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Abstract

Background: Children with symptomatic flat feet (pes planus) frequently present for care but there remains
uncertainty about how best to manage their condition. There is considerable variation in practice between and
within professions. We intend to conduct a three-arm trial to evaluate three frequently used interventions for pes
planus (exercise and advice, exercise and advice plus prefabricated orthoses, and exercise and advice plus custom
made orthoses). Each of these interventions are complex and required developing prior to starting the trial. This
paper focusses on the development process undertaken to develop the interventions.

Methods: We used a modified Nominal Group Technique combining an electronic survey with two face-to-face
meetings to achieve consensus on the final logic model and menu of options for each intervention. Using the
Nominal Group Technique across consecutive meetings in combination with a questionnaire is novel, and enabled
us to develop complex interventions that reflect contemporary clinical practice.

Results: In total 16 healthcare professionals took part in the consensus. These consisted of 11 podiatrists, two
orthotists, two physiotherapists, and one orthopaedic surgeon.
Both meetings endorsed the logic model with amendments to reflect the wider psychosocial impact of pes planus
and its treatment, as well as the increasing use of shared decision making in practice. Short lists of options were
agreed for prefabricated and custom made orthoses, structures to target in stretching and strengthening exercises,
and elements of health education and advice.

Conclusions: Our novel modification of the nominal group technique produced a coherent logic model and
shortlist of options for each of the interventions that explicitly enable adaptability. We formed a consensus on the
range of what is permissible within each intervention so that their integrity is kept intact and they can be adapted
and pragmatically applied. The process of combining survey data with face-to-face meetings has ensured the
interventions mirror contemporary practice and may provide a template for other trials.

Keywords: Consensus, Consensus development, Nominal group technique, Complex interventions, Foot health
advice, Insoles, Orthoses, Orthotic devices, Exercise, Pes planus
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Background
As children grow, most develop a medial longitudinal
arch in their feet. In the early years, children’s feet are
flat and flexible structures (known as pes planus), but
most change over time with the emergence of a medial
arch [1, 2]. Flat feet are therefore considered part of a
child’s typical developmental trajectory and are usually
asymptomatic [3, 4]. However, a substantial number of
children develop symptoms that can be associated with
their foot posture and there is emerging data on the im-
pact this can have on their quality of life [5]. In addition
to foot and ankle pain, children often report pain else-
where in their legs and lower back, tiredness in their legs
and struggle to walk the same distance as their peers; all
of which can lead to reduced engagement with physical
and childhood activities [6]. Effective management of
symptomatic pes planus is therefore essential to keep
children active and support their healthy physical, social
and psychological development [7].
Children with symptomatic pes planus are treated by a

range of professions including orthotists, physiothera-
pists, podiatrists, and surgeons [8]. Although there is an
international consensus that symptomatic pes planus
should be treated, there has long been debate about how
they should be managed, or whether symptoms will re-
solve without intervention [9–11]. Currently, manage-
ment of symptomatic pes planus varies considerably
within and between professions [8]. Corrective surgery
remains rare for flexible symptomatic pes planus but ex-
ercise, foot orthoses, and advice regarding suitable foot-
wear are commonly provided in line with the
international consensus [9, 12]. Repeated systematic re-
views have highlighted the lack of primary evidence
evaluating therapies and consistently emphasise the need
for robust trials to evaluate interventions in the treat-
ment of symptomatic paediatric pes planus [12–15].
Our trial Orthotics for Treatment of Symptomatic Flat

Feet in Children (OSTRICH) was commissioned by the
National Institute for Health Research – Health Tech-
nology Assessment Programme. It is designed to be a
pragmatic comparison of the clinical and cost-
effectiveness of three common treatments: Exercises and
advice (control) compared to exercise and advice plus
prefabricated orthoses (intervention); and exercise and
advice plus custom made orthoses (intervention) (ISRC
TN: 14602568). In the context of symptomatic pes pla-
nus, advice, exercises, and orthoses all contain multiple
interacting components that need tailoring to meet the
needs of individual patients. They can therefore be de-
fined as complex interventions [15, 16].
Complex interventions consisting of multiple treat-

ments are particularly difficult to standardise within tri-
als, and then to subsequently implement in practice [16,
17]. However, attempting to standardise an intervention

to meet the needs of researchers can lead to compro-
mised outcomes [16–19], as artificially uniform interven-
tions do not reflect how the interventions will be
implemented in future clinical practice. Instead, a degree
of flexibility is recommended to ensure that effective in-
terventions can subsequently be adapted to local circum-
stances and patient need after the trial [16]. A previously
advocated pragmatic solution is to standardise ‘function’
rather than ‘form’ [16, 17]. We therefore decided to pro-
duce a shortlist or menu of options for each treatment
group in the OSTRICH trial rather than a single model/
design of prefabricated/custom made orthoses, or list of
exercises. This builds on a similar approach we have
used in previous wound care trials [20].
Guidelines recommend modelling how interventions

work prior to testing in order to understand the compo-
nents of an intervention and their interrelationships
[21]. Logic models are widely used for this purpose but
these need to be developed and refined through formal
methods to combine the opinion of clinical experts and
the available literature [21, 22]. It has been argued that
logic models should not be used in a way to forge a con-
sensus that produces concise guidance that may be in-
appropriate across different settings, but instead, use the
model to say what range is permissible [22]. Given the
variation in how children with symptomatic pes planus
are treated, we anticipated that clinicians would hold di-
verse opinions on the suitability of different interven-
tions, and their mechanisms of action. We therefore
decided to use a formalised consensus technique in the
form of a modified nominal group technique (NGT), to
refine our logic models and develop the short lists of
suitable interventions. The NGT is a well-established,
structured group facilitation technique that generates
and prioritises responses to a given question by a group
of people with expertise on the topic [23]. The main ad-
vantage of the NGT over other consensus techniques is
that it enables live discussion of topics, and the oppor-
tunity for robust generation of ideas which was particu-
larly pertinent for the logic models [23, 24].
The aims of the consensus meetings were to agree a

logic model describing the mode of action for each of
the interventions; and agree a shortlist or ‘menu’ of op-
tions for each intervention.

Methods
We combined an electronic survey with two consensus
development meetings which were facilitated using a
modified nominal group technique to achieve consensus
on the final logic model and menu of options for each
intervention (Table 1).
The first modification from the standard NGT design

was that we used an electronic survey to generate items
for subsequent discussion rather than doing this solely
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within the physical meeting. To do this we developed an
online self-administered, survey using JISC Online Surveys
(Bristol, UK) which we distributed to the named local
Principle Investigator (PI) in each of the sites participating
in the OSTRICH trial. The participating sites represent a
geographical spread across England & Wales. Consent
was implied by completion of the survey and it was ac-
cessible from 13/01/2020 to 31/01/2020. Questions were
developed by experienced clinicians and subject experts
from the OSTRICH trial team. Each site was asked to pro-
vide one response to each question. The survey consisted
of 12 questions to describe the clinical experience of re-
sponders and details of the clinical treatments they pro-
vided for children with symptomatic pes planus
(Additional file 1). In the absence of universally agreed
definitions of different types of orthosis, we standardised
definitions used across this study and the main OSTRICH
trial (Table 2). These were in line with previous inter-
national surveys of orthoses prescription habits [25, 26].
At the same time, we designed the initial version of

the logic model to be discussed at the first consensus
meeting. This was developed using the expertise of clini-
cians on the OSTRICH research team and available lit-
erature that described the mechanism of action of each
of the interventions. We developed a Type 3 logic model
as these focus on the interventions rather than the set-
ting in which they are implemented; include a precise
list of intervention components; and provide a clear
sense of how interventions lead to outcomes [22].

We invited clinicians from sites intending to partici-
pate in the OSTRICH trial to attend one of the meetings
and encouraged a mixture of professions who are rou-
tinely involved in the management of symptomatic pes
planus. We held two iterative consensus development
meetings in different locations (University of Brighton
and University of Salford) to enable as many clinicians
to attend as possible.
Each meeting followed a predetermined agenda in-

cluding introductions to each other, an overview of
the planned OSTRICH trial, and an explanation of
how the nominal group technique (NGT) was to be
employed. Feedback was also sought on the clarity of
eligibility criteria for the main trial, definitions of the
orthoses groups, and how adherence was measured in
clinical practice. The meetings were facilitated by
members of the OSTRICH team (JA, JAA, MB, SM,
and DP) and discussions were captured through audio
recordings and written field notes (DP, JA) to ensure
key points were accurately captured. The meetings
were intended to be a welcoming safe space for par-
ticipants to speak openly about their practice. Follow-
ing an explanation of how the meeting would work,
the facilitator asked the group the two nominal
questions:

i) What is the mechanism of action for each of the
three categories of intervention?

ii) Which specific prefabricated orthoses, custom
made orthoses, and exercises and advice are suitable
to go on the menu of acceptable options.

To enable the group to answer the first question, the
facilitator introduced logic models, definitions of key
terms in the model, and talked the participants through
each step of the model. At the first meeting, we pre-
sented the initial logic model and sought suggestions to
improve it. Suggestions from each group were then dis-
cussed, modified if required, and either accepted or
rejected by the group. This process was repeated until
no further suggestions were made by participants, and
an agreement was reached. Participants at the second
meeting used the same process whereby they reviewed

Table 1 Overview of consensus development process

Time point Activity

Prior to 1st meeting • Conduct survey
• Develop version 1 of the logic model and menus

1st consensus development
meeting

• Present version 1 of the logic model and menus at the first part of the meeting
• Use NGT process to collate feedback on version 1 of the logic model and menus and develop version 2.

Between meetings • Review version 2 of the logic model and menu for linguistic and structural clarity only

2nd consensus development
meeting

• Present version 2 of the logic model and menus at the first part of the meeting
• Use NGT process to collate feedback on version 2 of the logic model and menus and produce version 3 the
final consensus

Table 2 Definitions of different types of foot orthoses

Categories were defined to align with previous international
surveys of orthoses prescription habits [25, 26]

- Simple orthoses
Flat orthoses with or without padding to accommodate painful areas
or lesions.

- Prefabricated orthoses
Devices made to a generic foot shape, contoured for the arch, and
included modular prefabricated orthoses that can be altered by clinicians
(e.g. by the addition of heel posting, wedges, pads or top covers).

- Custom made orthoses
Manufactured for a specific person based on a 3D impression or
computerised image of that person’s foot, and produced using
computer-aided device/manufacturing (CAD/CAM) or more traditional
manufacturing techniques (e.g. foam impression box or plaster of
Paris cast).

Backhouse et al. Trials          (2022) 23:286 Page 3 of 8



and amended the model created at the first meeting,
which enabled the production of the final model.
We then shared information on the different orthoses

identified through the questionnaire to help the group
answer the second nominal question. We presented the
following information on each orthosis: make; model; a
description of the shape; details of which materials were
used for the shell/heel cup midlayer and topcover; de-
tails of any additional features (such as additional post-
ing options); and which sizes they came in. We also
provided an image of each model. Participants were en-
couraged to discuss each model, share their experiences
of using it, and their thoughts on its suitability for the
trial population. Participants were also encouraged to
suggest additional models that were not included in the
survey responses and these were discussed by the group
in the same way. After each model had been discussed,
the group used the online voting platform Mentimeter
(Mentimeter AB, Stockholm, Sweden) to anonymously
vote on the suitability of each model. This further evolu-
tion of the standard NGT process maintained the ano-
nymity of voting described in the original NGT and
facilitated administration. Participants had the option to
vote whether each orthosis was ‘suitable’ or ‘not suit-
able’, or they could abstain. We determined that at least
three members of the panel would need to agree on the
suitability of an intervention for it to be included. With
no universally agreed level of consensus in the literature
we chose this level to emphasise the pragmatic nature of
our intervention in the subsequent trial. This process
was repeated at the second meeting to produce the final
list.
The same iterative process was then followed for cus-

tom made orthoses, and to determine which modifica-
tions were acceptable to the orthoses. Then, we
conducted the process on exercises to determine which
structures should be targeted, and what information
should be contained in the advice intervention.

Results
Sixteen healthcare professionals took part in the consen-
sus meetings (7 in Eastbourne, and 9 in Salford). These
consisted of 11 podiatrists, two orthotists, two physio-
therapists, and one orthopaedic surgeon.
Both meetings endorsed the logic model and the only

amendments suggested were to reflect the wider psycho-
social impact of pes planus and its treatment, as well as
the increasing use of shared decision making in practice.
As a result of this, terminology such as ‘adherence’ was
changed to ‘concordance’ and the outputs and outcomes
were amended to better reflect the psychosocial aspects.
The final logic model is shown in Fig. 1.
The number of votes for each model of prefabricated

orthoses are presented in Table 3. Six additional models

were suggested during the nominal group process at the
second meeting so could not be voted upon at the first
meeting. Five of the suggested orthoses received one or
less votes so were excluded as there was no consensus
on their suitability.
Custom made orthoses are more complex than prefab-

ricated orthoses, in that the practitioner can select a
combination of materials for the orthoses. At both meet-
ings, there was in-depth discussion of both the different
materials that could be used, as well as how to categorise
them. The categorisation of materials evolved from how
it was presented in the initial questionnaire (Additional
file 1), through the first meeting, and to the final cat-
egorisation. Thus, the data in Table 4 reflects the final
categories agreed at the Salford meeting. In contrast,
there was little variation in how the additions and modi-
fications were described as shown in Table 5. All of the
additions and modifications were voted as being suitable
except the gait plate extension.
Results of the voting on the anatomical structures that

could be targeted with stretches and strengthening exer-
cises are presented in Table 6. The majority of these
were deemed suitable for stretching in the target popula-
tion with the exception of stretching the tibialis poster-
ior muscle and the arch. Similarly, the vast majority of
structures were considered suitable targets for strength-
ening with the exception of the plantar fascia and arch.
All of the topics listed in Table 7 were deemed suitable

areas of education and advice for inclusion in the menu
of options for the full trial.

Discussion
Our use of a modified NGT process enabled us to pro-
duce a logic model and menu of options for each of the
complex interventions we intend to test within the OS-
TRICH trial. Although the NGT is a well-established
group facilitation technique [23], using it across con-
secutive meetings in combination with a questionnaire
and electronic voting is novel, and enabled us to develop
complex interventions that reflect contemporary clinical
practice.
The increasing interest in complex interventions

within the literature is in part due to the growing recog-
nition that most interventions in healthcare are to some
degree complex and the methodological challenges this
represents [16, 27]. How these complex interventions
are developed for trials has been the subject of consider-
able attention, but there is a recognition of the need to
focus on developing techniques that produce interven-
tions which can be adapted during their clinical imple-
mentation [22, 28]. Given how broad the spectrum of
complex interventions used in healthcare is, it’s unlikely
that a single technique would be suitable to develop in-
terventions for all clinical situations. However, the
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development process we used is flexible and may pro-
vide a template for future trials.
The prefabricated orthoses we intend to use in our

trial provide an excellent example of how complex inter-
ventions need to be adapted for implementation at dif-
ferent locations. NHS clinicians will not have access to
each of the multiple models of prefabricated orthoses
available on the market but will instead have a limited
selection of devices within their Trust. Each device will
be selected to fulfil a certain need and chosen based on
cost and personal preference. Another clinician in a
neighbouring trust may have an entirely different range
of orthoses to choose from, but the range they have ac-
cess to will have been chosen to meet the same clinical
needs. Therefore, when developing our prefabricated
orthoses intervention, it is important that we have built-
in flexibility to enable implementation both within and
beyond the trial.
Although our logic model may be of interest to future

trials of foot orthoses, the development process we used
could be of interest beyond foot and ankle research. Our
logic model and menu of options for each intervention

explicitly enable adaptability and provide a solution to
an issue identified by Mills et al [22, 29] whereby some-
times models and interventions are too prescriptive to
enable implementation. The process we used to develop
them did not force consensus that produces precise
guidance that is inappropriate across different settings
and becomes redundant beyond the trial. Instead, we
have formed consensus on the range of what is permis-
sible within each intervention so that the integrity of the
intervention is kept intact, yet they can be applied
pragmatically.
The selections made at the two meetings reflect

current practice and will support sites to deliver the trial
and implementation of findings beyond that. Although
there are a number of options for prefabricated orthoses,
in particular, this reflects the breadth of options available
on the market. How frequently each of these will be
used in the OSTRICH trial remains to be seen, and we
anticipate that a small number of prefabricated orthoses
will be used in the vast majority of centres. The exact
composition of this list would inevitably change if we
preselected a different level of agreement for the votes

Fig. 1 Logic model. Changes made from the original model during the consensus meetings are shown in red. TSC, Trial Steering Committee;
CYP, child or young person; PPIE Group, Patient and Public Involvement and Engagement Group; RCT, randomised controlled trial; FO,
foot orthoses
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within our meetings, or included different clinicians
from different Trusts. It is though of interest, that the
orthoses that were deemed unsuitable (i.e. were not
voted as suitable) included devices that were only nomi-
nated by a single site in the survey prior to the first
meeting. These included cushioning silicone heel pads
and heel cups, which would not have been compatible
with the mechanism of action described in the logic
model. Perhaps the exclusion devices are therefore an
expression of the internal validity and generalisability of
the process.
Our process combined a survey to capture views from

as many sites as possible, face-to-face discussions to

enable detailed discussion, and an electronic voting
method to provide a quantifiable measure of consensus.
Utilisation of these complimentary aspects should be
considered a strength of the study and may represent
the ongoing evolution of the NGT process. We also con-
sider it likely that they could be successfully transferred

Table 3 Prefabricated foot orthoses

Eastbourne Salford Sum

Kent orthotic 6 8 14

Algeos - Kids feet in motion 6 6 12

Slimflex - Simples 4 8 12

Formthotics - Junior 5 6 11

Healthy Step - Pedipod 5 6 11

Interpods - Flex 5 5 10

Interpods - Soft 2 8 10

Peapods - Dinky 3 7 10

Peapods - Junior 4 5 9

Algeos - Kiddy-thotics 3 4 7

Slimflex - Amber 2 5 7

Slimflex - Green 3 4 7

Talarmade - Kidzstep 3 4 7

Talarmade - Prostep 4 3 7

Slimflex - Carbon 7 7

Talarmade - 4kids 3 3 6

Xline - 70 6 6

Xline - RF 6 6

Haplabase 1 4 5

LBG - Biomex 3 2 5

Vectorthotics 5 5

Xline - Standard 5 5

Powersteps - Powerkids 2 2 4

Talarmade -Basis pros 3 3

Silipos - Achilles heel pad 0 1 1

Talarmade - 1st line 0 1 1

Talarmade – Elite 0 1 1

Algeos - S-gel heel cup 0 0 0

Wonderspur - Soft heel cup 0 0 0

Slimflex – carbon, Xline – 70, Xline – RF, Vectorthotics, and Talarmade – Basis
Pros were added at the Salford meeting so could not be scored at the
Eastbourne meeting. Numbers reflect the number of participants voting that
each option was suitable to be added to the menu of acceptable options

Table 4 Custom made orthoses

Options Votes

Shell material

Single material - Rigid (does not bend) 7

Single material -Semi rigid (some flexibility) 8

Single material -Flexible/cushioning (does bend/cushions) 3

Multi density (Rigid) 7

Multi density (semi-rigid) 8

Multi density (flexible/cushioning) 3

Posting

None 6

Intrinsic posting 7

Extrinsic posting 7

Top cover material

None 7

Minimal (e.g. leather/vinyl) 8

Cushioning (e.g. Poron or similar polyurethane) 7

Cushioning with modifications to offload specific areas 7

Numbers reflect the number of participants voting that each option was
suitable to be added to the menu of acceptable options

Table 5 Additions and modifications to orthoses

Eastbourne Salford Sum

Plantar groove 5 7 12

1st ray cut out 5 8 13

Arch height/filler/reinforce 5 8 13

Heel cup 5 8 13

Heel raise 5 8 13

Medial extrinsic rear foot post 5 5

1st met cutout 5 7 12

Navicular dell 3 7 10

Lateral heel skive 3 7 10

Medial heel skive 3 7 10

Kinnetic wedge – Dannenberg Device 3 7 10

Lateral clip 1 5 6

Lateral flange 1 7 8

Heel extrinsic post – lateral flare, 1 8 9

Gait plate extension 0 0

Mentimeter voting information was not captured for ‘Medial extrinsic rearfoot
post’, and ‘gait plate extension’ at the Salford meeting. Numbers reflect the
number of participants voting that each option was suitable to be added to
the menu of acceptable options
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to an online format. We sought to make the two meet-
ings multidisciplinary and although we achieved this, it
is noticeable that the vast majority of attendees were po-
diatrists. Whether this is a strength or limitation, is un-
clear as our focus was on treatments which are
predominantly provided by podiatrists. Future research
could consider whether an alternative sampling strategy,
more even distribution of professions and patients, and
exploration of clinician experience would be beneficial.

Conclusions
We describe a novel, modification of the nominal group
technique that enabled us to produce a logic model and
menu of options for each of the complex interventions
we will test in the OSTRICH trial. By using the modified

NGT technique participants were able to actively express
their views in structured discussions, and then reach a
final consensus. Whilst the consensus expressed by the
group will be of interest to those conducting research in
children with symptomatic pes planus, the template is
adaptable and may be of use to a broader audience con-
ducting research on complex interventions.
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