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Abstract

This systematic review aims to investigate the efficacy of non-surgical interventions for midfoot osteoarthritis (OA). Key
databases and trial registries were searched from inception to 23 February 2023. All trials investigating non-surgical inter-
ventions for midfoot OA were included. Quality assessment was performed using the National Institutes of Health Quality
Assessment Tool. Outcomes were pain, function, health-related quality of life, and adverse events. Effects (mean differences,
standardised mean differences, risk ratios) were calculated where possible for the short (0 to 12 weeks), medium (> 12 to
52 weeks), and long (> 52 weeks) term. Six trials (231 participants) were included (one feasibility trial and five case series)
— all were judged to be of poor methodological quality. Two trials reported arch contouring foot orthoses to exert no-to-
large effects on pain in the short and medium term, and small-to-very-large effects on function in the short and medium
term. Two trials reported shoe stiffening inserts to exert medium-to-huge effects on pain in the short term, and small effects
on function in the short term. Two trials of image-guided intra-articular corticosteroid injections reported favourable effects
on pain in the short term, small effects on pain and function in the medium term, and minimal long term effects. Two trials
reported minor adverse events, and none reported health-related quality of life outcomes. The current evidence suggests that
arch contouring foot orthoses, shoe stiffening inserts and corticosteroid injections may be effective for midfoot OA. Rigorous
randomised trials are required to evaluate the efficacy of non-surgical interventions for midfoot OA.
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Introduction female sex, lower socioeconomic class, obesity, pain in other

weight-bearing joints, the presence of non-musculoskeletal

Foot osteoarthritis (OA) is a significant cause of foot pain
and disability in older adults [1]. Midfoot OA is one of the
most common forms of foot OA affecting 1 in 8 adults aged
50 years and over [1], and is associated with increased age,
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comorbidities, and previous foot and ankle injury [2]. Indi-
viduals with midfoot OA report impaired physical [2-4] and
mental [2] function compared to individuals without midfoot
OA, with over 80% reporting the condition to be disabling
[2]. The midfoot is a complex region made of multiple artic-
ulations, and midfoot OA has been reported to present as
three phenotypes based on the radiographic pattern of joint
involvement; medial midfoot (talonavicular, navicular-first
cuneiform, or cuneiform-first metatarsal joint), the central
midfoot (second cuneiform-metatarsal joint), or both the
medial and central midfoot joints [5]. Although midfoot OA
is typically described as pain occurring at the dorsal aspect
of the midfoot with the presence of radiographic changes
of midfoot joints [5, 6], there is no consensus regarding its
definition [7].

Currently, there are no evidence-based clinical guide-
lines to inform the management of midfoot OA. However,
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non-surgical interventions such as anti-inflammatory and
analgesic medications, intra-articular corticosteroid injec-
tions, physical therapy, foot orthoses (FOs), and footwear
modifications are commonly used as a first line approach
to manage foot OA [8, 9]. Non-steroidal anti-inflammatory
drugs (NSAIDs) are anti-inflammatory and analgesic agents,
primarily exerting their effects by inhibiting prostaglandin
synthesis via inhibition of cyclooxygenase (COX) enzymes
[10]. Intra-articular corticosteroids [11, 12] are potent anti-
inflammatory compounds that exert their effects by acting
directly on nuclear steroid receptors [13]. Low-dose radio-
therapy has been used for pain relief for foot and ankle oste-
oarthritis [14], however the mechanism of action is unknown
[15]. As alterations in foot and lower limb biomechanics are
likely to play an important role in the development and pro-
gression of midfoot OA [16], interventions such as FOs and
footwear modifications that can alter midfoot joint move-
ment and forces during gait [17-19] are speculated to be
effective for midfoot OA [19-22]. Where these non-surgical
interventions are unable to improve symptoms, surgery can
be considered [9].

As no systematic review of interventions for midfoot OA
currently exists, the aim of this study was to systematically
review and summarise the evidence relating to studies that
have evaluated the efficacy of non-surgical interventions for
this condition.

Methods
Review registration

This review was prospectively registered with PROSPERO
(CRD42021273375) and has been reported in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines [23].

Study inclusion

All trial designs that included adults with midfoot OA con-
firmed by radiology or physician diagnosis who underwent
any non-surgical intervention were eligible for the review.
As there is currently no consensus definition for midfoot
OA [7], we included all trials that described any symptoms
and/ or radiographic degenerative joint changes around the
midfoot joints (Supplementary file 1). Trials were excluded
if they included participants who: (i) were under 18 years of
age, (ii) had neuromuscular or inflammatory arthritic condi-
tions, or (iii) had undergone lower limb surgery. Single case
reports, expert opinion pieces, protocols, abstracts without
full text, or conference proceedings were excluded.
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Search strategy

A comprehensive literature search was conducted without
date restriction up to 16 September 2021 and updated on
23 February 2023 in the following electronic databases:
Medline, CINAHL, Embase, the Cochrane Library, and the
WHO International Clinical Trials Registry. Two strings
of search terms were developed including MeSH terms,
keywords, and synonyms: (i) “midfoot” AND “osteoarthri-
tis” and (ii) “non-operative intervention” or “treatment” or
“therapy”. Truncation, proximity, and Boolean operators
were used as appropriate, and limiters were applied for
human studies (Supplementary file 1). In addition to the
electronic database search, reference lists of included trials
were hand-searched, and citation tracking was performed.
There were no date or language restrictions applied.

Study selection and data extraction

Search results were imported into Endnote 20.1 (Clari-
vate Analytics, New York, USA) and Covidence (Veritas
Health Innovation, Melbourne, Australia), and duplicates
were removed. Two investigators (PQXL, SEM) indepen-
dently screened all titles and abstracts. Full-text articles
were obtained if the investigators were not able to deter-
mine whether to include the record from the title and
abstract. Any disagreements were discussed and resolved
by a third investigator (HBM).

The following outcome measures to be extracted were
pre-specified before reviewing the articles: (i) pain, (ii)
function, (iii) health-related quality of life, (iv) number
of participants experiencing any adverse event, and (v)
number of participant withdrawals due to adverse events.
Outcome measures were obtained for the following time-
points: short term (0 to 12 weeks), medium term (> 12
to 52 weeks), long term (> 52 weeks). If two follow-up
assessments were completed within one of the defined
time-points, the results of the latter of the two assessments
were selected. For studies that used multiple measures to
evaluate the same outcome (e.g., multiple pain measures),
a consensus approach (involving PQXL, SEM, KBL, HBM
and MRK) was undertaken to select one outcome meas-
ure considered to be the most valid representation of the
outcome. This was performed without knowledge of the
results for these outcomes to minimise bias. Relevant data
were then extracted independently by PQXL and SEM and
entered into Microsoft® Excel (Microsoft Corporation,
Redmond, Washington, USA) using a standardised extrac-
tion form. Attempts were made to contact the authors for
missing data, and any disagreements were discussed and
resolved by consensus with a third investigator (HBM).
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Quality assessment

The methodological quality of included trials was assessed
using the National Institutes of Health (NIH) Quality
Assessment Tools [24]. Randomised controlled trials were
appraised using the ‘Controlled Intervention’ Tool, which
consisted of 14 items. Case series trials were assessed using
the ‘Before-After (Pre-Post) Studies With No Control’ Tool.
For this tool, one item (‘if the intervention was conducted
at a group level’) was excluded as it was considered not
applicable to the samples in the trials included in our review,
resulting in 11 items of this tool being used. Although the
NIH tools [24] allow an overall rating (‘poor’, ‘fair’ or
‘good’) to be applied to each trial, there were no specific
scoring thresholds provided to determine the overall rating.
Therefore, prior to conducting the quality assessment, a con-
sensus approach (involving PQXL, SEM, KBL, MRK and
HBM) was undertaken to determine key criteria that needed
to be satisfied to be considered a poor, fair, or good quality
trial. For the ‘Controlled Intervention’ Tool, the following
items needed to be satisfied: all items for a good quality
trial; items 2—8 and 11-14 for a fair quality trial; and none of
items 2—8 and 11-14 for a poor quality trial. For the ‘Before-
After (Pre-Post) Studies With No Control’ Tool, the follow-
ing items needed to be satisfied: all items for a good quality
trial; items 2, 3, 5, 6, 7, 9, 10 for a fair quality trial; and none
of items 2, 3, 5, 6, 7, 9, 10 for a poor quality trial. Quality
assessments were undertaken independently by PQXL and
SEM, and any disagreements were resolved by consensus
with two other investigators (KBL and HBM).

Data synthesis and analysis

Data were entered into the RevMan software program
(V5.4.1; Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014) to obtain estimates of treat-
ment effect. For trials that included a control group, treat-
ment effects from between-group analyses were used. For
trials that did not have a control group (i.e., case series),
treatment effects from within-group analyses were used.
For continuous scaled outcome measures, estimates were
analysed as mean differences (MDs) with 95% confidence
intervals (CIs) and standardised mean differences (SMDs)
with 95% Cls. Results are presented such that a positive
MD and SMD value would indicate an effect favouring
the experimental intervention (for between-group analy-
ses) or an improvement in an outcome following treatment
(for case series trials). SMD effect sizes and 95% ClIs were
calculated to obtain a measure of the magnitude of differ-
ences. SMD values were classified as very small (0.01),
small (0.2), medium (0.5), large (0.8), very large (1.2), and
huge (2.0) [25]. For dichotomous scaled outcome measures,
estimates were analysed as risk ratios with 95% Cls (for

between-group analyses) or presented using descriptive
statistics (proportions for within-group analyses). A quan-
titative synthesis (meta-analysis) was not performed as the
data from included trials were not sufficiently homogenous
due to the variability in trial designs, interventions, and the
reported outcomes.

Results
Search results

The systematic search identified 803 records. After the removal
of duplicates and screening by title and abstract, 15 articles
were considered for full-text review. No additional articles
were identified in a search through the reference lists and cita-
tion tracking of relevant trials. Of the 15 potential articles, nine
were excluded (two were conference proceedings, one was a
trial protocol, one was a narrative review, two included pooled
data for midfoot and ankle OA which could not be separated,
and three were trials from the same authors in duplicate pub-
lications). A total of six trials met the eligibility criteria and
were included in the final review (Fig. 1).

Characteristics of included trials

The characteristics of these trials are shown in Tables 1 and
2. One trial [20] was a randomised feasibility trial with a
control group, and five trials [11, 12, 19, 21, 22] were case
series designs. Three trials were from the United Kingdom
(UK) [11, 12, 20], one from Australia [22], one from South
Korea [19] and one from the United States of America
(USA) [21]. A total of 231 participants were included. Sam-
ple sizes ranged from 6 to 63 in the case series trials and
37 in the feasibility trial. Overall, participants were typi-
cally middle-aged with reported mean age ranges from 53
to 69 years, and more than half (58%) were female (134
women, 97 men). Participants were overweight, with the
mean body mass index (BMI) ranging from 29.6 to 31.2 kg/
m? in the three trials where it was reported [12, 20, 21].
Two trials evaluated the efficacy of arch contouring FOs
[20, 22], two trials evaluated shoe stiffening inserts [19,
21], and two trials evaluated intra-articular corticosteroid
injections [11, 12]. The duration of follow-up varied. One
trial reported immediate effects [19], four trials [11, 20-22]
reported short term outcomes (< 12 weeks), three trials [11,
12, 22] reported medium term outcomes (> 12 to 52 weeks),
and one trial [11] reported long term outcomes (> 52 weeks).

Quality assessment

For the one included trial with a control group [20], the qual-
ity assessment score was 9 (out of a possible 14), and the
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Fig. 1 Flowchart of search
strategy results
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trial received an overall rating of ‘poor’ (Supplementary file
2). This trial did not satisfy two criteria: (i) provider blinding
was not satisfied as the care provider could not be blinded
due to the nature of the intervention (i.e., FOs had to be fit-
ted individually by a clinician), and (ii) the requirement of
groups to have similar participant characteristics at baseline
was not satisfied as there were differences in BMI and sex at
baseline between the intervention and control groups.

For the case series trials [11, 12, 19, 21, 22], the qual-
ity assessment score ranged from 2 to 5 (out of a possible
11), and all five trials received an overall rating of ‘poor’
(Supplementary file 2). The most common methodological
limitations in these trials related to insufficient sample size
(5/5 [100%] of trials), participants not representative of pop-
ulation of interest (5/5 [100%] trials), lack of prespecified
inclusion and exclusion criteria (5/5 [100%] trials), lack of

@ Springer

assessor blinding (5/5 [100%] trials), insufficient informa-
tion regarding concomitant treatment (4/5 [80%] trials), lack
of information whether interventions and outcome measures
were applied consistently throughout (5/5 [100%] trials) and
more than 20% loss to follow up (3/5 [60%] trials).

Effects of interventions
Prefabricated arch contouring FOs

One randomised feasibility trial [20] compared prefabricated
arch contouring FOs to sham FOs up to 12 weeks (n=37).
The arch contouring FOs investigated were VectOrthotic®
devices, that could be customised with optional medial rear-
foot wedges of 2, 4 or 6 degrees and a VectOrthotic® top
cover of 4 to 14 mm. The sham device was a VectOrthotic®
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Table 1 Characteristics of included trials with a control group*

BMI kg/m®> Unilateral/ bilat- Outcomes meas- Timepoints

(mean+SD) eral presentation ures reported in

Sex, female, n
(mean+SD) (%)

Sample size Age, years

Country, Popula- Groups

tion

Trial design

Author, year

[ref]

both groups

n/%)

Baseline,

Right foot Pain measured

31.2+4.5

15 (78.9)

60.5+10.4

19

Intervention

UK, adults

Two-arm

Halstead et al.

12 weeks (short

term)

using NRS (0
to 10) while

(11/57.9)

group (prefab-

ricated arch
contouring

FOs)

aged > 18 years
with radio-

parallel group,
randomised

2016 [20]

walking in the

last week
Function meas-

graphically
confirmed

controlled fea-
sibility trial

27.7+3.9

11 (61.1)

56.2+12.6

18

Control group
(sham FOs)

midfoot OA

Right foot

ured using

(9/50.0)

and symptoms
of the dorsal

and medial

MFPDI func-

tion subscale

regions of the
midfoot

*SD standard deviation, BMI body mass index, FOs foot orthoses, NRS numerical rating scale, MFPDI Manchester foot pain and disability index

4 mm top cover. Both interventions were provided as a pair
and prescribed by an experienced clinician (podiatrist).

Outcomes for pain, function, and adverse events at
12 weeks (short term) were reported. For pain, there were
no statistically significant differences between groups. Mean
pain (measured using a numerical rating scale [NRS]; scores
range from O to 10, lower scores indicate less pain whilst
walking in the last week) was 4.3 +2.1 in the prefabricated
arch contouring FOs group and 4.1 +2.1 in the sham FOs
group at 12 weeks (MD -0.20, 95% CI —1.57 to 1.17,
p=0.78, SMD =-0.09). For function, there were no statisti-
cally significant differences between groups. Mean function
(measured using the Manchester Foot Pain and Disability
Index [MFPFI]; scores range from O to 34, lower scores
indicate better foot function) was 6.5 +4.7 in the prefabri-
cated arch contouring FOs group and 8.4 +5.2 in the sham
FOs group at 12 weeks (MD 1.90, 95% CI —1.34 to 5.14,
p=0.25, SMD =0.37) (Table 3).

No adverse events in the participants who completed the
trial were reported. One participant from the arch contouring
FOs group (1/19 [5.3%]) withdrew due to escalating back
pain and burning pain in their feet. Two participants from
the sham FOs group (2/18 [11.1%]) were unable to complete
the trial due to unrelated back pain. The difference in risk of
participants withdrawing from adverse events between the
two groups was not statistically significant (RR 0.47, 95%
CI 0.05 to 4.78, p=0.53) (Table 3). No outcomes relating
to health-related quality of life or serious adverse events
were reported.

Custom-made arch contouring FOs

One case series trial [22] investigated the efficacy of cus-
tom-made arch contouring FOs up to 6 months (n=>57). The
FOs were constructed from full-length ethylene vinyl acetate
(EVA) of two densities (220 kg/m? first layer and 270 kg/
m?® second layer). Participants were offered rigid carbon
fibre footplates that were incorporated into the soles of their
shoes in addition to the FOs, and 36 participants received
this modification.

Outcomes for pain and function at 3 months (short term)
and 6 months (medium term) were reported. For pain, there
was a statistically significant improvement from baseline
at 3 and 6 months. Mean pain (measured using an NRS;
scores range from O to 10 scale, lower scores indicate less
pain) was 7.81 +1.65 at baseline, 5.55+2.15 at 3 months
(MD 2.26, 95% CI 1.56 to 2.96, p<0.01, SMD=1.17) and
4.54 +£2.33 at 6 months (MD 3.27, 95% CI 2.53 to 4.01,
p<0.01, SMD =1.61). For function, there was a statistically
significant improvement in function (difficulty in walking
outdoors) from baseline at 3 and 6 months. Mean function
(measured using an NRS; scores range from O to 10, lower
scores indicate better function) was 7.81 +2.69 at baseline,
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4.12+2.54 at 3 months (MD 3.69, 95% CI 2.73 to 4.65,
p<0.01, SMD=1.40) and 4.07 +2.73 at 6 months (MD
3.74,95% CI12.75 t0 4.73, p<0.01, SMD =1.37) (Table 4).
No outcomes relating to health-related quality of life, or
adverse events were reported.

Shoe stiffening inserts

One case series trial [19] investigated the immediate effects
of shoe stiffening inserts. They were 1.6 mm thick, full-
length carbon fibre (FCF) inserts (Schein Orthopédic Ser-
vice, Remscheid, Germany) with a 2 mm Plastazote® top
cover, and a built-in height of 1 cm and toe spring of 1 cm.
The participants were separated into ‘mild’ midfoot arthritis
(pain severity using a visual analogue scale [VAS] of 1 to 3
out of 10, n=7) and ‘moderate’ midfoot arthritis (pain sever-
ity using VAS of 4 to 7 out of 10, n=06) groups. Each group
was provided athletic footwear to wear while walking on a
5 m walkway five times with and without the FCF insert.
Pain outcomes within a single session (immediate) timepoint
were reported. In the group with mild midfoot OA, there
were no statistically significant differences in pain levels
while walking with and without the FCF insert. Mean pain
(measured using a VAS 0 to 10 scale; lower scores indicate
less pain) was 2.0+ 1.0 with the FCF insert and 2.0+ 1.0
without the FCF insert (MD 0.00, 95% CI —1.05 to 1.05,
p=1.00, SMD =0.00). In the group with moderate midfoot
OA, there was a statistically significant difference with and
without the FCF insert, favouring the intervention. Mean
pain was 5.5 + 1.4 with the FCF insert and 2.0 + 0.5 without
the FCF insert (MD 3.50, 95% CI 2.31 to 4.69, p<0.01,
SMD =3.07) (Table 4). No outcomes pertaining to health-
related quality of life, or adverse events were reported.

Another case series trial [21] investigated the effects of
shoe stiffening inserts up to 4 weeks (n=20). The inserts
were full-length semi-rigid 1.6 mm thick carbon graphite
without an arch build up or a heel cup. Pain and function out-
comes at 4 weeks (short term) were reported. For pain, there
was a statistically significant improvement from baseline at
4 weeks. Mean pain (measured using the pain subscale of
the Foot Function Index-Revised [FFI-R] on a 0 to 100 scale;
lower scores indicate less pain) was 37.1 +£9.5 at baseline
and 30.6+10.1 at 4 weeks (MD 6.50, 95% CI 0.42 to 12.58,
p=0.04, SMD =0.65). For function, there was no statisti-
cally significant difference from baseline to 4 weeks. Mean
function (measured using the disability subscale of the
FFI-R on a 0 to 100 scale; lower scores indicate better func-
tion) was 37.3+10.7 at baseline and 35.0+ 11.6 at 4 weeks
(MD 2.30, 95% CI —4.62 to 9.22, p=0.51, SMD =0.20)
(Table 4). No outcomes relating to health-related quality of
life, or adverse events were reported.

@ Springer

Intra-articular corticosteroid injection

One case series trial [11] investigated effects of ultrasound
guided intra-articular corticosteroid injections for more than
a year (n=63). A long-acting anaesthetic solution of 1 to
1.5ml (bupivacaine hydrochloride 0.5%, Marcain Polyamp
Steripack 0.5%, 10 ml, AstraZeneca, Luton, UK) combined
with 20 to 40 mg of corticosteroid (methylprednisolone
acetate BP, Depomedrone 1 ml, 40 mg/vial, Pharmacia Ltd,
Kent, UK) was injected into the affected joint in the midfoot
region. Participants were provided pain diaries to complete
over 2 weeks. Pain outcomes for between 1 to 3 months
(short term), between 3 to 12 months (medium term) and
after 12 months (long term) timepoints were reported. Pain
was evaluated by reviewing the clinical notes post-injection
as a positive effect (better or no pain indicating complete
or partial pain relief) and a negative effect (same or worse
indicating no pain relief or an increase in the amount of
pain). For pain, 23 out of 40 (57.5%) participants had an
improvement in pain between 1 to 3 months, 4 (10%) partici-
pants had an improvement in pain between 6 to 12 months,
and 1 (2.5%) participant had an improvement in pain after
12 months (see Table 4). No outcomes pertaining to func-
tion, health-related quality of life, or adverse events were
reported.

Another case series trial [12] investigated the effects
of x-ray guided intra-articular injections up to 12 months
(n=41). Participants received an injection of 1 mL of 2%
lidocaine followed by 80 mg methylprednisolone (Depome-
drone) and 2 mL 0.5% levobupivacaine per area under x-ray
guidance (Vertec, C arm). The number of joint injections
given was determined by the orthopaedic foot and ankle
surgeon administering the injections, but the number of
injections provided to each participant was not reported.
Outcomes for pain and function combined at 12 months
(medium term) were reported using the Self-reported Foot
and Ankle Score (SEFAS) questionnaire. There was a sta-
tistically significant improvement in pain and function at
12 months. Mean pain and function (measured using the
SEFAS; scores range from O to 48, higher scores indicate
less pain and better function) was 17 +6.98 at baseline and
21.3+10.91 at 12 months (MD 4.30, 95% CI 0.13 to 8.47,
p=0.04, SMD =0.46) (see Table 4). Minor adverse events
were reported. Five (14%) participants reported a flare reac-
tion, and three (8%) participants reported post-injection
swelling, all resolving after 2 to 3 days. No withdrawal of
participants due to adverse events was reported, and the
authors did not report any outcomes pertaining to function
or health-related quality of life.
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Table 3 Between-group data for pain, function, and adverse events (if any) in the short, medium, and long term*
Author, year  Intervention  Outcome Timepoint Outcome Experimental Comparator Mean Standard-
[ref] reported measure group group difference’ ised mean
Mean +SD Mean+SD (n) (95% CI), difference’
(n) p-value (95% CI)
Halstead et al. Prefabricated Pain Short term, NRS while 43+2.1(18) 4.1x£2.1(18) -0.20(-1.57, -0.09 (-0.75,
2016 [20] arch con- 12 weeks walking in 1.17),0.78 0.56)
touring FOs last week
versus sham  pynction Short term, MFPDI# 6.5+4.7(18) 84+52(18) 1.90(-1.34, 0.37(-0.28,
FOs 12 weeks 5.14), 0.25 1.03)
Adverse Short term, Number of Number of Number of Risk ratio
events 12 weeks reported adverse adverse (95% CI),
adverse events / total  events /total  p-value
events in experi- in compara- 0.47 (0.05,
ment group tor group 4.78), 0.53
(%) (%)
1/19 (5.3) 2/18 (11.1)

*SD standard deviation, CI confidence intervals, FOs foot orthoses, NRS numerical rating scale, MFPDI Manchester foot pain and disability

index

Positive mean difference and standardised mean difference values favour the experimental group

*Lower MFPDI scores represent better function

Discussion

This systematic review aimed to summarise the evidence for
the efficacy of non-surgical interventions for midfoot OA.
There are no randomised controlled trials — the existing trials
are limited to a feasibility trial or case series trials. However,
the current, albeit limited, evidence indicates that arch con-
touring FOs, shoe stiffening inserts and corticosteroid injec-
tions may be effective for improving pain and/or function in
midfoot OA. The effects of interventions for midfoot OA on
health-related quality of life are unknown. Further, there is
limited evidence regarding the harms of interventions for
midfoot OA, as few trials reported adverse events.

Two trials investigated the efficacy of arch-contouring
FOs [20, 22]. Arch contouring FOs are used to support the
midfoot with a close-fitting orthotic shell and increase con-
tact time and maximum force underneath the midfoot [18,
20]. This is theorised to reduce bending moments across the
midfoot joints, prevent medial longitudinal arch deforma-
tion and reduce midfoot joint compression and pain [18,
26]. Arch contouring FOs were found to have none [20] to
large [22] effects on pain in the short term (<12 weeks),
very large [22] effects on pain in the medium term (> 12
to 52 weeks), medium [20] to very large [22] effects on
function in the short term (<12 weeks), and very large [22]
effects on function in the medium term (> 12 to 52 weeks).
Although it appears that arch contouring FOs have very large
effects in one trial [22], the authors reported that a propor-
tion of participants (36 out of 57) had additional rigid car-
bon fibre plates incorporated into the soles of their shoes.
This could have potentiated the effects of the intervention.

Overall, arch contouring FOs are well tolerated, with only
one participant reporting an adverse event in one trial [20].
However, the methodological quality of these trials was
judged to be poor and the effects beyond 52 weeks have not
been investigated. Appropriately powered randomised trials
are required to determine the effects of arch contouring foot
orthoses for midfoot OA.

The efficacy of shoe stiffening inserts was investigated in
two trials [17, 19]. Shoe stiffening inserts have been found to
reduce first metatarsal joint dorsiflexion and first metatarsal
plantarflexion during gait [17]. As the proximal aspects of
the first, second and third metatarsals form part of the distal
articulation of the tarsometatarsal joint, reducing movement
of the metatarsals is theorised to limit articular stress within
the midfoot and potentially reduce midfoot joint pain [17].
Shoe stiffening inserts were found to have no effects [19] in
reducing pain in individuals with mild midfoot OA in the
immediate timepoint (within a session), huge effects [19]
in reducing pain in individuals with moderate midfoot OA
in the immediate timepoint, medium effects [21] on pain
improvement in the short term (<12 weeks), and small
effects [21] on function in the short term (<12 weeks). Shoe
stiffening inserts are well tolerated with one trial [21] report-
ing no adverse events. However, these trials were judged
to be of poor methodological quality and the effects of the
intervention beyond 12 weeks are unknown.

The efficacy of image-guided intra-articular corticos-
teroid injection was investigated in two trials [11, 12].
Corticosteroid injections are common anti-inflammatory
pharmacological agents used for inflammation and pain
management in ankle and knee osteoarthritis [27, 28]. In the

@ Springer
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included trials, methylprednisolone was the primary agent
used and was injected into midfoot joints guided by ultra-
sound [11] or x-ray [12]. Corticosteroid injection was found
to provide short term (< 12 weeks) improvement in pain and
function with heterogenous effects that ranged from small
to large [11, 12]. These intervention effects were not main-
tained in the medium (> 12 to 52 weeks) and longer term
(> 52 weeks). The observed pattern of efficacy in the short
term, but reducing in the medium and long term, is consist-
ent with findings reported in trials evaluating corticosteroid
injection for other musculoskeletal conditions of the foot
such as plantar heel pain and tendon disorders [29-31]. This
suggests that corticosteroid injection alone may have lim-
ited utility for midfoot OA. Adverse events associated with
intra-articular corticosteroid injections were reported in both
trials and were uncommon (0 to 13.5%) and minor [11, 12].
As the included trials were rated as poor quality, rigorous
randomised trials are required to improve our understanding
of the efficacy of corticosteroid for midfoot OA.

There are several strengths of this review. The review
protocol was prospectively registered with PROSPERO. We
used a robust search strategy that was comprehensive and
not restricted by language or date. We used two independent
investigators to screen studies for inclusion, perform data
extraction and conduct quality assessment with conflicts
resolved by two investigators. The reporting of data and
results were cross checked. We also used pre-determined
decision rules to identify and extract data for outcome meas-
ures at specific time points. Furthermore, we pre-specified
important criteria within the NIH Quality Assessment Tools
[24] that had to be satisfied prior to rating the quality for
each trial. As such, our assessments regarding the methodo-
logical quality of the evidence are transparent and unbiased.

The quality of the evidence in this review is limited by
the small number and low level of evidence of the included
trials, and their poor methodological quality. Our quality
assessment identified several common issues across the
included trials, so all were rated as poor quality. First, the
inclusion criteria for the diagnosis of midfoot OA were
unclear in most trials [11, 12, 19, 21, 22] which makes it dif-
ficult to generalise the findings. Further work is required to
develop a consensus definition for midfoot OA [7]. Second,
the outcome measures varied in type and assessment time-
points across the trials, and only three trials [12, 20, 21] used
validated measures for pain and function [32]. Third, there
was a lack of participant and assessor blinding across all tri-
als [11, 12, 19, 21, 22] apart from the feasibility trial [20].
There was considerable intervention variability in the provi-
sion and types of FOs used, and the intra-articular corticos-
teroid injections performed were guided by different imaging
techniques and operators. As such, comparisons could not be
made between the included trials. Finally, only the feasibility
trial [20] provided a prospective sample size calculation, so

@ Springer

it is possible that the remaining trials [11, 12, 19, 21, 22]
may have been under-powered leading to an uncertainty in
the observed intervention effect [33]. Although the authors
[20] reported appropriate sample size calculations adequate
for a feasibility trial, key characteristics of participants in
each group at baseline were notably different, and this may
have confounded the reported effect of the intervention.

In conclusion, the aim of this review was to assess the
current evidence for non-surgical interventions for midfoot
OA. The available evidence indicates that arch contouring
FOs may reduce pain and improve function in the short
and medium term, and shoe stiffening inserts may improve
pain and function in the short term. However, the long-term
effects of these interventions are unknown. Although intra-
articular corticosteroid injection therapy may reduce pain in
the short term, the effects do not persist. Overall, the quality
of evidence that these conclusions are drawn from is low.
Therefore, rigorous randomised trials are required to evalu-
ate the efficacy of these non-surgical interventions.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00296-023-05324-3.
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