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HIGHLIGHTS

e 3D-printedinsoles reduce pain, improve function and satisfaction if EVA insoles
are not effective
e 3D-printed insoles offer an alternative to escalating to other healthcare

services.

e Hard-shell 3D-printed insoles could minimise the patient healthcare journey



ABSTRACT

Background: Patients who do not achieve positive outcomes with custom ethylene-
vinyl-acetate (EVA) foot orthoses will often be escalated to other services for

treatment, which may include surgery.

Objective: This study aimed to explore the effectiveness of custom hard-shell 3D-
printed foot orthoses for patients who did not respond to treatment with custom EVA

foot orthoses and were being considered for treatment escalation.

Design: An eight-week clinical evaluation and a two-year review of relevant medical
records.

Method: Thirty-six consecutive patients with a range of musculoskeletal lower limb
pathology who remained symptomatic after 12-weeks use of custom EVA foot
orthoses were fitted with custom hard-shell 3D-printed foot orthoses. The Foot Health
Status Questionnaire was used to assess patients at baseline and eight-week follow-
upin conjunction with the Client Satisfaction with Device module of the Orthotics and
Prosthetics User Survey. Patients were categorised as responders or non-responders
based on their change in pain scores. A review of relevant medical records two years
after receiving their orthoses determined if patients required further treatment for their
initial condition.

Results: Across the full cohort there were significant improvements in pain, function
and foot health. At follow-up, responders reported significantly improved pain, function
and foot health compared with non-responders. Twenty-six patients (12 responders,
14 non-responders) required no further treatment for their original condition after two

years.



Conclusions: Custom hard-shell 3D-printed foot orthoses have the potential to improve
pain, function, foot health, and provide satisfaction in patients with lower limb

musculoskeletal conditions which do not improve with custom EVA foot orthoses.

Keywords: foot orthoses, 3D printed insoles, musculoskeletal lower limb pathology



INTRODUCTION

The use of compressible foams such as ethylene-vinyl-acetate (EVA) are the most
common materials used in custom foot orthosis manufacture (1), and are often
considered standard care (2). Previous studies have highlighted the importance of
comfort, kinematics and pressure reduction in relation to material hardness (3-5),
however, these studies provide no consistent guidance for clinicians regarding
assessment of patient suitability for hard-shell foot orthoses, and do not focus on the

patient outcomes in terms of treating foot and ankle pathologies.

Custom foot orthoses are considered as a second or third-line intervention within
musculoskeletal treatment pathways for foot pathologies (6), and when patients do not
improve with orthotic treatment, the next step in the pathway includes escalation for a
surgical opinion, pain management, or other invasive therapies such as steroid
injections. Models of care focusing on improving patientoutcomes for musculoskeletal
conditions and minimising pressures on health services has been highlighted as a
global priority (7), and in this respect it is important that patients are guided to the right
care at the right time, avoiding unnecessary invasive treatments. In the UK, the
National Health Service (NHS) set out the RightCare agenda, which aimed to optimise
treatment pathways including those for musculoskeletal services. By focusing on
patients receiving the right care, in the right place, at the right time, adoption of the

RightCare approach has facilitated a reduction in secondary care referrals by 30% (8).

In this study we propose the inclusion of hard-shell foot orthoses within the
musculoskeletal treatment pathway, as an alternative to immediate escalation to other

health care services, when the use of custom EVA insoles has been unsuccessful.



OBJECTIVE

To the author's knowledge, no previous research has investigated the clinical
outcomes of individuals with lower limb musculoskeletal conditions who did not
respond well to custom EVA foot orthoses, and whether there is any benefit to
including custom hard-shell foot orthoses in the musculoskeletal treatment pathway
prior to escalating to other healthcare services. Therefore, the primary aim of this
study was to explore the effectiveness of custom hard-shell 3D-printed foot orthoses in
reducing pain and improving the footfunction in a heterogeneous patient cohort group
with a lower limb musculoskeletal pathology that were non-responders to custom EVA
foot orthoses. The secondary aim was to explore whether patients using custom hard-

shell 3D printed foot orthoses required treatment escalation to other health care

services within a two-year period.



METHODS

Patients

Patients were treated by three orthotists from the orthotic service in the NHS Greater
Glasgow and Clyde (GGC) Health Board. Patients were eligible to be fitted with
custom hard-shell 3D-printed foot orthoses if they were; aged = 16 years old,
presented with a musculoskeletal pathology of the lower limb, and did not report an
improvement in pain following 12 weeks of treatment with custom EVA foot orthoses;
this is in keeping with standard practice, with previous studies identifying that
improvements with insoles are expected within this time scale (9-12). There were no
limitations regarding the specific clinical presentations or musculoskeletal pathology,
resulting in a heterogeneous patient cohort, which represents a general orthotic
clinical case-load. Patients were not eligible to be fitted with custom 3D-printed foot
orthoses if they required full length foot orthoses as the 3D-printing system was limited
to the manufacture of % length orthoses, had an active ulceration or required foot
orthoses with a top cover. All data were collected as part of routine patient care, in
keeping with standard NHS GGC Orthotic Department processes, and approved by

the Orthotic professional lead for NHS GGC.

Clinical assessment

Patients’ age, sex, and musculoskeletal pathology were collected at baseline followed
by a biomechanical assessment which included the validated manual supination

resistance test (13), to establish the force (high, moderate or low) required to manually
supinate the foot. Using a goniometer, passive ankle dorsiflexion range of motion was

measured at the position of first detectable resistance when passively moving the



ankle into dorsiflexion from a plantigrade position. Ankle range of motion was
considered limited if less than 10° and considered normal if over 10° (14). To assist
with foot orthoses prescription, other biomechanical assessments were carried out if
deemed clinically relevant for individual patients including visual gait analysis, Jacks
test or the modified Jacks test for functional hallux limitus (15), and palpation to

determine subtalar joint axis location (16).

Intervention

Podfo Ltd offered a compatible interface with the Paromanager V6.0 computer-aided-
design modelling system in use at the study site. Custom 3D-printed hard-shell foot
orthoses were manufactured to the same functional specification as the EVA orthoses
by using the patients’ pre-existing scan of their feet contained within the CAD/CAM
system, from which their previous EVA foot orthoses had been manufactured. Custom
3D-printed foot orthoses were manufactured from Nylon 11 material, built through a
selective laser sintering 3D printing process (17) which provides harder foot orthoses
(Shore D67.2) (18) compared to the previous custom EVA insoles (ranged from Shore
A40 to Shore A70 [Shore D10 to Shore D20]) (19). Figure 1a and 1b show an example
of the custom EVA foot orthoses and the custom 3D printed hard-shell foot orthoses.
At baseline (pre-intervention), all eligible patients were consulted by one of
three orthotists who were trained in the use of custom 3D-printed foot orthoses, and
offered verbal and written information on the custom 3D-printed foot orthoses before
commencing treatment. Patients were all provided with footwear advice from their
orthotist prior to commencing treatment, and their footwear were checked by the
orthotist at the fitting appointment and confirmed to be suitable for use with foot

orthoses. Clinical and biomechanical assessments of each patient were carried out by



the orthotist who then converted the pre-existing CAD/CAM foot orthoses model into
the format for 3D printing using the NHS GGC computer-aided-design system
(Paromanager V6.0.2, Paromed). The orthotist confirmed that the functional elements
used in the patient’s original EVA foot orthoses remained appropriate for each
patient’s specific clinical presentation. Functional foot orthoses features included
hindfoot and forefoot wedging (20), medial heel skiving (21), and heel raises (22)
which were included in the foot orthoses design depending on the individual clinical
presentation and biomechanical assessments. All computer-aided-design models
were reviewed by the Orthotic department’s musculoskeletal team lead prior to
manufacture of the custom 3D-printed foot orthoses. Patients were asked to wear their
custom 3D-printed foot orthoses at all times when wearing footwear and were asked to
contact their orthotist for an interim review if any issues arose that prevented them
from using theirfoot orthoses before their scheduled follow-up. The scheduled follow-
up was then extended accordingly for those patients requiring an interim review.
Follow-up was conducted by telephone or in a face-to-face clinic depending on patient

preference, at a minimum of eight weeks after foot orthoses fitting.

Data collection and Outcome measures

To investigate the effect of custom 3D-printed foot orthoses on self-reported foot
health, patients completed the validated Foot Health Status Questionnaire (23) at
baseline and again at a minimum of eight week follow-up. Baseline data was defined
as data collected prior to any 3D-printed foot orthoses being fitted. For the Foot Health
Status Questionnaire, patients answered all four sub-domains; pain, function, general
foot health and footwear, providing a score between 0 and 100, with higher scores

representing less pain, better function, better foot health and more satisfaction with



footwear. To measure patient satisfaction, at the follow-up, patients also completed
the validated Client Satisfaction with Device module of the Orthotics and Prosthetics
User Survey, where satisfaction is measured on a scale of 0-36, with higher scores
indicating greater satisfaction (24). Adherence was not directly measured but patients
were asked to contact the orthotic service if they had been unable to use their foot
orthoses at all times within their footwear, and in these instances the foot orthoses
were reviewed and redesigned until they could be worn at all times within the
footwear. Two years following fitting of custom 3D-printed foot orthoses, relevant
medical records were reviewed for all patients to establish if any further intervention
was required for the initial presenting condition. Relevant medical records included
review of Orthotic department records, referrals, clinical records relating to the Foot
and Ankle Orthopaedic service, Podiatry service, musculoskeletal Physiotherapy
service and Rheumatology service. In instances where a patient’s treatment pathway
was unclear after review of the medical records, patients were re-contacted via
telephone to establish if or when they ceased using their orthoses, and if further

treatment was required for their original condition.

Sample size

This study’s primary aim was powered based on a previous study that explored the
effectiveness of custom foot orthoses (25). Forty patients were required to detect a
difference of 18.5 in the FHSQ sub domain for pain, with a standard deviation of 23.9,

at the 5% significance level, with 90% power, allowing for 10% drop out rate.

Statistical analysis

All data were analysed using Shapiro-Wilk tests and found to be not normally

distributed. Wilcoxon signed rank tests were performed to determine any whole group



changes between the baseline and eight-week follow-up in Foot Health Status
Questionnaire scores for pain, function, foot health and footwear. To explore response
to 3D printed foot orthoses, patients were also categorised as responders or non-
responders to the custom 3D-printed foot orthoses based on each patients change in
Foot Health Status Questionnaire pain scores from baseline to eight-week follow-up
using the minimally important difference threshold of 13 points (26). Responders were
defined as patients that exhibited a positive change of 13 points or greater and non-
responders as those patients that exhibited a change of 12.99 or less. Mann Whitney
U tests were used to explore differences between responders and non-responders for
Foot Health Status Questionnaire scores, satisfaction score, ankle dorsiflexion range
(limited or normal), and supination resistance test scores (low, moderate, high), and
separate within-group differences between baseline and eight-week follow-up were
explored using Wilcoxon signed rank tests. Incidences where patients required
additional interventions post-custom 3D-printed foot orthoses are presented. All

statistical analyses were performed using SPSS version 29 (IBM Corp, Armonk, NY).



RESULTS

Thirty-nine consecutive patients who met the inclusion criteria were fitted with custom
3D-printed foot orthoses from the NHS GGC orthotic service, however two withdrew
from treatment before the end of the minimum eight-week evaluation period, and one
was lost to follow-up, the data for these three participants were notincluded in the final
analysis. Two patients reported problems with their first pair of custom 3D-printed foot
orthoses and were subsequently fitted with a new pair of custom foot orthoses which
were successfully worn for the minimum eight-week period before follow-up. Thirty-six
patients (18 females) were included in the final analysis, keeping the sample size
above the 10% allowance for dropout, with a mean age of 50 years (range 19 to 75)
and a median follow-up of 118 days (range of 61 to 340). Table 1 shows patients’
primary musculoskeletal presentation and the clinical assessment of ankle dorsiflexion

range of motion and supination resistance.

When the patients were pooled together, significant improvements were seen
for the Foot Health Status Questionnaire pain, function and foot health sub-domains
from baseline to follow-up (Table 2, p<0.001) which exceeded the minimally important
difference threshold (26). However, there was no significantchange between baseline
and follow-up for the Foot Health Status Questionnaire footwear sub-domain

(p=0.101).

Further analysis of pain sub domain scores showed there were 16 responders
and 20 non-responders to custom foot orthoses (Table 3, Figure 2). The differences in
ankle dorsiflexion range of motion, supination resistance, satisfaction scores, and Foot
Health Status Questionnaire scores were examined between the responders and non-

responders. Mann-Whitney U tests revealed significant differences between



responders and non-responders for the Foot Health Status Questionnaire pain and
foot health subdomains at baseline (p=0.008, p=0.029), with the responders reporting
significantly more pain prior to treatment escalation. For the responders, Wilcoxon
Signed Rank test revealed that there was a significant improvement between baseline
and follow-up in Foot Health Status Questionnaire pain (p<0.001), function (p<0.001)
and foot health (p=0.008). There was no significant difference in Foot Health Status
Questionnaire footwear between time points (p=0.288). For the non-responders, there
was a significant improvement between baseline and follow-up for foot health
(p=0.043) and a trend towards significance for improved function (p=0.071). However,
there were no significant changes in pain (p=0.842) nor footwear (p=0.195) between
baseline and follow-up. At follow-up, there was a significant difference in satisfaction
scores between responders and non-responders (p=0.025) with responders reporting
significantly more satisfaction compared to non-responders (Table 3). However, no
significant differences were seen between the responders and non-responders for the

supination resistance or ankle dorsiflexion range (p=0.213, p=0.831), respectively.

Of the 36 patients included in the initial analysis, 26 (n=14 non-responders and
n=12 responders) patients did not receive any further intervention for their original
presenting condition in the two years following custom 3D-printed foot orthoses
prescription. Nine patients ceased using their custom 3D-printed foot orthoses after
their original condition fully resolved (n=6 non-responders; n=3 responders) and 13
patients continued to use their custom 3D-printed foot orthoses (n=7 non-responders;
n=6 responders). One responder continued intermittent use of their 3D-printed foot
orthoses in conjunction with an off-the-shelf insole for sports participation, three

patients did not require further treatment for their original presenting condition but



were unable to confirm if they continued to use their 3D-printed orthoses (n=1 non-

responder; n=2 responders).

Ten patients required escalation for treatment of their original lower limb
musculoskeletal condition within two years of being fitted with custom 3D-printed foot
orthoses (n=6 non-responders; n=4 responders). Four patients were escalated to
treatment with a custom ankle foot orthosis (n=3 non-responders; n=1 responder).
Four patients were escalated to Orthopaedics and were listed for surgery (n=3
responders; n=1 non-responder). Of the remaining two patients (both non-
responders); one was escalated to Orthopaedics and received corticosteroid injections

and the other was converted to a different style of custom foot orthosis.



Table 1. Primary presentation, ankle dorsiflexion range and supination resistance

Primary Presentation Ankle dorsiflexion range of Supination resistance
Responders*/Non-Responders” motion
Knee
Anterior knee pain & sciatica (n=1%) Limited (n=1) Low (n=1)
Posterior knee pain & stroke (n=1%) Limited (n=1) Unable to assess
Leg
Recurrent calf strain (n=1%) Limited (n=1) High (n=1)
Ankle
Lateral ankle instability (n=2%) Limited (n=1); Full range (n=1) High (n=1); Low (n=1)
Deltoid tear (n=1%) Full range (n=1) Low (n=1)
Subfibularimpingement (n=3%) Limited (n=2); Full range (n=1) High (n=3)
Lateral ankle pain (n=1%) Full range (n=1) Moderate (n=1)
Dorsal impingement pain (n=1%) Limited (n=1) High (n=1)
Poster tibial tendon dysfunction Limited (n=6); Full range (n=1) High (n=7)
(n=3*, n=4")
Poster tibial tendon dysfunction & Limited (n=1) High (n=1)
ankle osteoarthritis (n=14)
Poster tibial tendon dysfunction & Not documented High (n=1)

dorsal midfoot interosseous
compression syndrome (n=1%)

Poster tibial tendon dysfunction & Limited (n=1) High (n=1)

lateral impingement pain (n=1%)

Poster tibial tendon dysfunction & Limited (n=1) High (n=1)

rheumatoid arthritis (n=1%)

Rearfoot

Plantar heel pain (n=1*, n=2") Limited (n=2); Full range (n=1) High (n=1); Moderate(n=2)
Midfoot

Midfoot osteoarthritis (n=3*, n=2") Limited (n=4); Full range (n=1) High (n=3); Moderate (n=2)
Midfoot pain (post-midfoot fusion) Limited (n=1) High (n=1)

(n=17)



Dorsal midfoot pain (n=1%)
Rheumatoid arthritis & Midfoot &
hindfoot pain (n=1%)

Limited (n=1)
Full range (n=1)

High (n=1)
Moderate (n=1)

Forefoot

First metatarsal pain (inc. hallux
valgus) (n=1%, n=2")

Limited (n=2); Full range (n=1)

High (n=1); Moderate (n=1);
Low (n=1)




Table 2. Overall sample changes in Foot Health Status Questionnaire scores between baseline and follow-up
Foot Health Status

. . . p value
Quesséfrr;rslalre Median 25th 75th Wilcoxon
Pain at baseline 419 294 74.2 <0.001
Pain at follow-up 75.3 43.4 87.5 |
Function at baseline 56.3 31.3 85.9 <0.001
Function at follow-up 87.5 43.8 100 |
Foot Health at 25 125 425
baseline <0.001
Foot Healltjr:)at follow- 60 o5 85
Footwear at baseline 75 417 91.7
Footwear at follow- 0.101
70.8 33.3 83.3 .
up

Table 3. Median and inter-quartile range between responders and non-responders differences in clinical outcomes and

trial period
Responders Non- p value
(n=16) Responders (2-tailed)
(n=20)
. . 118.5 115.5
Trial Period (days) (87.5.147.5)  (93.5; 149.75) 0.987
Satisfaction score* (32 5:?536 0) (27 %Og 4.0) 0.025
Ankle dorsiflexion range 2 2 0.831

(1,2) (1;2) (1; 2)
Supination Resistance 3 3 0.213




(1,2,3) (3; 3) (2; 3)
* significant difference p<0.05 from Mann-Whitney U Test; 1 = low/limited; 2=normal/moderate and 3 = high




Table 4. Median and inter-quartile range, and Wilcoxon Sign Rank test within the responders and non-responders, and

Mann-Whitney U-tests for between groups for Foot Health Status Questionnaire scores

Responders (n=16) Non-Responders (n=20) p value
Between group Between
Baseline Follow-up Baseline Follow-up . group follow-
baseline up
. 294 78.1 66.3 48.1 .
Pain (26.1,419) (66.3, 89.1) (35.6, 83.6) (30.9, 87.5) 0.008 0.117
Baseline vs. follow- <0.001* 0.842
up (p-value) ) '
84.4
. 46.9 87.5 62.5
Function (25.0,672) (70.3, 98.4) (37.5, 93.8) 1(%'8’) 0.093 0.591
Baseline vs. follow- <0.001* 0.071
up (p-value) ) '
25 60 27.5 60 .
Foot Health (0,250)  (45.6, 81.9) (25.0, 72.5) (15.6, 85.0) 0.029 0.795
Baseline vs. follow- 0.008* 0.043*
up (p-value)
75 66.7 75 75
Footwear (375,812) (271, 83.3) (417, 91.7) (35.4, 89.6) 0.747 0872
Baseline vs. follow- 0288 0195

up (p value)

* significant difference p<0.05



DISCUSSION

This study explored the effectiveness of custom hard-shell 3D-printed foot orthoses
to facilitate pain reduction, when used for patients with a lower limb MSK condition
that had not improved with the use of custom EVA foot orthoses. The cohort of
patients included a range of musculoskeletal lower limb pathologies providing a
realistic representation of day-to-day NHS clinical practice. Across the full cohort
there were significantimprovements in self-reported pain, function and foot health,
all exceeding the previously reported minimally important difference thresholds (26).
These encouraging findings support the clinical consideration of hard-shell 3D
printed insoles for patients whose condition did not improve with custom EVA
insoles, prior to escalating to other health care services.

Reported pain scores demonstrated considerable variability, which is
consistent with past research examining foot orthoses on symptomatic lower limb
musculoskeletal conditions (27, 28). We therefore split the full cohortinto responders
and non-responders using minimally important difference threshold based on
baseline to follow-up pain scores (26) to determine if pain response influences
custom 3D-printed orthoses effectiveness. At baseline, responders reported
significantly worse pain compared to non-responders (p=0.008). However, at follow-
up, responders reported significant improvements in pain (<0.001) resulting in a
similar pain score to non-responders (p=0.117). These findings suggest patients
presenting with worse pain scores prior to treatment may respond better to custom
3D-printed foot orthoses. This is consistent with previous research demonstrating
worse pain scores to be indicative of improved outcomes with foot orthoses (29, 30).
Conversely better pain scores have been shown to be predictive for successful

treatment with foot orthoses (31). Therefore, more research is required to determine



if reported pain scores can determine foot orthoses effectiveness across cohorts of
non-specific musculoskeletal pathologies.

The responders also demonstrated significantimprovements in function
(p<0.001), foot health (p=0.008) and significantly greater satisfaction scores
compared to the non-responders (p=0.025). These findings support our hypothesis
that custom hard-shell 3D-printed foot orthoses may be a viable treatment option for
patients with musculoskeletal lower limb pathology that do not report improvements
with their initial custom EVA foot orthoses. Interestingly, the non-responders
demonstrated significant foot health improvements (p=0.043) and a trend towards
improved function (p=0.071) suggesting some benefits to treatment escalation
despite no change in self-reported pain scores. Despite only 16 patients
demonstrating improved pain scores after 8-weeks, a two-year review disclosed that
26 of the 36 patients did not require any further intervention, therefore shortening
their healthcare journey. However future research is required to understand why a
sub-group of 10 patients did require further treatment escalation and additional
intervention for their original musculoskeletal condition.

Ankle dorsiflexion range was not found to be clinically important when
considering patient outcomes in this study, despite past research demonstrating
increased pain to be associated both with increased ankle dorsiflexion range (32, 33)
and conversely decreased ankle dorsiflexion range (34, 35). In addition, we found no
significant between-group differences for supination resistance despite reports
suggesting those with higher supination resistance may benefit from the harder
orthotic material (36). The lack of significant clinical findings suggests these clinical

tests may not be sufficiently sensitive to detect response to orthotic treatment.



Further research is therefore required to identify more sensitive clinical measures
that may predict response to orthotic prescription.

After eight weeks, the non-responders’ satisfaction scores were comparable
with previous studies reporting benefits of foot orthoses (37, 38) suggesting positive
treatment perceptions despite no pain improvements. These satisfaction scores in
addition to improved foot health (p=0.043) and foot function scores (p=0.071), could
possibly explain why 14 non-responders did not require any further escalation for

treatment within two years despite no significant pain improvement.

This study had a number of limitations which should be considered. Patients’
foot orthoses adherence was not recorded and itis unknown whether increased
adherence leads to improved outcomes. There was significant variance seen in the
follow-up period across the patient cohort which may have affected the outcomes,
this was due to patient cancellations and failure to attend initial follow up
appointments, which is a true representation of day-to-day clinical NHS practice.
Within this analysis we only considered responders and non-responders to
treatment, and not those who showed a negative change lower than -13 FHSQ sub
domain for pain who could be described as a third group of “negative responders”.
Although thisis an importantgroup to considera much larger sample size is required
to perform a robust analysis. Finally, the two year follow-up included only a review of
NHS GGC Health Board records, and excludes treatments sought by private
healthcare providers.

In conclusion this study suggests that custom hard-shell 3D-printed foot
orthoses have the potential to improve pain, function, foot health and provide patient

satisfaction, when used as a treatment in the musculoskeletal Foot and Ankle



pathway for patients who did not improve with custom EVA orthoses and were being
considered for escalation to other services. The option of custom hard-shell 3D-
printed foot orthoses for patients who do not report symptom improvement with
custom EVA foot orthoses could offer a long-term alternative to medical or surgical
treatment, minimise healthcare services pressures by limiting onward referrals, and
ultimately minimise patients’ journey through the healthcare system. Given the
heterogeneous patient cohort described in this study, we have been unable to
conclude if any specific pathologies or clinical presentations should be considered
for hard-shell 3D-printed foot orthoses as a first line treatment, and therefore we
suggest their use only if custom EVA foot orthoses have been unsuccessful in
reducing pain. Further studies should focus on determining if specific characteristics
affect the response to hard-shell 3D-printed insoles. Although this study considered
pain response to treatment, the longer-term follow-up highlights the need to develop

clinically relevant and implementable predictors of treatment success.



Figure Captions

Figure 1a. Example of a custom CAD/CAM EVA foot orthosis
Figure 1b. Example of a custom 3D printed hard-shell foot orthosis

Figure 2. Responders and non-responders based on change in Foot Health Status
Questionnaire pain response after wearing foot orthoses defined as a minimal
important difference of £13. Pain responders (black) demonstrate a positive change
of 13 points and non-responders (grey) demonstrate a <12.99 change in pain
between baseline and minimum eight week follow-up.



Figure 1a.




Figure 1b.




Figure 2.

o
i

m

c

c &0

=)

=

(%]

o

3

O g a0
Pl

:l:U

= E

]

-

n o
£ o
= 3

m u

L C

& o (N |
: U III
o

(TS

£ ‘
o -
M';L.

c

m

<

[w]

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2

Participant number

o
(5]
~1
ra
ra
=
w
(=]
[}
I
Fa
[
I
w
w
wn
w
m



REFERENCES

1. Nilsen F, Molund M, Lium EM, Hvaal KH. Material selection for diabetic custom insoles: A
systematicreview of insole materials and their properties. JPO: Journal of Prosthetics and Orthotics.
2022;34(3):e131-e43.

2. Nickerson KA, Li EY, Telfer S, Ledoux WR, Muir BC. Exploring the mechanical properties of
3D-printed multilayer lattice structures for use in accommodative insoles. Journal of the Mechanical
Behavior of Biomedical Materials. 2024;150:106309.

3. Anderson J, Williams AE, Nester C. Development and evaluation of a dual density insole for
people standing for long periods of time at work. Journal of foot and ankle research. 2020;13:1-13.
4, Van Alsenoy K, van der Linden ML, Ryu JH, Girard O, Al Raisi L, Santos D. Isolated and

combined effects of EVA and TPU custom foot orthoses on constant speed, treadmill running
kinematics. Frontiers in Earth Science. 2023;11:1170661.

5. Melia G, Siegkas P, Levick J, Apps C. Insoles of uniform softer material reduced plantar
pressure compared to dual-material insoles during regular and loaded gait. Applied Ergonomics.
2021;91:103298.

6. Munro N. Musculoskeletal Foot and Ankle Pathways. NHS Greater Glasgow and Clyde:
Clinical Knowledge Publisher; 2014.

7. Blyth FM, Briggs AM, Schneider CH, Hoy DG, March LM. The global burden of
musculoskeletal pain—where to from here? American journal of public health. 2019;109(1):35-40.
8. NHS Merton C. Commissioning for Value Where to Look Pack. Public Health England; 2017.
o. Rasenberg N, Bierma-Zeinstra SMA, Fuit L, Rathleff MS, Dieker A, Van Veldhoven P, et al.

Custom insoles versus sham and GP-led usual care in patients with plantar heel pain: results of the
STAP-study-a randomised controlled trial. British journal of sports medicine. 2021;55(5):272-8.

10. Bishop C, Thewlis D, Hillier S. Custom foot orthoses improve first-step pain in individuals
with unilateral plantar fasciopathy: a pragmatic randomised controlled trial. BMC Musculoskeletal
Disorders. 2018;19:1-11.

11. Trotter LC, Pierrynowski MR. The short-term effectiveness of full-contact custom-made foot
orthoses and prefabricated shoe inserts on lower-extremity musculoskeletal pain: a randomized
clinical trial. Journal of the American Podiatric Medical Association. 2008;98(5):357-63.

12. Xu R, WangZ,RenZ, MaT, lJiaZ, Fang§S, et al. Comparative study of the effects of
customized 3D printed insole and prefabricated insole on plantar pressure and comfort in patients
with symptomatic flatfoot. Medical science monitor: international medical journal of experimental
and clinical research. 2019;25:3510.

13. Noakes H, Payne C. The reliability of the manual supination resistance test. Journal of the
American Podiatric Medical Association. 2003;93(3):185-9.

14, Araujo VL, Carvalhais VOC, Souza TR, Ocarino JM, Gongalves GGP, Fonseca ST. Validity and
reliability of clinical tests for assessing passive ankle stiffness. Brazilian Journal of Physical Therapy.
2011;15:166-73.

15. Sanchez-Gémez R, Becerro-de-Bengoa-Vallejo R, Losa-Iglesias ME, Calvo-Lobo C, Navarro-
Flores E, Palomo-Lépez P, et al. Reliability study of diagnostic tests for functional hallux limitus. Foot
& Ankle International. 2020;41(4):457-62.

16. De Schepperl), Van Alsenoy K, RijckaertJ, De Mits S, Lootens T, Roosen P. Intratest reliability
in determining the subtalar joint axis using the palpation technique described by K. Kirby. Journal of
the American Podiatric Medical Association. 2012;102(2):122-9.

17. Saunders S. Printed Podfo Orthotics from Stratasys Direct Manufacturing and Peacocks
Medical Group Offer Customization and Comfort. 3DPrint; 2017.

18. MatWeb MPD. Overview of materials for Nylon 11, Unreinforced: MatWeb LLC; 2024
[Available from:
https://www.matweb.com/search/datasheettext.aspx?matguid=ec7ea4063a2a4c709e 89177103059
919.


https://www.matweb.com/search/datasheettext.aspx?matguid=ec7ea4063a2a4c709e89177103059919
https://www.matweb.com/search/datasheettext.aspx?matguid=ec7ea4063a2a4c709e89177103059919

19. Qi HJ, Joyce K, Boyce MC. Durometer hardness and the stress-strain behavior of elastomeric
materials. Rubber chemistry and technology. 2003;76(2):419-35.

20. Desmyttere G, Hajizadeh M, Bleau J, Begon M. Effect of foot orthosis design on lower limb
joint kinematics and kinetics during walking in flexible pes planovalgus: A systematic review and
meta-analysis. Clinical Biomechanics. 2018;59:117-29.

21. Bonanno DR, Zhang CY, Farrugia RC, Bull MG, Raspovic AM, Bird AR, et al. The effect of
different depths of medial heel skive on plantar pressures. Journal of foot and ankle research.
2012;5(1):1-10.

22. Ellison P, Molloy A, Mason LW. Early protected Weightbearing for acute ruptures of the
Achilles tendon: do commonly used Orthoses produce the required equinus? The Journal of Foot and
Ankle Surgery. 2017;56(5):960-3.

23. BennettP, Patterson C. The Foot Health Status Questionnaire (FHSQ): a new instrument for
measuring outcomes of footcare. Australasian Journal of Podiatric Medicine. 1998;32(3):87-92.

24, Heinemann AW, Gershon R, Fisher Jr WP. Development and application of the orthotics and
prosthetics user survey: applications and opportunities for health care quality improvement. JPO:
Journal of Prosthetics and Orthotics. 2006;18(6):P80-P5.

25. de Oliveira HAV, Natour J, Vassalli M, Rosenfeld A, Jennings F, Jones A. Effectiveness of
customized insoles in patients with Morton’s neuroma: a randomized, controlled, double-blind
clinical trial. Clinical Rehabilitation. 2019;33(12):1898-907.

26. Landorf KB, Radford JA, Hudson S. Minimal Important Difference (MID) of two commonly
used outcome measures for foot problems. Journal of foot and ankle research. 2010;3(1):1-6.

27. Whittaker GA, Munteanu SE, Menz HB, Tan JM, Rabusin CL, Landorf KB. Foot orthoses for
plantar heel pain: a systematic review and meta-analysis. British journal of sports medicine. 2017.
28. Hoang N-T-T, Chen S, Chou L-W. The impact of foot orthoses and exercises on pain and
navicular drop for adult flatfoot: A network meta-analysis. International Journal of Environmental
Research and Public Health. 2021;18(15):8063.

29. Collins N, Bisset L, McPoil T, Vicenzino B. Foot orthoses in lower limb overuse conditions: a
systematic review and meta-analysis. Foot & ankle international. 2007;28(3):396-412.

30. Rome K, Clark H, Gray J, McMeekin P, Plant M, Dixon J. Clinical effectiveness and cost-
effectiveness of foot orthoses for people with established rheumatoid arthritis: an exploratory
clinical trial. Scandinavian journal of rheumatology. 2017;46(3):187-93.

31 Rasenberg N, Dijkgraaf UM, Bindels PJ, Bierma-Zeinstra SM, van Middelkoop M. Can we
predict which patients with plantar heel pain are more likely to benefit from insoles? A secondary
exploratory analysis of a randomized controlled trial. Journal of Foot and Ankle Research.
2022;15(1):14.

32. Irving DB, Cook JL, Young MA, Menz HB. Obesity and pronated foot type may increase the
risk of chronic plantar heel pain: a matched case-control study. BMC musculoskeletal disorders.
2007;8:1-8.

33. Pohl MB, Hamill J, Davis IS. Biomechanical and anatomic factors associated with a history of
plantar fasciitis in female runners. Clinical Journal of Sport Medicine. 2009;19(5):372-6.
34, Sullivan J, BurnsJ, AdamsR, PappasE, Crosbie J. Musculoskeletal and activity-related factors

associated with plantar heel pain. Foot & ankle international. 2015;36(1):37-45.

35. Mickle KJ, Munro BJ, Lord SR, Menz HB, Steele JR. Cross-sectional analysis of foot function,

functional ability, and health-related quality of life in older people with disabling foot pain. Arthritis

care & research. 2011;63(11):1592-8.

36. Payne C, Oates M, Mitchel A. The response of the foot to prefabricated orthoses of different
arch heights. Australasian Journal of Podiatric Medicine. 2002;36(1):7-12.

37. Amer AQ, Jarl GM, Hermansson LN. The effect of insoles on foot pain and daily activities.
Prosthetics and orthotics international. 2014;38(6):474-80.
38. Jarl G, Holmefur M, Hermansson LMN. Test—retest reliability of the Swedish version of the

Orthotics and Prosthetics Users’ Survey. Prosthetics and orthotics international. 2014;38(1):21-6.



