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Abstract

Background: The prevalence of gout is increasing worldwide, with New Zealand
having some of the highest reported rates of gout in the world. Gout frequently targets
the articular and soft tissue structures of the foot and ankle. People with gout experience
high levels of foot pain, impairment and disability. Footwear is of concern for people
with gout, who frequently wear poor footwear that is associated with impairment and
disability. Footwear has been found to offer short-term benefits to people with gout but
there is limited evidence on the long-term impact. The thesis aimed to investigate: the
effectiveness of footwear interventions for people with foot and ankle arthritis, the
footwear experiences of people with gout, the long-term effects of footwear on foot pain
and disability in people with gout and the effects of worn and new footwear on plantar

pressure in people with gout.

Methods: A literature review was undertaken to evaluate the effectiveness of footwear
interventions for people with foot and ankle arthritis. A qualitative descriptive study
explored the footwear experiences of 11 people with gout, analysed using thematic
analysis. A single-blind randomised controlled trial of 94 people with gout investigated
the effectiveness of a footwear intervention on foot pain over six months. Participants
were randomised to receive either podiatric care or podiatric care and commercially
available athletic footwear with good footwear characteristics. The primary outcome
was self-reported foot pain. Secondary outcomes were overall pain, foot
impairment/disability, footwear comfort, fit, ease and weight. A cross-sectional study of
40 people with gout tested the effects of wear by comparing the plantar pressures worn

and new footwear. Footwear wear was assessed at the upper, midsole and outsole.

Results: The literature review found that footwear is associated with improvements to

foot pain, function and disability in people with arthritis. Four central themes were



derived from the qualitative study; (i) comfort as a priority, (ii) knowing what to buy,
(iii) knowing what to wear and (iv) challenges of different environments. In the
randomised controlled trial, no differences in foot pain scores were observed between
groups. Improvements between groups in overall pain scores (p < 0.01) and foot
impairment/disability scores (p = 0.04) favouring the footwear intervention were
observed at two months, but not at four or six months. Improvements between groups in
footwear fit (p = 0.03), ease (p = 0.01) and weight (p = 0.03) favouring the footwear
intervention were observed over six months. Similar improvements were observed for
footwear comfort over four months. In the cross-sectional study, the worn shoes
displayed higher midsole hardness (p < 0.0001), normal upper (p < 0.0001), midsole (p
= 0.05) and outsole (p < 0.0001) wear patterns. No differences in peak plantar pressures
were found. However, lower pressure time integrals were observed at the IMTP (p <

0.0001), 2MTP (p < 0.0001) and hallux (p = 0.003) with the worn shoes.

Conclusions: The review identified that footwear offers short-term benefits for people
with arthritis and highlighted the need for long-term studies. People with gout
experience problems finding comfortable footwear that is acceptable, attainable and
usable across different environments. The footwear intervention did not significantly
improve foot pain in people without high baseline levels of foot pain. Short-term
improvements in overall pain and foot impairment/disability, and more durable
improvements in footwear comfort and fit were observed with the footwear
intervention. The changes to the footwear characteristics after six months may impact
foot function, as observed by alterations in forefoot loading patterns between worn and
new footwear. The thesis emphasises the importance of footwear comfort for people

with gout.
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Chapter 1: Introduction to gout

1.1 Introduction

This chapter provides an overview of gout in New Zealand before reviewing the
pathophysiology, epidemiology, clinical staging and diagnosis of gout. Foot and ankle
involvement in gout is then discussed with relation to patient-reported outcomes and
functional changes. The chapter concludes with the current evidence surrounding the
pharmacological management of gout and the non-pharmacological interventions
specific to the foot and ankle. The terminology used throughout this thesis complies
with the Gout, Hyperuricemia and Crystal-Associated Disease Network (G-CAN)

consensus statement (1).

1.2 Gout in the context of Aotearoa/New Zealand

Gout is an inflammatory arthropathy characterised by elevated levels of serum urate
(hyperuricaemia) leading to recurrent episodes of acute arthritis and the deposition of
tophus into articular and soft tissue structures (2). The incidence and prevalence of gout
is increasing in New Zealand (3, 4). New Zealand has some of the highest reported rates
for gout in the world, with recent data indicating a national prevalence of 5.35% for
those over the age of 20 (5). People with gout in New Zealand also have a higher
prevalence of diabetes, chronic kidney disease and cardiovascular disease compared to

those without the disease (6).

Gout is also more common in Maori and Pacific Island groups in New Zealand, who
compared to other ethnicities, have 2—3 times the prevalence of gout (5). Maori also
have an earlier disease onset, higher levels of serum urate, more frequent gout flares,
greater polyarticular joint involvement and number of tophus present (4). Increased

disease severity is also observed in Pacific Island populations (7). The increased
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prevalence and greater severity of disease observed in Maori and Pacific Island
populations may have a genetic underpinning, whereby urate is not excreted as
efficiently as other ethnic groups (8). In addition to the increased disease burden,
inequities exist for Maori and Pacific Island people who compared to other ethnic
groups are less likely to receive appropriate care (5), have three times the treatment
costs (7) and experience five times the number of hospital admissions (9). Qualitative
studies from New Zealand describe the negative impact of gout on employment,

whanau (family), sporting activities and social activities (10, 11).

1.3 Pathophysiology

1.3.1 Hyperuricaemia

Hyperuricaemia is commonly defined as a serum urate concentration of >0.41 mmol/L
(12). When serum urate concentrations exceed this level, monosodium urate (MSU)
crystals can form under normal physiological conditions (12). Urate is an end-product
of purine metabolism, with high levels observed in humans due to an absence of the
uricase enzyme responsible for urate degradation (13). Hyperuricaemia results from
overproduction of urate from hepatic metabolism (14), or renal and extra-renal under
excretion of urate (15). For people with gout, under excretion of urate is the main cause
of hyperuricaemia (15). Renal excretion accounts for two-thirds of urate excretion, with
the remaining third accounted for by the gut (16). The kidney is the major regulator of
urate, through the balance of urate reabsorption and secretion (16), however in people

with gout, approximately 90% of urate is reabsorbed in the renal proximal tubules (17).
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1.3.2 Acute gout

Persistent hyperuricaemia may lead to the formation and deposition of MSU crystals
within articular and soft tissue structures (2). Reasons for this are not well understood,
although local factors contributing to crystal formation include lower temperatures, pH
levels between 7-9, increased sodium ion concentration and the presence of connective
tissue proteins (18). Some individuals with hyperuricaemia and evidence of MSU
deposition can remain asymptomatic (19). For others, the interaction between MSU
crystals and neighbouring tissues may stimulate an inflammatory response, observed
clinically as an acute gout flare (20) (Figure 1.1). Clinical features of gout flares
include intense pain, tenderness, swelling, heat and functional limitation (2), with
symptoms reaching their peak within 24 hours of onset (21). Flares can be triggered by
trauma, alcohol, surgery, illness or alterations to serum urate concentration following

pharmacological intervention (22).
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Serum urate concentration
Overproduction of urate

Renal/gut underexcretion
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External triggers
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Phagocytosis of MSU crystals
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Interleukin-1p production

Neutrophil extracellular trap formation

~

Acute gout flare

Figure 1.1 Pathophysiology of gout

The presence of MSU crystals leads to local infiltration of macrophages, monocytes,
neutrophils, dendritic cells and mast cells to the joint synovium (23). Phagocytosis of
MSU crystals leads to the activation of the NLPR3 inflammasome, leading to the
production of pro-inflammatory cytokines interleukin-1f and the recruitment of
neutrophils (24, 25). The formation of prostaglandins, bradykinin and sensitisation of

nociceptors may trigger the intense pain associated with gout flares (26).

20



Resolution of symptoms is attributed to a number of factors including the formation of
neutrophil extracellular traps (27), differentiated macrophages (28), stimulation of anti-
inflammatory pathways (29) and pharmacological intervention (30). If left untreated,
flare symptoms generally resolve within 1-2 weeks (21), leading to asymptomatic
periods between flares (intercritical gout) ranging from months to years (31).
Importantly, MSU crystal formation and low-level inflammation have been found to

continue during clinically asymptomatic periods (32).

1.3.3 Advanced gout

The presence of long-standing hyperuricaemia and sub-optimal pharmacological
management, may lead to the development of chronic gouty arthritis and/or tophi (2).
Tophi may develop in soft tissue and articular structures (33). Tophi are collections of
MSU crystals enclosed by inflammatory cells (macrophages, plasma cells, mast cells)
and fibrovascular tissue (34). Neutrophil extracellular traps may also contribute to the
formation of tophi (27). Tophi are surrounded by inflammatory cells that contribute to
gouty bone erosion (35) and tendon damage (36) observed in people with gout.
Clinically, tophi are observed as subcutaneous nodules in joints and soft tissue
structures and are associated with reduced function (37, 38) and joint deformity (33).
Tophi can appear anywhere, however they typically affect the peripheral joints of the

body such as the feet, hands, knees and elbows (olecranon bursae) (39).

1.4 Epidemiology

Epidemiological studies from North America (40-43), Europe (44-46), Asia (47-49) and
Australasia (3, 4, 50) report an increase in the prevalence of hyperuricaemia and gout. It

has been suggested that this trend may be attributed to dietary and lifestyle changes,
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advances in medical care and increased life expectancy (51). The level and duration of
hyperuricaemia is correlated with the development of gout (52). Compared to those with
normal serum urate levels, men with mild hyperuricaemia (0.39-0.47 mmol/L) were
11.2 times more likely to develop gout (53). The odds ratio for men developing gout
with moderate (0.47-0.55 mmol/L) and severe hyperuricaemia (>0.56 mmol/L) was

107.1 and 624.8, respectively (53).

Globally, prevalence rates range from 3-6% in men and 1-2% in women in developed
countries, with lower rates reported in developing countries (54). Prevalence rates of
gout are strongly influenced by age, gender and geographical location (55). Gout is the
most common form of inflammatory arthritis in men (56), who have four times the
prevalence of gout compared to women (3, 41). The prevalence of gout in men increases
with age (54). Women have a lower prevalence of gout at all time-points, but experience
an increase in prevalence after menopause (54). This may be due to the uricosuric action
of oestrogen influencing renal urate clearance (57). The highest prevalence rates are
reported in Taiwanese Aborigines (58), Maori and Pacific Island populations (5), who

experience over two times the prevalence compared to other ethnicities (54).

1.5 Risk factors

1.5.1 Comorbidities

Comorbidities are frequently observed in people with gout (59), many of which are
independent risk factors for gout. The metabolic syndrome (hypertension,
hyperglycaemia, dyslipidaemia and obesity) is reported in 63% of people with gout
(60). Independent risk factors for incident gout include hypertension (61), chronic
kidney disease (62), obesity and weight gain (61). People with diabetes also have a

lower risk of developing gout (63), yet those with gout have a higher risk of developing
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type 2 diabetes (64). This relationship may be explained by the uricosuric effect of
glycosuria, whereby serum urate concentrations lower when haemoglobin Alc (HbAlc)
levels exceed 53 mmol/L (65). Gout is also associated with an increased risk of
cardiovascular disease and mortality (66). This may be due to low-grade inflammation

present in gout promoting atherogenesis (67).

1.5.2 Dietary factors

Dietary factors have long been associated with gout (68). Purine-rich foods such as
meat and seafood were associated with higher serum urate concentrations and an
increased risk of gout (69). Purine-rich vegetables (beans, cauliflower, lentils,
mushrooms, peas, spinach) and overall protein intake were not associated with an
increased risk of gout, with dairy products associated with a reduced risk of gout (69).
Sugar-sweetened beverages containing fructose are associated with increased serum
urate levels and hyperuricaemia (70, 71). Alcohol consumption significantly increases

the risk of gout, with beer having a stronger risk than spirits (72)

1.5.3 Genetics

Genome-wide association studies have focused on loci associated with increased urate
reabsorption and hyperuricaemia (73-75). Of these genetic variants encoding the urate
transporters, GLUT9 (SLC2A9) (76), URAT1 (SLC22A12) (77) and ABCG2 (ABCG2)
(14) have been identified as playing a significant role in serum urate regulation. The
higher prevalence of gout in Maori and Pacific Island populations may be attributed to

the presence of variants of loci involved in urate transportation (78).
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1.5.4 Medication use

Medications commonly used to treat other comorbidities have been associated with
gout. Diuretics are commonly prescribed for hypertension and renal disease, but are an
independent risk factor for gout (61). Diuretics have been found to reduce the secretion
of urate (79) and increase the risk of developing gout 2.4 times (80). Other anti-
hypertensive medications (beta-blockers, angiotensin converting enzyme inhibitors and
non-losartan angiotensin 11 receptor blockers) have been found to increase the risk of

incident gout by up to 1.5 times (81).

1.6 Clinical staging

Traditionally, gout has been classified into four progressive stages: asymptomatic
hyperuricaemia, acute gouty arthritis, intercritical gout and chronic tophaceous gout
(82). A limitation of this system is that it fails to capture those with the evidence of
MSU deposition in the absence of a clinical history of gout (83). Furthermore, it
portrays gout as an intermittently flaring condition, as opposed to a chronic disease of

MSU deposition (19).

A new staging system has been proposed to better reflect the pathological changes and
clinical symptoms associated with the disease (19) (Figure 1.2). The first two stages (A
and B) represent asymptomatic disease states, with the remaining two stages (C and D)

representing symptomatic disease (19).
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Asymptomatic disease Symptomatic disease

Stage A Stage B Stage C Stage D
At high risk for MSU crystal MSU crystal Advanced gout
gout but deposition but deposition with requiring
without MSU =) without signs or [—) prior or current [—)  specialised
crystal symptoms of episodes of gout interventions
deposition gout flares

Figure 1.2 Revised staging system for hyperuricaemia and gout adapted from Dalbeth
and Stamp (19)

1.6.1 Stage A: At high risk for gout but without MSU crystal deposition
Stage A represents people with hyperuricaemia and at risk of developing gout, but do
not present with MSU crystal deposits within joints or soft tissue (19). Future screening

of this population for the development of gout should be considered (84).

1.6.2 Stage B: MSU crystal deposition but without signs or symptoms of gout
Stage B represents people with MSU crystals, but no apparent clinical symptoms
associated with gout (19). MSU crystals have been identified in people yet to display
clinical symptoms of gout (83). Advanced imaging techniques have also identified
subclinical characteristic features of gout such as tophus (85), urate deposition (86) and

cartilage changes (87) in this asymptomatic population.

1.6.3 Stage C: MSU crystal deposition with prior or current episodes of gout flares
Stage C represents the presence of MSU crystals and the manifestation of clinical
symptoms associated with gout (19). Gout flares are characterised by pain, erythema,

swelling and reduced function (2, 21).
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1.6.4 Stage D: Advanced gout requiring specialised interventions

Stage D represents the advanced stage of the disease characterised by clinically evident
tophus, chronic gouty arthritis and the presence of radiographic erosions (19). People
will typically progress through the stages in a linear fashion (19), however for some
people, tophi may be the initial clinical presentation (progression from stage B to stage

D) (88).

1.7 Diagnosis and classification criteria

A definitive diagnosis of gout is confirmed by the presence of MSU crystals from
aspirates of synovial fluid or tophus deposits (89). Aspirates can be taken from
symptomatic and asymptomatic joints (90). Diagnostic criteria are used to guide clinical
care, whereas classification criteria are used to identify cohorts of people for research
purposes (91). The most universal tool for the classification of gout is the American
College of Rheumatology (ACR) preliminary criteria for the classification of the acute
arthritis of primary gout (92) (Table 1.1). Classification of gout is based on the
confirmation of aspirate proven MSU crystals or the presence of >6 of the clinical

criteria (92).
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Table 1.1 ACR criteria for the classification of acute arthritis for primary gout (92)

Clinical diagnosis requires A, B, or C to be met:

A. The presence of characteristic urate crystals in joint fluid, or

B. Tophus proven to contain urate crystals by chemical means or polarised light

microscopy, or

C. Presence of 6 of the following clinical, laboratory and radiographic phenomena:
1. More than one attack of acute arthritis

2. Maximum inflammation developed within 1 day
3. Monoarthritis attack

4. Redness observed over joints

5. First metatarsophalangeal joint painful or swollen
6. Unilateral first metatarsophalangeal joint attack
7. Unilateral tarsal joint attack

8. Tophus (proven or suspected)

9. Hyperuricaemia

10. Asymmetric swelling within a joint on x-ray

11. Subcortical cysts without erosions on x-ray

12. Joint fluid culture negative for organisms during attack

Despite its widespread use, the ACR criteria is not without limitations. The criteria were
developed for use in acute arthritis, where physician diagnosis and not the presence of
MSU crystals was the gold standard (91, 93). Compared to synovial fluid aspirates, its
criterion displays substandard sensitivity and specificity when applied across the disease
spectrum (94, 95). Collaboration between ACR and European League Against
Rheumatism (EULAR) led to the development of the 2015 ACR/EULAR classification
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criteria for gout, to address these concerns (91). The 2015 ACR/EULAR classification
criteria includes clinical characteristics (joint distribution, characteristics of acute
episode and clinically evident tophus), laboratory investigations (serum urate level and
synovial fluid analysis) and imaging (urate deposition and joint damage) (91). Each
criterion is scored resulting in a total score out of 23 (91). Total scores >8 classify a
person as having gout (91). The criteria are 92% sensitive and 89% specific (91), when
compared against an existing data set of 983 consecutive patients who underwent

synovial fluid or tophus aspiration (93).

1.8 Foot and ankle involvement

Typically, gout presents for the first time as an acute episode of arthritis (flare) affecting
the foot (96). The first metatarsophalangeal joint (LMTP) is the most common site of
initial involvement (96, 97), with flares at the 1MTP also referred to as podagra (98).
Throughout the course of the disease, 48-97% will experience a flare at the IMTP with
a pooled prevalence of 73% (99). Reasons for this predilection to the IMTP appear to
be multi-factorial (98). Potential factors influencing MSU deposition at the IMTP
include: MSU crystal precipitation occurring at lower temperatures (12, 100), trauma
(12, 101, 102), biomechanical loading (103) and the co-existence of osteoarthritis (104).
MSU deposition is associated with structural joint damage (105). Other common sites of

osseous involvement include the midfoot joints and ankle joint (106, 107).

Gout also affects the soft tissue structures of the foot and ankle (108). Studies using
dual-energy computed tomography have reported the Achilles tendon as the most
common site of MSU deposition (36—-39%), followed by the peroneal tendons (15-18%)

(106, 107). Less commonly affected soft tissue sites include tibialis anterior and the
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extensor tendons (108). The presence of gouty disease in the foot is associated with

foot-related pain, impairment and disability (109-111).

1.9 Foot pain, function, impairment and disability in people with gout

1.9.1 Foot pain

Foot pain is a characteristic feature of gout affecting the foot (98, 112). A survey of
1,884 people with gout, found that 22% had experienced foot pain in the preceding
month, with over 60% of those reporting disabling symptoms (112). People with gout
also have greater odds of experiencing disabling foot pain (OR 13.4) compared to
controls (111). A prospective observational study reported foot pain during gout flares
using a 100 mm visual analogue scale (VAS) as 60 mm (109). Foot pain reported using
100 mm VAS in the absence of a gout flare ranges from 6 mm to 38 mm (38, 109, 113,
114). These findings suggest that foot pain may be ever-present, even in the absence of
a gout flare. People with gout also report significantly higher foot pain compared to age-
matched controls (38). Foot pain has also been measured using the foot pain subscale of
the Manchester Foot Pain and Disability Index (MFPDI), with those with gout reporting

significantly higher scores than age-matched controls (115).

1.9.2 Function

Deficits in foot and lower limb function have been reported in people with gout (109,
116). Lower limb function has been measured using the Lower Limb Tasks
Questionnaire (LLTQ) in people with gout. During gout flares, a significant reduction in
LLTQ scores were observed in the activities of daily living and recreational subscales,

compared to inter-critical periods (109). During inter-critical periods, people with gout
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also display significant reductions in LLTQ scores for the activities of daily living and

recreational subscales compared to age-matched controls (111, 117).

Walking difficulty is a discriminatory feature of gout (118). A case-control study
reported that people with gout walk slower, with shorter steps and reduced cadence
(110). Another case-control study reported reductions in walking speed and cadence,
with increased step and stance time at self-selected and fast speeds, after adjusting for
body mass index (BMI) and foot pain (115). Other work further supports that walking

speed is reduced in those with gout (38, 119).

Altered joint function has also been observed at the foot. Reduced peak plantar
pressures at the hallux and heel, with increased pressure at the midfoot have been
observed in people with gout, compared to age-matched controls (120). People with
gout display reduced joint range of motion and plantarflexion force at LIMTP (111) and
reduced peak angular velocity at the ankle during walking, compared to age-matched
controls (38). Reduced ankle plantarflexion, inversion and eversion strength during
concentric contractions at 30°/s and 120°/s is also observed in people with gout
compared to age-matched controls (115). The presence of foot tophi further limits
function with deficits in ankle dorsiflexion, plantarflexion, inversion and eversion
muscle force, compared to those without tophi (114). The reductions in walking
velocity and altered kinematics and kinetics displayed by people with gout may be
indicative of a pain avoidance strategy (110, 120) or an adaptation to foot pain and

disability (38).

1.9.3 Impairment and disability
Foot problems such as reduced joint range of motion (111), hallux valgus (121), tophus

(108) and ulceration (122) have been reported in people with gout. Foot-related
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impairment and disability has also been reported using the Leeds Foot Impact Scale
impairment/footwear (LFISiF) and activity limitation/participation (LFISap) subscales.
During flares, LFISir and LFISap scores are significantly higher than those measured
during inter-critical periods (109). LFISir scores of >7 and LFISap scores of >10 are
indicative of high levels of foot impairment and disability (123). During inter-critical
periods high levels of foot impairment and disability remain with 30-54% reporting
LFISir scores >7 and 30-60% reporting LFISap scores >10 (109, 117, 124). People with
gout also report significantly higher LFISr and LFISap scores compared to aged-
matched controls (110). When compared to age-matched controls, people with gout
report significantly higher MFPDI scores (111, 115, 116). MFPDI scores are also worse

in those with foot and ankle tophus compared to those without tophus (114).

1.10 Management

1.10.1 Pharmacological management

Pharmacological interventions are based on a treat-to-target approach directed towards
lowering serum urate levels (125), reducing the impact of flares (126) and the regression
of tophus (127). Urate lowering therapy (ULT) is the central pharmacological
intervention for effective gout management (125, 128). The use of ULT is associated
with a reduction in flares and the number of subcutaneous tophi (those detected on
physical examination) (129). ACR (125), EULAR (128) and Evidence, Expertise,
Exchange (3e) Initiative (130) guidelines state a target serum urate of 0.36 mmol/L for
people with gout and 0.30 mmol/L for those with tophaceous disease. Reductions in

flares (131) and tophi (132) may also be monitored to evaluate the success of ULT.

The ACR guidelines state that treatment of a gout flare should commence within 24

hours, with the initial decision based on clinical symptoms (126). Monotherapy using
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non-steroidal anti-inflammatory drugs (NSAIDs), corticosteroids or colchicine is
recommended for mild to moderate pain affecting 1 of a few small joints or 1-2 large
joints (126). Combination therapy may be required in instances of severe polyarticular
involvement or non-response to initial treatment (126). Prophylactic anti-inflammatory
therapy (low-dose colchicine or prednisone) is often prescribed with the commencement
of ULT and should be continued in the presence of clinical symptoms (126). When ULT

is established, this should also be maintained during flares (126).

ACR, EULAR and 3e Initiative guidelines support xanthine oxidase inhibitors (most
often allopurinol) as first-line ULT for reducing serum urate levels (125, 128, 130). In
cases of intolerance, uricosurics (probenecid or benzbromarone) may also be offered as
first line treatment. When target serum urate is not achieved, uricosurics and xanthine
oxidase inhibitors may be prescribed in combination (125). For patients intolerant or
refractory to first-line treatments may be prescribed pegloticase, a recombinant
pegylated uricase administered intravenously (133); although, this drug is not available
in New Zealand. Current guidelines (125, 126, 128) do not recommend ULT for those

with asymptomatic hyperuricaemia.

1.10.2 Non-pharmacological management
ACR, EULAR and 3e Initiative guidelines surrounding non-pharmacological
management include patient education, lifestyle modification and screening for

comorbidities (125, 128, 130).

Education should be directed towards the pathophysiology of gout, associated
comorbidities and principles of management (flares and treat-to-target) (128). Sub-
optimal gout management is common, due to a lack of knowledge of gout and the

importance of adherence to ULT (134). One (randomised controlled trial) RCT
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compared nurse-led care to usual general practitioner (GP) care, with the primary
outcome of achieving target serum urate after two years (135). In the nurse-led group,
95% achieved target serum urate compared to 30% in the GP group, with higher mean
ULT dosages observed in the nurse-led group. Improvements in flare frequency,
presence of tophi and health-related quality of life were also observed favouring the
nurse-led group. An observational study of 106 people with gout who received an
education package comprising of information regarding the disease, lifestyle changes
and adherence to ULT, reported that 92% of participants achieved a serum urate of 0.36

mmol/L after 12 months (136).

Lifestyle modifications including weight loss (137, 138), dietary changes (69, 72) and
the management of comorbidities (139) have been recommended to help reduce serum
urate levels. Despite the evidence from observational studies, there are a lack in RCTs
for lifestyle changes for people with gout (140, 141). One RCT where 120 people with
gout received one of three milk products over a three month period reported a reduction
in the number of gout flares across all three groups, although no significant changes in
serum urate levels were observed (142). Another RCT reported that dietary education

had little effect on serum urate levels, in patients currently on ULT (143).

Due to the association between gout and the metabolic syndrome, screening for and
treating comorbidities should form part of the patient’s wider management (130, 144).
In addition there may be shared benefits to treating comorbidities, as some medications
for hypertension (145) and dyslipidaemia (146) are associated with reductions in serum

urate levels.
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1.11 Non-pharmacological foot-specific interventions

Non-pharmacological interventions for foot-related problems in people with gout

include podiatric care (112, 147) and commercially-available footwear (113, 148).

1.11.1 Podiatric care

A survey of 1,184 people with gout found that in the past year 43% had consulted their
doctor and 24% had consulted a podiatrist regarding foot problems (112). Regular
podiatric care is associated with a reduction in foot pain and disability in people with
rheumatic diseases, including 14% with gout (147). Podiatric interventions for people
with gout may include: management of nail conditions, callus reduction, wound care,
padding, foot orthoses, footwear advice, foot health education and exercise (147). Of
these, footwear advice was the most commonly used intervention, received by 29% of
the study population (147), though there is limited evidence guiding this in people with

gout.

1.11.2 Footwear

Footwear is of concern for people with gout (149). Previous qualitative work in gout
populations has raised footwear-related issues such as not being able to wear footwear
during acute flares (150-152), having difficulties finding footwear that accommodated
for tophi (150, 153) and expressing concerns about knowing what the right type
footwear is for their foot (153-155). The inability to find suitable footwear has been
reflected in a study evaluating the footwear characteristics of people with gout (124). It
was found that participants frequently wore footwear that was ill-fitting, worn and
lacked cushioning and support (124). This is either due to the footwear being an

inappropriate design at the point of purchase or that their use over time has resulted in
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degradation of the footwear’s structural components. Hence, these factors related to

footwear may contribute to the high levels of foot pain, impairment and disability (124).

In order to reduce the impact of gout-related foot pain and disability, footwear has been
used as an intervention (113). A prospective study of 36 people with gout investigated
the effect of a range of footwear on foot pain and disability over an eight week period
(113). Footwear with good characteristics (motion control, shock attenuation, rocker-
sole, wide fitting) was found to reduce foot pain, general pain and disability after eight
weeks. No benefits were observed in the participants who wore footwear with poor
characteristics. The authors suggested that the structural characteristics in the good

footwear improved the transition from heel contact to propulsion.

This was explored in a cross-sectional study of the same cohort that found footwear
with good and poor structural properties altered peak plantar pressure and pressure time
integrals (148). Footwear with good characteristics reduced pressure under the heel
region and lateral metatarsal heads, whereas footwear with poor characteristics
increased pressure under the heel and lesser digits (148). Wearing new footwear with
good or poor characteristics is also associated with increased walking velocity,
compared to when wearing their own footwear (148). These observations lend support

to footwear with good characteristics promoting a more efficient gait pattern.

1.12 Conclusion

Gout is a significant problem in New Zealand, where it remains highly prevalent in
Maori and Pacific Island populations and is inadequately managed. Gout frequently
targets the foot and is associated with high levels of foot pain, impairment and

disability. The high occurrence of foot involvement is reflected in the structural and

function limitations seen in the foot and lower limb. There is emerging evidence that
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foot-specific interventions such as podiatric care and footwear can have a role in the

management of foot pain, function, impairment and disability for people with gout.
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Chapter 2: Aims and hypotheses

2.1 Aims

1. To investigate the clinical effectiveness of footwear interventions on foot pain,
function, impairment, and disability in people with foot and ankle arthritis

2. To explore the footwear experiences of people with gout.

3. To investigate the effectiveness of a footwear intervention on foot pain and
disability in people with gout over six months.

4. To examine the effects of wear in commercially available athletic footwear by
comparing the plantar pressures in footwear that had been worn for six months,

compared to new footwear.

2.2 Hypotheses

1. People with gout receiving commercially available footwear and standardised
podiatric care will have reduced foot pain compared to people with gout
receiving standardised podiatric care over six months.

2. People with gout receiving commercially available footwear and standardised
podiatric care will have reduced impairment and disability compared to people
with gout receiving standardised podiatric care over six months.

3. There will be differences in footwear characteristics in people with gout wearing
footwear for six months compared to new footwear.

4. There will be differences in peak plantar pressures in people with gout wearing

new footwear compared to old footwear.
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Chapter 3: Footwear interventions for foot pain, function,
impairment and disability for people with foot and ankle

arthritis: a literature review

This review was published in 2018 in Seminars in Arthritis and Rheumatism (156) and

is included in Appendix 1.

3.1 Introduction

Foot problems are commonly observed in people with foot and ankle arthritis (112,
157). High levels of foot pain, impairment and disability are also reported in this
population (109, 158). Foot problems in people with arthritis are also associated with
reduced function (115) and health-related quality of life (159). Reduced walking

velocity and increased plantar pressure is also observed in people with arthritis (160).

The aim of pharmacological and non-pharmacological management of foot and ankle
arthritis is pain reduction, maintenance of function, accommodation of existing
deformity and prevention of further deformity. Footwear is routinely used as non-
pharmacological intervention (147). Footwear can include off-the-shelf footwear,
therapeutic footwear and therapeutic footwear combined with foot orthoses. People with
arthritis affecting the foot and ankle often use footwear that may contribute to foot pain
and associated disability (124) and describe difficulties in finding suitable footwear
(155). While there are studies examining the effects of footwear, currently it is difficult
to appreciate the strength and consistency of experimental work providing support for
the utilisation of footwear in arthritic conditions. Hence, the aim of this review is to
evaluate the evidence for the clinical effectiveness of footwear interventions for foot

pain, function, impairment and disability in people with foot and ankle arthritis.
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3.2 Methodology

3.2.1 ldentification of studies

The following electronic databases (CINAHL, MEDLINE, Scopus, SPORTDiscus and

the Cochrane Library) were searched in October 2018. The search strategy comprised of

the following keywords: arthritis, rheumatoid arthritis, gout, osteoarthritis, rheumatic

disease, psoriatic arthritis, lupus erythematous, ankylosing spondylitis, systemic

sclerosis and polymyalgia rheumatica with footwear, footwear intervention, foot

orthoses, foot orthosis, foot orthotic, insole and shoe (Table 3.1). The term “footwear

interventions’ encompassed the use of footwear, footwear with orthoses in the

management of arthritic conditions.

Table 3.1 Search strategy

1 Arthritis
2 Gout
3 Osteoarthritis
4 Rheumatoid arthritis
a 5 Rheumatic disease
6 Psoriatic arthritis
7 Lupus erythematous
8 Ankylosing spondylitis
9 Systemic sclerosis
10 | Polymyalgia rheumatica
11 | Footwear
12 | Footwear intervention
13 | Shoe
b 14 | Foot orthoses
15 | Foot orthosis
16 | Foot orthotic
17 | Insole
18 | Combine1OR20OR30OR40OR50R60R70R80OR90R 10
c 19 | Combine 11 OR 12 OR 13 0OR 14 OR 150R 16 OR 17
20 | Combine 18 AND 19

(a) search terms for arthritis, (b) search terms for footwear interventions, and (c)
combination of search terms
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3.2.2 Inclusion/exclusion criteria

Titles and abstracts were screened by a single reviewer (MF). Full-text articles were
obtained from selected abstracts and compared against the following inclusion criteria.
Studies were included if they met the following criteria: being a RCT, prospective
observational intervention trials or cross-sectional intervention trials; published in
English; peer-reviewed publications; participants over the age of 18 years; studies
reporting on findings of footwear interventions for people with arthritis with foot pain,
function (including temporal-spatial, plantar pressure, kinematic and kinetic data),
impairment and/or disability measured as a primary outcome. Studies were excluded if:
investigated arthritis not affecting the foot or ankle; case study and case series design;
studies reporting findings of interventions where footwear was not standardised for
participants (custom footwear); studies where footwear was used as a control condition
for foot orthoses or adapted for three-dimensional marker placement for foot orthoses
interventions. No limitations were placed on the date of publication. Off-the-shelf
footwear was defined as commercially available walking and running shoes.
Therapeutic footwear was defined as readymade, orthopaedic-style footwear. Citations

of retrieved publications were examined to obtain further sources.

3.2.3 Data extraction

A standardised form was used to extract publication details (author(s) and year), study

design, participant sample characteristics (age, gender, participants entered into study),
follow-up period, description of footwear intervention, control/comparator intervention

and outcome measures used were recorded.
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3.2.4 Assessment of methodological quality

Methodological quality was independently assessed by two authors (MF and MC) using
the Quality Index Tool (161). The Quality Index Tool comprises of 27 items allowing
for the assessment of internal validity, external validity, power, analysis and reporting.
Item 27 was adapted to be scored, 0 or 1 based on the reporting of an a priori sample
size calculation. Previous research has also adopted the same interpretation for this item
(162). The tool displays high internal consistency, test-retest reliability and inter-rater
reliability (161). Kappa statistic was used to assess inter-rater agreement between the
two authors (163). All disagreements in scoring were resolved following discussion
between the two authors, with a third reviewer (KR) consulted if consensus could not be
reached. The methodological variation of the included studies was assessed to determine
the suitability of meta-analysis and the Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) system (164). Between and within group effect
sizes were calculated for the included studies using Cohen’s d, with effect sizes

interpreted as negligible (<0.2), small (>0.2), medium (>0.5) and large (>0.8) (165).

3.3 Results

3.3.1 Search results

Following the removal of duplicates, 1,543 studies were screened with 1,384 records
excluded with 68 full-text records obtained (Figure 3.1). A further 57 records were
excluded. Key reasons for the exclusion of studies included the use of custom footwear
and the use of footwear as a control condition for 3D gait analysis (Table 3.2). A total
of 11 studies met the inclusion criteria for assessment. Of the included studies, seven
investigated rheumatoid arthritis (RA) (166-172), two investigated gout (113, 148) and
two investigated first metatarsophalangeal joint osteoarthritis (1IMTP OA) (173, 174).

Five studies were randomised clinical trials (167, 168, 170, 171, 173), three studies
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were prospective observational intervention studies (113, 166, 172) and three studies

were laboratory-based intervention studies (148, 169, 174).
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Table 3.2 Excluded full-text studies with reasons

Reason(s) for exclusion

Custom footwear (175-179)

Sandal (180)

Footwear provided as control for foot orthoses (181-188)

Adapted shoe for marker placement (3D analysis) (189-195)

Study design (primary outcome not foot pain/function/impairment/disability) (196)
Study design (sample included participants without arthritis) (197, 198)

Review paper (199-209)

Study protocol (210-212)

Footwear not provided (213-231)

3.3.2 Methodological quality of studies

The inter-rater agreement between reviewers for the 27 items of the Quality Index Tool

showed good agreement (kappa statistic: 0.81). Quality Index Tool total scores ranged

from 39-96% (Table 3.3). Quality assessment of the included studies highlighted

higher bias with respect to blinding of participants and assessors to treatment allocation,

blinding of assessors to main outcomes, external validity, adjustment for confounding

and reporting adverse events attributed to inventions.
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Table 3.3 Quality assessment of scores of included studies

Study 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 Total
(66) 2 1 1. 1 0 12 0 1 1 0 O O O O O 1 O O 1 O 1 O O O O 1 0 3%
(67 1 1 1 1 1 1 1 O O 1 O O O O O 1T 121 0 1 1 120 1 0 O 1 1 5%
(68 12 1 1 1 1 1 1 1 1 1 O O 1 O 1 1 1 1 1 1 1 1 1 O O 1 1 1%
@rm 21 1 1 1 1 1 1 1 1 1 O O 1 1 0 1 121 O 1 1 O 1 1 O O 1 7%
(@69 12 1 12 1 1 1 1 O pna 1 O O 1 1 O 1 na 1 na 1 1 1 1 1 0 na 1 64%
@) 2 1.2 1 1 1 1 0 1 1.0 O 1 O O O 1T 1 O 1 1 121 0 O O 1 61%
@3 1 1 1 1 1 1 1 1 1 1 0 1 1 1.0 1 1 1 1 1 1 O 1 1 1 1 1 B86%
@ 1 1 1 1 1 1 1 0 1 1 0 O O O O 1 12 1 0 1 O O O O O 1 O b50%
(148 17 1 1 1 1 1 1 O pna 1 O 1 1 1 O 1 na 1 na 1 1 O 1 1 1 na 0O 64%
@ 1 1 1 1 2 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 9%
@4 1 1 1 1 2 1 1 0 pPpa 1 1 1 1 O O 21 na 1 na 1 1 1 1 1 1 na 0 71%

1 Study objectives clearly described

2 Main outcome measures described in introduction and methods
3 Patient characteristics clearly described

4 Interventions clearly described

5 Distribution of confounders described

6 Main study findings clearly described

7 Estimates of random variability in data for main outcomes described

8 Adverse events reported

9 Characteristics of patients lost to follow-up described

10 Confidence intervals and/or actual P values reported

11 Subjects asked to participate representative of entire population

12 Subjects who agreed to participate representative of entire
population

13 Staff and facilities representative of treatment patients receive

14 Blinding of patients to interventions

15 Blinding of assessors measuring main outcomes

16 Results based on data dredging made clear

17 Adjustment for different lengths of follow-up

18 Statistical tests for main outcomes appropriate

19 Compliance with intervention reliable

20 Main outcome measures accurate (valid and reliable)

21 Cases and controls recruited from same population

22 Cases and controls recruited over the same period of time

23 Patients randomised to intervention groups

24 Randomisation concealed from patients and assessors until after
recruitment

25 Adequate adjustment for confounding

26 Losses of patients to follow-up take into account

27 Power calculation
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3.3.3 Study characteristics

Study characteristics are displayed in Tables 3.4-3.6. A total of 382 participants with
arthritis affecting the foot and ankle were reported, with 218 RA, 92 IMTP OA and 72
participants with gout. In the gout and RA studies, the majority of participants had well-
established disease duration, but for IMTP OA the majority had early disease duration.
Follow-up period ranged between 8-24 weeks. Meta-analysis and GRADE assessment
were not deemed appropriated based on the variation in disease type, interventions and
tools used to measure primary outcomes. Negligible to large between group effect sizes

were observed for foot pain, function, impairment and disability.

45



Table 3.4 Characteristics of included randomised clinical trials

Sample .
Study N (% characteristics Follow-up Intervention Control Outcome Findings Quality
Female) measures score
Years, Mean (SD)
(167) 15RA Intervention 8 weeks  Extra-depth Participant’s Primary Between group 54%
(80%) group footwear own outcome measures
Age: 59 (14) (P.W. Minor  footwear Not stated. Not reported.
15 Controls  Disease duration: & Son Inc.)
(67%) 16 (10) Long inside Outcomes Within group
counter (rear assessed measures
Control group stability and Lower limb Significant reduction
Age: 60 (9) arch support), walk pain, lower in lower limb walk
Disease duration: foam padded limb stair pain,  pain (p = 0.001),
15 (12) heel counter lower limb lower limb stair pain
(leather NWB pain (p =0.001), HAQ
lining), soft (VAS) scores (p = 0.04)
leather upper, Function (HAQ) with a significant
extra depth Pain-free walk increase in pain-free
(orthoses time (minutes)  walk time (p =
accommodati Temporal- 0.001) for
on). spatial (normal intervention group at
and fast walking  follow-up. No
velocity, significant

cadence, stride
length).

differences found in
the control group at
follow-up.

Significant
improvement (p <
0.05) in normal and
fast walking velocity
and stride length for
intervention group at

46




follow-up. No
significant observed
in control group at

follow-up.
(168) 28 RA Total sample Extra-depth  Extra-depth  Primary Between group 79%
(75%) Age: 60 (10) footwear + footwear outcome measures

Disease duration: soft orthoses  Firm heel MTP pain Significant

15 (9) (P.W. Minor  counter, heel (VAS). improvement in
or Drew Co)  height 1.5- MTP pain scores (p
Firm heel 2.0 cm, Outcomes =0.006) for
counter, heel instep lacing, assessed footwear and semi-
height 1.5-2.0 wide deep toe Lower extremity rigid orthoses group,
cm, instep box, thick function (RB, compared to
lacing, wide  composite TADL, 50ft footwear and soft
deep toe box, sole. walk time). orthoses group and

thick
composite
sole

Soft orthoses;
6mm
Plastazote
with medium
density 6mm
Plastazote
metatarsal
lifts.

Extra-depth

footwear alone.

No significant
differences in RB,
TADL and 50ft walk
time between
groups.

Within group
measures
Significant
improvement in
MTP pain scores (p

footwear + =0.0004) for
semi-rigid footwear with semi-
orthoses rigid orthoses at
Firm heel follow-up. No
counter, heel significant

height 1.5— differences in MTP
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2.0 cm, instep

pain with footwear

lacing, wide and Plastazote and
deep toe box, footwear only
thick groups at follow-up.
composite
sole No significant
Semi-rigid differences in RB,
orthoses; TADL and 50ft walk
NWB cast, time and joint count
3mm within groups.
Subortholen,
RF and FF
Nickleplast
posting, FF
3mm PPT
foam, full
length leather
top cover.
(170) 40RA Total sample 12 weeks New Traditional  Primary Between group 71%
(73%) Age: not reported therapeutic  therapeutic  outcomes measures
Disease duration: footwear footwear Foot pain, Significant

40 Controls 17 (10) Front of shoe, Soft, flat disability, improvement in FFI

(53%) heel and sole  6mm activity foot pain (p = 0.02),
unit, leather ~ Plastazote, limitation (FFI)  disability (p = 0.01),
and lining, 3mm Poron Foot pain, foot limitation (p = 0.02)
ease of insole. function, and total scores (p =
don/doff, heel physical activity 0.01) for
height, sole (FHSQ). intervention group
thickness compared to control
Firm group at follow-up.
contoured
insole. Significant

improvement in
FHSQ foot pain (p =
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0.00) and foot
function (p = 0.00)
for intervention
group compared to
control group at
follow-up.

Within group
measures
Significant
improvement in FFI
pain (p = 0.00),
disability (p = 0.00),
limitation (p = 0.00)
and total scores (p =
0.00) in intervention
group at follow-up.

Significant
improvement in
FHSQ foot pain (p =
0.00), foot function
(p =0.00) and
physical activity
scores (p = 0.02) for
intervention group at
follow-up.

No significant within
group improvement
in the control group
at follow-up.
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(171) 22RA Intervention 24 weeks Extra-depth  Extra-depth Primary Between group 61%
(100%) group footwear + footwear + outcomes measures
Age: 49 (12) custom prefabricate Foot pain (VAS) No significant
Disease duration: 8 orthoses d insoles Foot pain, differences in foot
(6) Wide toe Wide toe disability, pain and FFI total
20 Controls box, box, activity scores between
(100%) Control group cushioned cushioned limitation (FFI). intervention and
Age: 49 (12) heel, forefoot heel, forefoot control group at
Disease duration: 7 rocker rocker follow-up.
(7) Custom Prefabricated Within group
orthoses; insole; 6mm measures
medial arch Plastazote. Significant reduction
support, in foot pain (p <
medial heel 0.05) in intervention
post, and control groups at
metatarsal follow-up.
pad.
(173) 46 IMTPJ  Intervention 12 weeks Rocker-sole  Own Primary Between group 96%
OA (61%)  group footwear footwear + outcome measures
Age: 57 (11) (Masai orthoses Foot pain No significant
52 Controls  Median disease Barefoot (Vasyli (FHSQ). differences in foot
(44%) duration: 2 Technology  Customs) pain, function,
Mahuta/Mat  Full-length, Outcomes stiffness, difficulty,
Control group wa) cut out under  assessed activity limitation,
Age: 57(11) Rounded 1! metatarsal, Function social issues, MTP
Median disease sole, soft varus wedge  (FHSQ) Foot pain and MTP
duration: 3 cushioned (foot posture  pain, stiffness, stiffness between
heel. index >7). difficulty, groups at follow-up.
activity
limitation, social Within group
issues (FFI-R measures
SF) Not reported.
1IMTP walk

pain, IMTP rest
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pain, IMTP
stiffness (VAS).

NWAB: non-weightbearing, VAS: visual analogue scale, HAQ: Health Assessment Questionnaire, MTP: Metatarsophalangeal joint, RB:
Robinson Bashall Functional Assessment, TADL: Toronto Activities of Daily Living Measure, FFI: Foot Function Index, FHSQ: Foot Health
Status Questionnaire, FFI-R SF: Foot Function Index - Revised (Short Form), SF: Short Form
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Table 3.5 Characteristics of included prospective observational studies

Sample .
Study N (% characteristics Follow-up Intervention Control Outcome Findings Quality
Female) measures score
Years, Mean (SD)
(166) 25RA Total sample Heat- No control Primary Between group 39%
(100%) Age: 57 (not mouldable condition outcome measures
reported) footwear Not stated. Not assessed.
Disease duration: (Thermold, P.
not reported W. Minor Outcomes Within group
Extra Depth assessed measures
Shoe Co) Walking ability  Significant
Extra depth, (1-10 Likert improvement in
extra forefoot scale). walking ability (p <
width, 0.01) at follow-up.
mouldable
Plastomold
lining, pillow
top, leather
upper, heat
mouldable.
(113) 36 Gout Total sample Good Participant’s Primary Between group 86%
(8%) Age: 57 (13) footwear own outcome measures
Disease duration: (ASICS footwear Foot pain Not assessed.
15 (11) Cardio Zip) (VAS).
leather upper, Within group
rubber sole, Outcomes measures
dual density assessed Significant
midsole, rigid Function (HAQ- improvement in foot
heel counter, i) pain (p = 0.002),
moderate General pain general pain (p =
midfoot sole (VAS) 0.001), HAQ-II (p =
stability, heel 0.002) and LFIS

impairment subscale
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and forefoot
cushioning.

Poor
footwear
(Dunlop
Asteroid)
synthetic
upper, rubber
sole, single
density
midsole,
minimal heel
counter
stiffness,
minimal
midfoot sole
stability, no
cushioning.
(Dunlop
Apollo)
synthetic
upper,
synthetic
sole, single
density
midsole,
minimal heel
counter
stiffness,
minimal
midfoot sole
stability, no
cushioning.

Lower limb
function
(LLTQ)
Impairment and
disability
(LFIS).

(p = 0.004) observed
in good footwear
characteristics group
at follow-up.

No significant
improvement in poor
footwear
characteristics group
at follow-up.
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(Helix Viper)

synthetic
upper,
Phylon sole,
single density
midsole,
moderate
heel counter
stiffness,
minimal
midfoot sole
stability, heel
and forefoot
cushioning.
(172) 18RA Total sample Rocker- No control Primary Between group 50%
(100%) Age: 47 (8) soled condition outcome measures
Disease duration: 8 footwear Not stated. Not assessed.
(7)
High-top Outcomes Within group
(decreased assessed measures
ankle ROM), Foot pain, Significant
wide toe box, disability, improvement in FFI
Velcro activity pain (p = 0.001),
(don/doff), limitation (FFI).  disability (p =
heel-toe 0.044), activity
rocker. limitation (p = 0.04)

and total (p =0.001)
scores at follow-up.

VAS: visual analogue scale, HAQ: Health Assessment Questionnaire, LLTQ: Lower Limb Tasks Questionnaire, LFIS: Leeds Foot Impact

Scale, FFI: Foot Function index
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Table 3.6 Characteristics of included lab-based intervention studies

Sample .
Study N (%0 characteristics Interventions Control Outcome Findings Quality
Female) vy measures score
ears, Mean (SD)
(169) 20RA Total sample Running Thin flexible ~ Primary outcome  Between group measures 64%
(80%) Age: 60 (11) footwear footwear Plantar pressure PPP significantly reduced at
Disease duration: (Brooks (Dunlop (PPP, PTI). forefoot, rearfoot and total
not reported Glycerin 3, volley) foot in running shoe (p <
Texas Peak Pty Sock liner 0.001) and orthopaedic shoe
Ltd.) removed (p < 0.001) compared to
Commercially  (reduce control.
available, pressure
‘premium’ relief), thin PTI significantly reduced at
cushioned flexible sole. forefoot (p < 0.001),

running shoe.

Orthopaedic
footwear
(P.W. Minor
and Son)
Extra-depth,
cushioning.

rearfoot (p = 0.008) and
total foot (p < 0.001) with
the running shoe compared
to the control. PTI
significantly reduced at
forefoot (p < 0.001) and
total foot (p < 0.001) with
the orthopaedic shoe
compared to the control.

Within group measures
Not assessed.

55




(148)

21 Gout
(5%)

15 Gout
(13%)

Good footwear
group
Age: 57 (13)

Disease duration:

13 (8)

Poor footwear
group
Age: 58 (14)

Disease duration:

18 (13)

Good
footwear
(ASICS Cardio
Zip) leather
upper, rubber
sole, dual
density
midsole, rigid
heel counter,
moderate
midfoot sole
stability, heel
and forefoot
cushioning.

Poor footwear
(Dunlop
Asteroid)
synthetic
upper, rubber
sole, single
density
midsole,
minimal heel
counter
stiffness,
minimal
midfoot sole
stability, no
cushioning.
(Dunlop
Apollo)
synthetic
upper,

Between
group

Good footwear
characteristics
and poor
footwear
characteristics.

Within group
Participant’s
own footwear.

Primary outcome
Not stated.

Outcomes
assessed

Plantar pressure
(PPP, PTI)
Temporal-spatial
(walking velocity,
step length, stride
length, cadence).

Between group measures 64%
Significant decrease in PPP

at the medial heel (p =

0.000) and 5MTP (p =

0.000) in the good footwear

group compared to the poor

footwear group.

Significant decrease in PTI
at the heel (p = 0.003),
lateral heel (p = 0.001) and
5MTP (p = 0.005) and a
significant increase in PTI at
the midfoot (p = 0.000) in
the good footwear group
compared to the poor
footwear group.

No significant differences in
velocity, step length, stride
length or cadence between
groups.

Within group measures
Significant reduction in PPP
at SMTP (p =0.003) and
5MTP (p = 0.001).
Decreased PTI at heel (p =
0.000), 3BMTP (p = 0.000)
and 5SMTP (p = 0.005) and
increased PTI at midfoot (p
= 0.000) with good footwear
group compared to control.

56




synthetic sole,
single density

Significant reduction in PPP
at 3MTP (p =0.004) and

midsole, increased PPP at heel (p =
minimal heel 0.000) and lesser digits (p =
counter 0.003). Decreased PTI at
stiffness, midfoot (p = 0.003) in poor
minimal footwear group compared to
midfoot sole control.
stability, no
cushioning. Significant increase in
(Helix Viper) velocity (p = 0.000), step
synthetic length (p = 0.000) and stride
upper, Phylon length (p = 0.000) in both
sole, single intervention groups
density compared to control.
midsole,
moderate heel
counter
stiffness,
minimal
midfoot sole
stability, heel
and forefoot
cushioning.
(A74) 46 1IMTPJ Rocker-sole group Rocker-sole Between Primary outcome  Between group measures 71%
OA (61%)  Age: 57 (11) footwear group Not stated. Significant reduction in PPP
Median Disease (Masai Participant’s at lesser toes (p = 0.008), 2-
52 Controls duration: 3 Barefoot own footwear  Outcomes 5MTP (p < 0.001) and
(44%) Technology + orthoses. assessed midfoot (p = 0.003) in the
Control Mahuta/Matwa Plantar pressure footwear intervention group
Age: 57 (11) ) Within group  (PPP) compared to control group.

Median Disease

duration: 3

Rounded sole,
soft cushioned
heel.

Participant’s

own footwear.

Temporal spatial
(walking velocity,

stride length,

Significant reduction (p =
0.015) in stance phase
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cadence, stance
phase %).

percentage in footwear
intervention group.

Within group measures
Significant reduction in PPP
at IMTP (p = 0.002), 2-
5MTPs (p < 0.001) and heel
(p < 0.001) in footwear
intervention group.
Significant reduction in
cadence (p = 0.015) and
stance phase percentage (p =
0.021).

PPP: peak plantar pressure, PTI: pressure time integral, MTP: metatarsophalangeal joint
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3.3.4 Footwear interventions

Footwear interventions included off-the-shelf footwear (113, 148, 169, 173, 174),
therapeutic footwear (166, 167, 169, 170, 172) and therapeutic footwear combined with

foot orthoses (168, 171).

3.3.4.1 Off-the-shelf footwear

The use of off-the-shelf footwear was reported in people with RA (169), gout (113, 148)
and 1IMTP OA (173, 174). In one study in people with RA, an athletic shoe was used
with the footwear characteristic of this shoe being cushioning for forefoot pain (169).
For people with gout, a range of walking shoes were used and divided into good
footwear characteristics and poor footwear characteristics. Good footwear
characteristics included a rocker-sole to facilitate a heel-to-toe gait, a dual-density
midsole to provide motion control, heel and forefoot cushioning to improve shock
attenuation and a zip to allow for ease of entry and exit of footwear (113, 148). Poor
footwear characteristics included a single density midsole, no cushioning, minimal heel
counter stiffness and midsole stability (113, 148). For people with IMTP OA, a rocker-
sole shoe was used, allowing smoother progression of the body’s centre of mass over
the stance foot, reducing the amount of 1IMTP dorsiflexion required and loading at the

forefoot joints (173, 174).

3.3.4.2 Therapeutic footwear
The use of therapeutic footwear was reported in five studies for people with RA (166,
167, 169, 170, 172). Footwear characteristics included extra-depth in the forefoot region

to accommodate for foots orthoses and forefoot deformity, soft leather upper and
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smooth lining to offer protection, laces, padded heel counter to improve fit at the heel, a

long inside counter to improve rearfoot stability and arch support (167).

3.3.4.3 Therapeutic footwear combined with foot orthoses

The use of therapeutic footwear with foot orthoses was reported in two studies for
people with RA (168, 171). Footwear characteristics included a wide and deep toe box
was used to accommodate for the foot orthoses. Foot orthoses used in these studies

included semi-rigid and soft devices, manufactured as both prefabricated and custom.

3.3.5 Foot pain

3.3.5.1 Rheumatoid arthritis

Three RCTs (168, 170, 171) and one prospective observational study (172) measured
foot pain in people with rheumatoid arthritis. One RCT (170) compared traditional
therapeutic footwear to a newer therapeutic footwear designed with patient and
practitioner input. After 12 weeks, significant between group improvement was
observed for the newer therapeutic footwear group compared to the traditional
therapeutic footwear group (d = 0.92-1.26; large effect). Significant within group
improvement in foot pain was observed in the newer therapeutic footwear group (d =
1.08-1.24; large effect), with no significant improvement in the traditional therapeutic
footwear group (d = 0.18-0.19; negligible effect). Another RCT (168) compared three
footwear conditions; extra-depth footwear only, extra-depth footwear with soft foot
orthoses and extra-depth footwear with semi-rigid foot orthoses. At 12 weeks,
significant between group reductions in MTP pain was reported in the extra-depth
footwear with semi-rigid orthoses group compared to the footwear with soft orthoses

group (d = 0.45; medium effect) and footwear only group (d = 0.78; medium effect).
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There was no significant within group improvement observed in the footwear with soft
orthoses and footwear only groups at 12 weeks. A further RCT (171) compared extra-
depth footwear with semi-rigid foot orthoses compared to extra-depth footwear with
soft orthoses. After 24 weeks, no significant difference was found between groups (d =
0.46; small effect), however, significant within group improvements in foot pain was
observed in the footwear with semi-rigid orthoses group (d = 0.56; medium effect) and
the footwear with soft orthoses group (d = 1.07; large effect). The prospective
observational study (172) reported significant within group improvements in foot pain
with high-top, rocker-sole footwear after 4 weeks (d = 1.45; large effect), however,

there was no comparator to this intervention.

3.3.5.2 Gout

One prospective observational study (113) measured foot pain in people with gout. One
group with good footwear characteristics was compared to a group with poor footwear
characteristics over an eight week period. After eight weeks, significant within group
improvement in foot pain was observed in the good footwear characteristics group only
(d = 0.75; medium effect). There was no significant improvement in foot pain in the

poor footwear characteristics group (d = 0.19; negligible effect).

3.3.5.31MTP OA

One RCT (173) measured foot pain in people with IMTP OA. Rocker-sole footwear
was compared to the participant’s own footwear with foot orthoses. After 12 weeks,
improvements in foot pain were observed in the rocker-sole footwear group (d = 1.25;

large effect) and own footwear with foot orthoses group (d = 0.95; large effect),
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however, no significant differences were observed between groups at follow-up (d =

0.01; negligible effect).

3.3.6 Patient-reported outcomes

Patient-reported outcome measures assessing function, impairment and disability were

reported for RA, gout and IMTP OA.

3.3.6.1 Rheumatoid arthritis

One RCT (167) reported a significant within group improvement in function in the
extra-depth footwear group with no improvement in the control group at eight weeks.
The control group of this sample were subsequently provided with extra-depth footwear
in a repeated-measures design with significant within group improvements in function
at eight weeks (d = 0.30; small effect). Another RCT (170) reported significant between
group improvement in foot function, functional limitation and disability in the new
design therapeutic footwear compared to traditional therapeutic footwear at 12 weeks (d
= 0.88-1.07; large effect). Significant within group improvement was seen in the new
design therapeutic footwear (d = 0.92-1.06; large effect) with non-significant within
group improvement in the traditional therapeutic footwear group (d = 0.04-0.33;
negligible-small effect). One RCT (171) comparing therapeutic footwear with soft
orthoses and therapeutic footwear with semi-rigid orthoses reported no significant
between group differences in activity limitation and disability at 24 weeks (d = 0.94;
large effect). Non-significant within group improvements in activity limitation and
disability was observed in the footwear with semi-rigid orthoses group (d = 0.78;
medium effect) and the footwear with soft orthoses group (d = 1.31; large effect). One

prospective observational study (166) reported a significant within group improvement
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in self-reported walking ability with heat-mouldable footwear (unable to calculate effect
size). Another prospective observational study (172) reported within group
improvements in foot function, activity limitation and disability with rocker-sole

footwear use at four weeks (d = 1.03; large effect).

3.3.6.2 Gout

One prospective observational study (113) measured function, foot-related impairment
and disability. Significant improvements in function (d = 0.44; small effect) and foot-
related disability (d = 0.67; medium effect) were observed in the good footwear
characteristics group, with no significant differences observed in the poor footwear

characteristics group at eight weeks (d = 0.14-0.17; negligible effect).

3.3.6.31MTP OA

One RCT (173) measured function. Improvements in foot function were observed in the
rocker-sole footwear group (d = 0.61; medium effect) and own footwear with foot
orthoses group (d = 0.58; medium effect), however, no significant differences were

observed between groups at follow-up (d = 0.04; negligible effect).

3.3.7 Plantar pressure and temporal-spatial parameters

Data for plantar pressure and temporal-spatial parameters was reported for three

conditions; RA, gout and IMTP OA.
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3.3.7.1 Rheumatoid arthritis

One cross-sectional study (169) reported significant reductions in total foot, rearfoot
and forefoot peak plantar pressure (PPP) in the running footwear (d = 1.84, 1.07, 1.78,
respectively; large effects) and orthopaedic footwear (d = 0.86, 0.82, 0.84, respectively;
large effects) groups compared to the control group. Significant reductions in total foot
(d =1.72, 1.06; large effects) and forefoot (d = 1.74, 1.14; large effects) pressure time
integrals (PTI) in the running footwear and orthopaedic footwear groups compared to
the control group. A significant reduction in rearfoot PTI was observed in the running
footwear group compared to the control group (d = 0.24; small effect). Significant
reductions in PPP and PTI for total foot pressure (d = 1.02, 0.87; large effects) and
forefoot pressure (d = 0.91, 0.84; large effects) in the running footwear group compared
to the orthopaedic footwear group. One RCT (167) reported significant within group
increases in walking velocity (d = 0.31; small effect) and stride length (d = 0.30; small
effect) following the provision of extra-depth footwear compared to the participant’s
own shoes after eight weeks. Another RCT (168) reported no within group or between
group improvements during overground walking, stair climbing or 50 foot walk time
with extra-depth footwear only, extra-depth footwear with soft orthoses and extra-depth

footwear with semi-rigid orthoses after 12 weeks (d = 0-0.16; negligible effect).

3.3.7.2 Gout

One cross-sectional study (148) compared good footwear characteristics to poor
footwear characteristics to the participant’s own footwear. Significant reductions in PPP
and PTI at the heel and 5SMTP with increases in midfoot pressure were observed in the
good footwear characteristics group compared to the poor footwear characteristics
footwear group (d = 0.02-0.70; negligible-medium effect). Significant within group

reductions in PPP at 3SMTP and 5MTP, reductions in PTI at 3MTP, 5MTP and heel with
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increases in midfoot PTI was observed in the good footwear characteristics group
compared to their own footwear (d = 0.03-1.11; negligible-large effect). Significant
within group increases in PPP at the heel and lesser toes, reductions at 3MTP and
reductions in midfoot PTI was observed in the poor footwear characteristics group
compared to their own footwear (d = 0.02-0.44; negligible-small effect). Significant
within group increases in walking velocity, step length and stride length in both the
good and poor footwear characteristics groups compared to the participant’s own
footwear (d = 0.16-0.53; negligible-medium effect), however, no between group

differences were observed (d = 0.29; small effect).

3.3.7.3 1IMTP OA

One cross-sectional study (174) reported significant within group reductions in PPP

were observed at IMTP (d = 0.31; small effect), 2-5MTP (d = 0.91; large effect) and

heel (d = 0.90; large effect) in the rocker-sole footwear group compared to the

participant’s own footwear. Significant reductions in PPP at lesser toes (d = 0.35; small

effect), 2-5MTP (d = 1.12; large effect) and midfoot (d = 0.72; medium effect) were

observed between the footwear intervention group compared to the own footwear with
orthoses group. A significant reduction in stance phase percentage (d = 0.51; medium

effect) in the rocker-sole footwear group compared to the own footwear with orthoses

group. Significant within-group reductions for cadence (d = 0.25; small effect) and
stance phase percentage (d = 0.43; small effect) were observed in the rocker-sole

footwear group compared to the participant’s own footwear.
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3.4 Discussion

The aim of this systematic review was to identify and evaluate the evidence for the
clinical effectiveness of footwear interventions for foot pain, function, impairment and
disability in people with arthritis. Despite the broad search strategy, the search only
identified studies investigating RA, gout and IMTP OA. The findings of the review
support that footwear is associated with improvements to foot pain, function,
impairment and disability in people with RA. There is evidence to suggest that footwear
is associated with improvements to foot pain, function and disability in people with gout
and improvements to foot pain and function in people with IMTP OA. A greater body
of evidence exists for RA compared to gout and OA. There are no studies of footwear

interventions for other forms of arthritis.

Within and between group effect sizes for foot pain indicate that footwear interventions
are likely to result in improvements to foot pain in people with arthritis. However, for
people with rheumatoid arthritis there was conflicting evidence between studies as to
what type of intervention was preferable. Between group findings indicated the majority
of studies were in favour of therapeutic footwear with a semi-rigid insole compared to
therapeutic footwear with a soft insole on foot pain, however, one study favoured

therapeutic footwear with a soft insole compared to a semi-rigid insole.

There was considerable variation in the methodology with respect to the footwear
interventions and measures used to assess both primary and secondary outcomes. Of the
included studies, footwear interventions included footwear only and footwear with
orthoses conditions. It is difficult to isolate the individual treatment effect of footwear
and foot orthoses when prescribed individually or as co-interventions. It is also difficult
to ascertain if the observed changes are related to ‘the footwear’ or specific
characteristics of the footwear. There is currently no universally accepted standard for

the measurement of foot pain and self-reported foot pain intensity is the most frequently
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used research tool to measure foot pain (232). Instruments include visual analogue
scales (VAS), numeric rating scales and verbal category/Likert scale. The complexity of
arthritic conditions may advocate the use of multiple tools to capture the spectrum of

foot pain across a particular condition.

In the RCTs investigating RA, differences between groups were observed in studies
with a shorter follow-up period (from 4 to 12 weeks) compared to studies with a longer
follow-up period (24 weeks). The lack of a control group in the observational studies for
people with RA was also a limitation. It is difficult to discuss the influence of follow-up
periods for gout and 1IMTP OA as there was only one longitudinal study for each
condition. The description of footwear interventions ranged from the use of footwear
assessment scales, listing desirable footwear characteristics or simply stating the type of
footwear. There was also inconsistency in the observed changes to outcomes in the
control groups in the RA population. Such variance in the description of footwear and
findings makes it difficult to determine if changes to the outcomes are be attributed to

“footwear’ or specific footwear characteristics.

Footwear was associated with reductions in plantar pressure in people with RA, gout
and 1 MTP OA. The studies included that investigated plantar pressure all employed a
cross-sectional design, so it is unclear whether these changes are maintained over time
or are associated with improvements to patient reported outcomes. Footwear was also
associated with changes to walking velocity and stance time. Significant reductions in
walking velocity have been found in people with arthritis (160). Reduced walking
velocity and increased stance time are indicative of foot related-impairment and
disability (233). A limitation of these findings is that their relationship to other

parameters such as in-shoe kinematics and Kinetics is unknown.

When considering footwear for people with RA, key footwear characteristics associated

with improvements to patient reported outcomes included extra-depth footwear and
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cushioning. Adequate toe box volume allows for the accommodation of forefoot
deformity and foot orthoses. Foot pain associated with forefoot deformity (233) and
increased forefoot plantar pressure have been reported people with RA (234). Footwear
with cushioned midsoles can significantly reduce forefoot plantar pressure in people
with RA (169). The mean disease duration in the included studies is indicative of
participants with established RA. People with early onset RA may present with different

footwear needs.

Footwear characteristics that may be associated with improvements to foot pain and
disability include cushioning and support for people with gout (113). These benefits
may be related to changes in plantar pressure and temporal-spatial parameters (148).
Footwear with an absence of cushioning, minimal heel counter and midsole stability
were not associated with improvements to foot pain in people with gout (113). Footwear
with poor cushioning and support is common in people with gout and is associated with
higher levels of foot-related impairment and disability (124). Difficulties finding
footwear that fits appropriately, accommodates existing deformity and is suitable for
activities of daily living has been identified by people with gout (150-155). Further
investigation into these domains may help to improve understanding regarding footwear

habits of people with gout.

For people with IMTP OA, the rocker-sole characteristic of the footwear was found to
reduce loading at the 1IMTP and subsequent improvement in patient reported outcomes.
These reductions may be attributed to reductions in 1-5MTP plantar pressure, cadence
and stance time percentage observed with the rocker-sole footwear compared to
participant’s own footwear (174). Biomechanical changes have been reported with
rocker-sole footwear in both asymptomatic and symptomatic populations, however, it is
difficult to determine if these changes are associated with improved patient-reported

outcomes (235).
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This review is not without limitations. The literature search and screening of literature
was undertaken by a single researcher. Pooling of data was not possible due to the
methodological inconsistency between the included studies, thus recommendations
regarding the most appropriate intervention cannot be made. Differences in the
reporting of footwear characteristics made it difficult to draw conclusions regarding the
influence of specific design features on patient-reported outcomes and biomechanical
variables. Not all types of footwear have been tested in clinical studies, and it is unclear
whether findings can be generalised to other types of footwear that may deliver different
biomechanical effects. As much of the data presented comes from cross-sectional

studies, the long-term effects of footwear on gait parameters remains unclear.

Future work needs to explore the foot-related problems and footwear needs of people
with other arthritic conditions. Improved understanding of these conditions may help to
determine the role of footwear interventions in the management of these populations.
Most of the studies included in this review were for RA with only one RCT with a
follow-up period beyond 12 weeks. Longitudinal prospective studies and randomised
clinical trials may help to determine the clinical effectiveness of footwear. Further
prospective studies may help to determine if changes to gait parameters associated with

footwear are preserved and associated with improvements to patient reported outcomes.

3.5 Conclusion

Footwear interventions are associated with reductions in foot pain, impairment and
disability in people with rheumatoid arthritis, improvements to foot pain, function and
disability in people with gout and improvements to foot pain and function in people
with 1% metatarsophalangeal joint osteoarthritis. Footwear interventions have been

shown to reduce plantar pressure rheumatoid arthritis, gout and first
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metatarsophalangeal joint osteoarthritis and improve walking velocity in rheumatoid

arthritis and gout.

70



Chapter 4: Methodology

4.1 Introduction

This chapter will outline in detail the methods used for studies 1, 2 and 3, specifically
the study design, participants, recruitment, procedures surrounding data collection and

the methods of analyses used.

4.2 Study 1

4.2.1 Study design and philosophical stance

This study employed a qualitative descriptive methodology (236, 237), using semi-
structured interviews to enable a deep exploration of views, and to gain insight on
experiences of barriers and facilitators relating to footwear for people living with gout.
Qualitative description aims to provide a comprehensive summary of an experience or
event in the everyday terms of that experience or event (the who, what and where)
(236). This approach draws on the principles of naturalistic enquiry (238), which aims
to study something (experiences of footwear) in its natural state. This requires the
researcher to remain close to the data and present a descriptive summary of the
experience (236). This approach is further supported by the use of thematic analysis,
which focuses on an explicit account of the data to develop themes, rather than through
interpretation of the data (239). Whilst qualitative description may not be as interpretive
as other qualitative methodologies (236), there is a level of interpretation placed on the

description of the data (237).
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4.2.2 Ethical approval

Ethical approval was obtained from the Auckland University of Technology Ethics
Committee (14/233) (Appendix 2). All participants read the Participant Information
Sheet (Appendix 3) and signed a Consent Form (Appendix 4) prior to participation.
Participants were provided with vouchers to cover the cost of transport to and from the

Auckland University of Technology (AUT).

4.2.3 Participants

Participants were included if they met the ACR classification criteria for gout (92) and
were >20 years of age. Participants were excluded if they: had a history of other
inflammatory arthritis or neuromuscular disease; were experiencing a gout flare at time
of screening; had taken medication for foot pain in past four weeks; had received
prescription of footwear and/or foot orthoses in past three months; had previous foot

and/or ankle surgery; or were unable to walk 10 metres unaided.

4.2.4 Recruitment and sampling framework

Participants were recruited by a single researcher (MF) through public newspaper
advertising in Auckland, New Zealand using purposeful sampling. Eligible participants
were purposefully selected based on the characteristics of the sampling framework
(Table 4.1). Both male and female participants were included to reflect the gender ratio
of the gout population in New Zealand. Characteristics such as gender, ethnicity,
disease duration, presence of tophus, serum urate levels and the frequency of acute gout
flares were included to explore the impact these may have on experiences surrounding
footwear. Characteristics such as ethnicity, disease duration, foot tophus, serum urate

levels and acute gout flares have been associated with poorer health-related outcomes in
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people with gout. Following purposeful selection and consent, participants were

contacted to arrange an appointment for a face-to-face interview.

Table 4.1 Sampling framework

Participant characteristic  Reason for inclusion

Gender Gout is more common in men with a 4:1 ratio (3).

In New Zealand, gout is more prevalent in Maori and
Pacific Island people (3). Both Maori and Pacific
Island people also experience increased disease
severity (4, 7).

Clinical manifestations such as tophi and joint damage
are typically features of established disease (96).
People with foot tophi experience greater levels of foot
pain and disability compared to those without tophi
(114). People with foot tophi have also described
concerns around finding suitable footwear (153).
People with well controlled disease experience a
Serum urate level decrease in flares, tophus size and the total number of
tophi (240).

Acute gout flares are associated with high levels of
foot pain, impairment and disability (109). People
have difficulties wearing footwear when experiencing
a gout flare (150-152).

Ethnicity

Disease duration

Presence of foot tophus

Frequency of gout flares

4.2.5 Data collection

Data collection took place between February 2016 and August 2018. Interviews were
conducted by a single researcher, and audio-recorded. Interviews ranged from 20-90
minutes. Participants had the choice of whether the interview was conducted at either
AUT or at their home. Participants had the option of a support person being present
during the interview, however, this was not taken up by any of the participants. Reasons

for this were not explored.

An interview guide (Appendix 5) was used during interviews. Interview questions were
developed based on areas of interest related to footwear highlighted in previous gout
studies (113, 124). Topics covered in the interviews included exploring experiences of

footwear, barriers to footwear selection and the role of footwear in the management of
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gout. An initial definition of footwear was shared with participants to familiarise them
towards the area of interest. Participants were also invited to bring pairs of their own
footwear to further enhance discussion. An opening question of “tell me about your
experiences of footwear?” was asked, followed by additional trigger questions, and the
opportunity for participants to express additional ideas they felt were important.
Additional trigger questions for the initial interview guide included; “what are the most
important things you look for in footwear?”; “what feelings do you have about the
footwear currently available to you?”; “what barriers have you experienced related to
footwear?”; “what effect has footwear had on your feet?”; “what impact has footwear
had on your ability to do the things you wanted to do?”; and further discussion
surrounding the ‘ideal shoe’. Prompts were used if conversation came to a halt or to
gain a deeper understanding of a participant’s experience. Participants were given the
opportunity to express further ideas they feel are important to the research question.
Finally, a summary of the interview and discussion was presented to the participant

prior to the conclusion of the interview.

4.2.6 Analysis

Data collection and analysis occurred simultaneously and iteratively, and it emerged
that this created new insights and additional dialogue, which influenced subsequent
interviews and analyses. Interviews continued until diversity across the sampling
framework and saturation were achieved with no new concepts emerging from the data,

and sufficient information to achieve an understanding of the themes generated.

Data was analysed using constant comparative thematic analysis (239). An assumption
of thematic analysis is that the “‘data’ is more-or-less accurate and truthful, which helps

to fulfil the obligation of the researcher to remain close to the data in qualitative
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description (236) and naturalistic enquiry (238). Analysis was guided by the six step
process described by Braun and Clarke (239); (1) familiarising yourself with the data;
(2) generating initial codes; (3) searching for themes; (4) reviewing themes; (5) defining
and naming themes; and (6) producing the report. Each of the six phases and processes

followed will be discussed in detail below.

4.2.6.1 Phase 1: Familiarising yourself with the data

Following each interview, the audio recordings were transcribed verbatim by the
researcher (MF). Transcripts were then anonymised to ensure participant confidentiality
and analysed after each interview. Audio recordings of interviews were further reviewed
to ensure accuracy of the transcriptions and to explore ‘the way things were said’. Field
notes taken during interviews were also reviewed to direct the researcher to key points
identified during interviews. Transcripts were read and re-read to immerse the
researcher in the data with initial ideas, patterns and concepts recorded against the

transcripts.

4.2.6.2 Phase 2: Generating initial codes

Extracts from the transcripts were then manually coded by single researcher (MF).
Consideration was given to each extract whether it was coded a single time, coded
under multiple items, or not coded at all. The data surrounding an extract was included
to ensure the context of that extract was not lost. Coding was initially undertaken on a
hard copy of the transcript by highlighting and labelling the relevant extracts. These
codes were then transferred to a Word document of each transcript and added as

comments to the relevant extracts. The supporting extracts from all transcripts were then
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copied and collated in a single document and grouped under their respective codes.

Codes and supporting extracts were then reviewed by a second researcher (AW).

4.2.6.3 Phase 3: Searching for themes

Following the initial coding of the data, the generated codes were then sorted into
potential themes. Codes and their supporting extracts were grouped under potential
themes and sub-themes. Potential themes and sub-themes were then sorted into tables
and an initial thematic map was developed to help explore the relationship between

codes, themes and sub-themes.

4.2.6.4 Phase 4: reviewing themes

Potential themes were reviewed to determine that there was sufficient supporting data
and that a clear distinction existed between each theme. Themes were reviewed and
refined in two stages. The first involved reviewing the appropriateness of each theme i
relation to the coded extracts, to ensure that a coherent pattern existed amongst the
extracts. This refinement led to a more developed thematic map. The second involved

reviewing whether the themes and thematic map were reflective of the entire data set.

4.2.6.5 Phase 5: defining and naming themes
Themes were then named and defined to capture the essence of each theme and how it

relates to the entire data set. This led to the development of an overall thematic map.

n

The final themes generated, and the thematic map were agreed upon by members of the

supervisory team (KR, ND, AW).
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4.2.6.6 Phase 6: producing the report

This phase involved the refinement of thesis chapters four (results) and five
(discussion). Illustrative quotes from the transcripts were selected to provide evidence
of each theme. The findings where then discussed in relation to the study aim and their

wider implications in the context of the current literature.

4.2.7 Rigour
The trustworthiness of qualitative research can be assessed against the following criteria

of credibility, transferability, dependability and confirmability (238, 241).

4.2.7.1 Credibility

Credibility represents the strength of the link between the data and the phenomena of
interest (experience of footwear) (238, 241). Several steps were taken to enhance
credibility. The study followed an established research method (236) and analysis
process (239). Prior to data collection, the researcher attended a qualitative research
methods course covering the study design, interview techniques and analysis methods
for qualitative descriptive research. Using an iterative approach to data collection
encouraged the exploration of new insights, ideas and concepts, through open-ended
discussions with participants. Regular discussions between the researcher and members
of the supervisory team occurred to scrutinise the research processes and subsequent

findings.

4.2.7.2 Transferability
Transferability is the degree to which the findings from the study can be applied to a

different population or context (238, 241). To enhance transferability, a detailed
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description of the study methodology allowed for the findings to be found within the
context in which the study was conducted. This included a clear description of the
participants in reference to the sampling framework; methods of data collection
including the location and duration of interviews; and the process by which the data was

analysed.

4.2.7.3 Dependability

Dependability suggests that if a study was repeated using the same/similar participants,
study design and analysis processes, the subsequent findings would be comparable to
those of the original study (238, 241). To enhance dependability, the raw data (audio
file), field notes from the interviews, transcripts and a reflexive journal were maintained
to outline an audit trail of the study implementation. This was further supported through

regular consultation with members of the supervisory team (KR, ND and AW).

4.2.7.4 Confirmability

Confirmability aims to ensure that the findings of the study are the thoughts of the
participants and not those of the researcher (238, 241). To enhance confirmability, each
interview concluded with a summary of the discussions to ensure the researcher had
best captured the essence of their experience. Illustrative quotes were also embedded
within the presented findings. Shorter quotes were used to demonstrate the prevalence
of themes, with longer quotes helping to preserve the context from where the data was

obtained.
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4.3 Study 2

4.3.1 Study design
The study was a six-month, two-arm, parallel randomised controlled trial comparing
two foot care packages for people with gout. The study was registered as a clinical trial

with the Australian New Zealand Clinical Trials Registry (ACTRN12614000209695).

4.3.2 Ethical approval

The trial was approved by the Health and Disability Ethics Committees (14/CEN/117)
(Appendix 6). Locality approval was obtained from Auckland District Health Board
(A+6423) (Appendix 7) and Counties Manukau District Health Board (1878)
(Appendix 8). Maori consultation was also sought from the Auckland District Health
Board Maori research advisor on 01/09/2014. All participants read the Participant
Information Sheet (Appendix 9) and signed a Consent Form (Appendix 10) prior to
participation. Participants were provided with vouchers to cover the cost of transport to
and from the Auckland University of Technology (AUT). There were no costs incurred

by the participants for the podiatric care and footwear.

4.3.3 Participants

4.3.3.1 Recruitment

Participants were recruited from public hospital rheumatology clinics (Auckland and
Counties Manukau District Health Boards) and through public newspaper advertising
throughout Auckland, New Zealand. Participants were recruited between October 2014

and June 2016.
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4.3.3.2 Inclusion and exclusion criteria

Participants were included if they met the ACR classification criteria for gout (92) and
were >20 years of age. Participants were excluded if they: had a history of other
inflammatory arthritis or neuromuscular disease; were experiencing a gout flare at time
of screening; had taken medication for foot pain in past four weeks; had received
prescription of footwear and/or foot orthoses in past three months (those prescribed foot
orthoses more than three months ago were eligible); had previous foot and/or ankle

surgery; or were unable to walk 10 metres unaided.

4.3.4 Randomisation and blinding

Participants were allocated 1:1 to the control group (podiatric care and gout education)
or intervention group (podiatric care and gout education plus a commercially available
athletic shoe) using unstratified block randomisation with random block sizes (between
four and six). Centralised randomisation allowed the use of a sealed opaque envelope
system. This approach has been successfully used in other gout studies (113).
Participants could not be blinded to their study group. Participants invited into the study
were informed they would receive a foot care package, without specific mention of
footwear. Post-randomisation, participants were not informed of the intervention
modalities in the other randomisation group. The researcher (MF), supervision team and

data analysts were blinded to allocation.

4.3.5 Assessment

Participants attended study visits at the AUT Podiatry Clinic from November 2014 to

February 2017.
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4.3.5.1 Clinical assessment

All data collected were recorded on a clinical report form (Appendix 11). Baseline
assessment included the recording of age (years), gender (male/female) and ethnicity
(European/Maori/Pacific Island/Asian). Weight (kg) and height (m) were measured
using standardised tools to calculate BMI (kg/m?). Foot type was assessed using the
Foot Posture Index (Appendix 12), which classifies the foot against six parameters;
talar head palpation, supra- and infra-lateral malleolar curve, prominence of the
talonavicular joint, congruence of the medial longitudinal arch, abduction/adduction of
the forefoot and inversion/eversion of the calcaneus (242). Each parameter is scored on
a five point scale (-2 to +2) with scores combined to provide an overall value ranging
from -12 (highly supinated) to +12 (highly pronated). The Foot Posture Index is reliable

and valid tool (242, 243), and has been used in previous gout studies (109, 111, 124).

Current medical history including the presence of hypertension, cardiovascular disease,
type 2 diabetes, peripheral vascular disease and peripheral neuropathy were recorded.
Current medications including the use of urate-lowering therapy (allopurinol,
probenecid, benzbromarone, febuxostat), colchicine, prednisone, NSAIDs and diuretics
were recorded.

Disease-specific characteristics were obtained from clinical records and patient-reported
data. This included the ACR classification criteria that the participant fulfilled, disease
duration (years), the latest serum urate recording (mmol/L), the number of gout flares in
last three months and the total number of tophi in the body and at the foot.

Foot problems including the presence of hallux valgus, lesser digital deformity and

hyperkeratotic lesions were recorded on a foot manikin.
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4.3.5.2 Footwear assessment

The footwear worn by both groups was assessed for age, type and wear using the
Footwear Assessment Tool (244) (Appendix 13). The Footwear Assessment Tool is a
reliable and valid measure (244) and has been used in previous gout studies (113, 124).
The age of the footwear was self-reported by the participant and categorised as either <6
months old, 6-12 months old, or >12 months old. Footwear type was classified as good,
moderate or poor (245). Good footwear included walking, athletic, therapeutic, or
Oxford footwear. Moderate footwear included boots. Poor footwear included flip-flops,
sandals, slippers, moccasin and mule footwear. Classification of footwear into these

categories has been used in previous gout studies (124).

Wear was assessed at the upper, midsole, tread and outsole. Upper wear (degrees) was
categorised as either neutral, medial tilt (greater than 10°), or lateral tilt (greater than
10%). Midsole wear was categorised as either neutral, medial midsole compression, or
lateral midsole compression. Tread pattern was categorised at two levels as either
textured or smooth; and as either no wear, partly worn, or fully worn. Outsole wear was
categorised as either neutral (wear from lateral heel to medial forefoot), medial (greater
medial wear at the heel/forefoot), or lateral (greater lateral wear at the heel/forefoot).

The use of existing foot orthoses was also recorded.

4.3.6 Interventions

Participants attended four visits (baseline, two months, four months and six months)
over the trial period. At each study visit, participants in both groups received
standardised podiatric care comprising of palliative care of nails and skin, temporary
padding, wound care, emollient use, footwear advice, foot care advice and gout
education delivered by an experienced podiatrist (Trish Morpeth). The inclusion of

these interventions were selected based on previous work (147).
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Gout education was delivered using a pamphlet produced by the New Zealand Ministry
of Health including information on the causes of gout; the role of urate in development
of gout; pharmacological management; monitoring of serum urate levels; and general
footwear advice (Appendix 14).

In addition, participants in the footwear intervention group received a pair of ASICS

Cardio Zip 3 shoes to wear during daily activities (Figure 4.1).

Figure 4.1 Men’s and women’s ASICS Cardio Zip shoes
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This footwear was selected based on the findings of a previous feasibility study (113),
and its characteristics including heel/forefoot cushioning, dual density midsole, wide
fitting and a zip for ease of fit. The gel-based cushioning present under the heel and
forefoot region helps to improve shock attenuation (245). The incorporation of a rocker-
sole is associated with an improved heel-to-toe transition during walking and a
reduction in forefoot loading in people with other forms of arthritis (171, 172).
Footwear incorporating laces and other forms of fixation (zips) allow for adjustment of
the shoe to accommodate for foot deformity (113). This footwear was also the most
commonly selected shoe compared to three other shoes of a similar style in the
feasibility study (113).

To determine the appropriate footwear size, the participant’s foot length and width were
measured by the podiatrist using a Brannock device. Women had the option of choosing
between a black or white colour, with men having a black colour only. Footwear was
then fitted by the podiatrist. For participants with existing foot orthoses, the sock-liner
of the shoe was removed and replaced by the orthoses. The intervention group also
completed self-reported footwear daily diaries to record footwear use and adverse
events measured over the six months in the footwear (Appendix 15). Footwear diaries
were dispensed at each study visit and returned at the subsequent visit. Previous
footwear studies (113) have reported a high completion rate using self-reported diaries
to monitor footwear use. Participants were also asked at each visit about whether they

had experienced a gout flare since the last study visit.

4.3.7 Outcomes
The following outcome measures were assessed at baseline, two, four and six months.

The primary outcome was participant-reported foot pain. Secondary outcomes included

84



participant-reported overall pain, patient global assessment, activity limitation, lower
limb function, foot impairment and disability and participant-reported footwear comfort,

fit, ease and weight.

4.3.7.1 Foot pain

The severity of foot pain was assessed with a 100 mm VAS (Appendix 16). Foot pain
severity was rated on a 100 mm horizontal line, with leftmost anchor representing ‘no
pain’ (0 mm) and the rightmost anchor representing ‘very severe pain’ (100 mm).
Participants marked a cross on the line at the point that they thought best represented
their foot pain. The distance from the left anchor to the cross was measured in mm and
scored out of 100. This tool has been used in previous gout studies to measure foot pain

(38, 109, 113, 114).

4.3.7.2 General pain (secondary outcome)

The severity of general pain was assessed with a 100 mm VAS (Appendix 16). General
pain severity was rated on a 100 mm horizontal line, with leftmost anchor representing
‘no pain’ (0 mm) and the rightmost anchor representing ‘very severe pain’ (100 mm).
Participants marked a cross on the line at the point that they thought best represented
their overall pain. The distance from the left anchor to the cross was measured in mm
and scored out of 100. This tool has been endorsed by Outcome Measures in
Rheumatology (OMERACT) for evaluating general pain in people with gout (246) and

validated as an outcome measure for use in gout studies (247).
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4.3.7.3 Patient global assessment (secondary outcome)

Overall wellbeing was assessed with a 100 mm VAS (Appendix 16). Overall wellbeing
was rated on a 100 mm horizontal line, with leftmost anchor representing ‘completely
well” (0 mm) and the rightmost anchor representing ‘extremely unwell’ (100 mm).
Participants marked a cross on the line at the point that they thought best represented
their overall wellbeing. The distance from the left anchor to the cross was measured in
mm and scored out of 100. This tool has been endorsed by OMERACT for evaluating
overall wellbeing in people with gout (246) and validated as an outcome measure for

use in gout studies (247).

4.3.7.4 Activity limitation (secondary outcome)

Activity limitation was assessed with the Health Assessment Questionnaire 11 (HAQ-II)
(248) (Appendix 17). The HAQ-11 comprises of 10 items for that participants are asked
to rate the difficulty associated with each task in the past week (without difficulty = 0,
some difficulty = 1, much difficulty = 2, unable = 3). The sum is calculated and then
divided by the number of questions answered to give a total score ranging from 0 to 3.
Lower scores are indicative of better functional status. If less than eight questions were
answered the HAQ-II was not scored. This tool has been endorsed by OMERACT for

evaluating activity limitation in people with gout (246).

4.3.7.5 Lower limb function (secondary outcome)

Lower limb function was assessed with the Lower Limb Tasks Questionnaire (LLTQ)
(249) (Appendix 18). The LLTQ comprises of two (2) sections (activities of daily
living and recreational activities) each with 10 items for that participants are asked to

rate the difficulty associated with each task in the past 24 hours (unable = 0, severe
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difficulty = 1, moderate difficulty = 2, mild difficulty = 3, no difficulty = 4). The sum of
each section is calculated to give a total score ranging from 0 to 40, with higher scores
indicative of better lower limb function. In addition, the importance of each item was
rated on a 4-point Likert scale (1 = not important, 2 = mildly important, 3 = moderately
important, 4 = very important). The LLTQ has been used in previous gout studies (109,

113).

4.3.7.6 Foot impairment and disability (secondary outcome)

Foot-related impairment and disability was assessed with the Leeds Foot Impact Scale
(LFIS) (250) (Appendix 19). The LFIS comprises of two (2) sections;
impairment/footwear (LFIS|F) containing 21 questions and activity
limitation/participation (LFISap) containing 30 questions. Each question is answered as
‘true’ or “false’, with true response recorded as one point and false responses as zero
points. The sum of each section is calculated to give a score ranging from 0-21 for
LFISir, 0-30 for LFISap and a total LFIS score between 0-51, with higher scores are
indicative of greater levels of impairment and disability. The LFIS has been used in

previous gout studies (109, 113).

4.3.7.7 Footwear evaluation (secondary outcome)

Participant perceptions of footwear comfort, fit, ease of putting on and taking off and
weight were each evaluated using 100 mm VAS (Appendix 20). Footwear comfort was
rated on a 100 mm horizontal line, with leftmost anchor representing ‘extremely
comfortable’ (0 mm) and the rightmost anchor representing ‘extremely uncomfortable’
(100 mm). Participants marked a cross on the line at the point that they thought best

represented their footwear comfort. The distance from the left anchor to the cross was
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measured in mm and scored out of 100. This tool has been used in previous footwear

research (251, 252).

Footwear fit was rated on a 100 mm horizontal line, with leftmost anchor representing
‘best possible fit” (0 mm) and the rightmost anchor representing ‘poorest fit possible’
(100 mm). Participants marked a cross on the line at the point that they thought best
represented their footwear fit. The distance from the left anchor to the cross was
measured in mm and scored out of 100. This tool has been used in previous footwear

research (252).

Footwear ease of putting on and taking off was rated on a 100 mm horizontal line, with
leftmost anchor representing ‘as easy as imaginable’ (0 mm) and the rightmost anchor
representing ‘most difficult as possible’ (100 mm). Participants marked a cross on the
line at the point that they thought best represented their footwear ease. The distance
from the left anchor to the cross was measured in mm and scored out of 100. This tool

has been used in previous footwear research (252).

Footwear weight was rated on a 100 mm horizontal line, with leftmost anchor
representing ‘extremely light” (0 mm) and the rightmost anchor representing ‘extremely
heavy’ (100 mm). Participants marked a cross on the line at the point that they thought
best represented their footwear weight. The distance from the left anchor to the cross
was measured in mm and scored out of 100. This tool has been used in previous

footwear research (252).

4.3.8 Sample size
Initial sample size calculations were based on the previous feasibility study (113). To
detect the minimally important difference of -15 mm in the foot pain VAS (-17.2mm

detected in feasibility study, p = 0.003) with power 0.80, using the repeated measures
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model detailed below with a baseline to 6 month correlation of 0.30, would require 52
participants in each group (correlation extrapolated from feasibility study). Gains in
efficiency expected from the repeated measures and added covariates make this sample

size conservative.

The attrition rate extrapolated to 6 months from the feasibility study had a 95%
confidence interval of (18%, 70%), too broad for use in design. However, previous
clinical trials conducted in Auckland involving people with gout have reported drop-out
rates of 15% over 4 months (142) and 8% after 12 months (253). Using a conservatively
estimated loss to follow-up rate of 25% at 6 months, the initial aim was to recruit 140

participants.

A protocol amendment containing a revised sample size computation due to a decline in
participant recruitment was submitted to and approved by an independent data
monitoring committee (DMC) on 06/05/2016. The revision used a new estimated
baseline to 6 month correlation of 0.49 in the primary outcome and a new dropout rate
supplied by the DMC, based on the first 38 completions. A revised sample size of 39
completions per group was determined. At an estimated loss to follow-up rate of 15%,

the target recruitment was 92 participants (46 per group).

4.3.9 Statistical analyses

4.3.9.1 Blind review

A blind review of the data was undertaken at the end of the trial to consider the specific
regression models to use, inclusion of covariates, the appropriateness of multiple
imputations for any missing covariate, any necessary data transformation and the

selection of an appropriate covariance structure for the repeated measures.
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4.3.9.1.1 Model selection

The distribution of the residuals from the linear mixed models for all continuous
outcomes were assessed for skewness and kurtosis to determine the appropriateness of
the linear mixed models. A model involving the baseline outcome, all planned common
covariates and a selection of other baseline outcomes was assessed. Visual inspection of
residual histograms, normal Q-Q plots and scatterplots of the values fitted against the
residuals was undertaken. Focus was placed on qualitative appraisal of the parametric
assumptions by graphical means such as Q-Q plots and measures of association between
mean outcome and residual variance, rather than testing. Under clearly evinced non-
normality, the selection of an appropriate generalised linear model and link was

preferred to data transformation.

4.3.9.1.2 Selection of covariates

Age, gender, ethnicity, BMI, colchicine use, NSAID use, prednisone use and the
presence of subcutaneous tophi at baseline were considered for inclusion in the
regression models during the blind review, absent all knowledge of group allocation.

Partial RZ was used as the main selection criterion for these covariates.

4.3.9.3 Missing data

Missing covariate data was resolved using multiple imputation. The repeated measures
model allows for the accommodation of missing data without requiring additional
adjustment. Ten multiple imputed data sets were produced, using all observed data,
under an assumption of Missingness at Random. No data transformation was found to

be needed.
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4.3.9.4 Descriptive statistics

Gender, ethnicity, history of diabetes, cardiovascular disease, peripheral vascular
disease and peripheral neuropathy, gout classification, tophus count (total and foot),
current pharmacological management and foot problems were described as number

(percentage). All other clinical characteristics were described as mean (SD).

4.3.9.5 Inferential analyses

4.3.9.5.1 Analysis set

Primary and secondary analyses were based on an intention-to-treat (ITT) analysis set,
from which only participants with no baseline nor post-randomisation data were
excluded. Participant assessments were included in the per-protocol (PP) analysis set if
the participants fulfilled the criteria of the ITT set and did not present any major
protocol violation, such as eligibility violation or other protocol violations adjudicated
as major by the supervisory team. All other protocol deviations were considered minor

and would not lead to exclusion of participants from the PP analysis set.

4.3.9.5.2 Repeated measures framework

Primary and other outcomes were compared across the treatment groups using repeated
measures models of outcome data at two, four and six months adjusted for baseline.

A participant-associated random effect was used to account for the covariance between
the repeated measurements. The covariance structure was amended for particular
outcomes as a result of the blind review, to account for possible heteroscedasticity of
the measures and more complex covariance structure. When the inferential focus was on
a particular time-point (for example, six months) the appropriate contrast was obtained

from the full model with assessment time-point treated as a factor.
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4.3.9.6 Significance levels
All tests were carried out at a significance level of 0.05 against two-sided alternatives.

No correction for multiple testing was applied.

4.4.9.7 Software
Data were analysed using SAS version 9.4 and R version 3.2 including package gamlss

(254, 255).

4.4 Study 3

4.4.1 Study design
The study was a cross-sectional repeated measures study, comparing worn and new

footwear in people with gout.

4.4.2 Ethical approval

Ethical approval was obtained from the Auckland University of Technology Ethics
Committee (14/233) (Appendix 2). All participants read the Participant Information
Sheet (Appendix 21) and signed a Consent Form (Appendix 22) prior to participation.
Participants were provided with vouchers to cover the cost of transport to and from the
Auckland University of Technology (AUT). There were no costs incurred by the

participants for the footwear.
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4.4.3 Participants

4.4.3.1 Recruitment

Participants with gout were recruited from rheumatology clinics and through public
newspaper advertising throughout Auckland, New Zealand. Participants were recruited

between March 2016 and January 2017.

4.4.3.2 Inclusion and exclusion criteria

Participants were included if they met the ACR classification criteria for gout (92) and
were >20 years of age. Participants were excluded if they: had a history of other
inflammatory arthritis or neuromuscular disease; were experiencing a gout flare at time
of screening; had taken medication for foot pain in past four weeks; had received
prescription of footwear and/or foot orthoses in past three months; had previous foot

and/or ankle surgery; or were unable to walk 10 metres unaided.

Participants were fitted with a new pair ASICS Cardio Zip 3 footwear. This footwear
was chosen based on the findings of a previous feasibility study (113), and its
characteristics including heel/forefoot cushioning, dual density midsole, wide fitting
option and a zip for ease of fit. To determine the appropriate footwear size, the
participant’s foot length and width were measured by a single researcher using a
Brannock device. Women had the option of choosing between a black or white colour,
with men having a black colour only. Footwear was then fitted by the podiatrist. For
participants with existing foot orthoses, the sock-liner of the shoe was removed and
replaced by the orthoses. All participants wore footwear for six months, with self-
reported diaries used to record the number of hours the footwear was worn (Appendix
15). These diaries have been used in previous gout studies (113). Participants then
returned for a study visit where they were tested with the worn shoes and new shoes in a

random order.
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4.4.4 Randomisation and blinding

Testing order of the two footwear conditions was randomised using unstratified block
randomisation with random block sizes (between four and six). Centralised
randomisation allowed the use of a sealed opaque envelope system. This method has
been used in previous gout studies (148). Participants and assessors could not be

blinded.

4.4.5 Assessment
After six months of wearing the footwear, participants attended a second study visit at
the AUT Podiatry Clinic between April 2016 and August 2017. All assessments were

undertaken on a single study visit.

4.4.5.1 Clinical assessment

Clinical assessment included the recording of age (years), gender (male/female) and
ethnicity (European/Maori/Pacific Island/Asian). Weight (kg) and height (m) were
measured using standardised tools to calculate BMI (kg/m?). Foot type was assessed

using the foot posture index (Appendix 12).

Current medical history including the presence of hypertension, cardiovascular disease,
type 2 diabetes, peripheral vascular disease and peripheral neuropathy were recorded.
Current medications including the use of urate-lowering therapy (allopurinol,
probenecid, benzbromarone, febuxostat), colchicine, prednisone, NSAIDs and diuretics

were recorded.

Disease-specific characteristics were obtained from clinical records and patient-reported

data. This included the ACR classification criteria that the participant fulfilled, disease
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duration (years), the latest serum urate recording (mmol/L), the number of gout flares in

last three months and the total number of tophi in the body and at the foot.

4.4.5.2 Footwear assessment

The Footwear Assessment Tool (Appendix 13) was used to assessed the structural
properties of the new and worn footwear (244). The Footwear Assessment Tool is a
reliable and valid measure (244) and has been used in previous gout studies (113, 124).
The Footwear Assessment Tool classifies footwear based on general structure, motion

control properties, cushioning and wear (Figure 4.2).

The general structure of the footwear was assessed under the categories of heel height
and forefoot height. Heel height (cm) was an average of heights measured at the medial
and lateral heel using a digital Vernier calliper (Workzone, NSW, Australia) (Figure
4.2). Forefoot height (cm) was an average of heights measured at the level of the first

and fifth metatarsals using a digital Vernier calliper (Figure 4.2).

Figure 4.2 Assessment of heel and forefoot height
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The motion control properties of the footwear were assessed under the categories of
heel counter stiffness, midfoot sagittal stability and midfoot frontal stability. Heel
counter stiffness (degrees) was measured as a visual estimate by applying force to
posterior aspect of the heel counter and was categorised as either rigid (<10°), moderate
(10-45°), or minimal (>45°) (Figure 4.3). Midfoot sagittal stability (degrees) was
measured as a visual estimate by grasping the heel and forefoot of the shoe and bending
the shoe in the sagittal plane at the midfoot and was categorised as either rigid (<10°),
moderate (10-45°), or minimal (>45°) (Figure 4.3). Midfoot frontal stability (degrees)
was measured as a visual estimate by grasping the heel and forefoot of the shoe and
twisting the shoe in the frontal plane at the midfoot and was categorised as either rigid

(<10°), moderate (10-45°), or minimal (>45°) (Figure 4.3).

Figure 4.3 Assessment of heel counter, midfoot torsion and sagittal stability

The cushioning properties of the footwear were assessed under the categories of heel
sole hardness, lateral midsole hardness and medial midsole hardness. Midsole hardness

was measured using a Shore A durometer (Sauter, Balingen, Germany) that was
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calibrated with a calibration plate (Shore A 21) prior to testing. Heel sole hardness was
measured using the durometer at the inferior aspect of the heel inside the shoe (Figure
4.4). Lateral midsole hardness was measured using the durometer at the lateral aspect of
the midsole at the level of the heel (Figure 4.4). Medial midsole hardness was measured
using the durometer at the lateral aspect of the midsole at the level of the heel (Figure

4.4).

Figure 4.4 Assessment of heel, lateral and medial midsole hardness

The amount of wear in the footwear was assessed under the categories of upper wear,
midsole wear, tread and outsole wear. Upper wear (degrees) was categorised as either
neutral, medial tilt (greater than 10°), or lateral tilt (greater than 10°). Midsole wear was
categorised as either neutral, medial midsole compression or lateral midsole
compression. Tread pattern was categorised as either no wear, partly worn or fully

worn. Outsole wear was categorised as either neutral (wear from lateral heel to medial

97



forefoot), medial (greater medial wear at the heel/forefoot), or lateral (greater lateral

wear at the heel/forefoot).

4.4.6 Interventions

Two footwear conditions were evaluated; (1) a new pair ASICS Cardio Zip 3 (new
footwear); and (2) a pair of ASICS Cardio Zip 3 worn by the participant over a six
month period (worn footwear). The footwear tested was the same size and model for
both footwear conditions. The appropriate footwear size was determined using a
Brannock device (Brannock Device Company Inc., NY, USA). For participants with
existing foot orthoses, the sock-liner of the footwear was removed and replaced by the

orthoses for testing.

4.4.7 Outcomes

Prior to randomisation, participants were instructed to walk across the GAITRite®
walkway (CIR Systems, Inc., New Jersey, US) at a self-selected speed to determine
their average walking speed over three trials. GAITRIite® is a 700cm x 90cm electronic
walkway with an active sensor area of 609.6cm long and 60.96cm wide. The active area
contains sensor pads (2,204 pressure activated sensors per 0.61cm?), with a spatial
resolution of 1.27cm and a sampling rate of 120Hz. Participants started two steps
behind the walkway and were instructed to walking two steps beyond the end of the
walkway. Participants were instructed to walk at their normal, comfortable speed (256).
The walkway is triggered by the first foot contact with the walkway. Following each
trial, data was reviewed visually to screen check that the left and right footfalls had been
correctly identified and that each footfall was fully in contact with walkway. In cases
where footfalls were partially in contact with the walkway, these were removed prior to

processing.
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The primary outcome was plantar pressure (peak plantar pressure and pressure time
integrals), measured using the F-Scan® Mobile system (Tekscan Inc., South Boston,
MA, USA). Each insole contains 954 sensors (3.9 sensors per 1cm?). The system was
calibrated prior to data acquisition (257). Data obtained using the five-stride protocol
(110, 148), where seven strides are recorded for each foot with the first and last strides
removed. During each trial participants walked across the GAITRite® walkway to
monitor walking speed, with reference to the average walking speed determined prior to
randomisation (Figure 4.5). GAITRIite® has been used to measure walking velocity in

previous gout studies (115, 120) and is reliable measure in people with inflammatory

arthritis (258).

Figure 4.5 GAITRite® walkway with F-Scan® system
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Three trials were completed in both pairs of footwear, with seated breaks between trials.
Following each trial, if the walking speed was 5% outside of the average self-selected
speed determined prior, participants were asked to repeat the trial (259). The following
temporal spatial parameters were also calculated for each trial using GAITRIite® gold,
Version 3.2b software.; walking speed (cm/s), step length (cm), stride length (cm),
cadence (steps/min), base of support (cm), step time (s), stance time (s), cycle time (),
swing percentage (%), stance percentage (%), single limb support percentage (%) and

double limb support percentage (%).

After each trial, the pressure data was also reviewed visually on screen to check for
sensor failure or slippage/bunching of the sensor within the shoe. If this was found to
have occurred, the trial was repeated. The F-Scan® software package (Tekscan Inc.,
Version 5.24) was used to analyse the plantar pressure data. The foot was manually
masked into 7 regions (heel (0-30% of foot length), midfoot (30-60% of foot length),
first metatarsal (LMTP) (60-85% of foot length), second metatarsal (2MTP) (60-85%
of foot length), lesser metatarsals (345MTP) (60-85% of foot length), hallux (85-100%
of foot length) and lesser digits (85-100% of foot length)) to calculate mean peak
plantar pressure (kPa) and pressure time integrals (kPa*sec) (Figure 4.6). This method
has been found to be reliable in the gout population (intraclass correlation coefficients
0.92-0.97) (257). All pressure data was reviewed during analysis to determine if any
sensor failure or sensor slippage/bunching had been missed during the initial visual

inspection. Data at these regions were excluded from the analysis.
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Figure 4.6 Masking of the seven regions of the foot

4.4.8 Sample size

The sample size estimation is based on a previous plantar pressure study of gout and
footwear (148). In this study, the participant’s own shoes and the intervention footwear
were worn on the same visit and plantar pressure measurements taken under both
conditions. Plantar pressure was remeasured at eight weeks with the intervention
footwear that had been in use during this period (unpublished data). The standard
deviation of the differences was 152. A sample size of 40 allowed the detection of a

difference of 69 kPa (effect size 0.45) between new and worn intervention footwear
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with 80% power at a significance level of 5% using a paired t-test. The use of a linear

mixed model on repeated measures makes this power assessment conservative.

4.4.9 Statistical analyses

4.4.9.1 Descriptive statistics

Gender, ethnicity, history of diabetes, cardiovascular disease, peripheral vascular
disease and peripheral neuropathy, gout classification, tophus count (total and foot) and
current pharmacological management were described as number (percentage). All other

clinical characteristics were described as mean (SD).

4.4.9.2 Inferential analyses

4.4.9.2.1 Model selection

Linear mixed models were used to determine differences between plantar pressure and
temporal-spatial parameters, and the two footwear conditions: worn footwear and new
footwear. The two footwear conditions were entered as fixed effects, with the paired-
foot data (left side and right side) and variables measured entered as random effects
(260). This model accounts for repeated measures taken from the left and right side.
Walking velocity and cadence were not paired for foot side. All measures taken over

three trials were not averaged and included in the analysis as separate observations.

To determine differences in wear between the new and worn footwear, linear mixed
models were used to test for statistical differences in the continuous variables. The two
footwear conditions were entered as fixed effects, with the paired-foot data and
variables measured entered as random effects. Fisher’s exact test was used to test for
statistical differences in the categorical outcomes. No adjustments for covariates were

made for this cross-over trial, as participants acted as their own control.
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4.4.9.2.2 Missing data
Linear mixed models are not biased under an assumption of Missingness at Random
(261). We therefore elected not to use other methods to account for missing data such as

multiple imputation.

4.4.9.3 Significance levels

Observed significance levels were presented. Significance at the 0.05 level was declared
accounting for a Bonferroni correction based on the seven plantar pressure outcomes,
twelve temporal spatial outcomes, or twelve footwear outcomes. All tests were carried

out against two-sided alternatives.

4.4.9.4 Software

Data were analysed using SAS version 9.4 and R version 3.2.
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Chapter 5: Results

5.1 Introduction

This chapter presents the findings from the qualitative study (study 1), RCT (study 2)
and cross-sectional study (study 3). Data from each study is presented under sub-

sections.

5.2 Study 1

5.2.1 Participant characteristics

A total of 30 participants were sent invitations to the study, of these 11 did not respond
to contact, 8 responded to the invitation but declined and 11 consented to participate.
The demographic and clinical characteristics of the participants specific to the sampling
framework are displayed in Table 5.1. There was diversity across age, gender, ethnicity
and clinical features, consistent with the sampling framework. Nine males and two
females with a median age of 53 years (range 40-83 years) were interviewed. Across
the clinical features, participants had a median disease duration of 10 years (range 2-25
years), median serum urate level of 0.41 mmol/L (range 0.27-0.59 mmol/L), median
number of flares in the past year was 3 flares (range 0-6 flares) and 27% participants

had foot tophus.
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Table 5.1 Participant characteristics

Disease Foot Flare frequency
Participant Gender Age Ethnicity Serum urate
duration tophus (past year)
1 F 61 South African 12 years Y 0.27 3
2 M 54 NZ Maori 25 years N 0.40 3
3 M 83 NZ Maori 10 years N 0.27 2-3
4 M 40 NZ European 3 years N 0.43 5
5 M 49 Pacific Island 2 Y2 years N 0.45 2-3
6 M 40 Pacific Island 10 years Y 0.59 6
7 F 53 NZ Maori 1% years N 0.41 1-2
8 M 72 NZ European 10 years N 0.29 1-2
9 M 58 NZ European 5 years N 0.54 0
10 M 48 Pacific Island 20 years N 0.36 6
Not recently
11 M 70 NZ European 15 years Y 0

checked
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5.2.2 Themes
Four central themes were derived from the data; (i) comfort as a priority, (ii) knowing
what to buy, (iii) knowing what to wear and (iv) challenges of different environments. A

thematic map outlining the central themes and sub-themes is demonstrated in Figure 5.1.

Comfort over Footwear Balancing
Ee o Impact of cost
looks characteristics priorities

Comfort as priority Knowing what to buy

Influence on Striving for Lack of No problems
mood comfort confidence P

Limited options Compromise

Formal settings

Challenges for

Knowing what to wear - .
different environments

Dealing with Negotiating the

No problems

Impact of tophus

flares workplace

Figure 5.1 Thematic map showing the central four themes and sub-themes
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5.2.2.1 Theme 1: Comfort as a priority

All participants stated the importance of comfort, supporting the idea that having

comfortable footwear was a priority. For some, feeling comfortable was more important

than ‘looking good’;

“I'm far more thinking about being comfortable you know and not really

worrying about what people say or think™ Participant 1, female, 61 years old

“I’ve been wearing shoes in the past that don’t look good, but they are

comfortable. That’s, and then, | mean | always get eyes and looks and weirds,

but I didn’t really care | was just like ‘oh, I’m comfortable man’”” Participant 6,

male, 40 years old

The concept of striving for comfort was evident, with feelings of satisfaction upon

finding comfortable footwear;

“They were the first wide fit ASICS I’ve ever had and the relief of being able to

walk pain free was magnificent” Participant 7, female, 52 years old

“l didn’t realise that you can have comfortable shoes, cause I’ve never had

comfortable shoes before’ Participant 10, male, 48 years old

Specific footwear characteristics such as having a good fit, being lightweight and

having enough room to accommaodate the foot, were identified as important influencers

of footwear comfort;

“l, ah, choose shoes that are comfortable, and ah, that don’t constrict, my, my

feet” Participant 3, male, 83 years old

“I find that if I wear a heavy shoe it umm inflamm... it-it aggravates it as well

so, my choice would be a lighter shoe with a little bit more room in it”

Participant 4, male, 40 years old

“The fit of the shoe is important if it’s too, if it’s too tight then it’s not

comfortable” Participant 8, male, 72 years old
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“They’re comfortable you know because they’ve got the cushioning in them”

Participant 9, male, 58 years old

Having uncomfortable footwear led to foot pain, which in turn could influence one’s
mood and ability to participate. This consequence was viewed with frustration;
“I'm the person who has to sit with a problem when I get home tonight because
my feet are sore, and then | can't sleep, and then you don't sleep, and then you're
miserable as H the next morning, and then you've got to work, and you're

grumpy”” Participant 1, female, 61 years old

5.2.2.2 Theme 2: Knowing what to buy
Barriers to shoe shopping were described including budgetary constraints, limited range
and a lack of confidence in knowing what the right shoe is to buy. Finding a balance
between comfort and appearance was frequently described:;
“Comfort is, is ah probably right up there with looking good but if it looks good
but doesn’t, and it’s not comfortable forget it if it’s comfortable and it’s not,
doesn’t look good yea, oh yea, yea probably but just depends but if you can get a

bit of both then oh yea she’s a winner”” Participant 10, male, 48 years old

For others, this balance was strongly influenced by cost, placing further limitations on
the footwear available forcing some to ‘work with’ what was left;
“I think it’s just my um, my budget wise. What am | able to afford um, compared

to what is out of my price range” Participant 6, male, 40 years old

Obtaining advice was difficult creating uncertainty surrounding the right type of
footwear to buy. This resulted in a lack of confidence with purchases based on negative
past experiences, such as footwear becoming uncomfortable shortly after leaving the

shop;
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““I can try something on in the store and think ‘oh my god this is so comfortable,
fantastic, problem solved’ and then, um it might not be for two or three wears
then I’ll be walking, and that pain will come back and it’s like if I don’t take

these shoes off well it’s just going to escalate” Participant 7, female, 53 years

old
In contrast, some found shoe shopping relatively straight-forward, with gout playing
little role in the decision-making process when purchasing footwear.

“I haven’t even really thought about buying shoes related to the gout™

Participant 11, male, 70 years old

5.2.2.3 Theme 3: Knowing what to wear
Despite owning multiple pairs of shoes, participants described a lack of suitable options
with respect to the footwear in the cupboard. Having gout meant that footwear that was
previously suitable, was no longer appropriate;

“In terms of shoes pre-gout, the only shoes I can still wear are these, that | had

before I ever had gout™ Participant 7, female, 53 years old

Those with tophi described difficulties in accommodating for deformity and how
affected sites were irritated by certain footwear;
“Anything that rubs on there or that puts pressure on there, within half an hour,
yeah, I'm starting to get really sort of antsy because of the pressure and the
rubbing and that. And that can sometimes last for a good, maybe, week, ten days
after that, that it's irritated enough for me to have a thing of gout, attack of gout.

So, | steer clear very. | know that that's a trigger”” Participant 1, female, 61

years old
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“If I go out I’ll wear leather, proper leather shoes. Trouble is with that bump on
my toe it’s a bit of a pain aye. You know, um, very restrictive actually”

Participant 6, male, 40 years old

The unpredictable nature of not knowing whether footwear would remain comfortable

or exacerbate their foot problems was described. For some, inappropriately fitting

footwear could lead to a flare;
“I bought a pair of those to wear to walk on the beach because I find walking on
sea sand very uncomfortable if I’m barefoot but if I wear shoes it’s more
comfortable so | wore those and it basically, again longer shoe but not enough
width so that just aggravated it and kind of spoiled a day or two of the holiday
because my foot was flared up and I didn’t want to go to the beach so walking
was difficult so I just spent most of the time sitting at the campsite not enjoying

anything really’” Participant 4, male, 40 years old

For some, there was resignation that finding footwear compatible with their foot and
beliefs may not be possible, with others accepting that their current footwear may be as
good as it gets. Feelings of dejection were evident;
““Having this gout there’s not much, there’s not much around. It’s almost like
here’s what you’ve got to try and fit into, try to make it part of you, sort of um

your footwear” Participant 6, male, 40 years old

5.2.2.4 Theme 4: Challenges of different environments

Participants described that their footwear requirements were different depending on the
situation. In formal settings, there was a disconnect between having comfortable
footwear and maintaining appearance. The trade-off of sacrificing footwear comfort was

to put up with the pain during and after the occasion;
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“You’ve got a formal or a fancy event to go to, you kind of, you just sacrifice as
I’ve said earlier you deal with the consequence tomorrow because this looks
right or this is more appropriate for that activity so you just basically suck it up

and consequences come tomorrow’ Participant 4, male, 40 years old

Health and safety requirements dictated the footwear choices for several participants.
Steel cap boots were viewed as limiting due to being heavy, inflexible and restrictive in
the forefoot. Some would adapt their footwear habits to accommodate for their gout
symptoms during a flare;

“When | got the gout, I still go to the work, one safety boot, one sneaker™

Participant 2, male, 54 years old

For others footwear discomfort resulted in a change in workplace practise;
“Footwear is pretty important with respect to comfort and functionality and as
for the gout like I said I’m blessed to know what | can wear. It doesn’t make the
pain go away (researcher) but it makes it tolerable cause if I’ve got to go to
work, 1’ve got to go to work, and | work eight hours and even though I can work

with the footwear | don’t stay on my feet as long so I’ll try and stay on the hoist,

I’ve changed my work structure to suit the ailment” Participant 5, male, 49
years old
In contrast, some participants did not report any significant issues as they had found
footwear that was comfortable and acceptable for the environments that they interacted
in;
““I don’t ah spend a lot of time thinking about my shoes | wear them and that’s
that. And once I, and once you’ve got a comfortable pair you don’t need to think

a lot about it” Participant 3, male, 83 years old
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5.3 Study 2

5.3.1 Participants

5.3.1.1 Participant flow

Figure 5.2 shows the flow of participants through the study. There were 187 potential
participants screened, and 94 randomised. Recorded protocol violations included
randomisation of three participants who consented but did not complete the initial study
visit (excluded from the ITT set) and the withdrawal of one participant who consented
but was later found to have had foot surgery with a toe amputation, post-randomisation
(included in the ITT set).

Four participants in the footwear intervention group were unable to wear their allocated
footwear due to discomfort. Of these participants, three remained enrolled in the trial
and continued to receive the other facets of their allocated intervention with one
participant withdrawal. Participants in the footwear intervention group reported wearing
their allocated footwear on average 24 hours per week during the study period. At the
six month follow-up, 89% of the control intervention group and 91% of the footwear

intervention group completed the study.
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Assessed for eligibility (n=187)

A

4

Excluded after screening (n=93)

¢ No gout diagnosis (n=8)

¢ Diagnosis of other inflammatory arthritis (n=18)
¢ Unable to speak English language (n=7)

e Previous foot/ankle surgery (n=9)

"| e Footwear/foot orthoses past 3 months (n=1)

¢ Medication for foot pain in past 4 weeks (n=5)
e Existing neuromuscular condition (n=17)

o Current flare (n=19)

¢ Outside of study area (n=9)

Randomised (n=94)

\ 4

Randomised to footwear intervention group (n=47)
Received allocated intervention (n=45)

Did not receive allocated intervention (n=2)

o Excluded for digital amputation (n=1)

¢ Did not attend study visit (n=1)

4

Randomised to control group (n=47)
Received allocated intervention (n=45)

Did not receive allocated intervention (n=2)
« Did not attend study visit (n=2)

y

2 month follow-up (n=40)

Lost to follow up (n=1)

o |lI-fitting footwear (n=1)

Did not attend study visit (n=4)

A 4

4 month follow-up (n=41)
Did not attend study visit (n=3)

y

v

2 month follow-up (n=39)

Lost to follow up (n=2)

e Deceased (n=1)

e Withdrew (n=1)

Did not attend study visit (n=4)

\ 4

4 month follow-up (n=37)
Did not attend study visit (n=6)

A 4

6 month follow-up (n=43)
Did not attend study visit (n=1)

6 month follow-up (n=42)
Lost to follow-up (n=1)
e Withdrew (n=1)

Analysed (n=46)
Excluded from analysis (did not attend baseline
visit) (n=1)

Analysed (n=45)
Excluded from analysis (did not attend baseline
visit) (n=2)

Figure 5.2 Participant flow through study
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5.3.1.2 Descriptive statistics

Baseline descriptive statistics are displayed in Table 5.2. Participants were

predominantly male of New Zealand European ethnicity, with over 10 year’s disease

duration and on urate lowering therapy. High rates of obesity and comorbidities such as

hypertension and cardiovascular disease were observed. Foot problems such as hallux

valgus, lesser digital deformity and hyperkeratotic lesions were prevalent in both

groups.

Table 5.2 Baseline descriptive statistics

Variable

Footwear intervention

group (n=47)

Control group (n=47)

Sex, male, n (%)
Age, years, mean (SD)
BMI, kg/m?, mean (SD)
Foot posture index, mean (SD)
Ethnicity, n (%)
NZ European
Pacific
Asian
Maori
Gout history, mean (SD)
Disease duration (years)
Flares prior three months
Foot tophus, n (%)
Any tophus, n (%)
Serum urate, mmol/L, mean (SD)
Medications, n (%)
Urate-lowering therapy
Colchicine
Prednisone
NSAID

40 (85%)
62.6 (17.0)
30.2 (6.4)
4 (4)

28 (62%)
6 (13%)
7 (16%)
4 (9%)

12.2 (11.2)
0.7 (0.9)

9 (19%)
13 (28%)
0.39 (0.13)

33 (72%)
15 (33%)
9 (20%)

12 (27%)

43 (91%)
62.4 (13.7)
32.0 (7.0)
4 (4)

26 (57%)
11 (23%)
5 (11%)
4 (9%)

13.6 (12.3)
0.4 (0.7)
17 (36%)
24 (51%)
0.38 (0.11)

30 (64%)
17 (36%)
10 (21%)
13 (29%)
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Diuretic 8 (18%)
Medical History, n (%)

Hypertension 22 (48%)
Cardiovascular disease 13 (28%)
Type 2 diabetes 7 (15%)
Peripheral vascular disease 4 (9%)
Peripheral neuropathy 3 (7%)
Foot problems, n (%)

Hallux valgus 28 (62%)
Lesser digital deformity 26 (58%)
Hyperkeratotic lesions 25 (56%)

5 (11%)

22 (54%)
11 (24%)
3 (7%)

3 (7%)

5 (11%)

23 (51%)
28 (62%)
26 (58%)

BMI: body mass index, NSAID: non-steroidal anti-inflammatory drug

5.3.2 Clinically assessed outcomes

5.3.2.1 Footwear characteristics

Baseline footwear characteristics are displayed in Table 5.3. Poor footwear was a

common occurrence, with the majority wearing footwear that was worn and over 12

months old.

Table 5.3 Baseline footwear characteristics

_ Footwear intervention
Variable
group (n=47)

Control group (n=47)

Footwear type, n (%)

Good 23 (51%)
Athletic 5
Oxford 10
Therapeutic 2
Walking 6

Moderate 3 (7%)
Boot 3

Poor 19 (42%)

23 (51%)
11

5

0

7

2 (4%)

2

20 (44%)
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Sandal 8 4

Moccasin 4 7

Flip-flop 4 4

Slipper 2 4

Court 1 0

Mule 0 1
Footwear age, n (%)

<6 months 8 (18%) 12 (27%)

6-12 months 5 (11%) 9 (20%)

>12 months 31 (70%) 24 (53%)
Upper wear, n (%)

Neutral 34 (77%) 26 (58%)

Medial 9 (20%) 17 (38%)

Lateral 1 (2%) 2 (4%)
Midsole wear, n (%)

Neutral 38 (86%) 31 (69%)

Medial 9 (20%) 9 (20%)

Lateral 1 (2%) 5 (11%)
Tread pattern, n (%)

Textured 42 (95%) 37 (86%)

Smooth 2 (5%) 6 (14%)
Outsole wear, n (%)

None 2 (4%) 7 (16%)

Partly worn 35 (78%) 29 (64%)

Fully worn 8 (18%) 9 (20%)
Outsole wear pattern, n (%)

None 1 (2%) 6 (13%)

Normal 17 (38%) 19 (42%)

Lateral 27 (60%) 20 (44%)
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5.3.3 Inferential statistics

5.3.3.1 Normality

The distribution of the residuals from the linear mixed models for all continuous
outcomes were assessed with the most non-linear of these being the footwear-related
visual analogue scale outcomes (footwear comfort, fit, ease and weight), principally in
terms of significant leptokurtosis, excess kurtosis and left skewness of the residuals,
after adjusting for baseline VAS values. These footwear outcomes were fitted with a
scaled zero-inflated beta regression model (generalised additive model for location,
scale and shape). The distribution of the residuals for all other continuous outcomes
demonstrated sufficient normality to carry out parametric testing and were fitted using

linear mixed models.

5.3.3.2 Covariates

Analyses were adjusted for the covariates presented in Table 5.4. Baseline values for an

outcome were included in the model in all cases.
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Table 5.4 Included covariates for primary and secondary outcomes

Baseline covariate Covariance

Outcome Bj:::ge Age Gender Ethnicity BMI Colchicine NSAID Prednisone Tophi

Foot pain VAS . RI+RS
Overall pain VAS . . RI
Patient global VAS . . RI+RS
HAQ-II . RI+RS
LFIS total . RI
LFIS IS . . RI
LFIS AP . . RI+RS
LLTQ ADL . RI
LLTQ REC . . RI+RS
Footwear comfort VAS . . . RI+RS
Footwear fit VAS . . . RI+RS
Footwear ease VAS . . . RI+RS
Footwear weight VAS . . . RI

VAS: visual analogue scale, HAQ-II: Health Assessment Questionnaire Il, LFIS Total: Leeds Foot Impact Scale total score, LFIS IS:

Leeds Foot Impact Scale impairment/shoes subscale, LFIS AP: Leeds Foot Impact Scale activity limitation/participation subscale,

LLTQ ADL: Lower Limb Tasks Questionnaire activities of daily living score, LLTQ REC: Lower Limb Tasks Questionnaire

recreational activities score, RI=random intercept, RI+RS=random intercept and random slope on visit number
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5.3.3.4 Primary outcome

All efficacy endpoints and covariate adjustments are shown in Table 5.5. Baseline foot
pain scores were low. There was no difference in foot pain at any time-point over the
six month study period between the two groups (adjusted effect estimate: -6.7, 95% CI -

16.4 to 2.9, P=0.17).

5.3.3.5 Secondary outcomes

Improvements between groups in overall pain scores (adjusted effect estimate: -13.2,
95% CI -22.2 to -4.3, P<0.01) favouring the footwear intervention were observed at two
months, but there was no difference between the groups at four or six months (adjusted
effect estimate at six months: -4.0, 95% CI -13.6 to 5.7, P=0.42). Foot-related
impairment and disability was reduced at two months in the footwear intervention group
(adjusted effect estimate: -4.7, 95% CI -9.7 to -0.3, P=0.04), but there was no difference
between groups at four or six months (adjusted effect estimate at six months: -3.0, 95%
Cl10.2t0-1.8, P=0.21). No between-group differences in patient global assessment,
HAQ-II and LLTQ were observed (Table 5.5).

Between-group differences favouring the footwear intervention were observed in
footwear comfort at two months (adjusted effect estimate: -10.4, 95% CI -19.9 to -0.9,
P=0.03) and four months (adjusted effect estimate: -11.3, 95% CI -21.4 to -1.3, P=0.03),
but not at six months (adjusted effect estimate: -8.0, 95% CI -19.2 to 3.3, P=0.16).
Similarly, between-group differences favouring the footwear intervention were
observed in footwear fit (adjusted effect estimate: -11.1, 95% CI -23.0 to -1.0, P=0.03),
footwear ease (adjusted effect estimate: -13.2, 95% CI -23.8 to -2.7, P=0.01) and
footwear weight (adjusted effect estimate: -10.3, 95% CI -19.8 to -0.8, P=0.03) at all

time-points over the six month study period.
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Table 5.5 Outcome measure scores and effect estimates adjusted from baseline

Footwear

Control

Adjusted effect estimate

intervention intervention pa
Estimate (95% CI)
Mean (SD) Mean (SD)

Foot pain VAS

Baseline 14.8 (18.7)  17.5(22.4)

2 months 10.7 (13.0)  16.8(21.8) -5.0 (-12.9t0 2.8) 0.21

4 months 13.8(23.0)  16.1(22.3) -1.8 (-10.1t0 6.4) 0.66

6 months 13.1(20.8)  20.5(26.1) -6.7 (-16.4 t0 2.9) 0.17
Overall pain VAS*

Baseline 18.7 (19.6)  17.7 (23.9)

2 months 9.7 (13.6) 23.3 (27.5) -13.2 (-22.2 to -4.3) <0.01

4 months 16.2 (19.4)  17.9(22.8) -2.3 (-0.51t0 0.6) 0.65

6 months 16.3(19.2)  20.7 (26.8) -4.0 (-13.6t05.7) 0.42
Patient global assessment VAS*

Baseline 22.7 (24.5) 21.5 (25.8)

2 months 17.7 (24.2) 16.4 (21.6) 1.2 (-7.4t09.9) 0.78

4 months 14.6 (16.6)  16.6 (20.2) -2.8 (-11.91t06.3) 0.55

6 months 15.3(19.4) 18.8(21.9) -3.4 (-12.6 10 5.7) 0.46
HAQ-II

Baseline 0.5 (0.6) 0.4 (0.5)

2 months 0.5(0.6) 0.4 (0.4) -0.1(-0.3t00.1) 0.36

4 months 0.6 (0.6) 0.3(0.5) 0.0(-0.2t0 0.2) 0.84
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6 months 0.5(0.5) 0.4 (0.6) -0.1(-0.3t00.1) 0.28
LFIS total score

Baseline 155(11.5) 15.4 (12.5)

2 months 13.8(13.0) 16.4 (14.1) -4.7 (-9.1t0 -0.3) 0.04

4 months 14.9 (14.2) 14.2 (12.3) -1.3(-6.1t0 3.5) 0.59

6 months 144 (13.6)  16.9 (14.2) -3.0(0.2t0 1.8) 0.21
LFIS impairment/shoes*

Baseline 6.5 (4.4) 6.2 (4.8)

2 months 53(4.7) 6.5 (5.5) -1.9 (-4.0t0 0.3) 0.09

4 months 5.9 (5.2) 5.9 (4.9) -0.3(-2.4t01.9) 0.81

6 months 5.8 (4.8) 6.7 (5.6) -0.9 (-3.0t0 1.2) 0.39
LFIS activity limitation/participation**

Baseline 9.1(9.0) 9.1(9.0)

2 months 8.5(9.5) 9.9 (10.0) -2.7 (-5.2t0-0.1) 0.04

4 months 9.1(9.8) 8.3(5.8) -0.4 (-3.4t0 2.5) 0.77

6 months 8.7 (9.7) 10.1 (9.5) -1.4 (-4.41t01.7) 0.38
LLTQ activities of daily living

Baseline 32.7 (8.2) 33.8 (6.8)

2 months 34.8 (7.2) 32.9 (8.0) 2.2 (-0.2t0 4.6) 0.07

4 months 329 (8.1) 35.4 (6.7) -0.4 (-3.1t0 2.3) 0.77

6 months 34.0 (6.9) 33.8(7.7) 1.1(-1.2t0 3.4) 0.35
LLTQ recreational activities***

Baseline 22.7(11.8) 21.1(11.6)
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2 months 23.5(14.2) 22.8(11.5) 0.8 (-2.8t0 4.4) 0.66

4 months 20.8 (12.8) 25.1(9.9) -3.4 (-7.5t0 0.8) 0.11

6 months 21.7(12.6) 22.2(12.0) -0.9 (-4.81t0 3.0) 0.66
Footwear comfort VAS****

Baseline 24.0 (21.9) 27.6 (28.0)

2 months 10.3(13.1)  26.2 (26.5) -10.4 (-19.9t0 -0.9) 0.03

4 months 9.1(9.8) 24.0 (21.0) -11.3 (-21.4t0 -1.3) 0.03

6 months 17.5(23.5) 27.9(28.4) -8.0 (-19.2t0 3.3) 0.16
Footwear fit VAS*****

Baseline 20.6 (20.1) 24.0(27.2)

2 months 9.8 (16.0) 22.2 (21.3) -9.5 (-17.2t0-1.8) 0.02

4 months 10.3(13.6)  22.2 (20.4) -11.1 (-19.9to -2.4) 0.01

6 months 11.9(20.0) 27.9(28.4) -11.1 (-21.1to -1.0) 0.03
Footwear ease VAS******

Baseline 20.9 (23.0)  19.3(23.8)

2 months 12.7 (19.1)  26.8(28.2) -9.8 (-19.4 t0 -0.3) 0.04

4 months 10.2 (16.6)  23.8(25.2) -12.3 (-23.0to -1.6) 0.02

6 months 11.3(19.7)  27.9(28.4) -13.2 (-23.8 t0 -2.7) 0.01
Footwear weight VAS*****

Baseline 21.9 (21.9) 22.7 (24.6)

2 months 12.7(17.8)  27.0(26.6) -9.7 (-19.5t0 0.0) 0.05

4 months 13.6 (20.3)  24.6 (20.4) -10.8 (-20.6 to -0.9) 0.03

6 months 11.4(19.7)  27.9(28.4) -10.3 (-19.8 t0 -0.8) 0.03
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2bolded values indicate statistical significance

VAS: visual analogue scale, HAQ-II: Health Assessment Questionnaire Il, LFIS: Leeds Foot Impact Scale,
LLTQ: Lower Limb Tasks Questionnaire, BMI: body mass index

*BMI adjusted

**Ethnicity adjusted

***Age adjusted

****BMI and prednisone adjusted

*****Sex and BMI adjusted

*xx*x*kEthnicity and BMI adjusted
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5.3.3.6 Per-protocol analyses

Four participants were identified as not being able to wear the footwear. However,
adherence to the intervention could not be determined with certainty in the other
participants (for example, those who did not return footwear diaries but wore the

footwear). For this reason, it was decided not to perform per-protocol analysis.

5.3.4 Adverse events

Two participants (4%) in the footwear intervention group developed foot blisters and
one participant (1%) in the footwear intervention group withdrew from the study due to
footwear discomfort. During the trial period, 16 participants (34%) in the control
intervention group and 14 participants (30%) in the footwear intervention group

experienced an acute gout flare.

5.4 Study 3

5.4.1 Participants

5.4.1.1 Participant flow

Figure 5.3 shows the flow of participants through the study. There were 94 potential
participants screened, and 50 enrolled in the study and received footwear. Of those, 40
attended the study visit. Three participants were unable to wear their allocated footwear

due to discomfort.
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Assessed for eligibility

\ 4

Contacted (n=82)

Excluded (n=8)

Withdrew from clinical trial (n=3)
Unable to wear study footwear (n=3)

Deceased (n=2)

\ 4

Did not respond to contact (n=16)

Did not respond to telephone or email (n=16)

Responded (n=66)

Not enrolled (n=16)

Unable to attend within study period (n=10)
Declined due to work commitments (n=2)
Declined to wear footwear (n =2)

Did not respond following initial response (n=1)

Foot surgery (n=1)

Enrolled (n=50)

\4

Did not attend study visit (n=10)

Did not respond to contact (n=3)
Unable to wear footwear (n=3)
Declined (work commitments) (n=2)

Declined (limited footwear use) (n=2)

Attended study visit (n=40)

Figure 5.3 Flow chart of participants
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5.4.1.2 Descriptive statistics

Demographic and clinical characteristics are displayed in Table 5.6. The majority of

participants were European with a mean (SD) age of 67 (13) years and disease duration

of 13 (12) years. Footwear diaries were completed by 80% of participants with footwear

reported being worn on average of 20 hours per week (range 7-63 hours per week).

Table 5.6 Demographic and clinical characteristics

Variable Summary
Sex (male), n (%) 35 (88%)
Age (years), mean (SD) 67 (13)
BMI (kg/m?), mean (SD) 30.5 (6.5)
Foot posture index, mean (SD) 4(4)
Ethnicity, n (%)
European 30 (75%)
Pacific Island 4 (10%)
Maori 3 (8%)
Asian 3 (8%)
Gout history
Disease duration (years), mean (SD) 13 (12)
Self-reported flares in previous 3 months, mean (SD) 0.4 (0.8)
Foot tophus, n (%) 12 (30%)
Any tophus, n (%) 15 (35%)
Serum urate, mmol/L, mean (SD) 0.34 (0.11)
Medications, n (%)
Urate lowering therapy 25 (63%)
Colchicine 8 (20%)
Prednisone 8 (20%)
NSAID 14 (35%)
Diuretic 6 (15%)
Medical history, n (%)
Hypertension 21 (53%)
Cardiovascular disease 12 (30%)
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Diabetes 4 (10%)
Peripheral vascular disease 3 (8%)

BMI: body mass index, NSAID: non-steroidal anti-inflammatory drug

5.4.2 Clinically assessed outcomes

5.4.2.1 Footwear characteristics

Reductions in heel height (P<0.0001), forefoot height (P<0.0001), heel counter stiffness
(P<0.0001), midfoot sagittal stiffness (P<0.0001) and midfoot frontal stiffness
(P=0.001) were observed in the worn footwear (Table 5.7). Increases in medial midsole
hardness (P<0.0001), lateral midsole hardness (P<0.0001) and heel midsole hardness
(P<0.0001) were observed in the worn footwear. Signs of outsole wear was evident in
the worn footwear, with the majority displaying normal upper (P<0.0001), midsole

(P=0.05) and outsole (P<0.0001) wear patterns.

Table 5.7 Footwear characteristics

Characteristic* New shoe  Worn shoe P2
Heel height (cm), mean (SD) 3.7(0.1) 3.6 (0.1) <0.0001
Forefoot height (cm), mean (SD) 2.1(0.0) 1.9(0.1) <0.0001
Heel counter stiffness, n (%) <0.0001
Minimal (>45) 0 (0%) 1 (3%)
Moderate (10-45") 0 (0%) 12 (30%)
Rigid (<10%) 40 (100%) 27 (68%)
Midfoot sagittal stiffness, n (%) <0.0001
Minimal (>45) 0 (0%) 1 (3%)
Moderate (10-45") 0 (0%) 18 (45%)
Rigid (<10%) 40 (100%) 21 (53%)
Midfoot frontal stiffness, n (%) 0.001
Minimal (>45) 0 (0%) 1 (3%)
Moderate (10-45") 0 (0%) 9 (23%)
Rigid (<10%) 40 (100%) 30 (75%)
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Lateral midsole hardness (Shore A), mean (SD) 57.0 (0) 58.3(0.9) <0.0001
Medial midsole hardness (Shore A), mean (SD) 54.0 (0) 56.2 (1.2) <0.0001
Heel midsole hardness (Shore A), mean (SD) 56.0 (0) 58.8 (1.3) <0.0001
Upper wear, n (%) <0.0001
None 40 (100%) 0 (0%)
Medial tilt 0 (0%) 17 (43%)
Neutral 0 (0%) 23 (58%)
Lateral tilt 0 (0%) 0 (0%)
Midsole wear, n (%) 0.005
None 40 (100%) 0 (0%)
Medial 0 (0%) 8 (20%)
Neutral 0 (0%) 32 (80%)
Lateral 0 (0%) 0 (0%)
Tread, n (%) <0.0001
Not worn 40 (100%) 0 (0%)
Partly worn 0 (0%) 40 (100%)
Fully worn 0 (0%) 0 (0%)
Outsole wear, n (%) <0.0001
None 40 (100%) 0 (0%)
Medial 0 (0%) 0 (0%)
Normal 0 (0%) 40 (100%)
Lateral 0 (0%) 0 (0%)
*data presented for left shoe only, 2 bolded values indicate significance after
Bonferroni correction at P<0.004

5.4.3 Inferential statistics

5.4.3.1 Normality

The distribution of the residuals from the linear mixed models for all continuous

outcomes were assessed with the most non-linear of these, principally in terms of

skewness of the residuals, occurring at the 345MTP region. To assess the robustness of

the linear model on non-normal peak pressure data; this data was isolated, run as a
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linear model using a bootstrap to determine how well or poorly the standard error for

the new versus worn effect is estimated.

The standard error for the fixed effect of the new versus worn footwear according to the
normal linear mixed model was 4.42, with a bootstrap sample of size 1,000 yields a
robust estimator of 4.52. The estimated effect by the model was 9.78, while the
bootstrap mean effect was 10.09 (as the effect size is not a pivotal quantity for the
bootstrap, we do not necessarily expect these values to be close). Therefore, it was
concluded that inference using the linear mixed model is robust to the departures from
normality that may be present in the peak plantar pressure data. The distribution of the
residuals for all other plantar pressure, temporal-spatial and footwear data demonstrated

sufficient normality to carry out parametric testing.

5.4.3.2 Missing data

One participant withdrew during testing due to discomfort meaning there was missing
data for plantar pressure in the worn footwear. After screening the data, there were
outliers for peak plantar pressure at a total six sites (heel or midfoot), where extreme
peak pressures were registered on a single sensor at the edge of the insole. As these
values were significantly higher than the readings at the adjacent sensors, it suggests
that the insole was compressed against the side of the shoe (visual inspection of box
plots and F-Scan® software package). Pressure readings at these sites were
subsequently excluded from the analyses, with readings from other sites retained for

analysis.
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5.4.3.3 Primary outcome

No significant differences in peak plantar pressure were observed across the seven
regions of the foot (Table 5.8). Reductions in pressure time integrals were observed at
1MTP (P<0.0001), 2MTP (P<0.0001) and the hallux (P=0.003) in the worn footwear
compared to the new footwear (Table 5.9). No significant differences in pressure time

integrals were observed across the other masked regions.
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Table 5.8 Peak plantar pressure (kPa)

95% Confidence Intervals

Parameter Condition Mean Estimate Difference P
Lower Upper

New 318.8

Heel -4.2 -20.3 11.9 0.61
Worn 323.0
New 154.2

Midfoot -3.1 -19.1 12.9 0.70
Worn 157.3
New 318.5

IMTP 1.7 -14.3 17.7 0.83
Worn 316.8
New 316.2

2MTP 0.6 -15.4 16.6 0.94
Worn 315.5
New 266.6

345MTP -9.0 -25.0 6.9 0.27
Worn 275.6
New 284.3

Hallux 6.9 -9.0 22.9 0.39
Worn 277.4
New 188.1

Lesser toes -4.1 -20.1 11.8 0.61
Worn 192.2

131




Table 5.9 Pressure time integrals (kPa*s)

95% Confidence Intervals

Parameter Condition Mean Estimate Difference pa
Lower Upper
New 43.8
Heel -0.3 -1.5 0.9 0.60
Worn 44.1
New 325
Midfoot -0.2 -1.4 1 0.75
Worn 32.7
New 50.9
IMTP 4.2 3.0 5.3 <0.0001
Worn 46.7
New 48.9
2MTP 2.6 1.4 3.7 <0.0001
Worn 46.3
New 459
345MTP 0.8 -04 2.0 0.18
Worn 45.1
New 31.6
Hallux 2.2 1.0 3.3 0.0003
Worn 29.5
New 25.2
Lesser toes 1.2 -0.02 2.3 0.05
Worn 24.0

4holded values indicate significance after Bonferroni correction at P<0.007
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5.4.4.4 Temporal-spatial parameters

Temporal spatial gait parameters are displayed in Table 5.10. No differences were
observed in walking velocity, step length, cadence, swing percentage and stance
percentage (P>0.05). Differences were observed in stride length (P<0.001) between the

new and worn footwear conditions, though these were minimal in size.
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Table 5.10 Temporal-spatial gait parameters

95% Confidence Intervals

Parameter Condition Mean Estimate Difference pa
Lower Upper

New 11.82

Base of support (cm) -0.08 -0.33 0.16 0.51
Worn 11.90
) New 105.6

Cadence (steps/min) -0.32 -0.88 0.24 0.26
Worn 106.0
) New 1.15

Cycle time (s) 0.01 -0.23 0.25 0.94
Worn 1.14
New 28.89

DLS (%) -0.17 -0.42 0.07 0.17
Worn 29.10
New 35.55

SLS (%) 0.03 -0.21 0.28 0.79
Worn 35.52
New 64.46

Stance (%) -0.03 -0.27 0.22 0.82
Worn 64.49
) New 0.57

Stance time () 0.00 -0.24 0.25 0.97
Worn 0.57
New 65.97

Step length (cm) 0.21 -0.03 0.46 0.09
Worn 65.75
) New 0.57

Step time (s) 0.00 -0.24 0.25 0.97
Worn 0.57

Stride length (cm) New 131.91 0.50 0.25 0.74 <0.0001
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Worn 131.42

) New 35.55
Swing (%) -0.00 -0.24 0.24 0.99
Worn 35.55
) New 1.16
Walking speed (cm/s) 0.06 -0.5 0.6 0.84
Worn 1.16

DLS: double limb support, SLS: single limb support
2 polded values indicate significance after Bonferroni correction at P<0.004
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5.4.4 Adverse events
During the six months of wear prior to data collection, two participants (5%) developed
blisters and ten (25%) participants experienced a gout flare. One participant (3%)

withdrew during testing due to discomfort.
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Chapter 6: Discussion

6.1 Introduction

This chapter presents the discussion of studies 1, 2 and 3. Firstly, the participant
characteristics will be discussed. The key findings and strengths and limitations of each
study will then be examined, followed by an overview of the thesis. Finally, the clinical
implications and future directions will be explored. The results discussed in this chapter
for study 1 have been published in the Journal of Foot and Ankle Research (Appendix
23). The results discussed in this chapter for study 2 have been published in Arthritis

Research and Therapy (Appendix 24).

6.2 Participant characteristics

Across the three studies, participants were predominantly men of European ethnicity.
Mean disease duration, flare frequency and presence of tophus were indicative of
established disease. The proportion of Maori and Pacific Island participants in the study
is reflective of the gout population in New Zealand (9). This may be explained by the
geographical location of recruitment and that the purposefully sampling strategy
included ethnicity. Comorbidities such as obesity, hypertension, diabetes and
cardiovascular disease were frequently observed, consistent with gout studies in New
Zealand (38, 111, 113, 124). Consideration of these comorbidities is important due to
their association with hyperuricaemia (262, 263) and the added complexity in achieving

appropriate pharmacological management (125).

The number of participants on urate lowering therapy was lower than recent studies

conducted in Auckland, New Zealand (38, 264), but higher than national averages (9).
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This may be attributed to the recruitment of participants who were managed in both
primary and secondary settings, where differences in pharmacological management may

exist.

6.3 Study 1: Footwear experiences of people with gout: a qualitative

study

This study offers unique insights into the footwear experiences and the footwear-related
issues of people with gout, with four themes described. Factors contributing towards
comfortable and acceptable footwear were readily identified, but the practicalities of
finding and choosing footwear that met these requirements was challenging. There was
uncertainty in knowing what the best footwear was and whether footwear would

exacerbate foot problems.

Participants in this study placed footwear comfort as a priority, which aligns with
previous research (124). However, what was additionally revealed is that ‘comfort’ was
linked to individual footwear characteristics, supporting the concept that good footwear
characteristics help to reduce the burden of foot pain and disability in those with gout

(113).

Our findings demonstrate that some people with gout struggle with finding appropriate
footwear, aligning with previous research (153). When shopping, there was a desire to
find footwear that met requirements for both comfort and appearance. Factors such as

cost (124) added further constraints on footwear choice. Participants described limited

footwear options and reduced confidence with their footwear purchases, which may
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help to explain the high occurrence of poor-quality footwear worn by people with gout

(124).

Prior studies have shown the impact of gout flares (151) and tophi (150, 153) on
footwear habits. Whilst participants in this study described similar narratives, we also
found that footwear could in turn exacerbate gout symptoms. Having gout meant that
footwear needed to meet their current foot health status rather than their previous

footwear expectations.

The impact of footwear extended beyond foot symptoms. In social settings, the link
between footwear and the outfit was inseparable meaning footwear decisions were made
to the detriment of comfort. Where health and safety requirements determined choice,
strategies such as not wearing a safety boot during flares demonstrates how footwear
can be a limiting factor, resulting in potentially unsafe workplace behaviour. This is a
particular challenge in gout, which frequently affects men of working age (3) and adds
another element to the difficulty that people with gout face when managing their gout

symptoms and maintaining employment participation (10, 152, 153).

We found some participants did not have any foot problems or difficulty with footwear
and others who do not consider gout in their decision-making surrounding footwear,
even if their gout is problematic. This appears to contrast with previous studies
highlighting the difficulties encountered by people with gout (150-152, 154), yet is
similar to other work (153) reporting a diversity of experience with gout, and that not
everyone with gout has foot problems or has the same foot problems. This suggests a

need for more individualised approaches based on the patient experience.
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The lack of suitable options both when purchasing footwear and lack of choice in those
already owned was acknowledged by participants. Potential solutions to assist finding
appropriate footwear through online resources have been proposed for people with foot
problems (265). Health care practitioners involved in foot health and footwear can use
this information to help those with gout reduce the disease burden on foot health.
Footwear manufacturers and those in the retail setting should consider the challenges

that people with gout face in finding suitable footwear.

There were similarities between the participant’s experiences in this study to those
described in other arthritic conditions. The importance of having comfortable footwear
aligns with qualitative studies in rheumatoid arthritis (266, 267), osteoarthritis (155) and
lupus (268). Some participants also expressed how having gout had resulted in a change
in their footwear beliefs and expectations. A similar shift in thought regarding footwear

needs has also been reported in those with rheumatoid arthritis (266, 267).

In addition to comfort, the appearance of footwear was an important factor as has been
reported in females with rheumatoid arthritis (269) and osteoarthritis (270), but not
males. The importance of balancing comfort and appearance was also shared by both
male and female participants in the current study. A potential reason for this difference
may be due to the male participants in the current study being younger than those in
other studies (269, 270). During formal situations, participants described the role of
footwear as being part of the outfit, with similar narratives expressed in those with

rheumatoid arthritis (267).
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6.4 Study 2: Effects of a footwear intervention on foot pain and

disability in people with gout: a randomised controlled trial

This study found that no significant difference in foot pain was observed between
groups throughout the trial period. This rejects the first hypothesis that people with gout
receiving commercially available footwear and standardised podiatric care will have

reduced foot pain compared to people with gout receiving standardised podiatric care.

The low levels of foot pain at the time of the baseline visit may have contributed to a
floor effect, suggesting that clinical meaningful changes in foot pain could not be
detected. Foot pain was not part of the inclusion criteria based on the previous
feasibility study (113), which may have contributed to the baseline foot pain levels
observed. This highlights the challenge of studying pain as an outcome in gout, which is
an intermittently flaring condition. We observed baseline serum urate levels were close
to target guidelines [15] and participants reported a low number of flares in the three
months prior to the trial, which suggests generally well-controlled disease. Our findings
for baseline foot pain levels were lower than the previous feasibility study (113),
however, were consistent with previous studies measuring foot pain in people with

longstanding gout during an intercritical period (109, 114).

Short-term improvements in both overall pain and foot-related impairment and
disability favouring the footwear intervention group were observed at the two month
time-point, however, these were not observed at six months. This rejects the second
hypothesis that people with gout receiving commercially available footwear and
standardised podiatric care will have reduced impairment and disability compared to

people with gout receiving standardised podiatric care over six months. The
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improvements in overall pain and foot-related impairment and disability are consistent
with the previous feasibility study (113), which reported similar findings at eight weeks.
The baseline overall pain and LFIS scores were lower than previous studies (113),
which may have reduced the likelihood of observing change over a six month period. In
addition, the prevalence of foot tophus in the current study was less than previous
footwear studies in gout (113, 148). Greater levels of foot-related disability are observed

in those with tophus compared to those without tophus (114).

Improvements in footwear comfort, fit, ease and weight were observed in the
intervention group throughout the study period. Comfort and fit have been identified as
important factors in footwear selection for people with gout (124). Footwear is an
important concern for people with gout, who often describe difficulty finding suitable
footwear (153). At baseline, a high proportion of poor footwear that was worn and over
12 months old was observed in both groups, consistent with previous work in people
with gout (124). The footwear received by the footwear intervention group had a
number of characteristics that have been identified as beneficial for people with gout
when compared to participants own footwear (113). Footwear characteristics including
correct footwear fit, the presence of cushioning and good torsional stiffness have
previously been identified as influencers of subjective footwear comfort (271). The
wide fit of the intervention footwear may have been beneficial in accommodating for
the high occurrence of foot problems such as hallux valgus and lesser digital deformity.
In the footwear intervention group, the fitting of footwear by a clinician may also be a

factor in the improved perception of footwear.
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6.5 Study 3: Effects of worn and new footwear on plantar pressure in
people with gout

Our findings show that signs of upper, midsole and outsole wear occurred following six
months of use. Although peak plantar pressures did not differ between the new and

worn footwear, reduced pressure time integrals were observed at the IMTP, 2MTP and

hallux in the worn footwear.

The hypothesis that wear would be observed between the new and worn footwear is
supported by the p values observed. The amount of wear in the footwear was smaller
than previous studies, with the differences in midsole height and hardness being less
than 5%. Other studies have reported a 19% reduction in midsole height (272) and a
17% increase in midsole hardness (273) due to wear, resulting in reduced shock
attenuation properties of the footwear. These studies were undertaken in running
populations where the impact forces are higher, and this may contribute to greater levels
of wear. In contrast to previous reports of greater levels of asymmetrical outsole wear
(274), normal outsole wear patterns were found in the current study. This may be due to
the cushioning (148), dual density midsole (244) and rocker-profile (275) of the
footwear improving the transfer of load through stance. The foot type of participants
was consistent with normative values (276), which may also be a factor in the normal
wear patterns observed. Mean foot posture index scores were consistent with previous

gout studies (109, 111, 124).

No differences were observed in peak plantar pressures between the footwear
conditions. This provides evidence to reject the fourth hypothesis that there would be

differences in peak plantar pressures between the new and worn footwear. These
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findings contrast previous plantar pressure studies in gout during shod walking (110,
148). Reductions in peak plantar pressures have been observed at 3SMTP and 5SMTP in
new footwear with good characteristics compared to the participant’s own worn
footwear (148). Reduced peak plantar pressures at the hallux have also been reported in
people with gout compared to age and sex-matched controls, when wearing their own
footwear (110). The differences between the findings of the current study and other
work (110, 148) may be due to the variation in methodology, where comparisons have
been made between different types of footwear. This means that the previously
observed differences in peak pressures are potentially due to the variation in footwear
characteristics, as opposed to differences in wear of the same characteristics as with the

current study.

The amount of degradation in the footwear over six months may not have been large
enough to have a significant impact on peak plantar pressures. Small pressure changes
(<10%) have been reported at the heel and forefoot following prolonged periods of
footwear use (277). The authors suggested that this may be due to the quality of
materials used in modern athletic footwear (277). The level of wear observed in the
current study may be reflective of the study duration and the material properties of the
footwear. The footwear used in the current study was of high-quality with
characteristics including a dual density midsole, heel/forefoot gel cushioning, a rocker
profile and a stable heel counter. These characteristics may also contribute to the
longevity of the footwear, thus reducing the likelihood of observing differences between

the footwear conditions.

Another potential reason could be due to no differences being observed in walking

velocity between the two footwear conditions, as increased walking velocity is
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associated with increased plantar pressures (259). Previous work reporting differences
in peak plantar pressures and pressure time integrals found that people with gout walk
faster in new footwear compared to their existing worn footwear (148). The walking
velocity observed in the current study was faster than previous shod studies (110, 148),
but slower than normative values for people of the same age without gout (256). This
may be due to a lower percentage of participants with foot tophus. The presence of foot

tophus is associated with reduced foot and ankle muscle strength (114).

The reduced pressure time integrals at the hallux, LMTP and 2MTP observed in the
worn footwear condition, aligns with previous research of people with gout assessed
during shod walking (110). People with gout have reduced pressure time integrals under
the hallux when walking in their own worn footwear, which may be a pain-avoidance
mechanism to offload the 1IMTP (110). The changes in loading observed in the worn
footwear condition suggest a normalisation of gait pattern over time in people with
gout. The level of wear occurring in the footwear and improvements in footwear
comfort may further encourage this strategy. Attempts to reduce the loading time under
the IMTP may explain why differences were observed in pressure time integrals and
not peak plantar pressures. Similar findings have also been reported in people with gout
compared to age-matched controls during barefoot walking (120). The authors
suggested that reductions in hallux pressures may be due to impaired function of the
1MTP joint, causing load to be shifted from the hallux towards the lateral digits during
propulsion (120). Qualitatively, attempts to offload the hallux have also been reported
by people with gout during flares (278), however, no participants were experiencing

symptoms of a flare at data collection. The reduced pressure time integrals at the hallux,

145



1MTP and 2MTP supplements the growing body of evidence that people with gout

adopt gait strategies to offload symptomatic areas (38, 117, 120).

6.6 Methodological strengths and limitations

This thesis has several strengths. The qualitative study used an established research
methodology (236) and analysis procedure (239). Following a robust methodology
allows for an in-depth exploration into the phenomenon of interest (footwear
experiences) and enhances the reproducibility of the results. The sampling framework
contained a range of demographic and disease-specific characteristics. The purposeful
sampling lead to diversity across the sampling framework, representing a broad range of
people living with gout in Auckland, New Zealand. Another strength was the sample
included a Maori and Pacific Island participants who experience a higher prevalence of
gout (9), increased disease severity (4, 7) and increased disease burden (5). The sample
size of eleven may be considered small, however, is consistent with qualitative
descriptive methodology (236, 279). The final three interviews generated no new codes
or themes, indicating that additional interviews would not have had a significant impact

on the findings presented.

The RCT used OMERACT-endorsed patient-reported outcomes for gout (246, 247). In
addition, there were high retention rates in both the intervention and control groups. The
RCT also has novelty as the first randomised controlled trial of a podiatric intervention

in people with gout.

In the cross-sectional study, the comparison between new and worn footwear of the

same model and size had not previously been undertaken in people with gout. No
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differences in walking velocity between the footwear conditions, is a particular strength
as plantar pressure readings are influenced by walking velocity (259). The use of
reliable tools for measuring plantar pressure (257) and temporal spatial parameters

(258) is also a strength.

The thesis is also not without limitations. Participants were classified under the 1977
ACR criteria (92) due to the commencement of recruitment occurring before the
publication of the 2015 ACR/EULAR classification criteria (91). All studies were
conducted in an urban region and may not represent the experiences of people in rural
locations who may have different footwear needs. Participants in the qualitative study
were aware at the time of recruitment that the study was about footwear experiences,
and those with negative experiences may have been more interested in participating,
therefore, the study findings may not be generalisable to all people with gout. In
addition, the findings may not be representative of the participants who did not respond

to the study invitation, or those who did respond but chose not to participate.

In the RCT, the key study limitation was that participants could not be blinded to the
footwear intervention, which may have biased the study outcomes, as all end-points
were patient-reported. We did attempt to reduce this bias by informing participants that
they would be receiving a foot care package without the specific mention of receiving
footwear and ensuring that all participants received a comprehensive foot care

intervention.

The footwear used in the RCT and cross-sectional studies was a high cost and quality
shoe with a dual density midsole, heel and forefoot cushioning and a rocker profile. The

findings may not be translatable to other types of footwear, such as non-athletic
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footwear, open-toed footwear, or lower cost footwear with different material properties.
There was also variation in the number of reported hours worn in the footwear across

participants in both the RCT and cross-sectional studies.

There may be additional changes to footwear characteristics and loading patterns that
occur beyond six months of wear. Whether the observed changes to pressure time
integrals translate into patient-centred outcomes such as foot pain and footwear comfort
in people with gout is unknown. In the cross-sectional study, no adjustments were made
for covariates such as age or BMI due to the nature of the cross-over trial where
participants act as their own control. This leaves an assumption that no interaction
between the footwear conditions and the covariates in question, and no lag effect of the

footwear conditions on one another.

6.7 Thesis Overview

The findings highlight the importance of footwear comfort for people with gout. The
qualitative study (study 1) showed the challenges people with gout face when trying to
find comfortable footwear. The RCT (study 2) lends support to this with the high
proportion of poor quality and worn footwear observed in the study sample at baseline.
Narratives from the qualitative study also found that comfort is influenced by footwear
characteristics. This aligns with the findings from the RCT, where footwear comfort
was improved with the footwear intervention that included footwear characteristics

known to be beneficial to people with gout.

No differences in the foot pain were observed in the RCT, which may have been due to

a floor effect in the primary outcome. However, short-term improvements in overall
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pain and foot impairment and disability were observed. A potential reason these benefits
were not observed beyond two months could be due to wear of the footwear. In the
cross-sectional study (study 3) early signs of wear were evident in the footwear
following six months of use, however, these did not have a significant impact on peak
plantar pressures. There were small changes in pressure time integrals suggestive of a
normalisation of gait pattern following the implementation of the footwear intervention.

Whether these changes influenced patient-reported outcomes is unknown.

6.8 Implications for clinical practice

The main findings indicate that footwear comfort is a priority for people with gout,
hence helping people with gout find comfortable footwear should be of importance for
health care professionals working with this population. The qualitative study
highlighted the difficulty that people with gout experience navigating the retail setting
and not knowing what to wear. These findings suggest that people with gout need
further support in finding appropriate footwear. Podiatrists are well-positioned to help
people with gout manage their problems, with over 90% of New Zealand podiatrists
seeing people with gout in the clinical setting (280). The diversity in experience
suggests a patient-centred approach is required to ensure that the footwear needs of
people with gout are met when guiding clinical decisions surrounding footwear. This
may help podiatrists and other clinicians guide patients in finding appropriate footwear,

thus reducing the high occurrence of poor footwear in people with gout (124).

Footwear comfort may be influenced by footwear characteristics, which is supported by

the narratives in the qualitative study and the findings from the RCT. Footwear
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manufacturers may use these findings to influence the future footwear design to
improve footwear comfort for people with gout. Cost is a major barrier to footwear
choice, so the challenge exists to produce comfortable footwear at an appropriate price
point. Greater understanding of the difficulties when shoe shopping may also assist
footwear retailers and their staff in helping those with gout find footwear that promotes

comfort.

The findings of the qualitative study also highlight the need for increased awareness
surrounding footwear habits in the workplace. The limiting effects of gout on footwear
use, such as not being able to wear a safety boot can result in potentially unsafe
situations for both employers and employees. Acknowledging these issues could assist
employers in implementing strategies to promote workplace safety, employment

participation and help reduce the potential risk of workplace injury.

The findings from the three studies indicate that people with gout wear multiple pairs of
shoes, suggesting that a single shoe may not be the most appropriate recommendation.
Focus should be directed towards assisting people with gout find footwear with good
characteristics for their feet. Helping people with gout to apply these principles to a
variety of shoes may better address their needs with respect to footwear comfort and

their use across different environments.

6.9 Future directions

As footwear comfort was identified as the most important concern for people with gout
in relation to footwear in the qualitative study, warrants consideration for its inclusion

as the primary outcome for future footwear intervention studies, rather than foot pain.

150



Tools measuring foot pain may not capture the full spectrum of disease in those with
fluctuating symptoms (232), such as the gout. Measures of footwear comfort were more
responsive to change than other endpoints such as foot pain in the RCT. Current
OMERACT endorsed core outcome domains for gout do not capture footwear concerns,
despite difficulties with footwear being ranked highly by people with gout (149).
Determining the most appropriate method for measuring footwear comfort also needs to
be explored. This could be achieved in the form of a questionnaire including
guantitative measures and open-ended questions exploring footwear comfort. In
addition, identifying what clinical features of the disease and footwear characteristics
have the greatest influence on comfort may help to inform the design of future footwear

interventions for people with gout.

The loading patterns observed in the cross-sectional study were consistent with previous
work (38, 117, 120) in established gout, and are suggestive of apropulsive or antalgic
gait adaptations. Future work may look to explore the development of these strategies in

people with early and established gout.

The participants in the cross-sectional study walked faster than previous gout studies
(110, 148), suggesting that the effects of footwear interventions on walking velocity
warrants further investigation. As walking velocity is associated with functional
limitation and work/leisure difficulty in people with gout (115), identifying

interventions that increase walking velocity may be of benefit to people with gout.

Flip-flops (jandals) and sandals are commonly worn by people with gout (124, 281).
Reasons for wearing open-toed footwear may be due to seasonal variation (281) or

needing to accommodate for footwear length and width (124). This suggests that further
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investigation into the role of open-toed footwear as an intervention for people with gout,

is warranted.

The podiatric care package in the RCT was limited to standardised care, with or without
the footwear intervention, and the role of other interventions such as foot orthoses is
unknown. In the RCT, 20% of participants had reported previously wearing foot
orthoses, however, there are currently no studies exploring the effectiveness of foot
orthoses in people with gout. Foot orthoses have been reported to offer benefits for
people with RA (220), 1IMTP osteoarthritis (173) and midfoot osteoarthritis (193). The
therapeutic benefit from foot orthoses may be due to the reduction of plantar pressure in
these populations (174, 205). People with gout display altered plantar pressure loading
as shown in the cross-sectional study, consistent with previous studies (110, 120, 148).
Further to this, changes in ankle (38) and 1IMTP (111) function have been found in
people with gout, suggesting that foot orthoses may have a role as an intervention for

people with gout.
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Chapter 7: Conclusion

The aims of this thesis were to investigate the: clinical effectiveness of footwear
interventions on foot pain, function, impairment and disability in people with foot and
ankle arthritis, footwear experiences of people with gout, the long-term effects of
footwear on foot pain and disability in people with gout and the effects of worn and new
footwear on plantar pressure in people with gout. A systematic review and three
research studies were undertaken. The systematic review presented in chapter 2 found
that footwear is associated with improvements to foot pain, function, impairment and
disability in people with RA; improvements to foot pain, function and disability in
people with gout; and improvements to foot pain and function in people with IMTP
osteoarthritis. In addition, there was a lack long-term studies investigating the

effectiveness of footwear as an intervention for people with gout.

The first study was the first qualitative investigation of the experiences of footwear in
people with gout. Footwear comfort was of great importance and linked to characteristics
of footwear, with uncomfortable footwear negatively influencing participation. The
balancing of comfort, appearance and cost, led to less options and reduced confidence
when shoe shopping. Footwear use was further limited by foot tophi and flares, resulting
in compromise across footwear choice. Environments such as formal settings and the
workplace, led to different footwear requirements. Some participants described no foot
problems or footwear problems. These findings show the diversity in footwear-related

problems experienced and their wider impact on life for people with gout.

The second study was the first randomised controlled trial of a footwear intervention in

people with gout. The results showed that the addition of footwear to a foot care
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package did not improve foot pain in people with gout over six months. The low levels
of foot pain at baseline may have resulted in a floor effect in the primary outcome.
Short-term improvements in overall pain and foot impairment/disability were observed
with the footwear intervention, however, these were not sustained over the trial. More
durable improvements in footwear comfort, fit, ease and weight were observed with the
footwear intervention throughout the trial. These findings highlight the challenge of
measuring foot pain in gout due to its flaring nature and lend support to the assessment

of footwear comfort due to its responsiveness to change.

The third study tested the effects of wear by comparing the plantar pressures between
new and worn footwear. The results showed there were reductions in heel and forefoot
height, increases in midsole hardness and normal upper and outsole wear patterns
following six months of footwear use. No significant differences in peak plantar
pressures were observed, however, lower pressure time integrals were observed at the
1MTP, 2MTP and hallux in the worn shoes. These changes in the mechanical properties
of the footwear may impact foot function, as observed by alterations in forefoot loading

patterns between new and worn footwear.

This work is of clinical importance, suggesting that footwear comfort is a priority for
people with gout, and additional support is required to help people with gout find
comfortable footwear for the environments that they interact in. Future work is needed
to consider the inclusion of footwear comfort as the primary outcome in studies of
footwear interventions for people with gout. The role of other interventions such as
open-toed footwear and foot orthoses warrants further investigation, with the goal of
improving patient-reported outcomes such as footwear comfort and functional outcomes

such as walking velocity in people with gout.
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ARTICLE INFO ABSTRACT

Dbjecrive: To conduct a literature review on the effectiveness of footwear on oot pain, functon,
impaiment and disability for people with fpot and ankle arthritis.

f"mk ) Methads: A search of the electronic databases Scopus, Medline, CINAHL 5portDiscus and the Cochrane
Arthritis Library was undertaken in Sep tember 2017 The key incluson criteria were studies reporting on findings
Mmoo of footwear interventions for people with arthritis with feot pain, functon, {mpal ment andor disabi o
Faot The Quality Index Tool was wsed to assess the methodelogical quality of studies included in the
FPain qualitative synthess. The me thedological vardation of the included studies was assessed o determine the

sultability of meta-analysis and the grading of recommendations, assesment, development and
evaluation [ GRADE) system. Between and within group effect sizes were caloulated using Cohen's d.
Resulrs: 1440 studies were (dentified for screendng with 11 studles included in the review. Mean (range)
quality scores were 67 (39-95X) The majorty of smdies investgated rheumatold arthrits
(= T) but alse included gout (h = 2] and 15t metatarsophalangeal joint ostecarthnits (n = 21
Meta-analysts and GRADE assessment were not deemed appropriated based on methodolegical
varlation. Feotwear interventions included off-the-shelf footwear, therapeutic footwear and therapeutic
footwear with foot orthoses. Key footwear characteristics included cushioning and a wide toe box for
rheumatoid arthrits; cushioning, midsole stability and a mcker-sole for gour;, and a mocker-sole for 1st
metatarsophalangeal joint stecarthits Between group effect sizes for outcomes ranged from 001 oo
126, Footwear interventions were assoclated with reductions in foot pain, impairment and disability for
peaple with rheumatoid arthrits. Between group differences were maore likely 1o be observed instudies
with shorter follow-up periods in people with rheumatoid arthritis | 12 weeks) Footwear interventions
imiproved ot pain, function and disability in people with gout and feot pain and function in st
metatarsophalangeal joint ostesarthritis. Footwear interventions were associated with changes to
plantar pressure in people with rheumatsid arthrits, gout and 15t metatarsophalangeal jint odtes-
arthritis and walking velocity in people with rheumateid arthritis and gout
Conclusion: Footwear interventions are associated with reductions in foot pain, impairment and disability
im peoqple with rheumatodd arthiitis, improvenments o fot pain, function and disability in people with gout
and improvements to foot pain and function in people with 15t metatasop halangeal joint ostesarthrits
Footwear interventions have been shown to redoce plantar pressure rheumatodd arthnits, gout and 1st
me tatarsophalangeal joint esteparthrits and improve walking velocity in rheumatodd arthrits and gowt
& 2007 The Authors. Published by Elsevier HS journals, Inc This is an open access article under the OC BY-
NC-ND license { hitp: | fcnea tivecomimnsans| icen s by-ne-nd (400
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function |5] and guality of life [5]. Reduced walking velocity and
increased plantar pressure is also observed in people with arthritis
|7]. The aim of pharmacological and nonpharmacological man-
agement of foot and ankle arthritis is pain reduction, maintenance
of functon, acocommodation of existing deformmity and prevention
of further deformity. Foobwear is routinely used as non-pharma-
mological intervention |2 |. Footwear @an include off-the-shelf foot-
wear, therapeutic foobtwear and therapeutic footwear combined
with a foot orthosis. People with arthritis affecting the foot and
ankle often use footwear which may contribute to foot pain and
associated disahility [9] and describe difficulties in finding suitable
footwear | 10]. Current evidence suggests that foobwear may offer
benefits for people with foot and ankle arthrits [11-13 ] While
there are studies ecamining the effects of footwear, at this dme it
is diffiult to appreciate the strength and consistency of exper-
imental work providing support for the utilisation of foobwear in
arthritic conditons. Hence, the aim of this review i to evaluate the
evidence for the dinical effectiveness of footwear interventions for
foot pain, function, impairment and disability in people with
arthritis.

Methodology
Identfication of studies

The following elecironic databases {ONAHL, MEDLINE, Scopus,
SPORTDNsmus and the Cochrane Librany ) were searched in Septem-
ber 2017, with no limitations were placed on the publication date.
The search strategy comprised of the following keywords: arthri-
tis, rheumatnid arthritis, gout, osteoarthritis, rheumatic disease,
psoriatic arthritis, lupus erythematous, ankylosing spondylitis,
systemic scerosis, polymyalgia theumatica with foobwear, foot-
wear intervention, foot orthases, foot orthosis, foot orthotic, insole
and shoe (Supplementary Table 1). The term “footwear interven-
tions” encompasses the use of footwear, foobw ear with orthoses in
the management of arthritic conditions.

Indusionfexdusion oriteria

Tites and abstracts were screened by a single reviewer (MLE).
Full-texct articles were obtained from selected abstracts and oom-
pared against the following indusion riteria by a single reviewer
(MLE.L Stdies were induded if they met the following criteria:
being a mndomised contmlled trial, prospective observational
intervention trials or cross-sectional intervention trials; published
in English; peer-reviewed publications; participants over the age
of 18 years; studies reporting on findings of footwear interventions
for people with arthritis with foot pain, functon (induding
temporakspatial, plantar pressure, kinematic and kinetic data),
impairment and/or disability measured as a primary outcome.
Sudies were swluded if: investigated arthritis not affecting the
foot or ankle, case study and case series design, studies reporting
findings of interventions where foobwear was not been stand-
ardised for partidpants (custom footwear), sudies where foot-
wear was used as a control condition for foot orthoses or adapeed
for three-dimensional marker placement for foot orthosis inter-
wventions. Offthe-shelf footwear was defined as commercially
available walking and mnning shoes. Therapeutic footwear was
defined as readymade, orthopaedic-style footwear. Ctations of
retrieved publications were examined to obtain further sources.

Data exdmoction

A standardised form was used o extmct publicaton
details |author(s) and year] study design partidpant sample

characteristics (age gender and participants entered into study),
follow-up period, description of footwear intervention, control/
comparator intervention and outcome measures used to assess
foot pain, function, impairment and disability were recorded.

Assessment of method ologicol qualiny

Methodological quality was independently assessed by two
authors (M.E and MOC) using the Quality Index Tool [14] The
Chuality Index Tool comprises of 27 items allowing for the assess-
ment of internal validity, external validity, power, analysis and
reporting. [tem 27 was adapted to be scored, O or 1 based on the
reporting of a powered sample size calculation. Totl raw scores
were converted into a percentage. The tool displays high internal
consistency, test-retest reliability and inter-rater reliability [14].
Kappa statistic was used to assess intra-tester agreement between
reviewers. All disagreements in scoring were resolved following
disussion, with a third reviewer (KR) consulted if oconsensus
could not be reached. The methodological vanation of the inchuded
studies was assessed to determine the suitability of meta-analysis
and the grading of recommendations, assessment, development
and evaluation (GRADE) system |15]. Between and within group
effect sizes were caloulated for the incduded studies using Cohen's
d, with effect sizes interpreted as negligible { <02), small (=02),
medium (>0.5) and large {>0.8) [16].

Rizsults
Sexrch results

Following the removal of duplicates, 1440 studies were
screened with 1384 records mocluded with 56 full-text records
obtained (Fig.l. A further 45 records were excluded. Key reasons
for the excusion of smdies included the use of ustom footwear
and the use of footwear as a control condition for 30 gait analysis.
M total of 11 studies met the inchision criteria for assessment. Of
the induded studies, seven investigated rheumatoid arthritis (RA)
|13,17-22], two imvestigated gout | 11,23] and two investigated
first metatarsophalangeal joint osteparthritis (1MTP OA) [12,24]
Fwe studies were randomised clinical trials [ 12,13,18,19,21 ], three
studies were prospective observational intervention studies
|11,17,22] and three studies were Bboratory-based interventon
studies [ 20,23.24].

Methodological quality of studies

The interrater agreement between reviewers showed good
agreement (kappa statistic = 0.81). Chuality index scores ranged
from 39% to 96% (Table 1). Quality assessment of studies high-
lighted higher bias with mespect to blinding of participants and
assessors to treatment allocation, blinding of assessors to main
outcomes, external wvalidity, adjustment for confounding and
reporting adverse events attributed to inventions.

Study characteristics

Study characteristics are displayed in Tables 2—4. A total of 382
particdpants with arthritis affecting the foot and ankle wer
reported, with 218 A, 92 IMTP OA and 72 participants with gout
In the gout and RA studies, the majority of partidpants had well-
established disease duration, but for 1MTF OA the majority had
early disease duration. Follow-up perod ranged between 8 and 24
weeks, Meta-analysis and GRADE assessment were not deemed
appropriated based on the variation in disease type, interventions
and tools used to measure primary outcomes. Negligible to large
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—
Records identified through Additioral records identified
datshase searching through otheer sources
[n=2358] fn="5)
J— Records after duplicates removed
|n =144
2
£
‘E Reords scresned | Records exchuded
| =1430) (n=1384)
—
— |
Full-text artickes ssseszed Full-text articles axcluded
fior aligiblity ——— = 45):
! [r = 56} Custom foobwear: 4
' | Sandal: 1
l Foatwear not provided; 12
Footwesr control for
— Studies included in onhoses: §
cqualitative synthesis Footwear adapbed for
1 [m= 11} marker placement: &
Review paper: 10
l SEudly pratocal: 2
E Study design: 2
T Studies inchaded in
B quatitative synthesis
[meta-snakysis|
[n=
.

Fig. PRIEMA flow dizgram af search strategy.

Tahle 1
Quality assesment scores of included studies
12 3 4 5 & 7 &9 10 H 12 13 14 15 16 17 1@ W 0 X 22 ¥’ M 35 M 27
Maonour and Ward [ 17] i111¢1 @11 ¢ 0 0 ¢ ¢ 0 1 @& ¢ 1 ¢ 1 @ © 4 0 1 0
Franzen and Edmeanads | 18] 1111 111 a0 1 0 0 0 o o 1 1 o 1 1 L | a o 1 1
Chalmers =t al. [19] 111111111 1 0 0o 1 @ 1 1 1 1 1 1 1 1 1 a o 1 1
Williams et al [13] i1 11 111 11 14 a1 10 1 1 LI | L | i o0 o 1
Hennessy et al [20] i1 11 111 @ nai1 0 0O i i 6 1 ma 1 ma i 1 1 1 i 0 m i
Tho etal [21] 1111 111 @1 1 4 4 1 4 a4 0 1 L | 1 1 1 a o o 1
Romez etal. [11] 111111111 1 0 1 1 10 1 1 1 1 1 L | 1 1 1 1
Chameta [22) 1 1 1 1 1 1 1 0 1 1 o0 o0 o o o 1 1 LI | o o © a o0 1 0
Sewart etal [23] 1111 111 @& nail1 @0 1 1 10 1 m 1 ma 1 L | 1 1 m 0
Menz etal [12] 1111 211 11 1 11 L | 1 1 1 1 1 1 1 1 1 1 1 1
e =t al [24) 1111 211 0 na 1 101 10 0 1 m 1 ma 1 1 1 1 1 1 m 0
(1) Study objectives clearly described ¥ (15) Hinding of amessors meamuring main outcomes?
(2) Main outanmes mermres desoribed in introduct on and methods? (16) Results hased on data dredging made clear?
(3} Patient charaderistics clearly desoribed 7 (17) Adjustment for different lengths of follow-up?
{4} Interventions dearly described? (18) Satisticl tests for main oubtcomes approprate?
(5} Distritagtion of confoumders descaibed? (19) Compliance with intervention relidhl=?
(6) Main study findings dearly described? (20 Main outmmes messures soourate (valid and reliable)?
{'7T) Estimates af random varishility in dat for main outaomes described? (21) Cames amd comtrols recruitsd from same population?
() Adwerse events reporied? (22) Cases and contrals recruiied over the same period of time?
(9} Charaderistics of patients lost o follow-up descoribed ? (23) Patients randomissd to intervention groups?
(10} Confidence intervals amd for actual p values repomed (24) Randomization mncealed from patients and umtil after necnd

(11} Subjeds asked io particd pate representative of entire population?

(12) Subjects who agresd to partidpate representative of entire population?
{13) Staff and fadlities representative of treatment patients reasive?

{14) Blinding of patients to interventions?

(25} Adequate adjusiment for confounding?
(26) lomes of patients b followeup take into acount?
27 Power caloulation?
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Table 2

tTharaderstics of induded randomised clinial trials

Sample ol k=
charackeristics, up Quality
Authar Mox (1 female) meam (31 (wk)  Intervention Contral Dutamme measmnes Fndings soane
Fanmsen 15 RA (804 = Iniervention 8 Extra-depth footwear (EW. Minor & Son Inc.)  Owm footwear Primayoubmme Not  Betwesn group measunes Mot reporbed. 541
amd 15 Controls ETOUR siated
Edmom- (673 = Age: 59 (14) long inside cunier (rear stability and anch Dubmmes =sesssd Within group mezsures
ds [18] = [isease suppaort ), foam padded heel aunter (leather » Lower limb walk » Sigmificant reduction in lower mb walk pain
duration: 16 lning). saft leather upper, sxira depth pain, lower limb {p = Q). lower lmib stair pain (p = QO0A),
[RLi}] {orthoses acommadation) sitair pain, lower HAQ) scores (p = (L04) with a signifiant ncrease in
« Comitral limb NWE pain pain=fres walk time (p = (LN ) for inter vention g roup
ETOUR (VAS) at folkw-up. Mo signifimnt differencss found in the
= Age: 60 (9) » Punction (HACH oanitral group at follow-up
= [isease » Pain-free walk time  « Significant improvement (p = 005) in normal and Get
duration: 15 {mim) walking welocity and stride length for intervention
{12} » Tempaoral-spatial group at follow-up. No significant observed in contral
(normal and Gst group at follow-ap.
wealking velocity,
cadence, stride
length)
thalmers 28 RA (751) + al sanple 12 » Exira-depth footwear » Primary outmme  Betwesn group mezsures T
etal. = Age: 60 (10} « [PAY. Minor or Drew Co) Firm hesl couniter, MTF pain (WAS) = Sigmificant improversent in MTP pain scones
[19) = [isease heel height 15-20cm, instep ladng, wide = Otoomes 2 ewmed {p = WO0G] for foobwear and semi-rigid onthoses
duration: 15 desp ine bax, thick compasite sale » Lonwner ecinemity group, compared o footwear and soft orthoses group
my » Exira-depth footwear + soft orthases function (RR TATHL, and footwe=ar alone.
» Firm hesl counier. heel height 15-20 an, S0t walk Gme) » No significant differences in R TADL and 50 & walk
instep lacing, wide deep toe box, thick time betwesn groups.
compasi e sole
+ Zalt ortheses; 6 mm Plastazote with Within group mezsures
medium demsity & mm Plastaeots » Sigmificant improvement in MTP pain scones
metataral hfts o {p = (L0004) for footwear with semi-rigid orthoses at
+ Extradepth foatwear < semi-rigid falloweup Mo significant differences i MTP pain with
artheses. footwez and Plastzote ad footwes only groups at
» Semi-rigid orthoses; NM&B cast. 3 mm fall e
Subar thaln. RF and FF Nickleplast posting, » Mo significant differences in RIL TADL, and 50 & walk
FF 2 mm PFT foam, full length leather top time and joint count within grougs.
o
Williams = 3 RA » Toal sample 12 » Mew therapeutic footwear « Traditional » Primary outmmes  Betwesn group mezsures Tz
etal. 70 + Age: nat + Front of shoe, heel and sole unit, leather therapeutic + Foot pain, disbility, = Significant i in PP foot pain
113] + 40 Controks repor ied and lining, ease of donfdofl heel height, foatwear activity limittion {p = (2, disability (p = 001}, Kmitation
53 = [Rssame sale thickness « Soft, flat & mm {FFTy {p = L2} and total scores (p = 0.01) for intervention
duration: 17 « Firm contoured insale Plstazote, 3mm  « Foot pain, oot group companed to il
(107 Poron insale function, physicl group at follow-ap.
activity (PFHEQ) » Sigmificant improvement in FHE(Q oot pain

{p = W00} and foot function (p = 0LO0) for
inter M FETOup © d to amiral group at
fallow-up
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Table 2 {rontinued )

Sample Fal krwy=
characieT sbics, up Cuality
Authar Mox (% female) meam (5D (wk)]  Intervention Comtrol Oubmme mersTes Fndings SCane
Within group mezsures
» Significant improvement in FF pain (p = @00},
disability (p — 0007, Emittion p — (L00) and total
smres (p = 000) in intervention group at fol kev-up.
» Sigmificant improvement in FHS() foot pain (p = 0.00),
foot function (p = 0.00) and physical activity soores
{p = L2 for miervention group at follow-up
= Nao significant within group improverment in the
canitral group at foll ow-up
tho etal 22 RA (10K) Intervention 24 Extra-depth shoes 4+ omtom orthoses Extra-depth shoes 4+ Primary oubmmes Betwesn group mezsunes 613
|121] ETOUR prefbricaied » Mo significant differences in foot pain and FF iotal
Age: 49 (12) insoles semres betwesn intervention and control group at
20 Contrals = Disease = Wide toe b, oshioned heel, forefoot = Wiide toe bog, = Poot pain (VAS) Tallow-up.
(104 duration: 8 racker aushioned heel,  » Foot pain, disability,
[173] » Oisiom orthoses: medial arch suppart, forefoot rocker activity limitation Within group measures
e N R (r + Sigmificant reduction in faot pain (p - Q05)in
Erop male; & mm intervention and mntrol groups at follow-up
= Age: 8 (12) Plastasate
= Disease
duration: 7
@
Memz = 46 1MTP] + InErvention 12 = Rocker-sole footwear » Own footwex + Primay oubmme Betwesn group mezsunes 951
etal. OA (615 Froup + (Masai Barefoot Technalogy (MBT) Malutyl arthoses Foot pain (FHSQ) + Ma significant differences in foot pain, fundian,
112] » 52 (omtroks  » Age: 57 (1) Matwa) = (Vasyli O 1 Outmimes | sitifness, difficulty, activity limittion, social issues,
(440) » Median » Rounded sole, soft cushioned heel » Full length, cut  Pamation (FHSCY) Poot MTP pain and MTP stiffness betwesn groups at
i ot umader 15t pain, stiffnes, Fall owr-ue
duration; 2 etatarsal, difficulty, activity
= Contral Vs wedge limitation, Within group measures
EToup Pl = 7} sodal issues (FR-R 5F) * Mot reparted.
= Age: 5H11) 1MTP walk pain, 1MTP
» Median rest pain, 1MTP
Dsease stiffness (VAS)
duration: 3

MW, non-weighthearing; VAS, visual analogue sale; HAQL health assessment ques tionnaire; MTE metatarsophalangeal joint; RE, Robinson Bashall functional aesessment; TADL, Toronto activities of daily lving measure; FFL oot
function index; FHE(, foot health statws questiommaire; FF-R 5E foot fundion index— revised (short form); 5F shant form.
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FEE-ME (FIOE) JF WSROWTAY PUD SR W Soauss /T P uodmag W

176



Table 3

tharaderistics of nduded prospedive olservational studies

Sample characteristics,
Author Mo (X fEmae) M=am (510 Follow-up (wk) Intervention Comitral (ubmImE mEas ey Findings Quality score
Maoncur and Ward 25 RA (100%) = Age: 57 (not reported) 12 » Heat-mouldable shoes Mo control Primary outcome Not Betwesn group mezsunes 39540
1980 [17) = Disease duration: not (Thermaold, P Minor Extra stated Mot amsemed
mepoTied Depth Shoe Ca) Oubmmes amsessed Within group measunes
+ Extra depth, exira farchoat Walking ability { 1- 10 Likert Significant improvement
wikith, mouldable Plasinmalkd sale) in walking ability (p =
Ining, pillow top, leather 0.1 at follkow-ap.
upper heat moulkdable
Romeetd. [11] 36 Gout (83) Age: 57 (13) duration: 15 & » Good footwear characteristics  Owm ootwear = Primary outmme = Between group BEE
(1) = [ASKE Cardio Zip) » Foot pain (VAS) mEIAres
» Leather upper, rubber sole, = Dubanmes assemed = Mot asmessed.
dual density midsole, rigid » Function (HAQ-TT)
heel counter, moderates » General pain (VAS) « Within graup mezsures
mmid foot sole stdility, heel and # Lower limb function = Significant
forelot cushianing (LT frmprovement in foot
» Poaor footwear characderistic » Impairment and min (p=0.002)
» (Dunlop Asteroid) Synthetic dizability (LFE) pain
upper, rubber sole, single {p=0.0011, HAQ-N
demsity midsole, minimal heel (p=0.002) and LFE
ommiter stiffness, moimmal impaiTment subscale
T e R {p=0.004) atmerved in
cshiamng good oo bwear
+ (Dunlap Apalla) charaderistics group at
= Synthetic upper, synthetic ol kv
sole, single density midsale, o Pl
minimal hesl counter fmmprn vement in poar
stiffness, minimal midioot ot a—
sole stability, o oshionng charadteristics group at
+ (Helix Viper) Synthetic upper, fal knw-amy.
Phykm sale, single density
i sal e, mioderate hesl
ommier stiffness, mimmal
midfoot sale stability, heel and
forefoot oushioning
Ragherzadeh 18 RA (100L) = Age: 47 (8) 4 » Rodkersaled footwear Mo control » Primary outmme Mot » Betwesn group S0
Cham etal [22 = Disease duration: 8(7) » High-top, wide ioe bax, stated TS Es
Veloro, hesl-toe rocker = Dubanmes assemed = Mot asmessed.
» Toot pain, disability, » Within group measures
activity Emitation (FFI)  « Signifiant
impr overnent: in FFI
pain (p = 0001}

disability (p = L044]
activity Hmitation

p = 004) and total
p = 0.0 ) scones at
fol kowe-am.

VAS, vimal analogue sale; HAJ, health assessment questiomaire; 1ILTOL koweer limb tasks questiommaire; LFE; leeds foot impact scale; FFL foot fundion index.
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Table 4
tTharadteristics of nduded lab-based intervention studies
Samiple characteristics (lity
Authar Moz (T female) Meam (3D Imterventions Canttral Dubmme measures Fndings Emne
Hennessy 20 RA (80) = Age G0 (11) + Rummning shoe (Broaoks Cheeerine 3. Control (Dunlop vaolley) Primary outcome Pantar  Betwesn group mezsunes 641
etal. » Diseame duration: not Texas Peak Pry lid.) Sock liner removed, thin -~ pressure (PP, PTT) PPP significantly reduced at forefoot, rearioot
2007 reparted » Commercially available, premium” flexibie sole and total foot in running shoe (p = 0.0001)
|20] ashionsd rimning shoe and orthopaedic shoe (p = 000)
» Orthopaedic footwear (W Minor mmpared to contral
amd San) PN =i g ficamtly reduced at forefoot (p =
» Exta-depth, cushioning 001}, rearfoat (p — 0.008) and total fat
{p = L) with the mmning shoe
mmpared to the control PT1 significantly
reduced at forefoot (p = 0001 ) and total
foot (p - LO0T) with the orthopasdicshoe
mmpared to the control.
Within group measmures Mot amessed.
SEwat = 21 Gout (51) » Good footwear group  » Good footwear characier stics » Betwesn group » Primary outmmes Mot Betwesn group messunes [F-
etal [23]  « 15 Gout (13X) = Age: SH13) = (ASKE Cardio Zip) = Good footwear staied » Sigrificant decrease in PPP at the medial
= Disease duration: 13 » Leather upper, rubber sale, dual characier istics amd » Ouiromes asemsed hesl{p = LOOD) and SMTP (p = 0LO00) in
(£ 3] demsity midsale, rigid heel cunter, poor footwear + Plantar pressure (PPP, the good footwear group compared o the
= Poor footwear group i erate midfoot sole sability, heel charackeTistics )] poor footwear group.
= Age: 58 (14) and forefoot oshioning « Within group » Tempaoral -spatial
» Disease duration: » Poor footwear charaderistio » Participant’s own (whalking velocity, step » Sigrificant decreze in PT] at the heel (p =
(13) » (Dunlop Asteraid) footwear leng th, stride length 0.003) Lateral heel {p — Q001) and SMTF
= Synthetic upper, rubber sale, single o ence)

density midsale, mimma heesl
cmmiber stiffness, mimmal midfoot
sole stahility, no oushioning
(Dunlop Apalla) Synthetic upper,
synthetic sale, single demity
madsole, minimal hesl counier
stiffness, minimal mid foot sale
(Heix Viper)

Synthetic upper, Phylon sole, single
demsity midsale, modetate heel
cmmiber stiffness, mimmal midfoot
sale stahility, heel and forefoot
ashionng

{p = LOS) and a significant inaease in
FTlat the midfoot (p = QOO in the good
footwear group companed to the poor
footwear group.

+ No signifimnt differenas in velocity, step
length, siride length or @dence between
EEEHREL

Within group measures

= Sigmificant nedudtion in PPF at 3MTP
{p = ONE) and SMTF (p = WO
Deceased FT1 at heel (p = 0,000 3MTF
{p = WOOO) and SMTF (p = LOGS ) and
imcreamsd FT1at madfoot (p = Q000 with
good fbotwear group compared o contral

= Significant redudtion in PPP at 3MTF
{p = W) and increased PFF at heel
(p = WD) and lesser digits (p = QOO
Deceased FT1 at midfoot (p = 0003 in
poor footwear group compared o contral

» Significant morease in velodty (p = LOODY
step length (p = U000 and stride length
[p = NN in both ntervention groups
companed o contral

(13

FEE-ME (FIOC) 2 WSm AR D SRy 1 sngues [ R ueifay e W

178



g
iﬁ%gég
it
HET
HELH
1R
i.
PR R
Foosd
| i
sipd
L

I
3R
Ec?E‘c
Ega;ga
EXEEEE

» Rocker-sole footwear
« (MAT Mahuta®datwa)
« Rounded salle, saft cushioned hesl

duration: 3
« Comntral
= Age: 57(11)

+ Rodker-sale group

« Age: 57 (11)

o Median Discase
» Median Diseass
duration: 3

» 46 IMTH 04
(61%)

» 52 Cantrals
(445

Menz et al.
[24]

M. Frecklingion =t al [ Seminars in Arthritic and Fheumatiom 47 (2078) 814 -824 i

ip = QL) in foolwear nieTvention

groupn Significant reduction in @dence
{p = 0015} and stance phase percentage

ip = 0021}

» Sgnificant reduction in FPP at 1 MTP
(p = QUOQE), 2 SMTPS (p = QL001) and heel

Within group measures

Peak Plantar Pressure; FT, pressure time integral; MTP, metatarsophalangea joint.

between gmoup effect sizes were observed for foot pain, function
impairment and disability.

Footwear interventions

Footwear interventons  included off-the-shelf  footwear
|11,12,20,23, 24|, therapeutic footwear [13,17,18,20,22] and thera-
peutic footwear combined with foot orthoses [ 1921]

Off-the-shelf footwear

The use of off-the-shelf footwear was reported in people with
RA [20], gout | 11,23] and IMTP OA [ 1224]. Inone study in people
with RA an athletic shoe was used with the footwear chamcter-
istic of this shoe being cushioning for forefoot pain | 20 ). For people
with gout a range of walking shoes were used and divided into
good foobwear characteristics and poor foobtwear charaderistics.
Good foobtwear characteristics induded a rocker-sole to facilitate a
heel-to-toe gait, a dual-density midsole to provide motion contral,
heel and forefoot cushioning to impmve shock attenuation and a
zip to allow for ease of entry and exit of foobwear | 11,23 ] Poor
footwear charaderistics incduded a single density midsole, no
cushioning, minimal heel counter stiffness and midsole stability
|11,23]. For people with 1MTP OA, a mcker-sole shoe was used,
allowing smoother progression of the body's centre of mass over
the stance foot, reducing the amount of 1MTP dorsiflexion
required and loading at the forefoot joints | 12,24].

Thempeutic fontwear

The use of therapeutic footwear was reported in five studies for
people with RA [13,17,18,20.22]. Footwear characteristics included
extra-depth in the forefoot region to accommodate for foot
orthoses and forefoot deformity, soft leather upper and smooth
lining to offer protection, laces, padded heel counter to improve fit
at the hed and a long inside counter to improve rearfoot stability
and arch support [18].

Therzpeutic footwear combmed with foot orthoses

The use of therapeutic foobwear with a foot orthosis was
reported in two studies for people with RA | 19.21] Footwear
characteristics included a wide and deep toe bome was used o
arcommodate for the foot orthoses. Foot orthoses used in these
studies induded semi-rigid and soft devices, manufactured as both
prefabricated and custom.

Foot pain
Rheumatoid arthritis

Three RCTs [13,19,21] and one prospedtive observational study
|22| measured foot pain in people with rheumatoid arthritis. One
RCT [13] compared traditional therapeutic footwear to a newer
therapeutic footwear designed with patient and practitioner input
After 12 weeks, significant between group improvement was
observed for the newer therapeutic footwear group compared to
the traditional thempeutic footwear group (d: 092-126; large
effect). Significant within group improvement in foot pain was
observed in the newer therapeutic footwear group (d: 1.08-1.24;
large effect), with no significant improvement in the traditional
therapeutic footwear group (d: 0L18-0D19; negligible effect)
Another RCT [19] compared three footwear conditions; extra
depth foobwear only, extradepth footwear with soft foot
orthoses and extra-depth footwear with semi-rigid foot orthoses.
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At 12 weeks, significant between group reductions in MTP pain
was reported in the exira-depth foobwear with semi-rigid
arthoses group compared to the footwear with soft orthoses group
(d = 0.45; medium effect) and footwear only group (d = 0.78;
medium effect). There was no significant within group improve-
ment observed in the footwear with soft orthoses and footwear
only groups at 12 weeks. A further RCT | 21| compared extra-depth
footwear with semi-rigid foot orthoses compared o extra-depth
footwear with soft orthoses. After 24 weeks, no significant differ-
ence was found between groups (d = 0.46; small effect), however,
significant within group improvements in foot pain was observed
in the footwear with semi-rigid orthoses group (d = 0.56; medium
effect) and the footwear with soft orthoses group (d = 107; large
effect). The prospective observational study [22] reported signifi-
cant within group improvements in foot pain with high-top,
rocker-sole foobtwear after 4 weeks (d = 145; large effect),
however, there was no comparator to this intervention.

Gout

Cine prospective observational study |11] measured foot pain in
people with gout One group with good footwear charaderistics
was compared to a group with poor foobwear characteristics over
an B-week perind After eight weeks, significant within group
improvement in foot pain was observed in the good footwear
characteristics group only (d = 0.75; medium effect). There was no
significant improvement in foot pain in the poor foobwear char-
acteristics gmup (d = 0.19; negligible effect).

IMTF 0A

Cne RCT [12] measured foot pain in people with 1IMTP OA
Rocker-sole foobwear was compared to the partidpant’s own foot-
wear with foot orthoses. After 12 weeks, improvements in foot pain
were observed in the rocker-sole footwear group (d = 125; large
effect] and own foobwear with foot orthoses gmoup (d = 095; large
effect), however, no signifiant differences were observed between
gmups at follow-up (d = 0.01; negligible effect).

Patient-reported outoomes

Patient reported outcome measures assessing fundion, impair-
ment and disability were reported for RA, gout and 1MTP O#.

Rheumatoid arthritis

Cne RCT |18] reported a signifi@nt within group improvement
in function in the extra-depth footwear group with no improve-
ment in the control group at eight weeks. The control group of this
sample were subsequently provided with extra-depth footwear in
a repeated-measures  design with significant  within  group
improvements in function at eight weeks (d = 0.30; small effect).
Another RCT |13] reported significant between group improve-
ment in foot function, functonal limitation and disability in the
new design thempeutic footwear compared to traditional them-
peutic footwear at 12 weeks (d = 08B-107; large effect).
Significant within group improvement was seen in the new design
therapeutic footwear (d = 082-106; large effedt) with non-
significant within group improvement in the traditional therapeu-
tic footwear group (d = 0.04-033; negligible-small effect]. One
RCT | 21] comparing therapeutic footwear with soft orthoses and
therapeutic footwear with semi-rigid orthoses reported no sig-
nificant bebween group differences in activity limitaton and
disability at 24 weeks (d = 094 large effect). Non-significant
within group improvements in adivity limitation and disability

was observed in the foobwear with semi-rigid orthoses group
(d = 078, medium effect] and the footwear with soft orthoses
group (d = 131; large effect). One prospective observational study
|17] reported a significant within group improvement in self-
reported walking ability with heat-mouldable footwear (unable to
calculate effect size). Another prospective observational study [22]
reported within grmoup improvements in foot funcion, activity
limitation and disability with mcker-sole footwear use at four
weeks (d = 1.03; large effect).

Gout

One pmspective obsenational study | 11] measured funcion, foot-
related impairment and disability. Significant improvements in func-
tion (d = 044; small effect] and botrelated disbility (d = 0.67;
medium effect) were ohserved in the good foobwear chamcteristics
gmup, with no significant differences observed in the poor foobwear
characteristics group ateight weeks (d = 014-0.17; negligible effect).

IMTP 0A

One RCT | 12| measured function. Improvements in foot function
werme ohserved in the rocker-sole foobwear group(d = 0L61; medium
effect] and own foobwear with foot orthoses group (d = 058;
medium effect], however, no significant differences were observed
between groups at follow-up (d = 0.4; negligible effect ).

Plantar pressure and temporal-spatial parameters

Diata for plantar pressure and temporakspatial pammeters was
reported for three conditions: RA, gout and 1MTP OA

Rheumatoid arthritis

One cmss-sectional study [20] reported significant reductions
in total foot, rearfoot and forefoot peak plantar pressure (PFP) in
the running footwear (d = 1.84, 107, 1.78; large effects) and
orthopaedic foobwear (d = 086, 0.82, 0.84; large effects) groups
compared to the contml group. Significant redudtions in total foot
{d = 172, 1L06; large effects) and forefoot pressure (d = 1.74, 114;
large effects) time integrals (PTI} in the running foobwear and
orthopaedic foobwear groups compared to the control group
Significant reductions in rearfoot FT] was observed in the mnning
footwear group compared to the control group (d = 0.24; small
effect). Significant reductions in PPP and PT1 for total foot pressure
(d = 1.02,0.87; large effects) and forefoot pressure (d = 0.91, 0.84;
large effects) in the running footwear group compared to the
orthopaedic footwear group. One RCT [18]| reported significant
within group inreases in walking veloaty (d = 0.31; small effect)
and stride length (o = 0.30; small effect) following the provision
of extra-depth footwear compared to the participant’s own shoes
after eight weeks. Another RCT | 19] reported no within group or
between gmoup improvements during overground walking, stair
cdimbing or 50 ft walk time with ectra-depth foobwear only, extra-
depth footwear with soft orthoses and extra-depth foobwear with
semi-rigid orthoses after 12 weeks (d = 0-016; negligible effect .

Gout

One cross-sectional study |23 | compared good footwear char-
acteristics to poor footwear characderistics to the participant’s own
footwear. Signifiant reductions in PPP and PTI at the heel and
SMTPwith increases in midfoot pressure was observed in the good
footwear characteristics group compared to the poor footwear
characteristics foobsear group (d = 0.02-070; negligible-medium
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effect). Significant within group reductions in PPP at 3MTP and
SMTF, reductons in PT1 at 2MTP, SMTF and heel with increases in
midfoot PTI was observed in the good footwear characeristics
group compared to their own footwear (d = 0,03-1.11; negligible-
large effect). Significant within group increases in PPP at the heel
and lesser toes, reductons at 3MTP and reductons in midfoot FTT
was ohserved in the poor footwear characteristics group compared
to their own footwear (d = 002—0.44; negligible=mall effec).
Significant within group increases in walking velodty, step length
and stride length in both the good and poor footwear character-
istics groups compared to the participant’s own footwear
(d = 0.16-0.53; negligible-medium effect). however, no between
group differences were observed (d = 0.29; small effect].

IMTP 0A

One ooss-sectional study |24 reported significant within
group redudtions in PPP were observed at 1TMTP (@ = 0.31; small
effect), 2-5MTP (d = 091; large effedt) and heel (d = 0.90; hrge
effect) in the rocker-sole footwear group compared to the partic-
ipant’s own footwear. Significant reductions in PPP at lesser toes
(d = 035; small effect), 2-5MTP (d = 112; large effect) and
midfoot (d = 0.72; medium effect) was observed between the
footwear intervention group compared to the own footwear with
orthoses group. A significant reduction in stance phase percentage
(d = 0.51; medium effect ) inthe rocker-sole footwear group compared
to the own bobwear with orthoses group. Significant within-group
reductions for cadence (d = 0.25; small effect) and stance phase
percentage (d = 0.43; small effect ) were observed in the mcker-sole
Iootwear group compared to the particpant’s own footwear.

Dii N

The aim of this systematic review was to identify and evaluate
the evidence for the clinical effectiveness of foobwear interven-
tions for foot pain, function, impairment and disability in people
with arthritis. Despite the broad search strategy, the search only
identified studies investigating RA, gout and 1MTP OA The
findings of the review support that footwear is associated with
improvements to foot pain, functon, imparment and disability in
people with RA. There is evidence to suggest that footwear is
associated with improvements to foot pain, function and disahility
in people with gout and improvements to foot pain and functon in
people with 1MTP 0. A greater body of evidence exists for RA
compared to gout and 04, and there are no studies of footwear
interventions for other forms of arthritis.

Within and between group effect sizes for foot pain indicate
that footwear interventions are likely to result in improvements to
foot pain in people with arthritis. However, for people with
rheumatnid  arthritis there was conflicting evidence bebween
studies as to which type of intervention was prefemble. Bebween
group findings indicated the majority of studies in favour of
therapeutic footwear with a semi-rigid insole compared to ther-
apeutic footwear with a soft insole on foot pain, however, one
study favoured therapeutic foobwear with a soft insole compared
to a semirigid insole.

There was considerable wariation in the methodology with
respect tothe footwear interventions and measures used to assess
both primary and secondary outcomes. Of the included studies,
footwear interventions induded footwear only and footwear with
orthoses conditions. It is difficult to isolate the individual treat-
ment effect of foobwear and foot orthoses when presoribed
individually or as co-interventions. It is also difficult to ascertain
if the observed changes are related to “the footwear”™ or spedfic
characeristics of the footwear. There = currently no universally

accepted standamd for the measurement of foot pain and self-
reported foot pain intensity is the most frequently used research
tool to measure foot pain |25). Instruments indude visual ana-
logue scales (VAS), numeric rating scales and verbal category/
Likert scale. The complexity of arthrtic conditions may advocate
the use of multiple tools to capture the spectrum of foot pain
arross a particular condition

In the RCT:s investigating RA, differences between groups was
observed in studies with a shorter follow-up period (from 4 to 12
weeks) compared to studies with a longer follow-up period
(24 weeks). The lack of a control group in the ohservational stdies
for people with RA was alsoa imitation. It is difficult to discuss the
influence of follow-up periods for gout and 1MTP OA as there was
only one longitudinal study for each condition. The description of
footwear interventions ranged from the use of footwear assess-
ment scales, lising desirable footwear characteristics or simply
stating the type of footwear. There was also inconsistency in the
observed changes to outcomes in the control groups in the RA
population Such wariance in the desciption of foobwear and
findings makes it difficult to determine if changes to the outcomes
are be attributed to “footwear”™ or spedfic foobwear characteristics.

Footwear was assodated with reductions in plantar pressure in
people with RA, gout and 1MTP O The studies included which
imvestigated  plantar pressure all employed a oross-sectional
design, =0 it & unclear whether these changes are maintained
over time or are associated with improvements to patient reported
outcomes. Footwear was also assodated with changes to walking
velocity and sance tme. Significant reductions in walking velocity
have been found in people with arthritis [7]. Reduced walking
velocity and increased stance time are indicative of foot related-
impairment and disability [26]. A limitation of these findings is
that their relationship to other parameters such as in-shoe kine-
matics and kinetics is unknown

When considering footwear for people with BA, key foobwear
characteristics assodated with improvements to patient reported
outcomes  induded extra-depth footwear and cushioning.
Adequate toe box volume allows for the acoommodation of fore-
foot deformity and foot orthoses. Foot pain assodated with fore-
foot deformity 26| and increased forefoot plantar pressure have
been reported people with RA (27 Foobwear with cushioned
midsoles can significanty reduce forefoot plantar pressure in
people with RA | 20). The mean disease duration in the inchided
studies is indicative of participants with es@ablished RA. People
with early onset B4 may present with different footwear needs.

Footwear characteristics which may be associated with
improvements to foot pain and disability include cushioning and
support for people with gout [11]. These benefits may be related o
changes in plantar pressure and temporal-spatial parameters |23 ).
Footwear with an absence of cushioning, minimal heel counter
and midsole stability were not associated with improvements to
foot pain in people with gout [11]. Foobwear with poor cushioning
and support is commaon in people with gout and is associated with
higher levels of foot-related impairment and disability |9]. Diffi-
multes finding footwear which fits appropriately, accommodates
existing deformity and is suitable for activities of daily living has
been identified by people with gout [28-30]. Further imvestigation
into these domains may help to impmove undersanding regarding
footeear habits of people with gout

For people with TMTP O/, the rocker-sole characteristic of the
foobeear was found to reduce loading at the 1MTP and subsequent
improvement in patient reported outcomes. These reductions may
be attributed to reductions in 1-5MTF plantar pressure, cadence
and stance time percentage observed with the rocker-sole foot-
wear compared to particpant’s own footwear [24]. Biomechanical
changes have been reported with rocker-sole footwear in both
asymptomatic and sympiomatic populations, however, it is
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difficult to determine if these changes are associated with
improved patient-reported outcomes |31 ]

This review is not without imitations. Pooling of data was not
possible due to the methodological inconsistency between the
included smdies, thus recommendations regarding the most
appropriate intervention cannot be made. The search strategy
did not indude unpublished literature induding theses and confer-
ence proceedings. Differences in the reportdng of footwear char-
adteristics made it difficult to draw concusions regarding the
influence of spedfic design features on patient-reported outcomes
and biomechanical variables. Not all types of foobwear have been
tested in dinical studies, and it i unclear whether findings can be
generalised to other types of footwear which may ddiver different
biomechanical effects. fAs much of the data presented comes from
oss-sectional studies, the long-term effects of footwear on gait
parameters remains unclear.

Future work needs to explore the foot-related problems and
footwear needs of people with other arthritic conditions. Improved
understanding of these conditions may help to determine the rolke
af footwear interventions in the management of these populations.
The majority of the smdies included in this review were for BA
with only one RCT with a follow-up period beyond 12 weeks.
longitudinal prospective studies and randomised dinical trials
may help o determine the dinical effectiveness of footwear.
Further prospective studies may help to determine if changes to
gait parameters assodated with foobwear are preserved and
associated with improvements to patient reported outcomes.

Conclusion

Footwear interventons are associated with reductions in foot
pain, impairment and disability in people with theumatoid arthri-
tis, imprmovements to foot pan, fundion and disability in people
with gout and impmvements to foot pain and function in people
with 1st metatarsophalangeal joint osteoarthritis. Footwear inter-
ventions have been shown to reduce plantar pressure rheumatoid
arthritis, gout and 1st metatarsophalngeal joint ostesarthritis and
improve walking velocity in rheumatoid arthritis and gout

A fix A S iz imf .

Supplementary data assodated with this article can be found in
the online version at http: {{dxdoiorg/ 101016/ j.semarthrit 201710,
o17.
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all correspondence with us. If you have any engquiries about this application, or anything else, please do contact

us 8t gthics@aut ac.nz.
All the very best with your research,

7
Y. ic

Kate O'Connor
Exscutive Secretany
Auckland University of Technology Ethics Committes

Cr: Mike Fecklington

i Au o ETamd OnlverclEy of Teehmology EERlToE Hommltita s i

WASOSE Laval = WA BulldTag TTey Campua

Priwsis Dag #0000 Auckiand 1142 Ph: sfA-B-Ri-000 oA A0 amall stklcagamt. sz onx
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Appendix 3. Participant information sheet

Participant
Information Sheet -

Date Information Sheet Produced:
£ June 2015
Project Title

The clinical effectiveness of foot-care treatments in the reduction of foot pain and disability in people with
gout

An Invitation

My name is Keith Rome, 3 Professor in Podiatry and | would like to extend a8 warm inwvitation to you fo
participate in my research project. This is also part of 3 PhD b=ing underaken at AUT University. This
project will contribute towards a good understanding of how foot-care freaiments can reduce pain and
disability in peopls with gout. The project is funded by the Auckland Medical Ressarch Foundation (AMRF].

What is the purpose of this research?

Gout is 3 major causs of pain and disakility in Actearca New Zealand. Foot pain occurs in most people with
gout. We proposs 3 long-term clinical trisl examining the effects of foot-care treatments on foot paim and
dizability. The trial will assess the effect of two different foot care packages. The study findings will b2 us=d
12 maks evidence-based recommendations regarding foot-care treatments for people with gout.

How was | identified and why am | being invited to participate in this research?

This project inwites parlicipanis of any age abowe 20 years old who hawve gout You are welcome fo
participate if you are over 20 years of age with a good grasp of the English language. However, if you have a
medical history of foot or ankle surgery, nzuromuscular problems or theumatoid arthritis | will ke unakle to
include you in this stedy regrettably. Your involvement in this project is woluntary and you are welcome o
withdraw your participabion at any tirme without reason.

What will happen in this research?

We will 3sk you to attend AUT Schaal of Podiatry clinic ower at the Morth Shore. We will then a=k you some
guestions about your experiences with footeear. You will also have an opportunity to discuss amy other
points of mformation during the interview.

What are the discomforts and risks?

There are no risks associated with the resesrch. All information recorded from interviews will be confidential,
How will these discomforts and risks be alleviated?

Mot applicakls.

What are the benefits?

The zim of the proposal is o improwe foot pain and impairment in people with gout. The study proposed will
be immediately impact into chnical practice. All participants will receive a3 summary of findings. The research
will also highBight the role that a health care professional can play in the a=sessment and management of
pabients with chronic gouty arthritis.
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What compensation is available for imjury or negligence?

In the unlikely event of a physical njury as a result of your parficipation in this stedy, rehabilidation and
compensation for injury by accident may be available from the Accident Compensation Corporation,
providing the incident details satisfy the reguirements of the law and the Corporation's regulations.

How will my privacy be protected?

Your name, birthdate and any personal information that could Mentify you as an individual will not be used in
this study or published in any medium. Al the information that is provided by you will be treated as
confidentizl and strict access will only be available to the researchers and yourself upon regquest.

What are the costs of participating in this research?

There will be no financial cost to you if you decide to participate in this research. We would ke to offer you
the costs of traveliing from home to AUT Morth Shore and back to home.

What opportunity do | have to consider this invitation?

You hawe one-week to decide whether or not you would like to sccept this invitation. | waould like to arrange
an appointment time with you at least two (2) weeks beforehand so that | can secure the eguipment neadsd
for this study. Please make sure you thorowghly read this Information Sheet and have any concems
anzwered before you participate.

How do | agree to participate in this research?

If you would like fo participatz in this study pleass confact Katie Hayden via the defails given below. | will
then give you a Consent Form (or send one i requested) fo fill out and sign, to secure your place in the
study.

Will | receive feedback on the results of this research?

If you are interested to see the outcomsas of this research please indicatz so on the applicable section of the
consent form. The resulis will be sent o0 you in the form of a written summary and any papers that may be
published as a result of this study can be accesszed upon request

What do | do if | have concerns about this research?

Amy concemns regarding the nature of this projeet should b= notified in the first instance to the Project
Supervizor, Professor Keith Rome (contact details below)

Caoncerns regarding the conduct of the ressarch should be notified fo the BExscutive Secretary of AUTEC,
Kate O"Connor, efhicsi@sut ac.nz , 821 9998 ext 9028

Whom do | contact for further information about this research?
Researcher Contact Details:

Katie Hayden

Fhone: D00 4688 288 or 022 184 2062

Email: khayden@aut.ac.nz

Project Supervisor Contact Details:

Professor Keith Roms

FPhone: 821 £998 ext=nzion 7583

Email: k.romed@autacnz

Approved by the Auckland Unlvsrclty of Tachnalcgy Ethlns Committes on 09062015, AUTEC Refsrsncs number 14233
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Appendix 4. Consent form

Consent Form
UNIVERSITY

T A, AR D TR LKL B

Project title: The clinical effectiveness of foot-care freatments in the
reduction of foot pain and disability in people with gout

Project Supervisor:  Professor Keith Rome

Researcher: Mike Frecklington

o | have read and understood the information provided about this research project in the Information
Sheet dated 05 June 2015

o | have had an opportunity to ask guestions and to have them answered.

o | understand that notes will be taken during the interviews and that they will also be audic-faped and
transcribed.

o | understand that | may withdraw myself or any infermafion that | have provided for this project at any
ftime pricr to completion of data cellection, without being disadvantaged in any way.

o If | withdraw, | understand that all relevant information including tapes and tranmscripts, or pars
thereof, will be destroyed.

o | truthfully state that | have not received treatment with foot orthoses or footwear within the previous
three (3) months, or had any history of rheumatoid arthritis

o | henceforth agree to take part in this research.

o | wish to receive a copy of the report from the research (please tick ong): Yes2 HNol

L Lo Ty LR 0 = 11 =
Participant's name:

Participant’s Contact Details {if appropriate]:

Date:

Approved by the Auckiand University of Technology Ethics Committee on 09/06/2015 AUTEC
Reforence number 14/233

MNofe: The Parficipant should refain a copy of this form.
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Appendix 5. Interview guideline

1. Definition of footwear
1.1. Discussion to orientate the participant towards the topic of interest
1.1.1. What shoes do you normally wear?
1.1.2. Asking the participant to bring out their shoes (if comfortable doing so)
2. Opening question (with additional prompts/probes)
2.1. Tell me about your experiences of footwear
2.1.1. Has this changed post gout diagnosis?
3. Trigger questions (with additional prompts/probes)
3.1. What are the most important things you look for in footwear?
3.2. What feelings do you have about the footwear currently available to you?
3.2.1. Where do you find your footwear?
3.3. What barriers have you experienced related to footwear?
3.4. What effect has footwear had on your feet?
3.5. What impact has footwear had on your ability to do the things you wanted to
do?
3.5.1. Work, daily living, social settings, exercise
3.6. Design features of an ‘“ideal shoe’
4. Participant driven questions/topics
4.1. Any other points that the participant wishes to raise and/or discuss

5. Conclusion of interview (with a summary of main points)
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Appendix 6. Health and Disability Ethics Committees ethical approval

(14/CEN/117)

™ Health Health and Disability Ethics Committees
and 1 The Teracs

L, IR /- MEDSAFE, Level 6, Delofte House

. Disability 400 Erandon Street
Ethics PO Bax 5013

g Committees Welington
8111

0400 4 ETHICS

hdecsifmoh.govinz

06 August 2014

Professor Keith Rome
AUT University

90 Akoranga Drive
AAZTOD, AL Building
Morthcote D627

Dear Professor Rome

Re:

Ethics ref: A4CENM1T

Study tithe: The clinical effectiveness of footwear in the reduction of foot pain and
dizability in people with gout

| am pleased to advise that this application has been approved by the Central Health and
Disability Ethice Committee. Thig decision was made through the HDEC-Expedited
Review pathway.

Conditions of HDEC approval

HDEC approval for this study is subject to the following conditions being met prior to the
commencement of the study in New Zealand. It is your responsibility, and that of the
study’s sponsor, to ensure that these conditions are met. Mo further review by the
Central Health and Disability Ethice Committee is required.

Standard conditions:

1.

Before the study commences at any locality in New Zealand, all relevant
regulatory approvals must be obtained.

Before the study commences at any locality in New Zealand, it must be registered
in a WHO-approved clinical trials registry (such as the Ausiralia New Zealand
Clinical Trials Registry, www.anzcir.org.au).

Before the study commences at a given locality in New Zealand, it must be
authorized by that locality in Online Forms. Locality authorization confirms that
the locality is suitable for the safe and effective conduct of the study, and that
local research govemance issues have been addressed.

Mote from Chair:

4. The consent form indicates that upon withdrawal, all data for that participant

would be destroyed, this is not standard practice with data, normally retained up
until the participants withdrawal as part of intention to treat analysis and limit
withdrawal bias.

A~ 14/CEN1T — Appeoval of Appiication - 06 August 2014 Page 10f4
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After HDEC review

FPlease refer to the Standard Operating Procedures for Health and Disability Ethics
Committees (available on www.ethics health.govt.nz) for HDEC requirements relating to
amendments and other post-approval processes.

Your next progress report is due by 6 August 2015,

Paricipant access to ACC

The Central Health and Disability Ethice Committee is satizfied that your study is not a
clinical trial that is to be conducted principally for the benefit of the manufacturer or
distributor of the medicine or item being trialled. Participants injured as a result of
treatment received as part of your study may therefore be eligible for publicly-funded
compensation through the Accident Compensation Corporation (ACC).

Please don't hesitate to contact the HDEC secretariat for further information. We wish
you all the best for your study.

Yours sincerely,
/[UW

Mrs Helen Walker
Chairperson
Cenfral Health and Disability Ethics Committee

Encl: appendix A~ documents submitted
appendix B:  statement of compliance and list of members

A- T4CENI1T — Apgeoval of Appiicalion — D5 August 2014

Paga 2cf4
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Appendix 7. Auckland District Health Board locality approval

Research Office

Level L4, Support Bldg

Auckland City Haspital

PB 52024, Graften, Auckland
Phone: 64 9 307 4949 Extn. 23854

AUCKLAND Fax: 649 307 8913
DISTRICT MEALTH ROARD Emall:  mwoodnorth@adhb,govt,nz
i, Takin Jemel Website: www.adhb govt nz/ResearchOffice
Date 3 September 2014
Institutional Approval
Keith Rome
School of Podiatry

Dept of Rehabilitation & Occupational Studies
Auckland University of Technology

a0 Akoranga Drive

Northeote, Auckland 0627

Dear Keith

RE: Research project A+ 6423 [14/CEN/117), The clinical effectiveness of footwear in the
reduction of pain and disability of people with gout.

The Auckland DHB Research Review Committee (ADHB-RRC) would like to thank you for the
opportunity to review your study and has given approval for your research project.

Your Institutional approval is dependant on the Research Office having up-to-date information and
documentation relating to your research and being kept informed of any changes to your study. It is
your responsibility to ensure you have kept Ethics and the Research Office up to date and have the
appropriate approvals. ADHB approval may be withdrawn for your study if you do not keep the
Research Office informed of the following:

* Any communication from Ethics Committees, including confirmation of annual ethics
renewal
Any amendment to study documentation
Study completion, suspension or cancellation

Mare detalled information is included on the following page. If you have any questions please do
not hesitate to contact the Research Office,

Yours sincerely

On behalf of the ADHB Research Review Committee
Dr Mary-Anne Woodnorth

tanager, Research

ADHB

c.C. Julia Martin, Nicola Dalbeth

...jcontinued next page

190



Appendix 8. Counties Manukau District Health Board locality approval

COUNTIES

MANUKAU
HEALTH

Ko Awatea Research Office
Counties Manukau DHE
Clinical Support Building

Room 253, Level 2
Middlemore Hospital

29 August 2014
Dear Keith

Thank you for the information you supplied to the Ko Awatea Research Office regarding your
research proposal:

Research Registration Number: 1878
Ethics Reference Number: 14/CEN/117

Research Project Title: The clinical effectiveness of footwear in the reduction of foot pain and
disability in people with gout

I am pleased to inform you that the CMDHE Research Committee and Director of Hospital
Services have approved this research with you as the CMDHB Co-ordinating Investigator.

Your study is approved until 29 August 2015.

Amendments:
+  Allamendments to your study must be submitted to the Research Office for review.

*  Any substantial amendment (as defined in the Standard Operating Procedures for HDECS,
May 2012) must also be submitted to the Ethics Committee for approval.

All external reporting requirements must be adhered to.

Please note that failure to submit amendments and external reports may result in the withdrawal
of Ethical and CMDHE Organisational approval.

We wish you well in your project. Please inform the Research Office when you have completed
your study {induding when a study is terminated early) and provide us with a brief final report [1-
2 pages) which we will disseminate locally.

Yours sincerely

Alex Poar

Health Intelligence and Informatics Lead

Counties Manukau District Health Board

Under delegated authaority from CMDHB Research Committee and Director of Hospital Services
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Appendix 9. Participant information sheet

AU}

UNIVERSITY

T S ASLSEL ERORLI  TRMAR] MAELY BAU

Participant Information Sheet

Project Title

The climical effectivensss of foot-rare treatments in the reduction of foot pain and disability in people
with gout

An Invitation

My name is Keith Rome, a Professor in Podiatry and [ would like to extend a warm invitation to
you te participate in my research project. This project will contribute towards a good
understanding of how foot-care treatments can reduce pain and disability in people with gout. The
project is funded by the Auckland Medical Research Foundation [AMEF).

What is the purpose of this research?

Gout is a major cause of pain and disability in Aotearca New Zealand. Foot pain cccurs in maost
people with gout. We proposs a long-term clinical tiel examining the gffects of foot-care treatments
on foot pain and disability. The trial will assess the gffect of two different foot care packages. The
study findings will be used to make evidence-based recommendations regarding foot-care
treatunents for people with sout.

How was [ chosen for this invitation?

This project invites participants of any age above 20 years old who have gout You are welcome to
participate if vou are over 20 years of age with a good grasp of the Enslish languaze, However, if
you have a medical history of foot or ankle surgery, neuromusecular problems or rheumatoid
arthritiz [ will be unable to include youw in this study regrettably. Your imvolvement in this project
is voluntary and you are welcome to withdraw your participation at any time without reason.

Where will the research take place?
This project will take place at the AUT Podiatry Clinic on the North Shore Campus.
When will the research take place?

It is proposed that this project will commence in October 2014 You will be contacted at least 2
weeks prior to your presence being required to arrange a suitable date and time. [ will require
your participation three times [every 8 weeks)] over & months, for around 40 minutes each time.

What will happen in this research?

We will ask you to attend AUT School of Podiatry clinic over at the North Shore, We will then ask
you to complete questionnaires relating to current foot problems. We will also ask vou about yvour
general everyday activities and any other foot problems you have relating to your gout. After
completing the guestionnaires everyone will be treated by one of eur experienced clinicians which
may nclude o combination of nail cutting, removal of kard skin, use of emollients, footwear and
advice on foet core and gout. You may also be required to complete a diary to menitor the effects
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of the treatment. All people in the study will be treated at the AUT School of Podiatry clinic every
8 weeks over the 5-months.

What are the risks that I might face?
There are minimal rizks, You may encounter a blister or rubbing, If blistering orrubbing does ocour
and prevents you undertaking everyday activities we will teat the foot complaint.

What are the benefits?

The aim of the proposal is to improve foot pain and impairment in people with gout. The study
proposed will be immediately impact into clinical practice, All participants will receive a summary
of findings, The research will also highlight the role that a health care professional can play in the
assessment and management of patients with chronic gouty arthritis.

What compensation is available for injury or negligence?

It is very unlikely that an event of physical injury occur during your participation in this study.
However the Accident Compensation Corperation [ACC) may provide compensation in the avent
of an accident and rehabilitation for any injury sustained. This is provided that the details of the
incident fulfill the criteria of ACC and any legal requirements.

How will my privacy be protected?

Your name, birthdate and any personal information that could identify you as an individual will
not be used in this study or published in any medium. All the information that is provided by vou
will be treated as confidential and strict access will only be available to the researchers and
yourself upon request.

What are the costs of participating in this research?

There will be no financial cost to vou if vou decide to participate in this research. We would like to
offer you the costs of travelling from home to AUT North Shore and back to home. There is no
treatment costs,

What opportunity do [ have to consider this invitation?

You have one-week to decide whether or not you would like to accept this invitation, [ would like
to arrange an appointment time with you at least 2 weeks beforehand so that [ can secure the
equipment needed for this study. Please make sure vou thoroughly read this Information Sheet
and have any concerns answered before vou participate,

How do [ agree to participate in this research?

If you would like to participate in this study please contact Caroline Holder via the details given
below. I will then give you a Consent Form (or send one if requested) to fill out and sign, to secure
yvour place in the study.

Will I receive feedback on the results of this research?

If vou are interested to see the outcomes of this research please indicate so on the applicable

section of the consent form. The results will be sent to you in the form of a written summary and
any papers that may be published as a result of this study can be aceessed upen request.

What do I do if I have any concerns about this research?
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Any concerns that regard the nature of this study should be directed to the Principal Investigator,
Professor Keith Rome [contact details below). Concerns regarding the conduct of the research

should be directed to the Executive Secretary, AUTEC, Kate O'Connor, koconnor@autacns 921-
9999 ext. 8038,

Who can I contact for further details about this research project?
Researcher contact details:

Caroline Holder

Phone: 0221643962

Email: carolineholder@aut acnz

Project Supervisor contact details:

Professor Keith Rome

Phone: 921-99%9 ext. 7688

Email: krome@antacnz
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Appendix 10. Consent form

AU

UNIVERSITY

Participant Consent Form

The clinical effectiveness of foot-care treatments in the reduction of
foot pain and disability in people with gout

Project Supervisor: Professor Keith Rone

[ I have read and understood the Information Sheet provided which cutlines all the pracedures
and practices that will be utilised in this study.

[ 1 have had opportunities to have all my guestions and concerns answered.

O T acknowledge the fact that prier to the conclusion of data collection | may withdraw any
personal information and myself without reason. [n doing 3o 1 will not be treated unfairly or
dizadvantaged in any war.

O Tunderstand that upon withdrawal, all persenal information and individual data will be
destroyed.

O 1agree to have foor measuremencs undertaken and understand that they will onky be used for

academic purpases, Publicadons outside of this project cannet eventuate withaut my written
pETMizsion

O Tunderstand that all personal information that could potencially identify mysslf will be
strictly confidential and safeguarded in a password-protected file. This infarmation will anly
be wsed for the requirements of this study,

I T crathfully state that [ have not received treatment with foot orthoses or foorwear within the
previous 3 manths, or had any history of foot and ankle surgery or rheumatoid arthritis.

O 1henceforth agres to take part in this research project.
[ 1wish to receive a copy of the findings from this study {please tick one):

Tes O Mo OO [If yes, please state vour email or postal address below]
L L L TP TP TP
L R L R

Participant's contact details [if appropridle J o s s s
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Appendix 11. Clinical report form

Study number: Date: Visit 1
Clinical Data: Visit 1 Study Number:

Current Medical history:

Study number: Date:

Age: MNHI:

Gender: Ethnicity:

Weight (ko):

Height: (m): BMI:

Patient agrees to their GF/Rheumatologist getting information about their assessments YN

Patient agrees to researcher accessing relevant medical records, medications and latest blood
test results from GF/Rheumatologist Y/N

Medical History:

Diabetes? YN
Hypertension? YN
CvD? Wi

If yes, state which:

PVD? YN
Peripheral neuropathy? Wi
Other:
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Study number:

2

7]
+

m

Visit 1

Medications (dosage):
Urate-lowering therapy

If yes, state which and dose:

Colchicine?
MSAIDS?
Frednisone?

Diuretics?

Cther medications

YN

YN
M
i
YN, if yes, state which
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Study number:

Visit 1

Checklist:

Meets inclusion criteria YN

=20 years old

Previous episode of acute gout

Able to walk »10m unaided

Does not currently have an acute gout attack

Does not have a history of surgery to the foot or ankle

Have not had erthotic/footwear treatment in last three months

Have not had medication for foot pain in past four weeks
Completed Informed Consent: YN

Footwear Size:

Footwear Width: _
Randomisation process: YN
Pain VAS: YN
Foot Pain VAS: YN
Patient global VAS: YN
Foot problem score: YN
Foot posture index: YN
Homunculus man (tophus foot count): YN
Homunculus man (total tophus count): YN
HAQ-II: YN
LLTQ: YN
LFIS: YN
Footwear VAS: YN
Footwear classification, age and wear: YN

O oo o oo o
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Study number: te: Visit 1

Gout history and examination:

Latest serum urate:

Disease duration:

Age of first episode:

Mumber of gout attacks in last three months:
Days off work in last three months due o gout:

Subcutaneous tophi present: YIN

Patient fulfils criteria for gout classification: YIN
A The presence of characteristic urate crystals in the joint fluid: YIN
OR

B: Tophus proven to contain urate crystals by chemical means or polarised light microscopy:
YN

OR
C: Presence of 6 or more of the following 12 clinical and radiographic phenomena: YN
Dlagnostlc Criteria Present:

More than one attack of acuie arthritis

Maximum inflammation developed within one day

Monoarthritis attack

Redness observed over jointis)

First metatarsophalangeal joint painful or swollen

Unilateral first metatarsophalangeal joint attack

Unilateral tarsal joint attack

Tophus (proven or suspected)

0 |oa [~ o jon [ [ |

Hyperuricaemia

11} Asymmetric swelling within a joint on x-ray

11. Subcortical cysts without erosion on x-ray

L 12 Joint fluid culture negative for oraanisms during attack
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FOOT PROBLEMS

Right foot
L\ i
j S——
Left foot
!
F—
Total score:
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Appendix 12. Foot posture index

FPI Talar head Malleclar Calcaneus Talonavic Medial Arch | Forefoot TOTAL
palpation Curves inv / Ev Congruence | Height Add/Abd
LEFT
RIGHT
SCORE Description Description Description Description Description Description Comments
-2 Palpable on Curve below More than 5° Area markedly High, angled No lateral toes
lateral side, not either straight or varus concave towards posterior | visible, Medial
on medial convex end clearly visible
-1 Palpable on Below concave Between vertical Area slight but Meoderately high Medial toes
lateral side, but flatter and 5% varus definitely concave and slightly clearly mare
slightly on medial /shallow than posteriorly visible than
curve above lateral
0 Equally palpable Both infra/supra Vertical Area flat Height normal, Medial and latera
on both sides curves equal concentrically toes equally
curved visible
+1 slightly on lateral Curve below Between vertical Area slightly Lowered with Lateral toes
side, palpable on more concave and 5% valgus bulging some flattening in | clearly maore
medial then above curve centre visible than
medial
+2 Not on lateral Curve below Mare than 5° Area markedly Very low, severe No medial toes
side, palpable on markedly concave valgus bulging flattening, ground | visible, Lateral
medial that above curve contact toes clearly visible
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Appendix 13. Footwear assessment tool

Appendix 1: FOOTWEAR ASSESSMENT TOOL

Foot length I:I Thumb width I:

Fit of shoe (length) — rule of thumb (wearer's thumb)

Palpation: good too short (= ¥ thumb) too long (= 1 %)
Straw = good too short (= ¥z thumiz) too long (= 1 %)
Fit of shoe (width) — grasp test good too narmow too wids |:|
Fit of shoe (depth) good too shallow
Age of shoe 0 — & months |:| & — 12 months ]:[ =12 months |:|
Footwear style
walking shoe athletic shoe oxford shoe MOCCaESIn
boot ugg-boot high heel Thongflip-flop
slipper backless slipper court shoe mule
sandal surgicallbespoke other (specify)
Materials (upper) leather synthetic mesh other
Materials foutsole rubxber plastic leather other

3. GENERAL STRUCTURE

Heaol height =

0-25cm [ ] 26-50cm [ =50em [ ]
Forefoot height {measured at point of the 1 and MTPJs) =

0-09cm [ ] 1.0-20¢cm [ =20em [ ]

Longitudinal profile (heel — forefoot difference) =
flat (D — 0.9 cm) D small heel rise (1 — 3 cm) D large heel rise (= 3 cm) |:|
Last {centre goniometer at 50%: shoe length) =
straight (= 57) |:| semi-curved (5 — 15%) |:| curved (= 157) |:|
Fixation of upper to sole
board |:| combination |:| slip-lasted |:|
Forefoot sole flexion point
atlevel of MTPJs [ ] proximal to 1st MTPJ [ distal to 15t MTPJ [_]
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4. MOTION CONTROL PROPERTIES

Density single [_] dual [_]

Fixation Number of eyelets

none ]:[ laces H straps/buckles |:| Welcro ]j Zips |:|

Heal counter stiffness (20mm above bottom or upper)

no heel counter ]:[ minimal (= 457) |:| moderate (= 457) D rigid {0-107) |:|
Midfoot sole sagittal stability
minimal (= 457) [ | moderate (=457 [_] rigid (0-10%) ]
Midfoot sole frontal stability (forsional)
minimal (> 45%) [_| moderate (< 45%) [_] rigid (0-10°) []
5. CUSHIONING
Presence none |:| heel |:| heelfforefoot |:|
Lateral Midsole hardness soft firm hard
Durometer readings 1% M 3" mean |:|
Medial Midsole hardness soft firm hard

Durometer readings 1% M 3" mean I:l

Heel sole hardneass (centre of
inside heal shoe interface) soft fim hard

Durcmeter readings 1% 2™ 3" mean I:'
6. WEAR PATTERNS

Upper medial tilt (> 10%) [_] neutral [_] lateral tilt (> 10°) [_]
Midsole  medial compression signs [ neutral [_] lateral compression signs [
A textured smooth (i.e. no pattern)

Tread pattern B nat wWorm partly wom H fully wom |:|
Outsole wear pattarn nong [ nomal [ ] lateral || medial [_]

Ty { iR "

C1) | .

| _.-" l‘". I'

I', |I | I|I

— I

R | | ( | L
I\ L] F,
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Appendix 14. Stop gout booklet

STOP GOUT




Why do | get gout?

You might think that gout is caused by drinking too much beer
and fizzy drinks and eating too much meat and shellfish. In fact,
gout is caused by having too much of a chemical called uric acid

in your blood.

Your body makes uric acid when you eat food. It is normal and
healthy to have some uric acid in your body. Most people get rid
of uric acid through their urine.

If you eat food, such as meat, seafood, beer, fizzy drinks and
orange juice, your body can make too much uric acid.

How does gout affect you?

Gout can be a sign you could get diabetes, heart disease and
kidney problems.

Gout can stop you doing all the things you enjoy. Gout can stop

you playing sport and spending time with your family or whanau.

Gout can stop you feeling good about yourself and your life.
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What causes your gout attacks?

If there is too much uric acid in your blood, the acid turns into crystals in

your joints.
The crystals are very sharp, like needles, and your joint gets very sore and
painful. This is called a gout attack.

Crystals can cause damage to your joints.

The crystals cause lumps which are called tophi (you say toe-fy). If tophi
get too big they can make it hard for you to wear shoes, use a knife and
fork, write and walk easily.

Image supplied by PHARMALC
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What causes high uric

acid in your body?

80%

of high uric acid is
caused by your body not
getting rid of uric acid
properly.

This could be because of:
- your genes

+ your weight

- kidney problems

20%

of high uric acid is caused

by what you eat and drink
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How can you get rid of uric

acid in your body?

You can get rid of

80%

of uric acid by taking
uric acid medicines
everyday

You can get rid of 20%

of uric acid by:

« eating less seafood and
meat

« not drinking beer, fizzy
drinks and orange juice

« drinking water

+  being active — walk, swim,
go to the gym

« losing weight if you need to
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How you get rid of uric acid

Most people getrid Some people, including many
of uric acid through Maori and Pacific people, get rid
their urine of some of their uric acid, and

the rest stays in their blood

& food

uric acid uric acid

4

uric acid
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How uric acid medicines help you

Some uric acid medicines Some uric acid medicines
stop your body making help your body get rid of uric
too much uric acid acid through your urine

uric acid

uric acid

uric acid
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Medicines for gout

There are two type

Uric acid medicines
bring your uric acid
levels down. You
need to take them
every day.

Common uric acid medicines are Allopurinol and
Probenecid.

You need to take uric acid medicines every day, even if
you are having a gout attack. When you start taking uric
acid medicines, you might get a gout attack. So make sure
your doctor also gives you medicine to treat the pain from
a gout attack.

Side effects

Make sure you ask your doctor, nurse or pharmacist what
the side effects of uric acid medicine could be and what
you should do if you get side effects.

Gout attack
medicines treat gout
attacks. You take
these medicines
when you feel a gout
attack coming on or
if you are in pain.

Common gout attack medicines are Colchicing, Prednisone,
Maproxen, Diclofenac (Voltaren) and Ibuprofen.

Gout attack medicines only treat pain and swelling. Gout
attack medicines do not stop gout because they do not
bring your uric acid levels down.

Side effects

Most gout attack medicines should not be taken for a long
time. People with tophi may need to take Colchicine for a
long time.

Taking gout attack medicines all the time can cause side
effects such as stomach problems.

Always ask your doctor, nurse or pharmacist how long you
should take your gout attack medicine for.




Starting on uric acid medicine

Your doctor should start you on a low dc
to a stronger dose. When youstartonu
also need to take gout attack medicine.
medicines.

1st medicine

Your uric acid medicine is called

You take: Remember, keep taking your uric acid
mg a day for medicine every day even if you get
an attack. Tell your doctor or nurse
— mgaday for if you get an attack. Stop taking uric
mg a day for acid medicine immediately if you get
a bad skin rash. Tell your doctor or
— mgaday for nurse immediately if you get a bad

skin rash.

Take your uric acid medicine every day even if you get a gout attack.

2nd medicine

Your gout attack medicine is

You take:
mg a day for Remember, you shouldn’t take
most gout attack medicines for
—— mg aday for a long time as they can cause
— mgaday for stomach problems.
— mgaday for
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Checking your uric acid level

When you take uric acid m
down to 0.36. You need to
might need to take a stron
don't come down. If you h
levels down to 0.30 to get

Fill in your uric acid levels on this graph

1.0
high 0.9
T 0.8
0.7

Uric
Acd %
Levels 0.5

D
0.3

l 0:

0.1

low

0
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Choosing the right shoe

If you get gout in your foot, try not to wear:

sandals jandals slippers old shoes

These shoes don't support your feet properly when you are walking or
standing. This can affect your balance and make your pain worse.

People with gout in their feet need to wear shoes that:

are comfortable (not too tight), so there is room if your foot swells up
have a wide toe to leave room for your sore toe
have laces or velcro so you can tighten or loosen your shoe

1

2

3

4. have a cushioned insole that supports your foot

5. have a deep heel so your foot fits into your shoe properly
6

have a small heel because high heels can cause problems with your feet,
knees and legs

7. have a firm scle that is not worn.

You need to buy a
laces orvelcro good quality shoe but
1 your shoes don't have

deep heel to be expensive.

If you are not sure
about what shoes
to buy, take this list
I with you and talk to

— small heel

firm sole the salesperson in

the shop.
11
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your doctor, nurse
or pharmacist

What are the possible
side effects from this

new medicine?

What is my uric
acid level? When do I need to

get my uric acid level

checked again? When do | need
What else can I do - . to call you if I have
to bring my uric acid any side effects?

levels down?

Should | stop taking
this medicine if | get
This medicine doesn’t seem to be side effects?
working for me — [ am still getting gout
attacks and my uric acid level isn't going - Do I need to
doewn. Can you talk to a rheumatologist get my heart and
or specialist nurse and ask them what diabetes
else we can do? checked as well?

Do | need to take more

uric acid medicine to What can | say to
Want to know more get my uric acid level my family so they

about gout:

down? don’t get gout?
Health Navigator: \_/

http://www.healthnavigator.org.nz

Your question
/health-topics/gout/

Arthritis NZ:

Phone: 0800 66 34 63

(freephone for cell phones and landlines)
http://www.arthritis.org.nz/what-is-arthritis
{forms-of-arthritis/

This booklet was developed by Workbase Education Trust
as part of a research project funded by the Ministry of Health.

Workbase would like to thank the Maaori Gout Action Group,
Dr Peter Jones, Leanne Te Kar, Arthritis Mew Zealand and PHARMAC
for feedback on this resource.
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Appendix 15. Footwear diary

Week 1 Date: __ [/ [ to_ /[ |/

No. of hours shoes | Any gout flares? | Any pain or discomfort | Comments
worn with the shoes?

M Y / N Y / N

T Y /' N Y /' N

W Y / N Y / N

T Y / N Y / N

F Y /' N Y / N

S Y / N Y / N

S Y /' N Y /' N
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Appendix 16. Foot pain, overall pain and global visual analogue scales

PAIN & WELL-BEING QUESTIONNAIRES

PAIN IN YOUR FEET

How much pain have you experienced in your FEET during the past week?

Place a mark on the line below to indicate how bad you feel your pain has been.

No pain

Very severe pain

GENERAL PAIN

How much general pain have you experienced in the past week?

Place a mark on the line below to indicate how bad you feel your pain has been.

No pain

Very severe pain

GENERAL WELL-BEING

How well have you felt in the past week?
Place a mark on the line below to indicate how well you have been feeling.

Completely
well

Extremely
unwell
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Appendix 17. Health assessment questionnaire-II

HAQ-Il questionnaire

We are interested in learning how your iliness affects your ability to function in
daily life.

Place an x in the box which best describes your usual abilities over the past
week.

Are you able to: Without With With
any some much
difficulty | difficulty | difficulty

Unable

1. Get on and off the toilet?

2. Open car doors?

3. Stand up from a straight chair?

4. Walk outdoors on flat ground?

5. Wait in a line for 15 minutes?

6. Reach and get down a 5-pound object
(such as a bag of sugar) from just
above your head?

7. Go up 2 or more flights of stairs?

&. Do outside work (such as yard work)?

9. Lift heavy objects?

10. Move heavy objects?
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Appendix 18. Lower limb tasks questionnaire

Health and Rehabilitation Research
Institute
Auckland University of Technology

LoweRr LiMB TASKS QUESTIONNAIRE
ACTIVITIES OF DAILY LIVING SECTION

Patient: Date:

INSTRUCTIONS

Plea=e rate your shility to do the following activities in the past 24 hours by circling the number below the appropriate
response.

If you did not have the opportunity to perform an activity in the past 24 hours, please make your begt
aztimate on which response would be the most accurate.

Pleaze also rate how important each task is to you in your daily life according to the following scale:
1 = Mot important
2 = Mildly important
3 = Moderately important
4 =Very important

Please answer all questions.

SEVERE MODERATE MILD MO IMPORTANCE

UNAELE DIFFICULTY  DIFFICULTY DIFFICULTY DIFFICULTY| OF TASK
1. Walk for 10 minutes 1] 1 2 3 4 123 4
2. Walk up or down 10 steps (1 flight) a 1 2 3 4 12 3 4
3. Stand for 10 minutes o 1 2 3 4 123 4
4. Stand for a typicel work day a 1 2 3 4 12 3 4
8 Getonand off 2 bus a] 1 2 3 4 12 32 4
8. Getup from a lounge chair u} 1 2 3 4 12 3 4
7. Push or pull 2 heavy shopping trolley a] 1 2 3 4 12 3 4
8. Getin and out of 8 car 0 1 2 3 4 12 3 4
8. Get out of bed in the moming a] 1 2 3 4 12 3 4
10. Walk across a slope/unsven ground a 1 2 3 4 12 3 4

TOTAL (f40)______

Enguiries concerning this guestionmaire. Profl Poter MiNair, Health and Rehabiliration Research Fustiture, duckland Universizy of
Technology, Privare Bag 92008, ducklaed: New Zealand smail: peter. menairi@ont ac nz Phowme: 02]-0000 Ext 7143

AU

A LSV T D8 1100
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LoweR Live Tasks QUESTIONNAIRE
RECREATIONAL ACTIVITIES SECTION

Patient:
INETRUCTION %

Heaith and Rienablizlon Researen
Auckiand Unversity of Technology

Ing

Date:

Ple3ge rate your ablity to do the foliawing 3citvitizs In the past 24 hours by cireling e nemoer b2iow the Sppropriate

re5panEe.

if you did not have the opportunity 12 peroam an activity In the past 24 hours, pleass make your Sest
astimate on which response would be the mast accurate.

Please also rate how Impartant each 135k I8 1o you In your dally [t according to the Tollowing scake:

Mot Impartant
licly Important

Ple3ee answer all gueshions.

e

pa

EEVERE BODERATE BILD L) INPORTAKNCE

UMAELE DOIFFICULTY DIFFICULTY DIFFICULTY CHFFICULTY] OF TAEK

1. Jogof 10 minutes a 1 2 3 4 123 4
2. Phot o twist quickly while walking a 1 2 3 4 123 4
3. Jump for oistanca a 1 2 3 4 123 4
4 Runfastsprint a 1 2 3 4 123 4
5. Stop and start maving quickly a 1 2 3 4 123 4
. Jump upwards and land a 1 2 3 4 123 4
7. Kick 3 ball hard a 1 2 3 4 123 4
5. Phvot or twist quickly while running a 1 2 k! 4 123 4
9. Kneelon both knees for 5 minuies a 1 2 k! 4 123 4
10. Squatfa the groundfoar a 1 2 3 4 1234

TOTAL [f40)___

Ergpuiries sanssrsing thir guesiionnaire’ Praf Pater WeNaie PRD, Heaiik and Rahabiiiaton Rdssareh Insdifeote, dusbland
Limivarsity of Tachnalogy, Privaie Bag FI005, Auckiand! New Tealand. email! paidr.mengirfloul. de ns Phond: §11-PP00 Exf 7143

AT

o 5 i

221



Appendix 19. Leeds foot impact scale

Name: Ape: Sex:

On the following pages you will find some statements which have been made by people who have Arthntis
in their feet

Instructions: This questionnaire consists of 51 statements. Please read each statement carefully, and then
pick out the one statement that best describes the way you have been feeling. Choose True if the state-
ment applies to vou and choose Not True if it does not apply to you at the moment. Circle the number

beside the statement you have picked.

1. My feet get painful when I'm standing
1 True
0 Not True

2. My feet hurt me
1 True
0 Not True

3. Ifind the pain in my feet fiustrating
1 True
0 Not True

4. The pain is worse when I've been on my feet
all day
1 True
0 Not True

5. At the end of the day there is pain and
tension in my feet
1 True
0 Not True

EThe University of Leeds 20035

6. I never get rid of the stiffness in the back-
ground
1 True
0 Not True

7. My feet throb at night
1 True
0 Not True

8. My feet wake me up at night
1 True
0 Not True

9. I feel as though I've got pebbles in my shoes
1 True
0 Not True

10. T get pain every time I put my foot down
1 True
0 Not True

11. I get a burning sensation all the time
1 True
0 Not True

Subtetal Page 1
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12. I cry with pain
1 True
0 Not True

13. Ican only walk in certain shoes
1 True
0 Not True

14. Ineed shoes with plenty of room in them
1 True
0 Not True

15. I am limited in my choice of shoes
1 True
0 Not True

16. I need a wider fit of shoes
1 True
0 Not True

17. Ifeel I need a lot of padding under my feet
1 True
0 Not True

18. My footwear always feels heavy
1 True
0 Not True

19. I have to keep swapping and changing my
shoes
1 Tre
0 Not True

20. Ican't get any shoes on
1 True
0 Not True

21. I'walk barefoot all the time
1 True
0 Not True

22. I feel unsafe on my feet
1. True
2. Not True

23. I have to walk for a bit and sit for a bit
1 True
0 Not True

24 Ican’t run
1 True
0 Not True

25. Ifind I shuffle around

1 True
0 Mot True

Subtotal Page 2
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26.

27.

28.

29.

30.

31

32

I am limping about all the time
1 True
0 Not True

I have to use a walking stick or walking
frame

1True

0 Not True

It takes me all my rime to climb the stairs
1 True
0 Not True

Ineed help to climb srairs
1Tme
0 Not True

I can't walk on cobbles
1 True
0 Not True

I am unsteady on uneven surfaces
1. True
2. Not True

I can’t walk as far as I would like to
1 True
0 Not True

33

34.

35

36

37.

38

30

. It takes me longer to do things
1 True
0 Not True

My whole life has been adapted
1 True
0 Not True

My feet restrict my movement
1 True
0 Mot True

I get annoved because I'm slower
1 True
0 Not True

I get frustrated because I can’t do things
So quickly

1 True

0 Not True

My whole life has slowed down
1 True
0 Not True

It’s reduced the range of things I can do
1 True
0 Mot True

Subtotal Page 3
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40.

41.

42

43,

45.

I have to plan everything out
1. True
2. Not True

Ican’t keep up like I used to
1 True
0 Not True

Socially it’s affected my a lot
1 True
0 Not True

I am ashamed of how I walk
1 True
0 Not True

. I'm nervous of missing a curb edge

1 True
0 Not True

I feel isolated because I can't go very far
1 True
0 Not True

44.

47.

48.

40,

50.

51

I feel I slow other people down
1 True
0 Not True

Ican't do some of the things I take for
granted

1 True

0 Not True

I can't go for walks with the people close to
me

1 True

0 Not True

I'm finding it difficult to be independent
1 True
0 Not True

I dread finishing up in a wheelchair
1 True
0 Not True

1 gert frustrated because I can’t do things for

myself
1 True
0 Not True

Subtotal Page 4

Subtotal Page 3

Subtotal Page 2

Subtotal Page 1
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Appendix 20. Footwear visual analogue scales

FOOTWEAR COMFORT, FIT, EASE OF FIT AND WEIGHT OF SHOE

FOOTWEAR COMFORT

How much comfort have you experienced in the past week with your shoes?
Place a mark on the line below to indicate how comfortable your shoes have been.

Extremely Extremely
Comfortable Uncomfortable
SHOE-FIT

How well have your shoes fitted over the past week?
Place @ mark on the line below to indicate how well your shoes have fitted.

Best fit Poorest fit

possible possible

EASE OF PUTTING SHOES ON AND OFF

How easy has it been putting your shoes on and taking them off over the past week?
Place @ mark on the line below to indicate how easy it has been to take your shoes on and off.

Most difficult
as possiole

Easy as
imaginable

WEIGHT OF 5SHOE

How heavy have your shoes been over the past week?
Place a mark on the line below to indicate how you feel about the weight of your shoes.

Extremely

Extremely hea
light v ey
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Appendix 21. Participant information sheet

Participant
Information Sheet =i

Date Information Sheet Produced:
5" June 2015
Project Title

The clinical effectiveness of foot-care treatments in the reduction of foot pain and disability in people with
gout

An Invitation

My name is Keith Rome, a Professor in Podiatry and | would like to extend a warm invitation to you to
participate in my research project. This is also a part of a PhD being undertaken at AUT University. This
project will confribute towards a good understanding of how foot-care treaiments can reduce pain and
disability in people with gout. The project is funded by the Auckland Medical Research Foundation (AMRF).

What is the purpose of this research?

Gout is 3 major cause of pain and disakility in Aotearca New Zealand. Foot pain occurs in most people with
gout. We propose a long-term clinical trial examining the effects of foot-care freatments on foot pain and
disability. The trial will assess the effect of two different foot care packages. The study findings will be used
to make evidence-based recommendations regarding foot-care treatments for people with gout.

How was | identified and why am | being invited to participate in this research?

This project inwites participants of any age abows 20 years old who have gout “ou are welcome to
participate if you are over 20 years of age with 3 good grasp of the English language. However, if you have a
medical history of foot or ankle surgery. neuromuscular problems ar rheumatoid arthritis | will be unakle o
include you in this study regretiably. Your invohrement in this project is voluntary and you are welcome to
withdraw your participation at any time without reason.

What will happen in this research?

W will ask you to attend AUT School of Podiatry clinic aver at the Morth Shore. We will then ask you
questions about your gensral health and any other foot problems you hawve relating to your gout. We will then
ask you to walk along 3 walkway weaaring your current foobaear. We will then ask you to repeat this again
using a new pair of shoes. ¥YWe will imite you back in B-months and assess your new shoss. Food and
beverages will be provided and you will have an epporiunity to rest between ach walk.

What are the discomforts and risks?
There are minimal risks. You may encounter a blister ar rubbing.
How will these discomforts and risks be alleviated?

If blistering or rubbing does accur and prevents you underiaking everyday activibes we will treat the foot
complaint.

What are the benefits?

The aim of the proposal is to improve foot pain and impairment in people with gout. The study proposed will
be immediately impact imto clinical practice. All participants will receive a surnmary of findings. The ressarch
will also highlight the role that a health care professional can play in the assessment and management of
patients with chronic gouty arthritis.
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What compensation is available for injury or negligence?®

In the unlikely event of a physical injury as a result of your participation in this study, rehabilitation and
compensation for injury by accident may be avsilable from the Accident Compensation Corporation,
providing the incident details satisfy the requirements of the [aw and the Corporation’s regulations.

How will my privacy be protected?

Your name, birthdate and any personal information that could identify you 35 an individusl will not be wsed in
this study or published in any medium. AN the information that is provided by you will be treated as
confidentisl and strict access will only be available to the researchers and yourself upon request.

What are the costs of parficipating in this research?

There will be no financial cost o you if you decide to participate in this research. We would Bke to offer you
the costs of travelling from home to AUT Morth Shore and back to home.

What opportunity do | have to consider this invitation?

You have one-week to decide whether or not you would like to accept this invitation. | would like to armangs
an appaintment time with you at least two (Z) weeks beforshand so that | can secure the eguipment needed
for this study. Please maks sure you thoroughly read this Information Sheet and have any concems
anzwiered before you participate.

How do | agree to participate in this research?

If you would like to paricipate in this study pleass contact Katie Hayden via the details given below. | will
then give you a Consent Form (or send ons if requested) to fill out and sign. to secure your place in the
study.

Will | receive feedback on the results of this research?

If you are interested to see the outcomses of this research please indicatz 5o on the applicable section of the
consent form. The resulis will be sent to you in the form of 3 written summary and any papers that may be
published as a result of this study can be scocessed wpon request

What do | do if | have concerns about this research?

Any concems regarding the nature of this project should be notified in the first instance to the Project
Supervisor, Professor Keith Rome (contact details below)

Concerns regarding the conduct of the ressarch should be notified to the Executive Secretary of AUTEC,
Kate O"Connor, efhicsi@suf ac.nz , B21 9988 ext 038,

Whom do | contact for further informatien about this research?
Researcher Contact Details:

Katie Hayden

Phone: D800 4388 288 or 022 164 3052

Email: khayden@aut.ac.nz

Project Supervisor Contact Details:

Professor Keith Rome

Phone: 821 B89 extension TE33

Email: k.romef@aut.ac.nz

Approved by the Ausiclsnd Unlverclty of Tashnology Ethlos Committes on 0082075, AUTEC Refersnce number 14233
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Appendix 22. Consent form

Consent Form
UNIVERSITY

T AR A AN D TALRS R MR KA B

Project title: The clinical effectiveness of foot-care ftreatments in the

reduction of foot pain and disability in people with gout

Project Supervisor:  Professor Keith Rome

Researcher: Mike Frecklington

o | have read and understood the information provided about this research project in the Information
Sheet dated 05 June 2015

o | have had an opportunity to ask guestions and to have them answered.

o | understand that | may withdraw myself or any information that | have provided for this project at any
time prior to completion of data ceollection, without being disadvantaged in any way.

o | understand that upon withdrawal, all personal information and individual data wall be destroyed.

o | agree to have foot measurements undertaken and understand that they will only be uwsed for
academic purposes. Publications outside of this project cannot eventuate without my written consent.

o | understand that all personal information that could potentially identify myself will be strictly
confidential and safeguarded in a password-protected file. Thiz information will only be used for the
requirements of this study.

o | truthfully state that | have not received freatment with foot erthoses or footwear within the previous
three (3) months, or had any history of foot and ankle surgery or rheumatoid arthritis

o | henceforth agree to take part in this research.

o | wish to receive a copy of the report from the research (please fick one): YesC  MNoO

L L e T LT g =

Participant's name:

Participant's Contact Details {if appropriate):

Drate:

Approved by the Auckland University of Technology Ethics Committee on 09/06/2075 AUTEC
Refaronce number 14/233

Nafe: The Participant showld retain a copy of this form.
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Appendix 23. The footwear experiences of people with gout: a qualitative
study

Frecidingion ef al. kaumal of Foal and Ankde Research {2019) 1228

https s dol o101 186/51304 7401903 83-7 JDumaI of

Foot and Ankle Research

RESEARCH Open Access

®

Chack for
upnstes

The footwear experiences of people with
gout: a qualitative study

Mike Fracklington™, Anita Williams®, Micolz Dalbeth®, Peter McNair', Peter Gow® and Keith Rome'

Abstract

Background: Faotwear is an impaortant concemn for peopke with gout, who often desaibe difficulty finding suitable
foatwear. Previous studies have identified footwear as a major concem far peaple with gowt. The aim of this study
wias to carry out an exploration of the footwear experiences of people with gout.

Methods: A qualitative descriptive methodaological approach was used for both data collection and anakysis. A
purpasive sampling strategqy was adopted with semisstructured interviews conducted, imvalving 11 participants with
gout. Thematic analysis was emploved to identify key meanings and patterns within the data.

Results: Four key themes derved from intenviews indodaed; (1) comfort as a prarity, (2) knowing what to buy, (3)
knowing what towear, and @} challenges of different emviranments. Footwear comfort was of great impaortance
and linked to characteristics of footwear, with uncomfortable footwear negatively influencing partidpation in daily
activities. The balancing of comfort, appearance and dost, led to kess options and reduced confidence when shoe
shopping. Footwear use was further limited by the presence of foot tophi and flares, resulting in compromise of
footwear choice. Ervironments such as formal settings and the workplace, led to different footwear requirements.

Condusion: People with gout experience prablems with footesar which can impact many aspeas of life. Health

appropriate footwear,
Keywords: Gout, Footwear, Qualitative reseanch

care professonaks should corsider these footwear-related issues to help fadlitate those with gout in finding

Badkground

Gout & a common form of inflammatory arthritis char-
acterised by deposition of monosodium urate (MSL)
crystals, which form in people with high serum urate
levels (hyperuricaemia). Gout can present as intermittent
episodes of acute arthritis (gout flares) andfor subcuta-
neous nodules of MSU aystals (tophi) [1]. People with
gout experience high levels of foot pain, impairment and
disability [2]. To reduce the impact of gout related foot
pain, appropriately designed footwear has heen used [3].
However, it has been found that people with gout fre-
quently wear footwear which is ill-fitting, lacks cushion-
ing and lacks suppart. This may be due to inappropriate
design at the point of purchase, or the wearing of the
footwear over time resulting in effective design compao-
nents becoming ineffective. Factors related to footwear

N Comespon dence: mike fecdngon@atace

Health and Befublitation Researdh Imsttute, AUT University, Prvate Bag
S, Auuckiand 1142 Mew Zedand

Full =t of authar infirmaton is asalable atthe end of the artce

B BMC

may contribute to the high lewels of foot pain, impair-
ment and disability [4].

Footwear is an important concern for people with
gout, with previous gqualitative work highlighting
footwear-related issues such as the inability to wear foot-
wear during gout flares [5-7], uncertainty about what
footwear type and design [E 9, and difficulty finding
footwear which accommaodates for foot tophi [5 9], Fur-
ther, in a previous mixed-methods study using an online
survey with open-ended questions people with gout re-
ported difficulty finding suitable shoes, revealed the im-
pact of shoes on activity and identified what they
preferred in relation to footwear features [10]). Although
the impact of gout on footwear choice and use has been
described, there is limited understanding of the experi-
ences and perceptions of footwear of people living with
gout. The aim of this study was to explore the personal
experiences of footwear in penple with gout.

@ The Audhonk) 1005 Dpein ACosss Th amice & dsrinsed uncer the termns of e Cheadve: Commons: Az mibedon 4.0
raararioral Liceree (e e verormimors orguline ree-iy 4 ) which parrmiss unresioed use, drbusion, and
oot o In ary maduen, prodcisd oo ghe appeoprin e credl o the onolral sudhons) and the soorce; provicke a Ik o
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Methods

Design

This qualitative study sought to gain insight into the
subjective experiences of people living with gout in
obtaining and wearing footwear [11]. Semi-structured
interviews were conducted to explore the participants’
individual perspectives. Inclusion driteria were: gout ac-
cording to the 1977 preliminary American Rheumatism
Association criteria [6], =20 years of age, and no history
of other inflammatory arthritis or neuromusoular dis-
ease. Those who are unable to provide informed consent
were excluded Ethical approval was obtained from the
Auckland Univesity of Technology Ethics Committee
(14/233) and all partidpants provided written informed
consent.

Participants

Participants were recruited through public newspaper
advertising in Auckland, New Zealand using purposeful
sampling. Eligible participants were selected to achieve
diversity acmss the following characteristics; gender, ath-
nidty, disease duration, presence of foot tophus, serum
urate, frequency of gout flares.

Data collection

Faceto-face interviews were undertaken either at the
Auckland University of Technology or their home. Inter-
views were conducted by ME who is an experienced po-
diatrist and has previously heen involved in footwear
studies of people with gout The interviews were audio-
recorded. Initial discussions with the participant were
held to determine a shared definition of footwear and
direct them towards the area of interest. Participants
were invited to bring pairs of their own foobwear to fur-
ther enhance discussion Interview questions were devel-
oped based on previous studies in gout [3, 4]. An
opening question of *... tell me about your experiences

Table 1 Participant demdograp hics
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of footwear? was asked, followed by additional trigger
questions (open-ended and directed), and the opportun-
ity for participants to express additional ideas they felt
were important (Additional file 1) Questions were de-
signed to promote two-way dialogue when exploring
areas of interest, with regular summarises of the content
discussed shared with the participant during interviews.
The interviews lasted between 20 and 90 min.

Data analysis

Data collection and analysis oocourred simultanecusly and
iteratively, and it emerged that this reated new insights
and additional dialogue, which influenced subsequent in-
terviews and analyses. Interviews continued until the a-
thors considered that sufficient information power was
achieved by the clear research aim, diversity of partid-
pants across the sampling framework and the depth of
dismussions during interviews. Diata was analysed usingin-
ductive thematic analysis [12] which aligns with qualitative
description [13]. Audio recordings of the interviews were
transcribed verbatim, anonymised to ensure confidential-
ity, and analysed after each interview. Transcripts were
read and re-read to immemse the researcher in the data
Teanscripts were then marually coded by ME with initial
ondes and concepts reviewed by a seoond author (AW,
Generated codes were then grouped into potential themes
and sub-themes. These were then reviewed to determine a
dear distinetion between each theme The final themes
were defined, named and agreed upon by all authors. Dhs-
trative quotes from transcripts were selected to provide
evidence of each theme.

Results

Mine males and two females were interviewed. There
was divesity across age, gender, ethnidty, and dinical
features, consistent with the sampling framework
(Table 1). Four central themes were derived from the

Pafcigen! Gender  Age jpexy)  Etfnicly Dimsris duraion jpess) Topghee  Sem oae fmenobl) Flas Secquency (s ye)
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2 M 54 Micn -7 N 040 3

3 M a3 Micw ] H 7 -3
4 M 40 NZ Euscgpean N 043 5

5 M 4 Pacilic kland M 045 2-3
[ M a Pacilic kland ] ¥ nsa [

7 F 53 Micn 2 N 041 1-2
a M 72 MZ European ] M ] -2
9 M 58 NZ Ewopean 5 N 054 a
1] M & Paciic bland 20 N 034 &

1 M 0 MT Europesn 15 Y a a
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data; (1) comfort as a priority, (2) knowing what to by,
(3) knowing what to wear, and (4) challenges of different
environments. The thematic map showing the four cen-
tral themes and sub-themes is displayed in Fig. L

Comfort as a priority

All participants stated the importance of comfort, sup-
porting the idea that having comfortable footwear was a
priority. The concept of striving for comfort was evident,
with feelings of satisfaction upon finding comfortable
footwear:

I didn’t realise that you can have congortable shoes,
cause ['ve never had congfrtable shoes before”
Participant 10, Male, 48 years old

For some, feeling comfortable was more important
than ‘looking good*:

“Fve been wearing shoes in the pas thar down’t look
good, but they are comfortable. That's and then, [
mean [ always get eves and looks and weirds, but [
didn’t really care I was fust like ‘o, 'm congortabie
man™ Participart 6 Male, #0 years old

Footwear characteristics such as having good fit, cush-
ioning, being lightweight and having enough room to

Page 3ok &

accommodate the foot, were identified as important
influencers of footwear comfort:

“The fit of the sihoe is important if it too, if it oo
tight then it’s not comfortable” Participant 8, male, 72
years old

Having uncomfortable footwear led to foot pain,
which in turn could influence one's mood and ability
to participate. This consequence was viewed with
frustration:

“Fin the person wio has to st with a problews when [ gt
e toright because py et are wore, and thew [ can’t
sleep, and then you don't sleep, and then you're miserable
a5 H the next moming and then you've got to work, and
you're gy " Participant 1, Female, 61 years old

Knowing what to buy

Barrers to shoe shopping were described including
budgetary constraints, limited range, and a lack of confi-
dence in knowing what the right shoe is to buy. Finding
a halance between comfort and appearance was fre-
quently described:

“The shoe looked really primo, but [ knew straight
away even with the bigger size fitting it was really

-
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uncomgfortable. I thought, no I can'’t put myself through
this case M end up with very sore fer you know and
ah so I didn't buy them” Participant 10, Male, 43
years old

For others, this balance was strongly influenced by
cost, placing further limitations on the footwear available
fordng some to ‘work with’ what was left:

“F thavk it jase poy e,y budger wise, Wiat am [
able to afford wn, compared to what is out of my price
range” Participant 6 Male, 0 years old

Obtaining advice was diffimlt creating uncertainty sur-
rounding the right type of footwear to buy. This resulted
in a ladk of confidence with purchases based on negative
past experiences, such as footwear becoming uncomfort-
able shortly after leaving the shop:

I can try something on in the store and think oh
my god this is so comfortable, fantastic, problem
solved” and then, um it might not be for two or
three wears then Tl be walking, and that pain will
come back and it’s like if I don't take these shoes off
well it’s just going to escalate™ Participant 7,

Female, 53 years old

In contrast, some found shoe shopping relatively
straight-forward, with gout playing little role in the
dedsion-making process when purchasing footwear:

“f haven't even really thought about bieying shoes
related to the gowt”™ Participant 11, Male, 70 years old

Krnowing what to wear

Despite owning multiple pairs of shoes, participants de-
scribed a lack of suitable options with respect to the
footwear in the cupboard Having gout meant that foot-
wear which was previously suitable, was no longer
appropriate:

“In terms of shoes pre-gout, the only shoes I can still
wear are these, that I had before [ ever had gout™ Par-
ticipant 7, Female, 53 years old

Those with tophi described difficulties in accommao-
dating for deformity, and how affected sites were irri-
tated by certain footwear:

I I go out Il wear leather, proper leather shoes.
Trowble is with that bump on my toe it’s a bit of a
pein aye You know, we very restrictive actually”
Participant 6, Male, 0 years old
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The unpredictable nature of not knowing whether
footwear would remain comfortable or exacerbate their
foot problems was described. For some, inappropriately
firting footwear could lead to a flare:

I wore those, and it basically, again longer shoe
but ot enough width so that just aggravated it and
kingd of spoiled a day or two of the holiday, because
my foot was flared up” Participant 4, Male, 40
years old

For some, there was resignation that finding footwear
compatible with their foot and beliefs may not be pos-
sible, with others accepting that their current footwear
may be as good as it gets. Compromise was evident:

“Having this gout there’s not muich, there’s not much
arowd. It almost like herek wiar you've got to iy
and fit into, try to make it part of you, sort of wm your
Joorwear” Participant 6, Male, 40 years old

(hallenges of different environments

Participants described that their footwear requirements
were different depending on the situation. In formal set-
tings, there was tension between having comfortable
footwear and maintaining appeamnce The trade-off of
sacrificing footwear comfort was to put up with the pain
during and after the occasion:

“You've got a formal or a fancy event to go to, you kind
of, you just sacrifice as F've said earlier you deal with
the consequence tomorrow because this looks right or
this is more appropriate for that activity so you just
basically suck it up and consequences come tomorrow”
Participant 4, Male, 40 years old

Health and safety requirements dictated the footwear
choices for several participants. Steel cap boots were
viewed as limiting due to being heavy, inflexible and re-
strictive in the forefoot. Some would adapt their foot-
wear habits to accommodate for their gout symptoms
during a flare

“When [ got the gout, [ still go to the work, one safty
boot, one smeaker” Participant 2, Male, 54 years old

For others footwear discomfort resulted in a change in
workplace practice:

“Even though I can work with the footwear [ don't stay
on mey feet as long, so Pl try and stay on the hoist, Fre
changed ny-my work stricture to-to suit the ailment”
Participant 5, Male, 49 years old
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In contrast, some participants did not report any sig-
nificant issues as they had found footwear which was
comfortable and acceptable for the environments in
which they interacted:

“Tdon't ah spend a lot of time thinking about my
shoes § wear them and that's that And once I, and
once you've got a congfortable pair you don't need to
think a lot aboig it" Participant 3, Male, 83 years old

Discussion

This study offers unigue insights into the foobwear expe-
riences and the footwear-related issues of people with
gout, with four themes described Factors contrbuting
towards comfortable and acceptable footwear were read-
ily identified, however, the pracicalities of finding and
choozing footwear which met these requirements was
challenging. There was uncertainty in knowing what the
best footwear was and whether footwear would exacer-
bate foot problems.

Participants placed footwear comfort as a priority,
which aligns with previous research [4]. However, what
was additionally revealed i that ‘comfort’ was linked to
individual footwear characteristics, supporting the con-
cept that particular footwear characteristics help to re-
duce the burden of foot pain and disability in those with
gout [3, 10].

Our findings demonstrate that some people with gout
struggle with finding appropriate footwear, aligning with
previous research [9, 10]. When shopping, there was a
desire to find footwear that met requirements for both
comfort and appearance. Factors such as cost [4, 10]
added further constraints on footwear choice. Partici-
pants described limited footwear options and reduced
confidence with their footwear purchases, which may
help to ecplain the high occurrence of poor-guality foot-
wear worn by people with gout [4].

Prior studies have shown the impact of gout flares [6]
and tophi [5, 9] on footwear choices. Partidpants in this
study desribed similar narratives, and we also found
that footwear could in turn exacerbate gout symptoms.
Having gout meant that participants’ footwear needed to
meet their current foot health status rather than their
previous footwear expectations.

The impact of footwear extended beyond foot symp-
toms. There was an insepamble link between the partici-
pants footwear and their clothing outfit, meaning
footwear dedsions for sodal occasions were often made
tothe detriment of comfort. Where health and safety re-
quirements determined choice, strategies such as not
wearing a safety boot during flares demonstrates how
footwear can be a limiting factor, resulting in potentially
unsafe workplice hehaviour. This is a partiolar
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challenge in gout, which frequently affects men of work-
ing age [14] adding another element to the difficulty that
people with gout face when managing their gout synp-
toms and maintaining employment participation [7, 9].

We found some patidpants did not have any foot prob-
lems or difficulyy with foobwear and others who did not
consider gout in their decision-making anrounding foot-
wear even if their gout is problematic This appears to
contrast previous studies highlighting the difficulties en-
countered by people with gout [5-8, 10, however, is similar
to other work [9] reporting a diversity of experience with
gout, and that not everyone with gout has foot problems or
has the same foot problems This saiggests a need for more
individualised approaches based on the patient experience.

The lack of suitable options both when purchasing
footwear and lack of choice in those already owned was
acknowledged by participants. Potential solutions to as-
sigt in finding appropriate footwear have been proposed
for people with foot problems [15]. Health care practi-
tioners involved in foot health and footwear can use this
information to help those with gout reduce the disease
burden on foot health. Footwear manufacturers and
those in the retail setting should consider the challenges
that people with gout face in finding suitable footwear.

Potential imitations of this study are that it was con-
ducted in an urban region and may not represent the ex-
periences of people in rural locations who have different
footwear needs. The participants’ occupation and socio-
economic statis were not part of the sampling framework,
however, we acknowledge that these may have an infln-
ence on footwear experiences and issues [15]. Another
factor not captured is the possible influence of any previ-
ous footwear education on the results. Howewver, it is clear
that despite any previous education, these participants still
experience difficulties. Hence, given the difficulties experi-
enced by the participants of this study, future work is
needed to develop footwear education for people with
gout Participants were aware at the time of recruitment
that the study was about footwear ecperiences, and those
with negative experiences may have been more interested
in partidpating, therefore, the study findings may nat be
generalizable to all people with gout.

Conclusions

People with gout experience problems with footwear
which can impact many aspects of life. Gout can limit a
person’s ability to find comfortable footwear which is
acceptable and attainable In addition, the environ-
ment in which people interact presents additional
challenges to achieving comfortable footwear. Health
cre professionals should consider these footwear-
related issues to help facilitate those with gout in
finding appropriate footwear.
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Appendix 24. Effects of a footwear intervention on foot pain and disability

in people with gout: a randomised controlled trial

Frecklimgton et al. Arthvitis Resaarch & Thergpy (2019) 21:104
hitpec ol org/ 01 16/413075-019- 1486y Arthritis Research & Therapy

RESEARCH ARTICLE Open Access

Effects of a footwear intervention on foot .;.@9.
pain and disability in people with gout: a =
randomised controlled trial

Mike Frecklington "1E:|, Nicola Dalbeth™, Peter McMair', Trish Marmpeth', Alain C. Vandal®®, Peter Gow® and
Keith Rome'

Abstract

Background: Therm is limited evidence supporting the long-term effect of a foot care package that incluedes footwear
far people with gout The aim of this study was to investigate the effectiveness of a footwear Intersention on foot pain
and disability in people with gout over & months.

Methods: Farticipants with gout [n = %) were randomly allocated to either a contral group (podiatric care and gout
education) or footwear intervention group [podiatric care and gout education plus a cormmercially available athletic
shoe). Measurements were undertaken at baseline and 2, £ and & months, Primarny outcome was foot pain severity.
Secondary outcomes were overall pain, foot impaiment/disability, footwear comfort, fit, ease and weight. Data were
analysed using repeated measures models,

Results: Baseline foot pain scomes were low, and no differences in foot pain scores were observed between groups
over & months (adjusted effect estimate =67, 95% Ol = 164 to 29, P=017). Improvements between groups in overall
pain scores (ad justed effed estimate: — 13.2,95% O - 222 to — 4.3, P < 001} and foot impaiment/disability scores (— 4.
7,95% C1 =91 to =03, P=004 favouring the footwear intervention were observed at 2 months, but not at £ or

& months, Improvements between groups in footwear fit [adjusted effect estimate: - 111, 9% d - 21110 =10, F=0
(B}, ease (- 13.2,95% O - 238 to - 2.7, F=001) and weight (- 103, 95% Cl - 198 to — 08, P=003) favouring the
footwear intervention were ako observed over & months, Similar improvements were abserved for footwear comfort
at 2 and £ months. No other differences in secondary outcomes measured were observed at & months (F > (05).

Conclusions: Addition of footwear 1o a foot care package did nat improve foot pain in people with gout. Short-term
improvements in overall pain and foot impaiment/disability and mare durable improvements in footwear comfort and
fit were observed with the footwear intervention,

Trial registration: ACTRM12614000209695. Registered 27 February 2014, httpef'www anactrongawTrialseanch,
aspe?searchTxt=ACTRNT 2612000 20068 54 sBasic=True

Keywords: Gout, Foot, Footwear, Foot pain
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Background

Gout commonly affects the articular and soft tissue struc-
tures of the feet, especially the first metatarsophalangeal
joint [1] and Achiles tendon [2]. Foot problems are com-
maonly described by people with gout [3], and people with
gout experience high levels of foot pain, impairment and
disability [4].

Regular podiatric care s associated with a reduction in
foot pain and disability in people with nflammatory arth-
ritis, including those with gout [5]. Prescribing footwear
muay be part of a foot care package for people with arthritis
affecting the foot and ankle. For example, footwear inter-
ventions can improve foot pain and function in people with
rheumatoid arthntis and foot ostecarthritis [6]. In rheuma-
toid arthritis, footwear interventions can ako improve
plantar pressure measurements and walking speed [&].

A footwear intervention may also benefit people with
gout A substantial proportion of people with gout wear
footwear lacking in cushioning, support, stability and
motion control [7]. Furthermore, patients with gout
wearing poor footwear report higher pain and disahbility
scores [7]. We have reported the results of a feasibility
study, showing that commercially available athletic foot-
wear with heel and forefoot cushioning, a dual density
midsole and rocker sole reduces foot pain and disahility
in people with gout at 2 months [8].

Currently, the evidence supporting the long-term
effect of a foot care package that inchides footwear for
people with gout is limited. The aim of this study was to
investigate whether addition of footwear to a foot care
package has benefit on foot pain and disability in people
with gout over & months,

Methods

Study design

The study was a G-month, two-arm, parallel randomised
controlled triall comparing two foot care packages for
people with gout, registered as a clinical trial with the
Australian New Zealind Clinical Triak Registry (ACTR
126 140002 (56595 ).

Participants
Participants were recruited from public hospital rheuma-
tology clinics and through public newspaper advertising
throughout Auckland, Mew Zealhnd. Participants were
recruited between October 2014 and June 2016, Inclu-
sion criteria were gout according to the 1977 preliminary
American Rheumatism Associaton classification criteria
[9] and over 20 years of age. Exclusion criteria were his-
tory of other inflammatory arthritis or neuromuscular
disease, experiencing a gout flare at time of screening
visit, medication for foot pain in the past 4 weeks, pre-
scription of footwear andfor foot orthoses in the past
3 months, previous foot and ankle surgery or unable to
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walk 10 m unaided. The trial was approved by the New
Zealand Ministry of Health, Health and Disability Ethics
Committees (14/CEMN/117), and all participants provided
written informed consent.

Randomisation and blinding

Participants were allocated 1:1 to the control group (po-
diatric care and gout education) or footwear intervention
group (podiatric care and gout education plus a com-
mercially available athletic shoe) using unstratified block
randomisation with random block sizes. Centralised ran-
domisation allowed the use of a sealed opaque envelope
system. Randomisation of participants was undertaken
by a research assistant with sole access to envelopes and
not involved in data collection. Treating clinicians were
not involved in the randomisation of participants. Partic-
ipants could not be blinded to their study group. Partici-
pants invited into the study were informed they would
receive a foot care package, without specific mention of
footwear. Post-randomisation, participants were not in-
formed of the intervention modalities in the other ran-
domisation group.

Assessment

Participants attended study visits at the Auckland Uni-
versity of Technology Podiatry Clinic from MNovember
2014 to February 2017, Baseline assessment included the
recording of age, gender, ethnicity, body mass index
(BMI), medical history and current medications.
Drisease-specific data included latest serum urate, disease
duration, number of gout flares in the last 3 months and
tophus count (total and at the foot).

Interventons

Participants attended two-monthly visits over a 6-month
period. At each stady visit, participants received standar-
dised podiatric care comprising of palliative care of nails
and skin, temporary padding, wound care, emollient use,
footwear advice, foot care advice and gout education deliv-
ered by an experienced podiatrist (TM). Gout education
was ddivered using a pamphlet produced by the New Zea-
land Ministry of Health including information on the
causes of gout, the role of urate in development of gout,
pharmacological management, monitoring of serum urate
level and general footwear advice (https:/fwww health.
govtnz/system/files/documents/topic_sheets/stop_gout_b
ooklet-dec2015.pdf ). General footwear advice included in-
formation regarding footwear comfort, fit, cushioning, sole
and heel height. In addition, participants in the footwear
intervention group received a pair of ASICS Cardio Zip 3
shoes to wear during daily activities (Fig. 1). This footwear
was chosen based on the findings of a previous feasibility
study [8], and its characteristics including heel/forefoot
cushioning, dual density midsole, wide-fitting option and
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Fig. 1 ASCS Camdio Jip 3 shoes. a Men's and women's colour b
Wamen's cobour only. Women had the option of dhoosing banwesn

T T OOMCANS
h, h

a zip for ease of fit. To determine the appropriate footwear
size, the participants foot length and width were mea-
sured by the podiatrist using a Brannock device. Women
had the option of choosing between a black or white
colour, with men having a black colour only. Footwear
was then fitted by the podiatrist

Dutcomes

Cutcome measures were measured at baseline and 2, 4,
and & months. The primary outcome was partidpant-re-
ported foot pain, measured using a 100-mm visual analogue
scale (VAS) using the anchors of ‘no pain’ (0mm) to very
severe pain’ (100 mm) [4, 8]. Secondary outcome measures
inchyded participant-reported overall pain (global represen-
tation of pain) using 1-mm VAS, with lower scores indi-
cating less pain, patient global assessment using 100-mm
WAS, with lower scores indicating better wellbeing, and ac-
tivity limitation using the Health Assessment Cruestionnaire
(HAG-I) [10]. Overall pain, patient global assessment and
HACHI measures have been endorsed by Cutcome Mea-
sures in Fheumatology (OMERACT) for use in gout stud-
ies [11). Lower limb function was assessed using the
activities of daily living and recreational activities subsoles
of the Lower Limb Tasks Questonnaire (LLTC)), with
higher scores indicating better functon [12). Foot
impairment and disability was measured wsing the Leeds
Foot Impact Scale (LFIS), with lower scores indicating less
impairment and disability [13). The LLT() and LFIS have
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been used in previous gout studies [8, 14]. Participant per-
ceptions of footwear comfort, fit, ease and weight were each
evaluated using 100 mm VAS, with lower scores indicating
better comfort, fit, ease and weight Self-reported footwear
daily diaries were wsed to record footwear use and adverse
events measured over the 6 months in the footwear inter
vention group, returned at each study visit [8]. The charac-
teristics of the footwear worn by the control group were
measured at each study visit. Participants were also ashed
at each visit about whether they had experienced a gout
flare since the last study visit.

Sample size

Initial sample size calculations were based on a previous
feasibility study [8]. To detect the minimally important
difference of - 15mm in the foot pain VAS (- 17.2 mm
detected in feasibility study, p=0.003) with power 0.80,
using the repeated measures model detailed below with
a baseline to 6-month correlation of 030 would require
52 participants in each group (correlation extrapolated
from feasibility study). Using a conservatively estimated
loss to follow-up rate of 25% at & months, the initial aim
was to recruit 140 participants. A protocol amendment
containing a revised sample size computation was sub-
mitted to and approved by an independent data moni-
toring committes, due to a decline in recruitment and
lower than estimated withdrawal rates. The revision used
a new estimated baseline to 6-month correlation of 049
in the primary outcome and a new dropout rate, based
on the first 38 completions. A revised sample size of 39
completions per group was determined. At an estimated
loss to follow-up rate of 15%, the target recruitment was
92 participants (46 per group).

Statistical analysis

Primary and secondary analyses were based on an
intention-to-treat (ITT) analysis set, from which only
participants with no baseline nor post-randomisation
data were excluded. Primary and other outcomes were
compared across the treatment groups using repeated
measures models of outcome data at 2, 4, and 6 months
adjusted for baseline. A blind review of the data was
undertaken at the end of the trial to consider the spe-
cific regression models to use, inclusion of covariates,
the appropriateness of multiple imputations for any
missing covariate and any necessary data transform-
ation. Continuous outcomes were fitted using linear
mixed models except for footwear-related wvisual
analogue scale outcomes, fitted with a scaled zero-in-
flated heta regression model (generalised additive
model for location, scale and shape) due to an in-
creased proportion of zero scores recorded for these
outcomes. Age, gender, ethnicity, BMI, colchicine use,
non-steroidal anti-inflammatory drug use, prednisone
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use and the presence of subcutaneous tophi at baseline
were considered for inclusion n the regression models
during a blind review, absent all knowledge of alloca-
tion. Partial B was used as the main selection criterion.
Ten multiply imputed data sets were produced, using
all observed data, under an assumption of Missingness
at Random. No data transformation was found to be
needed. Mo correction for multiple testing was applied.
All tests were carried out at a significance level of 0.05
against two-sided alternatives. Data were analysed using
SAS version 9.4 and R version 3.2

Results

Participant flow and characteristics

Figure 2 shows the flow of participants through the
study. There were 187 potential participants screened
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and 94 randomised. Participants were predominantly
male of New Zealnd European ethnicity, with over 10
year’s disease duration and on urate-lowering therapy
(Table 1). High rates of obesity and comorbidities such
as hypertension and cardiovascular disease were ob-
served. Notble differences between groups inchided the
higher number of tophi reported in the control group.
Poor footwear was common at baseline, with the major-
ity of participants wearing footwear which was worn and
over 12 months old (Table 2).

Recorded protocol violations included randomisation
of three participants who consented but did not
complete the initial study visit (excluded from the ITT
set), and the withdrawal of one participant who consented
but was later found to have had foot surgery with a toe
amputation, post-randomisation (included in the ITT set).
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& Diggnois of other inflamesanory arhiiti [ne=13]
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Table 1 Bassline descriptive statistics

Page 5 of 10

Variahls ot ar intenvention g i =47) Conteol group (=47
Sew, maks, 1) A (A5 EEREIL ]
Ade, yeas 26 (170) 6824 {137
BM, l.g.l"'r"l" 302 (a4 20070
Ethnicity, i (%)
M Eurapean 28 B2 PR ]
Pacifc & (13%) 1 {23%
Asian 7 11550) 5011%)
Macr 4 [3%) 4 [3%)
Gour history, mean {50
Disagse duration (years) 122232 136{123)
Flams pior 3 months Q7 s 04 97
F oot tophus, & (% S {19%) 17 {36%
Any tophas, i 58] 13 (8% 24 (519
e wrate, rmmaddL 333 (013) @33 {011)
Medications, n (%
Urate-boweding therapy I3 (W 30 (e
Cichicine 15 (33 17 (36%
Pradinisons 9 (209 10{21%
HEAID 12 @7 13 {2994
Diwsretic 8 {18%) 51171%)
Medical History, i 96)
Hypeamans ion I AW pryih ]
Candionvasoulr disease 13 (28% 11 [24%)
Type 2 diabetes 7 (15%) 3 (%)
Penpheral vasoular disease 4 {9%) 3 (79
Peripheral newropathy 3 {79 51171%)

B! body masms index, MSAD non-steroidal ant+ inflsmmaitory drug

Four participants in the footwear intervention group
were unable to wear their allocated footwear due to dis-
comfort. Of these participants, three remained enrolled
in the trial and continued to receive the other facets of
their allocated intervention with one participant with-
drawal. Participants in the footwear intervention group
reported wearing their allocated footwear on average
24h per week during the study period. Participants in
the control group continued to wear footwear of
similar type, age and wear during the study period
(Additional file 1). At the 6-month follow-up, 8%% of
the control group and 91% of the footwear intervention

group completed the study.

Primary outcome

All effiacy endpoints and oovariate adjustments are shown
in Table 3. Baseline foot pain scores were low. There was
no difference in foot pain at any time-point over the

f-month study period betwemn the two groups (adjusted
effect estimate - 6.7, 95% CI - 164 to 29, P =0.17).

Secondary outcomes
Improvements betwemn groups in overall pain scores (ad-
justed effect estimate: - 132, 95% CI - 222 to -43, P=
0.01) favouring the footwear intervention were observed at
2 months, but there was no difference between the groups
at 4 or & months (adjusted effect estimate at & months: -
40, 95% CI - 136 to 57, P =042). Foot-relted impairment
and disability was reduced at 2 months in the footwear
intervention group (adjusted effect estimate: - 4.7, 95% CI
-97 to -03, P=0d), but there was no difference
between groups at 4 or & months (adjusted effect estimate
at & months: - 30, %% 1 02 to - 18, P=021). No
between-group differences in patient global assessment,
HAQ-I and LLT() were obhserved (Table ).
Between-group  differences favouring the footwear
intervention were observed in footwear comfort at

240



Frecklington ef al Artheinis Research & Thengpy [2019) 21:104

Table 2 Baseline footwear characteristics
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Varakbe Foditear Intenvention geun i =47] Contad group (=47

Footwear Type, i (%)

G B EW FERRIE ]
Atietic 5 1
Ui 10 5
T heraneuTic 2 4]
Walking & 7

Modegne 3179 2 HA%)
Bt 3 2

[P 19 H2% A0 4%
4 amdal a 4
WACCCE 4 7
Flig-fiop 4 4
Slippar 2 4
Count 1 o
Muda a 1

Foomaear age, & )
< Gimonths 81{18%) 12 {279
6~12 months 5111%) 920
= 12 monihs 31 (A0 2 (53%

Ui wear, o (%

HNaurral 3477 25 (58%
Medial 9 {2090) 17 {389
Laesal 1 {2 2 A%

Mickicie wear, a1 )

HNaurral 33 36% 31 (659
Meadial 9 1 20%) 920
Laeral 112%) 5{11%)

Chursole wear, o 9]

Mo 2 {9 7 {158
Farmly wioe 35 (728% 23 64%
Fullly wiom 8113%) 920

Curtacde wiear DaTEm, @ (%

Homs 112%) & {13%)
Monmal 17 38% 19 {42%
Macdial 0 () 0 0%

Laeral 27 a0 A0 (4%

2 months (adjusted effect estimate: - 104, 95% C1 - 199 to
-09, P=003) and 4 months (adjusted effect estimate:
~ 113 95% 1 - 214 to - 13, P =0.03), but not at 6 months
(adjusted effedt estimate: — 80, 9% CI -192 to 33,
P=0.16). Similrly, between-group differences favouring
the footwear ntervention were ohserved in footwear fit
(adjusted effect estimate: - 11.1, 95% CI - 230 to - 1.0,
FP=0413), footwear ease (adjusted effect estimate: - 132,
95% 1 -238 to -27, P=001) and footwear weight

(adjusted effect estmate: — 103, 95% 1 - 198 to - 08,
P =0.03) at all time-points over the G-month study period.

Adverse events

Two participants (4%) in the footwear intervention
group developed foot blisters and one participant (1%)
in the footwear intervention group withdrew from the
study due to footwear discomfort. During the trial
pericad, 16 participants (34%) in the control group and
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Table 3 Outcome measure soores and effect egimates adjusted from bassline
Foantaiear Intenvention groun mean (50) Commaol growp mean (50 Adpsted efa estmans P

Foot pain VAS

Hamelra 148 {147 175 {22.4)

2 manths 107 {130 168 {218) — 50 {-129 10 28) an

4 manths 138 {230) 161 {223) = 18 =101 1o 64) 41 -3

& manths 137 {204 A5 (260) — &7 - 164 10 29) a7
Overall pain VAST

Hamelra 187 {196 177 {235)

2 manths 27 {138) B35 — 132 {-32 1w -43) <@or

4 manths 1632 {19.4) 1759 {22 8) — 23 - 05 1o 06 55

& manths 163 {193 A7 (248) — A4l -136mw057) 42
Patient Global Assesament VAL

Hamelra T (245 N5 {258)

2 manths 177 {243 164 {216] 12 (=74 1099 a7a

4 manths 146 {166 166 {202) —-28-119ma3) 055

& manths 153 {19.4) 188 {215) - 3412657 045
Health Assesament Questionnaie B

Hamelra 05 6 4 {15)

2 manths 05 6 04 §14) — 1 -03 @1 35

4 manths 06 16 03 5] 00 {02 1o 03 084

& manths 05 5 4 18] — 1 -03 @1 28
LFES total score

Hamelra 155 {11.5) 154 {125)

2 manths 138 {130 164 {14.1] — a7 91 1 -03) [l

4 manths 149 {143 142 {123) =13 -61 1 35 Vi

& manths 144 {136 1659 {142) — 3002 w18 an
LLTE) ackvites of daiyl

Hamaline 327({a2) A (ag

2 manths 34872 325 (a0 22 (-02 10 48) Qo7

4 manths 329 (a1 354 (a7 — 4 -3 ma 23 sz

& manths 340 {69) \[A(EA 11 (=12 10 34 035
LLTE) mcmational actiities”

Hamelra nrina FAREA LT

2 manths 35 {143 BANE) 08 {-28 10 44 41 -3

4 manths A8 {128 57 (99) — 347510 08 an

& manths AR L na{120 — 9 - 48 1 30) 41 -3
Footwear comn o VAS®

Hamelra 20{N9 TE(ZBD)

2 manths 103 {131 22 (5] = 104 {— 195 10 — 05 oo

4 manths EAREE 0N -N3-NAamw-13) oo

& manths 175 {235 9 (284) — 20192 mw33) [+R -3
Footwesr fit VAS®

Hamaline 206 (27) 40{Z72)

2 manths S8 {160 n2{N3) -85 172 w— 18 @z

4 manths 103 {136 22 {204) =111 (=185 10 — 24 @or
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Page 8 of 10

Table 3 Outcome measure scones and effect estimates adjusted from baseline [Con tinued)

Foamaaa T Intenvention growp mean (S0 Comtad group mean (&D) Acsted e estmare P

& manths 1.9 (200 791284 =11 {=-210 1o =10 s
Footwear eae VAS

Hamalre 09 (730 193 (238)

2 maniths 127101510 268({283) —98 194 wo-03) il ]

4 manths 102 {148 [A252) - 123 {-Blw-14§ Qo

& manths N3eA 791284 -132{-Baw-27 @ar
Foomaaar weight VASS

EE ] Ng{ng 27 (246)

2 maniths 1270178 7O {66 =97 =195 o0l s

4 manths 136 (203) 246 1204) — 1038 {— 206 10 —09) s

& manths 1410199 791284 =133 {— 198 10 — 08 s

1A% vimal analogue scle, LAS Leeds Foot impact Scale, LU Lower Limb Tasks Questonnaime:

B ad pusted

Age adjpusted

“BMI and prednisone adjusied

oy and BMI adjusted

“Ethnicity and BMI 2djusted

Dt in riadics indicates statistical significance

14 participants (3(%) in the footwear intervention group
experienced a gout flare.

Discussion

This i the first randomised controlled trial of a podiatric
intervention in gout Although improvements in footwear
comfort, fit and ease were ohserved in the footwear inter-
vention group throughout the study period, no signifimnt
difference in foot pain was observed between groups.
Short-term  improvements in both overal pain and
foot-related impairment and disability favouring the foot-
intervention group were observed at  the
two-month time-point, consistent with the previous
feasibility study [8].

The low levels of foot pain at the time of the baseline
visit may have contributed to a floor effect, suggesting that
clinical meaningful changes in foot pain could not be de-
tected. Foot pain was not part of the inclusion criteria
based on the previous feasibility study [8], which may have
also contributed to the baseline foot pain levels ohserved.
This highlights the challenge of studying pain as an out-
come in gout which is an intermittently flaring condition.
We observed baseline serum urate levels were close to tar-
get guidelines [15] and participants reported a low num-
ber of flares in the 3 months prior to the trial, which
suggests generally wel-controlled disease. Our findings
for baseline foot pain levels were lower than the previous
feasibility study [8], however, were consistent with previ-
ous studies measuring foot pain in people with longstand-
ing gout during an intercritical period [4, 15].

Comfort and fit have been identified as important fac-
tors in footwear selection for people with gout [7]. Foot-
wear is an important concern for people with gout, who

Wear

often describe difficulty finding suitable footwear [16].
Improvements in footwear comfort, fit, weight and ease
were observed in the footwear intervention group. The
footwear received by the footwear intervention group
had a number of characteristics which have been identi-
fied as beneficial for people with gout when compared
to participants own footwear [8]. Footwear characteris-
tics including correct footwear fit, the presence of cush-
ioning and good torsional stiffness have previously been
identified as influencers of subjective footwear comfort
[17]. In the footwear intervention group, the fitting of
footwear by a clinician may also be a factor. The foot-
wear habits of the control group did alter during the
trial, despite the footwear advice delivered. This furthers
highlight the challenges that people with gout have find-
ing appropriate footwear [16, 18], These findings suggest
that helping people with gout find foobwear with good
characteristics is important however, this may not
involve the need for expensive footwear prescription.
Strengths of this smdy indude the use of OMERACT-en-
dorsed patient-reported outcomes for gout [11), high
retention rates in both groups, and novelty as the first
randomised mntrolled trial of a podiatric intervention in
people with gout. The key study limitation was that partici-
pants could not be blinded to the footwear intervention,
which may have biased the study outcomes, as all end-
points were patient-reported. We did attempt to reduce this
bias by informing participants that they would be receiving
a foot care package without the specific mention of recen-
ing footwear and ensuring that all participants received a
comprehensive foot care intervention. The study was
undertaken in an urban Mew Zealand dty and the findings
may lack generalisabiity to other settings. The footwear
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used in this study had distinct characteristics, so it & un-
clear whether these findings can be generalised to other
types of footwear such as open-toed footwear.

This study has focused on a commercially availbble
athletic shoe. The podiatric care package was limited to
standardised care and foot health advice, with or without
the footwear intervention, and the role of other interven-
tions such as foot orthoses is unknown. Further investiga-
gout, induding cost-effectiveness, is warranted. Changes
to structural properties of the footwear through use may
have also been a potential reason that long-term benefits
were not ohserved. The effects of wear on the structural
properties of footwear over time, and its relationship with
biomechanical parameters such as plntar pressure and
patient-reported cutcomes such as foot pain, impairment
and disability, are unknown. Future work might also
explore factors which influence foot care and footwear
use, and the willingness to pay for appropriate footwear.

Conclusions

The footwear intervention did not significantly improve
foot pain in people without high baseline levels of foot
pain. However, short-term improvements in overall pain
and foot impairment/disability, and more durable im-
provements in footwear comfort and fit were observed
with the footwear intervention.
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