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Abstract

Objective: The aim of this study was to evaluate and classify the types and incidences of foot deformities
in patients with Rheumatoid Arthritis (RA).

Methods: A cross-sectional study with convenience sample was obtained of 220 patients with foot pain
and RA classification criteria (approved by the American College of Rheumatology and the European
League against Rheumatism in 2010). A series of outcomes were assessed to measure the morphological
characteristics of the feet. The Foot Posture Index (FPI), the Manchester Scale of Hallux Valgus and the
Nijmegen classification of forefoot disorders were assessed.

Results: The most common foot posture according to the FPl assessment are the pronated position in
the left foot (32.7% of participants) and the neutral position in the right foot (34.1% of participants). The
disease progression causes more developed and serious foot deformities. 1.82% of patients present a
severe level of Hallux Valgus before 10 years of disease evolution whereas 4.09% of patients present a
severe level of Hallux Valgus after 10 years of disease evolution.

Conclusions: The most common foot type in patients with RA is the pronated foot type with
deformities in the MTP joints without Hallux Valgus. However, a percentage of patients with RA presents
supinated foot type. The evolution of the disease shows some morphological changes in terms of patient’s
feet. The presence of more developed foot deformities is increased, such us Hallux Valgus or MTP joints
deformity (Grade 3 in the Nijmegen classification scale).
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Introduction

Rheumatoid arthritis (RA) is a chronic, patients with RA is affected [4] and fatigue [5]. RA is

progressive inflammatory disease that can cause
limitations and difficulties in activities of daily living
(ADLs) and pain. As a result, patients may present
gait impairment and difficulties with self-care [1]. The
prevalence of RA in the population is approximately
7.7 per 1,000 and it is more prevalent in females, in
whom two-thirds of new cases arise. The disease is
prevalent in the fourth and fifth decades of life [2].
There are multiple affectations in the upper and
the lower limb [3] as well as the quality of life of

associated with significant pain and deformities,
where individuals continue to perform activities with
functional capacity restriction. Fatigue and functional
disability ensue with the progression of the disease
[6].

There is a high prevalence of foot involvement in
RA with over 90% of patients reporting foot pain
during the course of the disease [7]. It has been
suggested that erosive changes may occur in the joints
of the hands and feet, particularly in the

http://www.medsci.org



Int. J. Med. Sci. 2021, Vol. 18

2270

metatarsophalangeal (MTP) joints [8]. Inflammation
of foot joints and synovial tissues lead to articular
damage and structural deformities. The most
common foot deformities in patients with RA include
dorsal subluxation of the lesser MTP joints, hallux
valgus (HV), metatarsus primus varus (MPV), hallux
rigidus, hindfoot valgus, pes planus (PP) and splaying
of the forefoot (SF) [9].

In addition, there is involvement of the skin
trophism with lesions such as callus formation and
ulcers. Foot ulceration is estimated to affect 10-13% of
patients with RA during the course of their disease.
Furthermore, 47% of those affected patients
experience multiple episodes of ulceration involving
numerous sites on the foot [10]. However, the
deformities and morphological structure of the feet in
the patients with RA remain unknown.

The aim of this study is to evaluate and classify
the feet types and frequency of foot deformities in
patients with RA.

Materials and Methods

Ethical approval

Institutional review board that approved the
protocol for the study: Medical Research Ethics
Committee of University of Malaga (CEUMA-91-
2015-H) and PEIBA Andalucia (ARC0001), Spain.

Design

A cross-sectional study.

Participants

A convenience sample was obtained of 237
patients with foot pain and RA classification criteria
(approved by the American College of Rheumatology
and the European League Against Rheumatism in
2010) [11], of whom seventeen subsequently declined
to participate, citing lack of time (the study
questionnaire required 30 minutes to complete). The
patients were enrolled at hospital outpatient clinics
from January to December 2018. All the included
participants in the study were adults (more than 18
years old) who had a history of subtalar and/or ankle
and/or talonavicular or hindfoot pain, did not make
daily use of walking aids, and were able to achieve the
normal range of motions in the ankle, subtalar and
midtarsal joints (even if maximum dorsiflexion,
pronation or supination in these joints could not be
produced, a sufficient range of motion was achieved
by adjusting the dynamics, for example by reducing
stride length) [12]. The exclusion criteria applied were
to present a concomitant musculoskeletal disease,
central or peripheral nervous system disease and/or
endocrine disorders (especially diabetes mellitus).

Patients who met the criteria for inclusion were

approached by members of the rheumatology service
at the Virgen de la Nieves Hospital (Granada, Spain),
given an information sheet and invited to participate.
Those participants who agreed were interviewed and
given further details of the study. All participants
provided written consent prior to starting the
interviews.

Data collection

Demographic and clinical characteristics

The demographic characteristics recorded
included the patient’s age, gender, disease duration
and current therapy. The clinical data recorded to
assess the patients disease status were the visual
analogue scale for pain (VAS pain) [13], Disease
Activity Score-28 (DAS28) [14] and Simplified Disease
Activity Index (SDAI) [15].

A series of outcomes were assessed to measure
the morphological characteristics of the feet. The Foot
Posture Index (FPI) is a reliable instrument for this
purpose [16]. Furthermore, the Manchester Scale of
Hallux Valgus [17] and the Nijmegen classification of
forefoot disorders [9] were assessed.

Procedure

Two researchers (ARC and GGN) independently
interviewed the patients in order to obtain the study
data. The clinical interview was conducted in one
room, where the patients were asked to complete
demographic characteristics. In a separate room, foot
posture of each patient was measured. For that
purpose, the FPI was assessed (intraclass correlation
coefficient (ICC) for the clinician, 0.94-0.96). Each
criterion was scored as -2, -1, 0, +1 or +2. The
following FPI cut-off points, defining foot type
category were used: a) highly supinated from -12 to
-4, b) supinated from -3 to 0, ¢) neutral from 1 to 6, d)
pronated from 6 to 10 and e) highly pronated from 11
to 12 (18). The presence/absence of hallux valgus was
determined according to the Manchester Scale of
Hallux Valgus (ICC for the instrument, 0.93-0.97). It is
a clinical tool consisting of photographs of feet with
four levels of hallux valgus: none, mild, moderate and
severe (17). The Nijmegen classification of forefoot
disorders is a classification system which can be used
to grade the severity of the forefoot deformity. It
presents four different levels to assess the deformity:
Grade 0. No clinical changes in the metatarso-
phalangeal (MTP) joints, none or mild radiographic
changes; Grade 1. Decreased mobility of one or more
of the joints, particularly of plantarflexion, with the
ability to reduce the plantar soft tissues under the
metatarsal heads, and with adequate quality of the
plantar soft tissues and/or radiographic erosive
changes (Larsen 2-5) or evident intra-articular
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changes; Grade 2. Loss of plantar flexion in one or
more of the MTP joints (up to 00), and loss of the
ability to reduce the plantar soft tissues under the
metatarsal heads, and/or with inadequate quality of
the plantar soft tissues A. with a hallux valgus of more
than 20° B. without a hallux valgus of more than 20
Grade 3. Deep contracture in one or more MTP joint,
with or without radiographic subluxation or
dislocation A. with a hallux valgus of more than 20°.
B. without a hallux valgus of more than 20° [9] (ICC
for the clinician, 0.83-0.87).

Statistical analysis

The results obtained are reported as the median
and interquartile range, if the non-normal distribution
of the variables, and as the mean and standard

A

More than 10 years

Less than 10 years

deviation (SD) due to the normal distribution. The
normality of the distributions was examined by the
Kolmogorov-Smirnov test and the intra-rater
reliability of the measurement instruments was
calculated by a two-way mixed-consistency ICC
model. The bivariate analysis was performed with
Student’s t test and the non-parametric Wilcoxon test;
for the association of qualitative variables, the
chi-square test was used for the comparison of
proportions. The significance level was set at p<0.05.
All statistical analyses were conducted using SPSS v.
24.0 statistical software (SPSS Inc., Chicago, IL, USA).

Results

In total, 220 patients with RA were analysed,
(average of duration of RA in years, 15.44, SD 10.54
years), 173 patients were female.

The values for median age and

Score FPI interquartile range (IR) were 59
cg{gggr'i’zs and 16 years for the patients with
B Neutral RA. The median values for height
=g‘f;g{$‘“°d and weight were 162 cm (IR: 10)
M supinated and 65 kg (IR: 15). The patients

with RA were treated with
biological disease-
modifying antirheumatic drugs
(b DMARDs) (42%), methotrexate
(35%) or nonsteroidal
anti-inflammatory drugs
(NSAIDs)/ corticosteroids  (20%).
DAS 28 2.77 (SD 1.27) and SDAI
10.10 (SD 7.88).

The most common foot

0 10 20 30 40

Number of patients

More than 10 years

Less than 10 years

50 posture according to the FPI
assessment are the pronated
position in the left foot (32.7% of
participants) and the neutral

Sf_g;te E" position in the right foot (34.1% of
categories participants) (Table 1). In patients
Eoverpronated  with less than 10 years of RA in
[l Supineted K R
H Neutral patients who were diagnosed less
M Pronated

than 10 years ago, the right feet
have shown a supinated position
(13.64% of participants). On the
other hand, in patients after 10 of
RA evolution, the right feet
having a neutral foot posture is
most common  (19.55%  of
participants). In the left feet
different results are shown. In
patients after 10 of RA evolution,
the left feet have a pronated

0 10 20 30 40

Number of patients

Figure 1. A and B Score of FPI differentiating according to years of disease evolution.

50

position (19.55% of participants)
(Figure 1).  Non-statistically

significant  differences  were
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found using the chi-square test in boot feet (p=0.098
and p=0.257).

Regarding to the Hallux Valgus deformity, the
progression of deformity overall is exacerbated by the
hallux valgus deformity. 1.82% of patients present a
severe level of Hallux Valgus before patients after 10
of RA evolution whereas 4.09% of patients present a
severe level of Hallux Valgus after in patients after 10
of RA evolution. Statistically significant differences
were not found using the chi-square test in the right
foot (p=0.573), however, statistically significant
differences were found in the left foot (p=0.024)
(Figure 2A/B).

In terms of lesser metatarsophalangeal
deformities, statistically significant differences are
presented in both feet (p=0.013 and p=0.007). The
Grade 3 increases its percentage in both feet in

A

60

Number of patients

Less than 10 years More than 10 years

60

Number of patients

More than 10 years

Less than 10 years

Figure 2. A and B Severity of Hallux Valgus by categories of Manchester Scale of HV differentiating according

to years of disease evolution.

patients with more than in patients after 10 of RA
evolution (Figure 3A and B).

Discussion

The aim of this cross-sectional study was to
evaluate and classify the types and frequency of foot
deformities in patients with RA. For the purpose of
this study, the foot type defined by FPI, the
Manchester Scale of Hallux Valgus [17] and the
Nijmegen classification of forefoot disorders were
assessed in patients with RA. As a result, the
prevalence of HAYV, forefoot deformities and foot type
were described.

In previous studies, where different structural
deformations in the foot were mentioned, the
quantitative method used to demonstrate these
structural changes were not described [19,20]. In our

study, to avoid the same bias,
validated foot outcomes have been

Mgg:{:’;‘fer included, except the Nijmegen
Hallux classification. Our results can be
Vfi?ﬁ‘s compared to the results of Biscontini

ENone at al. in 2009 [21], where after using

EHL'im the FPI and the Manchester Hallux

Msean Valgus they concluded that patients

with RA can frequently present with

hallux valgus and pronated foot.
Both studies agree that feet of
patients with RA suffer from a valgus
pathology and forefoot deformity.
However, several studies have
demonstrated that some
musculoskeletal alterations appear in
the upper limbs, such as muscle
atrophy, broken tendons, decreased
joint range of motion, join instability,
stiffness, pain and biomechanical

Manchester . . .

Scale of impairment. All those alterations are
Vall-lg;:.:!f.ul).(eft not associated with the osteoarticular
E None deformation of the foot [22,23]. In
B e  addition, our study provides process
Bsevere evolution data with the

differentiation between patients that
present RA before and after 10 years.
As opposed to previous studies such
as Lee S.W. et al., which analysed the
incidence of the foot and ankle
affectation in patients with a mean
disease evolution of only 8 years,
quantifying the number of affected
joints with pain, inflammation and
radiological alterations in the foot
and ankle [19].

As it has been described in our
study, a large amount of patients,
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specially female, with RA suffer from hallux valgus
and lesser toe deformities such as decreased mobility
of one or more of the MTP joints, a reduction of soft
tissues under MTP joints and/ or radiographic erosive
changes. It has been discussed in previous studies that
foot symptoms are almost ubiquitous among patients
with RA and are frequently severe, despite the
exceptional progress in RA treatments [2].

However, Yano et al. only analysed the incidence
of patients who presented alterations in the foot at the
moment of the diagnosis, not reporting the prevalence
of foot deformations [20]. The first foot manifestations
are usually in the forefoot, and these foot deformities

get worse over time [2]. This agrees with our results
that show patients with RA present a higher levels of
severe Hallux Valgus in patients after 10 of RA
evolution than before 10 years of evolution. The
development of HAV in patients with RA occurs in in
a shorter period of time than in the general population
due to the following structural alterations of the foot:
increased medial pressure on the forefoot; synovitis in
the first MTP joint, which causes the joint capsule
laxity and instability; joint erosion which helps
deviation in the transverse plane of the first MTP joint
and increased laxity of the Lisfranc ligament
increasing the intermetatarsal angle [24,25].
The FPI results from
the included participants

A w0 ’ showed that patients with
Wi il RA present a wide variety of

right foot types, including neutral,

=g::g§(1) pronated, overpronated and

MGrade 2 A supinated foot posture. The

g Eg::g:gg most common foot posture
g Ecarde38 were the neutral and
g pronated position, showing
s an intention of higher values
g in the FPI after 10 years of
g disease evolution, which
z means pronated foot
posture. Those results agree

with previous studies which

concluded that the hindfoot

is frequently found in a

valgus position in patients

Less than 10 years More than 10 years with RA. The presence of an

alteration in joint alignment,

a reduction in mobility and a

B change in pressure
The distribution to the medial

Number of patients

Less than 10 years

Figure 3. A and B Severity of metatarsophalangeal by categories of Nijmegen classification differentiating according to years of

disease evolution.

More than 10 years

INijn;'egen ‘£ R
classification TOZST! mn
e aspect of foot progress a

valgus deformation [24-26].

E Grade 0

M Grade 1

Bcrade2A  Gtrengths and

Herade3n  weaknesses of the
study

The strengths of this
study include; validated and
reliable outcome measures
and questionnaires used to
assess foot types and
frequency of foot deformities
in patients with RA. All the
participants  presented a
longer duration of the
disease of more than 10
years, which was useful to

stablish a  classification
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before and after 10 years of evolution. Also, a protocol
has been followed with each patient. The limitations
associated with this study must be acknowledged
when interpreting the results. First, all the
participants were mainly women, which correlated
with the information that RA is most commonly
found in females in Europe. Secondly, the influence of
biologics treatment should have been assessed to
differentiate the effects of the treatments on soft
tissues (ligaments and muscles). Biologics treatment
may influence soft tissues depending on how long the
treatment has been used. As a result, biologics
treatment may influence the appearance of pronated
foot type.

Table 1. Characteristics of the sample in relation with the
morphological foot in patients with RA

N (220) Frequency (number) Percentage (%)

Foot Posture Index

Left Supinated 46 20.9
Neutral 57 259
Pronated 72 32.7
Overpronated 45 20.5

Right Supinated 47 214
Neutral 75 34.1
Pronated 67 30.5
Overpronated 31 14.1

The Nijmegen classification

Left Grade 0 34 155
Grade 1 53 24.1
Grade 2A 12 5.5
Garde 2B 70 31.8
Grade 3 A 22 10
Grade 3B 29 132

Right Grade 0 36 164
Grade 1 68 30,9
Grade 2A 12 5.5
Garde 2B 55 25
Grade 3 A 18 8.2
Grade 3B 31 14.1

Manchester Scale of Hallux Valgus

Left None 105 47.7
Mild 74 33.6
Moderate 30 13.6
Severe 11 5

Right None 111 50.5
Mild 73 332
Moderate 23 105
Severe 13 59

Future research

In further studies, analysing more homogeneous
sample sizes are needed, as a non-homogeneous
sample size may influence the results. Furthermore,
studies with outcomes that allow making a
relationship between pain, loss of functionality
and/or quality of life, and feet deformity are required.

Conclusions
The most frequently found foot type in patients

with RA is the pronated foot, with deformities in the
MTP joints without Hallux Valgus. However, a
percentage of patients with RA present with a
supinated foot.

The evolution of the disease shows some
morphological changes in terms of patient’s feet. An
evolution of more severe stages of foot deformities are
presented, such us Hallux Valgus or Grade 3 of MTP
joints in the Nijmegen classification scale.

Acknowledgements

Author Contributions

Conceptualization: Andres Reinoso-Cobo, Laura
Ramos-Petersen, Ana Belen Ortega-Avila, Pekka
Antille and Gabriel Gijon-Nogueron; Formal analysis:
Ana Marchena-Rodriguez, Pablo Cervera-Garvi and
Eva  Lopezosa-Reca; = Methodology:  Gabriel
Gijon-Nogueron, Ana Belen Ortega-Avila and Laura
Ramos-Petersen; Writing - original draft: Gabriel
Gijon-Nogueron, Ana Belen Ortega-Avila, Andres
Reinoso-Cobo and Laura Ramos-Petersen; Writing -
review & editing: Ana Marchena-Rodriguez, Ana
Belen  Ortega-Avila, Pekka Antilla, Pablo
Cervera-Garvi, Eva Lopezosa-Reca and Gabriel
Gijon-Nogueron.

Competing Interests

The authors have declared that no competing
interest exists.

References

1. Hennessy K, Woodburn ], Steultjens M. Clinical practice guidelines for the
foot and ankle in rheumatoid arthritis: A critical appraisal. ] Foot Ankle Res.
2016; 19;9:31. doi: 10.1186/513047-016-0167-0.

2. Stolt M, Suhonen R, Leino-Kilpi H. Foot health in patients with rheumatoid
arthritis - a scoping review. Rheumatol Int. 2017; 37(9):1413-1422. doi:
10.1007 /500296-017-3699-0.

3. Laroche D, Pozzo T, Ornetti P, Tavernier C, Maillefert JF. Effects of loss of
metatarsophalangeal joint mobility on gait in rheumatoid arthritis patients.
Rheumatology. 2006; 45(4):435-40. doi: 10.1093 /rheumatology /keil68.

4. Westhoff G, Listing J, Zink A. Loss of physical independence in rheumatoid
arthritis: Interview data from a representative sample of patients in
rheumatologic care. Arthritis Care Res. 2000; 13(1):11-22.

5. Katz P, Margaretten M, Gregorich S, Trupin L. Physical Activity to Reduce
Fatigue in Rheumatoid Arthritis: A Randomized Controlled Trial. Arthritis
Care Res. 2018; 70(1):1-10. doi: 10.1002/acr.23230.

6. Verma C, Parikh R, Nadkar M, Mehta A. Correlation of functional ability of
the hand with upper limb function and quality of life in patients with
rheumatoid arthritis. ] Assoc Physicians India. 2017; 65(3):20-24.

7. van der Leeden M, Steultjens MP, Dekker JHM, Prins APA, Dekker J. The
relationship of disease duration to foot function, pain and disability in
rheumatoid arthritis patients with foot complaints. Clin Exp Rheumatol. 2007;
25(2):275-80.

8.  Hulsmans HMJ, Jacobs JWG, Van Der Heijde DMFM, Van Albada-Kuipers
GA, Schenk Y, Bijlsma JW]. The course of radiologic damage during the first
six years of rheumatoid arthritis. Arthritis Rheum. 2000; 43(9):1927-40.

9.  Doorn PF, Keijsers NLW, van Limbeek J, Anderson PG, Laan RFJM, Bosch P
van t. P, et al. A clinical classification system for rheumatoid forefoot
deformity. Foot Ankle Surg. 2011; 17(3):158-65. doi: 10.1016/j.fas.2010.05.001.

10. Firth J, Hale C, Helliwell P, Hill ], Nelson EA. The prevalence of foot ulceration
in patients with rheumatoid arthritis. Arthritis Care Res. 2008; 59(2):200-5. doi:
10.1002/art.23335.

11. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO, et al. 2010
Rheumatoid arthritis classification criteria: An American College of
Rheumatology/European League Against Rheumatism collaborative
initiative. Arthritis Rheum. 2010 Sep;62(9):2569-81. doi: 10.1002/art.27584.

http://www.medsci.org



Int. J. Med. Sci. 2021, Vol. 18

2275

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Dubbeldam R, Baan H, Nene A V., Drossaers-Bakker KW, Van De Laar MAFJ,
Hermens HJ, et al. Foot and ankle kinematics in rheumatoid arthritis:
Influence of foot and ankle joint and leg tendon pathologies. Arthritis Care
Res. 2013;65(4):503-11.

Sendlbeck M, Araujo EG, Schett G, Englbrecht M. Psychometric properties of
three single-item pain scales in patients with rheumatoid arthritis seen during
routine clinical care: A comparative perspective on construct validity,
reproducibility and internal responsiveness. RMD Open. 2015; 1(1):e000140.
doi: 10.1136/ rmdopen-2015-000140.

Van Der Heijde DMFM, Van 't Hof M, Van Riel PLCM, Van De Putte LBA.
Development of a disease activity score based on judgement in clinical
practice by rheumatologists. ] Rheumatol. 1993 Mar;20(3):579-81.

Smolen JS, Breedveld FC, Schiff MH, Kalden JR, Emery P, Eberl G, et al. A
simplified disease activity index for rheumatoid arthritis for use in clinical
practice. Rheumatology. 2003; 42(2):244-57. doi: 10.1093/rheumatology/
keg072.

Redmond AC, Crosbie J, Ouvrier RA. Development and validation of a novel
rating system for scoring standing foot posture: The Foot Posture Index. Clin
Biomech. 2006,21(1):89-98.

Garrow AP, Papageorgiou A, Silman AJ, Thomas E, Jayson MI, Macfarlane GJ.
The grading of hallux valgus. The Manchester Scale. ] Am Pod Med Assoc.
2001; 91(2):74-8. doi: 10.7547 /87507315-91-2-74.

Redmond AC, Crane YZ, Menz HB. Normative values for the Foot Posture
Index. ] Foot Ankle Res. 2008;1(1):6. doi: 10.1186/1757-1146-1-6.

Lee SW, Kim S, Chang SH. Prevalence of feet and ankle arthritis and their
impact on clinical indices in patients with rheumatoid arthritis: a cross-
sectional study. BMC Musculoskelet Disord. 2019;20(1):420. doi: 10.1186/
§12891-019-2773-z.

Yano K, Ikari K, Inoue E, Sakuma Y, Mochizuki T, Koenuma N, et al. Features
of patients with rheumatoid arthritis whose debut joint is a foot or ankle joint:
A 5,479-case study from the IORRA cohort. PLoS One. 2018;13(9):1-10.
Biscontini D, Bartoloni Bocci E, Gerli R. Analysis of foot structural damage in
rheumatoid arthritis: clinical evaluation by validated measures and serological
correlations. Reumatismo. 2011; 61(1):48-53.

Cle OLA. Evaluation of dynamic postural balance using the Biodex Stability
System in rheumatoid arthritis patients. Clin Rheumatol. 2006 Jul;25(4):462-7.
Toprak CS, Durudz MT, Giindiiz OH. Static and Dynamic Balance Disorders
in Patients With Rheumatoid Arthritis and Relationships With Lower
Extremity Function and Deformities: A Prospective Controlled Study.
2018;33(3):328-34.

Goksel Karatepe A, GiiNaydin R, Adibelli ZH, Kaya T, DurusZ E. Foot
deformities in patients with rheumatoid arthritis: The relationship with foot
functions. Int ] Rheum Dis. 2010;13(2):158-63.

Dave MH, Mason LW, Hariharan K. Forefoot Deformity in Rheumatoid
Arthritis: A Comparison of Shod and Unshod Populations. Foot Ankle Spec.
2015; 8(5):378-83.

Woodburn J, Helliwell PS. Relation between heel position and the distribution
of forefoot plantar pressures and skin callosities in rheumatoid arthritis. Ann
Rheum Dis. 1996; 55(11):806-10. doi: 10.1136/ard.55.11.806.

http://www.medsci.org



