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Structural disorganization in the tendon is associated
with tendinopathy, with little research investigating
whether disorganization overwhelms the overall struc-
tural integrity of the tendon. This study investigated the
mean cross-sectional area (CSA) of aligned fibrillar struc-
ture as detected by ultrasound tissue characterization
(UTC) in the pathological and normal Achilles and patel-
lar tendons. Ninety-one participants had their Achilles
and/or patellar tendons scanned using UTC to capture a
three-dimensional image of the tendon and allow a semi-
quantification of the echopattern. The mean CSA of
aligned fibrillar structure (echo type I + II) and disorga-
nized structure (echo type III + IV) was calculated based
on UTC algorithms. Each tendon was classified as either

pathological or normal based solely on gray-scale ultra-
sound. The mean CSA of aligned fibrillar structure was
significantly greater (P ≤ 0.001) in the pathological
tendon compared with the normal tendon, despite the
pathological tendon containing greater amounts of disor-
ganized structure (P ≤ 0.001). A significant relationship
was observed between the mean CSA of disorganized
structure and anteroposterior diameter of the Achilles
(R2 = 0.587) and patellar (R2 = 0.559) tendons. This study
is the first to show that pathological tendons have suffi-
cient levels of aligned fibrillar structure. Pathological
tendons may compensate for areas of disorganization by
increasing in tendon thickness.

Tendon pathology observed on ultrasound (US) imaging
has been extensively described in the literature. Pathol-
ogy is represented as thickening of the tendon, areas of
hypoechogenicity, and increased Doppler signal repre-
senting increased blood flow within the tendon (Astrom
et al., 1996; Rasmussen, 2000). While these changes on
US can assist in the diagnosis of tendinopathy, tendon
pathology is often subjectively graded with limited
ability to quantify tendon structure and integrity.

Recently, there have been a number of new imaging
techniques that attempt to remove the reliance on sub-
jective interpretation, and to use the features of US to
quantify parameters in the tendon (i.e., echo-textual fea-
tures, amount of bound water on magnetic resonance
imaging, microvascular volume) (Bashford et al., 2008;
Grosse et al., 2013; Pingel et al., 2013). One such
imaging technique, ultrasound tissue characterization
(UTC), utilizes conventional US to semi-quantify tendon
structure (van Schie et al., 2010). A three-dimensional
image is rendered from 600 transverse US images that
are captured every 0.2 mm over the length of the tendon.
From this, the stability of pixel brightness over 25 con-
secutive transverse images (4.8 mm) is calculated and
categorized into four echo types correlating to the degree
of structural homogeneity, with relative proportions for

each echo type being quantified in relation to the tendon
volume.

Compromised tendon structure in pathology has
driven interventions designed to “heal” tendons. Regen-
erative therapies such as platelet-rich plasma (PRP),
autologous blood injections, and stem cells are intro-
duced into areas of tendon pathology to try to improve
structure (Mei-Dan et al., 2010; Chaudhury, 2012).
However, evidence suggests these treatments are no
more effective in improving structure and returning suf-
ferers of Achilles and patellar tendinopathy (pain and
dysfunction) back to pain-free function than placebo
treatments (de Jonge et al., 2011; Dragoo et al., 2014).

In addition, there is little evidence that improvement
in tendon structure is linked to recovery. Drew et al.
(2014) performed a systematic review to determine the
relationship between structural changes in the tendon
and clinical outcomes following therapeutic exercise.
There was strong evidence that improvements in tendon
pain and function after eccentric exercise were not medi-
ated by changes in tendon structure (i.e., tendon diam-
eter, structural abnormalities, and neovascularization).
These findings suggest that tendon thickness and areas of
disorganization are not the limiting factors in returning
tendons back to pain-free function.
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As there is a disconnection between tendon pain and
structure (Scott et al., 2013), this study focuses solely on
tendon structure as quantified by UTC. This study aims
to investigate the mean cross-sectional area (CSA) of
aligned fibrillar structure (AFS; echo types I and II) in
pathological and normal Achilles and patellar tendons.
As there are no previous data, the null hypothesis that
there is no significant difference in the mean CSA
(mCSA) of aligned tissue structure in the pathological
and normal Achilles and patellar tendons was taken.

Methods

People who had a UTC scan of their Achilles and/or patellar
tendons as part of their clinical management or previous research
project were retrospectively invited to participate in this study.
This study focused on the UTC echopattern in relation to structural
abnormalities and the presence of pain was not a factor in the
inclusion or exclusion of participants. Those with a history of use
of fluoroquinolones in the last 6 months, hormone replacement
therapy, hypercholesterolemia, or previous tendon rupture at any
site were excluded. The study was approved by the university
ethics committee and participants provided informed consent.

UTC imaging

UTC was used for this study as it allows for three-dimensional
imaging of the tendon, semi-quantification of structure, and cal-
culation of tendon dimensions. The resultant UTC analysis quan-
tifies the tendon into four echo types (I–IV) based on the stability
of pixel brightness over contiguous images allowing inferences to
be made on the alignment of tendon bundles. Briefly, echo types I
and II correspond with relatively high stability in gray-scale pixel
brightness over contiguous images due to one resulting US reflec-
tion. These echo types correspond with AFS within the tendon.
Echo types III and IV are generated by multiple reflections that
interfere as a consequence of multiple interfaces. These echo types
represent a disorganized amorphous fibrillar structure that has

nonparallel fiber arrangement. For this study, the relative percent-
age and mCSA of these parameters were the main outcomes
investigated.

Imaging of the Achilles and/or patellar tendons was performed
using a standardized protocol. Participants’ Achilles tendons were
scanned while standing on an elevated platform, with their toes
and knees against a wall (Rosengarten et al., 2015). This position
was selected as it standardizes the amount of ankle dorsiflexion
and previous research using UTC has been performed in this
scanning position (Docking et al., 2014; Rosengarten et al., 2015).
For the patellar tendon, participants lay supine with their knee
flexed at ∼60°. A linear-array US transducer (SmartProbe 10L5,
Terason 2000, Teratech, USA) mounted within a customized
tracking device with motor drive and built-in acoustic standoff pad
(UTC Tracker, UTC Imaging, Netherlands) was placed on the
skin, perpendicular to the long axis of the tendon (Achilles or
patellar), ensuring that the calcaneus or inferior pole of the patella
was visible. Coupling gel was applied between the transducer,
standoff pad, and skin to ensure maximum contact.

Once a clear transverse image of the tendon and bony landmark
was established, the motor drive automatically moved the trans-
ducer over the length of the tendon capturing a transverse gray-
scale US image every 0.2 mm over a distance of 12 cm. By
compounding these images, a gray-scale US image data block is
rendered that allows the tendon to be viewed in three planes:
transverse, sagittal, and coronal (UTC2010, UTC Imaging). From
this data block, each tendon was classified as either normal or
pathological.

An algorithm consisting of three key imaging criteria was used
to classify the tendon as normal or pathological (Fig. 1) (Astrom
et al., 1996; Rasmussen, 2000; Schmid et al., 2002). The presence
of tendon pain was not assessed as this study focuses solely on
structure. A single investigator with 5 years of experience with
tendon imaging and UTC was blinded at the time of analysis to
participant, limb, and UTC echopattern of the tendon. Tendon
structure was quantified with dedicated UTC algorithms that
assess the echopattern by means of relative intensity and distribu-
tion of gray levels of corresponding pixels over 25 images
(4.8 mm) (UTC2010). Based on their stability/degree of persis-
tence, four echo types were discriminated (van Schie et al., 2010).
For this study, echo types I and II were grouped together and

Fig. 1. Algorithm for the classification of the Achilles and patellar tendons based on gray-scale imaging. *Astrom et al., 1996.
**Schmid et al., 2002.
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classified as having AFS, whereas echo types III and IV were
termed disorganized tissue structure (DIS). These echo types have
previously been matched with equine histopathological specimens
(van Schie et al., 2003).

Quantification of the UTC echopattern was performed by the
same investigator who remained blind to participant, limb, clinical
history, and tendon classification. This was performed using the
same UTC software used for scanning. Blinding was performed by
changing the file name of each scan to a randomly generated
number by another investigator. For each tendon, regions of inter-
est (ROIs) were placed around the border of the tendon in the
transverse view. For the Achilles, multiple ROIs were selected at
intervals no greater than 5 mm from the disappearance of the
calcaneus to the musculotendinous junction. A similar method was
used for the patellar tendon; ROIs were determined over a distance
of 3 cm starting from the disappearance of the inferior pole of the
patella.

The maximum anteroposterior (AP) diameter was calculated
for each tendon by manually selecting two points at the anterior
and posterior borders of the tendon on the transverse slice.

Calculation of proportions and mCSA

The UTC software (UTC2010) interpolated contiguous ROIs
within the defined ROIs creating a tendon volume where the pro-
portions of the each echo type and the total number of pixels in the
ROI were calculated for each transverse scan. The CSA for each
transverse ROI was calculated by multiplying the number of pixels
within the defined ROI by the area of the pixel (0.011 mm2). The
area of an individual pixel did not differ between scans as the US
settings (gain, focus, and depth) were standardized.

The CSAs of AFS and DIS were calculated for each transverse
scan by multiplying the total CSA by the proportion of echo type
I + II or echo type III + IV. The volume of AFS and DIS and the
total tendon volume (mm3) were calculated by plotting the CSA of
each variable over the length of the scan and determining the area
under the curve. As tendon length differed between individuals,
the mCSA (mCSA = absolute volume divided by the length of the
tendon) was calculated for each variable.

Validation of total mCSA calculations

A US phantom was created (Bude & Adler, 1995) and a hollow
plastic cylinder of known dimensions (length = 62 mm,
radius = 4 mm, total volume = 3117.7 mm3, mCSA = 50.3 mm2)
was included within the US phantom. The phantom was scanned
with UTC five times using the same technique described above
(Fig. 2). Multiple ROIs were defined around the border of the
cylinder along the length of the scan with the investigator blinded
as to the size of the defined ROIs. Total mCSA was calculated for
each UTC scan and used to calculate the accuracy and precision.
The coefficient of variation (CoV = SD/mean) was used as a
measure of precision, with the accuracy determined by comparing
the calculated volume on UTC to the measured volume.

Intratester reliability

Eight Achilles and eight patellar tendons in a sample population of
similar demographics were scanned twice. A two-way mixed
single measures intra-class correlation (ICC) for absolute agree-
ment was performed to calculate the standard error of the mea-
surement [SEM = SD of population × √(1 − ICC)]. The minimum
detectable change (MDC = 1.96 × SEM × √2) was calculated for
all parameters.

Statistical analysis

Statistical analysis was performed separately for the Achilles or
patellar tendon. Tests of normality demonstrated that the data were

not normally distributed, hence nonparametric tests were used.
The alpha level was set at 0.005 to reduce the chance of type I
errors (false positives). An alpha level was selected rather than
performed a traditional Bonferroni adjustment (=α/n) as previous
authors have suggested that it may be overly conservative resulting
in an increased likelihood of type II errors (false negatives), espe-
cially when the majority of hypotheses are highly significant
(Perneger, 1998; Feise, 2002).

Each participant was classified as having normal, unilateral, or
bilateral tendon pathology in either the Achilles or patellar. A
Mann-Whitney U-test was performed to compare differences in all
UTC parameters between the normal and pathological tendons
between participants. In participants with bilateral normal or
pathological tendons, the left or right tendon was randomly
selected for statistical analysis by a coin toss. The pathological
tendon was selected in participants with unilateral pathology. To
test the differences in all UTC parameters between the normal and
pathological tendons within the subjects, participants with unilat-
eral tendon pathology were selected. A related-samples Wilcoxon
signed rank test was used to compare medians. All analyses were
conducted using a statistical package (SPSS V.20.0 for Windows,
SPSS Inc, Chicago, Illinois, USA).

A linear regression between AP diameter, total mCSA, and the
mCSA of disorganized tissue was performed in pathological
tendons. In bilateral pathology, the left or right tendon was ran-
domly selected for statistical analysis by a coin toss.

Results
Demographics

Of the 186 participants who were invited to participate in
this study, 91 provided informed consent (66 Achilles
and 50 patellar tendons, Table 1). No participant refused
consent; participants who did not provide informed
consent were uncontactable and did not respond to mul-
tiple phone calls or e-mails. The participants ranged
from sedentary individuals to elite athletes. The presence
of symptoms was not noted as part of this study.

A high percentage of the Achilles (31.1%) and patellar
(48%) tendons scanned were classified as pathological
(Fig. 1). The majority of these tendons were classified as
pathological due to the presence of a hypoechoic lesion
(78% and 87.5% of pathological Achilles and patellar
tendons, respectively). Bilateral pathology was observed

Fig. 2. Transverse UTC image of ultrasound phantom with
inclusion. Yellow arrows indicate the border of the hollow cyl-
inder within the ultrasound phantom.
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in the patellar tendon in 36% of all participants, com-
pared with 16.7% of all participants in the Achilles
tendon.

Validation and reliability of UTC

The mean total CSA from five successive scans of the
phantom was 50.6 mm2 (known mCSA = 50.3 mm2)
with the measurements overestimating 0.7%. The mea-
surements ranged from 49.3 to 52.5 mm2, an SD of
±1.05 mm2, and a CoV of 2.1.

Between-participants analysis

There was a significant difference in echopattern
between the pathological tendon and the normal tendon
in both the Achilles and patellar tendons (Table 2).
Pathological tendons were significantly larger in AP
diameter (P < 0.001 for both tendons) and total mCSA

(P < 0.001 for both tendons). The relative percentage of
AFS (echo types I and II) was significantly lower in the
pathological tendon in comparison to normal tendons
(P < 0.001 for both tendons), coinciding with a signifi-
cant increase in DIS (echo types III and IV) (P = 0.001
for both tendons).

Despite lower percentages of AFS, the pathological
tendon contained a significantly larger mCSA of AFS in
comparison with the normal tendon (P < 0.001 and
P = 0.004 for the Achilles and patellar tendons, respec-
tively). As expected, a significantly larger mCSA of DIS
was observed in the pathological tendon (P < 0.001 for
both tendons). All significant differences were greater
than the MDC.

Within-participants analysis

Nineteen participants had unilateral Achilles tendon
pathology. The pathological tendon was significantly
larger in tendon dimensions (AP diameter and total
mCSA, P < 0.001 for both variables). The relative pro-
portion of AFS was significantly lower in the pathologi-
cal tendon (P = 0.002), corresponding with an increase
in the percentage of DIS (P = 0.002). The mCSA of AFS
(P < 0.001) and DIS (P = 0.001) was significantly
greater in the pathological tendon. All changes were
greater than the MDC.

Unilateral patellar tendon pathology was observed in
12 participants. No significant differences were observed
in AP diameter or total mCSA (P = 0.021 and 0.060,
respectively). A nonsignificant decrease in percentage of
AFS (P = 0.012) was observed in the pathological
tendon that was greater than the MDC, coinciding with

Table 1. Demographics of participants

Age,
mean ± SD
(years)

Gender

Male,
n (%)

Female,
n (%)

Achilles tendon
Normal bilateral (n = 36) 24.5 ± 6.6 36 (100) 0 (0)
Unilateral pathology (n = 19) 32.1 ± 14.4 17 (89) 2 (11)
Bilateral pathology (n = 11) 33.5 ± 12 10 (91) 1 (9)

Patellar tendon
Normal bilateral (n = 20) 24.7 ± 11.8 19 (95) 1 (5)
Unilateral pathology (n = 12) 24.2 ± 4.7 12 (100) 0 (0)
Bilateral pathology (n = 18) 23.2 ± 4 18 (100) 0 (0)

Table 2. Relative proportions (%) and mean cross-sectional area (mCSA) of aligned fibrillar structure (AFS) and disorganized structure (DIS) for both the
Achilles and patellar tendons between and within participants. All values are median ± interquartile range

Minimum detectable
change (MDC)

Between-participants analysis Within-participants analysis

Normal
(n = 36)

Pathological
(n = 30)

Normal
(n = 19)

Pathological
(n = 19)

Achilles tendon
AP diameter (mm) 0.5 6.5 ± 0.5 8.4 ± 1.5*† 6.9 ± 0.9 8.4 ± 1.1*†

Total mCSA (mm2) 6.4 83.6 ± 16.7 99.1 ± 26.0*† 82 ± 9.5 103.1 ± 26.6*†

% of AFS (%) 1.0 98.2 ± 1.4 95.0 ± 6.3*† 97.8 ± 1.0 96.6 ± 5.5*†

% of DIS (%) 0.9 1.8 ± 1.4 5.0 ± 6.3*† 2.2 ± 0.9 3.4 ± 5.5*†

mCSA of AFS (mm2) 6.5 80.8 ± 15.8 94.8 ± 26.5*† 80.5 ± 9.4 96.0 ± 23.1*†

mCSA of DIS (mm2) 0.7 1.4 ± 1.4 4.7 ± 8.3*† 1.7 ± 1.3 3.0 ± 4.7*†

n = 20 n = 30 n = 12 n = 12

Patellar tendon
AP diameter (mm) 0.4 6.0 ± 0.6 7.8 ± 2.6*† 6.4 ± 0.4 7.1 ± 2.3†

Total mCSA (mm2) 13.4 130.8 ± 11.0 154.9 ± 23.6*† 131.1 ± 26.2 144.3 ± 24.0
% of AFS (%) 1.7 96.5 ± 2.2 88.9 ± 9.6*† 96.4 ± 2.4 94.5 ± 12.5†

% of DIS (%) 1.7 3.5 ± 2.2 11.1 ± 9.6*† 3.6 ± 2.4 5.5 ± 12.5†

mCSA of AFS (mm2) 12.1 125.9 ± 11.7 139.9 ± 23.1*† 126.1 ± 23.7 127 ± 18.7
mCSA of DIS (mm2) 2.2 4.5 ± 3.4 17.1 ± 22.3*† 5.2 ± 4.3 8.6 ± 21.2†

*P ≤ 0.005.
†Difference is greater than the MDC.
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an increase in percentage of DIS greater than the MDC
(P = 0.012). No significant difference was observed in
the mCSA of AFS (P = 0.695), with the difference in
mCSA of DIS between the pathological and normal
tendons greater than the MDC, yet not significant
(P = 0.012).

Relationship between AP diameter and mCSA of
disorganized tissue

A significant linear relationship (P < 0.001) was
observed between the tendon dimensions (AP diameter
and total mCSA) and mCSA of DIS for both the patho-
logical Achilles (R2 = 0.587 and 0.441 for AP and total
mCSA, respectively) and patellar tendons (R2 = 0.559
and 0.518 for AP and total mCSA, respectively).

mCSA of AFS in the pathological tendon

For all pathological tendons, the mCSA of AFS was
plotted in relation to the median and interquartile range
(IQR) of the mCSA of AFS in normal tendons (Fig. 3).
The majority of pathological tendons fell within (53.7%
and 37.5% for the Achilles and patellar, respectively) or
above (43.9% and 60.4% for the Achilles and patellar,
respectively) the range for AFS in normal tendons
(Fig. 3). Only one Achilles tendon (2.4%) and one patel-
lar tendon (2.1%) contained less aligned tendon structure
than the IQR for normal tendons.

Discussion

This study demonstrates that the pathological Achilles
and patellar tendons contain increase mCSA of AFS
as quantified by UTC despite significant areas of

Fig. 3. Scatter plots of mean cross-sectional area of aligned fibrillar structure in the pathological Achilles tendon (a) and patellar
tendon (b) in relation to the mean cross-sectional area of aligned fibrillar structure in normal tendons. The number of pathological
tendons that fell below, within, or above the interquartile range (IQR) is presented within the graphs. Bold line = median for normal
tendons; dotted line = upper and lower borders of the IQR for normal tendons; blue diamonds = pathological tendon.
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disorganization. The significant relationship observed
between the mCSA of disorganized structure and tendon
dimensions (AP diameter and total tendon mCSA) may
suggest that the pathological tendon compensates to
maintain sufficient amounts of AFS and tissue homeo-
stasis. These results question the previous models of
tendon pathology where the accumulation of micro-
trauma or failed healing is suggested to be the predomi-
nate feature of tendon pathology.

Several models suggest tendon pathology accumulates
within the tendon to a point where the tendon can no
longer remodel to compensate for the area of disorgani-
zation. Abate et al. (2009) described the “Iceberg theory”
of tendon pathology where relative overload induces
micro-ruptures within the tendon that sets of a cascade of
changes in the extracellular matrix. The increased
expression of cytokines (Vascular Endothelial Growth
Factor, Platelet-derived growth factor) and digestive
extracellular matrix enzymes (Matrix metalloproteinase
and A Disintegrin And Metalloproteinase with
Thrombospondin Motifs) results in degeneration,
neovascularization, and weakening of the normal tendon
structure (Abate et al., 2009). A similar model was pro-
posed where tendons would enter a cycle of microtears
and degeneration that could lead to structural deteriora-
tion and tissue failure (Leadbetter, 1992). The findings
from the current study appear to conflict with these
models. While significant areas of disorganization are
apparent within the Achilles and patellar tendons, these
tendons maintain a level of load bearing AFS greater than
is present within structurally normal tendons. Insufficient
amounts of AFS, or critically a lack of remodeling, do not
appear to be a feature of tendon pathology within the
pathological Achilles and patellar tendons.

The continuum of tendon pathology (Cook & Purdam,
2009) differs from the previous models as it places acti-
vation of tenocytes as the primary etiological event,
rather than disruption in the fibrillar matrix. The early
cellular and ground substance changes, termed reactive
tendon pathology, were proposed to be a pathological
adaptation resulting in the tendon increasing in size that
in turn reduces stress (force/CSA) (Cook et al., 2004).
However, the current study suggests that the thickening
of the tendon may have a secondary role in mandating
structural homeostasis and ensuring that there are suffi-
cient amounts of AFS to tolerate load without failure.
This appears to be the case in the degenerative tendon
where substantial areas of disorganized tissue are
present.

The results of this study might explain how degenera-
tive tendons can still tolerate high tensile load and remain
asymptomatic. Malliaras et al. (2010) investigated
changes in patellar tendon structure on US monthly over
the course of a volleyball season and reported that tendons
could vary in appearance from normal to diffusely thick-
ened and hypoechoic. The patellar tendons with a
hypoechoic area were likely to remain unchanged, with

81% of the hypoechoic tendons scanned continuing to
exhibit a hypoechoic area. This supports the current study
that degenerative tendon adapts and, despite areas of
pathology, reaches tissue homeostasis and does not need
to remodel back to a normal tendon. This might explain
why therapies targeted at remodeling tendon structure
have had limited efficacy to date.

Regenerative therapies for tendon pathology, such as
PRP and stem cells, aim to stimulate healing within the
disorganized tissue in tendons by facilitating the regen-
eration of healthy aligned tendon tissue that is able to
withstand and transmit tensile load (Chaudhury, 2012).
de Jonge et al. (2011) performed a double-blinded
randomized controlled trial comparing PRP and
saline injection in chronic (> 2 months) Achilles
tendinopathy. Despite improvements at 1 year in tendon
pain, function, and structure on UTC after a single PRP
injection, there was no difference in structure compared
with the placebo group. While regenerative medicine
may not be appropriate in the majority of the
tendinopathic population, these interventions may be
appropriate in certain individuals. Scatter plots of all
pathological tendons revealed that only one Achilles
tendon and one patellar tendon contained less aligned
tendon structure than the IQR for normal tendons, and
here regenerative medicine may be appropriate, despite
little evidence for the efficacy of these treatments in
improving tendon structure (van Ark et al., 2011; Gross
et al., 2013). Future research is needed to better identify
and subgroup tendons that might benefit from regenera-
tive medicine and assess whether these tendons have
superior outcomes in comparison to progressive loading.

Eccentrics are a commonly prescribed exercise for
tendinopathy (Alfredson et al., 1998; Fahlstrom et al.,
2003; Kongsgaard et al., 2009). Not only have eccentrics
shown to be beneficial in the management of tendon
pain, but increases in biomarkers of collagen synthesis
within the peritendinous space have also been demon-
strated in both normal and pathological tendons
(Langberg et al., 2007). However, de Vos et al. (2012)
demonstrated that clinical improvements in chronic
midportion Achilles tendinopathy after a 16-week eccen-
tric exercise program did not correlate with changes in
the UTC echopattern, specifically the relative percentage
of echo types I and II (AFS). In the context of the current
study, eccentrics, or potentially any other form of con-
trolled exercise (heavy-slow resistance exercise), may
not be effective in remodeling the pathological lesion;
rather these exercises may cause adaptation and load
tolerance in the surrounding AFS and musculature in
series. Similarly, treatments outside the tendon targeting
the region with high blood flow and nerves on the ventral
side of the Achilles tendon and dorsal side of the patellar
tendon have shown that athletes can return to pain-free
loading (Lind et al., 2006; Alfredson, 2011; Willberg
et al., 2011). As the pathological tendon adapts by thick-
ening to maintain a sufficient volume of AFS, treatment
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strategies may be better focused at increasing the load
capacity of the AFS.

Interestingly, no significant difference was observed
in any UTC parameter between the normal and patho-
logical patellar tendons in participants with unilateral
pathology, which differs from the findings in the Achilles
tendon. However, the percentage of AFS, disorganized
tissue, and mCSA of disorganized tissue is near signifi-
cance and greater than the MDC. A lack of significant
difference between patellar tendons in individuals with
unilateral pathology may be due to subtle changes within
the normal tendon. The algorithm developed to classify
whether a tendon is pathological was based on the US
features of the pathological tendon. These features
are a subjective interpretation where subtle changes
in hypoechogenicity might be overlooked. Previous
research using UTC has reported that the asymptomatic
Achilles tendon in patients with unilateral pain is struc-
turally compromised (Docking et al., 2014). Animal
studies also support these findings and suggest that the
central nervous system or systemic cytokines, such as
substance P, may drive pathological changes bilaterally
(Williams et al., 1984; Andersson et al., 2011). Another
potential reason may be due to the small number in this
subgroup.

These results have important implications for the
clinical interpretation of not only UTC images, but also
conventional US and magnetic resonance imaging.
Tendon thickening is indicative of pathological changes;
this study has shown that thickening may well be a
positive finding. In addition, visualization of the tendon
in two dimensions may be limited as it is unable to
determine the volume of the pathology in relation to the
surrounding tissue. This can lead to the pathological area
being overemphasized and not accounting for possible
remodeling and adaption peripherally to the pathological
area.

The UTC algorithms have been compared with normal
and pathological histopathology specimens in horses
(van Schie et al., 2000, 2003). Similar data are not avail-
able in humans. However, structural similarities between
horses and human have been described in the literature
(Kristoffersen et al., 2005; Patterson-Kane et al., 2012;
Patterson-Kane & Rich, 2014). It is also important to
note that the UTC method used in this study differs from
the original articles (e.g., transducer moving automati-
cally compared with moving manually, transducer cap-
tures over 12 cm compared with 9.6 cm, the region of
tendon selected for quantification) (Rosengarten et al.,
2015). It cannot be stated that the AFS quantified by
UTC is normal tendon (i.e., there may be changes in cell
number and phenotype, alterations in water and
proteoglycan content). However, as echo types I and II
are generated by one US reflection that is produced by
one interface structure, in conjunction with the previous
validation studies, it can be assumed that it represents
organized tendon bundles.

As this study is cross sectional, we are unable to
definitively state whether the findings of this study
suggest that the pathological tendon compensates for the
development of tendon pathology. Future longitudinal
studies are required to investigate whether the pathologi-
cal Achilles and patellar tendons change in dimensions
in relation to the mCSA of disorganized structure.
Another potential limitation of this study is a lack of
variability in age and sex within the sample population;
however, the young age and high proportion of men
reflect the prevalence of Achilles and patellar
tendinopathy (Lian et al., 2005; Clayton & Court-
Brown, 2008).

The Achilles tendon was scanned in a standing
position to standardize dorsiflexion and strain on the
tendon (Docking et al., 2014; Rosengarten et al., 2015).
It is unclear whether the UTC echopattern differs
significantly with tendon length; however, it is critical
that a standardized position is used to ensure the
repeatability of the UTC echopattern and volume
measurement.

As there is a disconnection between structural abnor-
malities and tendon pain, a deliberate decision was made
not to investigate clinical symptoms (i.e., presence and
intensity of pain) in relation to these UTC parameters.
Future studies are warranted to investigate potential dif-
ferences between the painful and non-painful tendons, as
well as whether the UTC parameters investigated in this
study are related pain intensity.

Perspectives

This is the first study to characterize the overall struc-
tural integrity of the pathological Achilles and patellar
tendons. The pathological Achilles and patellar tendons
contain increased amounts of AFS. While increases in
tendon thickness have previously been described as
negative, the findings of this study suggest that tendon
thickening might be the tendon’s method of adapting to
pathology. Treatment strategies may be better served in
building load capacity within the already present aligned
tendon structure, rather than attempting to regenerate
the area of pathology with intratendinous injections or
surgery.

Key words: Achilles tendon, patellar tendon, ultrasound
tissue characterization, tendon pathology.
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