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Abstract 

Background In axial spondyloarthritis (axSpA), peripheral SpA (pSpA) and psoriatic arthritis (PsA), enthesitis is a 
hallmark clinical feature that can be assessed by the SPARCC index, LEI, MASES and MEI. These indices evaluate differ‑
ent locations, which may identify different numbers of patients with enthesitis among SpA subtypes. Thus, the aim 
of this study was to evaluate whether the proportion of patients with at least one enthesitis across these three most 
prevalent SpA subtypes differs according to the index used and to evaluate the level of agreement among indices in 
detecting patients with enthesitis.

Methods A total of 4185 patients (2719 axSpA, 433 pSpA and 1033 PsA) from the international and cross‑sectional 
ASAS‑PerSpA study were included. The proportion of patients with enthesitis identified by the indices was evaluated 
across the three diseases. Pairwise agreement between indices was computed using Cohen’s kappa.

Results The prevalence rates of patients with at least one enthesitis according to the MEI, MASES, SPARCC index 
and LEI were 17.2%, 13.5%, 10.7%, and 8.3%, respectively. In axSpA, the indices that identified the most patients with 
enthesitis were the MEI and MASES (98.7% and 82.4%, respectively); in pSpA and PsA, the indices that identified the 
most patients with enthesitis were the MEI and SPARCC index (MEI: 100% and SPARCC: 84.6%; MEI: 97.3% and SPARCC: 
77%, respectively). In the total population, the MASES vs. MEI showed the strongest agreement (absolute agree‑
ment 96.3%; kappa: 0.86); similar results were obtained in axSpA patients (97.3%; 0.90). In pSpA and PsA patients, the 
SPARCC vs. MEI (97.2%; 0.90 and 95.4%; 0.83, respectively) showed the strongest agreement.

Conclusions These results suggest that the prevalence of patients with enthesitis across SpA subtypes differs 
depending on the disease and the index used. The MEI and MASES appeared best for assessing enthesis in SpA and 
axSpA, while the MEI and SPARCC index appeared best for assessing enthesitis in pSpA and PsA.
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Key messages 

1. The prevalence of enthesitis differs depending on the disease and index used.
2. The MEI and MASES appeared best for assessing enthesis in axSpA patients.
3. The MEI and SPARCC appeared best for assessing enthesitis in pSpA and PsA patients.

Keywords Enthesitis, Indices, Spondyloarthritis, Psoriatic arthritis

Introduction
Spondyloarthritis (SpA) represents a group of rheu-
matic inflammatory diseases characterized by the 
involvement of the spine and sacroiliac joints. These 
entities have been classified by the Assessment of Spon-
dyloarthritis International Society (ASAS) [1, 2] accord-
ing to their clinical presentation as predominantly axial 
spondyloarthritis (axSpA) or predominantly peripheral 
spondyloarthritis (pSpA) [3]. Psoriatic arthritis (PsA) 
represents a particular subtype of SpA that is character-
ized by chronic inflammatory arthritis in patients with 
a personal or familial history of psoriasis [4]. Patients 
with SpA and PsA may suffer from peripheral muscu-
loskeletal manifestations such as peripheral arthritis, 
dactylitis and enthesitis [5].

Enthesitis is an important and frequent manifestation 
in patients with SpA and PsA. In recent years, it has 
received increasing attention, as SpA (both axSpA and 
pSpA) and PsA share this phenomenon as a hallmark 
clinical feature. An enthesis is the insertion of tendons 
and ligaments into the bone surface. These sites are 
usually located outside the joint, providing transduc-
tion of mechanical forces and stability. In the human 
body, there are more than a hundred entheses. Enthesi-
tis can result from repeated mechanical overloading 
but is also a clinical feature in SpA and PsA, triggered 
predominantly by an innate immune response [6].

Enthesitis is part of the entry items of the ASAS 
classification criteria for peripheral SpA [2]. It has 
been shown that enthesitis is associated with higher 
disease activity and a worse quality of life in patients 
with SpA [7].

To evaluate this feature in observational studies, clin-
ical indices have been developed: the Mander Enthesitis 
Index (MEI) [8], the Spondyloarthritis Research Con-
sortium of Canada (SPARCC) Enthesitis Index [9], the 
Leeds Enthesitis Index (LEI) [10], and the Maastricht 
Ankylosing Spondylitis Enthesitis Score (MASES) 
[11]. However, there are no recommendations regard-
ing the use of a specific index among the SpA subtypes. 
In addition, they may identify different numbers of 
patients with enthesitis among SpA subtypes, as these 
indices target different enthesis locations.

The aims of this study were (a) to describe the indi-
vidual locations of enthesitis in patients with axSpA, 
pSpA and PsA; (b) to evaluate whether the prevalence 
of patients with at least one enthesitis across the three 
SpA subtypes differs depending on the index used (the 
SPARCC index, LEI, MASES or MEI); and (c) to evalu-
ate the level of agreement among these indices for iden-
tifying patients with at least one enthesitis in the axSpA, 
pSpA and PsA populations.

Methods
Design
The present study is an ancillary analysis of data from the 
international and cross-sectional ASAS-PerSpA study 
that included 24 participating countries [3]. Both the 
design and patient recruitment have been described else-
where [3].

Patients
In this ancillary analysis, we included adult patients diag-
nosed with axSpA, PsA or pSpA by a rheumatologist. 
Patients had to be capable of understanding and com-
pleting questionnaires. The present study was developed 
according to the guidelines of Good Clinical Practice, 
described in the original study [3]. It was also approved 
by the ethics committees of each country, and written 
informed consent was obtained from all subjects.

Assessment of enthesitis
The presence of enthesitis during the study visit was 
determined using a specific case report form (CRF). This 
CRF included information on 36 enthesis locations in 
which the investigator reported the level of tenderness 
from 0, 1, 2 and 3 (no pain, mild tenderness, moderate 
tenderness, wince/withdraw, respectively). A positive 
enthesitis at any location was considered if the level of 
tenderness was > 1. With this CRF, the MEI, SPARCC 
index, LEI and MASES could be computed in the same 
patient. Only the  7th costochondral joint was missing in 
this CRF, slightly affecting the evaluation of the MASES, 
since this is a very infrequent location of enthesitis.
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– The MEI involves the assessment of 66 entheses [8]. 
This index includes both axial and peripheral loca-
tions: the ischial tuberosities, posterior superior iliac 
spines, plantar fascia, insertion of the Achilles tendon, 
medial and lateral condyles of the femur, greater tro-
chanter of the femur, anterior superior iliac spines, iliac 
crests, medial and lateral condyles of the humerus, 
greater tuberosity of the humerus, nuchal crests (all of 
them on both sides, right and left) and manubrioster-
nal joint. Finally, the numerous cervical, thoracic and 
lumbar spinous processes are aggregated in three loca-
tions, and the 1–7th costochondral bilateral joints are 
aggregated in two locations (right and left).

– The SPARCC index evaluates 16 enthesis sites that 
predominantly include peripheral locations: the 
Achilles tendon, plantar fascia, greater trochanter, 
quadriceps tendon insertion into the patella, tib-
ial tuberosity, medial and lateral epicondyles and 
supraspinatus insertion (i.e., greater tuberosity of the 
humerus) (all on both sides) [9].

– The LEI evaluates 6 peripheral locations: the Achilles 
tendon, medial femoral condyles and lateral epicon-
dyles of the humerus (all right and left) [10].

– The MASES evaluates 13 enthesitis, both axial and 
peripheral: the Achilles tendon, the first costochon-
dral joint, the seventh costochondral joint, posterior 
superior iliac spine, anterior superior iliac spine, iliac 
crest (all of them on both sides) and the fifth lumbar 
spinous process [11].

Other variables collected
From the original ASAS-PerSpA study, we extracted data 
on the variables shown in Table 1. These included patient 
age and sex; diagnosis of axSpA, PsA or pSpA according 
to a rheumatologist; HLA-B27 status; extramusculoskel-
etal manifestations such as uveitis, psoriasis and inflam-
matory bowel disease; and peripheral musculoskeletal 
manifestations such as arthritis and dactylitis. Disease 
activity was evaluated by the Bath Ankylosing Spondy-
litis Disease Activity Index (BASDAI) and the Ankylos-
ing Spondylitis Disease Activity Score-C reactive protein 
(ASDAS-CRP) [12, 13], while function was evaluated 
by the Bath Ankylosing Spondylitis Functional Index 
(BASFI) [14]. A concomitant diagnosis of the presence 
of secondary fibromyalgia according to a rheumatologist 

Table 1 Characteristics in the overall SpA population and in axSpA, pSpA and PsA patients

The results are expressed as the mean (standard deviation) for quantitative variables and absolute frequency (relative frequency) for qualitative values

ASDAS Ankylosing Spondylitis Disease Activity Score, axSpA axial spondyloarthritis, BASDAI Bath Ankylosing Spondylitis Disease Activity Index, BASFI Bath 
Ankylosing Spondylitis Functional Index, cs and bDMARDs Conventional synthetic and biological disease-modifying drugs, FiRST Fibromyalgia Rapid Screening 
Tool, NSAID Nonsteroid anti-inflammatory drugs, PsA Psoriatic arthritis, pSpA Peripheral spondyloarthritis, SpA Spondyloarthritis

Overall SpA population
N = 4185

axSpA
N = 2719

pSpA
N = 433

PsA
N = 1033

Age, mean (SD) 44.6 (13.8) 41.98 (13.0) 44.18 (14.4) 51.82 (13.0)

Sex male 2724 (61.0%) 1858 (68.3%) 203 (46.9%) 501 (48.5%)

Disease duration (SD) 14.50 (11.38) 14.35 (11.09) 10.06 (9.46) 16.75 (12.26)

HLAB27 positivity 2066/3120
(66.2%)

1709/2168
(78.8%)

197/316
(62.3%)

86/474
(18.1%)

Psoriasis confirmed by a dermatologist 1113/4464
(24.9%)

154/2718
(5.7%)

53/433
(12.2%)

894/1033
(86.5%)

Uveitis ever 738 (16.5%) 588 (21.6%) 75 (17.3%) 27 (2.6%)

Inflammatory bowel disease (IBD) 275 (6.15%) 132 (4.9%) 25 (5.7%) 6 (0.6%)

Peripheral joint disease ever (arthritis) 2541 (57%) 978 (36%) 410 (94.7%) 938 (90.8%)

Dactylitis 685 (15.3%) 164 (6.0%) 100 (23.1%) 382 (36.9%)

Fibromyalgia (rheumatologist’s opinion) 400 (9%) 212 (7.8%) 48 (11.0%) 120 (11.6%)

Fibromyalgia (FiRST) 775 (18.7%) 427 (17.2%) 69 (17.6%) 245 (24.9%)

BASDAI mean (SD) 3.8 (2.4) 3.7 (2.4) 4 (2.4) 4.3 (2.5)

BASFI mean (SD) 2.99 (2.6) 2.97 (2.6) 2.78 (2.6) 3.14 (2.7)

ASDAS‑CRP mean (SD) 2.5 (1.14) 2.5 (1.1) 2.6 (1.2) 2.6 (1.1)

NSAIDs prescribed for any indication 3952/4185 (94.5%) 2574/2719 (94.7%) 423/433 (97.7%) 955/1033 (92.4%)

NSAIDs prescribed for enthesitis 1228/3952 (31.1%) 757/2574 (29.4%) 151/423 (35.7%) 320/955 (33.5%)

csDMARDs prescribed for any indication 2499/4185 (59.7%) 1182/2719 (43.5%) 370/433 (85.4%) 947/1033 (91.7%)

csDMARDs prescribed for enthesitis 665/2499 (26.6%) 326/1182 (27.5%) 101/370 (27.3%) 194/947 (20.4%)

bDMARDs prescribed for any indication 2177/4185 (52.1%) 1378/2719 (50.6%) 197/433 (45.5%) 602/1033 (58.3%)

bDMARDs prescribed for enthesitis 417/2177 (19.2%) 230/1378 (16.7%) 56/197 (28.4%) 131/602 (21.8%)
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was also recorded, and the self-report Fibromyalgia 
Rapid Screening Tool (FiRST) was completed. Treatment 
information was also collected including the use of non-
steroidal anti-inflammatory drugs (NSAIDs), glucocor-
ticoids, conventional synthetic (cs) drugs (methotrexate, 
leflunomide, sulfasalazine, hydroxychloroquine and aza-
thioprine) and biological (b) disease-modifying antirheu-
matic drugs (DMARDs).

All information was collected in a single interview by a 
study investigator or a research nurse.

Statistical analysis
For the present study, only patients with a clinical diag-
nosis of axSpA, pSpA or PsA were included. Descriptive 
data are shown as the mean and standard deviation (SD) 
for quantitative variables and as absolute and relative fre-
quencies for qualitative variables.

The most frequent locations of enthesitis across the 
three groups are described using absolute and relative 
frequencies.

The prevalence of patients with at least one enthesitis 
(at least one location with tenderness level > 1 on physi-
cal examination) was reported in the whole population 
as well as in each SpA subtype (axSpA, PsA and pSpA). 
These results were also depicted using Venn diagrams 
to evaluate which index identified more patients with 
enthesitis depending on the underlying disease. In addi-
tion, the global agreement of the different indices in the 
whole population and in the specific subgroups was eval-
uated with Fleiss’ kappa.

Finally, to determine which two indices yield similar 
prevalence rates in each SpA subtype, the pairwise agree-
ment between indices was evaluated using Cohen’s kappa 
in the whole population and in the three groups.

All contrasts were two-sided and considered significant 
with a p value < 0.05. Data were collected, processed and 
analysed using RStudio 1.4.1106.

Results
Disease characteristics
A total of 4185 patients with a diagnosis of axSpA (2719, 
60.9%), pSpA (433, 9.7%) and PsA (1033, 23.1%) accord-
ing to the rheumatologist were included in this analysis. 
Among patients with axSpA (2719), 2137 (78.6%) had 
radiographic axSpA and 582 (21.4%) had non-radio-
graphic axSpA.

Table 1 shows the most important characteristics of the 
study population. In the overall population, 61.0% were 
male, and the mean age was 44.4 (SD: 13.8) years. Males 
were more prevalent in the axSpA group, while females 
were more prevalent in the pSpA and PsA groups (53.1% 
and 51.5%, respectively). Fibromyalgia was observed in 
9% of the overall population (axSpA: 7.8%, pSpA: 11.0% 

and PsA: 11.6%) according to the rheumatologist. Use of 
the FiRST questionnaire (a screening tool for fibromy-
algia) indicated an increased prevalence of 18.7% in the 
overall population (axSpA: 17.2%, pSpA: 17.6%, and PsA: 
24.9%).

Enthesitis locations
Figure  1 shows the individual locations of enthesitis in 
the SpA population as well as in the axSpA, pSpA and 
PsA groups. The most prevalent enthesitis locations in 
the SpA population were the lumbar spinous processes 
(6.6%), the insertion of the Achilles tendon (right) (4.9%), 
the thoracic spinous processes (4.4%), and the insertion 
of the Achilles tendon (left) (4.0%).

According to the anatomical region, we found that 
7.7% of patients had enthesitis in the spinal region. We 
observed a prevalence of 3.3% in the anterior chest and 
5.0% in the pelvis. Concerning peripheral locations, 3.7% 
of patients had enthesitis in the upper limbs, while 10.3% 
had enthesitis in the lower limbs.

Among patients with axSpA, similar results were found. 
The most common locations were the lumbar spinous 
processes (7.7%), the thoracic spinous processes (5.8%), 
and the insertion of the Achilles tendon, right (4.4%) and 
left (3.5%). In patients with pSpA and PsA, we observed 
different results: in pSpA patients, the insertion of the 
Achilles tendon, right (8.1%) and left (4.9%); the thoracic 
spinous processes (4.2%); and the lumbar spinous pro-
cesses (3.7%) were the most frequent locations. In PsA 
patients, the insertion of the Achilles tendon, left (4.4%) 
and right (4.3%); the lumbar spinous processes (4.1%); 
and the medial condyle of the femur, left (3.6%), were the 
most frequent locations.

Which index identifies the most patients with enthesitis?
In the overall population, 17.2%, 13.5%, 10.7%, and 8.3% 
of patients showed at least one enthesitis according to the 
MEI, MASES, SPARCC index and LEI, respectively.

Among patients with axSpA, at least one enthesitis was 
observed in 16.3%, 13.6%, 8.4%, and 6.7% according to the 
MEI, MASES, SPARCC index, and LEI, respectively. In 
patients with pSpA, the MEI identified 18.0% of patients 
with at least one enthesitis, the MASES identified 13.8% 
of patients, the SPARCC index identified 15.2% of 
patients, and the LEI identified 12.2% of patients. Finally, 
among patients with PsA, at least one enthesitis was 
observed in 17.2%, 13.9%, 11.4%, and 10.3% according to 
the MEI, SPARCC index, MASES, and LEI.

Figure 2 shows the percentage of patients with at least 
one enthesitis according to the indices. In the total popu-
lation, the MEI identified 98.5% of patients with at least 
one enthesitis. The MASES identified 76.8% of patients, 
while the SPARCC index identified 61.5% of patients. 
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Fig. 1 Individual locations of enthesitis in the overall SpA population, axSpA, pSpA and PsA

The results are expressed as absolute frequency (relative frequency). axSpA, axial spondyloarthritis; PsA, psoriatic arthritis; pSpA, peripheral 
spondyloarthritis; SpA, spondyloarthritis
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Finally, the LEI identified 48.0% of patients with at least 
one enthesitis. Similar results were found when separat-
ing the three SpA types. Among axSpA patients, the MEI 

identified 98.7% of patients with at least one enthesitis, 
the MASES identified 82.4% of patients, the LEI iden-
tified 62.9% and the SPARCC index identified 51.1%. 

Fig. 2 Prevalence of patients with at least one enthesitis captured by different indices

MEI, Mander Enthesitis Index, SPARCC, Spondyloarthritis Research Consortium of Canada Enthesitis LEI, Leeds Enthesitis Index; MASES, Maastricht 
Ankylosing Spondylitis Enthesitis Score
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Among patients with pSpA, the MEI identified the most 
patients with at least one enthesitis, followed by the 
SPARCC index, the MASES and the LEI (100%, 84.6%, 
76.9% and 67.9%, respectively). Among patients with PsA, 
the MEI was the best index for identifying patients with 
at least one enthesitis (97.3%), followed by the SPARCC 
index (77.0%), the MASES (63.1%), and the LEI (57.2%).

Agreement between indices
As observed in Table  2, in the total population, the 
MASES and MEI showed the strongest agreement for 
patients with at least one enthesitis (absolute agreement: 
96.3%; Cohen’s kappa: 0.86, 95% CI: 0.83–0.88; p value: 
0.001). The remaining pairwise comparisons also showed 
substantial agreement. The LEI vs. SPARCC index 
showed an agreement of 96.4% (Cohen’s kappa: 0.79, 95% 
CI: 0.76–0.82), while the MEI vs. SPARCC index had an 
agreement of 93.2% (Cohen’s kappa: 0.71, 95% CI: 0.68–
0.74). The MASES vs. LEI, MASES vs. SPARCC index, 
and MEI vs. LEI also showed significant agreement but 
with lower kappa values (Table 2).

In patients with axSpA, the MEI vs. MASES showed 
almost perfect agreement (97.3%; kappa: 0.90, 95% CI: 

0.87–0.92), and the LEI vs. SPARCC index substan-
tially agreed (97.2%; kappa: 0.80, 95% CI: 0.76–0.85), 
as did the MEI vs. SPARCC index (91.7%; kappa: 0.62, 
95% CI: 0.58–0.67). The rest of the comparisons, such 
as the MASES vs. SPARCC index, MASES vs. LEI, and 
MEI vs. LEI, showed moderate agreement.

In pSpA patients, the SPARCC index vs. MEI showed 
the strongest agreement (97.2%; kappa: 0.90, 95% CI: 0.84–
0.96). The agreement between the MEI vs. MASES (95.8%; 
kappa: 0.85, 95% CI: 0.78–0.91), the SPARCC index vs. LEI 
(96.1%; kappa: 0.84, 95% CI: 0.76–0.91) and the MASES 
vs. LEI (96.1%; kappa: 0.83, 95% CI: 0.75–0.91) was strong. 
Substantial agreement was observed between the SPARCC 
index vs. MASES and between the MEI vs. LEI.

Finally, among PsA patients, the MEI vs. SPARCC 
index showed the best agreement (95.4%; kappa: 0.83, 
95% CI: 0.78–0.87), while the MEI vs. MASES (93.8%; 
kappa: 0.75, 95% CI: 0.70–0.81), LEI vs. MASES (95.1%; 
kappa: 0.75, 95% CI: 0.68–0.81) and LEI vs. SPARCC 
index (94.5%; 0.74, 95% CI: 0.68–0.81) showed substan-
tial agreement. The MEI vs. LEI as well as the MASES vs. 
SPARCC index showed significant agreement but with 
lower kappa values.

Table 2 Agreement between indices in the SpA population, axSpA, pSpA and PsA

CI Confidence interval, LEI Leeds Enthesitis Index, MASES Maastricht Ankylosing Spondylitis Enthesitis Score, MEI Mander Enthesitis Index, SPARCC Spondyloarthritis 
Research Consortium of Canada Enthesitis

Indices Total
N = 4185

axSpA
N = 2719

pSpA
N = 433

PsA
N = 1033

LEI vs. SPARCC vs. 
MASES vs. MEI

Fleiss’ kappa: 0.705
(CI: 0.69–0.71; p value: 
0.001)

0.663
(CI: 0.64–0.67; p value: 
0.001)

0.83
(CI: 0.79–0.86; p value: 
0.001)

0.74
(CI: 0.71–0.76; p value: 
0.001)

LEI vs. SPARCC Agreement: 96.4% 97.2% 96.1% 94.5%

Cohen’s kappa: 0.79
(CI: 0.76–0.82; p value: 
0.001)

0.80
(CI: 0.76–0.85; p value: 
0.001)

0.84
(CI: 0.76–0.91; p value: 
0.001)

0.74
(CI: 0.68–0.81; p value: 
0.001)

MASES vs. SPARCC Agreement: 92.0% 91.3% 94.9% 92.6%

Cohen’s kappa: 0.62
(CI: 0.58–0.65; p value: 
0.001)

0.56
(CI: 0.51–0.61; p value: 
0.001)

0.80
(CI: 0.71–0.88; p value: 
0.001)

0.67
(CI: 0.6–0.74; p value: 0.001)

MEI vs. SPARCC Agreement: 93.2% 91.7% 97.2% 95.4%

Cohen’s kappa: 0.71
(CI: 0.68–0.74; p value: 
0.001)

0.62
(CI: 0.58–0.67; p value: 
0.001)

0.90
(CI: 0.84–0.96; p value: 
0.001)

0.83
(CI: 0.78–0.87; p value: 
0.001)

MASES vs. LEI Agreement: 92.9% 91.6% 96.1% 95.1%

Cohen’s kappa: 0.63
(CI: 0.59–0.67; p value: 
0.001)

0.55
(CI: 0.5–0.6; p value: 0.001)

0.83
(CI: 0.75–0.91; p value: 
0.001)

0.75
(CI: 0.68–0.81; p value: 
0.001)

MEI vs. LEI Agreement: 91.4% 90.4% 94.2% 92.7%

Cohen’s kappa: 0.61
(CI: 0.58–0.65; p value: 
0.001)

0.54
(CI: 0.49–0.59; p value: 
0.001)

0.78
(CI: 0.69–0.86; p value: 
0.001)

0.70
(0.64–0.76; p value: 0.001)

MEI vs. MASES Agreement: 96.3% 97.3% 95.8% 93.8%

Cohen’s kappa: 0.86
(CI: 0.83–0.88; p value: 
0.001)

0.90
(CI: 0.87–0.92; p value: 
0.001)

0.85
(CI: 0.78–0.91; p value: 
0.001)

0.75
(CI: 0.70–0.81; p value: 
0.001)
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Discussion
This is the first study to evaluate the number of patients 
with enthesitis identified by the existing enthesitis indices 
in the whole spectrum of SpA. To date, these indices have 
been evaluated in specific populations, such as the axSpA 
or PsA populations, but no study has evaluated the per-
formance of the four different indices in a single dataset. 
In this study, conducted with data from the large-sample 
ASAS-PerSpA study, we found that the prevalence of 
patients with at least one enthesitis differed according to 
SpA sutype and enthesitis index used. The use of a spe-
cific index may lead to the detection of a higher or lower 
number of enthesitis cases depending on the underlying 
disease.

In this study, enthesitis was originally evaluated 
through the MEI, which includes all possible enthesitis 
locations. We observed that in the whole SpA population 
as well as among axial SpA patients, the most common 
locations of enthesitis were the lumbar spinous pro-
cesses, the thoracic spinous processes, and the insertion 
of the Achilles tendon (in that order). However, a pre-
vious study by AJ Mathew et  al. reported that the most 
prevalent enthesitis locations in the axSpA population 
were the Achilles tendon, greater trochanter and plan-
tar fascia, with no mention of lumbar enthesitis [15]. 
This can be explained by the use of the SPARCC index 
in that study, as that index does not include axial loca-
tions. Among the PsA population, as described in the 
previous study, the most prevalent locations of enthesi-
tis were the Achilles tendon, the lateral epicondyle and 
plantar fascia enthesis. In another study that also used 
the SPARCC index, the three most frequent enthesitis 
locations were the Achilles tendon insertion, the plantar 
fascia, and lateral epicondyles [16]. In our study, the most 
prevalent locations in patients with PsA were the inser-
tion of the Achilles tendon, the lumbar spinous processes 
and the medial condyle of the femur. As in the literature, 
the Achilles tendon was among the most prevalent loca-
tions of enthesitis. These differences might be explained 
by the MEI, which encompasses locations beyond those 
assessed by the SPARCC index, such as the lumbar 
spinous processes, the thoracic spinous processes and the 
medial condyle of the femur.

In our study, we applied the SPARCC index, LEI, 
MASES and MEI in the same population. These indices 
have previously been used separately (as in the two stud-
ies mentioned above); studies have also compared two 
or three of them, but not all four indices. Regarding the 
use of these different indices, the MEI identified the most 
patients with enthesitis in the overall population, possibly 
due to the vast number of locations evaluated. The index 
that identified the second highest number of patients was 

the MASES, which is derived from the MEI. The remain-
ing two indices, the SPARCC index and LEI, identified a 
lower number of patients with enthesitis. However, these 
four indices exhibited different patterns among the three 
SpA subtypes.

In recent clinical trials of patients with axSpA, the LEI, 
MASES and SPARCC index have been used to evaluate 
clinical enthesitis. In an axSpA clinical trial on the effi-
cacy and safety of secukinumab vs. placebo on Achilles 
tendon enthesitis, the authors used the LEI to evaluate 
the resolution of enthesitis [17]. In another study on the 
efficacy of etanercept for patients with active axSpA and 
enthesitis, the authors used the MASES and SPARCC 
index [18]. In a third study on the effectiveness of adali-
mumab in treating patients with axSpA with enthesitis 
and peripheral arthritis, the authors used the MASES 
[19], confirming the lack of consensus regarding the use 
of these indices in axSpA. Recently, the MEI has not been 
used in axSpA clinical trials, possibly because of the large 
number of locations and the time required for its evalu-
ation. When we searched for clinical trials on patients 
with PsA, we found that the LEI and MASES were more 
commonly used to evaluate enthesitis. The LEI was 
used in two post hoc analyses that aimed to evaluate 
the resolution of enthesitis: one evaluating the efficacy 
of guselkumab [20] and a second evaluating ixekizumab 
[21]. In another study that aimed to improve enthesitis 
with methotrexate, the LEI was used for evaluation [22]. 
On the other hand, the MASES has been used in tri-
als focused on PsA. For example, in a clinical trial with 
apremilast monotherapy, the enthesitis response among 
patients with PsA was evaluated through this index [23]. 
Another clinical trial assessed the 5-year response to 
apremilast in patients with PsA [24]. This index has also 
been used to evaluate enthesitis in a study on the use of 
ustekinumab in PsA patients naive to antitumour necro-
sis factor agents [25]. Conversely, the SPARCC index 
and MEI have not been used in recent clinical trials on 
patients with PsA.

Little is known regarding the agreement among the 
four enthesitis indices. Differences in agreement among 
them might be explained by the different locations evalu-
ated. The MEI and MASES are similar, evaluating periph-
eral and axial enthesis. This could explain the strong 
agreement between the two in the whole population and 
in the axSpA group. Regarding pSpA and PsA, the MEI 
and SPARCC index had better agreement. This might 
be explained by the largely peripheral areas affected by 
enthesitis in these diseases (the Achilles tendon) and the 
peripheral areas evaluated by the SPARCC index. The LEI 
detected fewer patients with at least one enthesitis. This 
could be explained by its evaluation of only six locations. 
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The LEI may be easier to implement in clinical practice, 
but the other three indices are recommended for use.

These results may not have implications in clini-
cal practice since these indices are not commonly used 
due to the lengthy nature of evaluation. However, these 
results could be useful in clinical trials and observational 
studies evaluating the evolution of enthesitis under cur-
rently available treatments. As stated before, time avail-
ability may be a concern in clinical practice. Thus, the 
MEI, which takes the longest to evaluate, may not be 
the recommended index. Instead, as we observed agree-
ment between indices, the MASES or the SPARCC index 
(depending on the disease evaluated) are recommended. 
Use of these indices could be incorporated into the pro-
tocol for the first patient visit to provide a baseline evalu-
ation. In future visits, depending on the disease burden 
or management with treatment, these indices could be 
determined again. In clinical trials on enthesitis, these 
two indices might be recommended, depending on the 
disease of interest. The MASES appeared best for assess-
ing enthesis in SpA and axSpA, while the SPARCC index 
appeared best for assessing enthesitis in pSpA and PsA.

The limitations of the study are similar to those of the 
perSpA database, from which the data were extracted. 
A shared limitation is the number of patients with 
axSpA, which was larger than that of the other two dis-
eases. Another limitation is the operator-dependent 
technique for enthesitis index evaluation. A further 
limitation might be the lack of confirmation of enthesi-
tis with an objective technique such as ultrasound or 
MRI, as well as the potential impact of current treat-
ment on entheseal involvement and pain. In addition, 
concomitant fibromyalgia might influence the results 
since a significant overlap between the tender points 
evaluated by the MASES and those in fibromyalgia was 
recently demonstrated [26].

The strengths of the study are the vast number of 
patients included in the perSpA database and the inter-
national coverage. Another strength is that this study is 
the first to evaluate the whole spectrum of SpA with the 
four clinical indices available.

Conclusions
In summary, we found that the prevalence of patients 
with at least one enthesitis differed across the SpA sub-
types and depended on the enthesitis index used: the 
MEI and MASES identified the most axSpA patients 
with enthesitis, while the MEI and SPARCC index iden-
tified the most pSpA and PsA patients with enthesitis. 
Conversely, the LEI may underestimate the prevalence 
of enthesitis in these patients. These results suggest 
that the prevalence of enthesitis across SpA types dif-
fers depending on the disease and the index used.

Abbreviations
95% CI  95% Confidence interval
ASDAS‑CRP  Ankylosing Spondylitis Disease Activity Score‑C reactive 

protein
axSpA  Axial spondyloarthritis
BASDAI  Bath Ankylosing Spondylitis Disease Activity index
BASFI  Bath Ankylosing Spondylitis Functional Index
bDMARDs  Biological disease‑modifying antirheumatic drugs
CRF  Case report form
csDMARDs  Conventional synthetic disease‑modifying antirheumatic 

drugs
Juv‑SpA  Juvenile spondyloarthritis
IBD  Inflammatory bowel disease
LEI  Leeds Enthesitis Index
MASES  Maastricht Ankylosing Spondylitis Enthesitis Score
MEI  Mander Enthesitis Index
NSAIDs  Nonsteroidal anti‑inflammatory drugs
PI  Principal investigator
PsA  Psoriatic arthritis
pSpA  Peripheral spondyloarthritis
ReA  Reactive arthritis
SD  Standard deviation
SpA  Spondyloarthritis
SPARCC   Spondyloarthritis Research Consortium of Canada

Acknowledgements
Not applicable.

Authors’ contributions
REMG analysed and interpreted the patient data as well as wrote the 
manuscript. MLLP revised the manuscript. MAPL revised the manuscript. 
AEC revised the manuscript. MD supervised the manuscript. ECE supervised 
the manuscript. CLM was a major contributor in writing and supervising the 
manuscript. All authors read and approved the final manuscript.

Funding
No funding was provided for the current analysis. The ASAS‑perSpA study 
was funded by the ASAS with an unrestricted grant from AbbVie, Pfizer, Lilly, 
Novartis, UCB, Janssen and Merck. The funders did not have any role in the 
design or conduct of the study; collection, management, analysis or inter‑
pretation of the data; preparation, review or approval of the manuscript; or 
decision to submit the manuscript for publication.

Availability of data and materials
Data are available on reasonable request. Researchers desiring to use data 
collected during the study should contact the first author of the main 
manuscript, who will send a study proposal template to be completed by the 
applicant. Thereafter, the steering committee of the ASAS‑PerSpA study will 
determine whether approve the proposal and share the data.

Declarations

Ethics approval and consent to participate
This study complied with the ethics requirements. The data were obtained from 
the ASAS‑perSpA study, which was conducted according to the guidelines for 
Good Clinical Practice and was approved by the ethics committees in all countries. 
Additionally, written informed consent was obtained from the subjects.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Rheumatology Department, Reina Sofia University Hospital, Cordoba, Spain. 
2 Maimonides Biomedical Research Institute of Cordoba (IMIBIC), Cordoba, 
Spain. 3 University of Cordoba, Cordoba, Spain. 4 Rheumatology Department, 
Cochin Hospital, AP‑HP, Paris, FR. INSERM U1153, CRESS, Université Paris‑Cité, 
Paris, France. 



Page 10 of 10Granados et al. Arthritis Research & Therapy           (2023) 25:99 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Received: 10 February 2023   Accepted: 31 May 2023

References
 1. Rudwaleit M, van der Heijde D, Landewé R, Listing J, Akkoc N, Brandt J, 

et al. The development of Assessment of SpondyloArthritis International 
Society classification criteria for axial spondyloarthritis (part II): validation 
and final selection. Ann Rheum Dis. 2009;68(6):777–83.

 2. Rudwaleit M, van der Heijde D, Landewe R, Akkoc N, Brandt J, Chou CT, 
et al. The assessment of spondyloarthritis international society classifica‑
tion criteria for peripheral spondyloarthritis and for spondyloarthritis in 
general. Ann Rheum Dis. 2010;70(1):25–31.

 3. López‑Medina C, Chevret S, Molto A, Sieper J, Duruöz T, Kiltz U, et al. 
Identification of clinical phenotypes of peripheral involvement in patients 
with spondyloarthritis, including psoriatic arthritis: a cluster analysis in 
the worldwide ASAS‑PerSpA study. RMD Open. 2021;7(3): e001728.

 4. Kaeley GS, Eder L, Aydin SZ, Gutierrez M, Bakewell C. Enthesitis: A hallmark 
of psoriatic arthritis. Semin Arthritis Rheum. 2018;48(1):35–43.

 5. López‑Medina C, Molto A, Sieper J, Duruöz T, Kiltz U, Elzorkany B, et al. 
Prevalence and distribution of peripheral musculoskeletal manifestations 
in spondyloarthritis including psoriatic arthritis: results of the worldwide, 
cross‑sectional ASAS‑PerSpA study. RMD Open. 2021;7(1): e001450.

 6. Schett G, Lories RJ, D’Agostino M‑A, Elewaut D, Kirkham B, Soriano ER, 
et al. Enthesitis: from pathophysiology to treatment. Nat Rev Rheumatol. 
2017;13(12):731–41.

 7. Palominos PE, de Campos APB, Ribeiro SLE, Xavier RM, Xavier JW, de 
Oliveira FB, et al. Correlation of enthesitis indices with disease activity and 
function in axial and peripheral spondyloarthritis: a cross‑sectional study 
comparing MASES, SPARCC and LEI. Adv Rheumatol. 2019;59(1):23.

 8. Mander M, Simpson JM, McLellan A, Walker D, Goodacre JA, Dick WC. 
Studies with an enthesis index as a method of clinical assessment in 
ankylosing spondylitis. Ann Rheum Dis. 1987;46(3):197–202.

 9. Maksymowych WP, Mallon C, Morrow S, Shojania K, Olszynski WP, Wong 
RL, et al. Development and validation of the Spondyloarthritis Research 
Consortium of Canada (SPARCC) Enthesitis Index. Ann Rheum Dis. 
2008;68(6):948–53.

 10. Healy PJ, Helliwell PS. Measuring clinical enthesitis in psoriatic arthritis: 
Assessment of existing measures and development of an instrument 
specific to psoriatic arthritis. Arthritis Rheum. 2008;59(5):686–91.

 11. Heuft‑Dorenbosch L. Assessment of enthesitis in ankylosing spondylitis. 
Ann Rheum Dis. 2003;62(2):127–32.

 12. Gossec L, Portier A, Landewé R, Etcheto A, Navarro‑Compán V, Kroon F, et al. 
Preliminary definitions of “flare” in axial spondyloarthritis, based on pain, BAS‑
DAI and ASDAS‑CRP: an ASAS initiative. Ann Rheum Dis. 2016;75(6):991–6.

 13. Zochling J. Measures of symptoms and disease status in ankylosing spon‑
dylitis: Ankylosing Spondylitis Disease Activity Score (ASDAS), Ankylosing 
Spondylitis Quality of Life Scale (ASQoL), Bath Ankylosing Spondylitis 
Disease Activity Index (BASDAI), Bath Ankylosing Sp. Arthritis Care Res. 
2011;63(S11):S47‑58.

 14. Calin A, Garrett S, Whitelock H, Kennedy LG, O’Hea J, Mallorie P, et al. A 
new approach to defining functional ability in ankylosing spondylitis: 
the development of the Bath Ankylosing Spondylitis Functional Index. J 
Rheumatol. 1994;21(12):2281–5.

 15. Mathew AJ, Glintborg B, Krogh NS, Hetland ML, Østergaard M. Enthesitis 
in patients with psoriatic arthritis and axial spondyloarthritis – data from 
the Danish nationwide DANBIO registry. Semin Arthritis Rheum. 2022;52: 
151948.

 16. Polachek A, Li S, Chandran V, Gladman DD. Clinical Enthesitis in a Pro‑
spective Longitudinal Psoriatic Arthritis Cohort: Incidence, Prevalence, 
Characteristics, and Outcome. Arthritis Care Res. 2017;69(11):1685–91.

 17. Behrens F, Sewerin P, de Miguel E, Patel Y, Batalov A, Dokoupilova E, et al. 
Efficacy and safety of secukinumab in patients with spondyloarthritis and 
enthesitis at the Achilles tendon: results from a phase 3b trial. Rheumatol‑
ogy (Oxford). 2022;61(7):2856‑66.

 18. Zhang J, Huang F, Zhang J‑L, Zhang H, Zhang Y‑M. The efficacy of etaner‑
cept in enthesitis in ankylosing spondylitis and an evaluation method for 
enthesitis. Zhonghua Nei Ke Za Zhi. 2012;51(5):376–9.

 19. Rudwaleit M, Claudepierre P, Kron M, Kary S, Wong R, Kupper H. Effectiveness 
of adalimumab in treating patients with ankylosing spondylitis associated 
with enthesitis and peripheral arthritis. Arthritis Res Ther. 2010;12(2):R43.

 20. McGonagle D, McInnes IB, Deodhar A, Schett G, Shawi M, Kafka S, et al. 
Resolution of enthesitis by guselkumab and relationships to disease bur‑
den: 1‑year results of two phase 3 psoriatic arthritis studies. Rheumatol‑
ogy. 2021;60(11):5337–50.

 21. Gladman DD, Orbai A‑M, Klitz U, Wei JC‑C, Gallo G, Birt J, et al. Ixekizumab 
and complete resolution of enthesitis and dactylitis: integrated analysis 
of two phase 3 randomized trials in psoriatic arthritis. Arthritis Res Ter. 
2019;21(1):38.

 22. Appani SK, Devarasetti PK, Irlapati RVP, Rajasekhar L. Methotrexate 
achieves major cDAPSA response, and improvement in dactylitis and 
functional status in psoriatic arthritis. Rheumatology. 2018;58(5):869–73.

 23. Wells AF, Edwards CJ, Kivitz AJ, Bird P, Guerette B, Delev N, et al. Apremilast 
monotherapy for long‑term treatment of active psoriatic arthritis in 
DMARD‑naïve patients. Rheumatology. 2021;61(3):1035–43.

 24. Kavanaugh A, Gladman DD, Edwards CJ, Schett G, Guerette B, Delev N, 
et al. Long‑term experience with apremilast in patients with psoriatic 
arthritis: 5‑year results from a PALACE 1–3 pooled analysis. Arthritis Res 
Ter. 2019;21(1):118.

 25. McInnes IB, Puig L, Gottlieb AB, Ritchlin CT, Song M, You Y, et al. Associa‑
tion Between enthesitis and health‑related quality of life in psoriatic 
arthritis in biologic‑naive patients from 2 Phase III Ustekinumab Trials. J 
Rheumatol. 2019;46(11):1458–61.

 26. Hamitouche F, Lopez‑Medina C, Gossec L, Perrot S, Dougados M, Moltó A. 
Evaluation of the agreement between the ACR 1990 fibromyalgia tender 
points and an enthesitis score in patients with axial spondyloarthritis. 
Rheumatology 2022 published on 27 December 2022. doi.org/https:// 
doi. org/ 10. 1093/ rheum atolo gy/ keac6 83.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1093/rheumatology/keac683
https://doi.org/10.1093/rheumatology/keac683

	Enthesitis indices identify different patients with this characteristic in axial and peripheral spondyloarthritis and also in psoriatic arthritis: ASAS-PerSpA data
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Key messages 
	Introduction
	Methods
	Design
	Patients
	Assessment of enthesitis
	Other variables collected
	Statistical analysis

	Results
	Disease characteristics
	Enthesitis locations
	Which index identifies the most patients with enthesitis?
	Agreement between indices

	Discussion
	Conclusions
	Acknowledgements
	References


