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General introduction

F O O T  PA I N

It has been shown that 22-25% of the adult population has some form

of foot pain1, 2. In about two thirds of these individuals the foot pain leads

to functional limitations of foot related activities like standing and walk-

ing2, 3. And one third of these people have chronic foot pain lasting two

years or longer4. As a consequence, foot pain has been related to a de-

creased ability to carry out some daily activities3, 5-8. For instance, the

chance of having difficulties while climbing stairs or walking more than

one kilometre is three times higher for people with foot pain. Both bal-

ance and gait are negatively influenced by having foot pain6, 8, 9. One study

with women aged 65 or over shows that chronic and severe foot pain al-

most doubled the chance of walking difficulties8. As a consequence of

walking difficulties, people with foot pain have more falls and fall related

fractures than individuals without pain5, 10. Foot pain and the resulting im-

paired mobility can lead to a decrease in health related quality of life5, 11-15.

The chance of suffering foot pain increases with age1, 2, 16 and more

women than men have foot pain6, 7, 16, 17. The only proven risk factor for

developing foot pain is obesity7, 8, 17. An assumed risk factor is wearing

shoes that are too small or of improper quality. Even though this assump-

tion is expressed by multiple authors18-20 its contribution to foot pain has

yet to be established.

F O R E F O O T

A Dutch survey showed that the forefoot is affected in 60% of the indi-

viduals who reported foot pain7, compared to 27-32% in the hind foot21,

22 and 24-33% in the arch . Affected areas in the forefoot can be the

nails and toes, the dorsal side of the forefoot and the plantar side, also

known as the ball of the foot (figure 1). Forefoot pain and forefoot prob-
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H E A LT H C A R E  S E E K I N G  

A population based survey in the Netherlands showed that 56% of the

individuals who reported foot pain sought (para-) medical attention for

their foot problem30. The largest proportion of people (46%) consulted

their general practitioner (GP) and 36% a medical specialist; mainly 

orthopaedic surgeons. Paramedical care, which mainly comprised of po-

diatrists, was sought by 18% of the individuals. In a comparable cross-

sectional study in Australia 17.7% of people with foot pain consulted a

podiatrist32. It is unknown if any of the participants in this study sought

any other form of medical attention. Having foot pain that results in the

limitation of foot related activities has been shown to increase the chance

of consultation by a three-fold30. As mentioned before, prevalence’s of

foot pain are higher in women than in men6, 7, 16, 17, so understandably the

number of women seeking medical attention for foot pain is higher than

in men1. One study shows that individuals with forefoot pain consult less

often than people with pain in other parts of the foot30. 

Individuals with foot pain consult their GP more often compared to

other musculoskeletal problems in the lower extremity or lower back33.

A study that evaluated the electronic patient database in the UK showed

that 79% of all foot and ankle related consultations are non-traumatic

problems. The incidence of consultations due to foot or toe problems is

13.6 per 1000 registered patients per year34. This is comparable to that of

knee pain (13.7/1000) and lower than lower back complaints (26.6/1000)34.

T R E AT M E N T  O P T I O N S

Treatment in general practice
Treatments provided by GPs is obviously diagnosis dependent35, but the

most common is a prescription of paracetamol or non-steroidal anti in-

flammatory drugs (NSAID’s)35. Another treatment option is a referral to

a (para-)medical specialist like a podiatrist, chiropodist or orthopaedic

surgeon35. A third option is to provide lifestyle advice: loose weight, wear

better shoes or try to relax more35. GPs in the Netherlands, like in the

UK and Scandinavia, have a gatekeeper’s role; i.e. they are the first med-

ical contact many patients have1, 35. It could very well be that treatment

lems are very diverse. Often deviations from the ‘norm’ are considered

to be the cause of symptoms, but, in my opinion, having a deviation from

the average foot anatomy is not synonym with having a (fore)foot prob-

lem. Even though they are not the cause of the pain, they are risk factors

for developing pain9, 13, 15, 23-25.  For example:  known risk factors for the

development of hallux valgus are the shape of the first metatarsal head

and the length of the first metatarsal which are genetic26, 27. Many people

with hereditary hallux valgus do not have foot related pain 13.  As stated

before, wearing improper shoes is assumed to have a negative influence

on the development or maintaining of anatomical anomalies even though

no causal relationships have been examined18-20, 28. A limited range of mo-

tion of the first metatarsalphalangeal joint increase plantar pressure and

elevation of plantar pressure can lead to foot pain and having a pes

cavus23, 29.  Relatively little is known of the causes of different forms of

forefoot problems.

Many of these problems are described as medical syndromes that are

related to deviations from the average anatomy (e.g. pes planus, pes

cavus, hallux valgus or lesser toe deformities7, 16, 30).

FIGURE 1 Specific prevalence of forefoot problems per area21, 22, 31
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NVvP provides “how to” advice; e.g. take your time buying shoes, buy

shoes at the end of the day, tie shoes when trying them on, etc.

TABLE 1. Characteristics of ‘proper’ footwear according to GP and Podiatrist

GP1 Podiatrist2

Adjustable fixation Fixation over the instep; preferably laces

Flexible upper Breathing (leather) upper

Sturdy upper around toes

Sturdy heel counter Sturdy heel counter

Longitudinal sole rigidity Flexible sole 

Sole: leather or synthetic Preferably rubber

Heel height <3 cm Heel height: so that the calf muscles 
are relaxed

Heel surface: >9 cm^2 Sole flexion point: under metatarsal heads
No seams over painful area

length/width/toebox: length/width/toebox: sufficient room
sufficient room (length of 
shoe is 1 -1.5 cm bigger than 

longest toe)

1   Information derived from the book “Diagnosing common complaints”45.

2  Information derived from the internet site of the NVvP37.

O B J E C T I V E  A N D  O U T L I N E  O F  T H I S  T H E S I S

The main goal of this thesis was to evaluate the treatment of forefoot

pain and subsequent functional limitations, in primary care, by comparing

the effectiveness of two common treatment options in a randomised con-

trolled trial: Podiatric care and footwear advice by means of an informa-

tion leaflet. In Chapter 2 we describe the protocol of the RCT and the
results of the RCT are reported in Chapter 3. 
We performed process analyses of both treatment options from the

RCT.  The results of the study of the podiatric treatment process are re-

ported in Chapter 4. Shoe advice provided to participants in the RCT is
done so by providing a shoe advice leaflet. In Chapter 5 we provide a
description of the development of the content and the results of a RCT

choices are different for GPs in countries where they don’t have the

same role.

Treatment provided by podiatrists 
Little is known about the content of podiatric treatment. A study from

1996 shows that podiatrists in the Netherlands mainly treat at the level

of impairments (i.e. anatomical deformity) rather than disability (i.e. prob-

lem walking)36, but it could be that current practice has changed since

1996. According to the ‘Nederlandse Vereniging van Podotherapeuten’

(NVvP; the Dutch association of podiatrists) the podiatric examination

can consist of: inspection of the foot and lower extremity, functional 

examination of joints, connective tissue and muscles, gait analysis, in-

spection of the shoes, evaluation foot print, plantar print/pressure as-

sessment, establishing of differential diagnoses37. The subsequent

treatments can consist of: podiatric insoles (orthotics), silicone toe or-

thoses, skin and nail care, (foot wear) advice, temporary therapies like

felt and taping or joint mobilisation techniques36, 37. 

No trials haves been published about the treatment options or choices

of forefoot problems by podiatrists. The trials that evaluate podiatric treat-

ment of other areas than the forefoot show limited effects38-42 and most

importantly, a heterogeneous array of treatments for similar problems or

even the same individuals41, 43, 44.

Foot wear 
Both the GP and the podiatrist provide shoe advice35-37, 45. Currently only

a few elements of shoe advice have been scientifically evaluated and

thus most of advice is not evidence based. In neither profession recom-

mendations for providing shoe advice are standardized. An overview of

the elements that shoe advice may address is presented in Table 1. Char-

acteristics of ‘proper’ footwear according to GPs is based on the Chapter

of “foot problems” in the book for GPs: “Diagnosing common com-

plaints”45. The information presented by podiatrists is based on the infor-

mation provided on the previously mentioned homepage of the NVvP37.

Additional to the advice on footwear characteristics from Table 1, the
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In Chapter 6 we report on the Dutch translation and the full evaluation
of measurement properties of the Manchester Foot Pain and Disability

Index. We used this instrument in the RCT to measure foot pain and its
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As described in Chapter 5, there is a lack of evidence concerning 
appropriateness of several shoe characteristics that are currently rec-

ommended. Therefore, in Chapter 7 we evaluate one of these charac-
teristics on plantar loading during gait: the sole flexion point.
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ommendation for clinical practice and future research.
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B A C K G R O U N D

Pain and discomfort due to foot problems are common and increase with

age. Population-based surveys have estimated the prevalence of foot

problems between 14.9 and 41.9% for people aged 50 years and older.

The prevalence of foot problems was found to be higher in women than

in men. Not all foot problems or foot deformities lead to pain or functional

limitations but people with disabling foot pain have been shown to

experience a lower degree of well-being and to have a higher risk of a

decrease in mobility and falling 9, 10. 

Forefoot problems including metatarsalgia, hallux valgus and hallux

rigidus are the most common foot problems in older people.  A

community-based study among 5689 older people in the Dutch area of

Apeldoorn (a mixed urban-rural area) showed a prevalence rate of

forefoot problems of 60% within the group of people reporting non-

traumatic foot problems (n= 1130). In an English population survey among

3417 adults, more than one-third indicated to have pain in the great toe

or in the first metatarsophalangeal joint (MTP-joint), and 9.5% indicated

to be disabled by their foot problem.

Underreporting of foot problems is an acknowledged phenomenon in

healthcare. The community-based survey among older people in The Ne-

therlands showed that only 56% of the respondents sought health care,

by consulting their general practitioner (GP) (46%), a medical specialist

(36%) (mainly orthopaedic surgeons) or an allied health care professional

(18%) (mainly podiatrists). A GP will commonly refer non-traumatic foot

problems to a podiatrist or will treat the patient him or herself. Dutch po-

diatric care starts with an assessment which includes medical history,

detailed analysis of the anatomical relationships within the foot and both

a postural and a gait analysis . Treatment may consist of (or a combina-

tion of) construction of full length podiatric insoles, silicone toe devices,

(shoe) advice or basic foot and nail care. The treatment by the GP usually

consists of prescribing pain medication (simple analgesic or non-steroidal

inflammatory drugs [NSAIDs]) or by giving lifestyle advice (e.g. try to lose

weight, improve shoe wear).

A B S T R A C T

Background: Foot problems in general and forefoot problems in particular
can lead to a decrease in mobility and a higher risk of falling. Forefoot

problems increase with age and are more common in women than in

men. Around 20% of people over 65 suffer from non-traumatic foot

problems and 60% of these problems are localised in the forefoot. Little

is known about the best way to treat forefoot problems in older people.

The aim of this study is to compare the effects of two common modes

of treatment in the Netherlands: shoe advice and podiatric treatment.

This paper describes the design of this study.

Methods: The study is designed as a pragmatic randomised clinical trial
(RCT) with 2 parallel intervention groups. People aged 50 years and over

who have visited their general practitioner (GP) with non traumatic pain

in the forefoot in the preceding year and those who will visit their GP du-

ring the recruitment period with a similar complaint will be recruited for

this study. Participants must be able to walk unaided for 7 metres and be

able to fill in questionnaires. Exclusion criteria are: rheumatoid arthritis,

neuropathy of the foot or pain caused by skin problems (e.g. warts, ec-

zema). Inclusion and exclusion criteria will be assessed by a screening

questionnaire and baseline assessment. Those consenting to participation

will be randomly assigned to either a group receiving a standardised shoe

advice leaflet (n=100) or a group receiving podiatric treatment (n=100).

Primary outcomes will be the severity of forefoot pain (0-10 on a numerical

rating scale) and foot function (Foot Function 5-pts Index and Manchester

Foot Pain and Disability Index). Treatment adherence, social participation

and quality of life will be the secondary outcomes. All outcomes will be

obtained through self-administered questionnaires at the start of the study

and after 3, 6, 9 and 12 months. Data will be analysed according to the

“intention-to-treat” principle using multilevel level analysis.

Discussion: Strength of this study is the comparison between two
common primary care treatments for forefoot problems, ensuring a high

external validity of this trial. 

The trial registration number with the ‘Nederlands Trial Register’ (NTR)

is 2212.
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The primary cause of non-traumatic forefoot problems can be very

diverse and includes the possible influence of ill-fitting shoes. Some

evidence exists that ill-fitting footwear is associated with foot problems

such as corns, calluses, hallux valgus and lesser toe deformities. Both

the advice to buy well-fitting shoes and referral to a podiatrist are

common treatment modalities of Dutch GPs. Whether these treatments

actually lead to improvement of non-traumatic forefoot problems is not

known, nor is it known if one treatment is more effective than the other. 

The aim of this article is to describe the protocol of a pragmatic ran-

domised clinical trial to compare the effectiveness of two common tre-

atments for forefoot problems in older people and to discuss (or

comment on) the choices made in the design. The primary objective of

the trial is to investigate the effectiveness of podiatric treatment versus

standardised shoe advice in people aged 50 years and older with disa-

bling forefoot pain. The secondary objective is to conduct a process eva-

luation of the podiatric treatment provided for forefoot pain in this trial.

M E T H O D

Trial design 
This study is designed as a pragmatic open randomised clinical trial with

12 months follow-up. Participants will be recruited via general practice

clinics (Figure 1); those who are eligible and give written consent to

participation will be randomly assigned to either the intervention group

or the control group. The Medical Ethics Committee of the VU University

Medical Centre in Amsterdam has approved the design of this study (No.

2009/267). 

Participants
General practice clinics affiliated with the Academic Network for GPs of

the VU University Medical Centre in Amsterdam will partake in this study.

Recruitment of participants will be from patients who have visited their

GP with non traumatic pain in the forefoot in the preceding year and

those who will visit their GP during the recruitment period with a similar

complaint. Participants, aged 50 or over, will have non-traumatic pain
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FIGURE 1 Design of the RCT



rical rating scale and the location of pain is indicated on a foot manikin.

The area that will lead to inclusion in the study is shown in Figure 2. Foot

disability is assessed by the Foot Pain and Disability Index (FPDI).  

All patients who are potentially eligible for the study based on the

screening questionnaire will be invited for a foot examination details of

which will be discussed below (see Foot examination). The purpose of

the foot examination is to measure baseline foot and pressure

characteristics and to assess eligibility to participate in the trial. If the

foot problem of the patient is considered to be too severe, and neither

podiatric treatment nor shoe advice is considered adequate treatment,

or if there are signs of any of the exclusion criteria like diabetic

neuropathy, the patient will be referred back to their GP. If patients meet

all eligibility criteria, written consent to participation in the trial will be

obtained and a unique study number will be allocated to the participant. 

FIGURE 2 Foot manikin screenings questionnaire5. “I” is the inclusion area. 

Foot examination
A foot examination will be performed at baseline before randomisation

to assess eligibility. Additionally, 25 participants from the podiatry group

will be asked to attend a second foot examination after three months to

around the MTP-joints (Figure 2) or further distally of at least one month’s

duration. The pain will be due to a musculoskeletal forefoot problem and

the participants indicate to be functionally disabled because of this

ailment. Participants will be excluded if they have received treatment for

this problem in the previous six months or if the pain is caused by

rheumatoid arthritis, a recent trauma, an operation, or by a non

musculoskeletal problem (e.g. warts or a fungal infection of the foot).

Additionally, patients with diabetic neuropathy of the feet or with foot

problems that are deemed to be too serious by either the GP or by the

study team to be treated in primary care will be excluded. Patients with

rheumatoid arthritis or diabetic neuropathy are excluded from this trial

because Dutch medical guidelines indicate that these patients should be

referred for podiatric care in all cases. Participants who are not able to

walk 7 meters without a walking aid are also excluded, as they will not

be able to perform the foot pressure measurements.

Inclusion procedure
Potential participants will be recruited by three different methods. First,

in all participating practices a retrospective search of the medical records

will be carried out to identify all people aged 50 and over who have

consulted their GP for a forefoot problem in the year preceding the start

of the study. Second, all older people who consult their GP for forefoot

problems during a period of 12 months following the start of the study

will be considered for participation (prospective recruitment). Finally, all

people visiting the general practice (for any reason) will be informed

about the study by putting up posters in the waiting area of the GP clinics

inviting patients to contact their GP if they have forefoot pain. 

All potentially eligible patients will be invited to participate in the study

and will receive comprehensive information about the study, a screening

questionnaire and a pre-paid envelope to return the consent form and

the questionnaire. Non-responders will receive a reminder after 2 weeks.

In addition to the assessment by the GP, inclusion and exclusion cri-

teria will be assessed using self-report information from the screening

questionnaire. Forefoot pain intensity is scored using a 0-10 point nume-
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by means of an insole. Podiatrists are asked to follow the treatment

protocol recommended by podiatric department of Fontys University of

Applied Sciences. Each participant will be advised to contact the

podiatrist if there are any problems with the treatment and an

appointment will be made with each participant to examine progress and

response to treatment after six to eight weeks. If needed, the treatment

will be adjusted. The podiatrist will register details regarding the

assessment of the forefoot problem, the diagnosis and treatment

decisions on a standardised form. 

Control condition
Participants (n=100; see Sample size) in the control group will receive a

leaflet with shoe advice. The leaflet has been developed in cooperation

with the GPs of the Academic Network of the VU University medical

centre, the podiatric school of Fontys University of Applied Sciences and

8 podiatrists in the region. Shoe advice is part of the lifestyle advice that

is frequently given by GPs to patients with foot problems. Discussions

with GPs prior to the trial indicated that this reflects a common minimal

and first treatment option; general advice is given to wear well-fitting

shoes of good quality and sometimes the patient’s shoes are checked

and commented on. Some GPs give more specific advice to adapt the

shoe or to buy custom made shoe inlays or orthoses. In order to reflect

usual care while ensuring optimal contrast between the two treatment

groups, we will ask the GPs to refrain from specific individual advice. The

participants will be advised to compare their shoes with recommended

shoe wear presented in the leaflet and to purchase better fitting shoes if

their shoes are not compatible with these recommendations. A

reimbursement of € 25,- is given as an encouragement.  All patients are

invited to contact the research group or their GP for questions regarding

the information leaflet. All participating GPs will receive a brief training

session on how to provide information based on the leaflet and how to

perform a shoe assessment.

enable the process evaluation (see process evaluation of podiatric

treatment). The presence of diabetic neuropathy in the forefoot will be

ruled out based on tests using a 10 gram Weinstein monofilament and a

64 Hz tuning-fork. With the participant having his or her eyes closed, the

skin on the plantar skin of the hallux and the MTP joints of I and V will

be touched with the monofilament, and two out of three touches must

be perceived. The vibrating tuning-fork is placed on the medial side of

MTP1 and on the lateral side of MTP5; the vibration must be perceived

for more than 5 seconds. Digital photographs of the ventral, lateral and

medial side of the foot and shoes will be taken on a surface containing

measurement lines in centimetres. Participants will be asked to bring the

shoes they wear most often for this assessment and for the pressure

measurements. Next, the Foot Posture Index will be assessed and scored

according to Redmond et al.. To assess pressure distribution patterns

during barefoot and shod gait Emed-X (Novel gmbh, Münich, Germany)

and Pedar-X (Novel gmbh, Münich, Germany) will be used. The Emed

platform (4 sensors per cm2, sample frequency 100 Hz) is imbedded in a

polyethylene walkway. A two-step protocol will be used for the barefoot

pressure measurements, and each foot will be measured 3 times. Each

participant will be asked to walk at their preferred speed and with their

preferred step length, in other words “as normally as possible”. Everyone

will have at least two practice runs per foot before the actual

measurements are made. Participants are asked to look straight ahead

to prevent targeting; if targeting is suspected, the measurement will be

discarded and a new run will be executed. For the in-shoe pressure

measurements an adequate size sensor-insole will be placed in the shoe

(99 sensors/insole, 100Hz). Participants will be asked to walk back and

forth until twelve steps per foot are obtained. First steps, final steps and

steps while turning will be excluded from the measurements. 

Podiatric treatment
The participants (n =100; see Sample size) in the intervention group will

be referred to a podiatrist to receive usual podiatric care. The treatment

may consist of shoe advice, a silicone toe orthotic or corrective orthotics
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assume that the improvement in the podiatric treatment group will be

one point larger than the improvement in the control group (a mean

improvement of approximately 2 versus 1 point on the 0-11 point NRS,

with an estimated standard deviation of 2.5). In this design the main

question is “whether the podiatric treatment is more effective than the

control treatment viz. a standardised shoe advice”. Therefore we will

perform  a one-sided statistical test with the null hypothesis that podiatric

treatment has either an equal outcome or a worse outcome as compared

to standardised shoe advice, both outcomes having an equal clinical

consequence. 

In order to detect a 1 point difference in improvement between the

groups after 12 months with a one-sided significance level of 0.05, and

assuming a power of 0.8, an ICC between podiatrists and GPs of 0.05, a

correlation of 0.50 between repeated measurements and a minimum of

5 patients per care provider, we would need complete data of 75 partici-

pants in each study group. We will enrol 2 x 100 patients to allow for a

drop-out rate during follow-up of 25%. If every podiatrist will treat a mi-

nimum of 5 patients, 15 podiatrists will be needed to deliver the treatment

in the entire intervention group. 

In 17 practices of the Academic Network, with a total of n=23,231 patients

of 50 years or older, the diagnosis “foot problems” (ICPC 17) or free text

words indicating foot problems were noted in the GP records of n =497

patients within this age group. This incidence (21/1000) is in accordance

with a previous estimate of 17/1000). We expect that about one third of

all consulters presenting with foot problems have forefoot problems that

meet our criteria, and assuming about 50% of these patients are eligible

and willing to participate, a practice with a population of average age

distribution can generate a minimum of 5 participants per year. This

means that we will need to recruit at least 40 practices to participate in

the trial to achieve the required number of patients. 

Primary and secondary outcome measures
The primary outcome measures will be forefoot pain intensity scored by

the participant on an 11-point pain numerical rating scale (PI-NRS, where

0=no pain and 10= worst possible pain), foot function using the 5 point

Foot Function Index (FFI-5pt) and foot disability using the FPDI. The FFI-

5pts has been translated into Dutch and validated for similar participants

as an interview schedule. The FPDI has been validated for participants

with foot problems but was not yet available in Dutch. Within the scope

of this trial the FPDI has been translated into Dutch and will be validated

according to methods proposed by Beaton et al. Secondary outcomes

include social participation (Keele Assessment of Participation) and

Quality of Life (SF-12). Both primary and secondary outcome measures

will be collected at baseline and after 3, 6, 9, and 12 months. Data on

personal education and work history, shoe history and co-morbidity are

collected at baseline as possible effect modifiers or confounders. 

Process evaluation of podiatric treatment 
Descriptive statistics will be used to describe the extent to which

assessment of the forefoot problem and podiatric treatment decisions

concur with the protocol, and if deviations (if any) can be explained. 

For each patient in the podiatry treatment group, an expert panel of a

podiatrist, a lecturer of the podiatry department of Fontys University for

Applied Sciences and a human movement scientist will evaluate whether

the diagnoses of the podiatrists are in accordance with the results of

their assessment, and whether adequate decisions are made regarding

treatment. For this evaluation, the notes of the podiatrists and the results

of the entrance examination will be made available to the expert panel. 

Sample size
There are no evidence-based estimates for clinically important change

in assessing forefoot pain or for clinically relevant differences between

interventions for chronic foot pain. In a previous study it was estimated

that a reduction of approximately two points on an 11-point pain intensity

numerical rating scale represents a clinically important improvement. We
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Discussion
In this paper we have described the design of a randomised clinical trial

to compare the effects of two common treatments for forefoot pain in

older people. During the design of this trial we had to make some

decisions which could potentially influence the trial results. In order to

explore the effectiveness of podiatric treatment on forefoot problems, it

would be optimal to compare the podiatric treatment to a placebo

treatment. However, we aim to enrol patients who consult their GP with

a need for care of their forefoot problem. Consequently, including a no-

treatment arm would not be an option in view of ethical reasons. GPs

frequently only provide lifestyle advice for foot problems including the

advice to wear well-fitting shoes14. By implementing a standardised

minimal intervention strategy by means of a shoe leaflet we will reflect

usual GP care for forefoot problems and not deny the participants a

treatment for their forefoot problem. Participants allocated to this control

treatment may be disappointed and we therefore decided to offer partial

reimbursement of the costs of new shoes. We expect that this will reduce

potential contamination between the control and intervention group and

enhance treatment adherence in the control group. We will investigate

treatment adherence and contamination in our process evaluation,

perform a per protocol analysis as a secondary analysis. 

It is conceivable that wearing better fitting shoes has a positive result

on both foot function and foot pain. Nevertheless, in this study we are

mainly interested to see if referral to podiatric treatment provides a better

outcome than merely shoe advice. A problem we cannot resolve is that

all subjects will be aware of how they are being treated, either by recei-

ving standardised shoe advice or podiatric treatment. The GPs will be in-

structed to stimulate adherence to treatment whenever possible. If the

foot pain of participants in either group does not respond to treatment

after 3 months, the GPs are instructed to proceed with providing an al-

ternative treatment. Possible changes of treatment are thoroughly docu-

mented.

Treatment allocation and adherence 
After providing informed consent, randomisation will be performed based

on an allocation schedule that is generated before the start of the trial

by a computerised random number generator using block randomisation

with blocks of 8 or 4 with pre-stratification for gender and age (<75,  75).

Since the age group  75 is expected to be smaller, a block of 4 has been

chosen to increase the likelihood of equal distribution over the control

and intervention groups. An independent research assistant will prepare

coded sealed envelopes containing the treatment allocation. After

baseline measurements the correct allocation envelope is opened by the

participant. The foot examiner will be blinded for the random sequence

and will not be informed of the block size ensuring concealed allocation

of treatment. All GPs will be notified about the participants’ allocated

treatment, and will be asked to stimulate adherence to treatment

whenever the participant contacts the GP during the intervention period.

If symptoms do not improve despite adherence to treatment during the

3 months following randomisation, or with deterioration of the foot

problem, the GP is free to provide another treatment or refer the

participant for further treatment elsewhere.

Data analysis
Multilevel analysis will be used to estimate the overall effect of podiatric

treatment as compared to standardised shoe advice on the three primary

outcome measures (PI-NTR, FFI-5pt and FPDI). Both clustering due to

participants being treated by podiatrists and clustering due to repeated

measurements within the same individuals will be taken into account.

Results will be adjusted for differences in baseline similarity, if these

occur. The effect of interest is the treatment x time interaction where the

primary focus will be on the primary outcome measures at 3 and 12

months’ follow-up. Differences in secondary outcome will be estimated

using similar statistical methods. All data will be analysed using an

intention-to-treat approach. In all cases, a significance level of 5% is pre-

stipulated.
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I N T R O D U C T I O N

Having foot pain is a common occurrence and increases with age.  Epi-

demiologic research found a prevalence of 22-25% in the adult general

population1, 2.  Per every 10.000 registered patients in the Netherlands and

the UK  a GP will have an average of 249-290 consultations a year in

which foot and ankle problems are presented, most of which are non-

traumatic1, 3. This comprises 8% of all musculoskeletal1 or 17.6% of all

lower extremity consultations3. Patients in the Netherlands and the UK

who seek medical attention for foot pain primarily visit their general prac-

titioner (GP). 

Women have foot pain more often than men2 and consult their GP for

it more often1. The location where most foot pain occurs is the forefoot4, 5.

More specifically, 53.7% of foot pain is located in the toes (including in-

grown toenails)6, 32.5-37.2% on the dorsal side of the forefoot6, 7 and

24.3-37.2% on the plantar side or the ball of foot7. Metatarsalgia, hallux

valgus, hallux limitus and lesser toe deformities are some of the diag-

noses related to forefoot pain4, 8, 9. Foot pain in general has been associ-

ated with an increased risk of falling and therefore fractures10, 11, a

decrease in mobility4, 12 and decreased sense of well-being5, 7, 13-15.

In the Netherlands the GP will most often prescribe anti-inflammatory

medication for people with foot pain16. Other possibilities are referral to

(para)medical specialist (e.g. podiatrist, chiropodist, orthopaedic surgeon)

or to provide lifestyle advice (e.g. wear better shoes, loose weight). Cur-

rently, only a reduction of pain intensity after surgical treatment of painful

hallux valgus has been scientifically established17. However, none of the

other alternatives of managing (fore)foot pain have ever been evaluated.

The most common choice for the GP is referral to a podiatrist and pro-

viding shoe advice is a simple and low cost form of treatment. Wearing

improper shoes is assumed to have a negative influence foot problems

even though a causal relationships has not been studied18-21. The purpose

of this study is to investigate the effect of podiatric treatment versus

standardised shoe advice on foot pain, foot disability, quality of life and

social participation in people aged 50 years and older with hindering fore-

foot pain in primary care. 

A B S T R A C T  

Purpose: Consultations for forefoot pain are frequent in primary care but
scientific underpinning of treatment options is scarce. The purpose of

this study is to investigate the effect of podiatric treatment versus stan-

dardised advice on proper shoe characteristics and fit of shoes in people

aged 50 years and older with forefoot pain in primary care. 

Methods: In this RCT 205 participants aged 50 and over with hindering
non-traumatic forefoot pain  have been recruited at their general practi-

tioner (GP) office. Exclusion criteria: treatment of forefoot problem less

than 6 months prior to inclusion, rheumatoid arthritis, a diabetic neuropa-

thy or having pain considered to be non-musculoskeletal (e.g. warts). Par-

ticipants received shoe advice by means of an information leaflet or

podiatric care. Foot pain, foot related (dys)function, general health and

social participation were assessed by means of questionnaires. Results

were analysed using multi-level analysis with levels: (i) outcome meas-

ures, (ii) individual, (iii) GP.

Results: No differences were found between the two treatment
groups. Both intervention groups showed an improvement over time in

foot pain and foot related dysfunction.

Conclusion: This study showed that providing shoe advice to people
consulting their GP for forefoot pain is just as effective as referring them

to a podiatrist. Based on these results primary care providers should be

reserved in referring to a podiatrist and should start by providing advice

on proper characteristics and fit of shoes. 
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ceived the address and phone number of a podiatrist located near their

home. By allocating participants to a specific podiatrist, we were able to

refer participants as evenly as possible over the 17 participating podia-

trists. Except for one, all podiatrists located near the participating GPs

consented to treat patients in our trial. 

Those provided with shoe advice acquired a leaflet containing advice

on shoe characteristics and proper fit23. The content of the leaflet was

explained to participants by BvdZ , who used their current footwear to il-

lustrate the content.

Outcomes
Participants received a questionnaire at baseline and every 3 months

after inclusion until 12 months. Primary outcome measures were foot pain

and foot function. Both constructs have been measured with several

questionnaires as the measurement properties of these instruments had

not been completely established and using multiple outcome measures

increases the reliability of the conclusion, provided that the different in-

struments agree on the changes in outcome. Foot pain was measured

using: an 11-point pain intensity numerical rating scale (PI-NRS)24, the

pain subscale of the 5 point Foot Function Index (FFI-5pt)25 and the pain

subscale of the Manchester Foot pain and Disability Index (MFPDI)26.

Foot (dys)function was measured using the foot dysfunction subscale of

the FFI-5pt and the function subscale of the MFPDI26. The seven item

FFI-5pt pain scale is rated as “no pain” to “intense pain” and the 8 item

dysfunction scale as “no difficulty” to “impossible” both in 5 level incre-

ments. The MFPDI is scored as “none of the time”, “on some days” and

“on most/every day(s)”. Secondary outcomes were general health meas-

ured with the Short Form health survey (SF-12)27 and social participation

measured with the Keele Assessment of Participation (KAP)28. Adher-

ence was also assessed in every questionnaire. If the podiatric treatment

(orthotics or other) were worn >3 days a week at ≥2 time points, partic-

ipants were considered to be adherent. Participants in the shoe advice

group were considered to be adherent if they indicated that they had

bought new shoes using the folder or had selected to wear wore shoes

M E T H O D S

Trial design 
The design of this study was published in detail elsewhere22. In short, we

performed a pragmatic RCT in the setting of general practices in which

referral of patients with forefoot problems to a podiatrist was compared

to a standardised advice to wear shoes of good quality and fit by means

of a shoe advice leaflet over a follow up period of one year. The medical

ethical committee of the VU medical centre has approved the study

(2009/267).

Participants
Twenty-four GP practices comprising of approximately 79.000 patients

participated in the study. Prospective participants were invited to partic-

ipate by either their GP during a consultation, by a letter if a search in

the electronical medical information system had indicated that the patient

had consulted the GP for forefoot pain in a 12 month period before March

2010 or by posters in the waiting area in the GP offices. The inclusion

lasted from March 2010 until April 2012. Inclusion criteria were: age 50

years or older, having non-traumatic forefoot pain >3 months causing a

functional impediment and willing to be randomised. Exclusion criteria

were: treatment for the forefoot pain less than 6 months prior to inclusion,

rheumatoid arthritis, a diabetic neuropathy or having pain that was con-

sidered non-musculoskeletal (e.g. warts). People who were interested in

the study received a screening form (exclusion criterion questions, pain

location on a foot manikin, Manchester Foot Pain and Disability Index).

Patients who met the inclusion criteria according to the screening form

were invited for an examination prior to final inclusion. The physical ex-

amination consisted of: neuropathy screening, photographs of feet and

shoes, assessing foot posture, barefoot and in-shoe pressure assess-

ment and footwear assessment. 

Interventions
Participants were randomly allocated to either receive shoe advice or to

be referred to a podiatrist. The participants referred to a podiatrist re-
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test (p<0.05). Data was analysed with multilevel analyses using MLwiN29.

Fixed effects were time (baseline, 3, 6, 9 and 12 months) and the group

(shoe advice, podiatrist) × time interaction. The group × time interaction

is the effect of interest30. Level one were the different outcome meas-

ures, level two the individuals and the general practitioners were the high-

est level in the model. A random intercept was assumed for the level-3

(between GP) variances and an unstructured covariance matix was as-

sumed for the repeated measurements of patients at the different time

points. Subsequently, the same analysis was repeated after exclusion of

all non-adherent participants using the definitions as previously described

(per protocol analysis).

R E S U LT S

Participants
Of the 286 individuals who declared to be interested in the study n=213

were invited for the screening examination (figure 1). A total of 205 par-

ticipants were included in the trial; 103 in the shoe advice group and 102

in the podiatry group. Recruitment ceased when the desired sample size

of a 100 participants per group was attained. The participants’ character-

istics at baseline are reported in table 1 and the locations of the foot pain

at baseline are depicted in figure 2. The outcome measures’ baseline

scores for the entire population and the subgroups separately are re-

ported in table 2. The means of both groups were tested for all outcome

measures and none were found to differ statistically significant.  

that were -in the opinion of the participant- (more) consistent with the

leaflet during the first six months after inclusion.

Sample Size
Data analysis was performed blinded. First all participants were analysed

in the original group whether or not they received the allocated treatment

(intention to treat principle). We tested for normality using visual evalua-

tion Q-Q plots and skewness. A distribution skewed less than 1.0 was

considered a normal distribution. Baseline values for both study groups

were compared using a T-test for independent measures (p<0.05). Data

was analysed with multilevel analyses using MLwiN 29. Fixed effects were

time (baseline, 3, 6, 9 and 12 months) and the group (shoe advice, podi-

atrist) × time interaction. The group × time interaction is the effect of in-

terest 30. Level one were the different outcome measures, level two the

individuals and the general practitioners were the highest level in the

model. A random intercept was assumed for the level-3 (between GP)

variances, and an unstructured covariance matrix was assumed for the

repeated measurements of patients at the different time points. Subse-

quently, the same analysis was repeated after exclusion of all non-ad-

herent participants using the definitions as previously described (per

protocol analysis).

Randomisation
Gender and age were pre-stratified during randomisation: <75 years of

age: 8 per stratum, ≥75 years of age: 4 per stratum. Sequence was gen-

erated with random allocation software. Participants received a se-

quenced allocation envelope after the physical examination. 

Statistical methods
Data analysis was performed blinded. First all participants were analysed

in the original group whether or not they received the allocated treatment

(intention to treat principle). Tested for normality using visual evaluation

Q-Q plots and skewness <1.0 is considered a normal distribution. Base-

line values for both study groups were compared using a Chi squared
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TABLE 1 Participants’ baseline characteristics.
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FIGURE 1 Participation flow chart. Patient characteristics at baseline for the whole population and divided over the 

intervention groups. No significant differences found between the shoe and podiatry

group using a Chi squared test.



FIGURE 2 Prevalence of pain in one or two feet. 

Unilateral pain 42.2% (Left: 54.7%, Right 45.3%), Bilateral pain 57.8%.

Intention to treat analysis.
We found no differences between the study groups (table 2). Both in-

tervention groups decreased significantly in foot related pain and foot

related dysfunction over the course of a year (table 3). Foot pain meas-

ured the PI-PI-NRS, FFI-5pt and MFPDI decreased with approximately

25% (p<0.001) after 3 months and 40% (p<0.001) after 12 months. Foot

related dysfunction measured using the FFI-5pt and MFPDI MFPDI de-

creased with approximately 20% (p<0.01) after 3 months and roughly

35% after 12 months. Both general health and social participation did not

change. 

Treatment adherence and per protocol analysis
As for treatment adherence, 64 participants were adherent to the podi-

atric treatment and 71 participants to the footwear advice. In the per pro-

tocol analysis also no differences were observed between the two

intervention groups (Table 2). 
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D I S C U S S I O N

The purpose of this study was to compare the effectiveness of podiatric

treatment to standardised shoe advice in people aged 50 years and older

with pain related forefoot dysfunction in primary care. No differences in

outcomes were found between participants who received shoe advice

and those who were treated by a podiatrist. This means that in this study

referral to a podiatrist was not superior to the provision of shoe advice.

Both treatment groups improved over time; a clinical important change

(>30%) of the PI-PI-NRS24, 31 after three and twelve months. Several ex-

planations are to be considered. The first explanation is that both treat-

ments have a similar positive effect. Another possibility is the occurrence

of regression towards the mean. Due to pragmatic arguments this study

lacked a control group receiving no treatment at all. Therefore we cannot

exclude that the improvement can be explained by regression towards

the mean.  The level of forefoot pain (29.4 pts) and dysfunction (24.3 pts)

measured with the FFI-5pt in our trial was higher than that measured in

a cross-sectional study in the Netherlands (respectively 21.4 pts and 13.1

pts)25. Another possible explanation is that the improvement in both

groups is due to spontaneous improvement. A longitudinal study in which

the presence musculoskeletal pain is evaluated with a 5 year follow-up32

described pain being chronic when it was present for more than 3 con-

secutive years. After personal communication with the authors of this

study we know that 23% of the people with foot pain had pain 2 con-

secutive years and 21% had pain at, at least one more point during the

follow-up. Around 40 % of our participants had pain for more than 2 years

prior to inclusion. These findings do not allow us to draw any conclusions

on the probability of spontaneous improvement. 

In a previous cross sectional study in women aged 50 or older we have

shown that women who used our leaflet irrespective of the presence of

foot pain, were  able to find more appropriate shoes compared to those

who did not use the leaflet23. It is possible that wearing more appropriate

and better fitting shoes reduces forefoot pain and its related dysfunction.

However, we are aware of the fact that the effectiveness of the shoe

leaflet was tested in a different population, and did not bear on foot pain
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In light of our results we would advise, with some reservation, a GP to

provide shoe advice to a patient with forefoot pain before referring to a

podiatrist. Our study results also suggest that a podiatrist possibly should

provide a patient with a choice of shoe advice instead of manufacturing

an orthotic and thus provide a patient a choice between different levels

of expense. When a patient is unwilling to accept shoe advice as a ther-

apy, referral to the podiatrist is an alternative that is as effective as a

shoe advice, but more expensive.
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R E F E R E N C E  L I S T

and function. Moreover the lack of a control group in our trial does not

allow for a definite conclusion. 

The lack of effect of podiatric treatment over shoe advice found in this

study could be the result of the heterogeneous effect of podiatry as men-

tioned in other studies33-35.  In a process analysis using participants from

the current RCT, we have shown that the approach to assess aetiology

by podiatric inspection and examination in our study is heterogeneous

as well36.

A strength of this pragmatic RCT is that it closely replicates daily prac-

tice and evaluates two common treatments for forefoot problems by

GPs16. Another strength is that we are able to interpret the result into

more depth since we have evaluated the process of the two interventions

in other studies23, 36. Also, the important constructs foot pain and foot re-

lated dysfunction were measured with different instruments that showed

comparable outcomes, which supports the reliability of our results. On

the other hand, the results of this study have to be interpreted in light of

the study limitations. During the inclusion period the prospective partic-

ipants applying for extensive trial information and a screening form were

recorded (figure 1). However, the number of prospective participants who

decided not to participate after receiving initial information about the

study is unknown since potential participants could seek information from

a multitude of resources (the GP, physicians assistant, a short information

leaflet or calling the researcher or research assistants). Based on retro-

spective information we estimate this to be at least three dozen individ-

uals and most of these people “just wanted to be treated by a podiatrist

and not to be allocated”.  This could imply that the effect of the shoe ad-

vice might be an overestimation of the real effect; i.e. the willingness to

try shoe advice could be lower in the general population than in our study.

Another limitation is that the percentage of women participating in our

study is higher compared to recorded prevalence’s of other studies4, 5, 7, 8,

which limits the generalizability somewhat. However, based on the

amount of female foot and shoe fit studies37-40 the prevalence of forefoot

problems might be higher in women than in men. 
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B A C K G R O U N D

Foot pain and subsequent functional limitations are common in aging

people. Prevalence figures between 15% and 42% have been reported in

people over 501-6. Foot pain occurs more often in women than in men1, 2

and the forefoot is affected more often than any other part of the foot1, 2, 7.

In some cases foot pain is known to lead to decreased mobility2, 5, 8-10,  

increased risk of falling6, 11 and a lower experience of well-being2, 8. 

According to a Dutch survey, 56% of people with foot complaints or

pain sought medical help, mostly with a podiatrist (46%) or with a general

practitioner (GP) (36%)7. Dutch GPs treat foot problems by prescribing

NSAIDs, providing life-style advice (e.g. lose weight, wear other shoes),

referring to a paramedical professional or referring to a medical special-

ist12. When referred, most patients are referred to a podiatrist12. Podiatric

treatment in the Netherlands may consist of skin and nail care, providing

information on footwear or providing an insole or foot orthotics13. 

Podiatric treatment is heterogeneous between different countries be-

cause the treatment can be based on theoretical concepts like that of

Root et al.14, 15 or the concept of Lavigne et al.16.Both concepts are similar
in the approach in which foot pain is related to an anatomical or kinematic

impediment and in which treatment is aimed at correcting or reducing

the effect of the underlying impediment (i.e. analysing the kinetic chain).

The main difference between these concepts is the way the orthotic is

fabricated. Besides these possible differences, even within countries in

which a same treatment concept is used patients receive different treat-

ments for similar problems13, 17-19 and inter-practitioner variability is known

to exist19. Most of the podiatrists in the Netherlands have received their

formal education at the Fontys University of Applied Sciences whose

curriculum is mainly based on the concept of Lavigne. The heterogeneity

of the treatments could partly be due to the lack of reliability of important

components that are part of the physical examination20.

Both the treatment and physical examination are components of the en-

tire treatment process. The procedures and routines of podiatrists and

the choices they make during the different stages of diagnosis and treat-

A B S T R A C T

Background: Foot pain is a common problem for people aged 50 and
over and occurs more often in woman than in men. About 60% of the

foot problems are forefoot problems and slightly more than half of these

patients seek medical help, mainly in the form of podiatric care. Podiatric

treatment of forefoot problems is known to be heterogeneous. The aims

of the present study are to describe the podiatric treatment of patients

with forefoot pain and to evaluate the podiatric examination and treat-

ment using an expert panel. 

Method: We invited twenty-five randomly selected subjects with fore-
foot problems who had received podiatric treatment in a pragmatic 

randomised clinical trial to participate in an analysis of their treatment by

an expert panel. The panel retrospectively established the cause of the

foot problem as well as the therapeutic goals and evaluated the treat-

ment. These findings were compared to those reported by the treating

podiatrist.

Results: Two fundamentally different approaches were found in ap-
proach of podiatric examination; a functional approach (n=13) and a non-

functional approach (n=12). In nine cases the expert panel agreed with

the cause recorded by the podiatrist. In five other cases the expert panel

concluded that the treatment of the podiatrist was not consistent with

the cause of the problem recorded by the podiatrist. Of the 10 patients

for whom the podiatrist had recorded to have given shoe advice, only two

were able to recollect the proper advice. Three patients did not remember

receiving advice at all.

Conclusion: In this study almost half of the podiatrists worked ac-
cording to a non-functional approach where the other half (like the expert

panel) chose a functional strategy that analyses the underlying problem.

Fundamental differences in treatment plans and thus heterogeneous

treatments could be a consequence.
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Expert panel
In order to evaluate the entire podiatric treatment process an expert

panel was formed. The panel consisted of three experts: two lecturers

and an orthopaedic surgeon. Both lecturers are affiliated with the podi-

atry course of the Fontys University of Applied sciences. The first lecturer

is a practising podiatrist and the second lecturer is a human movement

scientist specialised in anatomy, biomechanics and gait analysis. We

asked the orthopaedic surgeon to state if he would have proposed an

operation if he saw the patients in his office. A practising GP was asked

alongside the expert panel to provide information regarding the GP per-

spective on treatment choices.

Data collection
As previously stated, the participants in this study were randomly se-

lected from a pragmatic RCT21. During the inclusion for this RCT, fourth

year podiatry students performed several examinations on all patients as

part of their final project supervised by the lead researcher (BvdZ). These

ment are currently unidentified. The aims of the present study are: (i) to

describe general podiatric treatment of patients with forefoot pain and

(ii) to evaluate the entire treatment process using an expert panel.

M E T H O D

Participants
Twenty-five patients who had been treated by a podiatrist for forefoot

pain as part as a larger intervention study 21 were randomly selected and

invited to participate in this process-analysis of podiatric treatment. These

participants had visited their GP with a functional impeding forefoot pain

between March 2010 and May 2012 and were randomly allocated to be

treated by a podiatrist. The medical ethics committee of the Vrije Univer-

siteit medical centre has approved the study (2009/267).

Podiatric treatment  
Thirteen podiatrists provided the podiatric treatment. All podiatrists re-

ceived instructions about the treatment framework (Figure 1). They filled

in a standardised form with the aetiology of the foot problem, the aim of

their treatment and the content of the delivered treatment immediately

after they had completed their treatment. If treatment by means of or-

thotic devices was chosen the specific elements of the orthotic device

was to be recorded by the podiatrist. 

Diagnostic and therapeutic framework
Evidence on treating forefoot problems is currently lacking. A method

was needed for this trial that enabled us to describe the podiatric treat-

ment process in a standardised manner without losing the ability to in-

corporate individual patient-driven attributes. Together with Fontys

University of Applied Sciences a podiatric diagnostic and treatment

framework was developed (Figure 1). We asked five podiatrists to use

the framework and provide suggestions for improvement. All of them in-

dicated that they could work with the framework and did not have any

suggestions for changes.
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FIGURE 1 Podiatric diagnostic and treatment framework. The podiatric diagnostic

and treatment framework was developed in cooperation with the Fontys University of

Applied Sciences and five podiatrists.



via e-mail to one of the lecturers. The same lecturer met with the GP on

three occasions.

The evaluation consisted of three elements: first, the possible cause

of the foot problem(s) and the corresponding therapeutic goal(s) re-

ported by the podiatrist were evaluated by comparing them to those es-

tablished by the expert panel (element 1). The probable cause of the foot

problem and the subsequent treatment goals and therapeutic choices

were discussed within the expert panel until consensus was reached.

Both the GP as well as the orthopaedic surgeon added information about

the treatment choices they would make when treating the patient. Sec-

ondly, the expert panel evaluated the therapeutic consistency of the po-

diatrist using the diagnostic and therapeutic framework (figure 1) until

consensus was reached (element 2). The third and last element con-

sisted of using the information derived from the interviews. The recollec-

tion and comprehension of information by the patient was compared to

the provided information as reported by the podiatrist (element 3). 

R E S U LT S

Study population
We contacted thirty-eight randomly selected participants who had been

seen by the podiatrist. Thirteen patients declined to participate in this

part of the study. This was due to health related causes in four cases;

nine patients could not come on the days of the examination or were too

busy in that period. Finally, twenty-five participants aged 66 years (SD

9.1) were examined by the expert panel. Examinations took place on av-

erage three months (SD 2.4) after the first visit to the podiatrist. In 56,5%

of the cases, symptoms had been experienced for more than two years,

while in 21,7%,between one and two years. Patient characteristics are

shown in Table 1. The two most affected locations of the foot were the

plantar side underneath metatarsophalangeal joint 1 (52%) and 2-5

(48%). Bilateral pain was reported by 61% of the participants. 

A total of thirteen podiatrists treated the twenty-five patients. Two po-

diatrists (five patients) neglected to return the framework form. In these

examinations consisted of the following elements: patient-reported area

of foot problem on a foot manikin1; diabetic neuropathy screening21; pho-

tographs of the medial, lateral and dorsum of both feet and shoes21; the

Foot Posture Index22, 23; an evaluation of the shoes (function and fit); bare-

foot pressure during gait24, 25. These examinations were prospectively es-

tablished to facilitate the process evaluation of the podiatric treatment

and were made available to the expert panel together with information

about age, gender, weight and height of the subjects, and the completed

treatment form by the treating podiatrist. 

The expert panel also collected data. One of the lecturers from the expert

panel carried out a physical examination of every participant in this trial

while the other lecturer was observing. Both performed a visual gait

analysis. A ‘thinking out loud’ method was used during all examinations

and everything was recorded. Consensus between the members of the

expert panel was reached during the examinations. Examinations were

repeated if needed to reach a consensus. The number of discussions

and re-examinations was scored by evaluating the recordings afterwards.

All participants were interviewed by BvdZ to establish if the situation of

the foot pain had been altered since the commencement of the treat-

ment. If changes had occurred, the expert panel attempted to acquire in-

formation from the patient about the foot pain preceding the treatment.

The expert team used all the collected data to reconstruct the situation

comparable to the one prior to podiatric treatment. 

Interviews established whether patients remembered and understood

the information provided by the podiatrists.

Expert team evaluation procedure 
First, the expert panel reviewed the data collected during the inclusion

measurements then carried out the interviews and physical examinations.

Next, the expert panel evaluated the podiatric treatment reported by the

podiatrist. A total of eight sessions were needed to evaluate all patients.

The orthopaedic surgeon did not physically attend these sessions but

provided his opinion prospectively and retrospectively both in person and
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uated the patients’ diagnoses established by the expert panel and also

gave an opinion on the treatment options available for a GP. The array

of treatment choices according to the expert panel, but also the GP and

orthopaedic surgeon is shown in Table 2.

Element 1: Cause and therapeutic goals
Of the twenty-five causes established by the podiatrists, eight were con-

sidered to be correct by the expert panel (Table 2). After further analysis

of the data it became evident that the approach of reaching a diagnosis

differs between podiatrists. We saw two approaches. First we identified

the functional approach that was consistent with the approach of the ex-

pert panel. This is an approach in which the kinetic chain is evaluated in

order to find underlying (kinematic) impediment of the foot problem or

when external influences like foot wear are evaluated as a possible cause

of the problem. Secondly we identified another approach in which the

podiatrist described local symptoms as a diagnosis without evaluating

possible impediments beyond the area of the symptoms; a non-functional

approach. Examples of these approaches are shown in Box 1. Differences

in approach during the analysis of the cause of the foot pain led to es-

tablishing different therapeutic goals. A summary of these findings is

shown in Figure 2.  In twelve of the cases, the expert panel concluded

that the podiatrist merely identified non-functional causes. 

Wearing shoes a size too small was found to be the sole cause of the

forefoot pain in five cases according to the expert panel. In another eight

cases the size was evaluated to be part of the cause in addition to an

anatomical or functional anomaly. In four of these thirteen cases, podia-

trists reported to have found the shoes to be a size too small and thus

of influence on the development and continuation of the forefoot pain.

In five other cases the podiatrist described the shoes to be too unsup-

portive (n=3), too old (n=1) and too stiff (n=1). The expert panel agreed

with only the latter to be an actual cause of the foot problem. According

to the interviews, two podiatrists did not look at the shoes until the insoles

were already fabricated.

cases the expert panel tried to derive the cause and therapeutic goal of

the podiatrist by analysing the fabricated insole. This was deemed pos-

sible because in all these cases an insole-element was used that solely

redistributes and divides the plantar pressure underneath the MTP joints.

These five patients were excluded for therapeutic consistency (element

2) or information comprehension of the evaluation (element 3).

TABLE 1 Patient characteristics

Expert panel evaluation process
In seven cases, after the evaluation of the data of the inclusion exami-

nation, the members of the expert panel did not agree on the possible

cause of the symptoms. All possible causes were recorded and explicitly

discussed during the ensuing physical examination using a ‘thinking out

loud’ method. This consisted of the following: one lecturer (with the prac-

tical podiatrist background) performed the physical examination and ex-

pressed findings and conclusions, while the second lecturer was looking

on and agreed or disagreed. For every disagreement, the examination

was repeated and discussed until consensus was reached. A total of

forty-one disagreements were solved in this way; ranging from zero to

five per participant. All discrepancies were solved and consensus was

reached for every participant. 

The orthopaedic surgeon’s primary policy would normally be to have an

X-ray made for all patients prior to diagnosis. Based on the photographs

(and depending on the expected results of the X-rays) this surgeon

would have considered operating in eight patients’ cases. These were

mainly cases with Hallux Valgus deviations. The general practitioner eval-
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“When I came back for my insole, she examined the sole to make
sure it fitted the shoe well.” (Female 71yr)

Element 2: Therapeutic consistency
In the second step of the diagnostic and therapeutic framework (Figure

1), podiatrists were asked to select a therapy based on the probable

cause of the symptoms. The expert panel analysed whether the cause

of the problem as recorded by the podiatrist was consistent with the cho-

sen therapy. Two podiatrists (five patients) did not fill in the form with

therapeutic goals therefore the expert panel could not evaluate the ther-

apeutic consistency of these therapies. In four of the remaining twenty

cases, the chosen therapy was not consistent with the stated cause. Six-

teen therapies were in-line with the recorded cause of the symptoms,

(Table 2) although in five of these sixteen patients the cause recorded

by the podiatrist did not correspond with the cause found by the expert

panel (Figure 2).

Element 3: Information comprehension
The expert panel evaluated if information provided by the podiatrist was

comprehended by the participants who were treated, on average, 3

months prior to the interview (Table 1). Twelve podiatrists reported that

they provided shoe advice to the patients as they deemed inadequate

shoes to be part of the cause of the problem. Two of these patients

stated that they did not remember receiving any shoe advice, while five

remembered only parts of the advice or interpreted the advice incorrectly.

Only five patients were able to reproduce the entire advice (Table 2).

“I received a piece of paper which contained all sorts of information.
She told me that I had to wear other shoes and if I were to buy
shoes I should get shoes with laces and not to buy loafers.” (Man
72yrs; remembers the entire advice)
“A bit higher heel was better than no heel at all, he told me, and it
should be a bit close-fitting and supporting, that’s what I remember.”
(Female 56yrs; remembers part of the advice)
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EXAMPLE  1

Patient 16: Female (age 64) 

Pain (≥ 24 months) under MTP 1, 2&3.

FUNCTIONAL APPROACH

Aetiology:

Elevated pressure under MTP 1, 2 & 3,

Functional hallux limitus due to the calca-

neovalgus position, in-toeing during gait.

No external rotation ability in hip joint. 

Therapeutic goal:

No correction of valgus position calca-

neus; it is probably a compensatory posi-

tion of the inability in the hip for external

rotation. Compensate the functional hal-

lux limitus by providing advice to wear a

shoe with a toe rocker and that allows for

the in-toeing.

NON-FUNCTIONAL APPROACH

Aetiology:

Elevated pressure under MTP 1, 2 & 3 

and pes transversus.

Therapeutic goal: 

Decrease the pressure underneath meta-

tarsal heads by elevating the pressure

under the surrounding area’s. Correct cal-

caneo valgus position.

EXAMPLE  1

Patient 14: Female (age 61) 

Pain (≥ 24 months) under MTP 2& 3

FUNCTIONAL APPROACH

Aetiology:

Elevated pressure under MTP 2 & 3 due

to a hallux rigidus and thus limited ROM

in MTP 1. As compensation during gait

MTP 2 & 3 are used excessive. 

Therapeutic goal:

Realign the gait to use MTP 2 & 3 less by

providing advise to wear shoes that con-

tain a toe rocker. The toe rocker shoe

might influence the gait line by reducing

the amount of dorsal flexion needed in

the MTP joints and thus advances the rol-

ling over MTP 1 and less over 2&3.

NON-FUNCTIONAL APPROACH

Aetiology:

Elevated pressure under MTP 

2 &3. Calcaneo valgus.

Therapeutic goal: 

Distribute pressure over bigger area to

obtain less peak pressure under MTP 2

and 3 by means of insole with retro capi-

tal support. Correct calcaneovalgus posi-

tion by means of insole with medial

support calcaneus.

BOX 1 Two examples of the non-functional and functional approach.



me and this pair of Nike-air shoes. No, those were good, those
shoes.”  (Female 61yrs; remembers the advice incorrectly)

“I had a pair of boots which looked quite elegant but were still com-
fortable, with a high heel, which would also be good, as long as the
sole fitted the shoe. I brought my Archer (shoe brand – ed.) with
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FIGURE 2 Overview of different approaches to establish aetiology. TPM= treatment plan missing.

I: NF= Non-Functional strategy, F= Functional strategy TPM= Treatment Plan Missing: Did not receive
a treatment plan from the PT.
II: Dutch orthotic devices are generally custom made insoles using the ‘Lavigne’ method [16]. Elements
are divided in: retro capital support (a); arch support (b); stabilisation of the calcaneus (c); element to
raise single or multiple MTP joints (d); rear foot pronator (e); rear foot supinator (f); heel lift (g).

III: Shoes primary cause of foot problem.
IV GP (General Practitioner); OS (orthopaedic surgeon):  NSAID’s (a); salicylic (10%) salve (b); night
splint (c); shoe advice (d); life-style advice (e); referral insole fabrication (f); steroid injection (g);
referral orthopaedic surgeon (h); referral neurologist (i); referral back to GP (j);operation (type
depending on X-ray) (k)



fined as a search for the underlying (kinetic) cause of a symptom or look-

ing at external factors like foot wear. Most scientific research to do with

foot related problems is based on a functional approach26-31. This indi-

cates that it is the preferred approach to establish aetiology, even though

its validity has neither been studied nor the approach proven to be the

best approach in the treatment of forefoot problems. 

When different aetiologies are established due to differences in ap-

proach it is apparent that the therapeutic goals and treatments may differ.

Literature shows that podiatric treatments are heterogeneous13, 17, 18 and

that the effects of the treatments are heterogeneous as well19. It is pos-

sible that the poor reliability of clinical assessments20 as well as the dif-

ferent approaches we identified provide an explanation to these reported

differences. The difference in the approach to analyse a forefoot problem

that has emerged from our study is noteworthy. Even though the sample

of twenty-five participants is small, our study showed that almost half of

the podiatrists do not adhere to the concepts taught during their training.

In future studies it is advisable to allocate or ascertain the chosen ap-

proach when reporting findings, but more importantly, prospective re-

search should be carried out to definitively establish which approach is

more efficacious in problem reduction.

It has been shown that foot problems like lesser toe deformities and

hallux valgus could be related to wearing shoes that are too small or of

inadequate quality19, 32. A causal relationship however, has never been es-

tablished. We found that the podiatrist mentioned footwear less often as

a possible and/or partial cause of forefoot pain than the expert panel (15

vs. 23). This can once more be partly explained by the differences in ap-

proach. It appears that many podiatrists in our study did not look beyond

the problem area of the symptoms, as required when evaluating shoes.

In only four of the thirteen cases established by the expert panel did the

podiatrist report to have found the shoes the patient wore prior to visiting

the podiatrist, to be a size too small or lacking in appropriate quality and

thus of influence on the development and continuation of the forefoot

pain. Therefore most podiatrists in this study manufactured a podiatric

D I S C U S S I O N

This study was carried out in order to describe current podiatric treatment

of forefoot problems and to evaluate the treatment process. Our analyses

show that the proceedings of the podiatrists to reach a diagnosis are

heterogeneous: they used either a functional or a non-functional ap-

proach. Secondly, the expert panel found that in five out of twenty cases

the chosen therapy was not adequate for the reported cause of the pain.

And lastly, the podiatrists reported to have provided shoe advice more

often than the patients remembered.

The treatment framework that was developed proved to be an effec-

tive way to analyse and evaluate the steps taken in podiatric treatment.

Using the framework, two different approaches to assess the aetiology

of a patient’s problem emerged from the data and the difference in ap-

proach led to different diagnoses. The functional approach is the way of

working based on the concepts of Root14, 15 and Lavigne16, previously de-
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FIGURE 2 Overview of different approaches to establish aetiology. 

TPM= treatment plan missing.



rection of or compensation for the cause of the foot problem as estab-

lished by the podiatrist, possibly rendering the treatment less effective.

In the interviews, none of these patients indicated improvement of their

complaints after the treatment. 

The Gorter et al.12  study on the management of common foot problems
by GPs shows that life-style advice (e.g. wear better shoes, lose weight)

was provided to patients alongside other treatments. Although there is

no evidence that providing such life-style advice will actually help, some

evidence shows that people with a higher fat-mass are at higher risk of

developing foot problems33. 

In this study, the podiatrists reported to have provided the patient with

shoe advice in ten cases. However, it became apparent from the inter-

views that not all patients remembered the information correctly (n=5)

or even remembered receiving any information at all (n=3). This could

be explained in several ways. It could be that the podiatrists don’t provide

shoe advice as much as they report they do or the patients don’t remem-

ber receiving advice when it is provided. The latter is a known problem in

health care and it is proposed that health care providers should be aware

of this problem in order to communicate more effectively34. It is also pos-

sible that the average time of three months that elapsed between the

podiatrist providing the advice and this study is responsible for a dimin-

ished information recollection by the patient. Some patients mentioned

that they would have preferred to have some form of written advice in

addition to the verbal communication. An information leaflet might be a

recommendation. We also suggest that the provision of shoe and/or life-

style advice should be done in a separate session, in order not to over-

whelm patients with information.

Our process evaluation of podiatric treatment has to be interpreted in

context of the strengths and limitations of the study. One might consider

the focus on forefoot problems a limitation. The results seen in this study

should therefore only be applied to patients with similar problems. On

the other hand, this restriction to forefoot problems ensures a homoge-

insole instead of merely providing shoe advice. Another reason could be

that the financial stimulant of manufacturing an insole is bigger than that

of merely providing advice. Most Dutch health insurance companies pro-

vide a separate reimbursement for the inspection and physical examina-

tion of the patient and for the insoles. The fee for the latter is usually

higher than for the physical examination and it could be possible that po-

diatrists prescribe a treatment by means of insoles more often than nec-

essary. Lastly, the influence of the patient should not be underestimated.

A patient with the expectation of receiving insoles could influence the

podiatrist in providing insoles. 

A marked difference in preferred treatment choices within the expert

panel is the treatment choice of the orthopaedic surgeon compared to

the rest of the panel for patients with a hallux valgus. The other members

would mainly treat the hallux valgus conservatively with an orthotic

and/or shoe advice, or a night splint. In contrast the orthopaedic surgeon

would operate on seven of the twenty-five patients if an X-ray would con-

firm deviation of the first metatarsal. According to the orthopaedic sur-

geon in the expert panel, the majority of his patients have already tried

most or all conservative treatment possibilities. However, GPs and podi-

atrists see patients prior to the point that they have tried all options and

visit the orthopaedic surgeon. For the orthopaedic surgeon the most im-

portant criterion to operate is to reduce the amount of pain or to stop

progression of the hallux valgus. The limited number of studies available

has shown that in contrast to an operation an insole is incapable of cor-

recting an already existing hallux valgus 27, however, related symptoms

have been shown to decrease when treating with a custom manufac-

tured insole 28.

According to the expert panel, in four cases the therapy chosen by

the podiatrist was not adequate for the cause of the foot problem

recorded by the podiatrist. In all of these four cases the reported aetiol-

ogy on the form was in accordance with a functional approach, but the

chosen treatment was symptom driven. Therewith the provided treatment

(insole) did not provide the patient with a therapy that was aimed at cor-

70 F O R E F O OT  P R O B L E M S  I N  O L D E R  A D U LTS

1
2

3
4

5
6

7
8

71 P O D I AT R I C  T R E ATM E N T  O F  PAT I E N TS  
W I T H  F O R E F O OT  PA I N



the oral advice with a written/photo supplement to enhance understand-

ing and adherence or provide advice in a separate session.
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R E F E R E N C E  L I S T

nous population could be viewed as a strength. The diversity in back-

grounds of the expert panel is an asset to the study. This way the aetiol-

ogy and treatment has been analysed from several medical angles. In

contrast, the size of the expert panel, small for pragmatic reasons, is a

limitation of the study. In light of the striking findings of this study we

would recommend a replication of this study with a prospective design.

Two members of the expert panel examined the patients and did not base

their evaluation merely on the data provided. The method of examination

could also be seen as a limiting factor. The members did not examine

the patient separately but simultaneously and discussed differences of

opinion during the examination. This could have influenced the objectivity

of the members. Nonetheless, forty-one discussions were conducted

showing that the panel members did state differences in opinion. Another

limiting factor is the fact that out of twenty-five participants two podia-

trists treating five patients did not return any form (even after two re-

minders). We deduced the cause found by the podiatrists for these five

patients by analysing the elements used in the insole and these findings

are less reliable than is desirable. The evaluation of the consistency be-

tween recorded cause and executed therapy was impossible for these

participants, so that analysis is based on 20 participants. Furthermore,

the expert panel was not blinded for the current status of the patients,

which could have influenced the evaluation. 

This study indicates that the approach to reach a conclusion on aeti-

ology of forefoot pain is heterogeneous amongst podiatrists. It could also

explain part of the variability found between podiatric treatments as men-

tioned in other studies. Half of the podiatrists followed a non-functional

approach that was inconsistent with usual treatment concepts and in-

consistent with the functional approach of the expert panel. Most insole

or foot orthotic related studies follow a functional approach however the

superiority of a functional approach over a non-functional approach has

not yet been established. It is possible that some but not all foot problems

fare well with a non-functional approach. It is advisable that future podi-

atric effect studies analyse the approach as an additional variable. Third,

the orally provided advice could be more effective. We suggest extending
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(n=56) were wearing poorly fitting shoes1. It is believed that the high

prevalence of inappropriate footwear is at least partly explained by little

knowledge about footwear, 47% of 652 people ages 65 years and older

felt that their regular shoes were fine, although they were not classified

as appropriate5. Foot problems are more prevalent in women than men6, 7

The literature about gender differences in the choice of footwear is

scarce.  One study shows that, on average, women have a bigger dis-

crepancy between shoe and foot length, width and plantar surface than

men3. Two other studies merely evaluate women’s footwear and foot

health. The preponderance of foot-shoe discrepancy in women suggests

that shoe related problems in women may be a bigger problem than in

men. 

For a randomised controlled trial on the treatment of forefoot problems

by GPs a low cost and common method was sought as a comparator to

referral for podiatric treatment8. Providing advice on shoe characteristics

and proper fit is a part of the treatment array for common foot problems

by general practitioners (GPs)9. The use of information leaflets, when

providing advice or information is common practice for Dutch GPs. There-

fore an advice leaflet containing information on beneficial shoe charac-

teristics and proper fit was chosen as intervention. It has been shown

that supplementing oral advice with an information leaflet has a positive

effect on patients’ education and comprehension10. No validated footwear

information leaflets are available up to now. Additionally, shoe character-

istics and proper fit characteristics are only partially evidence based. It is

therefore unclear what the content of an information leaflet should be. 

The aims of this study are: (i) to determine which shoe characteristics

should be included when providing information about footwear for pa-

tients with foot pain, (ii) to develop an information leaflet, (iii) to evaluate

if women asked to select shoes with the developed leaflet are able to

choose better footwear than women who do not have the leaflet.

A B S T R A C T

Background Providing advice to wear good quality shoes with appro-
priate fit is one of the possibilities general practitioners have when treat-

ing patients with foot problems. The aims of this study are to (i) determine

which shoe characteristics are important when providing shoe advice, (ii)

develop a shoe advice leaflet and (iii) evaluate if women choose better

shoes with the aid of the leaflet. 

Method We performed a literature search on the effect of separate shoe
characteristics on foot pathologies and kinematics and developed an in-

formation leaflet with the aid of multidisciplinary experts. The leaflet was

tested in a group of women aged 50 years or over who did not receive

podiatric treatment or shoe advice in the year prior to the study. The

women were asked to select shoes; half of them were provided with the

leaflet. Shoe characteristics were scored blinded for the condition by two

podiatrists. Data was analysed using a T-test for independent measures. 

Results The developed leaflet contains nine shoe characteristics. A total
of 57 women ranging from 54 to 86 years old (average 69) consented to

participate in testing the efficacy of the leaflet. Women using the leaflet

(n=29) selected better shoes than without (p=0.049). 

Conclusion Based on a literature search and expert opinion, we have
developed an information leaflet for GPs to provide as a supplement to

oral shoe advice. Women using this leaflet were able to select shoes of

better quality and better fit than women selecting shoes without using

the leaflet. 

B A C K G R O U N D

Both podiatrists and doctors assume, that wearing appropriate footwear

can prevent or reduce many feet or walking related problems1-4. Poor

quality and ill fitting shoes are associated with several foot problems such

as foot pain, hallux valgus, corns, plantar calluses, ulceration, and lesser

toe deformity1, 3.  Furthermore inappropriate shoes are associated with a

higher risk of falling and thus risk of fractures2, 4. However, a large pro-

portion of the elderly is wearing shoes of poor quality or fit5. Moreover

Burns et al showed that 72% of the elderly in a rehabilitation centre
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Intervention
Researcher BvdZ provided the participants in the intervention group the

information leaflet and explained the items in the leaflet. Participants

could ask for clarification. Those in the control group did not receive in-

formation. All participants were asked to visit a shoe shop and asked to

M E T H O D

This study is comprised of two phases. During the first phase we devel-

oped a foot wear information leaflet. The content was determined by

doing a literature search and consulting experts. Subsequently, we tested

the developed leaflet in a randomised controlled trial. 

Development of the shoe advice leaflet.
The process of determining which shoe characteristics should be in-

cluded when providing footwear information to patients with foot pain,

consisted of several stages and is summarised in Figure 1. In short: we

searched the literature for evidence about influences of footwear on feet.

Subsequently, we consulted experts to supplement the gaps in consisting

evidence. We tested a preliminary version of an advice leaflet and the

Dutch association of Podiatrists (‘Nederlandse Vereniging van Podother-

apeuten’ or ‘NVvP’) and thirty GPs provided feedback. This resulted in a

final version of the leaflet. Intelligibility of the final version was assessed

by 90 people with forefoot pain participating in a RCT8.

Trial design
We allocated participants randomly to either the intervention or control

group. Both groups were asked to find shoes which were aesthetically

to their liking and which each participant considered appropriate for

standing and walking for longer periods of time. The intervention group

did so with the assistance of the developed shoe information leaflet. Two

podiatrists assessed the characteristics and fit of the chosen shoes. The

medical ethical committee of the VUmc has approved the trial (adden-

dum to: No. 2009/267). 

Participants
Participants were actively recruited in a community centre in Rotterdam

by means of invitational posters, word of mouth and in GP practices in

Amsterdam by sending invitation letters to woman aged 50 years and

over. Women with diabetes mellitus or rheumatoid arthritis were excluded.

Additional exclusion factors were: recent foot injury or foot surgery and

podiatric treatment in the year prior to the study. 
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FIGURE 1 Different stages of development leaflet and assessment form



participant characteristics. Both participants and podiatrists were asked

not to communicate about any foot or shoe related issues until after the

assessment of the shoe.

Statistical method
We checked the data for normality prior to data analysis. Differences in

total scores and scores for each category (function and fit) between the

two different groups were analysed using T-test for independent meas-

ures. We set the confidence interval at 95%. Based on our experience

we assumed that it is impossible to find a high heeled shoe (>6cm) with

proper fit characteristics (length, width and sufficient toe box); i.e. wearing

a high-heeled shoe with adequate room in front of and around the toes,

one will slide forward off of the heel and during walking the shoe will

slip. Therefore we decided to perform a secondary analysis excluding

high-heeled shoes, if necessary. 

R E S U LT S

Content of leaflet and assessment form
We incorporated nine characteristics in the leaflet after different stages

(Figure 2). Functional (quality) characteristics were: heel height < 4 cm,

adjustable fixation over the instep, high friction outer sole material, stiff

heel counter, longitudinal sole rigidity and a sole flexion point under MTP

1. Fit characteristics in the leaflet are: shoe length 1-2 cm bigger than

longest toe, graspable upper at the level of the metatarsals and room be-

tween the dorsum and the toes and upper (toe box). The fit characteristics

should all be evaluated in a standing position. Detailed information on

findings in the literature, the opinion of the expert panel, the content of

the information leaflet and the content of the assessment form can be

found in Appendix 1. The leaflet itself is shown in Appendix 2. 

Participants
A total of 59 women participated, 34 in Rotterdam (between February

and May 2012), and 25 in Amsterdam (between April and May 2013). The

mean age of the participants was 69 (range 54-86). The 59 participants

“choose a pair of shoes that you would wear and with which you can

walk for a longer period (at least four hours) for several consecutive

days.” The participants in Rotterdam and Amsterdam could visit respec-

tively three and four predetermined stores in the shopping centre and

choose any pair of shoes they deemed appropriate. They brought these

shoes to the podiatrists to allow assessment of the shoes. 

Outcome measures
Concurrent to the development of the advice leaflet we created an as-

sessment form (Appendix 1). Two podiatrists assessed the characteristics

of the shoes.  We calculated both the total score as the separate sub-

scores for functional characteristics and fit characteristics. A higher score

reflects better characteristics.   

Sample size
Since the shoe assessment form was developed for this study, there are

no evidence-based estimates for minimal important difference or stan-

dard deviation (SD). To obtain estimates of the SD we executed a pilot

study with 16 participants with 8 participants per group. The SD was

found to be 1.8 for the control group and 1.9 for the intervention group.

We set the minimal important difference at 2 points; an improvement of

at least one shoe characteristic. With a two-sided significance level of

0.05, and assuming a power of 0.95, a minimum of 52 patients had to be

included for this trial; 26 per group. 

Randomisation
Using random allocation software we generated the randomisation se-

quence. During the pilot study it was found that participants preferred to

shop in pairs even if they did not know the other participant. To ensure

no cross contamination would take place, participants were randomly al-

located to the control or intervention group in sets of two.

Blinding
When assessing the shoes, the podiatrists were blinded for all relevant
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(both in the intervention group) who had chosen high-heeled shoes (i.e.

> 6 cm) from the secondary analysis. 

Outcome measures
Using the information leaflet resulted in a significantly better choice of

shoes (total score p=0.05). The separate subscales (i.e. functional char-

acteristics and fit characteristics) did not change significantly (Table 1).

Excluding shoes with high heels (>6cm) from the analysis, led to a sig-

nificant increase of the total score and the subscale scores in the inter-

vention group (total score p=0.01, functional characteristics p= 0.03, fit

characteristics p=0.04) (Table 1). The distribution of the (sub-) scores is

presented in Figure 3.

TABLE 1 Results RCT. Regular analysis contains all participants, 

the secondary analysis excluded high heeled shoes (>6cm).

were randomly allocated to the control group (n=29) and the intervention

group (n=30). Two participants were unable to find shoes during the trial:

one person in the control group (unable to find shoes that were com-

fortable and pretty) and one person in the intervention group (unable to
find shoes she liked in combination with size (EU 42, US w10, UK w7.5)).

Both were excluded for further analysis.  We excluded two participants
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FIGURE 2 Results of the development process of the shoe advice leaflet.



uate if using the developed folder results in a better choice of footwear

for woman aged 50 years and over. 

Based on the available scientific evidence, we could select 4 shoe

characteristics. Another 5 items were selected using experts’ opinions.

This study shows that women who were motivated to participate in the

study were able to choose shoes with more appropriate characteristics

when using the leaflet than women who did not receive the leaflet. The

study thus implies that the leaflet is efficacious, but its effectiveness in

general use is not yet known.  

We found that shoes selected with the developed leaflet scored 1.7 points

higher in the primary analysis and 2.2 points higher in the secondary

analysis compared to the shoes that were selected without a leaflet. A
priori we set the minimal important change at 2 points. However whether
this effect is clinically relevant on foot pain remains unclear. Additionally,

due to the lack of evidence it is unknown which shoe characteristics have

the largest influence on the development or reduction of foot pain. As a

result, we deemed all characteristics to be equal during the assessment

of the appropriateness of the shoes. Future knowledge and understand-

ing of the kinetic and kinematic influences of different characteristics

might result in weighted scores. Similarly, during the study we found that

the height of the heel is not merely a characteristic in itself. We observed

that the fit characteristics chosen to be ‘good’ are incompatible with

wearing a high-heeled shoe. The fit around the forefoot was found to be

snug in order for the foot not to ‘slide forward off of the heel’. Conse-

quently shoes with a heel >6cm were excluded for a secondary analysis.

Our results show that the difference between the intervention group and

the control group was larger if only the selected shoes with normal heels

were taken into account. This indicates that the height of the heel is not

only a separate characteristic of the shoe, but has an important influence

on other characteristics as well.

We expect that the leaflet will be primarily used by GP’s to advise a

patient who consults with foot problems. The main limitation of the study

is that we did not specifically include participants with foot problems for
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FIGURE 3 Distribution of (sub)scores per condition.

D I S C U S S I O N

Although causality between ill fitting shoes and foot problems has not

yet been proven, podiatrists and doctors assume that shoes can have a

detrimental effect on foot health and that footwear can be the cause of

forefoot problems such as corns, hallux valgus and lesser toe de -

formities1, 3. The aims of this study were to determine which shoe char-

acteristics should be included when providing information about footwear

in an information leaflet; to produce such a leaflet and subsequently eval-
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this RCT. It is conceivable that someone with foot pain is differently mo-

tivated to find appropriate shoes using the information leaflet or might

select different shoes than people without foot problems. Another limita-

tion is that during the development of the leaflet we did not use a com-

plete Delphi method. We carried out a single round with several groups

of experts (GPs, podiatrists and the Dutch association of podiatry) without

providing them with feedback. And lastly, the participants of this RCT were

only women and not men.  However the prevalence of foot problems in

women is higher than in men6, 7. We are unable to calculate the response

rate as we do not know how many women were aware of the study and

chose not to participate. A strength of the study is that the podiatrists

evaluating the footwear were unaware of the status of the participants.

In previous studies where shoe characteristics were assessed, the asses-

sors had knowledge of the health status of the participants 2-4, 11, 12. 

Thus far the described leaflet is the only published tool for GPs or other

specialists providing advice on footwear. The current knowledge about

the relationship between foot problems and characteristics of shoes is

rudimentary. Consequently, the advice to be provided to patients with foot

pain is not fully based on scientific evidence. The developed information

leaflet is shown in this study to improve the choice of shoes according

to expert opinion. The content of the leaflet is principally composed of

pictures and the text supports the pictures. Furthermore, it is comprised

of shoe characteristics and not shoe stores or brands. Thus, it is likely

that a translated leaflet may have similar effects outside of the Nether-

lands. Further research is needed to demonstrate if following the rec-

ommendations in the leaflet can reduce the occurrence of foot problems.

Currently we are studying the effectiveness of the leaflet compared to

podiatric treatment  in patients with forefoot problems8.

D E C L A R AT I O N S  /  A C K N O W L E D G E M E N T S -
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terests. 
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Heel height

(functional characteristic)

Strapping / Fixation

(functional characteristic)

Association with presence:

hallux valgus and plantar

callusus (heel height >2.5

cm) [1]

A shift of peak pressure to

the medial forefoot (7.6 cm

versus 3.6 cm) [2] 

Increased chance of lateral

ankle sprain (>5cm) [3]

Decrease the muscle pump

function lower leg (>7cm)

[4] Alter kinetic function of

the lower extremity (>6cm)

[5] 

Impair balance (>4.5cm) [6] 

Increase the risk of falling

(>2.5cm) [7]. 

Assumption: heel <4cm

does not alter walking pat-

terns [7].

Observational study:  63% of

people with fall related hip

fractures wore shoes wit-

hout fixation at the time of

the accident [9]. Unfortuna-

tely the percentage of shoes

without fixation of non-fal-

lers is unknown.

Plantar calluses

due to increased

plantar pressure

forefoot.

Ingrown toenails

and toe deformi-

ties: the foot ‘slips’

off of the heel into

the front of the

shoe.

Expected a relati-

onship between

wearing shoes that

are considered too

small and the ab-

sence of an adjus-

table strap over the

instep.

The height of a

heel should not ex-

ceed the width of

two fingers.

Comment: it might

be hard for a leaf-

let user to know

what exactly 4 cm

is. We thus used

the width of two

fingers. the aver-

age width of an

index finger is 1.6

cm (SD 0.17 cm) [8] 

Adjustable fixation

over instep like

laces, Velcro or

clasp

<4 cm = 2 points

4-6 cm = 1 point

>6 cm = 0 points

Adjustable fixation over instep

= 2 points 

Adjustable fixation not over

instep/ non adjustable fixa-

tion = 1 point

No fixation: 0 points

Outer sole material

(functional characteristic)

Heel counter rigidity

(functional characteristic)

Sole flexion point

(functional characteristic)

Longitudinal sole rigidity

(functional characteristic)

Leather outer soles or soles

without a tread pattern have

a lower friction coefficient.

As a result it is possible that

wearing slippery shoes lead

to an increased risk of slip-

ping and falling [10].

A shoe containing a stiff

heel counter reduces the

stress on the fat pad of the

heel [11].

Assumption: a stiff heel

counter decreases the pos-

sible range of motion subta-

lar joint [11].

-

-

-

The absence of a

stiff heel counter

increases instability

on uneven terrain

and thus the risk of

inversion trauma or

falling. 

The absence of a

heel counter could

possibly exacer-

bate an already

present calcaneo

valgus; in time, the

wearer might ‘slip’

off of the medial

side of the sole.

The sole flexion

point should be in

accordance with

the anatomy of the

foot: Underneath

the metatarsopha-

langeal joints (MTP

joints).

Rubber, non slip-

pery,  outer sole

Hypothesis: a shoe

advice leaflet

would be primarily

used for older pe-

ople who have an

increased risk of

slipping and falling.

Thus this characte-

ristic was incorpo-

rated in the leaflet.

The back of the

heel can not be

pushed down into

the shoe.

The sole flexes

where the toes do

too.

While twisting the

sole, the sole is

rigid.

Rubber sole forefoot and heel

= 2 points

Rubber sole forefoot, plastic

heel = 1 point

Leather sole = 0 points

<45° flexibility = 2 points

> 45° flexibility = 0 points

Underneath MTP 1 = 

2 points

Proximal or distal to MTP 1

= 0 points

Twisting <45° = 2 points

Twisting >45° = 0 points

Shoe characteristic Literature Expert opinion Leaflet Assessment form Shoe characteristic Literature Expert opinion Leaflet Assessment form
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Length

(fit characteristic)

Width

(fit characteristic)

Association between wea-

ring shoes that are too small

and ulcerations, foot pain

and lesser toe deformities

[1,12]. 

Prevalence’s: 10.2%-88% of

size mismatches in which

the foot was found to be

bigger than the shoe size

[1,13,14]. 

An existing assessment

form [15,16] and a Dutch GP

book [17] state that a shoe

needs to be 1-2 cm bigger

than the foot. 

Association between wea-

ring shoes that are too nar-

row and the presence of

corns on toes, hallux valgus

deformity and foot pain [1]. 

Prevalence’s: 43-81.4% of

participants wear shoes that

are narrower then the feet

[1,12,18]

A very flexible shoe

would increase the

activity of the in-

trinsic and extrinsic

foot musculature.

Such increased ac-

tivity could be out

of the range of

possibilities for

older people who

possess foot pain

or foot related di-

sability.

A shoe should be

1-2 cm bigger than

the foot while stan-

ding.

The upper should

be graspable while

standing

A shoe needs to be

a thumbs’ width

bigger than the

longest toe while

standing

Hypothesis: it

might be hard for a

leaflet user to

know what exactly

1-2 cm is. We thus

used the width of a

thumb, the average

width of a thumb is

2cm [8]

The joints of the

big toe and little

toe should not pro-

trude.

Shoe length – foot length:

1-2 cm = 2 points

0.5-1cm or 2-2.5 cm = 1

point

<1 cm or >2cm= 0 points

Graspable upper = 2 points

Upper not graspable / pin-

ching upper when grasping =

0 points

Toe box height

(fit characteristic)

- Increased chance

of ingrown toe

nails or skin pro-

blems proximal or

distal inter phalan-

geal joints (PIP,

DIP).

Toes can be wig-

gled within the

shoe.

Space shoe – toes = 

2 points

No space shoe-toes = 

0 points
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measure 3 constructs: functional limitation, pain and personal appear-

ance7. Statements relating to the 3 constructs can be answered in terms

of frequencies: ‘none of the time’, ‘on some days’ and ‘on most/every

day(s)’. Previous studies have evaluated some of the measurement prop-

erties of the questionnaire. Internal consistency (IC) is the most evaluated

property7-12 although some studies evaluated it over the entire question-

naire instead of over the three constructs (i.e. sub-scales)7, 9, 10. The studies

that did evaluate each sub-scale separately have found the scales to be

internal consistent8, 12. Test-retest reliability has been analysed by Roddy

et al12 and found to be moderate for the pain and the appearance scale

and both moderate and acceptable for the functional limitations scale

depending on the inclusion criterion. Construct validity has been de-

scribed in previous studies although the amount of hypotheses tested

was small in one study7 and no hypotheses were stated a priori in an-
other10. The characteristics of the items in the questionnaire have been

thoroughly examined using item response theory testing (IRT). The

MFPDI consists of items that allow severe cases to be distinguished

from the less severe cases8, 11.

The MFPDI is not merely a diagnostic tool (e.g. in cross-sectional studies)

but it is also used as a tool to measure change over time as a result of

an intervention13-15. When interpreting change scores in a randomised

controlled trial (RCT) or another longitudinal study, it is vital to have

knowledge about measurement properties like measurement error, re-

sponsiveness and interpretation values like minimal important change

(MIC) and smallest detectable change (SDC). Currently these properties

have not been assessed yet. For the purpose of a Dutch study on forefoot

pain in people 50 years of age or older the MFPDI had to be translated

into Dutch15. The aims of the current study are, firstly, to create a Dutch

version of the MFPDI. Secondly, to evaluate all measurement properties

based on the Classical Test Theory (CTT), including a cross-cultural val-

idation of the Manchester Foot Pain and Disability Index using the Dutch

translated version. 
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A B S T R A C T

Background: The Manchester Foot Pain and Disability Index (MFPDI,
19 items) was developed to measure functional limitations, pain and ap-

pearance for patients with foot pain and is frequently used in both ob-

servational studies and randomised controlled trials. A Dutch version of

the MFPDI was developed. The aims of this study were to evaluate all

the measurement properties for the Dutch version of the MFPDI and to

evaluate comparability to the original version.

Method: The MFPDI was translated into Dutch using a forward/back-
ward translation process. The dimensionality was evaluated using ex-

ploratory and confirmatory factor analysis. Measurement properties were

evaluated per subscale according to the COSMIN taxonomy consisting

of: reliability (internal consistency, test-retest reliability and measurement

error), validity (structural validity, content validity and cross-cultural validity

comparing the Dutch version to the English version) responsiveness and

interpretation.

Results: The questionnaire consists of three scales, measuring foot
function, foot pain and perception. The reliability of the foot function scale

is acceptable (Cronbach’s �> 0.7, ICC = 0.7, SEM = 2.2 on 0-18 scale).

The construct validity of the function and pain scale was confirmed and

only the pain scale contains one item with differential item functioning

(DIF). The responsiveness of the function and pain scale is moderate

when compared to anchor questions.

Conclusion: Results using the Dutch MFPDI version can be compared
to results using the original version. The foot function sub-scale (items

1-9) is a reliable and valid sub-scale. Use of the MFPDI as a longitudinal

instrument could be problematic due to moderate responsiveness.  

B A C K G R O U N D

Foot pain is common in older people and  is associated with functional

limitations in foot related activities; prevalences between 14,9 and 41,9%

have been reported in people over 50 years1-6. The Manchester Foot Pain

and Disability Index (MFPDI) is a 19 item tool developed to measure foot

pain and foot related function in patients with foot pain7. It intends to
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Procedure and outcome measures
Preceding inclusion the MFPDI was used as a screening tool (NL Ts).

One to three weeks later the participants were included in the trial and

completed a comprehensive questionnaire with the below mentioned

comparator instruments and the MFPDI as a baseline measurement (NL

T0). Since all participants had at least 3 months of foot pain and were

considered to have limited functionality indicating a stable state no ad-

ditional measures were taken to assess possible changes between base-

line and screening. Three months after baseline a similar questionnaire

was completed again (NL T3). The lowest response in the MFPDI was

marked as 0 and the highest response as 2. The COSMIN taxonomy was

utilized to evaluate every measurement property of the MFPDI question-

naire17, 18.

As comparator instruments to the MFPDI several other questionnaires

were completed: the Foot Function Index-5pt19 (FFI-5pt), SF12® and an

11 point pain intensity numeric rating scale (NRS where 0 = no pain and

10 = worst possible pain). The FFI-5pt is a questionnaire on foot function,

consisting of two subscales: foot pain and foot related activities, consist-

ing of respectively 7 and 8 items. The original FFI is more extensive (23

items), has response options using visual analogue scales (VAS) and was

developed for people with rheumatoid arthritis. The FFI-5pt has been val-

idated for use in the elderly with non rheumatic foot problems, has 5 re-

sponse options (ranging from “no pain” to “intense pain” and from “no

difficulty” to “impossible”) and has already been translated into Dutch 19.

In addition to the comparator instruments and the MFPDI, two global

perceived effect (GPE) questions on foot pain and foot related disability

were added to the NL T3 questionnaire: “How would you judge the pain

in your foot now, compared to three months ago?” and “How would you

judge the performance of foot related activities now, compared to three

months ago?”. These GPE questions could be answered with: “much

worse, worse, no change, better or much better”.
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M E T H O D

This study describes a complete evaluation of measurement properties

of the MFPDI starting with the translation of the questionnaire into Dutch.

The Medical Ethics Committee of the VU University Medical Centre in

Amsterdam has approved the design of this study (No. 2009/267).

Translation
A forward-backward method of translation was used to obtain a Dutch

version of the MFPDI16. Two translators; a general practitioner and a phys-

ical education teacher, both with additional experience with English,

translated the original version into Dutch. During the consensus meeting

with the two translators and guided by PE and BvdZ, a consented Dutch

version was established. This version was then translated back into Eng-

lish by two native speakers; a UK scientific researcher and a UK physi-

cian assistant. Differences between the original and the translated

version were discussed by BvdZ and PE and the Dutch version was ac-

cordingly adapted. The Dutch version was then tested by 10 participants,

who were asked about intelligibility and completeness of the list. Con-

cerns identified regarding intelligibility and completeness were discussed

between BvdZ and PE and adapted if required.

Participants
As part of an RCT that compares treatment of forefoot pain by means

of podiatric care or shoe advice, participants aged 50 years and over with

non traumatic forefoot pain that lead to functional limitations were re-

cruited15. Exclusion criteria were: the presence of diabetic neuropathy,

non musculoskeletal foot pain (e.g. warts) or pain caused by rheumatoid

arthritis. Participants had to be able to walk un-assisted for 7 metres.

These participants completed the MFPDI on multiple occasions during

the trial as part of self administered questionnaires. The MFPDI was used

as a screening tool; participants had to score at least one item on the

MFPDI as occurring ‘on most/every day(s)’ to be considered limited func-

tionally and thus eligible for the trial. 
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R E L I A B I L I T Y

Internal consistency (IC)
IC was evaluated per sub-scale of the NL T0 data using Cronbach’s α.

An outcome between 0.7-0.95 was considered acceptable25. 

Test-retest reliability
To evaluate test-retest reliability, the intra class correlation (ICCagreement)

was calculated comparing the NL Ts to the NL T0 data. Variance com-

ponents were estimated using the VARCOMP tool in SPSS. The 

ICCagreement was calculated by dividing the variance between patients by

the sum of the variance between patients (       ), the variance due to

systematic differences between observations (       ) and the residual

variance (                ) (equation 1) 26. An ICC of 0.7 or higher was deemed

acceptable25.

E Q UAT I O N  1

Measurement error
The standard error of measurement (SEMagreement) was calculated using

the same variance components used for the ICCagreement calculation (equa-

tion 2)26, comparing the NL T0 with the NL Ts data.

E Q UAT I O N  2

VA L I D I T Y

Construct validity 
In order to evaluate construct validity the ‘hypotheses testing’ method

was chosen in absence of a gold standard27. Hypotheses were formu-

1
2

3
4

5
6

7
8

107 M EAS U R E M E N T  P R O P E R T I E S  O F  T H E  M AN C H E S T E R  
F O OT  PA I N  A N D  D I S A B I L I T Y  I N D E X

106 F O R E F O OT  P R O B L E M S  I N  O L D E R  A D U LTS

UK sample for cross-cultural validation
For the purpose of assessing cross-cultural validity, a sub-sample of data

was obtained from two phases of the North Staffordshire Osteoarthritis

Project (NorStOP)20-22.  The sampling frame consisted of all adults aged

50 years and over registered with six general practices in North Stafford-

shire, UK. Briefly, NorStOP consisted of a two-stage cross-sectional

questionnaire. Stage 1 consisted of a postal Health Survey questionnaire.

Respondents to this questionnaire who reported experiencing foot pain

in the last 12 months were sent a Regional Pain Survey questionnaire

which contained the MFPDI. Respondents were also asked to provide

consent for review of their medical records.

Criteria for inclusion in the sub-sample for this analysis were: having foot

pain in the last 12 months, reporting at least 2 items on the MFPDI 

occurring on “some days” or “most/every day(s)”, and both providing con-

sent to medical record review and consulting their GP with muscu-

loskeletal foot problems in the 18 months prior to the baseline Health

Survey. Participants who had diabetes mellitus (self-report in Health Sur-

vey questionnaire) or had consulted their GP for rheumatoid arthritis in

the 18 months prior to the baseline Health Survey were excluded.

Statistical analyses 
First, the dimensionality of the Dutch version of the MFPDI was investi-

gated using an exploratory factor analysis (EFA). A confirmatory factor

analysis (CFA) was used to evaluate the fit of the 3 construct conceptual

model7, 11, 12 on the Dutch data. CFA was also used to test both the 3 con-

struct conceptual model and the EFA findings on the UK data. The last

two items of the MFPDI (“I am unable to carry out my previous work”

and “I no longer do all my previous activities”) were not applicable for a

large number of participants (39%) and were thus not used for either

analyses. Model fit was evaluated by comparing Root Mean Square Error

of Approximation (RMSEA), Comparative Fit Index (CFI) and Tucker-

Lewis fit Index (TLI) from the two different models. RMSEA ≤0.06 indi-

cated good model fit and for CFI and TLI a cut off value of 0.95 was

chosen23, 24. 



variable) significantly affects the response28. An item displays DIF when

patients with the same estimated theta on the sub-scale do not have the

same probability of endorsing that item.  There are two kinds of possible

DIF: uniform and non-uniform. Uniform DIF means that in one population

an item is endorsed less (or more) often at all values of the construct,
compared to the other population. Non-uniform DIF means that in one

population an item is endorsed less (or more) often at some values of
the construct, but more (or less) often at other values of the construct,
compared to the other population. Non-uniform and uniform DIF are

comparable to respectively effect modification and confounding in epi-

demiology. A significant effect was present if more then 2% of the vari-

ance (R2) was due to country of origin. A uni-dimensional construct could

only be tested if the sub-scale consists of at least five items, sub-scales

with less items were not analysed29.

Responsiveness
In order to evaluate if the MFPDI was responsive to change a construct

approach was chosen by absence of a gold standard. Change scores

between the NL T0 and NL T3 data were calculated. The following seven

hypotheses comparing the change scores of the functional limitation and

pain sub-scales of the MFPDI to the change scores of FFI-5pt, SF12 and

the NRS and to the GPE questions using Pearsons correlation (p<0.05):

1. The change score of the MFPDI- function items (MFPDI-f)

correlates with the change score of the FFI- 5pts function items

(FFI-f) with R>0.5;

2. The change score of the MFPDI-f correlates with the change score

of the SF12 physical function items (SF-12 phys) with R>0.3; 

3. The change score of the MFPDI-f correlates with the GPE-function

question with R>0.5;

4. R hypotheses 1 > R hypotheses 2;

5. The change score of the MFPDI- pain items (MFPDI-p) correlates

with the change score of the FFI- 5pts pain items (FFI-p) with

R>0.5; 

1
2

3
4

5
6

7
8

109 M EAS U R E M E N T  P R O P E R T I E S  O F  T H E  M AN C H E S T E R  
F O OT  PA I N  A N D  D I S A B I L I T Y  I N D E X

lated based on two general assumptions27. First, correlations between

MFPDI subscales and (subscales of) similar questionnaires should be

>0.50. Second, correlations between MFPDI subscales and dissimilar

questionnaires or subscales should be lower. The following seven a priori
defined hypotheses stating expected correlations between sub-scales

of the MFPDI and the sub-scales of the FFI-5pts, SF-12 and NRS within

the NL T0 data were tested using Pearson correlations: 

1. The score of the MFPDI- function items (MFPDI-f) correlates with the

score of the FFI- 5pts function items (FFI-f) with R>0.5;

2. The score of the MFPDI-f correlates with the score of the SF12 phys-

ical function items (SF-12phys) with R>0.3;

3. R hypotheses 1 > R hypotheses 2;

4. The score of the MFPDI- pain items (MFPDI-p) correlates with the

score of the FFI- 5pts pain items (FFI-p) with R>0.5;

5. The score of the MFPDI-p correlates with the score of the Pain Nu-

meric Rating Scale (NRS-p) with R>0.5;

6. R of the MFPDI-f - SF-12 phys > R of the MFPDI-f - the SF12 mental

function items (SF-12ment);

7. R of the MFPDI-f - SF-12 phys > R of the MFPDI-p - SF-12 phys. 

The construct was deemed valid if 5 out of 7 hypotheses were con-

firmed25. 

Cross-cultural validity
Differential Item Functioning Analyses (DIF analyses) between NL T0

and UK NorStOP data using ordinal logistic regression based on IRT

was used to test cross-cultural validity. An IRT based model does not

use observed sub-scale scores but incorporates item difficulty with sub-

scale score providing an estimated score of the latent trait (e.g. foot func-

tion, foot related pain); theta. A negative theta implied a low dysfunction,

a positive theta more foot dysfunction. The responses to each item (de-

pendent variables) by Dutch and UK participants with similar foot dys-

function were compared to evaluate if country of origin (independent
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to evaluate the remaining measurement properties. All measurement

properties were evaluated for every uni-dimensional sub-scale derived

from the previous mentioned EFA and CFA.

R E S U LT S

Translation
Comparison of Dutch version of the questionnaire to the original English

version demonstrated four differences that needed attention. The original

item one states “I avoid walking outside at all”, the “at all” was missing in
the Dutch and back translated version, and therefore ‘geheel’ was added

to the statement. Item 2 (“I avoid walking long distances”) was re-trans-
lated to: “I avoid walking longer distances” (“Ik vermijd het lopen over lan-
gere afstand”). After back translation this was changed into: “Ik vermijd
het lopen over lange afstanden” which back translates better into the
original version. The original item 10 states: “I still do everything but with
more pain or discomfort.” After back translation “still” was missing; “nog

steeds” was added to the Dutch version. And finally questions 12 and 13:

there is no literal Dutch word for “self-conscious”; “negatief bewust” was

our first choice which means: “negatively aware”. After discussion during

the back translation we opted for: “verlegen” (“shy”) which in Dutch lan-

guage is closer to the original although it will be impossible to get an

exact translation. After pilot testing (n= 10) no more changes where made

to the Dutch version of the MFPDI. 

Participants 
The characteristics of the participants at screening, baseline and three

months for the Dutch (NL Ts, NL T0 and NL T3) and the UK (UK

NOrStOP; n=370) participants are presented in Table 1. The UK partici-

pants scored significantly higher (p<0.001) compared to the Dutch par-

ticipants on the severity of foot related disability and foot pain (higher

score indicates more disability or pain). The Dutch participants scored

significantly lower on both the physical and mental components of the

SF12 questionnaire (lower score indicates lower well-being). Character-

istics of participants remaining in the NL T3 (n=178) and NL Ts (n=195)
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6. The change score of the MFPDI-p correlates with the change score 

of the Pain Numeric Rating Scale (NRS-p) with R>0.5;

7. The change score of the MFPDI-p correlates with the GPE-pain

question with R>0.5;

The questionnaire was deemed responsive when 5 out of 7 hypotheses

were confirmed25. 

Interpretability
A MIC was established using the visual anchor-based MIC distribution

method30. GPE scores were used to calculate sensitivity and specificity

at each possible cut-off point for the changes in MFPDI scores between

NL T0 and NL T3; the MIC is the change score for which the sum of

proportion of misclassification is smallest (i.e. (1-sensitivity) + (1-speci-

ficity)). A MIC was only calculated if responsiveness hypotheses three

and seven were confirmed30.

The SDC was calculated using the SEMagreement (equation 3)

E Q UAT I O N  3

The calculated MIC has to be bigger than the SDC in order for important

change to be distinguishable from measurement error in individual pa-

tients.   

Lastly the presence of a floor or ceiling effect was evaluated within the

NL T0 data. If 15% of the candidates obtained the minimum or maximum

sub-scale score a respectively floor or ceiling effect was present27. 

Software
CFA and EFA were established using M+ version 6.11. The ‘lordif’ package

in R was used for analysis of cross-cultural validity28. SPSS (IBM SPSS

Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp.) was used
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TABLE 2 Results of measurement properties related to: Reliability.

R E L I A B I L I T Y

Internal consistency 
The functional limitation sub-scale was deemed to be internal consistent

(Cronbach’s � > 0.7). The internal consistency of the pain and perception

sub-scales were moderate (Table 2).

Test-retest reliability
None of the ICC values reached the generally accepted limit of 0.7 al-

though the ICC for the foot function sub-scale was 0.69 (Table 2).  

Measurement error
The SEM of the perception sub-scale was large (36% of the maximum

scale score).  Both the foot function and the foot pain scale contained a

smaller SEM; respectively 12% and 16% of the maximum scale score.

VA L I D I T Y

Construct validity
All a priori stated hypotheses about correlations of the MFPDI function
and pain scales to the FFI-5pt, SF12 and NRS were confirmed (Table 3). 
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do not differ significantly from those in the NL T0 (n=205). Ten NL Ts

were not used since the screening form was completed on the same or

previous day as completion of NL T0. 

TABLE 1 Participant characteristics and item responses.

Missing values
The highest percentage of missing values per item of the MFPDI is 2.4%

(items 2, 13, 16). Combining the UK and Dutch data for the DIF analyses

for the cross cultural validity item 3 had the highest percentage of miss-

ing values: 2.8%. One participant in the UK data had more than 50%

missing values and this participant was excluded from further analyses. 

Factor analysis 
Using EFA three sub-scales were found in NL T0 data: A foot function

scale (items 1-9), a pain scale (items 10, 14-17) and a perception scale

(items 11-13). Our factor structure differed from the previously reported

factor structure 7, 11, 12 by the location of item 11 (‘I get irritable when my

feet hurt’). In our analysis it was included in the perception scale whereas

in previous studies it was included in the functional limitations scale. Our

factor structure demonstrated the best fit in both data sets (Table 3). 
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Several studies have investigated the presence of sub-scales within the

MFPDI using either EFA and/or CFA. Although differences have been

found in the number of sub-scales: 28, 312 or 47, 10; close inspection shows

several similarities between the different outcomes. The main difference

between the various factor structures is the placement of item 11 (“I get

irritable when my feet hurt.”). Previous analyses have placed this item  in

the foot function scale7, 12, in the foot pain scale10 and in a combined pain

and appearance scale8. In our opinion item 11 is related to emotion due

to foot pain and therefore should not be part of the foot function scale.

In our data it fits best with items 12 and 13 which were previously labelled

as appearance items. These two items are actually about feeling self-

conscious about the appearance of feet and shoes and do not mention

the appearance itself of feet and shoes. Adding item 11 to these two and

naming it “perception scale” adds to the face-validity of the scale in our

opinion.

Reliability
Although internal consistency has been evaluated in every MFPDI vali-

dation study published7-12, only two studies evaluated the IC per individual

sub-scale8, 12. Both studies found acceptable internal consistencies (>0.7)

for all tested sub-scales in contrast to our findings. Our findings suggest

that the functional scale is internally consistent (0.84), the pain scale is

just below acceptable (0.67) and the internal consistency of the percep-

tion sub-scale is moderate (0.60). The differences between our results

and those found by Cook et al8 (IC of the pain and appearance scale:

0.75) could be explained by the differences in the number of items; re-

spectively 3 and 7 items. The test-retest reliability of the foot function

sub-scale is almost acceptable (ICC = 0.69) but the reliability of the pain

sub-scale is moderate (0.49) and the reliability of the perception sub-

scale is poor (0.10). All participants scored at least one item of the entire

MFPDI as: “on most/every day(s)” and our findings are consistent with

those reported by Roddy et al.12. A measurement error has not been es-

tablished before. Our findings suggest that the SEM for the perception

scale is too large; 36% of the possible maximum score. 
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Cross cultural validity 
Due to the limited amount of items (<5) in the perception sub-scale, DIF

analysis was not performed on this sub-scale. DIF analysis on the foot

function sub-scale showed that there was no DIF between the UK and

a Dutch population (Table 3). Item 17 in the foot pain sub-scale (“I get

shooting pain in my feet”) showed uniform DIF. Having a similar level of

foot pain (theta), the Dutch population has a higher probability of an-

swering this item with: “none of the time” or “on some days” than the UK

population. 

Responsiveness
One of the 7 a priori stated hypotheses about correlations between dif-
ferent change scores (change score= the difference between the scale

score at NL T0 and NL T3) was confirmed (Table 4). Neither the function

scale nor the pain scale change scores correlated to the corresponding

GPE questions at an acceptable level (respectively R=0.46 and R=0.47).

These correlations were considered too low to calculate a MIC.

Interpretability
The perception sub-scale showed an extreme floor effect; 86.2% of the

participants obtained the minimum possible scale score. The other sub-

scales do not exhibit a floor or ceiling effect (Table 4).

The SDC of the perception sub-scale is as large as the maximum ob-

tainable score of 6 points (Table 4). Due to the inability to calculate a

MIC, comparison of SDC and MIC is not possible. 

D I S C U S S I O N

Evaluation of the MFPDI measurement properties produced new useful

information. Of the 3 uni-dimensional sub-scales found in the NL T0 data

only the functional limitation sub-scale has an acceptable level of relia-

bility. Scores from the Dutch and UK version can be interpreted similarly;

only the pain subscale possesses one DIF item but the differences in

item responses and thus sub-scale responses are smaller than the meas-

urement error. The responsiveness of the questionnaire is moderate. 



intensity. The items mainly ask about when the foot pain is worse and
about the kind of pain. This scale also contains several opposing state-
ments. Item 15 states: “My feet are worse in the morning” whilst item 16

states: “My feet are more painful in the evening”. Items 14 and 17 are

somewhat opposing as well: “I have constant pain in my feet” versus I

have shooting pain in my feet”. We are hesitant to use this sub-scale if

pain intensity is the construct of interest. 

Responsiveness and interpretation
Neither responsiveness nor a MIC have previously been established.

Comparing the change scores of the foot function and the pain sub-scale

to changes in comparator instruments like the foot function index-5pt

(foot related activities and pain sub-scales), the SF12 physical component

and the pain NRS, only moderate correlations were found. But most im-

portantly, the correlation between the change scores and anchor ques-

tion (GPE question) were only moderate (R= 0.43-0.47). We considered

these correlation coefficients too low (below 0.5) to calculate a MIC.

There are multiple possible explanations for the moderate responsive-

ness. With regard to the entire questionnaire, it could be that the re-

sponse options (none of the time, on some days and on most/every

day(s)) are too widely spaced to be able to measure small changes over

time. With regard to the foot function sub-scale; the questionnaire uses

items that clearly begin with: ‘because of the pain in my feet…’. Even so,

the activities stated could very likely be influenced by other variables like

loss of muscle strength or pain in other joints, especially within an older

population. It could possibly be hard to distinguish the inability to do

something because of foot pain or other pains and therefore it might not

respond to change if only one of the problems improves. The SDC is cal-

culated based on the SEM and so the perception scale has an extreme

high SDC; 5.8 points on a scale that has a 6 point maximum. This sub-

scale also has a large floor effect; 76.5% of the participants have a score

of 0 or 1 point. Combining these two findings, it will be improbable to find

a change within this scale. 
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Validity
The UK and Dutch participants differ on baseline on the amount of foot

related pain and dysfunction. However, these differences are not of in-

fluence on the cross-cultural validity analyses because item responses

of UK and Dutch patients with similar ‘true values’ are compared to each

other.

Assessment of the cross cultural validity by means of DIF analysis

showed that Dutch and UK participants with a similar level of foot dys-

function complete the foot function sub-scale in a similar manner. A small

difference was found in the completion of the foot pain sub-scale. As-

suming a similar ‘true value’ for foot related disability, the Dutch popula-

tion has a higher probability of endorsing the response option “none of

the time’” or “on some days” on item17 as compared to the UK population.

We expect that the DIF of item 17 is due to the difference in location of

the foot pain. The UK population was included if they had pain in any

part of the foot whereas the Dutch population was selected when having

pain in the forefoot or toes. It is plausible that the characteristics of fore-

foot pain might differ from the characteristics of general foot pain ex-

plaining the difference between the Dutch and UK population. 

The seven a priori stated hypotheses were all confirmed and thus the
foot function and the pain scales seem to be valid. Due to absence of a

comparator instruments the validity of the perception scale has not been

assessed. In a previous study by Menz et al.10 the MFPDI scores were

compared to other patient reported outcomes like the GADS depression

sub-scale and the SF-36 mental health and general health sub-scale.

These correlation coefficients were lower than those in our results; their

highest correlation was R=0.34. This is probably due to the fact that the

comparator instruments differ in both studies and that the instruments

used in this study are more foot related. Even though the construct va-

lidity is acceptable based on these findings, we are hesitant about the

face validity of the foot pain scale. Previous authors have described this

scale as measuring pain intensity7, 11, 12. Examining the items in this scale
it is striking that none of the items actually posses a reference to pain
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The main strength of this study is that the full array of measurement

properties based on CTT has been evaluated. Nevertheless, the results

of this study should be interpreted in light of its limitations. The group of

participants used for this evaluation of the MFPDI (NL T0)  is very ho-

mogeneous; >50 years of age, visited their GP with forefoot pain not due

to rheumatoid arthritis or skin lesions and no diabetic neuropathy. Par-

ticularly the attribute of having forefoot pain is different compared to

other studies. Even though our results do not seem to differ a lot from

previously published work, measurement properties like responsiveness,

MIC, SDC and SEM have not been assessed before. And thus it is un-

sure if, for instance, the moderate responsiveness the MFPDI holds for

populations with other kinds of foot pain as well. 

Although foot pain in general is more common in woman than in man2, 3.

The percentage of women in this study (77.6%) differ from both gender

distributions reported by Garrow at al.2 (59.6%) or the UK NOrStOP data

(63%). These studies contain people with foot pain in general. It could

be that women are, more so than men, predisposed to have forefoot

problems, compared to pain anywhere in the foot. Nevertheless, most

outcomes in this study are comparable to those of other studies9-12. We

therefore assume that the difference in gender distribution does not af-

fect the outcome of this study.

Results using the Dutch version of the MFPDI are not different from

those using the English version since the function scale has no DIF and

the pain scale only a small amount. Due to the limited reliability, moderate

responsiveness, floor effect and large measurement error of both the

pain and most of all the perception scale, it is advisable that the items in

these scales (item 10-17) are no longer used. Quantifying pain by the use

of a NRS or VAS can be an alternative. The reliability of the function

scale (items 1-9) is acceptable as is its construct validity. The moderate

responsiveness of the MFPDI function scale should be taken into con-

sideration when using it in a longitudinal study. It is unclear if these re-

sults would be different for participants with foot pain other than the
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forefoot or if the results are influenced by problems in the entire lower

extremity. 

L I S T  O F  A B B R E V I AT I O N S  

CFA: Confirmatory Factor Analysis 

CTT: Classical Test Theory

DIF: Differential Item Functioning

EFA: Exploratory Factor Analysis

FFI: Foot Function Index

GPE: Global Perceived Effect (also known as anchor question)

IC: Internal Consistency

ICC: Intraclass Correlation 

IRT: Item Response Theory

MFPDI: Manchester Foot Pain and Disability Index

MIC: Minimal Important Change

NL Ts, T0, T3: Dutch datasets respectively just prior to baseline, baseline

and after 3 months

NRS: Numeric Rating Scale

SEM: Standard Error of Measurement

SDC: Smallest Detectable Change
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I N T R O D U C T I O N

Wearing shoes is an inherent part of our daily lives; however research

suggests that some footwear characteristics such as high heels and ill-

fitting shoes can have detrimental effects on our feet. Wearing high-

heeled shoes has been shown to increase plantar pressure and ground

reaction force 1, 2, increase the risk of falling 3, 4 and change spatial gait

characteristics 5. Wearing ill-fitting shoes has been shown to be associ-

ated with foot pain,  hallux valgus, deformities of the lesser toes, calluses,

corns and ulceration 1, 6, 7. Shoes have also been shown to restrict the

range of motion of the foot in both adults 8 and children 9 although the

long term effects of these changes are unclear. 

In recognition of the association between footwear characteristics and

foot problems, several footwear assessment forms have been developed

to assist with the optimum selection of footwear. Although these tools

are based on available evidence, they also recommend shoe character-

istics based on clinical experience that are currently unverified 10, 11. One

of these characteristics is the position of the sole flexion point in the

sagittal plane relative to the metatarsophalangeal joints (MTPJs). It is as-

sumed that the sole flexion point should ideally be located directly un-

derneath the MTPJs and that more proximally-located sole flexion points

are detrimental 10-12, however this assumption has not yet been evaluated.

Therefore, the aim of this study was to evaluate the effects of three dif-

ferent positions of the sole flexion point on plantar loading during gait: a

sole flexion point right underneath the MTPJs (control), one proximal to

the MTPJs and one underneath the tarso-metatarsal joints. We hypoth-

esised that the more proximally-located sole flexion points would (i) in-

crease the pressure-time integral of the forefoot due to premature heel

elevation, and (ii) cause a lateral shift in loading across the MTPJs due

to changes in the windlass mechanism during propulsion.
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A B S T R A C T

Background: Several footwear design characteristics are known to have
detrimental effects on the foot. However, one characteristic that has re-

ceived relatively little attention is the point where the sole flexes in the

sagittal plane. Several footwear assessment forms assume that this

should ideally be located directly under the metarsophalangeal joints

(MTPJs), but this has not been directly evaluated. The aim of this study

was therefore to assess the influence on plantar loading of different lo-

cations of the shoe sole flexion point. 

Method: Twenty-one asymptomatic females with normal foot posture
participated. Standardised shoes were incised directly underneath the

metatarsophalangeal joints, proximal to the MTPJs or underneath the

tarso-metatarsal joints. The participants walked in a randomised se-

quence of the three shoes whilst plantar loading patterns were obtained

using the Pedar® in-shoe pressure measurement system. The foot was

divided into nine anatomical important masks, and peak pressure (PP),

contact time (CT) and pressure time integral (PTI) were determined. A

ratio of PP and PTI between MTPJ2-3 / MTPJ1 was also calculated. 

Results: Wearing the shoe with the sole flexion point located proximal
to the MTPJs resulted in increased PP under MTPJ 4-5 (6.2%) and de-

creased PP under the medial midfoot compared to the sub-MTPJ flexion

point (-8.4%). Wearing the shoe with the sole flexion point located under

the midfoot resulted in decreased PP, CT and PTI in the medial and lat-

eral hindfoot (PP: -4.2% and -5.1%, CT: -3.4% and -6.6%, PTI: -6.9% and

-5.7%) and medial midfoot (PP: -5.9% CT: -2.9% PTI: -12.2%) compared

to the other two shoes. 

Conclusion: These findings suggest that shoes with a sole flexion point
located under the midfoot significantly alters plantar loading patterns.
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M E T H O D

Participants
Female staff and students between the age of 20 and 40 were recruited

at the  for Applied Sciences via e-mail. All participants had to have a shoe

size between 38 and 41. Participants were excluded if they (i) had a Foot

Posture Index outside the normal range (<0 - >6) 13, 14, (ii) had rheumatoid

arthritis, (iii) had diabetic neuropathy or (iv) were wearing custom made

orthotic devices. The medical ethics committee of the Vrije Universiteit

medical centre has approved the study (2009/267) and informed consent

was obtained from all participants.

Footwear conditions
Three shoes (Bata Industrials© type EVA: laced work shoes, nubuck

leather upper, PU-sole) with different positions of the sole flexion point

were worn by all participants. To create differences in sole flexion point,

the outer soles of the shoes were incised over the full width of the shoe

up to the inner sole. One shoe was incised directly underneath the MTPJs

(hereafter referred to as sub-MTPJ); one (depending on the shoe size)
2- proximal to the MTPJs (hereafter referred to as prox-MTPJ) and one
at the level of the tarso-metatarsal joints (hereafter referred to as mid-
foot) (figure 1). Prior to the study, the shoe size of the right foot was es-
tablished by means of a shoe size calliper (heel to longest toe), and this

size was used for both feet. The corresponding size insoles for the plantar

pressure assessment were placed in the shoe. All shoes were tied by

the same researcher in order to diminish the influence of the lace tight-

ness on the outcome as much as possible. Participants were asked to

walk in the shoes for two minutes prior to data collection. During data

collection participants walked over an eight metre walkway at their own

comfortable speed. The order of presentation of the three shoe condi-

tions was randomised.
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FIGURE 1 Incision sites of the soles in order to create differences 

in sole flexion points. Sub-MTPJ: directly underneath the MTPJs, 

Prox-MTPJ: 2- proximal to MTPJs depending on shoe size, 

Midfoot: underneath tarso-metatarsal joint.

Plantar pressure assessment
In-shoe plantar pressures were measured using the Pedar-X system

(Novel gmbh, Münich, Germany), which consists of 99 capacitive sensors

arranged in a grid and embedded within a thin flexible insole approxi-

mately  thick. A previous study has demonstrated acceptable reliability

of this system with the exception of the area under the toes 15. Data of

twelve steps were obtained after excluding initiation, termination and

turning steps 16. Previous findings of Pataky et al 17 highlighted the im-
portance of choosing borders of masks that are congruent with plantar

anatomy. Based on an average peak pressure template of 104 ‘normal

and healthy’ feet 18, anatomically correct masks were therefore created

to evaluate the pressure-related outcome measures to reflect the more

proximal location of MTPJs 4 and 5and the 4th and 5th toes (figure 2).



Statistical analysis
All data were tested for normalcy; the date was defined to be normal dis-

tributed when skewness > 1.0 (IBM© SPSS© statistics version 20.0.0).

Skewed data were log transformed. For each mask all variables were

compared across the three different shoe conditions using multilevel

model linear regression (MLwiNversion 2.26 20). The different outcome

measures were set as level 1, the participants were set as level 2 21.  Ran-

dom intercepts and random slopes were added to the basic model and

changes of the -2log likelihood ratio were used to evaluate the best

model. The confidence interval was set at 95%.

R E S U LT S

Twenty-one participants were included for this trial; the participants’ char-

acteristics are shown in Table 1. Both walking speed and BMI were not

found to be confounding in any of the data. All results shown (Table 2)

are derived from a random intercept model; the addition of a random

slope did not improve the model.

TABLE 1 Participant characteristics

Peak pressure
Walking with the prox-MTPJ versus the sub-MTPJ sole flexion point pro-
duced changes in PP for two masks (figure 3). The PP increased in the

MTPJ 4-5 mask (avg154.2kPa from 145.2kPa p= 0.028) and decreased

in the medial midfoot mask (avg. 91.5kPa from 99.9kPa p= 0.008) (table

1). No other changes were found between these two sole flexion points

for any of the other variables. Several differences were found when walk-

ing in the shoe with a midfoot flexion point. Significant decreases were
found in PP medial midfoot (94 kPa p=0.023), medial hindfoot (227 kPa
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FIGURE 2 Pedar masks used in plantar pressure measurement.

Outcome measures
Five pressure-related variables were selected a priori for analysis: peak
pressure (PP), contact time (CT), pressure-time integral (PTI) and the

ratio PP and PTI between masks MTPJ1 and MTPJ2-3 (PP and PTI ratio).

PP and CT were derived directly from the software. PTI was calculated

according the method described by Melai et al 19:

FTI  + CA (FTI = Force Time Integral, CA = Contact Area)

The PP and PTI ratio were determined by dividing the PP or PTI of the

MTPJ2-3 mask by the PP or PTI of the MTPJ1 mask, to provide an indi-

cation of lateral shift in forefoot loading. Walking speed and BMI were

measured to test for confounding. 
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p=0.023) and lateral hindfoot (231 kPa P=0.01) when walking with a mid-
foot sole flexion point versus the sub-MTPJ sole flexion point (resp. 99.9,
237, 243.3kPa). No significant changes were found comparing the mid-
foot to the prox-MTPJ flexion point.

Contact time
Contact time was found to decrease in the midfoot (medial: 591ms p=

0.013 and lateral 607.2ms p<0.000) wearing the midfoot sole flexion point
shoe versus both other flexion points (sub-MTPJ resp. 608.4 and

628.7ms; prox-MTPJ resp. 606.7 and 624.1ms). The lateral hindfoot was
found to have a lower CT (415.4ms p=0.025) in the midfoot shoe versus
the sub-MTPJ shoe (444.8ms). 

Pressure time integral
Reduction of the PTI in the medial midfoot (0.957 Ns/cm2 p=0.003), lat-

eral midfoot (1.252 Ns/cm2 p=0.046), medial hindfoot (3.628 Ns/cm2

p=0.003) and lateral hindfoot (3.633 Ns/cm2 P=0.006) were found in the

midfoot flexion point versus the sub-MTPJ sole flexion point (resp. 1.09,
1.514, 3.895 and 3.852 Ns/cm2) and the prox-MTPJ (resp. 1.09, 1.628, 3.809
and 3.914 Ns/cm2).

Peak pressure and pressure-time integral ratio
Walking in the midfoot sole flexion point shoe showed a trend towards
a lateral shift in forefoot loading (PTI MTP2-3/MTP1=1.09) compared to

the sub-MTPJ (PTI MTP2-3/MTP1=1.03) but this trend was not significant
(p=0.056).
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FIGURE 3 Percentage change in each mask compared 

to the sub-MTPJ sole flexion point.
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We hypothesized that a proximally-located sole flexion point would trans-

fer the load of the forefoot more laterally (i.e. more towards MTPJs 2 and

3 and less on MTPJ1). We theorized that when wearing footwear with a

sole flexion point located in the midfoot, the arch would flatten more than

a sole flexion point located around the MTPJs. A decrease in arch height

would lengthen the distance between forefoot and hindfoot and there-

fore tension the plantar fascia, leading to decreased mobility of MTPJ1

joint due to the windlass mechanism 22 and a corresponding increase in-

lateral loading of the MTPJs. This is described by Bojsen-Møller 23 as a

“low gear” push off.Although the ratio of PTI MTP2-3/MTP1 was not sig-

nificant, the p-value of 0.056 does suggest a trend towards a lateral shift

with a midfoot flexion point. It has been shown that a reduction in PTI
under MTPJ2 is correlated to subjective pain improvement 24 and there-

fore this trend could be very important for patients with pain in that region

of the foot. 

The strength of this study is that we used the same type, make and size

of shoe and merely incised the sole at different locations to create sole

flexion points. As such, any differences observed between the shoes can

be confidently attributed to the variation in sole flexion point. However,

there are also several limitations to this study. Firstly, we used pressure

measurements to assess the changes in load on the foot. Although in-

creased pressure is an important variable in relation to diabetic foot ul-

ceration 25, the relationship between plantar pressures and pain is

inconsistent 26. Secondly we have not assed kinematics of the foot using

motion analysis. In our opinion a pressure displacement is not possible

without motion; however, this has not been validated. Thirdly, the sample

population in this study were homogenous; females between 20 and 40,

normal foot posture and no foot pain or deformities. Therefore, the results

should be interpreted in light of this limitation. 

In summary, this study has shown that the location of the sole flexion

point of the shoe influences plantar loading patterns. Based on our find-

ings, it would be advisable to change the current footwear assessment
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D I S C U S S I O N

This novel study provides insights into the optimum location of the sole

flexion point of the shoe by evaluating the effects of three different po-

sitions of the shoe sole flexion point on plantar loading during gait. The

current assumption is that a sole flexion point located directly beneath

the MTPJs is optimal 10-12. We found few differences between the shoes

with sole flexion points located near the MTPJs (i.e. directly beneath or

slightly proximal to the MTPJs). These findings suggest that it is not crit-

ical for the sole flexion point to be located directly under the MTPJs (as
suggested by previous authors 10, 11). Compared to wearing the shoe with

the sole flexion point located directly under the MTPJs, wearing the shoe

with the sole flexion point proximal to the MTPJs resulted in an increase

of peak pressure in the MTP 4-5 area and a decrease in the medial mid-

foot area. This could suggest that a prox-MTPJ situated sole flexion point
distributes the plantar pressure marginally better over the entire foot then

a sub-MTPJ located sole flexion point.

Although few differences were found when comparing the shoes with

sole flexion points located near the MTPJs, several differences were

found while wearing a sole flexion point located underneath the midfoot.

The PP, CT and PTI of both the hindfoot and the midfoot decreased sig-

nificantly. We postulate that the decrease of CT and PTI is caused by a

combination of the hindfoot rising within the shoe and a corresponding

earlier lift of the shoe off the floor. Although the foot is capable of flexing

at the tarso-metatarsal joint, it is likely that the heel will also have to lift

within the shoe. This would theoretically increase the friction between

the posterior aspect of the calcaneus and the heel cup, and the associ-

ated repetitive friction could potentially lead to the development of retro-

calcaneal disorders such as calluses, Achilles tendinopathy or Haglund’s

deformity. If this premise is correct, a flexion point underneath the midfoot

may be detrimental to foot function. However, despite the earlier heel lift,

our findings did not corroborate our initial hypothesis that the PTI of the

forefoot would increase in the shoe with the midfoot sole flexion point.
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forms to include a flexion point located just proximal to the MTPJs as op-

timal, but a flexion point more proximal to this should still be considered

to be potentially detrimental. 
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General discussion

The main goal of this thesis was to evaluate the treatment of forefoot

pain and subsequent functional limitations in primary care, by comparing

the effectiveness of two commonly used treatment options in a ran-

domised controlled trial: Podiatric care and footwear advice. In order to

enable a more in-depth interpretation of these results we also evaluated

the process of podiatric treatment and we performed an RCT to measure

the efficacy of the footwear advice leaflet that was used in the main trial.

Prior to the RCT such a leaflet did not exist and therefore we developed

it. We also evaluated the measurement properties of the Manchester

Foot and Pain Disability Index (MFPDI) which is one of the primary out-

come measures of this study,  because this had only been partially done

previously . And lastly we have assessed the effect of one of the shoe

characteristics from the advice leaflet; the sole flexion point on plantar

loading.  In the current chapter we will discuss the main findings and in-

terpret them in the light of existing knowledge. We will also address some

methodological issues. Finally recommendations for clinical practice and

future research will be provided. 

C O M PA R I S O N  O F  S H O E  A D V I C E  
W I T H  L E A F L E T  T O  P O D I AT R I S T

The results of the main study of this thesis show that providing shoe ad-

vice by handing out a leaflet and explaining the content of the leaflet has

the same effect on all outcome measures in people of 50 years of age

and older with forefoot pain as treatment by a podiatrist. Although we

found no differences between the study groups, both foot pain and foot

dysfunction measured with different tools did decrease over time. Since

the study did not have a control group without any treatment, this result

can indicate that either both treatments have an equal effect or neither

treatment have an effect.

8



cause of the forefoot pain in 12 out of the 25 patients participating in the

process evaluation, while podiatrists considered this to be the case in

only two participants. Although 12 out of 25 patients received some form

of footwear advice by the podiatrist, almost everyone (24/25) also re-

ceived insoles. In the opinion of the expert panel, 10 of these patients

should just have received shoe advice; i.e. more insoles are fabricated by

the podiatrists than deemed necessary by the expert panel. A partial ex-

planation is that the expert panel is of the opinion that patients with a

hallux limitus or hallux rigidus do not benefit as much from an insole as

they would from wearing a shoe containing a toe rocker. A toe rocker

could relieve part of the toe extension needed for walking, in the opinion

of the expert panel. This would enable the foot to progress over the hallux

in stead of over digits 2 and 3 and thus alleviate the pressure underneath

the second and third metatarsal heads. Nonetheless, this hypothesis has

yet to be addressed in an experimental study. 

But the hypothesis that a toe rocker has a beneficial effect on the pro-

gression over the hallux can not be the only reason for the difference

between expert panel and podiatrists. It is my experience that both po-

diatrists and other medical professionals report/state that the patients’

demands are leading in their choice of treatment. In our main RCT (Chap-

ter 3) we noticed that some people did not want to participate in the

study because they did not perceive shoe advice as treatment. However,

all the participants agreed to be randomised and therefore agreed to be

potentially randomised into the shoe advice treatment group. Hence, it

is not very likely that participants did not regard shoe advice as treatment,

and asked for insoles, thus explaining the high percentage of insoles. A

last potential reason for the difference is that the monetary reward for

an insole is higher than that of providing advice only. Some Dutch health

insurance companies compensate podiatric treatment in sections: a small

fee for the assessment and a larger fee for the orthotic device separately.

This and the higher gain on orthotic devices could also attribute to the

discrepancy between the expert panel and the podiatrists.
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Little is known about spontaneous improvement of foot pain or mus -

culoskeletal pain. Personal communication with the author of an obser-

vational study in older adults1 indicated that about one third of

musculoskeletal foot and ankle pain is chronic with a duration of more

than two years. Based on the scant available knowledge of the course

of forefoot problems, spontaneous improvement can not be dismissed

nor accepted. 

We did not perform a cost effectiveness analysis. However in our study

most podiatrists fabricated insoles. Since insoles usually cost more than

a pair of new shoes and one usually has to buy new shoes to accommo-

date insoles, we expect that a podiatric treatment is more expensive than

a shoe advice. We therefore conclude that shoe advice is to be preferred

over referral to a podiatrist. Supplementary to the RCT a process analysis

of podiatric treatment and an RCT to measure efficacy of the leaflet have

been performed. In the next paragraphs we will discuss the findings of

these analyses and their relevance to the outcomes of our main RCT.

P O D I AT R I C  T R E AT M E N T

In chapter 4 we reported the process evaluation of podiatric treatment

for 25 participants of the main RCT. We found that methods of assess-

ment of the aetiology fundamentally differ between podiatrists. We have

distinguished a functional and a non-functional approach. The evaluation

of the kinetic chain and external influences is central to the functional

approach in contrast to the more localised assessment characterising

the non-functional approach. The scant literature available on the effect

of podiatric treatment shows heterogeneous effects with large standard

deviations 2-4. It is conceivable that the fundamental differences in ap-

proach of foot problems such as we found in our study contribute to the

observed treatment differences reported elsewhere.

Evaluating footwear as possible external influence on the possible

cause of a forefoot problem or as perpetuating factor is consistent with

working according to a functional approach. In the opinion of the expert

panel wearing ill fitting shoes or shoes of poor quality were the main
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and perception should not be used anymore as confirmed by the two

other studies that assessed reliability for subscales seperately9, 13, 14. We

compared the change scores of the MFPDI functional limitation scale to

similar questionnaires (PI-NRS, FFI-5pt) and to the corresponding global

perceived effect (GPE) question. The observed low correlations (R <0.5)

indicate poor responsiveness of this remaining subscale. Because the

correlation was lower than 0.5 between the MFPDI functional limitations

and pain scale and the corresponding GPE questions, we could not define

the MIC. Several interpretations of our findings are possible. First of all it

is possible that the questionnaire is unresponsive in reality. This might be

explained by the choice of foot related activities items in the MFPDI.

Statements like: ‘I avoid walking long distances’, ‘I walk slowly’, ‘I need help

with housework/shopping’; could very well be influenced by other prob-

lems than those of the foot. Even though the statements start with: ‘Be-

cause of pain in my feet:’ it might be hard to distinguish the influence of

foot pain on these general activities. Thus changes in the current state of

foot pain might not influence the statements as much if they are also in-

fluenced by, for instance, reduced muscular strength in the legs.

Another possibility is that the instruments used as comparison are just

as unresponsive and therefore less appropriate to assess responsiveness

of the MFPDI. In our study we compared the foot function scale of the

MFPDI with the pain and activity restriction subscales of the 5 point Foot

Function Index (FFI-5pt) 15 and the mentioned GPE question (“How would

you judge the performance of foot related activities now, compared to

three months ago?”). Currently no evidence exists about the responsive-

ness of the FFI-5pt questionnaire, so it could very well be that the com-

parator instrument is inadequate.  One study shows that a GPE question

is more correlated with the current state (of foot dysfunction) than with

the change of it over the period in question 16. 

When searching literature for responsiveness of questionnaires it is ev-

ident that this is not a measurement property that is assessed often 17, 18,

even studies reviewing measurement properties of questionnaires some-
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S H O E  A D V I C E

We construed the shoe advice leaflet specifically for our trial (Chapter 2

and 3) since no such leaflet existed. The content is partly evidence based

and partly based on expert opinion as described in Chapter 5. We have

tested the leaflet by asking woman aged 50 or older to find shoes that

they deemed appropriate for longer periods of standing and walking.

Twenty-nine out of fifty-seven did so, using the advice leaflet and the

others did not receive additional information. The results show that

women using the leaflet are able to find better shoes than those who did

not have the information. In this study I did not provide additional feed-

back and merely showed the content of the leaflet and invited the par-

ticipant to ask questions. In the RCT I elaborated on the leaflet by using

the participants’ shoes and show them points of improvement: i.e. I pro-

vided specific information. Communicating well with a patient by a physi-

cian is known to increase the adherence to a treatment5-7. What ‘good

communication’ implies depends on the goal of the communication.

Nonetheless, to use the patients’ shoe as a demonstration device and

providing direct feedback on current footwear is generally perceived as

elements of informing an individual 8.

T H E  M E A S U R E M E N T  O F  F O O T  PA I N  
A N D  F O O T  R E L AT E D  F U N C T I O N  

The Manchester Foot Pain and Disability Index (MFPDI) is one of the

most frequently used questionnaires to assess foot pain and foot function
9-14. Several studies have reported on some aspects of validity and relia-

bility of this measurement tool. However, when using this instrument in

longitudinal studies, knowledge about measurement error, responsive-

ness and subsequently the Minimal Important Change (MIC) are just as

important measurement characteristics and these have not been as-

sessed thus far. We therefore performed a complete evaluation of meas-

urement properties of the MFPDI, including those three characteristics.

Our study shows that only the functional limitations sub-scale (items 1-

9) is both reliable and valid. The other items corresponding with foot pain

148 F O R E F O OT  P R O B L E M S  I N  O L D E R  A D U LTS



plies for patients who are willing to try both treatments. Since podiatric

treatment results in similar treatment effects, the specific wish of the pa-

tient can be adhered, the main difference being the cost of the treatment. 

The participants of the study underwent a small physical examination to

check for exclusion criteria by a group of fourth year podiatry students

and myself. Due to practical considerations, the handing out and expla-

nation of the footwear advice leaflet was executed during this session.

We chose to provide the advice right after allocation instead of referring

the patients back to the GP in order to minimise both the burden of the

participant and the burden of the GP and to reduce the amount of

dropout. In theory it is possible that the content of the explanation of the

leaflet by the research team is different from that of the GP’s. However,

during the workshop in which we tested the leaflet we had the impres-

sion that the GP’s were comfortable with the content of the advice leaflet.

About 40% of our participants indicated that their forefoot pain existed

for two years or more, which could be seen as a chronic condition. An-

other large group (23.9%) had a much shorter duration of their problem

(3-6 months). It is conceivable that a chronic impediment reacts differ-

ently to the treatments provided in our studies than problems that have

occurred more recently. However, supplementary analysis of the RCT

data showed that both more current (3-6 months) and chronic (>24

months) impediments do not benefit differently from either receiving

shoe advice or podiatric treatment.  But the amount of participants does

not enable us to perform this supplementary analysis with sufficient sta-

tistical power to exclude such a possibility. 

The data used for the process evaluation (Chapter 5) have been gath-

ered from the participants of the main RCT (Chapter 4) and thus from

the podiatrists that are currently working in the Amsterdam and Haarlem

area. We do not know if the 14 podiatrists of the process analysis and

the 17 podiatrists of the main RCT are representative for podiatrists in

the Netherlands. A variable that could be of influence might be the time
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times completely ignore responsiveness 19, 20. Until a questionnaire is cre-

ated that is more responsive to change, using several questionnaires that

measure the same construct might be the best solution.

E L E M E N T  S H O E  A D V I C E :  S O L E  
F L E X I O N  P O I N T

As previously mentioned, the content of the shoe advice in the leaflet is

only partly based on evidence (Chapter 5). One of the characteristics

mentioned in the leaflet and in other literature 12, 21, 22 is the placement of

the sole flexion point compared to the position of the first metatarsal-

phalangeal joints (MTPJ-I). It has always been assumed that the flexion

point should be positioned underneath MTPJ-I so that the anatomical

point of flexion is congruent with that of the shoe. The results in Chapter

7 do not substantiate this assumption. They indicate that only a sole flex-

ion point underneath the midfoot is less favourable for the foot. Thus a

next version of the shoe advice leaflet might be adjusted to this result.

The effects on foot mechanics of most of the other characteristics are

still unknown and thus its importance for footwear advice in general.

E X T E R N A L  VA L I D I T Y  O F  T H E  R E S U LT S  

We were not able to record the number of eligible people who did not

want to participate in our study. One reason frequently mentioned was

that they specifically wanted an insole and did not perceive shoe advice

as a treatment. Due to the number of ways one could receive information

about the study (GP, GP’s assistant, research assistant, information

leaflet) it was impossible to record the amount of people that asked for

information and then decided not to participate let alone record the rea-

son for such a decision. Based on retrospective general inquiries among

the GPs and the research assistant, on my own recollection and the

amount of participants who provided this reason at a later stage we es-

timate that this happened at least three dozen times. This indicates a

considerable inclusion bias. Besides indicating that footwear advice is

not always perceived as treatment, it could also mean that the equal ef-

fectiveness of the shoe leaflet compared to podiatric treatment only ap-
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R E C O M M E N D AT I O N S  F O R  F U T U R E  
R E S E A R C H  

A great challenge will be to assess the influence of wearing ill fitting

shoes or shoes with less desirable characteristics on the development

of (fore)foot pain, (fore)foot dysfunction or toe deformities. Circumstantial

evidence indicates that such a relation exists23-25. The existence of such

a causal relationship can however also be disputed and will be very dif-

ficult to assess. Since foot pain and related dysfunction are very com-

mon12, 26-30, such a study is very important in my opinion. A cohort that can

be easily followed over multiple decades (like medical students) might

enable us to study possible causal relationships between footwear char-

acteristics and the development of foot pain.  

There is no evidence underpinning other treatments for patients who

do not benefit from the shoe advice with leaflet nor is it known which

people will benefit from the shoe advice. Further research could focus

on distinguishing variables that would predict improvement of forefoot

pain by means of general shoe advice. 

Podiatric treatment of foot problems has been shown to be heteroge-

neous and our study has shown that this could be due to differences in

the assessment of the aetiology. Since this is the first study to have eval-

uated this part of podiatric practice and the study was a retrospective

one, we still do not know if one approach is better than the other. If the

approach to establish aetiology would be more homogeneous, it could

very well be possible that the treatment would be as well. But before per-

forming more studies on the effect of podiatric treatment it should be

established which method is preferred. I for one, am very curious if a

purely functional podiatric approach could lead to a different effect when

comparing it to shoe advice and I expect that it will have more effect than

the effect we observed in the main RCT.  

The current content of the shoe advice leaflet has been shown to im-

prove the selection of shoes in women who were prepared to use the

leaflet. Nonetheless, additional research should be commenced to eval-
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since they received their training. The podiatry course in the Netherlands

has changed from of a 2-year duration when it commenced in the 1980’s

to a 3-year and to the current 4-year course. It is plausible that the con-

tent of the course has changed over time. These changes in the training

of podiatrists could have lead to changes in method of working. However,

we think we have a representative group of podiatrists; the oldest podi-

atrist was part of one of the first cohorts of certified podiatrists, the

youngest had 4 years of experience and an even spread of experience

in between. Furthermore, one of the participating podiatrists was a Saxion

university of applied science alumnus, while the others were Fontys uni-

versity of applied science alumni. This is in accordance with expectations

since Fontys has been sole educator for the last 3 decades and Saxion

has only opened its doors in the last decade.

R E C O M M E N D AT I O N S  F O R  C L I N I C A L  
P R A C T I C E  

In light of the results described in the different chapters of this thesis, I

would like to provide some recommendations for the treatment of fore-

foot problems. Based on this research, patients who consult their GP

with forefoot problems should first of all be given footwear advice tailored

to inappropriate characteristics of their current shoes. However, patients

who are unwilling to accept advice as a form of treatment were not part

of the study. Therefore we cannot exclude that these patients might ben-

efit more from a different treatment like referral to a podiatrist. 

The shoe advice based on current footwear and with the aid of a leaflet

could be given by either their GP or a podiatrist. The use of a leaflet con-

taining the advice is a useful aid when providing the advice and is actually

preferred by patients (Chapter 4). GPs need to be informed about the

existence of our folder and might benefit from extra training. Referral to

a podiatrist to provide the advice is an alternative. 
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uate the separate items of the leaflet on plantar loading and foot biome-

chanics so that future versions can be adjusted accordingly. The hypoth-

esis of the expert panel that a toe rocker will aid patients with a hallux

limitus or rigidus by reducing the load of the second and third metatarsal

heads should be studied. Based on my experience as a woman buying

shoes, my experience of advising other women on shoe fit and the lack

of literature, the additional length of the shoe compared to the foot

should be one of the first characteristics that should be evaluated. If an

addition of 1 cm between foot and shoe is advocated than it has to be

possible to do so for women. Indications are that this is at least very dif-

ficult. Some literature shows that footwear designed for women is fabri-

cated using shoe lasts that are downsized from the the  lasts that were

developed for men 31, 32. However, a female foot is not comparable to a

downsized men’s foot. An important difference is the width of the calca-

neus which is narrower in women 31, 33, 34. This would imply that the shoes

presently designed for women are too wide at the calcaneus which would

induce slipping during walking. And slipping will probably lead to choos-

ing a shoe that is a size smaller, which has been related to other foot

problems 23, 24.

A future full of possibilities for both foot related research and its clinical

practice awaits us. I am happy to have been part of it and hope to be so

in the future.
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Summary

Foot pain and related functional limitations are common and the chance

of developing foot pain increases with age.  Approximately 1 in 4 women

and 1 in 7 men older than 50, have foot pain, of which 60% is located in

the forefoot. Having foot pain and possibly a subsequent functional lim-

itation can affect mobility, increase the chance of falling and affect gen-

eral sense of well being. The cause of developing fore foot pain is neither

known nor previously studied. Nevertheless, wearing ill fitting shoes or

shoes of poor quality has been related to the existence of Hallux valgus,

lesser toe deformities and foot pain. 

Most patients with foot pain that seek medical attention consult their GP.

GPs can treat the pain by prescribing pain relief medication, by providing

advice (wear better shoes or lose weight) or by referring to other

(para)medical specialists like podiatrists or orthopaedic surgeons.  

The aim of the main study described in this thesis is study is to investi-

gate the effect of podiatric treatment versus standardised shoe advice

on foot pain, foot disability, quality of life and social participation in people

aged 50 years and older with hindering forefoot pain in primary care.

C H A P T E R  2  A N D  C H A P T E R  3  

A total of 205 patients with forefoot pain who indicated to also have a

functional limitation of foot related activities were included for this study.

They were randomly allocated to receive podiatric treatment or shoe ad-

vice by means of an information leaflet. During a follow-up of 12 months,

every 3 months foot pain, foot dysfunction, general health and social par-

ticipation were assessed with questionnaires. 

No difference between the groups was observed in any of the out-
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characteristics on foot pain and dysfunction. A leaflet was developed with

9 characteristics; 6 functional and 3 fit characteristics. A total of 59

women with an average age of 69 (range 54-86) were asked to find

shoes in a shopping mall that they liked and thought appropriate to walk

on for several consecutive hours. Twenty-nine randomised women did

so with the help of the information leaflet. The shoes were assessed by

two podiatrists who were not aware whether the women had made use

of the leaflet. The women using the leaflet were able to choose shoes

that were more appropriate according to the leaflet than those without.

Thus the leaflet seems to be efficacious. 

C H A P T E R  6  

The aims of the study described in this chapter are (i) to create a Dutch

version of the Manchester Foot Pain and Disability Index (MFPDI) and

(ii) to evaluate all measurement properties based on the Classical Test

Theory (CTT), including a cross-cultural validation of the Manchester Foot

Pain and Disability Index using the Dutch translated version. Foot pain

and related dysfunction as described in Chapters 2 and 3 were measured

using this questionnaire together with two others. Using the data from

this study we assessed measurement properties. 

The questionnaire is comprised of 3 factors and we concluded that

the functional limitations factor is the only factor that is reliable. In the

functional limitations sub-scale, no differences have been found that can

attributed to language or culture between the Dutch and the UK version

of the questionnaire and the scale is valid. Responsiveness is moderate.

Based on these findings and other studies the other sub-scales should

not be used henceforth and using the functional limitation scale for lon-

gitudinal studies should be done with caution. 

C H A P T E R  7  

The aim of this study was to evaluate the effects of three different positions

of the sole flexion point on plantar loading during gait: a sole flexion point

right underneath the metatarsalphalangeal joints MTPJs (control), one

proximal to the MTPJs and one underneath the tarso-metatarsal joints. 
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come measures. Both groups decreased in foot pain and foot dysfunction

equally but did not change in general health or social participation. The

results of this study indicate that providing shoe advice and podiatric

treatment are equal beneficial for patients who consult their GP with

functional limiting forefoot pain. Therefore a GP could start by providing

a less costly shoe advice first or ask the podiatrist to do so before fabri-

cating an insole. 

C H A P T E R  4  

The aims of this study are: (i) to describe general podiatric treatment of

patients with forefoot pain and (ii) to evaluate the entire treatment

process using an expert panel. Twenty-five participants of the main study

(Chapters 2 and 3) participated in this study. A group of experts (a podi-

atrist, a human movement scientist and an orthopaedic surgeon) evalu-

ated the baseline data and the findings described by the podiatrist and

performed a physical examination, on average, 3 months after inclusion. 

The expert panel identified two different approaches in establishing ae-

tiology of the podiatrists. Firstly they defined a functional approach in

which the podiatrist looks for the cause of the problems by evaluating

the kinetic chain and other external factors that might influencethe foot

pathology. And secondly, a non-functional approach in which the podia-

trist evaluates at a more local manner. The heterogeneousness of as-

sessing aetiology may be related to the heterogeneous results

established in other studies and may have had an effect on the lack of

difference between the interventions described in Chapters 2 and 3. 

C H A P T E R  5

The aims of this study are: (i) to determine which shoe characteristics

should be included when providing information about footwear for pa-

tients with foot pain, (ii) to develop an information leaflet, (iii) to evaluate

if women asked to select shoes with the developed leaflet are able to

choose better footwear than women who do not have the leaflet.

The content of the information leaflet was based on evidence and pro-

fessional opinion due to the lack of evidence on the influence of shoe
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Samenvatting

Pijn in de voet(en) komt veel voor en ouder worden vergroot de kans op

het ontwikkelen ervan. Ongeveer 1 op de 4 vrouwen en 1 op de 7 mannen

boven de 50 jaar heeft pijn in de voet(en). Van deze mensen heeft 60%

pijn in de voorvoet. Het hebben van pijn in de voet(en) kan leiden tot ver-

minderde mobiliteit, verminderd gevoel van welbevinden en een vergrote

kans op vallen.  Het dragen van niet passend schoeisel of schoenen met

minder goede eigenschappen is in verband gebracht met de aanwezig-

heid van hallux valgus, teenafwijkingen en pijn in de voet(en). De oorzaak

van het ontwikkelen van pijn in de voet(en) is echter tot op heden nog

niet wetenschappelijk onderzocht. 

De meeste mensen in Nederland met pijn in de voet(en) consulteren hun

huisarts voor medisch advies. Huisartsen gebruiken meerdere therapeu-

tische opties: het advies om betere schoenen te dragen of af te vallen,

een behandeling met pijnstillende medicijnen, verwijzen naar paramedi-

sche specialisten zoals een podotherapeut of verwijzing naar een ortho-

pedisch chirurg.

Het doel van het hoofdonderzoek zoals beschreven in dit proefschrift is

om het effect van een podotherapeutische behandeling te vergelijken

met het effect van een gestandaardiseerd schoenadvies op pijn in de

voorvoet(en), het functioneren van de voet, de algemene gezondheid en

sociale participatie bij mensen van 50 jaar of ouder die hun huisarts con-

sulteren in verband met pijn in de voorvoet(en). 

H O O F D S T U K  2  E N  3

Aan het hoofdonderzoek hebben 205 patiënten deelgenomen die pijn

hadden in de voorvoet en hierdoor functioneel belemmerd waren. Middels
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For every conditions the same brand and make shoes were used of

which the outer sole was incised until the inner sole was reached. Peak

pressure (PP), pressure time integral (PTI) and contact time (CT) were

assessed during walking. 

We did not observe an increase of the variables as hypothesized. How-

ever, a decrease of PP, PTI and CT underneath the hindfoot and midfoot

was observed with the midfoot sole flexion point. This could indicate that

the foot is slipping within the shoe and therefore increasing shear force

behind the calcaneus. This study indicates that the location of the sole

flexion point does not have to be underneath the MTPJs as previously

assumed.

C H A P T E R  8  

Based on the studies described in this thesis and the current heteroge-

neous state of podiatry as seen in our study, providing shoe advice by

means o f a shoe advice leaflet is an acceptable treatment for forefoot

pain in primary care. In a future version of the leaflet the position of the

sole flexion point does not have to be as stringently positioned as it is in

the current leaflet. Furthermore, use of the MFPDI in future longitudinal

studies should be done with caution or an alternative should be devel-

oped that is more responsive to change. 
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door een probleem op lokaal niveau. Deze twee zeer verschillende ma-

nieren van benadering zijn mogelijk gerelateerd aan de heterogene re-

sultaten van podotherapie die in andere studies worden gevonden.

Daarnaast heeft het mogelijk invloed op het uitblijven van een verschil in

de interventies zoals beschreven in hoofdstuk 2 en 3.  

H O O F D S T U K  5

De doelstellingen van dit onderzoek zijn: (i) vaststellen welke schoenei-

genschappen en welke aspecten van de pasvorm onderdeel zouden

moeten zijn van een schoenadvies voor mensen met pijn in de voet(en),

(ii) een schoenadviesfolder ontwerpen en (iii) evalueren of vrouwen met

behulp van de folder betere schoenen uit kunnen zoeken dan vrouwen

die de folder niet gebruiken. Er is weinig wetenschappelijke literatuur

over de invloed van schoenen op voetpijn en het functioneren van de

voet. Om deze reden is de inhoud van de adviesfolder zowel gebaseerd

op wetenschappelijk onderzoek als opvattingen uit de praktijk. De ont-

wikkelde schoenadviesfolder bestaat uit 9 onderdelen: 6 functionele ei-

genschappen en 3 eigenschappen over pasvorm. Negenenvijftig vrouwen

van 50 jaar en ouder hebben deelgenomen aan dit onderzoek. Zij werden

gevraagd om in een winkelcentrum schoenen uit te zoeken waarop ze

naar eigen mening meerdere uren achter elkaar zouden kunnen lopen

en staan. Van deze groep werden 29 vrouwen middels loting geselec-

teerd om zich bij die schoenkeuze te laten ondersteunen door de infor-

matie uit de ontwikkelde folder. De eigenschappen van de uitgekozen

schoenen werden vervolgens beoordeeld door twee podotherapeuten.

Zij waren niet op de hoogte wie er een folder had gebruikt. De door de

vrouwen die de folder gebruikten uitgekozen schoenen kwamen beter

overeen met de adviezen in de folder dan de schoenen die zonder folder

waren uitgekozen. Derhalve lijkt de folder werkzaam. 

H O O F D S T U K  6  

De doelen van de studie beschreven in dit hoofdstuk zijn: (i) het ontwik-

kelen van een Nederlandse versie van de ‘Manchester Foot Pain and Di-

sability Index’ (MFPDI) en (ii) de klinimetrische eigenschappen van de
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randomisatie werden zij verdeeld in twee groepen. Eén groep kreeg een

informatiefolder met een schoenadvies, de andere werd verwezen voor

een podotherapeutische behandeling. Daarnaast hebben zij gedurende

een periode van 12 maanden elke drie maanden een vragenlijst ingevuld

over de pijn in de voet, de voetfunctie, de algemene gezondheid en so-

ciale participatie. Wat betreft de klachten van pijn in de voorvoet en de

voetfunctie werd er geen verschil tussen de twee groepen gevonden;

beide groepen rapporteerden een verbetering in het verloop van de tijd.

De algemene gezondheid en sociale participatie zijn in beide groepen

niet veranderd. De resultaten van dit onderzoek wijzen erop dat voor pa-

tiënten die hun huisarts consulteren met pijn in de voorvoet(en) een

schoenadvies door middel van een informatiefolder even effectief is als

een podotherapeutische behandeling. Hieruit volgt dat een huisarts zou

kunnen beginnen met het geven van schoenadvies of bij verwijzing naar

de podotherapeut te vragen eerst een schoenadvies te geven en het ef-

fect hiervan af te wachten voordat er een zool gemaakt wordt. 

H O O F D S T U K  4  

De doelen van dit onderzoek zijn: (i) het beschrijven van het podothera-

peutische onderzoek en de bijbehorende behandeling van patiënten met

pijn in de voorvoet(en) en (ii) met behulp van een expert panel dit podo-

therapeutische proces te evalueren. Vijfentwintig deelnemers van het

hoofdonderzoek (hoofdstuk 2 en 3) hebben deelgenomen aan dit on-

derzoek. Het expert panel bestond uit een podotherapeut, een bewe-

gingswetenschapper en een orthopedisch chirurg. De gegevens die zij

tot hun beschikking hadden waren de voet gerelateerde gegevens die

waren gemeten tijdens de inclusie van het hoofonderzoek en daarnaast

de middels een gestandaardiseerd invulformulier op schrift gestelde be-

vindingen van de podotherapeut. Aanvullend hebben ze zelf nog een li-

chamelijk onderzoek uitgevoerd bij de proefpersonen en de zooltjes

onderzocht. De conclusie van het expertpanel was dat de podotherapeu-

ten in essentie twee groepen oorzaken hanteerden om de voetklachten

te verklaren: enerzijds werd deze gezocht in de totale bewegingsketen

of in invloeden van buitenaf. Anderzijds werden de klachten verklaard
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zou kunnen betekenen dat de hiel binnen in de schoen slipt. Hierdoor

zou er een wrijvingskracht kunnen ontstaan tussen de hiel en het bin-

nenwerk van de schoen. Deze resultaten duiden erop dat het buigpunt

van de schoen niet direct onder de MTP gewrichten hoeft te liggen zoals

eerder aangenomen. Een ligging van het buigpunt onder de middenvoet

lijkt minder acceptabel. 

H O O F D S T U K  8  

Op basis van de onderzoeken beschreven in dit proefschrift en de ge-

observeerde niet-uniforme werkwijze van de podotherapeuten is het

geven van schoenadvies met behulp van een folder een acceptabele be-

handeling voor mensen met pijn in de voorvoet(en) in de eerste lijn. Voor

toekomstig schoenadvies hoeft de ligging van het buigpunt van een

schoen niet meer beschreven te worden als: “direct onder de MTP ge-

wrichten”. Voorzichtigheid is geboden voor het gebruik van de MFPDI in

longitudinale studies. 
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MFPDI bepalen gebaseerd op de ‘Classical Test Theory’. Een cross-cul-

turele validatie van de Nederlandse versie ten opzichten van de originele

versie is hier een onderdeel van. Voetpijn en voetfunctie zoals beschreven

in hoofdstuk 2 en 3 zijn gemeten met behulp van de MFPDI en twee an-

dere vragenlijsten. Deze data zijn gebruikt om de klinimetrische eigen-

schappen van de MFPDI te bepalen. De MFPDI bestaat uit 3 factoren

en we hebben vastgesteld dat alleen de factor die voetfunctie meet be-

trouwbaar is. Uit de cross-culturele validatie blijkt dat uitkomsten van de

Nederlandse versie van deze factor hetzelfde geïnterpreteerd kunnen

worden als de resultaten gemeten met de originele Engelse versie. Daar-

naast blijkt deze voetfunctiefactor valide te zijn. De responsiviteit van

deze factor is echter matig. Gebaseerd op deze resultaten en die van an-

dere studies zouden de andere factoren niet meer gebruikt moeten wor-

den. Tevens is voorzichtigheid geboden bij het gebruik van de

voetfunctiefactor in longitudinale studies of moet er een nieuwe lijst ont-

wikkeld worden die gevoeliger is voor verandering.

H O O F D S T U K  7  

Dit laatste deelonderzoek had als doel om de effecten te bepalen van

drie verschillende posities van het buigpunt van de schoen op de plan-

taire belasting tijdens het lopen. Wij onderzochten een buigpunt  direct

onder de metatarsophalangeale gewrichten (MTP gewrichten) met zowel

een buigpunt proximaal van de MTP gewrichten als een buigpunt onder

de tarsometatarsale gewrichten (middenvoet). Tijdens dit onderzoek werd

één model schoenen van hetzelfde merk gebruikt. Het buigpunt werd

opgelegd door de buitenzool tot aan de binnenzool in te snijden. Tijdens

het lopen op een zelf gekozen snelheid zijn piekdruk (Peak Pressure;

PP), druk tijd integraal (Pressure Time Integral; PTI) en contact tijd (CT)

gemeten.

Voorafgaand aan de studie verwachten we een toename van de PTI

onder de voorvoet bij schoenen met een buigpunt dat niet direct onder

de MTP gewrichten ligt. Echter, dit werd niet waargenomen. Bij het dra-

gen van de schoen met een buigpunt onder de middenvoet werd een af-

name van de PP, PTI en CT aan de achterzijde van voet vastgesteld. Dit
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