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Summary
Background: It is unknown how and when the
proximal attachment of the patellar tendon matures; puberty may be key in ensuring normal tendon formation. The aim of this study was to investigate the features of the proximal patellar tendon
attachment at different stages of skeletal maturity, to help gain an understanding of how and
when the tendon attachment matures.
Methods: Sixty adolescent elite ballet students
(ages 11-18) and eight mature adults participated.
Peak height velocity (PHV) estimated skeletal maturity. Ultrasound tissue characterisation (UTC)
scan was taken of the left knee and analysed for
stability of echopattern. An image-based grading
scale for greyscale ultrasound was developed to
describe the tendon appearance. Anterior-posterior thickness was measured at the inferior pole of
the patella, 1 and 2 centimetres distally. Outcomes were compared with skeletal maturity.
Results: Mid-portion patellar tendon thickness increased with skeletal maturity (p=0.001 at 1cm
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and p=0.007 at 2 cm). There was more variance in
structural appearance (greyscale classification
and UTC echopattern) in pre and peri-PHV participants. Tendon attachment one-year post PHV appeared similar to mature tendons.
Conclusions: Early adolescence was associated
with highly variable tendon appearance, whereas
the tendon appeared mature after PHV. Adolescence may be a critical time for the formation of
normal tendon attachment.
Level of evidence: IIb individual cohort study.
KEY WORDS: ballet students, jumper’s knee, jumping athletes, patellar tendon development, skeletal
maturity, ultrasound tissue characterisation.

Introduction

Patellar tendinopathy, also known as “jumper’s knee”,
is the clinical condition of pain and dysfunction, predominantly at the attachment of the patellar tendon to
the patella that is associated with jumping and sports
with explosive movements. The relationship between
jumper’s knee symptoms and tendon pathology seen
on imaging is complex; of those who present clinically
with pain, 79% have patellar tendon pathology on ultrasound imaging (fusiform swelling and/or a hypoechoic region)1. The presence of pathology on imaging
is one of several risk factors for pain and dysfunction,
yet there is no direct relationship between pathology
and the development of symptoms2.
While changes on imaging are considered a risk factor for developing symptoms, the aetiology of tendon
pathology is not known. Pathological changes of the
patellar tendon on imaging are seen in adults, but it is
unknown if the pathology developed close to the onset of symptoms or if the pathology developed during
adolescence. Interestingly, the proportion of adolescent basketball players (aged 14-18 years old) with
pathological patellar tendons is similar to that in the
adult population (26% in adolescents compared to
~30% in adults) 1 . Furthermore, athletes without
pathological changes by the age of 16 have a low risk
of developing jumper’s knee in adulthood3. These data suggest that adolescence may be critical in the development of patellar tendon pathology.
Most of what is understood about patellar tendon
maturation is based on general tendon development.
Tendons elongate and thicken during postnatal development at a rate proportional to the growth of their
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associated muscles and bones4-6. By the time adolescents reach approximately 17 years old, the collagen
in the tendon matrix is relatively stable7, which is typically after a person has passed their peak height velocity 8 . Several studies have investigated how the
patellar tendon matures; however knowledge is currently limited to the tibial attachment9-13 with very few
investigations at the patella attachment. The appearance of the proximal patellar tendon attachment
throughout skeletal maturity and growth is currently
unknown.
The aim of this study was to compare the varied appearances of the proximal patellar tendon attachment
in young jumping athletes (ballet dancers) across different stages of skeletal development, which was estimated by peak height velocity. The proximal patellar
tendon attachment was assessed using Ultrasound
Tissue Characterisation (UTC), which allowed for the
grey-scale ultrasound appearance to be described visually as well as quantified by the echopattern. As
jumper’s knee affects primarily jumping athletes, due
to high energy storage within the tendon, this study
only looked at ballet dancers. This is a preliminary
study to determine whether the appearance and UTC
echopattern of the proximal patellar tendon attachment differs between various stages of skeletal development. Our hypothesis was that the proximal patellar tendon attachment would transition to a mature
appearance during peak height velocity.

Materials and methods

Ballet students from the Australian Ballet School and
Victorian College of the Arts Secondary School between the ages of 11 and 18 participated in this
study. All participants were regularly involved in daily
dance classes. Anthropometric measurements including height (cm), weight (kg) and sitting height (cm)
were collected. For sitting height, participants were
sitting tall on a table, thighs fully supported on the
table and feet supported so knees were comfortably
flexed to 90°. The measurement of sitting height was
taken from the ischial tuberosity to the top of the participant’s head. Leg length was calculated by subtracting sitting height from standing height. Using leg
length, height, weight and age, maturity offset was
calculated to estimate peak height velocity based on
the equation by Mirwald et al.8.
Eight healthy participants between 21-40 years old
who had their patellar tendons imaged previously for
other studies were also included. No anthropometric
data were available for this group, however because
of their ages, they will be assumed to be skeletally
mature as the average age to reach skeletal maturity
in girls is 14.9 and 15.4 in boys14.
Participants were categorised into three groups
based on the number of years before or after peak
height velocity (maturity offset). Participants who
were greater than or equal to a year before reaching
PHV estimate were categorised as pre-PHV, between
one year before and one year after PHV estimate
Muscles, Ligaments and Tendons Journal 2017;7 (2):306-314

were considered peri-PHV and those greater than or
equal to one year after PHV estimate were labeled
post-PHV. The older group (21-40) was considered
skeletally mature. The Monash University ethics committee approved this study and all participants, or
participants’ parents if aged under 16 years, gave informed consent. This study meets the ethical standards of the Journal15.

Ultrasound Tissue Characterisation
UTC is a validated measure with a high degree of inter and intra-rater reproducibility16. The UTC scans
were taken using a standardised protocol described
below: this protocol was adapted from the protocol
used for the Achilles tendon 16, 17. The UTC device
has a standardised transducer tilt angle that provides
a 3-dimensional image of the entire tendon. The image is analysed based on a computerised algorithm
that has also been validated against equine tendon
tissue samples 18-20.
One investigator (AR) performed all UTC scans using
the standardised protocol on each participants’ left
knee. Participants were in a supine position with the
left knee flexed to 90° in order to position the UTC
tracker perpendicular to the patellar tendon. The decision to analyse only the left leg was an a priori decision. While ballet dancers have dominant leg preferences most exercises and movements are performed
equally on the right and left legs. For the mature participants, the patellar tendon without pathology and
pain was selected and scanned and analysed using
the same procedure. A linear-array ultrasound transducer (SmartProbe 10L5, Terason 2000+; Teratech)
mounted in a tracking device with a motor-drive and
built-in acoustic-coupling stand-off pad (UTC Tracker,
UTC Imaging) was placed directly on the patellar tendon such that the ultrasound head was perpendicular
to the tendon at the patellar insertion. Once a clear
image of the tendon and the inferior pole was apparent and the alignment of the standoff pad was verified
visually, the transducer was automatically moved distally over the length of the tendon capturing a transverse greyscale image every 0.2 mm over 12 cm.
This procedure is repeated in the same standardised
manner for all participants.
UTC captures 600 contiguous transverse ultrasound
images and renders a three-dimensional greyscale
image20. Based on the captured images, dedicated
software analyses the stability of the echopattern
across multiple transverse images categorising the
tendon into four echo-types (UTC2010, UTC Imaging), with echo-type I being the most stable and echotype IV being the least stable20. Echo-type I, II, III
and IV are represented as green, blue, red and black
pixels respectively, where echo-type I and II are considered aligned fibrilar structure and echo-type III and
IV represent disorganised structure16,20,21 . Histo pathological specimens from the horse have been
correlated with UTC echopatterns to show it is a valid
modality to estimate pathology20.
The region of interest (ROI) for the patellar tendon
was selected from the disappearance of the inferior
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pole of the patella, extending two centimetres distally.
Manually selected contours were placed along the
length of the tendon in intervals no more than 4 mm.
The UTC software automatically interpolated contiguous ROIs creating a tendon volume where the proportions of each echo-type were calculated. Quantification of the UTC echopattern was performed by the
same investigator (AR) blinded to participant identity
and age, with the window size set at 25 (slice-thickness 4.8 mm). All contours were reviewed by another
trained blinded researcher (SD) to ensure consistency.
Subjective maturation grading
A classification system was developed to categorise
the varied appearances of tendon attachments on
greyscale imaging. The categories were based on
greyscale imaging features in the sagittal (Fig. 1),
transverse (Fig. 2) and coronal (Fig. 3) planes. The
figures below show the criteria for each score and the
total was summed for a total score, then assigned to
a “greyscale category.” Inter-rater reliability testing
was done between two researchers (AR and SD)
where 30 UTC scans, selected at random, were independently scored by each rater who was blind to all
other analysis.
In the sagittal plane, the tendon was graded a 0 if
there was a clear discontinuity between the inferior
pole of the patella and the tendon, a 1 if there was
some hypoechoic, hyperechoic or normoechoic tis-

sue, but not continuous between the inferior pole and
tendon and a 2 if there was a clear normoechoic continuation of the tendon over the inferior pole of the
patella (Fig. 1).
In the transverse plane as the inferior pole disappeared, grade 0 was assigned for the presence of a
hypoechoic region with well-defined borders. It is hypothesised that these regions are cartilage and are
not pathology due to the lack of red and black echotypes on the rendered UTC image. Grade 1 was for
images with some light grey or variable echogenic areas without clear borders and grade 2 was for a normal echogenic tendon with no areas of hypoechogenecity (Fig. 2).
In the coronal plane researchers graded the images
based on the presence or absence of a dark halo
around the lower half of the patella. If there was a
dark and/or thick halo around the inferior half of the
patella it was graded 0, if there was a thin, light grey
or partial halo around the inferior half of the patella it
was graded 1 and if there was no halo it was graded
2 (Fig. 3).
Statistical analysis
Participants were excluded if they had pathology in
their tendons. Pathology within their tendon was defined as the presence of a hypoechoic area on
greyscale US, focal thickening of the tendon and/or
thickness greater than 7 mm 22. For the greyscale

Figure 1. Continuity of tendon fibres at inferior pole of patella (sagittal plane).
(0) Clear discontinuity (between inferior pole of patella and tendon)
(1) Nearly continuous (inconsistent or light grey between inferior pole of the patella and tendon)
(2) Clearly continuous (consistent between patella and tendon)
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Figure 2. Presence of hypoechoic area immediately distal to inferior pole (transverse plane).
(0) Large, dark grey hypoechoic area.
(1) Light grey hypoechoic/variable echogenic area.
(2) No hypoechoic area.

Figure 3. Presence of halo around the inferior half of the patella (coronal plane).
0. Dark grey halo (around inferior half of patella).
1. Light grey/thin halo (may be thin or partial halo on center or sides).
2. No halo present.
Muscles, Ligaments and Tendons Journal 2017;7 (2):306-314

309

A. Rudavsky et al.
classification, the totals of each of the three categories were summed (named the patellar attachment
score) and placed into three groups: patellar attachment score of 0-2 was classified as category 1, score
of 3-4 was classified as category 2 and score of 5-6
was labeled category 3. Chi-square testing analysed
the arbitrary groups with the maturity offset groups.
Levene’s test for homogeneity of variance and oneway ANOVA was used to compare maturity offset
with the UTC echopattern for the contoured region of
interest. One-way ANOVA was also used to compare
maturity offset with anterior-posterior thickness
across the patella, at the inferior pole, 1 cm and 2 cm
distal from the inferior pole.

Results

Of the 60 participants (35 women and 25 men), 23
were pre-PHV, 28 peri-PHV, 9 post-PHV and 8 were
mature (Tab. I). After UTC scans were reviewed for
quality, where 3 scans were excluded due to poor
imaging quality, 65 tendon scans were included; 57
from the ballet students, 8 from the mature group. No
pathology was observed in any of the scans.
Anterior-posterior (AP) thickness
The AP thickness increased by group as PHV increased at 1 cm and 2 cm from the inferior pole of the
patella (p=.001 and p=.007 respectively). However,
the AP thickness at the inferior pole of the patella did
not differ significantly between the maturity groups
(p=.132) (Tab. I).
Greyscale scoring and grouping
Inter-rater reliability demonstrated good agreement
with a weighted kappa score of 0.617. The arbitrary
grouping increased with skeletal maturity (p=.024,
Tab. II). Within the lower maturity offset groups (pre
and peri-PHV) there was a distribution of greyscale
scores whereas in the higher maturity offset category
(post-PHV) and the mature group most participants
were in greyscale category three.
UTC echopattern
There were no significant differences in echo-type
across the maturity groups (Tab. III). However, in the
pre-PHV and peri-PHV groups there was a greater
amount of variability in the echopattern, the variance
reduced significantly (p=0.028) in the post and mature groups for the percentage of echo-type I (Fig. 4).
Further, there was a trend towards increasing percentage of echo-type I and decreasing percentage of
echo-type II seen across skeletal maturity (Tab. III).

Discussion

This study investigated the varied appearances of the
proximal patellar tendon attachment during adolescence to gain further understanding of how and when
the proximal patellar tendon matures. We hypothe-
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sised that the tendon would transition to a mature attachment during this developmental stage. This study
identified four main findings: 1) the tendon does not
change significantly in thickness directly at the inferior pole, yet increases in thickness with maturity closer to the midsubstance of the tendon; 2) there is a
higher degree of variance in the structural composition, as quantified by UTC, at the proximal patellar
tendon attachment in the pre and peri-PHV participants; 3) the tendon attachment has a similar appearance in the post PHV and mature group; 4) the
greyscale classification system corresponded to the
latter stages of maturity offset (post-PHV and mature)
with the earlier stages appearing more variable.
This study showed that the appearance of the tendon
attachment differed before and after peak height velocity on greyscale imaging. The variable and more
hypoechoic appearance in pre- and peri-PHV participants became more normechoic and continuous
across the patella in the sagittal and transverse plane
in post-PHV and mature groups. While we are limited
by these cross-sectional data, the progression towards normal echogenic imaging on US appeared to
occur in an anterior to posterior direction with maturity. The posterior aspect may be the last region to mature, which may make it vulnerable to mechanical
loading in the pre and peri-PHV years. Interestingly,
hypoechoic areas on ultrasound imaging are frequently observed on the posterior aspect at the patellar insertion in adults with patellar tendinopathy23-25.
One possible explanation is that the hypoechogenicity is a normal part of tendon attachment development
that will disappear with normal skeletal maturation, or
if exposed to excessive tensile and/or compressive
loads before it has formed a mature attachment, it
could develop a pathological attachment.
This progression of normal development has been
observed at the tibial end of the patellar tendon; a hypoechoic area on ultrasound is common around peak
height velocity and less common post-PHV, demonstrating normal tendon tissue maturation11. Similar to
the findings at the distal patellar tendon attachment11,
the implication for the imaging finding may be that not
all hypoechoic areas are pathological in pre and peri
PHV athletes but rather these areas may be a sign of
skeletal immaturity that will “normalise” following
PHV. During adolescence the patellar tendon’s tibial
attachment is vulnerable to the development of pain
which, at this site, is termed Osgood-Schlatter disease (OSD). Using grey-scale ultrasound imaging,
Ducher et al. (2010) demonstrated that the tibial end
of the patellar tendon matures during puberty. The
tibial attachment is a cartilage attachment ~1.8 years
before PHV, enthesial fibrocartilage immediately after
PHV, where a mature attachment is seen ~2 years after PHV10, 11. Interestingly, the development of pain
appears to be related to certain stages of the maturation process of the tibial insertion, suggesting that
aberrant loading during maturation can have a negative effect on the tendon attachment26.
The presence of tendon pathology on imaging represents some risk factor for developing patellar tendon
Muscles, Ligaments and Tendons Journal 2017;7 (2):306-314

Characterising the proximal patellar tendon attachment and its relationship to skeletal maturity in adolescent ballet
dancers
Table I. Mean anterior-posterior patellar tendon thickness (in centimeters) by maturity offset category.
Maturity Offset Categor

Inferior Pole

1 cm Distal *

2 cm Distal **

Pre

.44

.44

.43

Peri

.45

.44

.44

Post

.48

.47

.45

Mature

.47

.54

.51

*
Significantly increasing thickness with increasing maturity offset category:
(*
*P=0.001 at 1 cm
(
**P=0.007 at 2 cm
(P=0.132 at the inferior pole)

Table II. Greyscale score group incidence by maturity offset category.
Maturity Offset

Greyscale

Greyscale

category (n)

category 1

category 2

Greyscale
category 3

Pre (21)

3 (14%)

11 (52%)

7 (33%)

Peri (27)

0 (0%)

17 (63%)

10 (37%)

Post (9)

1 (11%)

2 (22%)

6 (67%)

Mature (8)

0 (0%)

1 (12.5%)

7 (87.5%)

Table III. One-way ANOVA of mean echo-type pattern (with standard deviation included, SD) at various distances
from inferior pole of patella by maturity offset groups. Echo-type I being the most aligned, echo-type IV the least
aligned.
Echo-t
Mean

Echo-t
Mean

Mean

Mean

P-Value

from inferior

quantity of

quantity of

quantity of

quantity of

(CI=95%)

pole (cm):

echotype

echotype

echotype

echotype

Pre-PHV (SD)

Per-PHV (SD)

Post-PHV

Mature (SD)

Distance

Echo-type

(SD)
0-1
0-1

I
II

.56 (.12)
.42 (.11)

.54 (.12)
.45 (.11)

.63 (.09)
.36 (.08)

.59 (.05)
.40 (.06)

.210
.187

0-1
0-1

III
IV

.01 (.01)
.00 (.01)

.01 (.01)
.00 (.00)

.01 (.01)
.00 (.00)

.01 (.01)
.00 (.00)

.752
.504

1-2
1-2
1-2
1-2

I
II
III
IV

.68 (.13)
.32 (.13)
.00 (.01)
.00 (.01)

.68 (.09)
.31 (.09)
.00 (.00)
.00 (.00)

.77 (.07)
.23 (.07)
.00 (.00)
.00 (.00)

.70 (.04)
.29 (.05)
.01 (.00)
.00 (.00)

.130
.135
.214
.574

0-2
0-2
0-2
0-2

I
II
III
IV

.62 (.11)
.37 (.12)
.01 (.01)
.00 (.01)

.61 (.10)
.38 (.10)
.01 (.01)
.00 (.00)

.70 (.07)
.30 (.07)
.00 (.00)
.00 (.00)

.65 (.04)
.34 (.05)
.01 (.00)
.00 (.00)

.127
.119
.714
.495

pain 1, 27. However, there are a multitude of factors
that also contribute to onset of symptoms, where mechanical overload has been shown to be an important
risk factor28-34. The patellar tendon is an energy-storMuscles, Ligaments and Tendons Journal 2017;7 (2):306-314

age tendon that is loaded by jumping; hence why
symptoms are called “jumper’s knee.” High volumes
of jumping and energy-storage may induce pathology
or trigger symptoms in a tendon that is pathological.
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Figure 4. Variance of echopatterns.

Interestingly, dancers complete approximately 200
jumps in each ballet class that may induce pathological changes 35. While energy-storage is the primary
load placed on the patellar tendon, the patellar insertion may also have compressive loads that may be
implicated in the development of pathology36. Hamilton and Purdam (2004) described hypoechoic areas
on the posterior aspect of the attachment as an adaptive response to compressive loads and a potential
variation in how the tendon inserts into the patella23.
This study also reported that the tendon is thicker at
1 and 2 cm distal to the inferior pole of the patella in
mature participants. This is a similar result to the finding of Kubo et al. (2014) who observed in a crosssectional study that the cross-sectional area and
length of the patellar tendon increased with larger
body size during growth 12. It is likely that tendon
thickness is an adaptation to increasing body mass
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and muscle strength during puberty.
The variability in the echopattern decreased through
maturity at the patellar insertion, particularly echotypes I and II. Based on our current understanding of
tendon maturation, it is possible that hyaline or fibrocartilage with type II collagen and larger proteoglycans are present in younger people, which then transitions to mature tendon tissue37.
Clinical implications
Based on these preliminary findings, we see that
while there is a high degree of variation in the appearance of the proximal patellar tendon attachment
in pre and peri PHV groups, the post PHV tendons
appear mature. This supports our hypothesis that
there is a transition towards mature tendon attachment during PHV, which is important because once
clinicians better understand normal development;
Muscles, Ligaments and Tendons Journal 2017;7 (2):306-314
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they can begin to understand abnormal or pathological development, which can lead to pain and dysfunction. This study also provides a method to describe
the variations in tendon appearance using the
greyscale score with the option to describe all three
planes within the tendon. Prospective studies are
needed to validate whether the proximal patellar tendon attachment develops during puberty as is proposed and suggested by the current study.
Limitations of this study include only one blind assessor and one blind reviewer evaluating the UTC scans
where other studies have used three blind assessors,
though reliability of the UTC has been established in
previous studies17. The greyscale score needs to be
validated in a prospective study. Also, there is an unequal distribution of participants between the three
peak height velocity groups and the mature groups.

Conclusions

Based on this cross-sectional study, we found that
leading up to peak height velocity the tendon has a
variable appearance compared to post peak height
velocity. While tendon development is not solely dependent on peak height velocity and other factors
may influence maturation, it does appear that pre and
peri PHV are important stages for the transition of the
proximal patellar tendon attachment to mature tendon. Prospective research is needed to improve our
understanding of how the proximal patellar tendon attachment develops throughout skeletal maturity, and
whether the stage of tendon development impacts the
risk of developing tendon pathology as has been
shown at the distal attachment10, 26.
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