To what extent is foot pain related to biomechanical changes
and ultrasound-detected abnormalities in rheumatoid arthritis?
M.L. Gonzélez-Ferndndez', L. Valor?, R. Morales-Lozano', D. Hernandez-Flérez?,

F.J. Lopez-Longo?, D. Martinez®, C.M. Gonzalez?, I. Monteagudo?, J. Martinez-Barrio?,
J. Garrido?*, E. Naredo?

"University Podiatry Clinic, Faculty of E.F. Podiatry Universidad Complutense de Madrid, Spain;
’Department of Rheumatology, Hospital General Universitario Gregorio Maraiion, Madrid, Spain;
SDepartment of Preventive Medicine and Public Health, Universidad Complutense de Madrid, Spain;
“Department of Social Psychology and Methodology, Universidad Auténoma de Madrid, Spain.

Abstract
Objective
To investigate the presence of biomechanical abnormalities and ultrasound (US)-detected inflammation and damage in
low disease or remission status rheumatoid arthritis (RA) patients with foot complaints.

Methods
We recruited 136 subjects with foot complaints. Sixty-two were biologic disease-modifying antirheumatic drug-treated
RA patients presenting Disease Activity Score-determined remission or low disease activity while the remaining 74 were
gender matched controls without rheumatic or musculoskeletal disorders. Both groups underwent a comprehensive
podiatric, biomechanical and B-mode and Doppler US assessment of the feet.

Results
Most RA patients and controls were female (77 4% and 83.8%, respectively). There was no statistical difference in the
proportion of obese subjects in either group (p=0.792). Inappropriate shoes were used by 50.0% of RA patients and 33.8%
of controls (p=0.080). Talalgia, particularly heel pain, was more frequent in the control group, with associated talalgia
and metatarsalgia being more prevalent in the RA group (p<0.05). The RA patient group was also more likely to present
greater foot deformity, more limited joint movement and biomechanical abnormalities than the controls (p<0.05).
US inflammatory and structural changes were significantly more frequent in RA patients than in controls (p<0.05).
US structural involvement was significantly associated with limited joint mobility and pathologic biomechanical tests
only in RA patients (p<0.05).

Conclusion
RA foot complaints seemed to be linked to US-detected RA involvement and biomechanical abnormalities.
Podiatric and US assessments can be useful to help the clinician to optimise the management of RA patients in
remission/low disease activity with foot complaints.
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Introduction

Ahigh prevalence of foot pain (70-90%)
has been widely described in both early
and late stages of rheumatoid arthritis
(RA) (1-4). Foot inflammation in RA
usually starts in the metatarsophalan-
geal (MTP) joints, often extends to oth-
er joints and tendons and progressively
causes erosions, articular cartilage dam-
age and luxation of the toe joints and
a collapse of the transverse arch of the
foot with consequent pain, deformities
and functional impairment (5, 6). On
the other hand, foot complaints are very
common in the general population, of-
ten meaning patients suffer functional
incapacity and diminished life (7).
Various indices that combine clinical
and laboratory parameters are used
to evaluate RA disease activity upon
which a therapeutic decision is based.
The disease activity score for 28 joints
(DAS28) is possibly the most com-
monly used in clinical practice (8) but
does not, however, include a direct as-
sessment of the foot joints. In everyday
clinical practice, it is not uncommon
for successfully-treated RA patients in
remission under the DAS28 criterion to
present foot complaints (9, 10). Estab-
lishing whether this pain is inflamma-
tory, RA disease-related or is down to
other biomechanical factors, is not easy
due to the complexity of this anatomic
area. Such patients may run the risk of
joint damage progression owing to dis-
ease activity under diagnosis.

Over the last decade, musculoskel-
etal (MS) ultrasound (US) has proved
increasingly invaluable in the assess-
ment of disease activity in RA patients
(11-14). More specifically, a number of
recent studies have demonstrated US
ability to detect B-mode synovitis and
synovial Doppler activity in a high per-
centage of RA patients in clinical remis-
sion (15-17). In addition, MSUS has
proven validity and added value over
conventional radiography in detecting
structural damage in RA target joints
(18, 19). However, a few studies have
focused on US assessment of foot in-
volvement in RA (20-23).

We hypothesise that RA foot involve-
ment may be underestimate in clinical
practice in terms of biomechanical ab-
normalities and residual inflammation
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which may benefit from additional po-
diatric and/or drug therapy. Therefore,
the aim of this cross-sectional study
was to investigate the presence of bio-
mechanical abnormalities and US-de-
tected inflammation and damage in low
disease or remission status RA patients
as compared to healthy subjects, both
with foot complaints.

Methods

Study population

Sixty-two patients diagnosed with RA
under the American College of Rheu-
matology 1987 criteria (24) were con-
secutively recruited at the Department
of Rheumatology of the Hospital GU
Gregorio Maraiién (Madrid, Spain).
The inclusion criteria were: (i) being
aged 18 years or over, (ii) having been
RA diagnosed at least two years prior
to the study start date, (iii) being under
treatment with a biologic disease-mod-
ifying antirheumatic drug ((DMARD)
for at least 6 months, (iv) being in clini-
cal remission (DAS28<2.6) or low dis-
ease activity (DAS28<3.2), (v) having
had a foot complaint for at least three
consecutive months, (vi) able to partici-
pate in the study. The exclusion criteria
were: i) previous foot surgery or injury,
ii) concomitant autoimmune or inflam-
matory disease, iii) diabetes mellitus,
iv) neurological diseases, and v) con-
genital deformities. Seventy-four gen-
der matched controls were included in
the study with the following criteria: (i)
being aged 18 years or over, (ii) having
had a foot complaint for at least three
consecutive months, (iii) not having a
diagnosis of rheumatic or musculoskel-
etal disorder, (iv) able to participate in
the study and that they met the same ex-
clusion criteria as RA patients. All RA
patients and non-RA controls signed
the informed consent. This study was
approved by the Medical Ethics Com-
mittee of the Hospital GU Gregorio
Maraiién (Madrid, Spain) and was con-
ducted in full accordance with the Dec-
laration of Helsinki (1964).

Clinical and laboratory assessment

Demographic and clinical characteristics
of the RA patients were obtained from
the electronic medical database of our
department (MixeTB™ HGUGM): dis-
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ease duration, current conventional syn-
thetic (CS) DMARDs and bDMARD:s,
concomitant corticosteroids and the
presence of radiographic erosions were
recorded at recruitment. Disease activity
was measured according to the DAS28
scale, using the erytrocyte sedimenta-
tion rate (ESR). Rheumatoid factor
(RF) (nephelometry; >20 IU), and anti-
citrullinated peptide antibodies (AC-
PAs) (second generation commercial
enzyme-linked immunosorbent assay
(Immunoscan RA); Euro-Diagnostica,
Malmdo, Sweden; >25 IU) were also ob-
tained at recruitment. Nutritional status
was classified as normal weight, body
mass index (BMI) <25), overweight (25
<BMI <30) and obesity (BMI =30).

Podiatric assessment

All RA patients and controls underwent
a comprehensive podiatric examina-
tion by a doctor of podiatric medicine
(DPM) highly experienced (i.e. >20
years) in the pathology and biomechan-
ics of the foot. Data on the appropriate-
ness of footwear including the relation
between the length of the shoe and the
length of the foot under load, the use of
foot orthoses or therapeutic footwear,
and whether patients had special foot
care were also collected. Foot pain was
quantified by a 0 (no pain) to 10 (se-
vere pain) score using a patient visual
analog scale (VAS) (24, 25). Foot pain
was classified as inflammatory (i.e. ex-
acerbated by rest), mechanical (i.e. pro-
duced by movements), mixed or neuro-
pathic (i.e. pain associated with numb-
ness and tingling) according to how the
patient described it.

All anatomical areas of the feet were
examined by palpation. Pain on palpa-
tion was anatomically classified as fol-
lows: ankle pain, i.e. tibiotalar joint;
talsalgia, i.e. subtalar, Chopart and Lis-
franc joints; metatalsalgia, i.e. MTP and
interphalangeal joints; and talalgia, i.e.
heel or fascial pain. The areas of plantar
and dorsal hyperkeratosis were record-
ed. Toe deformities, i.e. hallux valgus,
Taylor’s bunion, hammer and claw toe,
were also recorded.

The biomechanical investigation con-
sisted of the following:

1. mobility of the ankle, (26) subtalar
and first MTP joints (27);

2. the calcaneus relaxed position test
(RCSP) (28);

3. the standing heel-rise test (SHRT)
(29);

4. the Jack test or Hubscher maneuver
(30):

5. the foot postural index (FPI) (27);

6. footprint evaluation on podoscope
(31).

Dorsiflexion of the ankle was measured
with the knee flexed and the heel in con-
tact with the ground using a goniometer
aligned with the floor (stable arm). Dor-
siflexion of the 1** MTP joint was also
measured using a goniometer with the
stable arm in the medial metatarsal re-
gion and the mobile arm in the medial
region of the first toe. The patient lies
prone on a flat examination table and
the knee is placed in the frontal plane.
The examiner then passively moves the
subtalar joint into its end range of in-
version and eversion motion. The aver-
age range of motion of the subtalar joint
is 30 degrees: 20 degrees of inversion
motion plus 10 degrees of eversion mo-
tion (27). Abnormal mobility was con-
sidered as <25°-30° for the ankle; <5°-
10° eversion and <20°-10° inversion for
the subtalar joint; and <30° for the Ist
MTP (26, 27, 32, 33).

The RCSP determine the calcaneal
stance position, i.e. varus or valgus, by
measuring the angle between the calca-
neal bisection and the floor plane (<5°
of valgus was considered normal).

The SHRT consists of placing the pa-
tient firstly on tiptoe with both feet
(double) and then on each foot (single).
Failure to correct the heel varus posi-
tion while performing the lift maneuver
indicates either presence of bone synos-
tosis, subtalar joint involvement, tibial-
is posterior lesions or any such combi-
nation. The test also helps to determine
arigid foot from a flexible flatfoot.
The Jack test is a forced dorsiflexion of
the big toe. This test serves not only to
distinguish a flexible foot from a rigid
flat foot, but also to diagnose posterior
tibialis dysfunction. To perform this
test patients are asked firstly to march
on the spot for several seconds to en-
sure even load distribution. Following
that, a forced dorsiflexion of the big toe
is performed; normally, this maneuver
produces an increase of the longitudi-

482

nal medial arch, an external rotation of
the tibia and a calcaneus varus position.
This test allows us to differentiate a
flexible flatfoot from a rigid flatfoot as
well as enabling us to detect posterior
tibialis dysfunction.

The FPI is performed to identify foot
pronation or supination. The aim is to
assess the overall position of the foot in
relaxed standing position using 6 clini-
cal criteria, total score from -12 to + 12.
Scores range from -2 to 2 and are grad-
ed as follows: -2, if there are clear signs
of supination; O, if it is neutral; +2, if
there are clear signs of pronation. Both
supination and pronation are pathologi-
cal (32, 33).

The footprint was analysed using an ul-
tralight Podoscope 50 cm x 50 cm (Her-
bitas, Foios, Valencia, Spain). While
the patients are standing on the glass of
the podoscope, the footprint is reflected
onto the mirror. Footprint normality is
defined as straight longitudinal axis,
support of the toes and an isthmus
width of 1/3 of the forefoot.

US assessment

All RA patients and controls underwent
a comprehensive US assessment which
was performed by a podiatrist experi-
enced in musculoskeletal US (i.e. >5
years) who was unaware of the group
(RA versus control) clinical and labora-
tory data. This assessment consisted of
a systematic longitudinal and transverse
multiplanar examination of both feet in
exact keeping with standardised scan-
ning techniques (34, 35) on B-mode
and power Doppler (PD) mode using
a real-time scanner (Mylab 70 XVG,
Esaote, Genoa, Italy) equipped with a
multifrequency linear array transducer
(6-18 MHz). B-mode and PD machine
settings were optimised before the study
and standardised for the whole study.
These settings were as follows: B-mode
frequency of 10-18 MHz, B-mode gain
of 56-62%, Doppler frequency of 6.3—
14.3 MHz, Doppler gain of 45-62%,
low-wall filters, and pulse repetition
frequency of 500-750 Hz, depending
on the depth of the anatomic area. All
US examinations were carried out in a
dark room with temperature kept stable
at 23°C. The patients rested for 15 min-
utes in the waiting room before the US
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examinations. The patients were asked
to avoid caffeine and alcohol intake,
sport, and smoking for 8 hours before
the US examinations and nonsteroidal
anti-inflammatory drugs intake for 1
week before the US examinations. To
reduce the possibility of bias, the pa-
tients were asked not to talk about their
symptoms to the US examiner.

The following bilateral joints were
investigated for the presence of intra-
articular B-mode synovitis (either effu-
sion or synovial hypertrophy), synovial
PD signal, erosions, osteophytes and
subluxation/luxation; tibiotalar (dor-
sal recess), talocalcaneal (medial and
lateral recesses), talonavicular (dorsal
recess), calcaneocuboid (lateral re-
cess), tarsal and tarsometatarsal (dorsal
recesses) and first to fifth MTP joints
(dorsal recesses). The following bilat-
eral tendons were assessed for the pres-
ence of B-mode tenosynovitis, Doppler
tenosynovitis, and tendon damage: tibi-
alis anterior, extensor halluces longus,
extensor digitorum longus, tibialis pos-
terior, flexor digitorumlongus, flexor
halluces longus, peroneus brevis and
peroneus longus. The Achilles tendon
and the plantar fascia were examined
bilaterally for the presence of enthesop-
athy, entheseal Doppler signal, enthes-
ophytes, and damage. In addition, the
presence of calcifications within the
Achilles tendon, retrocalcaneal B-mode
bursitis and PD signal within the retro-
calcaneal bursa were also investigated.
B-mode synovitis was defined as the
presence of abnormal hypoechoic intra-
articular material. Bone erosion was de-
fined as an intraarticular discontinuity of
the bone surface that is visible in 2 per-
pendicular planes (35-39). Osteophyte
was defined as a step up of bony promi-
nence at the margin of the joint with
or without acoustic shadow (35-39).
Joint subluxation/luxation was defined
as a loss of normal bone alignment. B-
mode tenosynovitis was defined as an
abnormal anechoic and/or hypoechoic
(relative to tendon fibers) tendon sheath
widening which can be related both to
the presence of tenosynovial abnormal
fluid and/or hypertrophy (35-39). Dop-
pler tenosynovitis was defined as the
presence of peri-tendinous PD signal
within the synovial sheath, seen in two

perpendicular planes, excluding normal
nutrient vessels in mesotenon or vin-
culae, only if the tendon shows peri-
tendinous synovial sheath widening on
B-mode (35-39). Tendon damage was
defined as an internal and/or peripheral
absence of tendon fibers or as a com-
plete interruption of the tendon fibers,
seen in two perpendicular planes. This
definition was also applied for plan-
tar fascia damage. Enthesopathy was
defined as an abnormally hypoechoic
(loss of normal fibrillar architecture)
and/or thickened tendon or ligament at
its bony attachment (may occasionally
contain hyperechoicfoci consistent with
calcifications), seen in 2 perpendicular
planes that may exhibit Doppler signal
and/or bony changes including enthes-
ophytes, erosions, or irregularity (35-
39). Enthesophyte was defined as a step
up of bony prominence at the enthesis,
with or without acoustic shadow. B-
mode bursitis was defined as an abnor-
mal hypoechoic widening of the bursa.
US abnormalities were grouped into in-
flammatory (i.e. B-mode and Doppler
synovitis and tenosynovitis) and struc-
tural (i.e. joint erosions, subluxation/
luxation, osteophytes, enthesophytes,
and tendon damage) involvement. En-
thesopathy was analysed separately.

Statistical analysis

All statistical analysis was performed
with SPSS 21.0 (IBM, Chicago, IL,
USA). Quantitative variables were
summarised as mean and standard de-
viation (SD), minimum and maximum
and categorical variables as absolute
frequencies and percentages. To com-
pare quantitative variables between
groups, the #-test for independent sam-
ples was used. To compare qualitative
variables between groups, the Fisher
exact test or chi-squared test were used.
Haberman’s adjusted standardised re-
siduals were used to identify cells with
observed frequencies higher or lower
than expected.

The Mantel-Haenszel test was used to
control the effect of unmatched age
over the possible association between
group and clinical and US findings; the
sample was dichotomised in two strata
by the median age and a common odds
ratio was obtained. p-values associ-
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ated to Mantel-Haenszel chi-squared
and odds ratio of Mantel-Haenszel are
shown in tables. The Breslow test was
used to check homogeneity between
age strata. p-values <0.05 were consid-
ered significant.

Results

Demographics

Most of the RA patients were female
(48,77.4%), mean (SD, range) age was
57.1 (12.4, 23-78) years, mean age
by the time of RA diagnosis was 44.3
(12.9, 13-72) years, RA duration was
12.7 (7.1, 2.3-34) years and mean time
of treatment with bDMARD was 6.1
(3.6,0.4-15.9) years. Eight (12.9%) pa-
tients were obese. Thirty-five (56.4%)
patients were RF positive, 45 (72.5%)
patients were ACPA positive and 29
(46.7%) patients presented erosive dis-
ease.

Sixteen (25.8%) patients were treated
with adalimumab, 20 (32.3%) with
etanercept, 20 (32.3%) with rituximab,
4 (6.5%) with golimumab and 2 (3.2%)
with certolizumab. The most common-
ly used csDMARDs were methotrex-
ate (34, 54.8 %) and leflunomide (8,
12.9%). Five (5.1%) patients were tak-
ing oral corticosteroids (<10 mg/day).
Sixty-two (83.8%) controls were fe-
male. Mean (SD, range) age was 43.2
(10.4, 24-70) years. Eight (10.8%) pa-
tients were obese.

Inappropriate shoes (e.g. soft foot wear,
unclamped) were used by 31 (50.0%)
RA patients compared with 25 (33.8%)
controls (p=0.080). There was no sig-
nificant difference in the use of ap-
propriate shoe length/foot length rela-
tion between RA patients and controls
(p=1.000). Nineteen (30.6%) patients
with RA had needed podiatry treat-
ment compared to 22 (29.7%) controls
(p=1.000).There was no statistical dif-
ference in the proportion of obese sub-
jects in either group [7 (11.3%) RA pa-
tients vs. 8 (10.8%) controls p=0.792].

Podiatric findings

Fifty-five (88.7%) RA patients and
63 (85.1%) controls had bilateral foot
pain (p=1.000). Mean (SD) pain inten-
sity was 5.48 (2.62) in the RA group
and 5.64 (2.33) in the control group
(p=0.722). Table I shows the type and
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Table I. Type of pain and anatomic location in painful feet of RA patients and controls.

Pain RA painful feet Control painful feet
(n=117) (n=137)
n (%) n (%) p

Type

Mechanical 99 (84.6) 129 (94.2) 0.006

Mixed 14 (12.0) 4 (29)

Neuropathic 4 34) 4 (2.9)
Location

Ankle 8 (6.8) 3 (22) <0.0005

Tarsalgia 11 (9.4) 13 (9.5)

Metatarsalgia 81 (69.2) 91 (66.4)

Talalgia 5 (4.3) 30 (21.9)

Talalgia+metatarsalgia 12 (10.3) 0 (0.0)
RA: rheumatoid arthritis.
Table II. Biomechanical findings in RA and control groups.
Variable RA feet Control feet

(n=124) (n=148)
n (%) n (%) )4 OR CI95%

Rigid/limited mobility

Ankle joint 41 (33.1) 24 (16.6) 0.024 2.17  (1.14-4.12)

Subtalar joint 46 (37.1) 21 (14.5) 0.001 331  (1.69-6.51)

18 MTP 84 (67.7) 67 (46.2) 0.101 1.67  (0.95-2.93)
Pathologic SHRT 26 (21.0) 747 0.008 474 (1.64-13.70)
Pathologic Jack’s test 78 (634) 34 (23.0) <0.0005 3.85 (2.15-6.88)
FPI Index

Pronated 59 (47.6) 36 (24.5) 0.002 2.67 (1.46-4.78)

Supinated 29 (234) 16 (10.9) 0.029 2.57  (1.18-5.62)
Footprint

Abnormal 83 (66.9) 73 (49.7) 0.033 191  (1.09-3.34)

RA: rheumatoid arthritis; MTP: metatarsophalangeal; SHRT: standing heel-rise test; FPI: foot postural
index; p: Mantel-Haenszel chi-squared p-value; OR: Mantel-Haenszel odds ratio; CI: confidence interval.

Table III. US findings in RA and control groups.

RA feet Control feet

Anatomical site US findings (n=124) (n=148)
n (%) n (%) )4 OR CI95%
Talonavicular Erosions 13 (10.5) 0 (0.0) 0.003
Calcaneocuboid Erosions 12 9.7) 0 (0.0) 0.050
Ist MTP Erosions 31 250) 2 (14 0.001 1295 (2.58-65.13)
2nd4h MTP B-mode synovitis 62 (50.0) 51 (34.5) 0.001 2.72 (1.51-4.90)
Osteophytes 12 (9.7) 0 (0.0) 0.001
Erosions 10 8.1) 1(0.7) 0.032 17.37 (1.27-237.85)
Subluxation/luxation 12 (9.7) 2 (1.4) 0.033 4.02 (1.01-16.01)
5" MTP B-mode synovitis 34 (274) 19 (12.8) 0.007 3.14 (1.46-6.73)
Erosions 26 (21.0) 0 (0.0) <0.0005
Tibialis posterior tendon B-mode tenosynovitis 7 (5.6) 1 (0.7) 0.009 18.81 (1.74-203.41)
Plantar fascia Enthesophytes 10 (8.1) 0 (0.0) 0.031

RA: rheumatoid arthritis; US: ultrasound; MTP: metatarsophalangeal joints; p: Mantel-Haenszel chi-
squared p-value; OR: Mantel-Haenszel odds ratio; CI: confidence interval.

anatomic location of pain in the feet of
RA patients and controls. According to
the adjusted standardised residuals, me-
chanical pain was significantly less fre-
quent in the RA group whereas mixed

pain was significantly less frequent in
the control group (p<0.05 for both). Ta-
lalgia, particularly heel pain, was more
frequent in the control group whereas
associated talalgia plus metatarsalgia
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was more frequent in the RA group
(p<0.05 for both).

The distribution of toe deformities in
the feet of RA patients and controls
was as follows: lesser toe deformities
(claw or hammer toe), 51 (41.2%) and
26 (17.6%) feet, respectively; hallux
valgus, 53; (42.7%) and 16 (10.8%)
feet, respectively; Taylor’s bunion, 26
(21%) and 9(6.1%) feet, respectively
(p<0.0005 for all).

Comparison of abnormal biomechani-
cal findings between the RA group
and the control group are displayed in
Table II. Mantel-Haenszel chi-squared
p-values showed significant associa-
tion between group and biomechanical
findings after controlling the age effect.
Common Mantel-Haenszel odds ratio
denoted how much greater were the
age-adjusted odds of abnormal findings
in the RA group with respects to the
control group. There was a significant
association between having RA and
rigid/ limited mobility of the ankle and
subtalar joints and pathologic SHRT,
Jack’s test, FPI and footprint. Regard-
ing RCSP results, no significant differ-
ences were found between the control
group and the RA group (p=0.150).
Plantar hyperkeratosis was significant-
ly more frequent in the RA group (45
(36.39%) feet) than in the control group
(23 (15.5%) feet) (p=0.00). However
dorsal hyperkeratosis was significantly
more frequent in controls (58 (39.2%)
feet) than in RA patients (30 (24.2%)
feet) (p=<0.05).

US findings

B-mode synovitis was most frequently
found in the 1*' and any of the 2™ to 5%
MTP joints of both RA and control sub-
jects. Overall, the presence of B-mode
synovitis in other joints (<12 feet) and
tendon abnormalities (<7 feet) was low
for both groups. Synovial PD signal
was found in <3 feet and tenosynovial
PD signal in <1 foot and only in RA
patients. The joints most frequently
showing osteophyte formation were
the 1%t MTP, talonavicular and calca-
neocuboid joints for both groups. The
joints most affected by bone erosions
were the 1% and 5" MTP, almost all in
RA patients. Retrocalcaneal bursitis,
Achilles and plantar fascia enthesopa-
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Fig. 1. Longitudinal ultrasound image of talocalcaneal B-mode synovitis (medial aspect) that shows

abnormal hypoechoic intra-articular material (s). t, talus; ¢, calcaneous.

min

Fig. 2. (A and B). Transverse (A) and longitudinal (B) ultrasound image of a tibialis posterior B-mode
tenosynovitis and damage that shows hypoechoic sheath widening (s) and a peripheral tendon defect

(d). mm, medial malleolus.

mm
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thy and enthesophytes and Achilles
tendon calcifications were rarely found
(data not shown).

Table II displays the significant as-
sociations between US abnormalities
and group, RA or control group. These
were as follows: B-mode synovitis in
the 2™ to 5 MTP joints; tibialis pos-
terior B-mode tenosynovitis; bone
erosions in the talonavicular and 1* to
5% MTP joints; osteophytes and sub-
luxation/luxation in the 2" to 4" MTP
joints; and plantar fascia enthesophytes
were significantly more frequent in RA
patients than in controls. There were no
significant differences in the remaining
US abnormalities between both groups
(data not shown). Representative imag-
es of US finding in RA feet are showed
in Figures 1-2.

Relationship between US

and biomechanical findings

Table IV shows the significant asso-
ciations between US structural joint
involvement and biomechanical abnor-
malities in RA patients. US structural
involvement of MTP joints showed a
significant association with limited tibi-
otalar and subtalar mobility, pathologic
FPI, Jack’s test and SHRT. US struc-
tural involvement of Chopart’s joint,
i.e. talonavicular and calcaneocuboid,
was significantly associated with limit-
ed mobility of the 1% MTP joint as well
as with abnormality of both Jack’s test
and SHRT. Subtalar structural involve-
ment was significantly associated to
those tests that evaluate this joint.

We found a significant association be-
tween US calcaneocuboid synovitis
and a supinated FPI (p=0.040) and lim-
ited tibiotalar mobility (p=0.010). In
addition, synovitis of the 4" MTP joint
was significantly associated with lim-
ited tibiotalar (p=0.044) and subtalar
(p=0.049) mobility.

No significant associations between
US abnormalities and podiatric biome-
chanical abnormalities were found in
controls (data not shown).

Discussion

To the best of our knowledge, this is the
first study that has comprehensively as-
sessed both biomechanical and US ab-
normalities in symptomatic feet of well
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Table I'V. Number (%) of US findings in feet with normal/abnormal biomechanical findings.  controlled RA patients and compared
them to controls without rheumatic or

RA feet, 124 .
« musculoskeletal disorders. We chose
Joint US structural status Pronated FPI RA patients in remission or low dis-
Normal, n=65  Abnormal,n=59  p-value ease activity treated with bDMARDs
2nd MTP Abnormal 7 (10.8) 20 (33.9) 0.002 to minimise any possible distortion of
27 MTP Normal 58 (89.2) 39 (66.1) RA clinically evident inflammation on
31 MTP Abnormal 2 (3.1) 13 (220) 0.002 results (40).
rd . . . .
3 MTP Normal 63 (96.9) 46 (78.0) In line with previous studies, we found
4" MTP Abnormal 1 (1.5) 9 (15.3) 0.006 US-d d .. inlv i h
4" MTP Normal 64 (98.5) 50 (84.7) -detected synovitis mainly in the
50 MTP Abnormal 11 (16.9) 20 (33.9) 0.038 MTP joints and tenosynovitis mainly in
5" MTP Normal 54 (83.1) 39 (66.1) the tibialis posterior tendon in the RA
population (6, 21). Despite the inactive/
Supinated FPI

low disease status of our RA patients
receiving bDMARDS, and despite pain

Normal, n=95 Abnormal, n=29

nd . . . . . .
2 MTP Abnormal 27 (284) 0 (0.0) <0.0005 intensity being similar in both RA pa-
27 MTP Normal 68 (71.6) 29 (100.0) . .
tients and controls, we found signifi-
Rigid/limited tibiotalar mobility cantly more feet presenting B-mode
Normal,n=80  Abnormal, n=44 synovitis and tenosynovitis in the RA
1 MTP Abnormal 24 (30.0) 23 (52.3) 0.003 group than in the control group. Our
1 MTP Normal 56 (70.0) 21 (47.7) results mirrored those of Sant’ Ana Pet-

terle et al. (22) who reported a signifi-
cantly greater prevalence of subclinical
US-detected synovitis in RA patients

Rigid/limited subtalar mobility
Abnormal, n=84 Abnormal, n=40

Subtalar Abnormal 4 (48) 8 (20.0) 0.026 with asymptomatic feet compared to
Subtalar Normal 80 (95.2) 32 (80.0) health Is. Th £
1 MTP Abnormal 24 (28.6) 23 (57.5) 0.020 eaithy controls. The presence of syno-
1% MTP Normal 60 (71.4) 17 (42.5) vial or tenosynovial Doppler signal,
although detected only in RA patients,
Rigid/limited 1** MTP mobility was very low in our RA patients. As
Normal, n=42  Abnormal, n=82 synovial Doppler signal is considered
Talanovicular Abnormal 7 (16.7) 31 (37.8) 0.023 the US finding most related to aggres-
Talanovicular Normal 35 (83.3) 51 (62.2) sive inﬂammatory activity (14) this
Calcaneocuboid Abnormal 4 (9.5) 32 (39.0) 0.001 may indicate the relatively cood control
Calcaneocuboid Normal 38 (90.5) 50 (61.0) Y] e relatively g :
1% MTP Abnormal 9 (214) 38 (46.3) 0010 of disease activity in our population.
1 MTP Normal 33 (78.6) 44 (53.7) Nevertheless, our findings lend support
to the inclusion of the feet in the routine
Jack’s test

clinical and US assessments of RA ac-

N 1,n=78 N 1, n=46 .. .
orma. o orma. o tivity, as previously suggested (41).

Subta:ar Abnormal 0 (0.0) éé (15.2) 0.004 As expected, we found significantly
Subtalar Normal 46 (100.0) (84.6) . . _
Talanovicular Abnormal 3 (6.5) 35 (44.9) <0.0005 more blomeChamca}l, an,d US-detected
Talanovicular Normal 43 (93.5) 43 (55.1) structural abnormalities in RA feet than
Calcaneocuboid Abnormal 4 (8.7) 32 (41.0) <0.0005 in control feet. These can be interpreted
Calcaneocuboid Normal 42 (91.3) 46 (59.0) as the sequelae of previous joint in-
isi xii All\’]“"rmf‘l 33 E;;g; ;g ggg; <0.0005 flammation. Of particular note in our
S orma . A
34 MTP Abnormal 1 22) 14 (17.9) 0.010 §tudy was that US-det.ef:ted structure.tl
31 MTP Normal 45 (97.8) 64 (82.1) involvement and synovitis were associ-
ated with biomechanical abnormalities
SHRT only in RA patients. This fact may have
Normal,n=26 _ Normal, n=98 important implications in the physiopa-
Talanovicular Abnormal 14 (53.8) 72 (73.5) 0.048 thol()gy of the RA foot. Biomechanical
Bkl Normal 12 (46.2) 26 (26.5) abnormalities in the control population
Calcaneocuboid Abnormal 13 (50.0) 75 (76.5) 0.010 t be d t tructural ch
Calcaneocuboid Normal 13 (50.0) 23 (235) may not be due {o structural changes
1 MTP Abnormal 8 (30.8) 69 (70.4) <0.0005 but mainly to functional disorders of the
1t MTP Normal 18 (69.2) 29 (29.6) feet. Conversely, biomechanical abnor-

malities may be cause or consequence
of structural changes and inflammation
in RA patients. As the cross-sectional

RA: rheumatoid arthritis; US: ultrasound; FPI: foot postural index; MTP: metatarsophalangeal joints;
SHRT: standing heel-rise test.
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nature of this study prevented us from
investigating causality, further studies
investigating this issue are warranted.
If this is reflected in a wider context,
RA patients in remission presenting
foot complaints could be undertreated
and may be at risk of further foot in-
volvement progression. A podiatric
clinical and US assessment of these
patients with consequent podiatric (i.e.
appropriate shoes, foot orthoses) and/
or local/systemic additional treatment
may optimise their management and
improve their prognosis.

Some limitations in our study should be
mentioned. The RA group was hetero-
geneous regarding demographics, and
certain RA characteristics can influence
biomechanical and US findings. In ad-
dition, the control group was younger
than the RA group; however, we tried
to offset this with the Mantel-Haenszel
test. Furthermore, the absence of rheu-
matic or musculoskeletal disorders in
controls was established only through
anamnesis.

In conclusion, foot complaints experi-
enced by RA patients in remission/low
disease activity seemed to be associat-
ed to disease-related inflammation and
biomechanical abnormalities. Podiatric
and MSUS feet evaluation may well be
valuable information when managing
RA patients in daily practice.
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