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Abstract
Objective
Ultrasound evaluation of the Achilles tendon has been utilised to assess involvement at the entheses in the setting
of various inflammatory, metabolic, and mechanical processes. The purpose of this systematic review was to evaluate
the differences in ultrasound findings at the Achilles enthesis between inflammatory tendinopathy (IT) versus
non-inflammatory tendinopathy (NIT).

Methods
A review of all studies involving ultrasound evaluation of IT or NIT (mechanical or metabolic) affecting the Achilles
enthesis was performed by searching the Embase, PubMed and Medline databases from start until October 2020.
We assessed study quality and extracted summary data from each individual study. We used random-effects meta-analysis
to determine the average proportion of affected anatomic sites across all studies for each abnormality, weighting the
analysis based on the size of each individual study.

Results
Achilles enthesis thickening was more frequent in the symptomatic IT (sIT) group (37 .8%) compared to the unspecified
IT (25%), NIT (11.2%) and healthy control (2.7%) groups. Increased vascularity at the enthesis was more common in
the NIT (23.4%) group compared to the IT (9%), sIT (8.6%) and healthy control (0.1%) groups. Erosions were more
common among the IT (17.3%) and sIT (14%) groups compared to the NIT (2.2%) and healthy controls (0.3%) groups.

Conclusion
While Achilles enthesis thickening, Doppler signal and calcaneal erosions discriminate IT from healthy subjects,
erosions are more likely to distinguish IT from NIT than thickening or Doppler signal. Additional study is needed to
quantify the diagnostic performance of ultrasound at this location given the frequency of abnormalities in NIT.
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Introduction

Ultrasound (US) evaluation has become
increasingly popular in the assessment
of entheses in participants with suspect-
ed underlying inflammatory, metabolic,
and mechanical processes (1, 2). The
enthesis is the anatomical region where
tendons, ligaments, or articular cap-
sules integrate into bone. To improve
consistency of scoring, the enthesis has
been designated as within 2 mm of the
bony cortex (3-6) although this does
not correspond to any known anatomic
or physiologic demarcation. Typically,
an enthesis without underlying pathol-
ogy in adults should be avascular and
without erosions (7-9). Inflammation of
this region, known as enthesitis, can be
a clinical manifestation of underlying
inflammatory disorders such as spon-
dyloarthropathies (10). Traumatic, me-
chanical overuse and metabolic condi-
tions can also cause pathologic changes
at the enthesis (11, 12). Among all ae-
tiologies of enthesitis, one of the most
commonly involved sites is the Achilles
tendon enthesis (13-15).

Traditionally, clinical evaluation has
played a primary role in identifying en-
thesitis. However poor interobserver re-
liability and lack of accuracy in its diag-
nosis has necessitated the development
of several scoring systems (16). Conse-
quently, alternate imaging modalities
such as magnetic resonance imaging
(MRI) and US have also become more
frequently utilised to help address these
shortcomings. Compared to MRI, US
has several practical advantages includ-
ing relatively low cost, ease of access
to multiple anatomical sites, as well
as increased sensitivity and specific-
ity for peripheral entheses lesions (17).
In order to analyse lesions, a majority
of studies in this review utilised the
OMERACT (3, 6) or GUESS (18) cri-
teria for US lesions to help identify ac-
tive inflammatory and structural lesions
of enthesitis in addition to changes sec-
ondary to prior inflammation (19).

The objective of this systematic review
was to compare the rates of reported
abnormalities in the Achilles enthesis
in patients with established systemic in-
flammatory conditions, as compared to
conditions not related to systemic auto-
immune diseases, such as metabolic or

mechanical abnormalities of an enthe-
sis (20). Characterising the differences
in US findings in inflammatory (IT),
noninflammatory (NIT) and healthy
controls can be helpful in strengthening
the role of US as a diagnostic tool.

Materials and methods

This systematic review was reported in
accordance with PRISMA guidelines
21).

Literature search

In collaboration with a medical librari-
an, a search strategy was developed. We
systematically searched the Embase,
PubMed, and Medline databases from
start until October 2020 using mesh
terms ((“Fascia” OR “Achilles Tendon”
OR “Calcaneus”)) AND ultrasound
AND (“Arthritis, Reactive” OR “Spon-
dylarthritis” OR “Spondyloarthropa-
thies” OR “Arthritis, Psoriatic” OR
“Arthritis, Rheumatoid” OR “Spondy-
litis, Ankylosing” OR “Inflammatory
Bowel Diseases” OR “Psoriasis” OR
“Obesity” OR “Diabetes Mellitus” OR
“Metabolic Diseases” OR “Tendinopa-
thy” OR “Enthesopathy” OR “Stress,
Mechanical”).

Selection of studies

Studies that were identified as poten-
tially relevant were initially screened
by title and abstract followed by a re-
view of full text articles to assess for
inclusion eligibility. Studies were
limited to English language, human
studies. One author [N.D.] applied ad-
ditional predefined exclusion criteria,
which included poster or conference
abstracts, case reports, limited case se-
ries with less than 10 participants, lack
of original data, studies not focused on
Achilles tendon enthesis and studies
in children. Studies that did not report
tendon abnormalities by individual pa-
rameter (i.e. thickness, vascularity, ero-
sions) or did not report abnormalities as
a proportion of tendons or participants
were also excluded. The identification
process and reasons for exclusions are
further detailed in Figure 2. An addi-
tional author [J.B.] performed blinded
secondary review of the articles and
any differences were then adjudicated
by a third reviewing author [E.K.].
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Fig. 1. Assessment of study using the QUADAS-2 tool (18, 19). QUADAS: Quality Assessment of Diagnostic Accuracy Studies.

Data extraction

A predefined data form was created to
extract US findings from the included
studies. Specifically, these findings
were proportion of tendons assessed
with abnormal tendon thickness, pres-
ence of Doppler signal, presence of ero-
sions at the enthesis, and mean Achil-
les enthesis thickness. To help focus
the scope of this review, additional US
lesions of enthesitis such as hypoecho-
genecity, presence of enthesophytes
or calcifications were not included as
these lesions had not previously been
thought to distinguish inflammatory
from non-inflammatory disease. Hy-
poechoic lesions are well described
due to mucoid degeneration and focal
tears (22-24), enthesophytes are com-
monly found due to age, and in fact,
enthesophytes at the Achilles enthesis
were found to be the most common el-
ementary lesion found in asymptomatic
healthy adults (25-27). Indeed, for the
Belgrade Ultrasound Enthesis Score,
discrimination between spondylarthri-
tis related enthesitis and mechanical en-
thesitis were best achieved by scoring
Doppler or erosions as 4 points, while
enthesophytes, calcifications or hypo-
echoic lesions only scored 1 point (28).

Assessment of study quality

All the included studies were critically
assessed utilising the QUADAS-2 tool,
which was developed to assess diag-
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nostic accuracy studies (29, 30). The
results from this assessment are includ-
ed in the Supplementary file (Tables
S7-S8). Figure 1 demonstrates the pro-
portion of included studies with a low,
high, or unclear risk of bias as well
as the proportion of studies with low,
high, or unclear concerns regarding
applicability to this systematic review.
There was one included study that had
a high risk of bias and no studies with
a high concern regarding applicability.

Statistical analysis

For our data analysis, we used random-
effects meta-analysis to determine the
average proportion of affected ana-
tomic sites across all studies within
each subgroup (separated by IT, NIT,
healthy controls, spondyloarthropathy
etc.) for each abnormality. We then
weighted the analysis based on the size
of each individual study (per location
assessed). The effect of heterogeneity
was quantified using forest plots and
the I statistic (31). We assumed that
estimates could vary across studies re-
lated to real differences in study design
as well as sampling error.

Results

Our initial database search resulted in
3034 publications. After screening for
language, duplicates, and other exclu-
sion criteria in the title and abstract,
185 potentially relevant articles re-

mained for full-text review. Ultimately,
42 publications were included in the
final review. A summary of the results
comparing prevalence of abnormal
thickness, vascularity and erosions can
be seen in Figure 3. Further data on
individual studies including heteroge-
neity measures are included in Supple-
mentary Tables S1-S11.

Characteristics of the

included studies

All 42 studies reported on the use of
ultrasound to evaluate the Achilles
enthesis in participants with under-
lying inflammatory, mechanical, or
metabolic conditions as well as healthy
control subjects. Several of the stud-
ies included more than one of these
groups. A total of thirty-two stud-
ies included systematic inflammatory
conditions, specifically 15 studies on
psoriatic arthritis, 11 on undifferenti-
ated spondyloarthropathy, 2 studies on
reactive arthritis, 2 with IBD- associ-
ated arthritis, 4 on rheumatoid arthritis
and 1 with systemic lupus erythema-
tous. Fifteen of the studies included
participants with underlying metabolic
or mechanical disorders and 19 studies
on healthy controls. The age of par-
ticipants in the included studies ranged
from 20 to 75 years. All the studies
utilised ultrasound technology for
evaluation at the Achilles enthesis. In
terms of ultrasound findings evaluated
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Fig. 2. PRISMA flow diagram for research strategy and study selection and inclusion (17).
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-analyses.

by the studies, 31 investigated tendon
thickness, 30 investigated vascularity,
and 33 studies investigated erosions.
While there was some variation in the
definition of increased thickness, most
studies defined increased thickness
at the Achilles enthesis as >5.29 mm
per OMERACT criteria and measured
thickness at the anterior-posterior di-
ameter (3). Studies also varied in their
assessment of vascularity and subjec-
tive reporting of pain and clinical ten-
derness to palpation.

Increased thickness

at the Achilles enthesis

Supplementary Table S4 provides a de-
tailed description of included studies
that evaluated differences in enthesis
thickness. Among all participants with
IT, 25.0% (95% confidence interval
20.3-29.6%) were found to have ab-
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normal thickening at the Achilles en-
thesis in comparison to 11.2% (95%
CI 4.6-179%) of participants with
NIT and 2.7% (95% CI 1.3-4.1%) of
healthy controls. (Number of subjects
in IT=1,669, NIT=211, healthy con-
trols=434, number of studies in IT=22,
NIT = 6, healthy controls=12).

When identifying studies that reported
results based on number of tendons,
thickening of the Achilles tendon was
found in 23.1% (95% CI 18.5-27.6%)
of participants with IT in comparison
to 24.6% (95% CI 8.8-40.4%) of par-
ticipants with NIT and 0.1% (95% CI
-0.1-0.4%) of healthy controls. In the
subgroup of IT participants specified
as having symptomatic Achilles tendi-
nopathy (sIT), thickening of the enthe-
sis was found in 37.8% (95% CI 13.7-
61.9%). (Number of subjects in IT=
1624, sIT=137, NIT=211, healthy con-

trols=290, number of studies in IT=21,
sIT=4, NIT=6, healthy controls=9).
Studies that published specific meas-
urements of Achilles enthesis thickness
reported an average thickness of 5.23
mm in underlying IT groups (n=147,
studies=4), 5.94 mm in symptomatic
IT groups (n=31, studies=2), 5.26
mm in NIT groups (n=249, studies=6)
and 4.23 mm in healthy participants
(n=210, studies=5). (Fig. 3 and 4).

Increased vascularity

at the Achilles enthesis

Supplementary Table S5 lists studies
that examined vascularity at the Achil-
les enthesis. Among all participants
withIT,9.0% (95% C1 6.8-11.1%) were
found to have increased vascularity at
the Achilles enthesis in comparison to
23.4% in NIT (95% C1 10.0-36.9%) and
0.1% in healthy control groups (95% CI
0-0.3%). In the subgroup of IT partici-
pants specified as having abnormal vas-
cularity per updated OMERACT crite-
ria (6),7.2% (95% CI 1.8-16.0%) were
found to have abnormal findings. There
was not specifically defined data re-
garding Doppler signal within 2 mm of
enthesis attachment in the NIT group.
In the subgroup of IT participants spec-
ified as having sIT, increased vascular-
ity of the enthesis was found in 8.6%
(95% CI 0-17.6%). (Number of sub-
jects in IT=1731, sIT=129, NIT=320,
healthy controls=499, number of stud-
ies in IT=22, sIT=4, NIT=10, healthy
controls=14) (Fig. 3).

Increased prevalence of

erosions at the Achilles enthesis
Supplementary Table S6 lists studies
that examined erosions at the Achilles
enthesis. When comparing the inci-
dence of erosions, the rate in IT was
17.3%, (95% CI 12.0-22.6%). In con-
trast, erosions were noted only in 2.2%
of NIT participants (95% CI10.1-4.3%)
and 0.3% (95% CI 0-0.7%) of healthy
controls. In the subgroup of IT partici-
pants specified as having sIT, erosions
at the enthesis were found in 14.0% of
the participants (95% CI 6.7-21.3%).
(Number of subjects in IT=2071, sIT=
256, NIT=221, healthy controls=564,
number of studies in IT=30, sIT=8,
NIT=7, healthy controls=17) (Fig. 3).
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Prevalence of Achilles enthesis
thickness, vascularity, and erosions

in spondyloarthropathy vs. other
inflammatory conditions (i.e. RA, SLE)
In those with spondyloarthropathy
(SpA), a subgroup of IT, Achilles en-
thesis thickening was noted in 25.8%
(95% CI 20.8-30.7%) compared to
18.8% in the non-SpA group (95%
CI 4.3-33.2). (Number of subjects in
SpA=1550, non-SpA=119, number of
studies in SpA=22, non-SpA=3). In
the IT and SpA subgroup, increased
vascularity was noted in 9.5% (95%
CI7.2-11.8%) compared to 4.8% (95%
CI 1.1-8.5%) in the non-SpA group.
(Number of subjects in SpA=1,609,
non-SpA=122, number of studies in
SpA=22, number of studies in non-
SpA=3). Incidence of erosions was
16.4% (95% C110.7-22.1%) in the sub-
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group of SpA compared to 22.9% (95%
CI 0-46.4%) in the non-SpA group.
(Number of subjects in SpA=1,890,
non-SpA=181, number of studies in
SpA=29, non-SpA=5) (Fig. 3).

Discussion

In this systematic review and meta-
analysis, we compared ultrasound find-
ings at the Achilles enthesis among
IT, NIT, and healthy control groups as
well as the sIT and SpA subgroups.
We found important differences be-
tween these groups when looking at
these parameters. For example, abnor-
mal Achilles enthesis thickness and the
presence of erosions were more com-
mon in the sIT subgroup, compared to
NIT and healthy groups. These lesions
may be valuable in differentiating in-
flammatory conditions versus non-in-

flammatory conditions. However, vas-
cularity was not a good discriminator
of NIT and IT. Overall, these observa-
tions suggest that, while promising, the
quantification of the value of ultrasound
in distinguishing between IT and NIT
requires further study. Studies directly
comparing these two entities and aimed
at quantifying the diagnostic test char-
acteristics may provide further insight.
Given the low incidence of thickening
in healthy controls, enthesis thickening
is not generally thought to be a benign
phenomenon (25, 27, 32-46) although
this assertion has been called into ques-
tion by several recent studies (9, 47,
48). In our review, we found a substan-
tially increased prevalence of Achil-
les enthesis thickening in the IT par-
ticipants compared to NIT participants
and healthy controls in studies report-

Clinical and Experimental Rheumatology 2023
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ing abnormality as a proportion. When
stratifying for patients with sIT, an even
greater disparity was found between the
IT and NIT groups. In the subgroup
of studies that reported mean Achil-
les enthesis thickness in mm, thick-
ness was also highest in the sIT group,
though there were minimal differences
between IT and NIT groups overall.
Surprisingly, we noted similar rates of
entheseal thickening between the SpA
and non-SpA groups which was unex-
pected given the higher prevalence of
entheseal involvement in patients with
SpA. Achilles tendon thickening is a
time-dependent process and considera-
tion of disease duration and associated
clinical features will improve the diag-
nostic value of this US lesion.

Overall, we noted that few published
studies have directly examined the
Achilles enthesis in mechanical and
metabolic tendinopathies compared to
inflammatory tendinopathy. A much
more significant portion of studies eval-
uating mechanical tendinopathy have
focused on Achilles tendon thickening
at the midportion. This is most likely ex-
plained by the fact that the midportion of
the Achilles is an especially vulnerable
area to injury in the setting of poor vas-
cular supply (49, 50). We did not include
studies focused on the Achilles tendon
midportion in this review to allow for
greater discrimination in our results.
The presence of erosions in non-in-
flammatory conditions have been noted
previously, although they have been ob-
served in greater frequency in underly-
ing inflammatory IT (51). Our findings
corroborated this, as all the IT groups
had a higher incidence of erosions in
comparison to either NIT or healthy
controls. We did find a relative lower
incidence of erosions in the SpA sub-
group in comparison to the non-SpA
group. While there have been other
studies that showed more erosive dis-
ease in RA in comparison with seron-
egative disease (52), we would not sug-
gest drawing any conclusions based on
the numerical difference between these
groups as the confidence intervals for
the data in each group overlapped. The
incidence of erosions in healthy con-
trols was nearly zero. Therefore, evalu-
ation for more chronic changes such as

Clinical and Experimental Rheumatology 2023

presence of erosions is more likely to
specify underlying inflammatory pa-
thology compared to abnormal thick-
ness or increased vascularity based on
our results.

Surprisingly, increased Doppler signal
was commonly reported in NIT and
was similar in studies looking only at
symptomatic tendons with underlying
inflammatory conditions or spondyloar-
thropathy. Our finding differs from pre-
vious studies. For example, D’ Agostino
et al. noted that abnormal vascular flow
detected by US within entheseal lesions
was specific for SpA and was less prev-
alent in patients with mechanical low
back pain and RA (54). Similar find-
ings were reported by Baccouche et al.
(55). Other studies have also described
increased vascularity at other anatomi-
cal sites including the knee which can
be used to distinguish inflammatory
versus non-inflammatory conditions
using colour Doppler ultrasound (56).
Vascularity in NIT may be explained by
abnormal tendon remodelling as part of
the healing process or a response to me-
chanical stress stimuli (53). Vascularity
in IT however, has been histologically
linked to osteitis, increased osteoclast
formation and therefore suggesting a
possible link between vascularity and
erosion formation (57). This potentially
important detail would benefit from
evaluation in future studies.
Additionally, we did not find mean-
ingful differences in the incidence of
abnormal Doppler signal between the
non-SpA, SpA, IT, or symptomatic IT
groups. There was also not a significant
difference when looking only at studies
utilising updated OMERACT criteria of
Doppler signal within 2 mm of the bony
cortex in IT. However, the studies eval-
uating non-inflammatory conditions did
not specify whether the Doppler signal
was necessarily within 2 mm of the cor-
tical insertion. The presence of vascu-
larity at the Achilles enthesis in healthy
subjects was found to be rare, almost
zero percent. This was an expected
finding as the enthesis is an avascular
structure in adults relying on blood sup-
ply from nearby periosteal arteries and
bone marrow (15, 58).

Several systematic reviews have looked
at the application of ultrasound at the

Achilles enthesis in various underlying
inflammatory conditions alone, with se-
ronegative spondyloarthropathies being
one of the most commonly studied (59).
The utilisation of US to evaluate for dis-
ease activity has also been previously
broached in several studies but results
have been mixed regarding the associa-
tion between abnormal thickening at the
enthesis and disease activity (19, 60-
62). To our knowledge, this is the first
systematic review directly comparing
the ultrasound findings at the Achilles
enthesis between non-inflammatory and
inflammatory groups. Given our results,
the utilisation of ultrasound technology
in the clinical setting may be more fruit-
ful in differentiating underlying aetiol-
ogy when directly comparing sympto-
matic patients rather than as a method to
detect disease activity in asymptomatic
inflammatory tendinopathies.

There were several limitations to this
systematic review that may have af-
fected the scope of our results. By in-
cluding a myriad of underlying inflam-
matory conditions, a varied distribution
of participant populations was grouped
together. This may have contributed to
increased heterogeneity of the results
in the IT group. We addressed this by
separating these groups in sub-group
analyses. In addition, while many of
the studies utilised the OMERACT or
GUESS criteria to define character-
istics at the enthesis, there was some
variability in the definition of Achilles
tendon thickness, vascularity, and ero-
sions between several studies. This may
also have contributed to heterogene-
ity between studies. By including both
mechanical and metabolic conditions
under the non-inflammatory category,
underlying conditions thought to have
some degree of low-grade underlying
systematic inflammation such as chron-
ic kidney disease and diabetes mellitus
were included in this group (63-65). As
detailed previously, other US lesions
such as hypoechogenicity, entheso-
phytes and calcifications were excluded
from this study which may also be re-
garded as a limitation of this study.

Conclusions

The presence of erosions or tendon
thickening at the Achilles enthesis may
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be helpful US abnormalities to help
differentiate the underlying pathol-
ogy in symptomatic patients. However,
there remains a need for further studies
aimed at directly comparing findings
in inflammatory and non-inflammatory
conditions. As might be expected, these
utility of US abnormalities may not be
as clinically useful for diagnosis of IT
when looking at asymptomatic patients.
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