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Forefoot joint damage, pain and disability in
rheumatoid arthritis patients with foot complaints:
the role of plantar pressure and gait characteristics
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Objective. To assess (i) the relationship between forefoot joint damage and foot function (expressed as gait and pressure
parameters), (ii) the relationship between foot function and pain, and (iii) the relationship between foot function and disability in
patients with foot complaints secondary to rheumatoid arthritis (RA).

Methods. Sixty-two patients with RA-related foot complaints were included. Measurements of joint damage, gait
characteristics, plantar pressure, pain and disability were obtained. Data were analysed using descriptive and correlational
techniques.

Results. Joint damage on radiographs of the forefoot correlated significantly with forefoot pressure (r = 0.296, P = 0.020).
Further investigation of the metatarsophalangeal joints (MTPs) showed joint damage to correlate significantly with peak
pressure and pressure—time integral (PTI) of MTP1 and MTP4. A significant correlation between PTI under the forefoot and
barefoot pain was found (r = 0.290, P = 0.022). Gait parameters (total contact time and the duration of heel loading) and
disability, measured with the Foot Function Index, were significantly correlated (»r = 0.315, P = 0.013 and r = 0.266,
P = 0.037, respectively).

Conclusion. Forefoot joint damage in the rheumatoid foot is related to increased pressure under the forefoot, especially pressure
under the first and fourth MTP joints. High forefoot pressure is associated with pain during barefoot walking. A prolonged

stance phase and delayed heel lift are related to disability in daily activities.

KEey worps: Foot, Rheumatoid arthritis, Forefoot joint damage, Gait, Plantar pressure, Pain, Disability, Relationships.

Foot complaints are a major problem in patients with rheumatoid
arthritis (RA). Approximately 90% of patients complain of painful
feet at some time during the course of their disease [1, 2]. The
presence of foot complaints, both in the early and in the chronic
stage of RA, has been shown to severely affect patients’ daily
activities, especially ambulation and other weight-bearing tasks [3].
Despite the number of patients reporting foot complaints and the
consequences for daily activities, the rheumatoid foot has so far
received little attention in scientific research.

In the present study, a model describing the assumed relation-
ships between pathology, impairments and disability in the
rheumatoid foot was used (Fig. 1). The model might be useful in
clinical diagnosis and decision-making regarding the rheumatoid
foot. Inflammation of joints and soft tissues, even when vigorously
treated, can severely disrupt foot structure by causing joint damage
and structural deformities [2]. Common foot structure deformities
in RA patients are subluxation of the metatarsophalangeal joints
(MTPs), toe deformities and valgus alignment of the rearfoot.
Changes in foot structure may be associated with impaired foot
function during weight-bearing. Furthermore, impaired foot
function, expressed as alterations in gait and pressure, may relate
to pain and disability during daily activities [4, 5].

In recent years, a limited number of studies have been performed
aimed at identifying relationships between foot function on the one

hand and foot structure, pain and disability on the other. To assess
foot function, plantar pressure measurements have been used,
yielding gait characteristics and pressure distribution patterns.
Patients with RA showed modified gait patterns: the duration of
the stance phase and double support phase is increased and the
moment of heel lift is delayed [6]. Additionally, pressure, especially
under the forefoot, is elevated [7-10]. Evidence linking radiological
erosion scores and increased plantar pressure was found [11]. Foot
deformities have been shown to relate to changed pressure
distribution patterns and increased peak pressure [12 , 13]. Also,
relationships between increased forefoot pressure and pain in RA
have been reported [9, 14]. Furthermore, gait characteristics were
found to relate to disability in daily activities [15, 16]. The
relationship between pressure and disability has not been investi-
gated, to our knowledge.

Knowledge about relationships between foot impairments and
disability, especially regarding the role of plantar pressure and gait
characteristics, is limited. Thus, there is a need for replication and
extension of research on these relationships. The purpose of the
present study was to assess: (i) the relationship between forefoot
joint damage and foot function (expressed as gait and pressure
parameters); (ii) the relationship between foot function and pain;
and (iii) the relationship between foot function and disability in
patients with foot complaints secondary to RA.
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FiG. 1. Model of RA-related foot impairments and disability.

Materials and methods

Patient selection

Sixty-two patients at an out-patient clinic for rehabilitation and
rheumatology (Jan van Breemen Institute) in the Netherlands
served as the study population. The following inclusion criteria
were used: (i) RA diagnosed by a rheumatologist (according to
ACR criteria [17]); (i) referred to a podiatrist or a rehabilitation
physician for RA-related foot complaints; (iii) older than 18 yr;
and (iv) informed consent of the patient. Exclusion criteria were:
(1) inability to walk independently; (ii) inability to complete
questionnaires (because of language or cognitive problems); and
(iii) ambulation problems due to non-RA-related causes. The
medical ethics committee of the Slotervaart Hospital in
Amsterdam approved this study and written informed consent
was obtained from each subject.

Measures

Joint damage. A trained rheumatologist scored the radio-
graphs of the feet using the Sharp/van der Heijde method [18]. The
10 MTP and two interphalangeal joints of the big toes were scored
for erosions and joint space narrowing. The erosion score per joint
site can range from 0 to 5, where 0 is no erosion and 10 is severe
erosions on both sites of the joint. Joint space narrowing is
combined with a score for (sub)luxation and scored from 0 to 4,
where 0 is normal and 4 is a bony ankylosis or complete
subluxation. The maximum erosion score for all joints in both
feet is 120. The maximum score for joint space narrowing in all
joints of both feet is 48. The total score is the sum of erosions and
joint space narrowing in all joints of both feet.

Foot function. To obtain pressure and gait parameters,
plantar pressure measurements were performed using an
EMED®-nt system (Novel Electronics, Novel, Munich,
Germany; 4 sensors per cm?® sample frequency 50Hz). The
platform was mounted in the middle of a walkway of 5m. The
two-step method of collecting plantar pressure measurements was
used [19]. This method requires the patient to stand (barefoot) two
steps away from the pressure platform and, at a self-selected
pace, step onto the platform and continue walking for at least
three steps. The measurements started after instruction of the
patient and familiarization with the procedure. Data from both
feet were collected. Three correct measurements per foot were
recorded. A measurement was rejected when the whole foot failed
to be placed on the platform or when the patient was out of balance
according to the tester or to the patient. All patients started
walking with their right foot.
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Disability in daily activities. Disability was assessed using
the physical functioning (PF) subscale of the Foot Function Index
(FFI) and the WOMAC (Western Ontario and McMaster
Universities Osteoarthritis Index), and a 10-m walking test.

The FFI [20] measures pain and mobility limitation as the
impact of foot problems. The scale consists of 23 items divided into
three subscales: pain (nine items), physical functioning (nine items)
and limitation (five items). The items are rated on a five-point scale.
To calculate the subscale scores and the total score, the item scores
are summed, divided by the maximum possible sum of the item
scores and then multiplied by 100. The scores range from 0 to 100;
the higher the score the more pain, disability and limitation,
respectively.

The Dutch WOMAC [21] originally measured pain, joint
stiffness and physical functioning as the impact of osteoarthritis
in hips and knees. For the present study, the impact of arthritis in
the hips, knees, ankles and feet was measured by changing the
instruction of the questionnaire. The WOMAC consists of 24 items
divided into three subscales: pain, joint stiffness and physical
functioning. The scores range from 0 to 100; the higher the score,
the more pain, stiffness and disability respectively.

For the 10-m walking test, the patient was instructed to walk
10 m at a normal, comfortable walking speed. Time to walk this
distance was recorded.

Pain. Pain in the feet during activities was measured by the
pain subscale of the FFI. As pressure measurements were
performed barefoot, pain during barefoot standing and walking
was measured by selecting and summing two items of the FFI pain
scale (items 3 and 4).

Additional measures. Disease activity was expressed as a
composite index consisting of a swollen and painful joint count out
of 44 joints, erythrocyte sedimentation rate (mm/h) and a visual
analogue scale for general health [22]. A trained nurse performed
the measurements and calculated the disease activity score
(DAS-44). Other data recorded were sex, age, body mass index
(weight/height?), disease duration, medication and location of foot
complaints in the last week.

Data and statistical analyses

Pressure and gait data were analysed with Novel-Ortho® and
Novel-Win® software. A division mask (Novel mask) divided the
foot into 10 anatomically referenced regions: heel, midfoot, first
to fiftth MTP joints, hallux, second toe, and other toes. For each
region, the peak pressure (PP) and pressure-time integral (PTI)
was calculated. The PP was determined as the highest pressure
measured by a single sensor in a region. The PTI of a region was
defined as the integral of pressure over time measured in the single
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sensor within that region showing the PP. Pressure data for the
forefoot were used in further analyses, as this region is known to
play an important role in foot pathology in RA patients. The
maximum PP and maximum PTI under the forefoot and the PP
and PTI for each MTP were calculated. Also, gait parameters,
i.e. the total contact time and the duration of heel loading
(expressed as percentage of total contact time), were determined.
The processed data were transferred to SPSS (version 12.0). Data
for the most affected foot, according to the patient, were used for
further analysis.

As the score for joint damage and the PF subscales of the
FFI and WOMAC were not normally distributed, Spearman
correlation coefficients were calculated to analyse relationships
between these variables. To analyse relationships between
other variables, Pearson correlations were determined. Two-sided
testing and a significance level of P<0.05 were used for all
analyses.

Results
Descriptive data

Characteristics of patients are shown in Table 1. Sixty-two
patients participated: 47 women and 15 men, with a mean age of
55.7yr. Eighty-nine per cent of the patients reported forefoot
complaints in the last week. The median PF score of the FFI and
WOMAC was 19.1 and 17.3%, respectively. Mean peak pressures
and mean PTIs in different regions of the foot are shown in
Table 2.

Relationships between joint damage and foot function

Table 3 shows the correlations between joint damage, expressed as
the Sharp/van der Heijde score, and foot function. Joint damage
in the forefoot and hallux was significantly correlated with
the maximum PTI measured under the forefoot (r=0.296,
P =0.020). Further analyses of the regions in the forefoot showed
the Sharp/van der Heijde score to correlate significantly with the
PTI of MTPI and MTP4 (r=0.328, P=0.010 and r=0.290,
P =0.037, respectively). Also, the Sharp/van der Heijde score was
significantly correlated with PP of the MTP1 and MTP4 regions
(r=0.319, P=0.012 and r=0.268, P=0.037, respectively). No
significant correlations between joint damage and gait parameters
were found.

Relationships between foot function and pain

The correlations between foot function measures and pain are
shown in Table 4. The maximum PTI under the forefoot was
significantly correlated with pain when standing or walking
barefoot (r=0.290, P=0.022). Further analyses on the PTI
under the forefoot showed the PTI of MTP4 to correlate
significantly with barefoot pain (r=0.301, P=0.017). No signifi-
cant correlations between gait parameters and pain were found.

Relationships between foot function and disability

Gait parameters, i.e. total contact time and duration of heel
loading, were significantly correlated with all disability measures
(Table 5). Pressure parameters, i.e. maximum PP under the
forefoot and maximum PTI under the forefoot, were not
significantly correlated with disability.

Secondary analyses

The DAS-44 was significantly correlated with FFI PF and
WOMAC PF (r=0.492, P=0.000 and r=0.604, P =0.000,

TaBLE 1. Characteristics of patients (n=062)

Age (yr)* 55.7 (13.11)
Sex (M/F) 15/47
Body mass index (kg/m?)* 26.4 (3.7)

Time since RA diagnosed (months)® 96.0 (36.0-144.0)

Medication
NSAIDs 50%
DMARDs 84%
Biologicals 13%
DAS-44* 2.4 (1.0)
Sharp/van der Heijde score® 8.0 (1.5-24.5)
Forefoot complaints 89%
PP forefoot (N/ecm?)? 63.2 (25.0)
PTI forefoot (N/cm?)*s 21.4 (8.7)
Total contact time (ms)* 852.1 (153.6)
Heel lift (% total contact time)* 59.7 9.1)

FFI total score (% of total score)®
FFI PF
FFI pain
FFI pain barefoot (sum)®
WOMAC total (% of total score)”
WOMAC PF
WOMAC pain
Walking test (s)*

23.0 (11.3-45.1)
19.1 (8.0-45.1)
28.6 (18.2-41.7)
2 (1.0-4.0)

19.0 (8.0-43.6)
17.3 (5.7-46.7)
20.0 (8.8-41.3)
8.3 (1.8)

Data are “mean (s.p.), "median (interquartile range), percentage or
number.

TABLE 2. Mean (s.0.) values for PP (Njem?) and PTI (N/cm?)*s in
different foot regions

PP PTI
Heel 29.4 (8.8) 8.4 (2.5)
Midfoot 12.0 (5.7) 43 (2.4)
MTPI 40.2 (24.5) 14.3 (9.3)
MTP2 49.0 (27.5) 16.0 (7.7)
MTP3 44.2 (19.0) 15.6 (5.6)
MTP4 30.3 (16.2) 12.0 (6.5)
MTP5 25.9 (19.1) 9.9 (7.5)
Hallux 47.1 (32.9) 13.9 (11.0)
Second toe 16.6 (10.7) 4.8 (3.6)
Other toes 13.9 (9.0) 4.2 (3.0)

TasLE 3. Correlations between joint damage and foot function

Sharp/van der Heijde score P-value
PP forefoot 0.211 0.103
PTI forefoot 0.296 0.020
Total contact time 0.161 0.215
Heel lift 0.239 0.064
TaBLE 4. Correlations between foot function and pain
FFI pain  P-value FFI pain barefoot P-value
PP forefoot —0.002 0.990 0.127 0.326
PTI forefoot 0.159 0.216 0.290 0.022
Total contact time 0.196 0.127 0.225 0.079
Heel lift 0.247 0.053 0.220 0.086

respectively). DAS-44 and FFI pain were significantly correlated
(r=0.383, P=0.002). FFI-pain was related to FFI-PF and
WOMAC-PF (r=0.787, P=0.000 and r=0.619, P =0.000,
respectively).
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TasLE 5. Correlations between foot function and disability

FFI PF P-value WOMAC PF P-value Walking test P-value
PP forefoot —0.119 0.356 —0.151 0.242 —0.220 0.086
PTI forefoot 0.090 0.488 0.103 0.426 0.102 0.428
Total contact time 0.315 0.013 0.352 0.005 0.790 0.000
Heel lift 0.266 0.037 0.254 0.046 0.273 0.032
Discussion reference values for healthy subjects presented by Bryant

The aim of this study was to assess relationships between foot
function on the one hand and joint damage, pain and disability on
the other hand, in patients with RA-related foot complaints.

Significant correlations between forefoot joint damage, mea-
sured by the Sharp/van der Heijde score, and increased forefoot
pressure were found. Forefoot joint damage was significantly
correlated with both PP and PTI under MTP1 and MTP4. Our
results confirm the results of a study by Tuna et al. [11]. In that
study, increased peak pressure in the forefoot and toes was found
in a group of RA patients with high erosion scores (using the
modified Larsen scoring system) compared with a group with low
erosion scores. Joint damage in combination with capsuloliga-
mentous instability can lead to structural deformities of the
foot [4]. Foot deformities are supposed to be the cause of high
plantar pressures and altered pressure distribution [12, 13]. This
seems to be the explanation for the relationship between joint
damage and plantar pressure.

Maximum PTI under the forefoot and pain during barefoot
walking were significantly correlated. The relationship between
high forefoot pressure and foot pain was found in other studies
also [9, 14]. In the study by Hodge er al. [9] average forefoot
pressure, measured with an in-shoe pressure device, was related to
foot pain. In our study PP and PTI were measured. PTI was related
to foot pain, while no relationship between PP and foot pain was
found. According to Otter et al. [10], a prolonged duration of
loading in a certain region (measured in our study as the PTI) is
more straining for the foot than a high PP for a short time, and
may therefore cause pain. Our results confirm Otter’s hypothesis.
As a result of high pressures, skin callosities and bursae can
develop at the MTPs as a protective response, but eventually this
may exacerbate symptoms [13].

No correlations between pressure and disability in daily
activities were found. The lack of a relationship between pressure
and disability might be explained by the influence of the shoe and
possible shoe modifications or foot orthoses. Pressure is measured
barefoot, while most daily activities are performed when wearing
shoes. The shoe could decrease pressure under the forefoot and
therefore reduce pain and disability during weight-bearing. Recent
literature supports this hypothesis. Adequately designed foot
orthoses combined with appropriate shoe modifications have
been shown to bring functional improvement and pain relief to
patients with RA affecting the foot [9, 23-25].

Gait parameters (a prolonged stance phase and delayed heel lift)
and disability were significantly correlated. Our results confirm the
results of studies of Platto ez al. [15] and O’Connell et al. [16]. Both
studies found a relationship between gait parameters and the
ambulation subscale of the Sickness Impact Profile. The reduction
of the propulsion of gait may be caused the symmetrical weakness
in the calf muscles, identified in a study by Keenan ez al. [26]. Our
hypothesis is that the weakness of the calf muscles is mainly a result
of pain-avoiding strategies that may alter patterns of muscular
activity in RA patients, but this hypothesis is not supported by
evidence. In addition, Michelson et al. [2] reported that in RA the
prevalence of ankle problems is 42%: this may further impair the
patient’s gait.

Descriptive data on foot impairments and disability in RA
patients were obtained in the present study. Compared with the

et al. [27], RA patients in our study showed increased PPs
and PTIs in the midfoot, forefoot and hallux. In comparison,
values of mean PTIs under the MTPs in healthy subjects
ranged from 7.5 to 12.6 (Njem?)*s and in our study group from
9.9 to 16.0 (N/cm?)*s.

The median PF score of RA patients in this study was 19.1% of
the maximum score. In a study by Kuyvenhoven et al. [20], patients
with non-traumatic forefoot complaints visiting a general practice
were measured with the FFI. Mean PF scores of 12.9% were
found in that study. These scores are lower compared with
our group of RA patients, in whom disease was more severe. In
a study by Conrad et al. [28], older male RA patients with a
long disease duration scored a mean of 34.1% on the PF subscale
of the FFI.

The mean disease activity score (DAS-44) in our study was 2.4,
which represents a moderate disease activity. A cut-off level of the
DAS of 1.6 corresponds with being in remission following the
ACR criteria [22]. Despite the moderate disease activity, high
correlations were found between disease activity and foot pain, and
between disease activity and disability. These findings argue in
favour of further attempts to suppress disease activity. In addition,
conservative therapy for foot complaints is indicated. Orthoses
or orthopaedic shoes have been shown to decrease plantar
pressure and improve gait, and may therefore reduce pain and
disability. Gait training might further influence pressure and gait
characteristics.

In clinical practice, pressure and gait data can be obtained from
dynamic measurements; for example, using the Emed system.
In the absence of a pressure measurement system, physical
examination of the foot, pressure patterns in the shoe and
blueprints can give information about the locations of high
pressure. However, to obtain precise information about location
and height of pressure during walking, the use of a pressure
measurement system is recommended, either in-shoe or barefoot.
Further research is needed to identify the correlation between
in-shoe and barefoot measurements.

There are some limitations of this study. We chose to measure
plantar pressure during barefoot walking. The limitation of
barefoot measurements is that the influence of footwear, including
shoe modifications or orthoses, has not been measured. As
mentioned, this might be an explanation for the lack of a
relationship between pressure and disability in daily activities in
this study. Studies investigating the relationship between pressure
and disability using in-shoe measurements are recommended.

In addition, our study group was heterogeneous with respect
to disease duration. Foot deformities develop during the course
of RA. In the ecarly stage of RA, pain and swelling are the
predominant foot impairments, whereas in later stages foot
deformities rise to prominence. This means that, at different stages
of the disease, different processes may be responsible for foot
impairments and disability in activities in RA. Our study group
was too small to analyse subgroups of patients. Therefore, further
research is recommended in homogeneous groups of patients with
early and established RA.

Finally, a cross-sectional design was used in this study. To
identify cause-and-effect relationships, longitudinal studies are
needed.
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Conclusion

In this study relationships are identified between foot function on
the one hand and joint damage, pain and disability on the other
hand, in patients with RA-related foot complaints. Joint damage is
related to increased pressure under the forefoot, especially pressure
under the first and fourth MTP joints. High forefoot pressure is
associated with pain during barefoot walking. A prolonged stance
phase and delayed heel lift are related to disability in daily
activities. These findings support our model of impairments and
disability in patients with RA-related foot complaints. The model
might be useful in clinical diagnosis and decision-making regarding
the rheumatoid foot.

Key messages

e Forefoot joint damage is related to
increased pressure under the forefoot in
rheumatoid arthritis patients.

e High forefoot pressure is associated with
pain during barefoot walking.

e A prolonged stance phase and delayed
heel lift are related to disability in daily
activities.

Rheumatology
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