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Abstract
Objective

7R�H[SORUH�WKH�SUHYDOHQFH�RI�WKH�XOWUDVRXQG��86��ÀQGLQJV�RI�HQWKHVLWLV�LQ�D�JURXS�RI�KHDOWK\�VXEMHFWV��

Methods 
US assessments of quadriceps, patellar and Achilles tendons, and plantar fascia entheses were performed by a 

UKHXPDWRORJLVW�RQ����KHDOWK\�YROXQWHHUV�IRFXVLQJ�RQ�WKH�86�ÀQGLQJV�LQGLFDWLYH�RI�´DFWLYHµ�LQÁDPPDWLRQ�DFFRUGLQJ�WR�
WKH�2XWFRPH�0HDVXUHV�LQ�5KHXPDWRORJ\��20(5$&7��GHÀQLWLRQV��

Results 
(LJKW�KXQGUHG�DQG�WZHQW\�HQWKHVHV�ZHUH�HYDOXDWHG�LQ����KHDOWK\�VXEMHFWV��2QH�RU�PRUH�86�ÀQGLQJV�RI�´DFWLYHµ�

LQÁDPPDWLRQ�ZHUH�IRXQG�LQ�DW�OHDVW�RQH�HQWKHVLV�LQ����RXW�RI����VXEMHFWV����������LQ����RXW�RI�����HQWKHVHV���������
(QWKHVHDO�WKLFNHQLQJ��K\SRHFKRJHQLFLW\�DQG�3'�VLJQDO�ZHUH�UHVSHFWLYHO\�IRXQG�LQ�DW�OHDVW�RQH�HQWKHVLV�LQ�������������
�����������DQG����������RXW�RI����VXEMHFWV��$PRQJ�WKH����HQWKHVHV�VKRZLQJ�86�IHDWXUHV�RI�´DFWLYHµ�LQÁDPPDWLRQ��
HQWKHVHDO�WKLFNHQLQJ��K\SRHFKRJHQLFLW\�DQG�3'�VLJQDO�ZHUH�IRXQG�DV�LVRODWHG�LQ����HQWKHVHV�DQG�LQ�FRPELQDWLRQ�LQ�

the remaining 8 (entheseal thickening and hypoechogenicity). 

Conclusion
2XU�UHVXOWV�VKRZ�D�UHODWLYHO\�KLJK�SUHYDOHQFH�RI�86�ÀQGLQJV�RI�´DFWLYHµ�LQÁDPPDWLRQ�DW�WKH�ORZHU�OLPE�HQWKHVHV�LQ�D�
JURXS�RI�KHDOWK\�VXEMHFWV��WKXV�TXHVWLRQLQJ�WKH�GLVFULPLQDQW�SRZHU�RI�WKH�20(5$&7�GHÀQLWLRQV�IRU�WKH�GLDJQRVLV�RI�
´DFWLYHµ�HQWKHVLWLV��$�FRPELQDWLRQ�RI�JUH\�VFDOH�DQG�3'�ÀQGLQJV�DW�D�VSHFLÀF�WKUHVKROG�WR�EH�GHÀQHG�FRXOG�LPSURYH�

both the reliability and clinical usefulness of US.  
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Introduction
Entheseal involvement is a recognied 
cardinal feature of spondyloarthritis 
�6S$������EXW� LW�PD\�DOVR�EH�IRXQG� LQ�
patients with other pathologic condi-
WLRQV��VXFK�DV�PHWDEROLF��GHJHQHUDWLYH��
post-traumatic disorders and/or sys-
temic diseases (2).
Over the years, ultrasound (US) has 
SURYHQ�WR�EH�D�SURPLVLQJ�LPDJLQJ�WHFK-
QLTXH� LQ� WKH� LGHQWLÀFDWLRQ� RI� HQWKHVHDO�
SDWKRORJ\�ERWK� LQ�HDUO\�DQG� ODWH� VWDJHV�
(3, 4). The potential of US in the as-
sessment of entheseal involvement has 
EHHQ� HYDOXDWHG� HVSHFLDOO\� LQ� SDWLHQWV�
with SpA (5). Reduced echogenicity of 
enthesis, entheseal thickening, entheso-
SK\WHV��FDOFLÀFDWLRQV��SHULHQWKHVHDO�EXU-
VLWLV�� ERQH� HURVLRQV� DQG� SUH�LQVHUWLRQDO�
intra-tendinous power Doppler (PD) sig-
QDO� KDYH�EHHQ� UHJDUGHG� DV�86� IHDWXUHV�
of enthesitis and/or enthesopathy (6, 7).
$V�KLJKOLJKWHG�E\�D� UHFHQW� V\VWHPDWLF�
literature review on the US assessment 
of entheses, none of the US signs of 
HQWKHVLWLV� LV� VSHFLÀF� IRU� LQÁDPPDWLRQ�
DQG�WKHUHIRUH�FDQQRW�EH�XVHG�WR�GLIIHU-
HQWLDWH� LQÁDPPDWRU\� IURP�PHFKDQLFDO�
enthesitis (8).
Recently, the Outcome Measures in 
Rheumatology (OMERACT) US Group 
KDV�SURSRVHG�QHZ�GHÀQLWLRQV�IRU�WKH�86�
elementary lesions of enthesitis in SpA 
�����$FFRUGLQJ� WR� WKH�20(5$&7�GHÀ-
nitions, entheseal thickening, entheseal 
hypoechogenicity and PD signal should 
EH�UHJDUGHG�DV�86�ÀQGLQJV�LQGLFDWLYH�RI�
´DFWLYHµ� LQÁDPPDWLRQ�� ZKHUHDV� FDOFLÀ-
FDWLRQV��HQWKHVRSK\WHV�DQG�ERQH�HURVLRQV�
VKRXOG�EH�FRQVLGHUHG�DV�86�ÀQGLQJV�LQ-
dicative of “structural damage” (9, 10).
Although an experts’ agreement for 
86� GHÀQLWLRQ� RI� HQWKHVLWLV� KDV� EHHQ�
REWDLQHG�� IXUWKHU� LQYHVWLJDWLRQ� LV� VWLOO�
UHTXLUHG� WR�JDWKHU�PRUH�GDWD�DERXW� WKH�
VSHFWUXP�RI�HQWKHVHDO�86�DEQRUPDOLWLHV�
LQ�KHDOWK\�VXEMHFWV��HVSHFLDOO\�DV�UHJDUGV�
86� ÀQGLQJV� LQGLFDWLYH� RI� ´DFWLYHµ� LQ-
ÁDPPDWLRQ��
In the present study, we aimed to ex-
SORUH�WKH�SUHYDOHQFH�DQG�GLVWULEXWLRQ�RI�
WKH�86�ÀQGLQJV�LQGLFDWLYH�RI�HQWKHVLWLV�
DW�WKH�PDLQ�HQWKHVHV�RI�WKH�ORZHU�OLPE�
LQ�D�JURXS�RI�KHDOWK\�VXEMHFWV��IRFXVLQJ�
RQ� WKH�86�ÀQGLQJV� LQGLFDWHG�DV�EHLQJ�
WKH� PDQLIHVWDWLRQ� RI� ´DFWLYHµ� LQÁDP-
mation according to the OMERACT 

86�ZRUNLQJ�JURXS�GHÀQLWLRQV��:H�DOVR�
analysed whether there was a correla-
WLRQ� EHWZHHQ� WKH�86� ÀQGLQJV� DQG� WKH�
clinical and demographic features. 

Methods
Clinical examination
Eighty-two healthy volunteers were 
HQUROOHG�� :H� UHFUXLWHG� VWDII� PHPEHUV�
RI�WKH�&DUOR�8UEDQL�+RVSLWDO��-HVL��$Q-
cona, Italy) and visiting nursing and 
medical students from the Polytechnic 
University of Marche. Exclusion crite-
ria were 1) clinical enthesitis at the time 
of the evaluation and/or episodes of en-
theseal pain in the preceding 12 weeks; 
��� NQRZQ� KLVWRU\� RI� PHWDEROLF� GLVRU-
ders (i.e��G\VOLSLGDHPLD��G\VPHWDEROLVP�
and/or hyperuricaemia); 3) previous 
diagnosis of rheumatic disease, includ-
ing microcrystal arthropathies (i.e. gout 
and/or calcium pyrophosphate deposi-
tion disease), connective tissue diseas-
es, rheumatoid arthritis (RA) and SpA; 
4) personal and/or family history for 
SVRULDVLV� DQG�RU� LQÁDPPDWRU\� ERZHO�
disease; 5) intense physical activity in 
the month preceding the evaluation; 
6) previous surgical procedures (in-
FOXGLQJ� MRLQW� LQMHFWLRQ�� DW� NQHH� DQG�RU�
ankle level; 7) systemic corticosteroid 
DQG�RU�QRQ�VWHURLGDO� DQWL�LQÁDPPDWRU\�
therapy in the four weeks preceding the 
evaluation. 
The following data were collected: age, 
gender, height, weight, sport activities, 
known history of entheseal pathology, 
such as Osgood-Schlatter disease, pre-
vious relevant trauma at knee and/or 
ankle level and previous episodes of 
HQWKHVLWLV�� ZKLFK� ZHUH� GHÀQHG� DV� HQ-
theseal pain lasting more than 2 weeks 
with or without swelling of the enthe-
VLV�� 7KH� ERG\� PDVV� LQGH[� �%0,�� ZDV�
also calculated. 
A rheumatologist performed the mus-
culoskeletal physical examination in all 
VXEMHFWV� LQ� RUGHU� WR� HYDOXDWH� WKH� SUHV-
ence of clinical enthesitis at the follow-
ing entheses: the patellar insertion of the 
quadriceps tendon, the patellar insertion 
(proximal) of the patellar tendon, the 
WLELDO� LQVHUWLRQ� �GLVWDO�� RI� WKH� SDWHOODU�
tendon, the calcaneal insertion of the 
Achilles tendon and of the plantar fas-
cia. The clinical diagnosis of enthesitis 
was made if entheseal spontaneous pain 
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DQG�RU�HQWKHVHDO�SDLQ�JHQHUDWHG�E\�SUHV-
VXUH�DQG�RU�PRELOLVDWLRQ�DQG�RU�FRQWUDF-
tion against resistance was detected.
The present study was conducted ac-
cording with local regulations. As 
UHJDUGV� KHDOWK\� VXEMHFWV�� ZH� KDYH� D�
program of constant updating of our 
FOLQLFDO�DQG�86�GDWDEDVH� WKDW�GRHV�QRW�
UHTXLUH� D� FDVH�E\�FDVH� DSSURYDO� IURP�
our Ethics Committee. All patients gave 
their informed consent for the anony-
mous analysis of the data.

US examination
The US examination was carried out 
E\� D� UKHXPDWRORJLVW� ZLWK� VHYHQ� \HDUV�
of experience in musculoskeletal US 
�$�'�0���XVLQJ�D�0\�/DE�&ODVV�&��(VD�
ote SpA Genoa, Italy) equipped with a 
KLJK�IUHTXHQF\�OLQHDU�SUREH�������0+]��
and working at a Doppler frequency of 
����0+]��:KLOH� WKH� VRQR�JUDSKHU�ZDV�
DZDUH�KH�ZDV�VFDQQLQJ�KHDOWK\�VXEMHFWV��
KH� ZDV� EOLQG� WR� WKHLU� FOLQLFDO� KLVWRU\�
(i.e. previous episodes of enthesitis) 
and current clinical data (i.e. exclusion 
criteria). According to the updated Eu-
ropean League Against Rheumatism 
(EULAR) guidelines for US imaging 
in rheumatology (11), the knee enthe-
ses (patellar insertion of the quadriceps 
tendon, proximal and distal insertion of 
the patellar tendon) were examined with 
the patient in neutral position, lying su-
SLQH�RQ�WKH�H[DPLQDWLRQ�EHG��3'�VLJQDO�
ZDV�DVVHVVHG�ZLWK�H[WHQGHG�ORZHU�OLPEV�
ZKHUHDV�HFKRWH[WXUH�DEQRUPDOLWLHV�ZHUH�
investigated with the knees in semi-
ÁH[HG�SRVLWLRQ��7KH�DQNOH�HQWKHVHV��FDO-
caneal insertion of the Achilles tendon 
and of the plantar fascia) were evaluated 
with the patient lying in prone position 
with the feet hanging over the examina-
WLRQ�EHG�LQ�QHXWUDO�SRVLWLRQ��
$OO� HQWKHVHV� ZHUH� VFDQQHG� ELODWHU-
ally, in grey-scale (GS) and PD modal-
LW\��ERWK�LQ�ORQJLWXGLQDO�DQG�WUDQVYHUVH�
plans. According to the OMERACT 
GHÀQLWLRQV�� WKH�86� HOHPHQWDU\� OHVLRQV�
LQGLFDWLYH�RI� HQWKHVLWLV�ZHUH� LGHQWLÀHG�
as follows (9): 
%� entheseal thickening: increased 

thickness of the tendon/ligament in-
VHUWLRQ� LQWR� WKH� ERQH�� DV� FRPSDUHG�
WR� WKH�ERG\�RI� WKH� WHQGRQ�OLJDPHQW��
ZLWK�RU�ZLWKRXW�EOXUULQJ�RI� WKH� WHQ-
don/ligament margins;

%� hypoechogenicity: lack of the ho-
PRJHQHRXV�ÀEULOODU�SDWWHUQ�ZLWK�ORVV�
of the tightly packed echogenic lines 
after correcting for anisotropy;

%� PD signal: Doppler activity approxi-
PDWHO\�WZR�PLOOLPHWUHV�QHDU�WKH�ERQ\�
cortex, localised at entheseal level, 
GLIIHUHQW�IURP�UHÁHFWLQJ�VXUIDFH�DUWL-
fact or nutrition vessel signal;

%� HQWKHVRSK\WH�� D� VWHS� XS� RI� ERQ\�
prominence at the end of the normal 
ERQH�FRQWRXU��VHHQ�LQ�WZR�SHUSHQGLF-
ular planes, with or without acoustic 
shadow;

%� FDOFLÀFDWLRQ�� D� K\SHUHFKRLF� �EULJKW��
IRFL�FRQVLVWHQW�ZLWK�FDOFLÀF�GHSRVLWV��
with or without acoustic shadow, seen 
in two perpendicular planes, detected 
DW�WKH�WHQGRQ�LQVHUWLRQ�LQWR�WKH�ERQH�

%� ERQH� HURVLRQ�� D� FRUWLFDO� EUHDNDJH�
with a step down contour defect, seen 
in two perpendicular planes, at the 
LQVHUWLRQ�RI�WKH�HQWKHVLV�WR�WKH�ERQH�

The PD signal was also evaluated ac-
cording to a semiquantitative scale from 
��WR����ZKHUH��JUDGH����DEVHQW��JUDGH����
mild, grade 2: moderate, and grade 3: 
severe (12, 13).
,Q� HDFK� VXEMHFW�� D� GLFKRWRPRXV� VFRUH�
�� DEVHQFH�� � SUHVHQFH�� ZDV� FDOFX-
ODWHG� IRU� 86� HQWKHVHDO� DEQRUPDOLWLHV�
LQGLFDWLYH� RI� ´DFWLYHµ� LQÁDPPDWLRQ��
entheseal thickening, hypoechogenic-
ity, and PD signal. This score ranges 
from 0 to 1 for each enthesis and from 0 
to 10 for each patient. 

Literature review: 
search strategy and studies selection
$�OLWHUDWXUH�VHDUFK�ZDV�FDUULHG�E\�3XE-
0HG� GDWDEDVH� LQFOXGLQJ� DUWLFOHV� IURP�
January 1st 1980 to May 1st 2018. The 
term search used were: (ultrasonogra-
phy OR ultrasound OR US OR sonog-
raphy OR sonographic) AND (enthesi-
tis OR entheses OR enthesis OR en-
thesopathy OR entheseal). References 
of the included studies were taken into 
consideration for the analysis of further 
UHOHYDQW�GDWD��7LWOHV�DQG�DEVWUDFWV�ZHUH�
VFUHHQHG� E\� WZR� UHYLHZHUV� �(�&�� DQG�
$�'�0����,I�DQ�DEVWUDFW�ZDV�VHOHFWHG�E\�
a reviewer, the full-text article was re-
WULHYHG� DQG� VXEVHTXHQWO\� VFUHHQHG� IRU�
HOLJLELOLW\� FULWHULD� SULRU� VHOHFWLRQ� IRU�
review. Only original articles that were 
written in English and that focused on 

the use of US for assessment of enthe-
VHDO� DEQRUPDOLWLHV� LQ� KHDOWK\� VXEMHFWV�
were included. 
Studies not reporting data on preva-
OHQFH�DQG�GLVWULEXWLRQ�RI�86�HQWKHVHDO�
DEQRUPDOLWLHV��QRW�HYDOXDWLQJ�HQWKHVHV�
RI� WKH� ORZHU� OLPE� DQG� LQFOXGLQJ� SDH-
diatric patients were excluded. Any 
disagreement in the selection process 
ZDV� UHVROYHG�E\�FRQVHQVXV��7KH�VDPH�
reviewers (E.C. and A.D.M.) extracted 
the following data from each article: 
DXWKRUV�DQG�\HDU�RI�SXEOLFDWLRQ��SRSX-
lation included (i.e.�5$��6S$���QXPEHU�
RI�KHDOWK\�VXEMHFWV��QXPEHU�DQG�W\SH�RI�
HQWKHVHV�HYDOXDWHG��86�VFRUH�GHÀQLWLRQ�
for enthesitis, and US settings adopted 
�ERWK�LQ�*6�DQG�3'�PRGDOLW\���SUHYD-
OHQFH� DQG� GLVWULEXWLRQ� RI� HQWKHVHDO����
DEQRUPDOLWLHV��

Statistical analysis
The results are expressed as mean ± 
standard deviation (SD) for quantitative 
YDULDEOHV�DQG�DV�QXPEHU�DQG�RU�SHUFHQW-
DJH�IRU�TXDOLWDWLYH�YDULDEOHV��7KH�SUHYD-
OHQFH�RI�HDFK�86�SDWKRORJLFDO�ÀQGLQJV�
LV� UHSRUWHG� XVLQJ� WKH� ���� FRQÀGHQFH�
interval (95%CI). The Mann-Whitney 
test was used for the quantitative vari-
DEOHV�ZKHUHDV� WKH�&KL�VTXDUH� WHVW�ZDV�
XVHG�IRU�TXDOLWDWLYH�YDULDEOHV��
7KH�DVVRFLDWLRQV�EHWZHHQ�WKH�86�VFRUHV�
(i.e. entheseal thicknening, hypoecho-
genicity and PD signal) and clinical 
YDULDEOHV��i.e. age, sex, physical activity 
DQG�%0,��ZHUH�H[SORUHG��
7KH�3RLQW�ELVHULDO�FRUUHODWLRQ�ZDV�XVHG�
WR� HYDOXDWH� WKH� DVVRFLDWLRQ� EHWZHHQ�
WKH� 86� ÀQGLQJV� DQG� WKH� TXDOLWDWLYH�
YDULDEOHV� �VH[� DQG� SK\VLFDO� DFWLYLW\���
whereas the Spearman’s rank correla-
WLRQ�ZDV�XVHG�WR�FRUUHODWH�WKH�86�ÀQG-
LQJV�DQG�WKH�TXDQWLWDWLYH�YDULDEOHV��DJH�
DQG�%0,��
Two tailed p-values less than 0.05 were 
FRQVLGHUHG� VLJQLÀFDQW��6WDWLVWLFDO� DQDO-
ysis was performed using SPSS (Statis-
tical Package for the Social Sciences) 
software (v. 24.0 for Mac, Chicago, Il-
linois, USA).

Results
Clinical and US results
A total of 820 entheses in 82 healthy 
VXEMHFWV�ZHUH�HYDOXDWHG��7KH�PHDQ�6'�
age was 44.0±14.8 years, the female/
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male ratio was 49/33. The mean±SD  
%0,�ZDV�����������NJ�P2.
Regular physical activity (twice or 
PRUH� LQ� D� ZHHN�� ZDV� UHSRUWHG� E\� ���
RXW�RI����VXEMHFWV����������6L[�HQWKH-
ses (four plantar fascia and two Achil-

OHV�WHQGRQV��� LQ�ÀYH�SDUWLFLSDQWV��ZHUH�
reported as previously involved in the 
PHGLFDO�KLVWRU\��1R�VXEMHFW�UHSRUWHG�D�
previous diagnosis of Osgood-Schlat-
ter disease or previous relevant trauma 
at knee and/or ankle level. 

7KH� SUHYDOHQFH� DQG� GLVWULEXWLRQ� RI�
WKH� 86� HOHPHQWDU\� DEQRUPDOLWLHV� LQ-
dicative of enthesitis, according to the 
20(5$&7� 86� JURXS� GHÀQLWLRQV� RI�
HQWKHVLWLV�LQ�6S$��DW�WKH�ORZHU�OLPE�HQ-
WKHVHV�LQ�RXU�JURXS�RI�KHDOWK\�VXEMHFWV��
DUH�UHSRUWHG�LQ�7DEOH�,��
2QH�RU�PRUH�86�ÀQGLQJV�LQGLFDWLYH�RI�
´DFWLYHµ�LQÁDPPDWLRQ�ZHUH�IRXQG�LQ�DW�
least one enthesis in 30 out of 82 healthy 
VXEMHFWV� ��������DQG� LQ����RXW�RI�����
entheses (8.4%). PD grades >1 were 
found in only one enthesis (0.12%) in 
RQH�VXEMHFW�
The prevalence of entheseal thickening 
ZDV�VLJQLÀFDQWO\�KLJKHU�WKDQ�WKH�SUHYD-
lence of hypoechogenicity and PD sig-
QDO�ERWK�DW�SDWLHQW��p=0.02 and p=0.002, 
respectively) and at entheseal level 
(p=0.001 and p<0.001, respectively). 
7DEOH� ,,� VKRZV� ZKHWKHU� WKH� 86� OH-
VLRQV� LQGLFDWLYH�RI�´DFWLYHµ� LQÁDPPD-
WLRQ� ZHUH� IRXQG� DV� LVRODWHG� ÀQGLQJV�
RU�FRPELQHG�ZLWK�WKH�RWKHU�86�DEQRU-
malities indicative of enthesitis and/or 
enthesopathy. 
,Q�WKH����HQWKHVHV�ZLWK�86�ÀQGLQJV�LQ-
GLFDWLYH� RI� ´DFWLYHµ� LQÁDPPDWLRQ�� HQ-
theseal thickening, hypoechogenicity 
and PD signal were found as isolated in 
61 entheses (38 increased thickening, 
12 hypoechogenicity, 11 PD signal) and 

Table I.�3UHYDOHQFH�DQG�GLVWULEXWLRQ�RI�HQWKHVHDO�86�DEQRUPDOLWLHV��DFFRUGLQJ�WR�WKH�20(5$&7�GHÀQLWLRQV��LQ�KHDOWK\�VXEMHFWV

86�DEQRUPDOLWLHV� (QWKHVHV�RI�WKH�ORZHU�OLPEV

 6XEMHFWV� 4XDGULFHSV� 3UR[LPDO� 'LVWDO� $FKLOOHV� 3ODQWDU� 680
  tendon patellar tendon patellar tendon tendon fascia

Entheseal thickening 28.0% 6.3% 3.8% 6.3% 8.1% 4.4% 28.8%
 (19.5%-38.6%)  (3.4%-11.1%) (1.7%-7.9%)  (3.4%-11.1%) (4.8%-13.4%) 2.1%-8.8%) (22.3%-36.2%)

+\SRHFKRJHQLFLW\� ������ ����� ����� ����� ����� ����� �����
 (7.7%-22.4%) (1.0%-6.3%) (0.1%-3.5%) (0.6%-5.4%) (1.4%-7.1%) (1.0%-6.3%) (8.2%-18.5%)

PD signal =1 8.5% 1.9% 0.6% 2.5% 1.3% 0% 6.3%
 (4.2%-16.6%) (0.6%-5.4%) (0.1%-3.5%) (1.0%-6.3%) (0.3%-4.4%) (0%-2.3%) (6.3%-15.6%)

PD signal >1 1.2% 0.6% 0% 0% 0% 0% 0.6%
 (0.2%-6.6%) (0.1%-3.5%) (0%-2.3%) (0%-2.3%) (0%-2.3%) (0%-2.3%) (0.1%-3.5%)

Enthesophyte 24.4% 8.8% 1.3% 1.3% 8.8% 2.5% 22.5%
 (16.4%-34.7%) (5.3%-14.2%) (0.3%-4.4%) (0.3%-4.4%) (5.3%-14.2%) (1.0%-6.3%) (16.7%-29.6%)

%RQH�HURVLRQ� ����� ��� ����� ����� ��� ����� ����
 (2.6%-13.5%) (0%-2.3%) (0.6%-5.4%) (0.1%-3.5%) (0%-2.3%) (0.1%-3.5%) (1.4%-7.1%)

&DOFLÀFDWLRQ� ������ ����� ����� ����� ����� ����� �����
 (19.5%-38.6%) (3.9%-11.9%) (0.6%-5.4%) (4.3%-12.7%)  (3.4%-11.1%) (1.7%-7.9%) (20.1%-33.6%)

SUM / 26.9% 10.0% 20.0% 29.4% 13.8% /
  (20.6%-34.2%) (6.3%-15.6%) (14.5%-26.9%) (22.9%-36.9%) (9.3%-19.9%) 

3HUFHQWDJHV�XQGHU�WKH�VXEKHDGLQJ�´6XEMHFWVµ�UHIHU�WR�WKH�WRWDO�QXPEHU�RI�KHDOWK\�VXEMHFWV�DVVHVVHG��Q �����3HUFHQWDJHV�XQGHU�WKH�KHDGLQJ�´(QWKHVHV�RI�WKH�
ORZHU�OLPEVµ�UHIHU�WR�WKH�WRWDO�DPRXQW�RI�HQWKHVHDO�SDWKRORJLFDO�ÀQGLQJV��Q ������
9DOXHV�LQ�EUDFNHWV�DUH�WKH����&,�RI�WKH�SUHYDOHQFH�RI�HDFK�86�DEQRUPDOLWLHV��
95%CI������FRQÀGHQFH�LQWHUYDO��20(5$&7��2XWFRPH�0HDVXUHV�LQ�5KHXPDWRORJ\��3'��SRZHU�'RSSOHU��86��XOWUDVRXQG�

Table II. 86�ÀQGLQJV�RI�´DFWLYHµ�LQÁDPPDWLRQ�GHWHFWHG�DV�LVRODWHG�RU�FRPELQHG�ZLWK�RWKHU�
DEQRUPDOLWLHV�RI�HQWKHVLWLV�HQWKHVRSDWK\��

86�ÀQGLQJV�RI�� 1XPEHU�RI�86� ,VRODWHG� &RPELQHG�ZLWK�WKH�RWKHU�86
´DFWLYHµ�LQÁDPPDWLRQ DEQRUPDOLWLHV� � DEQRUPDOLWLHV�

Entheseal thickening 46      5.6% 23 50%  23 50%
� � � � +\SRHFKRJHQLFLW\� ��
    PD signal 0 
    Enthesophyte 15 
� � � � &DOFLÀFDWLRQ� ���
� � � � %RQH�HURVLRQ� ��

+\SRHFKRJHQLFLW\ 20     2.4% 3 15.0%  17 85.0%
    Entheseal thickening 8 
    PD signal 0 
    Enthesophyte 2 
� � � � &DOFLÀFDWLRQ� ���
� � � � %RQH�HURVLRQ� ��

PD signal 11     1.3% 6 54.5%  5 45.5%
    Entheseal thickening 0 
� � � � +\SRHFKRJHQLFLW\� ��
    Enthesophyte 3 
� � � � &DOFLÀFDWLRQ� ��
� � � � %RQH�HURVLRQ� ��

3HUFHQWDJHV�LQ�WKH�FROXPQ�XQGHU�WKH�KHDGLQJ�´1XPEHU�RI�86�DEQRUPDOLWLHVµ�UHIHU�WR�WKH�WRWDO�DPRXQW�
RI�HQWKHVHV�DVVHVVHG��Q ������3HUFHQWDJHV�LQ�WKH�FROXPQV�XQGHU�WKH�KHDGLQJ�´,VRODWHGµ�DQG�´&RPELQHG�
ZLWK�WKH�RWKHU�86�DEQRUPDOLWLHVµ�DUH�LQ�UHODWLRQ�ZLWK�WKH�WRWDO�QXPEHU�RI�HDFK�86�HOHPHQWDU\�OHVLRQ�
(entheseal thickening: n=46, hypoechogenicity: n=20, PD signal: n=11). 
PD: power Doppler, US: ultrasound.
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FRPELQHG�LQ�WKH�UHPDLQLQJ����HQWKHVHDO�
thickening and hypoechogenicity). 
Six entheses (4 plantar fascia and 2 
Achilles tendon) were reported as pre-
YLRXVO\�LQYROYHG�LQ�WKH�VXEMHFW·V�PHGL-
cal history. In 3 of these entheses, the 
86� H[DP� UHYHDOHG� WKH� IROORZLQJ� DE-
normalities: an entheseal thickening, at 
SODQWDU�IDVFLD�OHYHO��DV�LVRODWHG�ÀQGLQJ��
entheseal thickening, hypoechogenicity 
DQG� FDOFLÀFDWLRQV� LQ� �� SODQWDU� IDVFLD��
entheseal thickening and hypoecho-
genicity in 1 one Achilles tendon. In the 
UHPDLQLQJ���HQWKHVHV��QR�86�DEQRUPDO-
ities were detected. 
The mean value of the US scores of 
entheseal thickening, hypoechogenic-
ity and PD signal was 0.6±1.1, 0.2±0.8 
and 0.1±0.5, respectively.
7KHUH� ZDV� D� SRVLWLYH� FRUUHODWLRQ� EH-
tween the US score of entheseal thick-
ening and age (R=0.256, p=0.02) and 
%0,� �5 ������� p �������� 1R� VLJQLÀ-
FDQW�DVVRFLDWLRQ�ZDV�IRXQG�EHWZHHQ�WKH�
US scores of hypoechogenicity and PD 
signal and the demographic and clinical 
GDWD�ZKLFK�KDG�EHHQ�WDNHQ�LQWR�DFFRXQW��

Literature search and study 
characteristics 
The initial search strategy yielded 
1244 articles for screening which was 
reduced to 15 articles after applica-
WLRQ� RI� ÀOWHUV� DQG� VFUHHQLQJ� RI� WLWOHV�
DQG�DEVWUDFWV��7KH�PDLQ�FKDUDFWHULVWLFV�
RI� WKHVH�VWXGLHV�DUH�UHSRUWHG�LQ�7DEOHV�
III and IV. In all these studies, healthy 
VXEMHFWV�ZHUH�LQFOXGHG�DV�FRQWUROV��

Discussion
This study focused on the evaluation of 
WKH�86�ÀQGLQJV�LQGLFDWLYH�RI�HQWKHVHDO�
´DFWLYHµ� LQÁDPPDWLRQ� �i.e. entheseal 
thickening, hypoechogenicity and PD 
signal) according to the OMERACT 
GHÀQLWLRQV��
7KH�PDLQ�UHVXOWV�FDQ�EH�VXPPDULVHG�DV�
follows: 
%� WKH� SUHYDOHQFH� RI� WKH� 86� ÀQGLQJV�

considered as indicative of entheseal 
´DFWLYHµ�LQÁDPPDWLRQ�ZDV�UHODWLYHO\�
ORZ�LQ�UHODWLRQ�WR�WKH�WRWDO�QXPEHU�RI�
HQWKHVHV� �������� EXW� UHPDUNDEOH� DW�
VXEMHFW�OHYHO� ��������� HVSHFLDOO\� DV�
regards entheseal thickening and, to 
a lesser extent, hypoechogenicity;

%� the prevalence of PD signal was low-

er if compared to entheseal thicken-
LQJ� DQG� K\SRHFKRJHQLFLW\� ERWK� DW�
VXEMHFW�DQG�HQWKHVHDO�OHYHO��,W�VKRXOG�
EH� QRWHG� WKDW� 3'� JUDGHV� !�� ZHUH�
found in only 1 enthesis in a single 
KHDOWK\�VXEMHFW�

%� entheseal thickening, hypoecho-
genicity, and also PD signal, were 
PRVWO\� IRXQG� LQ� FRPELQDWLRQ� ZLWK�
86�ÀQGLQJV�LQGLFDWLYH�RI�´VWUXFWXUDO�
damage”, such as enthesophytes and 
FDOFLÀFDWLRQV�

%� entheseal thickening and hypoecho-
JHQLFLW\�ZHUH�IRXQG�LQ�FRPELQDWLRQ�
in 8 out of 69 cases. No association 
EHWZHHQ� 3'� VLJQDO� DQG� HQWKHVHDO�
thickening or hypoechogenicity was 
detected;

%� WKHUH� ZDV� D� VLJQLÀFDQW� FRUUHODWLRQ�
EHWZHHQ� WKH�86� VFRUH� RI� HQWKHVHDO�
WKLFNHQLQJ�DQG�DJH�DQG�%0,�

([DPSOHV� RI� 86� ÀQGLQJV� UHJDUGHG� DV�
LQGLFDWLYH�RI�´DFWLYHµ�LQÁDPPDWLRQ��DF-
FRUGLQJ�WR� WKH�20(5$&7�GHÀQLWLRQV��
DW� WKH� ORZHU� OLPE� HQWKHVHV� LQ� KHDOWK\�
VXEMHFWV�DUH�VKRZQ�LQ�)LJXUH����
Some studies have already demonstrat-
HG� WKH�SUHVHQFH�RI�86�ÀQGLQJV� LQGLFD-
tive of enthesitis and/or enthesopathy at 

WKH�ORZHU�OLPE�HQWKHVLV�RI�KHDOWK\�VXE-
MHFWV�� DOO� LQFOXGLQJ� D� ORZHU� QXPEHU� RI�
H[DPLQHG�VXEMHFWV��7DEOH�,,,���VKRZLQJ�
D�FRQVLGHUDEOH�YDULDELOLW\� LQ� WKH�SUHYD-
OHQFH�RI�86�ÀQGLQJV�LQGLFDWLYH�RI�´DF-
WLYHµ�LQÁDPPDWLRQ��7DEOH�,9���$W�HQWKH-
seal level, the prevalence of entheseal 
thickening, hypoechogenicity and PD 
signal ranged from 0.0% to 37.5%, from 
0.0 to 7.5%, and from 0.0% to 13.6%, 
respectively. PD signal at the enthesis 
ZDV�DEVHQW�LQ�PRVW�FDVHV��
$�ZLGH� YDULDELOLW\� LQ� WKH� VFRUH� IRU�86�
HQWKHVLWLV�DQG�IRU�WKH�GHÀQLWLRQ�RI�LWV�HO-
ementary lesions, as well as heterogenei-
W\�LQ�W\SH�RI�HQWKHVHV�HYDOXDWHG�DQG�ERWK�
US equipment and setting used, was 
IRXQG�DPRQJ�WKHVH�VWXGLHV��7DEOH�,9���
7R� WKH� EHVW� RI� RXU� NQRZOHGJH�� WKLV� LV�
WKH�ÀUVW�VWXG\�WKDW�DLPHG�WR�H[SORUH�WKH�
VSHFWUXP�RI�WKH�86�DEQRUPDOLWLHV�DW�WKH�
HQWKHVHV�RI� WKH� ORZHU� OLPE��DV�ZHOO�DV�
their correlation with the clinical and 
demographic features, in a cohort of 
KHDOWK\�VXEMHFWV��
2XU�GHFLVLRQ�WR�LQYHVWLJDWH�WKH�ÀYH�PDLQ�
HQWKHVHV� RI� WKH� ORZHU� OLPE�ZDV� EDVHG�
on their common involvement in rheu-
matic diseases (20, 28-32). Moreover, 

Fig. 1. ([DPSOHV�RI�86�ÀQGLQJV�LQGLFDWLQJ�HQWKHVHDO�´DFWLYHµ�LQÁDPPDWLRQ�DW�ORZHU�OLPE�HQWKHVHV�
LQ�KHDOWK\�VXEMHFWV�
A: the longitudinal scan of the proximal insertion of the patellar tendon shows a grade 1 PD signal at 
the enthesis (red spots). B: the longitudinal scan of the distal insertion of the patellar tendon reveals a 
thickened enthesis, a large hypoechoic area (asterisks) and an enthesophyte (white arrows). 
C-D�� 7KH� VLGH�E\�VLGH� FRPSDULVRQ� RI� D� SODQWDU� IDVFLD� VKRZV� DQ� HQWKHVHDO� WKLFNHQLQJ�ZLWK� ORVV� RI�
WKH� KRPRJHQRXV� ÀEULOODU� SDWWHUQ� �DVWHULVNV�� DQG� FDOFLÀFDWLRQV� �DUURZKHDGV�� DW� WKH� ULJKW� VLGH� �C).                   
7KLV�SODQWDU�IDVFLD�ZDV�UHSRUWHG�DV�SUHYLRXVO\�LQYROYHG�LQ�WKH�VXEMHFW·V�PHGLFDO�KLVWRU\��
3DW��SDWHOOD��3W��SDWHOODU�WHQGRQ��7LE��WLELD��&DO��FDOFDQHDO�ERQH��3I��SODQWDU�IDVFLD�
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VXFK� HQWKHVHV� DUH� VXSHUÀFLDO� DQDWRPLF�
structures that allow relatively easy as-
VHVVPHQW� ZLWK� ERWK� 86� DQG� SK\VLFDO�
examination. 
The results of our study prompt the fol-
ORZLQJ�REVHUYDWLRQV�����3'�VLJQDO�PD\�
UHSUHVHQW� WKH� PRVW� UHOLDEOH� 86� ELR-
PDUNHU�RI�´DFWLYHµ�LQÁDPPDWLRQ�DW�WKH�
HQWKHVLV�EHFDXVH�LW�ZDV�WKH�86�ÀQGLQJ�
with the lowest prevalence in our cohort 
RI� KHDOWK\� VXEMHFWV�� ��� FRPELQLQJ� WKH�

US elementary features of “active” in-
ÁDPPDWLRQ��i.e.�3'�VLJQDO������HQWKH-
seal thickening and/or hypoechogenic-
ity) as well as considering as pathologi-
cal only PD grades >1 may increase the 
GLDJQRVWLF�DFFXUDF\�RI�WKH�86�ÀQGLQJV�
in detecting “active” enthesitis; 3) in 
VXEMHFWV� ZLWK� K\SRHFKRJHQLFLW\� DQG��
mostly, entheseal thickening, isolated 
RU� LQ� FRPELQDWLRQ�� ZLWKRXW� LQWUD� DQG�
or peri-lesional Doppler signal, previ-

ous episodes of enthesitis and/or the 
presence of pathologic conditions that 
may determine structural damage at the 
enthesis, as a consequence of a local 
GLVRUGHUV�RU�FKURQLF�SURFHVV��VKRXOG�EH�
taken into account. 
The main limitation of the study is rep-
UHVHQWHG�E\�WKH�ODFN�RI�DQ�DFURVV�RSHU-
DWRU�UHSURGXFLELOLW\�DQDO\VLV�RI� WKH�86�
examinations, as they were performed 
E\� D� VLQJOH� VRQRJUDSKHU� LQ� D� VLQJOH�

Table III. Main general characteristics of the US studies.

$XWKRUV� <HDU�RI� 3RSXODWLRQ� 1XPEHU�RI� � ��������������������([DPLQHG�HQWKHVHV
� SXEOLFDWLRQ� RI�LQWHUHVW� KHDOWK\� 4XDGULFHSV� 3UR[LPDO� 'LVWDO� $FKLOOHV� 3ODQWDU� 2WKHU
� � � VXEMHFWV� WHQGRQ� SDWHOODU�� SDWHOODU� WHQGRQ� IDVFLD� HQWKHVHDO
     tendon tendon   sites 
         evaluated

D’Agostino et al. (14) 2003 uSpA, PsA,  34 Y Y Y Y Y Y 
� � ,%'��5H$��$6�
Genc et al. (15) 2005 RA, AS 20 Y Y Y Y Y Y
Alcalde et al. (16) 2007 AS 10 Y Y Y Y Y N
Genc et al. (17) 2007 RA, AS 18 Y Y Y Y Y N
Gisondi et al. (18) 2008 Pso 30 Y Y Y Y Y N
*XWLHUUH]�et al. (19) 2011 Dia 33 Y Y Y Y Y N
*XWLHUUH]�et al. (20) 2011 Pso 45 Y Y Y Y Y N
Ruta et al. (21) 2011 SpA 30 Y Y Y Y Y N
Feydy et al. (22) 2012 SpA 24 N N N Y Y N
Freeston et al. (13) 2012 PsA 10 N N Y Y Y Y
Jousse-Joulin et al. (23) 2013 pSS 9 Y Y Y N N Y
Aydin et al. (24) 2013 Pso, PsA 23 Y Y Y Y Y N
Kilic et al. (25) 2015 SSc 41 Y Y Y Y Y Y
Di Matteo et al. (26) 2018 SLE, PsA 50 Y Y Y Y Y N
Wervers et al. (27) 2018 PsA 25 Y Y Y Y Y Y

)URP�HDFK�VWXG\��RQO\�86�GDWD�RQ�WKH�PDLQ�HQWKHVHV�RI�WKH�ORZHU�OLPE��SDWHOODU�LQVHUWLRQ�RI�WKH�TXDGULFHSV�WHQGRQ��SUR[LPDO�DQG�GLVWDO�LQVHUWLRQV�RI�WKH�
patellar tendon, calcaneal insertion of plantar fascia and Achilles tendon) are reported. 
$6��DQN\ORVLQJ�VSRQG\OLWLV��'LD��GLDO\VHG�SDWLHQWV��,%'��LQÁDPPDWRU\�ERZHO�GLVHDVH��1��QR��3V$��SVRULDWLF�DUWKULWLV��3VR��SVRULDVLV��S66��SULPDU\�6M|JUHQ·V�
syndrome; RA: rheumatoid arthritis; ReA: reactive arthritis; SLE: systemic lupus erythematosus; SpA: spondyloarthritis;  SSc: systemic sclerosis; uSpA: 
undifferentiated spondyloarthritis. Y: yes.

Table IV. 3UHYDOHQFH�RI�WKH�86�ÀQGLQJV�LQGLFDWLQJ�HQWKHVLWLV�HQWKHVRSDWK\��86�VFRUH�GHÀQLWLRQ�IRU�HQWKHVLWLV�DQG�86�VHWWLQJV�XVHG�
 
$XWKRUV� 86�VFRUH�� 86�VHWWLQJV� 1XPEHU�RI� � ������������86�ÀQGLQJV�DW�HQWKHVHDO�OHYHO
� GHÀQLWLRQ�IRU�� �*6�3'� HQWKHVHV� (QWKHVHDO� +\SRHFKRJH�� 3'�VLJQDO� (QWKHVRSK\WH�� (QWKHVHDO� %RQH
� HQWKHVLWLV� �IUHTXHQF\�LQ� � WKLFNHQLQJ�� QLFLW\� � � FDOFLÀFDWLRQ� HURVLRQ
� � 0+]�� �
          
D’Agostino et al. (14) D’Agostino 13 / NR 340 NR NR 0.0% NR NR NR
Genc et al. (15) GUESS 7.5 / NR 200 37.5% 7.5% NR 12.5% NR 5.0%
Alcalde et al.. (16) SEI 7.5 /NR 100 0.0% 0.0% NR NR 0.0% 0.0%
Genc et al. (17) GUESS 7.5 /NR 180 27.8% 8.3% NR 8.3% NR 2.8%
Gisondi et al. (18) GUESS 10–15 / NR 300 9.0% NR NR 26.3% NR 0.0%
*XWLHUUH]�et al. (19) GUESS 6-18 / 9.1-11.1 330 4.5% NR NR 10.3% NR 1.2%
*XWLHUUH]�et al.  (20) GUESS 6-18 / 9.1-11.1 450 4.0% NR NR 4.2% NR 0.0%
Ruta et al. (21) GUESS 6-18 / 8.3-12.5 300 0.0% 0.0% 0.0% 0.0% NR 0.0%
Feydy et al. (22) NR 7-15 / NR 96 3.1% 7.3% 2.1% 22.9% 2.1% 1.0%
Freeston et al. (13) OMERACT 5-15 / NR 60 0.0% 0.0% 0.0% 21.7% 3.3% 3.3%
Jousse-Joulin et al. (23) NR 5-13 / NR 54 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Aydin et al. (24) GUESS 6-15 / 9.1 230 30.0% 12.6% 0.0% 39.1% 9.6% 0.4%
Kilic et al. (25) MASEI 7-12 / NR 410 2.4% 2.9% 0.0% NR 5.6% 0.0%
Di Matteo et al. (26) OMERACT 6-18 / 9.1 500 6.8% 3.6% 0.4% 4.6% 6.2% 0.8%
Wervers et al. (27) MASEI 4-18 / 6.3-8.3 250 36.4% 0.4% 13.6% 0.0% 10.0% 2.0%

GS: grey-scale; GUESS: Glasgow Ultrasound Enthesitis Scoring System; MASEI: MAdrid Sonography Enthesitis Index; NR: not reported; OMERACT: 
Outcome Measure in Rheumatology; PD: power Doppler; SEI: Sonographic Entheseal Index; US: ultrasound.
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centre. Further investigations includ-
ing patients with SpA, such as psoriatic 
arthritis and ankylosing spondylitis, are 
needed to explore the diagnostic accu-
racy of the proposed cut-off of “active” 
enthesitis.

Conclusions
Our results show a relatively high 
SUHYDOHQFH� RI�86� ÀQGLQJV� RI� ´DFWLYHµ�
LQÁDPPDWLRQ� DW� WKH� ORZHU� OLPE� HQWKH-
VHV�LQ�D�JURXS�RI�KHDOWK\�VXEMHFWV��WKXV�
questioning the discriminant power of 
WKH�20(5$&7� GHÀQLWLRQV� IRU� WKH� GL-
DJQRVLV�RI�´DFWLYHµ�HQWKHVLWLV��$�FRPEL-
QDWLRQ�RI�JUH\�VFDOH�DQG�3'�ÀQGLQJV�DW�
D�VSHFLÀF�WKUHVKROG�WR�EH�GHÀQHG�FRXOG�
LPSURYH�ERWK�WKH�UHOLDELOLW\�DQG�FOLQLFDO�
usefulness of US.  
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