
ABSTRACT
Background: Insertional tendinopathy is likely caused by different pathologies. This variation could account for the 
recalcitrant nature of this condition to treatment. Ultrasound imaging may assist in identifying underlying pathology 
to inform patient management. 

Hypothesis/Purpose: The primary purpose of this study was to quantify the presence of underlying pathology using 
ultrasound in individuals with a clinical diagnosis of insertional Achilles tendinopathy. Secondarily, we sought to 
examine the relationship of abnormal ultrasound findings to age and body mass index (BMI). 

Study Design: Cross-sectional study

Methods: Fifty-six individuals with insertional tendinopathy were included in this study. B-mode ultrasound imaging 
was used to descriptively and quantitatively describe tendon pathology. 

Results: A greater proportion of bone defect (p<0.001), intratendinous calcifications (p=0.01) and midportion tendi-
nosis (p<0.001) were observed on the injured side compared to the uninjured side. Higher BMI was associated with 
presence of bone deformity, intratendinous calcifications and distal tendinosis (p=0.001-0.04); adding age did not 
significantly improve the regression model. 

Conclusion: Patients with insertional tendinopathy present with multiple underlying pathologies. This may account 
for variable response to treatment. It may be helpful to include imaging to better identify underlying pathology when 
trying to determine an appropriate treatment strategy.

Level of Evidence: Level 3
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INTRODUCTION
Achilles tendinopathy, by definition, is pain in the 
area of the Achilles tendon.1 Achilles tendinopathy 
can be broken down into three categories – midpor-
tion tendinopathy, which accounts for 66% of Achil-
les tendinopathy; insertional tendinopathy, which 
accounts for up to 25% of Achilles tendinopathy; 
and other conditions, such as chronic bursitis.2,3 
Clinically, insertional tendinopathy is character-
ized by pain at the posterior aspect of the heel, but 
it can serve as a “catch all” term for a variety of 
underlying pathologies.4 These pathologies have 
been suggested to include degenerative changes in 
the tendon, enlargement of the retrocalcaneal bursa, 
and Haglund’s deformity.5 

Patients with midportion and insertional Achilles 
tendinopathy present with similar magnitude of 
pain and functional complaints with walking and 
recreational activity,4 however, insertional Achilles 
tendinopathy is notoriously recalcitrant to treat-
ment. It has been reported that up to 75%6,7 of indi-
viduals with insertional Achilles tendinopathy will 
not respond to exercise-based intervention, com-
pared to only 18% of individuals with midportion 
tendinopathy.7,8 Furthermore, 47% of individuals 
with insertional Achilles tendinopathy will go on to 
surgical treatment.9 

One explanation for these suboptimal outcomes is that 
individuals with insertional Achilles tendinopathy 
present with different underlying pathology, which 
may partially account for differences in responsive-
ness to treatment.4,6,9–11 Tendinosis, or tendon degen-
eration, has been associated with an increased risk 
of surgical intervention,9 but has also been found 
to respond to exercise-based intervention includ-
ing heavy loading.12,13 At the tendon-bone interface, 
or enthesis, alterations in compressive strain have 
been suggested to result in cartilaginous and bony 
defects.14,15 Therefore, interventions such as heel 
wedges have been aimed at reducing compressive 
strain.14 Calcifications within the tendon, but not ten-
dinosis, have also been found to respond to interven-
tions like shockwave treatment.10 This may explain 
why shockwave treatment in conjunction with exer-
cise has been associated with improved symptomatic 
relief.16,17 Lastly, irritation of the retrocalcaneal bursa 
may respond better to treatment aimed at decreasing 

bursal compression.18 In summary, the pathophysi-
ology underlying insertional Achilles tendinopathy 
is likely different between individuals and seems to 
respond differently to intervention.

Diagnostic ultrasound imaging may be useful in 
assisting with the differential diagnosis of inser-
tional Achilles tendinopathy. Similar to strength or 
range of motion measures, imaging in the context 
of a comprehensive clinical exam can help the clini-
cian in confirming treatment targets. Prior studies 
have validated real-time musculoskeletal ultrasound 
imaging against magnetic resonance imaging (MRI)19 
and X-ray20 for identification of tendon pathology 
and boney changes at the tendon-bone interface, 
respectively. Prior studies have also found abnormal 
findings in the Achilles tendons of 3.8% of asymp-
tomatic individuals in a general population21 and 
11% of an elite, athletic population.22 It is important, 
therefore, to consider ultrasound imaging a compo-
nent of the clinical exam rather than a stand-alone 
imaging modality.

Given the clinical utility of ultrasound imaging and 
the potentially complex nature of insertional Achil-
les tendinopathy, the primary purpose of this study 
was to quantify the presence of underlying pathol-
ogy using ultrasound in individuals with a clinical 
diagnosis of insertional Achilles tendinopathy. Sec-
ondarily, we sought to examine the relationship of 
abnormal ultrasound findings to age and body mass 
index (BMI). 

METHODS
This is a retrospective analysis of a subgroup of indi-
viduals with insertional Achilles tendinopathy at a 
single time point included in a larger, single-group, 
prospective longitudinal parent study of individuals 
with a variety of Achilles tendon conditions. Partici-
pants in the parent study were recruited from local 
orthopaedic, podiatry, and physical therapy clinics 
as well as through newspaper advertisements. This 
study was approved by the University of Delaware 
Institutional Review Board and all participants gave 
their written informed consent. All data collections 
for the parent study were performed in our labora-
tory. Data for this analysis was collected during a 
baseline visit occurring between November 2014 
and April 2017. 
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To be included in this subgroup analysis, partici-
pants needed to have a primary diagnosis of inser-
tional Achilles tendinopathy based on subjective 
report of posterior heel pain and pain on palpation 
to the posterior heel and retrocalcaneal bursa, per 
previously established diagnostic criteria.23,24 Partici-
pants were excluded if they had a history of Achilles 
tendon rupture. Individuals with midportion ten-
dinosis were not excluded as long as their primary 
complaint was insertional tendinopathy. At the time 
of analysis, there were 149 participants in the par-
ent study, and 56 met the inclusion criteria for the 
present study.

Participants’ demographic information was col-
lected, including sex, age, and BMI. A subjective 
history was taken to establish the injured side and 
confirm the clinical diagnosis of insertional Achil-
les tendinopathy. The Victorian Institute of Sport 
Assessment – Achilles questionnaire (VISA-A)25 was 
used to quantitatively assess self-reported symptom 
severity. When participants reported bilateral symp-
toms, they were asked to report a more symptom-
atic side. If unable to identify a more symptomatic 
side, the participant completed a VISA-A for each 
side individually, and the side with the lower score 
was designated as the “injured” side for analysis. 
The asymptomatic or less symptomatic side was 
designated the “contralateral” side. Participant’s self-
reported activity level was measured for descrip-
tive purposes using a 6-point physical activity scale 
(PAS).26 

Descriptive and Quantitative 
Tendon Assessment
Once the clinical diagnosis of Achilles tendinopathy 
was confirmed, Achilles tendon and peritendinous 
structures were assessed using B-mode ultrasound 
imaging. All ultrasound measurements were taken 
using at a frequency of 10MHz and depth of 3.5 cm 
using a GE Logiq e ultrasound scanner (GE LOGIQ e, 
GE Healthcare, Chicago, IL). All images were taken 
with the participant prone with the feet hanging off 
the edge of the treatment table. Ultrasound images 
were reviewed for descriptive analysis by a physi-
cian who is board-certified in sports medicine with 
eight years of diagnostic ultrasound imaging expe-
rience, along with additional certification by the 

Alliance for Physician Certification & Advancement 
in musculoskeletal imaging. The physician review-
ing the images was aware of the study purpose (iden-
tifying the frequency of pathology on ultrasound in 
individuals with insertional Achilles tendinopathy), 
however, was blinded to all participant information 
including presenting complaints and injured side. 
Blinding was maintained in order to ensure that the 
individual reviewing images would not be biased to 
identify more pathology on the symptomatic side.

Six pathology categories were included, with partici-
pants scoring as “present” or “absent.” Pathology cat-
egories consisted of bone defect (i.e. bone defect at 
the enthesis or Haglund’s deformity, which is a bony 
enlargement of the posterosuperior calcaneus), 
intratendinous calcifications, distal (insertional) ten-
dinosis, midportion tendinosis, bursitis, and isolated 
paratenonitis (not associated with tendinosis) (Fig-
ures 1 and 2). Participants were able to be classified 
into multiple pathology categories. Both the injured 
side and contralateral side were examined. Prior 
studies have reported ultrasound imaging to be as 
good if not superior to MRI for tendon pathology27–33 
as well as good agreement between radiograph 

Figure 1. Representative fi gures of tendinosis on ultrasound 
using extended fi eld of view settings.
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and ultrasound for presence of bony defects at the 
enthesis.20 

Quantitative analysis of tendon structure included 
three measures – tendon length, thickness, and 
cross sectional area (Figure 3). Tendon length was 
measured from the calcaneal notch to the gastroc-
nemius myotendinous junction using extended field 
of view settings.34,35 Both tendon thickness and cross 
sectional area were assessed at the area of the free 
tendon with greatest tendon thickness if tendino-
sis was present or at an area immediately distal to 
the soleus myotendinous junction if no tendinosis 
was present. Tendon thickness was measured in 
long axis from superior to deep fascial lines of the 
tendon,34 and cross sectional area was measured in 
short axis (Figure 3).

A prior study reported test-retest reliability for ten-
don length and thickness measures, with an Intra-
class Correlation Coefficient (95% Confidence 
Interval) [ICC(95% CI)] of 0.944(0.852-0.979) and 
0.898(0.728-0.962); standard error of measurement 
(SEM) of 0.7cm and 0.01cm; and group Minimal 
Detectible Change (MDC95%) of 0.43 cm and 0.01 cm 

respectively.34 The same study reported between 
limb SEM of 0.67 cm for tendon length and 0.02 
cm for tendon thickness.34 Our lab has conducted 
test-retest reliability for tendon cross sectional 
area measures in 20 healthy individuals tested less 
than 30 minutes apart, showing an ICC(95% CI) 
of 0.986(0.964-0.994), SEM of 0.129 cm2, and group 
MDC95% of 0.009 cm2.

STATISTICAL METHODS
Descriptive statistics of the measures collected are 
reported, including means and standard deviations for 
continuous variables (i.e. VISA-A, BMI) and frequen-
cies/percent of total sample for categorical variables 
(i.e. presence of a specific pathology). A chi-squared 
test was to compare the proportion of pathology iden-
tified for a tendon between the injured side and the 
contralateral side, which served as an internal con-
trol. Quantitative tendon morphology measures were 
compared between injured and contralateral sides 
using a paired t-test. Logistic regression was used to 
identify whether there was a relationship between 
BMI and age with a specific pathology. A priori level 
of significance was set at 0.05. 

Figure 2. Representative fi gures of insertional pathology.
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RESULTS
Fifty-six participants (25 male, 31 female) were 
included in this study. Demographic and symp-
tomatology data are shown in Table 1. Thirteen 
participants (23%) reported bilateral symptoms. 
Seventy-five percent (42/56) of participants reported 
needing to change their activity level due to their 
Achilles tendon injury.

Descriptive and Quantitative 
Tendon Assessment
The frequency of pathology and results of chi-square 
test comparing proportion of pathology by side is 
presented in Table 2. Distribution of participants by 
pathology subgroup is displayed in Figure 4.

Quantitatively, the Achilles tendon on the injured 
side was thicker (mean difference = 0.11 cm, p < 

0.001) and had greater cross sectional area (mean 
difference = 0.14 cm2, p = 0.042, n=55) than the 
contralateral side (Table I). While tendons on the 
injured side were significantly longer (mean differ-
ence = 0.38, p=0.042), the mean difference between 
sides did not exceed the SEM and therefore may not 
be clinically meaningful (Table 2). 

Figure 3. Quantitative ultrasound measures (pictured is healthy tendon). A. Probe orientation and representative image of cross-
sectional area. B. Probe orientation and representative images for thickness and length.

Table 1. Participant demographics and symptomatology 
(Data from 56 participants unless otherwise noted).
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Relationship of BMI and Age 
on Tendon Pathology
Sequential logistic regression was used to test if 
BMI and age predict presence of bone deformity, 
intratendinous calcifications, and distal tendinosis. 
In the first block, BMI was entered into the model 
first, followed by age in the second block, and then 
their interaction term (age*BMI) in the third. For 
all outcomes, there was no statistically significant 
improvement in model fit by the addition of age or 

the interaction term. Results of the logistic regres-
sion are displayed in Table 3.

DISCUSSION
Individuals with insertional Achilles tendinopa-
thy demonstrate more pathological findings on the 
injured side compared to the contralateral side. Fur-
thermore, there are variations of underlying pathol-
ogy, which presented concomitantly in 55% of cases. 
Presence of bone-related pathology at the insertion 
of the Achilles seems to be related to higher BMI. 
Despite just over half of participants having had 
imaging, there was an apparent mismatch in treat-
ment strategy and underlying pathology.

The relationship between pathological findings on 
imaging of tendons and symptomatology has been 
widely debated, often citing concerns about abnor-
mal findings in healthy individuals.36 The intention of 
the present study was to establish the frequency and 
types of pathology in symptomatic individuals, as an 
accurate diagnosis is important for appropriate man-
agement.11,37 To address concerns regarding presence 
of pathology in asymptomatic individuals, it was found 
that there were differences in the proportion of individ-
uals with abnormal findings on their injured compared 
to contralateral sides. Additionally, 80% of the indi-
viduals included in this study had abnormal findings 
on their injured side and 48% on their contralateral 
side, compared to rates of 3-11%21,22 in asymptomatic 
individuals. It seems that symptoms and presence of 
pathology are connected within an individual.

Table 2. Number of participants with ultrasound pathology and quantita-
tive ultrasound measures on injured and contralateral sides. Total number 
of participants = 56.

Figure 4. Venn diagram of combined pathologies on the 
injured side. Not pictured due to fi gure constraints: no pathol-
ogy – 11/56; combined distal tendinosis and bursitis – 2/56; 
combined bone defect, distal tendinosis, and bursitis – 1/56. 
Where no value is displayed, the value is 0/56. Note that 
many participants presented with multiple, concomitant 
pathologies.
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The frequency of bone deformity in this study aligns 
well with a recent study investigating frequencies 
of pathology on MRI in individuals with Achilles-
related complaints.19 On MRI, 59% of individuals 
were reported to have Haglund’s deformity, com-
pared to 52% with bone deformity in the present 
study. Higher frequencies of retrocalcaneal bursitis 
(63%19 compared to 24% in the present study) and 
lower rates of distal tendinosis (37%19 compared to 
52% in the present study) were reported in the MRI 
study. Differences in rates of pathology may be due 
to inconsistencies in inclusion criteria between stud-
ies, as pathological findings on MRI were required 
for inclusion in that study.19 A prior study38 has 
also reported tendon thickening in individuals with 
insertional tendinopathy, which is consistent with 
the findings of the quantitative ultrasound measures 
included in the present study.

It does seem that both BMI and age play a role in 
demonstrating abnormalities on ultrasound in the 
context of insertional Achilles tendinopathy, with 
bone deformity, intratendinous calcifications, and 
distal tendinosis occurring more frequently in indi-
viduals with higher BMI and older age. Systematic 
review-level evidence has reported BMI to be an 
important factor contributing to Achilles tendinopa-
thy,39 however, isolating the role of BMI is challeng-
ing. A study by Scott et al.,40 reported BMI and age 
to be the most significant factors in this population 
of individuals. In the current study, individuals 
with higher BMI also tended to be older, however, it 
seems that BMI has a stronger relationship to under-
lying pathology than age alone. 

There are several limitations to this study. This 
study was of cross-sectional design and intended to 

capture the wide range of individuals affected by 
Achilles tendinopathy. Therefore, cause-effect rela-
tionships with regard to driving factors for pathol-
ogy cannot be determined. While the observed rates 
of pathology well above what has been reported 
in asymptomatic individuals, it is possible that the 
pathology seen on ultrasound was not the primary 
cause of symptoms in these individuals. Individuals 
with bilateral symptoms were not excluded. While 
this complicates the interpretation of the study find-
ings, it does represent the heterogenic population 
of individuals with insertional Achilles complaints. 
Finally, the ultrasound scans were not done in such 
a way to evaluate for plantaris involvement.

CONCLUSIONS
In summary, the findings of this study suggest that 
patients with insertional Achilles tendinopathy pres-
ent with more abnormal findings on their injured 
side. Patients may present with multiple underlying 
pathologies and may, therefore, respond differently 
to treatment. From a treatment standpoint it may 
be beneficial to identify the underlying pathology 
to more appropriately tailor physical therapy and 
alternative treatment.34 Ultrasound may be a high 
quality, less expensive alternative to other imaging 
modalities. Physical therapists are uniquely situated 
to be able to use diagnostic ultrasound imaging dur-
ing the course of a clinical examination – a clarifica-
tion of scope of physical therapist practice recently 
supported by the American Institute of Ultrasound 
in Medicine. Further studies are needed to help clar-
ify which of these subpathologies of Achilles ten-
dinopathy respond best to physical therapy or are 
likely to need further intervention. In research set-
tings, it may be helpful to differentiate participants 

Table 3. Results of logistic regression for presence of pathology predicted 
by BMI and age.
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based on underlying pathology to better understand 
response to interventional strategies. In clinical set-
tings, it may be beneficial to incorporate ultrasound 
imaging as part of a comprehensive, clinical patient 
assessment in order to appropriately diagnose the 
affected structure and align treatment accordingly.
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