)

30 (83)

2 (6)

4 (11)

29 (81)

4 (11)

3 (8)

Abbreviations: SD, standard deviation; GJH, Generalized Joint Hypermobility. = an injury in general that 

prevented the dancer from dancing for more than one week, ‡ = Beightons tests with a cut-point of at least 

5/9 and the 5-part questionnaire with a cut-point of at least 2/5, § = pain for more than four consecutive 

weeks within the past year, but not current pain.

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

Table 2. Descriptive statistics for echo-type %, VISA-A score, clinical signs of Achilles tendinopathy and pain during single-leg heel raise at baseline 

and follow-up. 

Right limb Left limb

Overall group Male Female Overall group Male Female

Echo-type 

Baseline n = 60 n = 26 n = 34 n = 62 n = 26 n = 36

Echo-type I, mean (95% CI)

Echo-type II, mean (95% CI)

Echo-type III, mean (95% CI)

Echo-type IV, mean (95% CI)

66.3 (63.5;69.0)

26.6 (24.6;28.6)

4.7 (3.8; 5.7)

2.4 (1.8;3.0)

69.4 (66.1;72.7)

23.4 (21.3;25.5)

4.4 (3.1;5.6)

2.8 (1.8:3.8)

63.9 (59.7;68.1)

29.1 (26.1;32.1)

4.9 (3.4;6.4)

2.1 (1.5;2.7)

66.0 (63.7;68.3)

26.8 (25.2;28.4)

5.0 (4.1;5.9)

2.2 (1.8;2.6)

69.0 (65.4;75.6)

24.2 (21.8;26.6)

4.5 (3.1;5.9)

2.4 (1.7;3.1)

63.9 (60.8;67.0)

28.6 (26.5;30.7)

5.4 (4.2;6.6)

2.1 (1.6;2.6)

Follow-up n = 47 n = 21 n = 26 n = 51 n = 23 n = 28

Echo-type I, mean (95% CI)

Echo-type II, mean (95% CI)

Echo-type III, mean (95% CI)

Echo-type IV, mean (95% CI)

66.3 (63.6;69.0)

28.1 (25.8;30.4)

3.7 (3.0;4.4)

1.9 (1.5;2.3)

68.1 (64.0;722)

26.4 (23.0;29.8)

3.5 (2.4;4.6)

2.0 (1.2;2.8)

64.9 (61.2;68.6)

29.5 (26.4;32.6)

3.8 (2.7;4.9)

1.8 (1.3;2.3)

59.2 (56.6;61.8)

31.4 (29.4;33.4)

6.6 (5.6;7.6)

2.8 (2.3;3.3)

63.4 (59.9;66.9)

28.2 (25.4;31.0)

5.5 (3.9;7.1)

2.9 (1.9;3.9)

55.7 (52.2;59.2)

34.1 (31.6;36.6)

7.5 (6.1;8.9)

2.7 (2.2;3.2)

VISA-A score 

Baseline

VISA score, median (25-75th perc)

n = 63

99 (96-100)

n = 27

99 (97-100)

n = 36

99 (95-100)

n = 63

99 (96-100)

n = 27

99 (97-100)

n = 36

99 (93-100)

Symptomatic‡, n (%)

VISA score, median (25-75th perc)

10 (16)

79 (73-86)

4 (15)

75 (66-83)

6 (17)

83 (76-86)

9 (14)

80 (69-83)

3 (11)

80 (62-83)

6 (17)

80 (69-83)

Follow-up

VISA score, median (25-75th perc)

n = 54

99 (95-100)

n = 23

99 (95-100)

n = 31

99 (96-100)

n = 54

99 (95-100)

n = 23

99 (98-100)

n = 31

100 (93-100)

Symptomatic‡, n (%)

VISA score, median (25-75th perc) 

6 (11)

77 (66-89)

4 (17)

84 (71-89)

2 (6)

70 (66-74)

7 (13)

80 (76-86)

2 (9)

84 (78-89)

5 (16)

80 (76-80)
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Clinical signs of Achilles tendinopathy 

Baseline n = 63 n = 27 n = 36 n = 63 n = 27 n = 36

Yes, % (95% CI) 17 (9.1;29.1) 22 (8.6;42.3) 14 (4.7;29.5) 13 (5.6;23.5) 4 (0.1;19.0) 19 (8.2;36.0)

Follow-up n = 54 n = 23 n = 31 n = 54 n = 23 n = 31

Yes, % (95% CI) 17 (7.9;29.3) 17 (5.0;38.8) 16 (5.5;33.7) 13 (5.4;24.9) 4 (0.1;21.9) 19 (7.5;37.5)

AT pain at Single-leg heel raise

Baseline n = 61§ n = 26 n = 35 n = 61§ n = 26 n = 35

Yes, % (95% CI) 3 (0.4;11.3) 4 (0.1;19.6) 3 (0.1;14.9) 7 (1.8;15.9) 4 (0.1;19.6) 9 (1.8;23.1)

Follow-up n = 54 n = 23 n =31 n = 54 n = 23 n = 31

Yes, % (95% CI) 11 (4.2;22.6) 13 (2.8;33.6) 10 (2.0;25.8) 9 (3.1;20.3) 4 (0.1;21.9) 13 (3.6;29.8)

Abbrevations: CI, confidence intervals; AT, Achilles tendon; perc= percentile.  missing due to technical errors (four UTC scans at baseline, 10 at follow-up). ‡ 

= VISA-score below 90 points. § = missing values (two dancers).
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Table 3. Multilevel linear regression analyses (β–levels; 95% confidence intervals (CI)) for each of the 

ultrasound tissue characterization outcomes.

Echo-type I 

(%)

Echo-type II 

(%)

Echo-type III 

(%)

Echo-type IV 

(%)

β –level

(95% CI)

p-

value

β –level

(95% CI)

p-

value

β –level

(95% C..

p-

value

β –level

(95% CI)

p-

value

Time (baseline ref.)

Follow-up

Limb tested (left ref.)

Right

Self-reported Achilles pain 

at baseline (no pain ref.)

Pain within past year

Current pain

Sex (male ref.)

Female

Age

/pr. year increase

BMI

/pr. unit (kg/m2) increase

Hypermobility (no GJH ref.)

GJH

-3.6

(-5.8;-1.4)

3.3

(1.2;5.4

1.3

(-2.2;4.8)

-1.1

(-6.2;4.0)

-6.9

(-11.9;-1.9)

-0.3

(-0.7;0.1)

-0.2

(-1.5;1.1)

-1.0

(-4.6;2.5)

.001*

.002*

.464

.674

.006*

.168

.750

.573

3.2

(1.6;4.8)

-1.4

(-3.0;0.2)

-2.0

(-4.6;0.6)

-0.2

(-3.9;3.5)

5.6

(2.0;9.1)

0.2

(-0.1;0.5)

0.1

(-0.8;1.1)

2.3

(-0.2;4.8)

<.0001*

.076

.130

.924

.002*

.152

.799

.066

0.3

(0.4;1.1)

-1.5

(-2.2;-0.7)

0.2

(-1.0;1.5)

1.0

(-0.8;2.9)

1.5

(-0.3;3.3)

0.05

(-0.1;0.2)

0.1

(-0.4;0.6)

-0.8

(-2.1;0.6)

.405

<.0001*

.697

.258

.111

.500

.783

.258

0.1

(-0.3;0.5)

-0.4

(-0.8;-0.002)

0.4

(-0.2;1.1)

0.3

(-0.7;1.2)

-0.05

(-1.0;0.9)

0.03

(-0.05;0.1)

0.04

(-0.2;0.3)

-0.6

(-1.2;0.1)

.691

049*

.183

.606

.919

.469

.726

.097
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Rank (principal ref.)

Soloist

Corps

Apprentice

-3.2

(-9.7;3.4)

-1.9

(-8.1;4.3)

2.7

(-7.0;12.4) 

.340

.548

.584

2.2

(-2.5;6.8)

2.1

(-2.3;6.5)

0.2

(-6.6;7.1) 

.361

.354

.946

0.7

(-1.8;3.1)

0.02

(-2.3;2.3)

-2.2

(-5.8;1.4) 

.595

.984

.235

0.4

(-0.8;1.7)

-0.1

(-1.3;1.0)

-0.8

(-2.6;1.1) 

.494

.808

.423.

Abbrevations: BMI, body mass index; GJH, Generalized Joint Hypermobility; CI=confidence intervals. * = 

significant differences/effects.

Table 4. Multilevel logistic regression analyses (Odds ratio; 95% confidence interval (C.I.)) for 

differences in the adjusted secondary outcomes (VISA-score, clinical signs of Achilles tendinopathy and 

pain during single-leg heel raise).

VISA-score Clinical signs of

 Achilles tendinopathy

Pain during single-leg

heel raise

Odds Ratio

(95% C.I.)

p-value Odds Ratio

(95% C.I.)

p-value Odds Ratio

(95% C.I.)

p-value

Time (baseline ref.)

Follow-up

Limb tested (left ref.)

Right

Self-reported Achilles pain 

(no pain ref.)

Pain within past year

Current pain

Sex (male ref.)

Female

0.6

(0.3;1.6)

0 .8

(0.3;1.9)

6.5

(1.8;23.5)

15.2

(2.8;81.8)

0.3

.319

.568

.004*

.001*

.329

0.8

(0.3;2.0)

1.5

(0.6;4.1)

3.3

(0.7;16.5)

17.7

(2.1;147.4)

0.5

.585

.402

.138

.008*

.672

2.8

(0.8;9.7)

0.9

(0.3;3.2)

1.7

(0.3;11.5)

15.9

(1.8;144.0)

0.1

.107

.902

.572

.014*

.116
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Age

/pr. year increase

BMI

/pr. unit (kg/m2) increase

Hypermobility (no GJH ref.)

GJH 

Rank (principal ref.)

Soloist

Corps

Apprentice

(0.04;2.9)

1.1

(1.0:1.3)

0.6

(0.4;1.1)

0.6

(0.1;2.5)

0.7

(0.1;7.4)

1.3

(0.1;11.3)

0.9

(0.02;51.9)

.188

.134

.493

.798

.822

.972

(0.02;12.7)

1.1

(0.9;1.4)

0.7

(0.3;1.6)

1,1

(0.2;7.0)

0.05

(0.001;2.1)

1.0

(0.1;18.0)

2.6

(0.02;327.2)

.205

.375

.892

.117

.996

.693

(0.002;2.0)

1.1

(0.9;1.3)

0.4

(0.2;1.1)

1.0

(0.2;6.5)

0.5

(0.01;23.7)

3.0

(0.1;98.4)

14.8

(0.1;2438.2)

.582

.068

.964

.725

.543

.301

Abbrevations: BMI, body mass index; GJH, Generalized Joint Hypermobility; 95% C.I.= 95% confidence interval. 

* = significant differences/effects.

Figure 1. Flow diagram of the participants in the study.
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The data that support the findings of this study are available from the corresponding author, 

upon reasonable request. 
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Invited participants 
n = 79 

Excluded (n = 16) • Pregnant (n = 3) • Long-term injury (n = 2) • Sick (n = 3) • Abroad (n = 4) • No response to invitation (n = 2) • Personal reasons (n = 2) 
 

Participants at baseline 
n = 63 (80%) 

Participants at six-weeks follow-up 
n = 58 (73%) 

Dropped out at six-weeks follow-up (n = 5) • Sick (n = 1) • Abroad (n = 2) • No show (n = 2) 

Excluded in follow-up characteristics and 
in the statistical analyses (n = 4) • More than 20% of absenteeism from 

training/rehearsal 

Participants included in the analyses 
n = 54 (68%) 
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