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Abstract 

Introduction Therapeutic offloading devices, including insoles, shoes, and other orthoses, are some of the most 
commonly used interventions to treat or prevent diabetic foot ulceration. Custom-made offloading devices are 
increasingly used to offset the development of foot ulcers. However, whether these devices are more effective 
than prefabricated standard offloading devices is uncertain. Therefore, this systematic review collates and examines 
evidence on the efficacy of custom-made offloading devices in preventing foot ulcer incidence and recurrence 
in people diagnosed with diabetes.

Methods Five scientific databases were searched, covering 2011–2023. Initial searches and screening were carried 
out independently by two researchers. Studies meeting the inclusion criteria were further examined through addi-
tional screenings, and critical appraisal. Data relevant to the review aims were extracted and analysed within a narra-
tive synthesis.

Results Of the 1,715 articles found in the initial searches, nine papers were found to meet inclusion criteria and were 
included in the review. The evidence shows that custom-made offloading devices are likely to be more effective 
for reducing or preventing diabetic foot ulcers than standard offloading devices. However, due to a lack of data it 
remains uncertain whether custom-made offloading devices are more cost-effective for preventing ulceration com-
pared to standard insoles. Likewise, due to measurement heterogeneity between studies and lack of data, it is unclear 
whether adherence is higher in users of custom-made offloading devices, and whether such devices deliver signifi-
cantly greater reductions in peak pressure as compared to standard offloading devices.

Conclusion Custom-made offloading devices are more effective than standard devices for preventing diabetic foot 
ulceration, and we recommended their use when feasible; however, there remains uncertainty regarding their cost-
effectiveness compared to standard insoles and offloading devices.
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Background
Diabetes mellitus (hereafter referred to as diabetes) 
refers to a group of endocrinological diseases char-
acterised by prolonged hyperglycaemia [1, 2]; type 
2 diabetes is the most common form of diabetes, fol-
lowed by type 1 diabetes. Though the pathophysiology 
of type 1 and type 2 diabetes differ significantly, both 
share similar complications if left untreated or poorly 
controlled [3–5]. Of these complications, diabetic foot 
ulceration (DFU) is among the most serious, incurring 
considerable costs for individuals, families, and health 
systems alike [6–9]. Characterised by the formation of 
deep, slow healing wounds on the lower limbs, DFU is 
the primary antecedent for lower limb amputation in 
diabetic patients [10, 11] which in turn leads to further 
burdens on patients and healthcare providers [12, 13].

The aetiology of DFU is multifactorial [14, 15]; 
among the most significant factors is peripheral neu-
ropathy, a condition caused by damage to the periph-
eral nervous system from prolonged hyperglycaemia 
[16]. Long-term, this is the most common complica-
tion of diabetes [17] and includes symptoms such as 
sensory impairment, paraesthesia, and weakness in 
affected areas [18]. The loss of sensation is arguably 
the most consequential in terms of DFU development; 
those affected are unable to detect and avoid harmful 
stimuli such as shearing forces or accidental trauma, 
leading to skin damage and eventual ulcer formation 
[19, 20]. Preventative measures which reduce the inci-
dence of DFU are paramount to improving the out-
comes of people with diabetes.

Therapeutic offloading devices for the feet are com-
monly used to prevent the development of DFU. How-
ever, Paton et al. [21] found only limited evidence that 
standard generic insoles can reduce the incidence of 
ulceration in diabetic patients. The use of custom-
made offloading devices preventing DFU incidence 
may offer more efficacy by accounting for multiple 
individual factors, and several studies examining vari-
able offloading devices have so far demonstrated posi-
tive results [22–24].

Despite positive evidence, the overall clinical-effec-
tiveness and cost-effectiveness of custom-made off-
loading devices for diabetic patients remains unclear. 
Healthcare systems have limited resources, thus it is 
important that clinical interventions result in signifi-
cant health benefits at acceptable costs per patient. 
Therefore, the aim of this systematic review is to eval-
uate the effectiveness and cost-effectiveness of cus-
tom-made offloading devices as compared to standard 
offloading devices for the prevention of DFU.

Methods
The protocol for this study was registered with 
International Prospective Register of Systematic 
Reviews (PROSPERO) under registration number 
CRD42023429948.

Aim
The primary aim of this systematic review was to deter-
mine the efficacy of custom-made offloading devices and 
variable insoles for the prevention of DFU, as compared 
to standard offloading devices. The secondary aims were:

1. To determine which lower limb offloading devices 
provide the greatest risk reduction for ulceration.

2. To establish rates of adherence among users of cus-
tom-made devices and whether adherence reduces 
ulceration.

3. To determine whether variable/custom-made devices 
are more cost-effective than standard/generic devices 
for the prevention/treatment of DFU.

Review methodology
A systematic review was conducted and reported accord-
ing to the Cochrane Handbook for Systematic Reviews of 
Interventions [25].

Data sources & search strategy
The electronic databases MEDLINE, Scopus, Embase, 
Web of Science, and Cochrane Library were systemati-
cally searched for potential research studies. Addition-
ally, reference lists of publications were analysed to 
identify further potential candidate papers. Grey litera-
ture and thesis databases were not scanned due to time 
constraints. The publication time period was limited 
to 2011–2023 and only English language articles were 
included.

The search strategy initially consisted of broad-stroke 
terms, including “foot ulcer”, “insoles”, and “orthosis”. 
Subsequent analysis and extraction of keywords from 
the titles, abstracts, and index terms of retrieved articles 
were used to refine the final search strategy, as displayed 
in Table 1. Terms were decided by consulting with expert 
clinicians and researchers.

Search results were downloaded from each database 
and saved as comma-delimited values. Primary screening 
of titles and abstracts was conducted independently by 
two investigators (AWJ and AM), with a third investiga-
tor on hand to act as an impartial third-party in cases of 
disagreement (NB). Secondary screening of full titles was 
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conducted by two investigators (AWJ and AM) together. 
Inclusion and exclusion criteria are presented in Table 2.

Quality assessment
To assess the methodological quality of studies included 
in the review, the critical assessment tools developed 
by JBI [26] were utilised. Briefly, these tools provide 
assessors with checklists to evaluate different aspects 
of studies, including their designs, measurements, and 
data analyses; assessors then score these evaluations 
and assign a quality rating of “low”, “medium”, or “high” 
depending on said score. Studies were assessed indepen-
dently by two investigators (AWJ and AM), with a third 
party available to settle any disagreements in scoring 
and/or quality rating (NB).

Data extraction
The following data were extracted from selected studies:

• Publication data: author(s), year.
• Methodology data: study design, inclusion criteria, 

outcome measurements, intervention description, 
setting.

• Statistical data: number of participants, baseline 
characteristics, statistical results.

• Text/other data: other results.

Data analysis and synthesis
A narrative synthesis approach was employed to analyse 
and surmise data extracted from selected studies. The 
structure of the synthesis was based on the original aims, 
with the primary aim of determining whether custom-
made offloading devices prevent ulcer recurrence/inci-
dence, as compared to standard offloading devices. The 
secondary aims were evaluated in no particular order.

Results
Search results
A total of 1,715 articles were retrieved from across the 
five databases during the search stage; removal of dupli-
cates reduced this number to 1,354. Primary screening 
extracted 108 articles for further analysis. At secondary 
screening, 67 studies were considered eligible for inclu-
sion. Nine studies met inclusion criteria after review of 
full-texts, and were included in the final narrative synthe-
sis. See Fig. 1 for full results.

Details of selected studies
Extracted data with categorised information can be 
found in Table 3. Six papers were randomized controlled 
trials (RCTs) [21, 27–31]; one was an economic evalu-
ation/model [32]; one was a non-controlled interven-
tion study (interpreted as quasi-experimental for quality 

Table 1 Search terms and keywords

Field Search terms Boolean

1 “diabetic foot ulcer*” OR “foot ulcer*” OR “diabetic neuropath*” OR “diabet* complications” OR “neuro-
path* ulcer*”

AND

2 “insole*” OR “orthos*” OR “orthotic*” OR “shoe*” OR “footwear” OR “cast*” AND

3 “incidence” OR “incidence ratio” OR “offload*” OR “risk” “OR “risk reduction” OR “cost*” OR “cost-effective-
ness”

Table 2 Inclusion and exclusion criteria for retrieved studies

Inclusion criteria Exclusion criteria

Participants Adults formally diagnosed with type 1 or type 2 diabetes and with current or previ-
ous lower limb ulceration

People without either diabetes or DFU

Intervention/exposure Insoles, orthoses, or other footwear designed to offload pressure and reduce foot 
ulceration incidence

Interventions not involving the use 
of insoles or other offloading devices

Comparison Any randomised control trial, cohort study, or study design involving comparison 
of control groups to experimental groups

Case reports, case studies, or any other 
design that focuses on single cases 
of disease

Outcomes Relative risk reduction, including measurements by standardised tools such 
as Wagner’s classification scale
Incidence of foot ulceration, including incidence percentages and incidence risk 
ratios (IRRs)
Health economic costs, including quality-adjusted life years (QALYs), unit and ser-
vice costs, and estimated benefits

Lacking any of the outcomes for inclusion

Publication type Published and preprint Not peer-reviewed
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appraisal purposes) [33]; and one was a randomised mul-
ticentre prospective study (appraised as an RCT for ease 
of comparison) [34].

Four studies took place in the United Kingdom, with 
two conducted in England [21, 27], one in Scotland [32], 
and one not defined [30]. Two studies were conducted in 
Italy [29, 34], two took place in the Netherlands [28, 33] 
and a singular study took place in Spain [31].

Five studies were conducted in specialist diabetic foot 
clinics or units [29–31, 33, 34]. Collings et  al. [27] and 
Paton et  al. [21] defined their settings as centres across 
South West England, while Craig et  al. [32] described 
their settings as community and outpatient units across 
NHS Borders, a health board within NHS Scotland.

The utility of study results depends on whether they 
can be generalised to the larger population, thus the 
samples of included studies should adequately represent 
the wider neuropathic diabetic population. Namely, they 
should be diabetic and diagnosed with peripheral neu-
ropathy or another clinical pathology leading to sensory 
loss in the lower limbs. On this basis, external validity 
across studies was relatively good; of the pooled sample 
of 853 participants from across the included literature, 
40.56% (n = 346) had peripheral neuropathy or significant 
loss of protective sensation in the lower limbs.

One study [29] used an ulcerative risk score in lieu of 
previous ulceration monitoring; meaning it did not tech-
nically meet the inclusion criteria. However, after debate 

Fig. 1 PRISMA diagram
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within the review team it was decided that this paper 
could be included as the study population was similar to 
those of other studies, and the outcomes were broadly 
relevant.

Methodological quality
The methodological quality of the selected studies (bar 
one study [33]) was considered high. Each study pro-
vided ample information on interventions, outcomes, 
and results; three studies also reported details of adverse 
events [27, 30, 34]. Comprehensive details regarding 
methodological quality can be found in Tables 4, 5, 6.

Blinding protocols varied across the included stud-
ies. Double-blinding (i.e. blinding of participants and 
treatment providers) occurred in four of the RCTs [27, 
28, 30, 31]. It was unclear in two studies whether there 
was blinding of treatment providers [21, 34], and it was 
unclear whether there was participant blinding in one 
study [34]. Blinding was not present in three studies 
[29, 32, 33]. Triple-blinding (i.e. blinding of participants, 
healthcare providers, and outcome assessors) was pre-
sent in two of the RCTs [27, 28]. Five studies used ran-
domised allocation of intervention with concealment [21, 
27, 28, 30, 31]; it was unclear whether concealment was 
used in one randomised study [34].

Results synthesis
Interventions & comparators
Four studies used footwear as interventions [28, 29, 31, 
33]; of these, three used custom-made footwear [28, 
29, 33] and one employed therapeutic footwear with a 
rigid rocker sole [31]. Comparisons across the studies 
employing custom-made footwear were heterogenous: 
one study [28] compared custom-made footwear with 
improved offloading properties to non-improved cus-
tom-made footwear; one [29] compared custom-made 
footwear to standard treatment; one [31] compared 
therapeutic footwear with rigid rocker soles to thera-
peutic footwear with semi-rigid soles [31]; and one [33] 
lacked a control group, as all participants had custom-
made footwear.

Three studies used custom-made insoles as interven-
tions [21, 27, 30]; of these two studies [21, 27] com-
pared custom-made insoles with prefabricated insoles, 
while one study [30] provided an intelligent insole 
system to all participants. In this study [30] the inter-
vention group received audio-visual alerts from said 
system when aberrant pressure was detected, while the 
control group did not. Of the remaining two studies, 
one [32] employed soft-heel casting and compared it to 
standard therapeutic footwear, and one [34] compared 

Table 4 Quality assessment table for RCT studies included in the synthesis. Questions are derived from the JBI Checklist for 
Randomized Controlled Trials

Y Yes, N No, UC Unclear

References Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13

[27] Y Y Y Y Y Y Y Y Y Y Y Y Y

[30] Y Y Y Y Y N Y Y Y Y Y Y Y

[31] Y Y Y Y Y UC Y Y Y Y Y Y Y

[34] Y UC Y Y UC Y Y Y Y Y Y Y Y

[28] Y Y Y Y Y Y Y Y Y Y Y Y Y

[21] Y Y Y Y UC Y Y Y Y Y Y Y Y

[29] Y UC Y Y UC UC Y Y Y Y Y Y Y

Table 5 Quality assessment table for the quasi-experimental study included in the review. Questions are derived from the JBI checklist 
for Quasi-experimental studies

Y Yes, N No, UC Unclear

Reference Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9

[33] Y Y N N Y Y UC Y Y

Table 6 Quality assessment table for the economic evaluation study included in the review. Questions are derived from the JBI 
checklist for economic evaluations

Y Yes, N No, UC Unclear

Reference Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11

[32] Y Y Y UC Y Y UC Y Y Y Y
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three different orthotic interventions: total contact 
casts, walking boots rendered irremovable, and remov-
able walking boots.

Prevention of ulcer incidence/recurrence
The primary outcome of interest (i.e. efficacy of custom-
made offloading device in terms of preventing ulcer inci-
dence or recurrence), was investigated by six studies [27, 
29–33]. Abbott et  al. [30] tested the effectiveness of an 
intelligent insole system in reducing ulcer recurrence in 
diabetic patients with previous ulceration and periph-
eral neuropathy over 18-months. At 18-months, a total 
of 10 ulcers (17%) recurred across both groups, with six 
recurring in the control group and four in the interven-
tion group. Poisson regression demonstrated a 71% risk 
reduction of re-ulceration in the intervention group (IRR 
0·29; 95% CI 0·09–0·93; p = 0.037). Ulcer recurrence fur-
ther decreased by 86% within the intervention group in a 
subgroup analysis of system-adherent patients (i.e. wear-
ing ≥ 4.5 h a day; IRR 0·14, 95% confidence interval [CI] 
0·03–0·63; p = 0·011).

Collings et al. [27] compared foot ulcer incidence in two 
diabetic neuropathy groups over a period of 12-months. 
The intervention group were provided with instant opti-
mised insoles accommodating for areas of ulceration. At 
the 12-month follow-up, foot ulcer incidence was lower 
in the intervention group (22.5%) compared to the con-
trol group (33.3%), although statistical outcomes were 
not presented.

Rizzo et  al. [29] assessed the impact of custom-made 
orthoses/shoes and a structured prevention program on 
DFU incidence in diabetic patients at high risk. Ulcer 
incidence was measured at 1-, 3-, and 5-year follow-ups. 
Both the intervention and control groups were enrolled 
in the prevention programme; the intervention group 
were provided with custom-made orthoses and shoes. At 
12-months follow-up, ulcer incidence was significantly 
lower in the intervention group (12.8%) compared to the 
control group (38.6%; χ2 = 19.187, p < 0.0001). This differ-
ence was still significant at the 3-year (17.6% vs. 61.0%; 
χ2 = 38.686, p < 0.0001) and 5-year follow-ups (23.5% vs. 
72.0%; χ2 = 46.154, p < 0.0001). The separate effects of the 
custom-made orthoses/shoes and the structured preven-
tion program could not be estimated from the available 
data.

López-Moral et al. [31] analysed the efficacy of thera-
peutic footwear with a rigid rocker sole in preventing 
ulcer recurrence among diabetic patients with periph-
eral neuropathy. The intervention group were provided 
with therapeutic footwear with rigid rocker sole, while 
the control group were given therapeutic footwear with 
semi-rigid soles. Ulcer recurrence was lower in the rigid 
rocker sole group (23%) versus the semi-rigid sole group 

(64%). Survival analysis on a group of patients with ≥ 60% 
adherence to therapeutic footwear revealed that rigid 
rocker sole interventions significantly lessened ulcer 
development in patients with peripheral neuropathy and 
histories of DFU (p = 0.019; 95% CI 0.086–0.807; hazard 
ratio: 0.263).

Two studies briefly examined ulcer incidence/recur-
rence [32, 33]. In their study, Keukenkamp et  al. [33] 
measured the effects of custom-made indoor insoles and 
adherence on ulcer recurrence. Groups were determined 
by baseline indoor adherence (i.e. how often indoor 
insoles were worn, expressed as percentages of time). 
The primary group had low indoor adherence (< 80%), 
while the secondary group had high indoor adherence 
(≥ 80%). Custom-made indoor footwear was provided 
to both groups. In the high indoor adherence (≥ 80%) 
group, ulcer recurrence was low, with 26% of participants 
developing foot ulcers; further statistical findings were 
not reported. Craig et al. [32] examined the effectiveness 
of soft-heel casting (semi-rigid tape placed over primary 
dressings and fastened by secondary dressings) in ulcer 
incidence reduction using audits, previously published 
data, and expert opinion. Two groups were modelled: a 
preventative group (n = 508) with a high-risk of devel-
oping ulceration; and a curative group (n = 178) with an 
estimated ulceration rate of 3.5% annually. Ulcer healing 
was higher amongst soft-heel casting users (64%) com-
pared to orthotic footwear users (52%); however further 
statistical evidence was not reported.

Only one study found no significant result after follow-
up [28]. Bus et  al. [28] examined the effect of custom-
made footwear with improved offloading on plantar ulcer 
recurrence in neuropathic diabetic patients with previous 
ulceration. The intervention group were given improved, 
custom-made footwear with ~ 20% peak pressure relief. 
At 18-months follow-up, ulcer recurrence did not sig-
nificantly differ between the two groups (intervention: 
38.8%; control: 44.2%; relative risk reduction: 11%; odds 
ratio [OR] 0.80; 95% CI 0.44–1.47, p = 0.48). However, a 
subgroup analysis of patients with ≥ 80% adherence did 
show significant difference in ulcer recurrence between 
the two groups (intervention: 25.7%; control: 47.8%; 
relative risk reduction: 46%; OR 0.38; 95% CI 0.15–0.99, 
p = 0.045).

Peak pressure reduction
Four studies evaluated the effects of custom offload-
ing devices on peak plantar pressure reduction [21, 27, 
28, 33]; plantar pressure being the pressure between the 
foot and the support surface (e.g. shoe) during everyday 
movement. Two studies described positive outcomes in 
peak pressure reduction. At 6-months follow-up, Collings 
et  al. [27] found that optimized insoles reduced mean 
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peak plantar pressures in both regions of interest, defined 
by the authors as recently healed ulcer sites or callus/
corns, or areas with mean peak plantar pressures greater 
than 350  kPa (Region of Interest [RoI]1: M = 639.8  kPa, 
SD = 332.3  kPa; RoI 2: M = 717.0  kPa, SD = 476.6  kPa). 
Follow-up at 12-months also favoured the intervention; 
however, as the authors noted concerns over prolonged 
pressure reduction with the insoles due to uncertainty 
over their durability beyond 6 months. The custom-made 
footwear with improved offloading used by Bus et al. [28] 
led to significantly lower in-shoe peak pressures in the 
intervention group (221 ± 51 kPa) than the control group 
(274 ± 66 kPa) across all regions of interest (β −53 (−65 to 
−42); p < 0.001).

The two other studies [21, 33], however, found no 
reduction in peak pressure. Paton et al. [21] used custom-
made functional insoles as an intervention to reduce 
ulceration risk factors in diabetic patients with peripheral 
neuropathy, including peak pressure reduction. Overall, 
no significant differences were found between the two 
groups in terms of peak pressure reduction at 6-months 
follow-up (intervention: 239 kPa (37%); control 187 kPa 
(31%); F = 2.687, Eta2 = 0.023, p = 0.104). Similarly, Keu-
kenkamp et  al. [33] found no significant differences 
between custom-made and regular indoor footwear in 
peak plantar pressure reduction, though peak pressure 
measurements of > 200 kPa occurred less frequently with 
the custom-made footwear.

Costs
Four studies analysed the costs of custom-made offload-
ing devices [21, 29, 32, 34]. Methods for cost measure-
ments were heterogenous across studies. Craig et  al. 
[32] estimated the costs of using soft-heel casting ver-
sus standard orthotic boots per patient and per patient 
pathway in GBP (£). Overall, soft-heel casting was less 
expensive per patient compared to standard orthotic 
boots. In the preventative group, soft-heel casting costs 
per patient were lower than orthotic footwear cost per 
patients in both subgroups (no new ulcers: soft-heel 
cast = £489; orthotic footwear = £558; new ulcers: soft-
heel cast = £6,359; orthotic footwear = £6,726). For the 
curative group, soft-heel casting costs per patient were 
also lower than orthotic footwear for inpatients (soft-heel 
cast = £6,991; orthotic footwear = £7,540) and outpatients 
(soft-heel cast = £5,359; orthotic footwear = £5,977). 
Costs per individual patient was £29 for soft-heel casting, 
with £11 spent on materials, £16.60 for staff time to pre-
pare and fit casts, and a mean of 1.05 casts per person. 
Comparably, it costs £98 for orthotic footwear, with the 
boot itself costing £90 in addition to fitting by a podiatrist 
at £8 per patient.

Piaggesi et  al. [34] tested the effectiveness of three 
walking boots in diabetic patients with DFU staged at IA 
(i.e. superficial wounds) or IIA (i.e. wounds penetrating 
to tendons or capsules), according to the University of 
Texas Diabetic Wound Classification [35]. Patients were 
randomised into three groups: group A were provided 
with total contact casts; group B received walking boots 
rendered irremovable; and group C were given removable 
walking boots. Total contact casts were found to be the 
most expensive device, costing approximately €457.80 
per patient; comparatively, irremovable and removable 
walking boots were less costly, costing around €163 and 
€144 per patient, respectively.

In one study [21] the total mean cost of the intervention 
was significantly more (£656.03) than the control (£554.28; 
t = −8.942, p < 0.001). Mean cost of the customised insole 
alone was £137.65, while the mean cost of the standard 
insole alone was £31.73. Rizzo et  al. [29] only measured 
the cost of the custom devices for the intervention group 
at 12-month follow-up. Costs for manufacturing orthoses 
and shoes was estimated to be €675 per patient; no further 
information on costs or costs breakdown were available.

Device adherence
Five studies measured device adherence [27, 28, 30, 31, 
33]. Collings et  al. [27] recorded insole adherence in 
both groups using an integrated temperature sensor; 
high adherence was considered to be wearing the insoles 
for > 8  h of daylight, as defined by Waaijman et  al. [36]. 
Complete wear data from 44 participants across both 
groups were uploaded and analysed; 45.5% (n = 20) wore 
insoles for < 4 h per day, 38.6% (n = 17) wore insoles for 4 
to 8 h, and 15.9% (n = 7) for > 8 h per day.

Keukenkamp et  al. [33] primarily focused on adher-
ence to custom-made indoor insoles in their study, 
using a temperature-based sensor to measure daily step 
counts and footwear use over seven consecutive days. 
Low adherence was defined as < 80% of total indoor steps 
in prescribed footwear; conversely, high adherence was 
defined as ≥ 80% of the same measurement. At baseline, 
23 participants had low adherence; following provision 
of custom-made indoor footwear, average indoor adher-
ence increased from 48 to 71% at 1-month follow-up 
(p = 0.001, r = 0.74) and to 77% at 12-months follow-up 
(p < 0.001; r = 0.78). Overall adherence, including out-
door use, significantly increased from baseline (65%) at 
1-month (77%; p = 0.002; r = 0.66) and 12 months follow-
up (87%; p < 0.001; r = 0.74). The length of time wearing 
custom-made footwear, both indoor and regular (i.e. 
footwear worn outdoors), also increased from 8.6  h/
day to 9.3  h/day (p = 0.0014; r = 0.68) and 12.0  h/day 
(p = 0.002; r = 0.75), respectively.



Page 17 of 20Jones et al. Diabetology & Metabolic Syndrome          (2024) 16:172  

Abbott et al. [30] measured adherence to an innovative 
insole system in both intervention and control groups 
using device-recorded data and patient questionnaires. 
Device-recorded data showed no significant difference 
in median device usage time between control (6.9  h/
day; interquartile range [IQR] 4.5–8.9) and intervention 
(median 6.1.h/day; IQR 4.3–7.6; p = 0.22). Similarly, there 
were no significant differences in self-reported median 
device usage time between control (4.3 h/day; IQR 2.9–
5.8) and intervention (5.2 h/day; IQR 2.9–7.7; p = 0.56).

Two studies briefly measured adherence in order to 
conduct statistical analyses on other outcomes. Both 
López-Moral et  al. [31] and Bus et  al. [28] recorded 
adherence to perform subgroup analyses of ulcer recur-
rence in patients with high adherence rates; the former 
used ≥ 60% as a cut-off value for adherence, while the 
latter used ≥ 80%. López-Moral et al. [31] used question-
naires distributed at consultations to measure device 
adherence; 46 participants (90.2%) were regarded as 
highly adherent. Bus et al. [28] calculated adherence from 
temperature-based monitors inserted in the custom-
made footwear and determined 79 of the 171 participants 
(46%) were highly adherent.

Discussion
Overall, considering the evidence available, we can 
conclude custom-made offloading devices may be an 
effective intervention for preventing ulcer recurrence/
incidence in diabetic patients with peripheral neuropa-
thy. However, we are unable to confirm whether variable 
offloading devices improve rates of adherence in users, 
nor are we able to determine the cost-effectiveness of 
these devices from the available evidence. Evidence of the 
effect of custom-made offloading devices on peak plantar 
pressure is also mixed.

The aetiology of DFU is multifactorial, and while 
peripheral neuropathy is most commonly associated with 
ulceration in diabetic populations, it is not the singular 
cause; peripheral artery disease is another causative fac-
tor that results in the formation of ischaemic ulcers in 
affected patients [37, 38]. While this systematic review 
focuses on the effectiveness of custom-made/variable off-
loading devices on foot ulceration in diabetic populations 
generally, almost half of the identified studies included 
peripheral neuropathy or lower limb sensory loss as a 
primary factor in DFU development, as indicated by 
Table 3. Therefore, the outcomes surmised here may be 
less applicable to ulceration caused by other conditions 
(such as peripheral artery disease). Clinical inference of 
these results should be limited to patient populations 
with diabetes and peripheral neuropathy.

Our primary aim, to determine the efficacy of custom-
made offloading devices for preventing DFU incidence or 

recurrence, was achieved. In five of the studies analysed 
there were significant differences in ulcer incidence/
recurrence between intervention groups and control 
groups. Only Bus et  al. [28] found no such differences 
after follow-up; however, a subgroup analysis on patients 
with high adherence rates (i.e. ≥ 80%) did find significant 
reductions in ulcer incidence in the intervention group 
versus the control group. Furthermore, ulcer incidence 
or recurrence outcomes were reported relatively consist-
ently as percentages, except for López-Moral et  al. [31] 
who performed a survival analysis on participants, thus 
reporting their result as a hazard ratio.

This efficacy may be attributable to different factors. 
For example, lower limb structure varies among peo-
ple with diabetes, with ulceration and musculoskeletal 
deformities common findings in those with moderate to 
severe disease [39, 40]. Custom-made offloading devices 
can accommodate for these anatomical features by con-
forming to the foot as it presents in the clinic. Materials 
may also influence ulceration rates. In the construction of 
custom-made offloading devices, clinicians and orthotists 
can select materials that reduce or prevent risk factors 
specific to foot ulceration, as well as provide more com-
fort for patients.

We were unable to determine whether custom-made 
offloading devices were more cost-effective than standard 
offloading devices due to a lack of evidence. Overall the 
data reviewed were not comprehensive enough to form 
conclusions on cost-effectiveness. In particular there was 
a lack of information on specific costs, namely material 
costs, service costs, and long-term costs (i.e. costs at/
after follow-up periods). Were they present, these costs 
would also have needed comparison to those of stand-
ard offloading devices. While costs per patient were 
described, this does not explain whether custom-made 
devices are more cost-effective than standard devices. 
We suggest that future studies comparing custom-made 
devices to standard ones should detail all costs involved, 
including manufacturing and service costs. Additionally, 
costs at follow-up periods and cost-effectiveness com-
parisons with standard insoles should also be examined.

We also cannot conclude whether adherence rates are 
higher in users of custom-made devices compared to 
those using standard devices, or if higher adherence leads 
to reductions in ulcer recurrence. These conclusions are 
based on two observations. Firstly, there were not enough 
studies comprehensively evaluating adherence as an out-
come; only Keukenkamp et al. [33] measured adherence 
as a primary outcome. Conversely, López-Moral et  al. 
[31] and Bus et  al. [28] only briefly measured adher-
ence for the purpose of additional sub-group statistical 
analyses. Secondly, methods used to measure adherence 
were heterogenous. For example, Collings et  al. [27] 
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and Keukenkamp et  al. [33], each used integrated tem-
perature sensors, but how they calculated adherence dif-
fered greatly; the former used a specific length of time 
(i.e. > 8  h/day) to determine high adherence, while the 
latter used daily step counts over seven days to estab-
lish high and low adherence rates. This variance limits 
the generalisability of the results. Given that adherence 
to treatment is an issue across healthcare [41, 42], there 
should be an effort towards developing a standardised 
method of measuring adherence that can then be used in 
future studies.

Finally, we were unable to determine the effectiveness 
of custom-made offloading devices for reducing peak 
pressure reduction. There were not enough data, and the 
data extracted were too mixed to form a definitive con-
clusion. Pressure is a major risk factor in the develop-
ment and progression of DFU, so it should be accounted 
for when providing diabetic patients with footwear and 
other orthoses. However, we should note that during our 
initial screening of studies, there were numerous stud-
ies focusing on peak pressure reduction in custom-made 
offloading devices as a primary outcome; these were not 
included in our study as peak pressure reduction was 
only considered a secondary aim. Thus we believe there is 
potential for a separate review focussing on the effects of 
custom-made offloading devices on peak pressure reduc-
tion in diabetic patients. Otherwise, we recommend that 
future trials and other experimental studies incorporate 
peak pressure reduction as an outcome alongside ulcer 
incidence/recurrence.

It should be noted that there are some previously pub-
lished systematic reviews examining the use of offload-
ing devices on DFU [43–45]. However, we believe our 
work differs significantly from these studies by focusing 
primarily on custom-made offloading devices and their 
effects on the whole diabetic foot, as opposed to all off-
loading devices or specific anatomical areas. Additionally, 
we also examine the economic costs associated with the 
use of custom-made devices, an aspect of DFU manage-
ment which is less studied compared to ulcer recurrence 
or plantar pressure despite its importance in determin-
ing the clinical utility of an intervention. Our work also 
accounts for more recent progress in custom-made off-
loading devices, so the data analysed are the latest avail-
able. Our decision not to perform a meta-analysis was 
influenced primarily by the lack of data currently avail-
able and the heterogeneity of data, thus we deemed a nar-
rative synthesis to be sufficient for this study.

Conclusions
In conclusion, we believe custom-made offload-
ing devices can be effective in preventing ulcer inci-
dence/recurrence in diabetic patients with or at risk 

of developing DFU, compared to standard offloading 
devices. However, we cannot declare whether these 
custom-made devices are cost-effective, nor can we 
determine whether patients are more likely to adhere to 
them and whether they are effective in reducing peak 
pressures.

Cost-effectiveness is perhaps the most important fac-
tor preventing full recommendation of custom-made 
offloading devices. Future research comparing such 
devices versus standard devices should include all costs 
involved in their production, including costs for staff 
time and long-term costs of device maintenance. Addi-
tionally, use of a standardised method for measuring 
adherence in this context would be beneficial, as well as 
including a standardised measure of peak pressure as a 
primary outcome alongside ulcer incidence/reduction.

Despite these caveats, there is clearly a growing body 
of evidence which demonstrates the clinical benefits of 
custom-made offloading devices for preventing DFU.
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