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Abstract 

Purpose: The Manchester Foot Pain and Disability Index (MFPDI) is a self-assessment 19-item questionnaire 

developed in the UK to measure foot pain and disability. This study aimed at conducting cross-cultural adaptation 

and validation of the MFPDI for use in Spain. 

Methods: Principles of good practice for the translation and cultural adaptation process for patient-reported 

outcomes measures were followed in the MFPDI adaptation into Spanish. The cross-cultural validation, involved 

Rasch analysis of pooled datasets from Spain and the UK. 

Results: Spanish dataset comprised 338 patients, five used in the adaptation phase and 333 in the cross-cultural 

validation phase, mean age(SD) = 55.2(16.7) and 248(74.5%) were female. A UK dataset (n=682) added in the 

cross-cultural validation phase; mean age(SD) = 51.6(15.2%) and 416 (61.0%) were female. 

A preliminary analysis of the 17-item MFPDI revealed significant local dependency of items causing significant 

deviation from the Rasch model. Grouping all items into testlets and re-analysing the MFPDI as a 3-testlet scale 

resulted in an adequate fit to the Rasch model, χ2(df) = 15.945(12) p=0.194, excellent reliability and 

unidimensionality. Lack of cross-cultural invariance was evident on the Functional and Personal appearance 

testlets. Splitting the affected testlets discounted the cross-cultural bias and satisfied requirements of the Rasch 

model. Subsequently, the MFPDI was calibrated into interval-level scales, fully adjusted to allow parametric 

analyses and cross-cultural data comparisons when required. 

Conclusions: Rasch analysis has confirmed that the MFPDI is a robust 3-subscale measure of foot pain, function 

and appearance in both its English and Spanish versions. 
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Introduction 

Foot pain and disability associated with foot pain may affect both younger and older populations [1-

4],with the prevalence of foot pain increasing with age [5], being affected by gender [6] and also being associated 

with obesity [7]. Up to 80% of older people report foot problems [2]and the importance of foot pain in the 

population relates to its frequent association with physical impairments, such as poor balance [8], risk of falling 

[9; 10] and locomotor disability [11]. 

Foot problems can have a profoundly negative impact on function and health-related quality of life (QoL) 

[12],and assessing the presence and consequences of foot pain and disability is essential for the quantification of 

impairment and evaluation of treatments.  Several measurement tools have been developed to assess the impact of 

foot pain: these include the American Orthopaedic Foot and Ankle Society scales [13], the Foot Function Index 

[14], the Foot Health Status Questionnaire [15],the Self-Administered Foot Evaluation Questionnaire, SAFE-Q 

version 2[16] and the Manchester Foot Pain and Disability Index (MFPDI) [17]. These tools are widely used in 

clinical and research practice [6; 18; 19], particularly the MFPDI, which has become a popular tool for the 

measurement of foot pain and disability because of a growing body of literature supporting its 

psychometric/clinimetric properties and independent evidence of its validity and versatility [20; 21]. 

The MFPDI is a self-assessment questionnaire developed in the UK [17] to measure foot pain and 

disability in the general population. It is based on 19 statements, two of which are related to the difficulty in 

performing work or leisure activities (“I am unable to carry out my previous work” and “I no longer do all my 

previous activities”) and are excluded from the questionnaire if the respondent is of a retirement age. The 

remaining 17 items constitute three constructs (sub-scales): functional limitation (10 items), pain intensity (5 

items) and concern with personal appearance (2 items). Each of the 17 statements has a 3-category response 

structure: ‘none of the time’ = 0, ‘on some days’ = 1, and ‘on most/every day(s)’ = 2. The MFPDI has been 

validated in middle-aged and older populations [17; 18], and has been used as an outcome measure both in large 

population-based surveys and in clinical studies, including randomized controlled trials [11; 19; 22]. The MFPDI 

has also been used in studies of various diseases with foot manifestations including systemic sclerosis [23], Ehlers-

Danlos Syndrome [24] and rheumatoid arthritis [25]. 

For a questionnaire to be used in a different country, its items must not only be translated well 

linguistically, but also must be adapted culturally to maintain the content validity at a conceptual level across 

different cultures [26]. The term “cross-cultural adaptation” is used to describe this process, which ensures a 



4 
 

consistency in the content and face validity between the original and the new versions of the questionnaire. In 

addition to cross-cultural adaptation, if data from different cultures are to be compared subsequently, the new 

questionnaire must be demonstrated to have retained the measurement properties (construct validity and reliability) 

and the cross-cultural invariance [27]. The term “cross-cultural validation” is used here to describe the process of 

testing for construct validity, reliability and cross-cultural invariance of the adapted questionnaire. 

Given the increasing need to undertake multinational studies, potentially useful tools such as the MFPDI 

need to demonstrate cross-cultural invariance, in order to ensure equivalence when data pooling or comparisons 

are made across countries [28-30]. The MFPDI has been translated and cross-culturally adapted and validated into 

Greek, [31] Portuguese [32] and Italian [33] but there was no Spanish version until now. Cross-cultural adaptation 

and validation of the MFPDI into Spanish will contribute towards establishing the MFPDI as a cross-cultural 

measure and improving the standardization of data capture in research and treatment evaluation in clinical settings 

across countries. The objective of the current study was to undertake cross-cultural adaptation and validation of a 

Spanish language version of the MFPDI for use in Spain. 

Methods 

Patients and Design 

Ethical approval was obtained from the Experimentation Ethics Committee of the University of Seville, 

Spain. All participants in the study gave a written informed consent. A license for use of the MFPDI was obtained 

from the copyright holder (Isis Outcomes, Oxford, UK). Participants were recruited from seven podiatry clinics 

participating in the Private Podiatry Clinics Network located in the south of Spain. Participating patients met the 

following inclusion criteria: i) aged 18 or over, ii) required podiatry treatment, iii) were in current employment iv) 

were mobile and capable of walking household distances unaided, v) were native  

 

Spanish speakers. Participants were excluded from the study if they did not have the capacity to 

comprehend the questionnaire.  

 

The study consisted of two phases: the cross-cultural adaptation of the MFPDI and the cross-cultural 

validation of the resulting adapted MFPDI. The cross-cultural adaptation process was undertaken using the 

guidelines methodology specified by the licence holder Isis Outcomes and derived from the methodology 

recommended by the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) for the 

translation and validation of patients reported outcome measures [33]. Cross-cultural validation of the adapted 
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MFPDI was then undertaken using Rasch analysis [29; 35]. Figure 1 summarises the cross-cultural adaptation 

process.  

Cross-cultural adaptation 

Cross-cultural adaptation involved eight stages: i) forward translation, ii) reconciliation; iii) back 

translation, iv) back translation review, v) harmonisation, vi) pilot testing/ cognitive debriefing, vii) pilot testing 

review/reviev of cognitive debriefing results, and viii) proofreading.  

Forward Translation: Two forward translations in Spanish were undertaken from the original English 

language version of the MFPDI. The translations were undertaken by two independent health professionals who 

were native residents of Spain and fluent in both Spanish and English. Both translators based their translations on 

the guidelines provided by Isis Outcomes for the Translation and Linguistic Validation Process. 

Forward Translation Reconciliation: The two forward translations were reconciled into one version (draft 

1) by two original translators, a third independent translator and with input from the project lead.   

Back Translation: The reconciled Spanish language version (draft 1) was back translated into English 

independently by two professional English native translators resident in Spain. The translators had no prior 

knowledge of the MFPDI and were not given sight of the original wording of the English version of the MFPDI.  

Back translation review: The senior investigator and a native Spanish speaker resident in England and 

fluent in both languages reviewed the back translation for any discrepancies in meaning or terminology used. Any 

problematic item was discussed until the discrepancies were resolved. This process resulted in a refined second 

draft of the Spanish translation (draft 2).  

Harmonisation: To produce the final Spanish language translation, a harmonization meeting was 

undertaken involving three Spanish translators, the senior investigator and the developer of the original UK version 

of the MFPDI. During this meeting any discrepancies or issues that were highlighted from the back-translation 

were discussed, the translated version of the MFPDI was evaluated and a final version agreed.  

Pilot Testing/Cognitive Debriefing: Once the translation process was completed, the translation was formatted 

to match precisely the licensed English language version. The translated MFPDI version was initially assessed for 
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comprehensibility in five patient participants, who were Spanish residents and native speakers. At this stage each 

participant was asked by the in-country investigator to carry out the following tasks: 

- To complete a copy of the translated MFPDI (the time taken to completed the MFPDI was also 

documented). 

- To comment on the response options within the back-translated MFPDI. 

- To comment on any wording that was difficult to understand. 

- To suggest alternative wording/phrasing for any wording that was difficult to understand. 

- To describe in their own words what the wording meant to them. These responses were recorded verbatim 

and translated into English. 

 

The five patients’ responses were summarised by the in-country investigator. This summary also contained 

any changes, recommendations or suggestions indicated by the participants and in-country investigator.  

 

Pilot testing review/reviev of cognitive debriefing results:  To improve the performance of the translated 

questionnaire the pilot testing results were reviewed by the project manager and the in-country investigator. At 

this stage any item that caused comprehensibility difficulties for  40 % of the participants was review, and any 

modifications suggested by the respondent’s comments were incorporate to the final translated version. 

 

Proof-reading: The in-country investigator and a translator, who was not involved in the translation process 

previously, independently proofread the final formatted translation and any suggested changes were discussed with 

the senior investigator.  

 

Following this process a final draft of the MFPDI translated and culturally adapted into “Spanish for Spain” was 

locked down and entered into the cross-cultural validation phase (final draft). 

Cross-cultural validation 

 The validation phase tested the MFPDI as a 17-item questionnaire (excluding the two items which are 

not applicable to all individuals) [17]. To assess cross-cultural validity of the MFPDI, two datasets were used: a 

new Spanish dataset and an existing UK dataset. The Spanish dataset comprised the MFPDI data from 333 Spanish 

participants who completed the tool during routine clinic appointments, while the UK dataset comprised the 

original data used in the development of the MFPDI [17] (used with the permission of the University of 

Manchester). Rasch analysis was used to assess the construct validity, reliability and the cross-cultural invariance 

of the translated (Spanish) MFPDI [29; 35]. 
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The data were analysed descriptively using IBM SPSS software version 19 [36] then evaluated for fit to 

the Rasch model using RUMM2020 software [37]. Rasch analysis is a mathematical modelling technique used to 

assess properties of outcome measures against a measurement model developed by the Danish mathematician 

Georg Rasch[38]. In Rasch analysis, the observed data from questionnaires are measured against the model to 

assess their goodness of fit, with ‘good fit’ indicating a criterion-related construct validity, reliability and statistical 

sufficiency[39-41]. The overall fit statistics are given in terms of a χ2 interaction and its associated probability, 

which is expected to be non-significant (i.e. not deviating from the Rasch model). For the model fit, the observed 

value for the residuals of each item is expected to lie within lie within ±2.5, and to have a mean of zero and standard 

deviation of one. A more detailed description of the Rasch analysis approach, its use in rheumatology and the 

interpretation of fit statistics is given elsewhere [35]. 

For this study, Rasch analysis took the following sequence: (i) examination of threshold ordering, (ii) 

assessment of overall fit, (iii) assessment of individual item fit and local dependence, (iv) strict assessment of 

unidimensionality and reliability (vi) assessment of cross-cultural invariance and invariance to age and gender. 

The Master’s Partial Credit Model  [42] parameterisation was employed, as the response format of the MFPDI is 

polytomous.  

 

Threshold maps and category probability curves were examined for any disordering, then the residual 

correlation matrix was examined and items having a correlation of greater than ±0.3 were identified as displaying 

a local dependency [43]. Locally dependent items were then combined into subscales and each subscale treated as 

a “testlet”. A testlet is defined as a subset of items that is treated as a measurement unit in test construction, 

administration and/or scoring [44]. The testlets were eventually tested for fit, unidimensionality and invariance. 

Strict unidimensionality was assessed by using the independent t-test method suggested by Smith[45]. The 

reliability of the MFPDI was reported using Person Separation Index (PSI), which provides the estimate of the 

internal consistency of the scale equivalent to Cronbach's alpha, only using the logit value as opposed to the raw 

score in the same formulae. A minimum value of 0.7 is required for group use and 0.85 for individual use [35]. 

Invariance was tested using the differential item functioning (DIF) facility built-in to RUMM2020, where Item 

characteristic curves for each testlet are checked for any significant DIF with respect to individual properties. 

Cross-cultural invariance was performed by pooling the Spanish and the UK datasets and testing for DIF by 

country. If uniform DIF was observed in any testlet, it was “split” for DIF in order to adjust for the cross-cultural 

bias [46]. In addition, splitting for DIF allows calibration of a DIF-adjusted conversion table with which to 

transform the ordinal scores into interval-level scores for parametric analyses and cross-cultural comparison of 
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data. The p-values for fit statistics and DIF analyses were Bonferroni-adjusted to the alpha level (i.e. p = 

0.05/number of tests carried out) in order to avoid type I errors resulting from to multiple testing [47]. The expected 

values for perfect model fit are presented at the bottom of table 2.  

Results 

Patient characteristics 

A total of 338 Spanish participants were recruited into this study, five for the pilot phase and 333 for the 

cross-cultural validation phase. Their mean age (SD) was 55.2 (16.7) and 248 (74.5%) were female. An existing 

UK dataset (n = 682) was used for cross-cultural validation phase and their mean age (SD) was 51.6 (15.2%) and 

416 (61.0%) were female.  Table 1 shows the characteristics of the validation study participants. 

 

Cross-cultural adaptation phase 

In the translation of the MFPDI, ‘standard’ Spanish was used in the translation (avoiding colloquial 

language) in order to improve comprehension. In this phase, there were some minor difficulties associated with 

two items: item 1, “I avoid walking outside at all” presented idiomatic difficulty in translating ‘outside’; while 

item 17 “I get shooting pains in my feet”, presented conceptual difficulty in defining shooting pains. These were 

solved in the harmonisation meeting carried out by three Spanish translators, the senior investigator and the original 

developer of the MFPDI. The pilot study results showed no discrepancies in meaning or terminology used in the 

translated (Spanish) version of the MFPDI, therefore no modification was required. No respondents had requested 

aid in the interpretation of any item of the questionnaire. The mean (SD) time in minutes required to complete the 

MFPDI was1 min 47 secs (107 secs). 

 

Cross-cultural validation phase 

In both data sets (Spain and UK), the thresholds were adequately ordered, indicating that the 3-category 

response structure (‘none of the time’, ‘on some days’ and ‘on most/every day(s)) was working as expected. The 

preliminary analysis of the 17 items as a single scale resulted in a significant deviation from the Rasch model 

χ2(df) = 179.197 (68), p <0.001; and 292.526 (153), p<0.001for both the Spanish and the UK datasets respectively. 

Examination of the correlation matrices revealed that most of the items belonging to the same subscale were 

significantly locally dependent. These locally dependent items were combined into three corresponding subscales 

noted previously (functional, personal appearance, and pain) and the MFPDI was then treated as a three-testlet 

scale in all subsequent analyses.  
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Rasch analysis of the MFPDI as a three-testlet scale resulted in an adequate fit to the Rasch model χ2(df) 

= 15.945 (12) p = 0.194 and 31.024 (21), p = 0.073, for the Spanish and the UK datasets respectively. The test of 

strict unidimensionality revealed proportions of significant t-tests (95%CI) were 0.016 (-0.006, 0.040) and 0.010 

(-0.011, 0.032) for the Spanish and the UK datasets respectively, indicating that the three-testlet scale forms a 

unidimensional scale. The scale reliability (person separation indices - PSI) were excellent, i.e. .848 and .823 for 

the Spanish and the UK versions of the MFPDI respectively. Table 2 presents the results of Rasch analysis for the 

Spanish, the UK and the pooled datasets. 

 

Pooling the Spanish and the UK data resulted again in a lack of the overall fit to the model. Differential 

item functioning (DIF) analysis revealed a lack of cross-cultural invariance on the first and the second testlets 

(functional and personal appearance). Splitting these two items resulted in creation of cultural-specific (emic) 

testlets for each country and cultural-general (etic) testlets in order to account for the cross-cultural bias. Following 

‘split for DIF’, fit to the Rasch model was satisfied in each testlet and the overall scale χ2(df) = 57.944 (45), p = 

0.093, and the reliability remained excellent  (PSI = .844) (Table 2). Table 3 presents fit statistics for each testlet 

after adjusting for cross-cultural invariance. 

 

Following fit to the model, the MFPDI ordinal scores were Rasch-transformed and interval-level scales 

were calibrated for the Spanish and UK versions of the MFPDI, taking account of the cross-cultural DIF. These 

Rasch-transformed scores are suitable for use subsequently in parametric analyses if required and for data pooling 

or comparison between the UK and Spanish datasets. Table 4 is a DIF-adjusted conversion table of MFPDI raw 

scores into Rasch-transformed scores. 

 

Discussion 

This study used standardized methods for cross-cultural adaptation and validation of outcome measures 

to develop a Spanish version of the Manchester Foot Pain and Disability Index. The MFPDI translated well into 

Spanish without needing significant changes, only minor corrections in items 1 and 17 that were solved by the 

harmonisation meeting. The translated version was well-accepted by patients. Kaoulla et al., [31] in adapting their 

Greek version of the MFPDI had found difficulties in translating items 16 and 17. The pilot study did not yield 

any further discrepancies in meaning or terminology used in the second draft of the Spanish translation of the 

MFPDI. No participants requested aid in interpretation of any item of the questionnaire and so no further 
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modification was required. This is in accordance with Marinozziet al., [22]who found few problems in their study 

translating the MFPDI into Italian. 

 

The preliminary assessment of the 17 MFPDI items revealed significant residual correlations (local 

dependency) among domain-specific items, which significantly affected the overall fit to the model. Local 

dependency artificially inflates the overall reliability of the scale, affecting its unidimensionality and resulting in 

biased parameter estimation [43]. This was the main issue causing deviation from the Rasch model in the UK and 

the Spanish datasets. Grouping the items into testlets (corresponding to subscales), corrected the local dependency 

and resulted in a unidimensional scale. The original scale [17] was not developed using Rasch analysis. A previous 

study by Muller and Roddy [21] used Rasch analysis to validate the MFPDI but they analysed only two subscales 

‘function’ and ‘pain’ as the third subscale ‘appearance’ did not have enough responses. This present study has 

confirmed that all the three subscales represent independent constructs, which when added together form a 

unidimensional scale. 

 

DIF analysis revealed a significant DIF-by-country i.e. cross-cultural non-invariance in the data. Cross-

cultural invariance is a requirement for questionnaires intended for multinational use [28; 48]. Splitting the DIF-

affected items resulted in creation of cultural-specific (emic) items for each country and cultural-general (etic) 

items. This permits the scale to be culturally relevant while permitting comparisons across cultures and languages 

on the basis of the common etic items. Adjustment to cross-cultural DIF, adequately accounts for the cross-cultural 

bias, meaning that the data between the two countries can be compared. When cross-cultural comparisons between 

the two countries are performed, the DIF-adjusted conversion table (Table 4) will need to be used. While we have 

provided a DIF-adjusted table for completeness, some caution should be exercised in applying the conversions in 

practice. If future datasets are small in size or are not normally distributed then erroneous conclusions could be 

drawn if simple conversions are applied. 

 

The new (Spanish) version of the MFPDI was shown to be a cross-culturally valid measure of foot pain 

and disability. Its reliability was excellent (PSI = .85) achieving the thresholds required for both group and 

individual use [35].  Absence of DIF by age, gender and education also indicated that the translated MFPDI worked 

in the same way across different groups of patients.  

 

Conversion of the raw (ordinal) scores into interval level (Rasch-transformed) values enables the use of 

MFPDI scores in parametric analyses [49] alongside other measures, given adequate sample sizes and normal 
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distribution. When data pooling or comparisons are undertaken, the cross-cultural, DIF-adjusted convertion chart 

helps to ensure accurate estimates and adjust for cross-cultural bias. When data comparison with another country 

is required, then a different conversion chart will have to be used.  

 

This study has three main limitations. Firstly, convenience sampling was used and patients were recruited 

from private clinics only, as the Spanish public health system does not offer podiatry services. While the sample 

was not pre-specified to be explicitly representative, it comprises patients from seven different clinics and includes 

representation of patients with different age groups, educational backgrounds and employment status. Indeed this 

study has demonstrated that the MFPDI has retained its construct validity following its adaptation into Spanish.  

The sampling approach is unlikely therefore, to have had a significant influence on the conclusions of this study. 

Secondly, since the MFPDI has been validated at the testlet-level, it may not be possible to make cross-cultural 

comparisons of the foot disability at the individual item-level. Lastly, since this study has validated this Spanish 

version of the MFPDI for use in Spain, further cross-cultural validation would be required if this questionnaire is 

to be used in other Spanish-speaking countries such as those in South America.  

 

Since the validity and unidimensionality of the MFPDI have been confirmed, future research can make 

cross-cultural comparisons in foot pain and disability between patients in the UK and Spain. In addition, further 

research is needed to determine the minimal clinically important difference (MCID) in each MFPDI subscale and 

to assess how this correlates with other measures of disability. 

Conclusion 

A gold standard translation process has been used to develop a Spanish version of a widely used foot-

specific patient-reported outcome measure. Rasch analysis has confirmed that the MFPDI is a robust, 3-subscale 

measure of foot pain, function and appearance in both its English and Spanish versions. Future work can make 

cross-cultural comparisons using the calibrated scales. 
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Table 1: Sample characteristics by country 

Country  Spain UK 

Sample  333 682 

Age Mean (SD) 55.2 (16.7) 51.6 (15.2) 

Gender Female (%) 248 (74.5) 416 (61.0) 

Education background No formal education (%) 15 (4.5)  

 Primary school (%) 98 (29.4)  

 High school (%) 113 (33.9)  

 Higher education (%) 107 (32.1)  

Work status Unemployed (%) 80(24.0)  

 Employed (%) 137 (41.1)  

 Retired (%) 116 (34.8)  

SD, standard deviation 
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Table 2: Results of Rasch analysis for the Spanish, the UK and the pooled datasets 

 Item Fit 

Residual 

Person Fit 

Residual 

Chi Square Interaction PSI  Unidimensionality 

Analysis Mean SD Mean SD Value (DF) p 
 

N Independent 

t-tests (95%CI) 

Spain (17-item scale) -0.019 1.823 -0.158 1.214 179.197 (68) <0.001 0.908 319   

Spain (3-testlet level) -0.164 3.067 -0.364 0.931 15.945 (12) 0.194 0.848 319 0.016 (-0.006, 0.040) 

UK (17-item scale) -0.709 2.487 -0.559 1.983 292.526 (153) <0.001 0.899 554   

UK (3-testlet level) -0.366 2.799 -0.429 0.986 31.024 (21) 0.073 0.823 452 0.010 (-0.011, 0.032) 

Pooled (17-item scale) -0.654 2.989 -0.453 2.072 451.031 (153) <0.001 0.903 873   

Pooled (3-testlet level) -0.766 4.397 -0.441 1.059 49.169 (27) 0.006 0.835 771 0.010 (-0.011, 0.032) 

Pooled (adjusted for DIF) -0.420 2.979 -0.415 0.983 57.944 (45) 0.093 0.844 771   

Expected values 0 1 0 1  >0.05 >0.7  Lower-bound CI <0.05 

SD, standard deviation; DF,degrees of freedom; P,χ2probability, where non-significant P impliesfit to the model; PSI,person separation index; CI,confidence interval 
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Table 3: Item fit for each testlet after adjusting for cross-cultural DIF 

Testlet Location SE 
Fit 

Residuals 
χ2 DF P-value* 

Functional - Spain -0.292 0.020 -2.684 5.498 203.510 0.789 

Functional - UK -0.141 0.023 -4.219 18.475 245.610 0.030 

Appearance - Spain 0.400 0.056 3.096 9.633 203.510 0.381 

Appearance - UK 0.074 0.054 1.267 7.693 283.250 0.565 

Pain -0.041 0.025 0.439 16.645 456.130 0.055 

SE,standard error; DF, degrees of freedom; *P,Bonferroni-adjusted χ2probability where non-significant P 

impliesfit to the model. 
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Table 4: Conversion of MFPDI raw (subscale) scores into Rasch-transformed scores for Spain and the UK. 

Raw (observed) 

scores 
Rasch transformed, DIF-adjusted scores* 

 Functional (Spain) Functional (UK) Appearance (Spain) Appearance (UK) Pain (Common) 

0 0.0 0.0 0.0 0.0 0.0 

1 3.2 2.6 1.1 1.2 2.0 

2 5.6 4.5 1.9 2.1 3.4 

3 7.4 5.8 2.9 2.9 4.4 

4 8.8 6.7 4.0 4.0 5.1 

5 10.0 7.4 
  

5.7 

6 10.8 7.9 
  

6.3 

7 11.5 8.4 
  

6.9 

8 12.0 8.8 
  

7.6 

9 12.5 9.1 
  

8.6 

10 12.8 9.4 
  

10.0 

11 13.2 9.7 
   

12 13.5 10.1 
   

13 13.9 10.5 
   

14 14.3 11.0 
   

15 14.6 11.6 
   

16 15.1 12.5 
   

17 15.7 13.6 
   

18 16.5 15.2 
   

19 17.8 17.2 
   

20 20.0 20.0 
   

  
 

   

*The Rasch-transformed scores are at interval-level  
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