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Abstract
Objective
The aim of this study was to explore the link between specific sonographic findings and Leeds Dactylitis Index basic
(LDI-b) score in psoriatic arthritis (PsA) patients with hand dactylitis.

Methods
Ninety-one hand dactylitis were evaluated in a multicentre study for the presence of pain, functional limitation and
tenderness (2-point scale) and LDI-b score. Dactylitic fingers were investigated using high-frequency US in grey scale
(GS) and power Doppler (PD). According to median LDI-b score value of 12, fingers were then divided into two groups
and categorised into quartiles on the basis of the value of ratio of circumference.

Results
Dactylitic fingers with a LDI-b score >12 showed a significantly higher prevalence of GS flexor tenosynovitis (p=0.015),
PD flexor tenosynovitis (p=0.001) and soft tissue oedema (p=0.004), when compared with those with those with LDI-b
score <12. GS synovitis at proximal interphalangeal (PIP) level (p=0.003) showed more frequent in dactylitic fingers with
a LDI-b score <12, than those with a higher LDI-b value. Fingers in the fourth quartile showed a significantly higher
prevalence of GS flexor tenosynovitis of grade =2 (p=0.046) and joint synovitis of grade =2 at PIP level (p=0.028).

Conclusions
We found that high values of LDI are associated with US flexor tenosynovitis and soft tissue oedema in PsA dactylitis.
Results suggest a potential role of PIP joint synovitis in the genesis of hand digital swelling and of extra-articular
structures alterations in determining the LDI score
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Introduction

Psoriatic arthritis (PsA) is a chronic
inflammatory disease that may be pre-
sent in near 30% of patients affected
by psoriasis, clinically characterised
by inflammation of periarticular and
articular structures (1, 2). Dactylitis,
also defined as sausage-digit, is char-
acterised by a diffuse and uniform
swelling of a whole digit and it is con-
sidered a clinical marker of disease
severity in PsA (3, 4). Dactylitis may
occur in up to 50% of PsA patients (5-
7), representing a clinical character-
istic of PsA (8, 9). This may occur as
an acute/tender form characterised by
pronounced swelling or as a chronic/
non-tender form, also called “cold
dactylitis” (10-11).

Several ultrasound (US) and magnetic
resonance imaging (MRI) studies have
shown that dactylitis includes different
inflammatory lesions such as tenosyno-
vitis (12-15), adjacent soft tissue thick-
ening/oedema (16-17), synovitis of
metacarpophalangeal (MCP), proximal
interphalangeal (PIP) and distal inter-
phalangeal (DIP) joints (15, 18-19) and
extensor paratenonitis and enthesitis.
(20-23).

Different scores are used for defin-
ing dactylitis activity; these are rep-
resented by a dichotomic “yes or no”
score, the Leeds Dactylitis Index
(LDI) and a simplified version, the
LDI basic (LDI-b) (25-26). Further,
some authors recommend the use of
dactylometer and LDI as tools for
evaluating both swelling and tender-
ness (25-27).

Until today, no studies have focused on
possible associations between the dac-
tylitis activity score, LDI, and related-
ultrasound aspects in PsA hand dac-
tylitis. However, the characterisation
of US aspects of hand dactylitis and
its correlation with LDI could be use-
ful for differentiating the underlying
mechanisms and involved structures
of acute/tender and chronic/non-tender
forms.

Hence, we conducted a multicentre,
cross-sectional study in order to ex-
plore possible associations between
specific US findings and the LDI-b
score in PsA patients with clinically
evident hand dactylitis.

Patients and methods

Patients

Consecutive adult patients with PsA,
classified on the basis of CASPAR Ceri-
teria, showing acute or chronic hand
dactylitis were enrolled for this study.
The study was approved by the local
ethical committees (ethical approval
code: 5/12) and was conducted in con-
formity with the Declaration of Helsin-
ki and its later amendments.

The exclusion criteria were represented
by: (1) current and past manual work,
(2) recent and past hand trauma, (3)
current use of biologic synthetic dis-
ease modifying antirheumatic drugs
(bDMARDSs) and (4) previous treat-
ment with corticosteroid injections.
The presence of hand dactylitis (dif-
fuse swelling of a digit, associated or
less with tenderness) was evaluated
through physical examination by three
Rheumatologists (AM, CS, RS) and
measured using the dactylometer and
the related LDI-b (25). In particular,
the LDI was used in order to measure
the ratio of the circumference of the in-
volved digit to the circumference of the
contralateral, non-affected digit; the
minimal difference of 10% was nec-
essary to define the presence of hand
dactylitis. Digit circumference was
measured at the level of the proximal
base of the proximal phalanx using the
dactylometer. The ratio of circumfer-
ence was multiplied using the tender-
ness binary score (0 for no tender, 1 for
tender) to obtain LDI-b score (26).

Ultrasound protocol

Hand dactylitic fingers US examina-
tion was performed by three rheuma-
tologists (NG, PM, IT), trained in mus-
culoskeletal US examination, blinded
to clinical and laboratory data. All of
the US scans were performed using
a MyLab 70XVG machine equipped
with a 618 MHz linear transducer (Es-
aote SpA, Genova, Italy).

The US grey-scale (GS) imaging pa-
rameters were optimised for maximal
image resolution. Power Doppler (PD)
settings were standardised at the fol-
lowing values: 500 Hz for pulse rep-
etition frequency, 3 for wall filter, 4 for
persistence, and colour gain between
45-55%.
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Flexor and extensor tendons, MCP, PIP
and DIP joints of the affected hand fin-
gers were assessed by GS and PD US
evaluation in longitudinal and trans-
verse scanning views, in accordance
with the 2017 EULAR standardised
procedures for ultrasound imaging in
rheumatology (28). Joints were exam-
ined from both dorsal and volar sides.
We investigated for the presence and
the evaluation of the following dactyli-
tis related US findings: flexor tenosyno-
vitis (both in GS and in PD mode), soft
tissue oedema, subcutaneous PD signal
(PDS), extensor tendon involvement
(including paratenonitis and enthesitis
of extensor tendon at proximal-inter-
phalangeal joint), synovitis (both in GS
and in PD mode).

Tenosynovitis was defined in GS ac-
cording to the Outcome Measures in
Rheumatology (OMERACT) consen-
sus-based ultrasound score (29). Soft
tissue oedema was defined as a diffuse
hypo/isoechoic thickening of the ex-
tratendinous soft tissues around flexor
tendon (pseudotenosynovitis) with pos-
itive PD signal in the subcutaneous tis-
sue, which was seen in 2 perpendicular
planes (16-17). Paratenonitis was de-
fined as a hypoechoic area surrounding
a tendon without synovial sheath, with
or without peri-tendinous PDS (30-31).
Enthesitis of extensor tendon at PIP
joint was defined by the presence of hy-
poechoic and/or increased thickness of
the tendon insertion close to the bone
(within 2 mm from the bony cortex),
which exhibits Doppler signal if active
(32-33).

According to the EULAR-OMERACT
standardised consensus-based scoring,
synovitis was defined as a hypoechoic
synovial hypertrophy (SH) regardless of
the presence of effusion and any grade
of PD signal (34). Tenosynovitis was as-
sessed using the four-grade semi-quan-
titative scoring scale in GS and Doppler
mode, as proposed by the OMERACT
US group (35). Synovitis was scored
using a semi-quantitatively score (0-3)
both for GS and Doppler mode, accord-
ing to recent studies (36-37).

Statistical analysis

The statistical analysis was performed
using SPSS, version 23. Quantitative
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Fig. 1. Longitudinal ultrasound views of dactylitis.
A: Flexor tenosynovitis of grade 2 with soft tissue oedema.
B: Presence of power Doppler signal (PDS) around the tendon fibres and at the level of the subdermal tissue.

variables were expressed in terms of
mean = SD or median and range in case
of strong violation of normality, while
qualitative variables were expressed as
percentages. Intra-observer and inter-
observer reliabilities were obtained in
two measurements (at basal and at 3
months from the first US evaluation)
using 20 static images of 20 patients
and these covered all the different de-
gree of the findings. Cohen’s kappa
coefficient () was used for each so-
nographic lesion and values >0.8 were
considered as excellent. Continuous
variables were compared using t-test or
non-parametric tests when appropriate.
Non-continuous variables were com-
pared using Chi-square test. Statistical
tests were performed at a significance
level of a=0.05. For the purposes of
analysis, we divided all fingers into two
groups according to LDI score (higher
or lower than the median, 12). Fingers
were categorised into quartiles based
on the value of ratio of circumference
(expressed as percentage; %).

To evaluate the capacity of LDI value
to discriminate between acute and

chronic forms of dactylitis, receiver
operating characteristic (ROC) curves
with corresponding areas under the
curve (AUC) were calculated.

Results

Characteristics of patients

Sixty-four PsA patients (25 female and
39 male; mean age 51.5+13.5 years,
range 18-72 years, PsA duration dis-
ease 54.9+48.6 months), with a total of
91 hand dactylitic fingers, were enrolled
in the study. No significant difference
was found in the comparison between
patients on therapy with nonsteroidal
anti-inflammatory drugs (NSAIDs) and
patients on csDMARD:s.

At the clinical examination, twenty-two
fingers showed absence of tenderness
and absence of pain as evaluated by the
visual analogue scale (VAS) (asympto-
matic dactylitis). Four fingers showed
absence of tenderness and presence
of pain <2 as evaluated by VAS (pau-
cisymptomatic dactylitis). Sixty-five
fingers showed presence of tenderness
and presence of pain >2 as evaluated by
the VAS (symptomatic dactylitis).

Clinical and Experimental Rheumatology 2020



Fig. 2. Transverse
ultrasound views of
dactylitis.

A: Distension of the
flexor tendon sheath
and soft tissue oede-
ma. (power Doppler
(PD) box off).

B: Presence of PD
signal around the
tendon fibres and at
the level of the sub-
dermal tissue.
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The symptomatic dactylitis had a sig-
nificantly lower digit involvement
duration compared to asymptomatic/
paucisymptomatic ones (15.5+16.7 vs.
49.6+31.2 weeks, p=0.01).

Sonographic intra-observer

reliability

The value of the intra-observer reliabil-
ity for all three operators was between
0.85 and 0.92. Further, for the three so-
nographers, the intra-observer reliability
was excellent for all parameters (k>0.8).
For the three sonographers, the intra-
observer reliability was excellent for
all parameters (k>0.8). The inter-ob-
server reliability depicted by k coeffi-
cient was 0.87 (95%CI: 0.81-0.93) for
GS flexor tenosynovitis, 0.83 (95% CI:
0.75-0.90) for PD flexor tenosynovitis,
0.89 (95%CI: 0.85-0.93) for soft tis-
sue oedema, 0.86 (95% CI: 0.74-0.97)
for subcutaneous PDS, 0.88 (95%CI:
0.84-0.92) for extensor tendon in-
volvement, 0.84 (95%CI: 0.76-0.93)
for GS synovitis and 091 (95% CI:
0.85-0.96) for PD synovitis.

Sonographic findings

All the hand dactylitis showed at least
one US abnormality. Flexor tenosynovi-
tis was evident in GS in 88% of dactylitis,
and related PD flexor tenosynovitis was
observed in 74% of dactylitic fingers.
Soft tissue oedema and subcutaneous
PD signal were present in 74% and 92%
of cases, respectively. Extensor tendon
involvement was observed in 13% of
the dactylitic fingers. GS synovitis in-
volving at least one joint was seen in
43% of cases; synovitis of PIP joint was
founded in 29% of cases, followed by
MCP (14%) and DIP synovitis (12%).
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An increased PD synovial tissue signal
of at least one digit joint was showed in
26% of cases. This was more frequently
detected at PIP level (17%). MCP and
DIP joints showed an increased PD sig-
nal in 6% and 5% of cases, respectively.
Flexor tenosynovitis and soft tissue oede-
ma were found in 83% of cases; flexor
tenosynovitis and joint synovitis were
observed in 35% of cases while all three
US lesions were found in 29% of cases.
US characteristics of a finger dactylitis
of our study are described in Figures 1
and 2.

Association between

LDI and US abnormalities

The group of patients with LDI-b score
over the sample median value of 12
showed a significant higher prevalence
of GS flexor tenosynovitis (p=0.015),
PD flexor tenosynovitis (p=0.001) and
soft tissue oedema (p=0.004) (Table
I). GS synovitis at PIP level was found
more frequent in fingers with a lower
LDI-b score, when compared with those
with LDI-b >12 (p=0.003). No differ-
ence in the prevalence of the joint syno-
vitis at MCP and DIP level and other
evaluated US abnormalities was found.
Twenty-two fingers with coexistent
GS flexor tenosynovitis of grade >2,
PD flexor tenosynovitis and soft tissue
oedema had significantly higher values
of LDI compared to fingers showing
just one US abnormality (5.25+6.42 vs.
14.11£6.04, p<0.001).

Association between ratio of
circumference and US abnormalities
In order to evaluate the ratio of circum-
ference, we compared the circumfer-
ence of the dactylitic finger with the

value of the contralateral one. The mean
value + Standard Deviation (SD) was
13.29%+4.2. The median value was
12%, and minimum, maximum and the
interquartile ranges were 11%, 14% and
16%, respectively. Then, we compared
US findings of hand fingers included
in the first quartile (ratio =11%, 25 fin-
gers) with those of the fourth quartile
(ratio >16%, 24 fingers). As shown in
Table II, fingers belonging to the fourth
quartile had a significantly higher prev-
alence of GS flexor tenosynovitis of
grade =2 and joint synovitis of grade =2
at PIP level (p=0.046 and p=0.028, re-
spectively). No significant differences
were found for soft tissue oedema and
joint synovitis at MCP and DIP level.

Discussion

This study represents the first to evalu-
ate a possible association between US
abnormalities and the dactylitis activ-
ity, as evaluated by the LDI score, in
PsA hand dactylitis. Our results show
that high values of LDI-b are associ-
ated with flexor tenosynovitis and soft
tissue oedema. Further, findings from
this study suggest the potential role
of flexor tenosynovitis and soft tissue
oedema in triggering and sustaining the
symptoms of dactylitis.

Our results are in line with previous
studies in which digital tenderness and
pain in course of PsA hand dactylitis
have been reported strongly associated
with flexor tenosynovitis of grade =2,
soft tissue oedema and subcutaneous
PD signal (38-40). In line with our re-
sults, previous studies have also report-
ed significantly higher values of LDI-b,
patient VAS-pain and VAS-functional
score in fingers with symptomatic dac-
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Table I. Prevalence of ultrasound abnormalities observed in 91 fingers dactylitis from
sixty-four Psoriatic Arthritis patients in according to Leeds Dactylitis Index basic (LDI-b)

score (higher or lower than the median, 12).

Variable LDI-b <12 LDI-b =12 p-value
(47 cases) (44 cases)

GS Flexor tenosynovitis 37 (82%) 45 (98%) 0.015
GS Flexor tenosynovitis grade =2 17 (38%) 33 (72%) 0.001
PD Flexor tenosynovitis 28 (62%) 42 (91%) 0.001
PD Flexor tenosynovitis grade =2 24 (53%) 35 (76%) 0.023
Soft tissue oedema 35 (78%) 45 (98%) 0.004
Subcutaneous PDS 37 (82%) 42 (91%) ns
GS Extensor tendon involvement 4 (9%) 5 (11%) ns
PD Extensor tendon involvement 3 (7%) 4 (9%) ns
MCP GS Synovitis 9 (20%) 5 (11%) ns
MCP PD Synovitis 4 (9%) 4 (9%) ns
PIP GS Synovitis 21 (47%) 8 (17%) 0.003
PIP GS Synovitis grade =2 17 (38%) 8 (18%) 0.029
PIP PD Synovitis 12 (27%) 6 (13%) ns
DIP GS Synovitis 6 (13%) 4 (9%) ns
DIP PD Synovitis 2 (4%) 2 (4%) ns

DIP: distal interphalangeal; GS: grey-scale; MCP:

metacarpophalangeal; PD: power Doppler; PDS:

power Doppler signal; PIP: proximal interphalangeal.

Table II. Fingers were split into quartiles based on the ratio of circumference (expressed
as percentage; %). Comparison of the prevalence of ultrasound abnormalities between the

I*t and 4" quartiles.

Variable Quartile 1 Quartile 4 p-value
(<11%) (>16%)
25 fingers 24 fingers

GS Flexor tenosynovitis 24 (96%) 23 (96%) ns
GS Flexor tenosynovitis grade =2 13 (52%) 19 (79%) 0.046
PD Flexor tenosynovitis 20 (80%) 21 (88%) ns
PD Flexor tenosynovitis grade =2 19 (76%) 21 (88%) ns
Soft tissue oedema 21 (84%) 22 (92%) ns
Subcutaneous PDS 23 (92%) 20 (83%) ns
GS Extensor tendon involvement 1 (4%) 3 (13%) ns
PD Extensor tendon involvement 1 (4%) 2 (8%) ns
MCP GS Synovitis 5 (20%) 5 (21%) ns
MCP PD Synovitis 3 (12%) 5 (21%) ns
PIP GS Synovitis 6 (24%) 8 (33%) ns
PIP GS Synovitis grade =2 2 (8%) 8 (33%) 0.028
PIP PD Synovitis 3 (12%) 6 (25%) ns
PIP PD Synovitis grade >2 0 4 (17%) 0.033
DIP GS Synovitis 4 (16%) 3 (13%) ns
DIP PD Synovitis 1 (4%) 2 (8%) ns

DIP: distal interphalangeal; GS: graes-cale; MCP:

metacarpophalangeal; PD: Power Doppler; PDS:

power Doppler signal; PIP: proximal interphalangeal.

tylitis than the asymptomatic ones (40).
LDI represents a rapid, objective and
easy-to-complete scoring system for
quantifying dactylitis based on digital
circumference, as measured by dacty-
lometer, and tenderness (25, 41-43). It
is often used in clinical trials to meas-
ure response to therapy and it is useful
to distinguish tender and non-tender
dactylitis (44-47). In our study, ten-
derness appears to be related to extra
synovial inflammatory changes and not
to joint synovitis. These findings are
in line with results from our previous
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study in which tenosynovitis and oede-
ma showed frequent in early dactylitis
phases, and synovitis showed frequent
in the late ones (40).

In line with other studies in which high
values of LDI score were associated
with short dactylitis duration (38, 39),
we also found that the highest preva-
lence of joint synovitis at PIP level in
patients with lower LDI correlated to a
long standing dactylitis phase.

With regard to digital swelling, we
observed an association between in-
creased digital circumference and

presence of GS flexor tenosynovitis of
grade =2 and joint synovitis of grade =2
at PIP level. Our data are also consist-
ent with previous US (15, 18, 19) and
MRI (12-14) studies in which flexor
tenosynovitis has been hypothesised as
a key determinant of the digital swell-
ing, while synovitis could represent a
coexisting feature.

The current study has several limita-
tions, the major one being its cross-
sectional nature. Another possible limi-
tation is the fact that we have enrolled
patients with different disease duration.
We cannot exclude that in some pa-
tients the different time of evolution
may have influenced the ultrasound
characteristics, both in GS and in PD.
Further, concerning the US examina-
tion, we have considered only the most
commonly recorded abnormalities in
dactylitis without considering other
elements possibly involved in the gen-
esis of symptoms, such as the lesions of
volar plate, the pulleys and the exten-
sor tendons at distal phalanx insertion.
However, the study of these articular
and peri-articular structures should be
performed with a high frequency probe
(22-24 MHz), and all of the US study
scans were performed using a 6-18
MHz linear transducer.

In conclusion, this is the first report
showing that high values of LDI-b score
are associated with US flexor tenosyno-
vitis and soft tissue oedema. Further,
we found that the ratio of circumfer-
ence is linked with flexor tenosynovitis
of grade =2 and joint synovitis of grade
>2 at PIP level. These findings seem to
support the central role of extra-artic-
ular structures in determining the LDI
value in symptomatic dactylitis.
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