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Abstract
Background: Previous studies have demonstrated that Foot Posture Index (FPI-6) is a valid and
moderately reliable tool to evaluate foot posture. However, data about reliability and validity of FPI-6 in
the assessment of foot posture in people with low back pain (LBP) is lacking.

Objectives: To investigate reliability and validity of FPI-6 in the assessment of foot posture in people with
LBP.

Methods: Thirty volunteers with LBP, aged 20 - 64 years, were recruited for the research and assessed by
two raters. The data measured by different raters on the same day were used to calculate the inter-rater
reliability. The data measured by the same rater on different dates were used to calculate the test-retest
reliability. The reliability of FPI-6 was tested with intraclass correlation coefficient (ICC), and absolute
reliability with standard error of measurement (SEM), minimal detectable change (MDC) and Bland–
Altman analysis. The validity of FPI-6 was tested with Exploratory Factor Analysis (EFA) and Spearman's
correlation coefficients.

Results: The FPI-6 indicated excellent inter-rater and test-retest reliability in the evaluation of foot posture
in people with LBP (ICC = 0.97 and 0.95). The agreement for inter-rater and test-retest was excellent
based on the SEM (SEM = 0.12) and MDC value (MDC = 0.33). Bland–Altman plots showed that there
was no significant systematic bias for the agreement on the ground of low mean difference (< 1). The
EFA suggested that the fit indices were considered acceptable according to the Kaiser-Meyer-Olkin (KMO)
value (KMO = 0.620) and Bartlett's sphericity test (P < 0.01). There was a statistically significant positive
correlation between each item and total score of FPI-6 because the Spearman’s correlation coefficient of
six items were all > 0.3 (P < 0.01).

Conclusions: The inter-rater and test-retest reliability and validity of FPI-6 on people with LBP were proved
reliable. It might be considered a reliable and valid adjunctive tool to detect possible changes of foot
posture after interventions in patients with LBP.

Introduction
Low back pain (LBP) is the most prevalent condition in most countries, and the number of people
disabled by LBP is rapidly increasing 1. Those disabled by LBP mainly involves dysfunction of activity
limitations 2. As well as activity limitations, pain, musculoskeletal complaint and postural balance
dysfunction are necessary to be addressed in the treatment of LBP patients in order to prevent afflicting
quality of life and work 3. In fact, LBP is the leading health condition contributing to the need for
rehabilitation services and work absenteeism in most countries, especially in low-income and middle-
income countries, causing a significant financial burden for affected individuals and society 4. Whereas,
given that multiple factors encompassing psychological, biophysical, genetic and social factors result in
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the development and maintenance of LBP, the LBP management is still a great challenge for global
clinicians 5,6.

In addition to the above pathogenic factors, it has been believed that abnormal foot posture could also be
a contributing factor 7,8. Furthermore, from the biomechanical and physiology perspective, it has been
widely recognized that the association between foot posture and LBP is plausible 9-11. The normal foot
posture provides stability for limb 9. However, abnormal foot posture has been demonstrated to trigger
abnormal posture of the femur and tibia, leg length discrepancy, and may consequently cause anterior
inclination of the pelvis and abnormal position of the lumbar vertebrae 11. Moreover, there is evidence
that foot orthoses can alleviate LBP 10,11. We can think that the alteration of foot position can cause
disturbance of joint biomechanics in the low back thereby affecting pelvic alignment and normal position
of the spine and eventually leading to LBP 12. Thus, the assessment of foot posture could be important
for understanding the pathogenesis of LBP and may be an important part of treatment planning that
cannot be ignored 13. 

Indeed, there is growing interest in investigating the association between the foot posture and LBP, from a
biomechanical perspective. The device of motion analyser 7 and the MatScan system 14 were used to
investigate the foot posture and function in previous studies. Nevertheless, not only are these devices
very expensive, but they are not easily available to all clinicians. In contrast, (FPI-6) is considered a novel
clinical tool to observe and measure foot posture features quickly and easily. FPI-6 can provide detailed
quantitative data of foot postural variation 15. And it has been proved proved to be the most relevant for
evaluating foot posture including six evaluation criteria founded on three-dimensional observations 16. It
just takes clinicians approximately 5 min to complete the assessment without any special
device 17. Additionally, the FPI-6 was designed to properly provide actual foot postural variations in the
region of forefoot, rear foot, and midfoot compared with other instruments (e.g., three-dimensional static
model during weight bearing activity). More importantly, it can be carried out almost everywhere and
particularly applied for studies where complex instrumented assessment is unnecessary 18. Previous
studies have provided evidence for the validity of FPI-6 as a clinical tool, as demonstrated excellent intra -
rater reliability and low to moderate inter-rater reliability 15,19.

To summarize, studies on validity and reliability of FPI-6 as a clinical tool to assess foot posture features
have shown encouraging results. But data on the inter-rater and test-retest reliability and validity on
people with LBP is lacking. To our knowledge, studies assessing reliability and validity of FPI-6 in people
with LBP have not been published to date. Thus, the aim of this study was to investigate the inter-rater
and test-retest reliability and validity of FPI-6 on people with LBP. 

Methods
Setting
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Measurements were performed at the outpatient clinic of Guangdong Second Traditional Chinese
Medicine Hospital in China. All volunteers with LBP signed written informed consent. The study protocol
was approved by the Ethics Committee of Guangdong Second Traditional Chinese Medicine Hospital (No.
2021(K69)) and registered in Chinese Clinical Trial Registry (registration number: ChiCTR2200055265,
registration date: 05/01/2022). All methods were performed in accordance with relevant guidelines and
regulations. Additionally, we promised to provide a free treatment for volunteers when the study finished.

Participants

Zou GY 20 present a method to estimate the number of participants required in reliability studies. This
method explicitly incorporates a prespecified probability of achieving the prespecified width or lower limit
of a confidence interval. The hypothesis was that we wish to ensure, with 80% probability, that the lower
limit of the one-sided 95% confidence interval is no less than 0.7 when the anticipated value of intraclass
correlation coefficient is 0.725. Then, the number of participants we need is 16 according to equation. In
this study, a sample size of 30 participants was estimated. The inclusion criteria for all participants were:
(1) persistent low back pain greater than 3 months with pain intensity at least 4 on the numerical rating
scale; (2) aged 20 - 64 years (3) being able to remain in static orthostatic position; (4) no history of
surgery or injury to the back or lower limbs; (5) no structural deformities of the lower limbs. The exclusion
criteria were: (1) injuries to the back or lower limbs (i.e., musculoskeletal injuries, foot deformities) in
previous 6 months or during the assessments; (2) surgery to back or lower extremity previously or
currently under treatment for foot pathology.

Procedure

All participants were independently assessed by two raters (J Y and Z M) in order to assess inter-rater
and test-retest reliability. Two raters participated in a training session for familiarization with the clinical
tool. They communicated with each other during the training period for familiarizing each item of the FPI-
6 before the first measurement. After finishing the training session, they completed 40 measurement of
FPI-6 before using the values for further analysis of this study according to the recommendations of
Cornwall et al. 21. And the data collected was not used, which is just for familiarization with the
assessment procedure and minimizing inter-rater error. Each item of FPI-6 was independently assessed
and scored by each rater in separate sheets. Participants were asked to stand, take a few steps forward
and then stand still with arms along the side and looking forward. The first test was performed by one
rater (J Y), who evaluated the left foot first and then the right foot. Six items of the FPI-6 were all
assessed: (1) talar head palpation, (2) observation of curves above and below the lateral malleolus, (3) a
bulge in the region of the talonavicular joint, (4) eversion and inversion of the calcaneus, (5) congruence
of the medial longitudinal arch, (6) adduction and abduction of the forefoot in relation to the rear foot.
The score for each item was rated between −2 and +2, and the total score was between −12 and +12.
Scores between 0 to +5 indicate normal feet; +6 to +9 indicate pronated feet; ≥ +10 indicate highly
pronated feet; −1 to −4 indicate supinated feet; −5 to −12 indicate highly supinated 22. When the first
rater (J Y) finished the assessment, the participants remained in their positions and were assessed by the
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second rater (Z M). The data measured by different raters on the same day were used to calculate the
inter-rater reliability. Then a second test was performed by rater (J Y) for each participant approximately
one week apart. The data measured by the same rater (J Y) on different dates were used to calculate the
test-retest reliability. The second rater (Z M) was blinded to the rater (J Y) and to their own results during
the assessment. Additionally, both feet of all participants were considered for analysis.

Statistical Analysis

All data were imported and analysed using the SPSS 24.0 for Windows (IBM, NY, US). The normality was
assessed firstly with collected data using the Shapiro-Wilks test. Almost all data were not normally
distributed therefore non-parametric statistics were used. Inter-rater and test-retest reliability were
assessed using Intra-class Correlation Coefficients (ICCs). ICC is a desirable reliability index that can be
used to reflect both degree of correlation and agreement between measurements. Nowadays, it has been
widely used to evaluate inter-rater and test-retest reliability of numerical or continuous measurements.
Inter-rater reliability was assessed using two-way random model, mean measures. And test-retest
reliability was assessed using two-way mixed model, single measures 23. The ICC value ranges between 0
and 1, with the values closer to 1 indicating higher reliability. The reliability was considered poor when the
ICC < 0.4, fair when the ICC ≥ 0.4 – ≤ 0.59, good when the ICC ≥ 0.6 - ≤ 0.74 and excellent when the ICC
≥ 0.75 24. The absolute reliability was assessed using standard error of measurement (SEM, SEM =
standard deviation×1-ICC), minimal detectable change (MDC, MDC = 1.96×SEM×2), and 95% limits of
agreement (LOA) 25. Bland–Altman plots was used by the Medcalc software version 20.0 (Medcalc,
Ostend, Belgium) to assess the agreement and identify systematic bias for inter-rater 26. Exploratory
Factor Analysis (EFA) based on principal component analysis with the varimax rotation was conducted to
assess the validity. The purpose of this method was to represent the original data structure with fewer
data dimensionality and explain the correlations between each item with fewer underlying factors 27. First
the Kaiser-Meyer-Olkin (KMO) was used to evaluate the correlation of the variables. KMO value is between
0 and 1. The lager of KMO value, the higher the correlation of the variables 28. It was suitable for factor
analysis when the KMO value > 0.6 29. Then a Bartlett sphericity test was used as a verification tool to
further confirm that the correlation matrix was an identity matrix. It was suitable for factor analysis when
the P value < 0.05 30. Additionally, the correlation between each item and the total scores was assessed to
complement the factor analysis using Spearman’s correlation coefficient. The validity was acceptable
when the correlation coefficients > 0.30. 31. Statistical significance was defined as P < 0.05.

Results
Participants Characteristics

Thirty participants (16 women and 14 men) with LBP were included in this study. The mean age of all
participants was 42.47 ± 6.89 years, mean height was 164.27 ± 8.61 cm, mean weight was 62.17 ± 9.74
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kg, mean VAS was 6.03 ± 1.40 and BMI was 22.94 ± 2.00 kg/m2. The characteristics of all included
participants were shown in Table 1.

Table 1 A summary of the characteristics of all participants

Variable Mean ± SD

Age (years) 42.47 ± 6.89

Height (cm) 164.27 ± 8.61

Weight (kg) 62.17 ± 9.74

BMI (kg/m2) 22.94±2.00

NRS 6.03 ± 1.40

BMI, body mass index; NRS, numerical rating scale.

Homogeneity of continuous data for each leg was analyzed to determine whether single-leg data could
be pooled. The ICC of left limb, right limb and left and right limbs was 0.97 (95% CI, 0.95–0.99), 0.97
(95% CI, 0.94–0.98) and 0.96 (95% CI, 0.94–0.98), respectively. From this analysis, the data were suitable
to be pooled with little differences between the left and right limb 32. Pooling had the effect of doubling
the sample size, that is, data could reasonably be analyzed on the basis of individual limb rather than
participant numbers. Hence, after this analysis, the study included 30 participants and 60 limbs. 

Inter-rater Reliability

The results of inter-rater reliability of FPI-6 were shown in Table 2. The ICC of FPI-6 total score was 0.97
(95% CI, 0.95–0.98). And ICC values of six items were all > 0.75. The results demonstrated that the inter-
rater reliability of FPI-6 was excellent. In addition, the ICC value of Item 2 was the lowest compared with
the other five items. 
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Table 2 Inter-rater reliability of the FPI-6

Variable ICC 95% CI P value

Total FPI-6 0.97 0.95–0.98 < 0.01

Item 1 0.88 0.80–0.93 < 0.01

Item 2 0.80 0.67–0.88 < 0.01

Item 3 0.89 0.82–0.94 < 0.01

Item 4 0.85 0.76–0.91 < 0.01

Item 5 0.89 0.81–0.93 < 0.01

Item 6 0.90 0.83–0.94 < 0.01

Total FPI-6, Foot total score of FPI-6; ICC, intraclass correlation coefficient; Item 1, talar head palpation;
Item 2, curves above and below the lateral malleolus; Item 3, a bulge in the region of the talonavicular
join; Item 4, eversion and inversion of the calcaneus; Item 5, congruence of the medial longitudinal
arch; Item 6, adduction and abduction of the forefoot in relation to the rear foot. 

Test–retest Reliability

The results of test-retest reliability of FPI-6 were shown in Table 3. The ICC of FPI-6 total score was 0.95
(95% CI, 0.92–0.97). And ICC values of six items were all > 0.75. The results demonstrated that the test-
retest reliability of FPI-6 was excellent. In addition, the ICC value of Item 5 was the lowest compared with
the other five items. 

Table 3 Test-retest reliability of the FPI-6

Variable ICC 95% CI P value

Total FPI-6 0.95 0.92–0.97 < 0.01

Item 1 0.83 0.71–0.90 < 0.01

Item 2 0.87 0.78–0.92 < 0.01

Item 3 0.90 0.83–0.94 < 0.01

Item 4 0.88 0.80–0.93 < 0.01

Item 5 0.80 0.66–0.88 < 0.01

Item 6 0.82 0.70–0.89 < 0.01

Total FPI-6, Foot total score of FPI-6; ICC, intraclass correlation coefficient’ Item 1, talar head palpation;
Item 2, curves above and below the lateral malleolus; Item 3, a bulge in the region of the talonavicular
join; Item 4, eversion and inversion of the calcaneus; Item 5, congruence of the medial longitudinal
arch; Item 6, adduction and abduction of the forefoot in relation to the rear foot.

Absolute reliability
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The results of SEM, MDC, and 95% LOA were shown in Table 4. The SEM value of FPI-6 total score for
inter-rater and test-retest was 0.17 and the MDC value of FPI-6 total score for inter-rater and test-retest
was 0.47. Additionally, the SEM value of all six items for inter-rater and test-retest ranged from 0.03 to
0.05 and the MDC of all six items for inter-rater and test-retest ranged from 0.08 to 0.14.

Additionally, the Bland–Altman graphs with the mean difference and 95% limits of agreement for the
level of agreement were showed in Figure 1. The mean difference of FPI-6 total score for inter-rater and
test-retest was 0.10 and 0.03, with the lower and upper limits of -1.09 to 1.29 and -1.33 to 1.39,
respectively. There was little systematic bias of the FPI-6 and the agreement for inter-rater and test-retest
was excellent. 

Table 4 The SEM, MDC and 95% LOA of inter-rater and test-retest

Variable Inter-rater Test-retest

Mean SEM MDC 95% LOA Mean SEM MDC 95% LOA

Lower Upper Lower Upper

Total FPI-6 7.27 0.17 0.47 -1.09 1.29 7.31 0.17 0.47 -1.33 1.39

 Item 1 1.36 0.05 0.14 -0.55 0.68 1.36 0.05 0.14 -0.67 0.84

Item 2 1.23 0.05 0.14 -0.73 0.87 1.21 0.05 0.14 -0.58 0.74

Item 3 1.00 0.05 0.14 -0.68 0.54 1.00 0.05 0.14 -0.68 0.54

Item 4 1.33 0.04 0.11 -0.52 0.62 1.33 0.04 0.11 -0.48 0.54

Item 5 1.06 0.03 0.08 -0.46 0.42 1.07 0.04 0.11 -0.66 0.60

Item 6 1.30 0.05 0.14 -0.63 0.63 1.30 0.05 0.14 -0.70 0.66

Total FPI-6, Foot total score of FPI-6; LOA, Limit of Agreement; MDC, minimal detectable change; SEM,
standard error of measurement; Item 1, talar head palpation; Item 2, curves above and below the
lateral malleolus; Item 3, a bulge in the region of the talonavicular join; Item 4, eversion and inversion
of the calcaneus; Item 5, congruence of the medial longitudinal arch; Item 6, adduction and abduction
of the forefoot in relation to the rear foot.

Validity

The value of KMO test was 0.62 (> 0.6) and the Bartlett’s sphericity test (P value < 0.01) indicated that the
correlation matrix was an identity matrix. This indicates that the EFA was suitable for conducting. In the
principal component analysis and the varimax rotation scheme, 2 factors were retained based on the
screen plot (Figure 2) and the Kaiser–Guttman criterion with eigenvalues greaer than 1 33.

The 6 items were distributed into 2 factors and the highest score in the factors was revealed according to
the method of the extraction and rotation. The variable distribution of factorial loading for each of the 2
factors was shown in Table 5. The correlation between each item and total score of FPI-6 in the
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evaluation of LBP was showed in Table 6. The Spearman’s correlation coefficient of six items were all >
0.3 (P value < 0.01). Therefore, there was a statistically significant positive correlation between each item
and total score of FPI-6.

Table 5 Factor loadings from EFA

Items Factors

Ⅰ Ⅱ

1. talar head palpation 0.85  

2. curves above and below the lateral malleolus 0.80  

3. a bulge in the region of the talonavicular join   0.84

4. eversion and inversion of the calcaneus 0.65  

5. congruence of the medial longitudinal arch   0.83

6. adduction and abduction of the forefoot in relation to the rear foot 0.70  

 

Table 6 The correlations between each item and total score of FPI-6

Variable Spearman’s correlation coefficient P value

Item 1 0.66 < 0.01

Item 2 0.46 < 0.01

Item 3 0.42 < 0.01

Item 4 0.60 < 0.01

Item 5 0.46 < 0.01

Item 6 0.62 < 0.01

Total FPI-6, Foot total score of FPI-6; LOA, Limit of Agreement; MDC, minimal detectable change; SEM,
standard error of measurement; Item 1, talar head palpation; Item 2, curves above and below the
lateral malleolus; Item 3, a bulge in the region of the talonavicular join; Item 4, eversion and inversion
of the calcaneus; Item 5, congruence of the medial longitudinal arch; Item 6, adduction and abduction
of the forefoot in relation to the rear foot.

Classification of The Feet Postures

The classification of the feet postures in the three moments of assessment was showed in Table
7. Sixty limbs of 30 participants were assessed at three different times. In the first assessment conducted
by rater A (J Y), 41 feet were pronated, 10 as highly pronated, 9 as normal. None of the feet was classified
as supinated or highly supinated. In the second assessment conducted by rater B (Z M), 43 feet were
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pronated, 8 as highly pronated, 9 as normal. None of the feet was classified as supinated or highly
supinated. In the third assessment conducted by rater C (J Y) approximately one week apart, 43 feet were
pronated, 8 as highly pronated, 9 as normal. None of the feet was classified as supinated or highly
supinated. There was no difference in classification of feet postures for inter-rater and test-retest (a chi-
square test P-value = 0.87). 

Table 7 Classification of the feet postures in the three moments of assessment

Rater n Feet posture c2 value P
value

Pronated Highly
pronated

Normal Supinated Highly
supinated

A 60 41 10 9 0 0 0.27 0.87

B 60 43 8 9 0 0

C 60 43 8 9 0 0 0.27 0.87

A, rater (J Y); B, rater (Z M); C, rater (J Y) approximately one week apart.

Discussion
To our knowledge, this study represented the first to evaluate reliability and validity of FPI-6 in the
assessment of foot posture in people with LBP. In this study, inter-rater, test-retest reliability and validity
were assessed in 30 participants with LBP. The results showed excellent inter-rater, test-retest reliability
and great absolute agreement of the FPI-6 for inter-rater and test-retest. Moreover, there was a statistically
significant positive correlation between each item and total score of FPI-6. Therefore, the FPI-6 was a
valid clinical tool that could be used to assess foot posture in people with LBP.

Regarding inter-rater reliability, the ICC value of FPI-6 total score was 0.97 and greater than 0.75. Such
high ICC value indicated that the inter-rater reliability of FPI-6 in the evaluation of foot posture in people
with LBP was excellent. The absence of data on inter-rater reliability of FPI-6 in LBP patients precluded
comparison with standard data of this population. Nevertheless, a study examining the inter-
rater reliability of FPI-6 in healthy participants with no symptoms reported that the ICC value of FPI-6 total
score was 0.81 (greater than 0.75 but lower than our study). It might be affected by large variations
between participants and familiarity with the FPI-6. As this study mentioned, it was their foray with the
FPI for raters 32. In addition, all six items showed excellent inter-rater reliability (ICC > 0.75). The ICC
values (0.80 to 0.90) were higher than those in a previous study 17. The first reason might be related to
the familiarity with the FPI-6 for raters. The raters in our study completed 40 measurement of FPI-6 before
making formal measurement and the data collected was not used, while the raters in previous study had
no previous knowledge of this clinical tool. The second reason might be explained by the time
interval. The participants in our study were firstly assessed by one rater (J Y), then remained in their
positions and were assessed by another rater. While the participants in previous study were assessed at
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different occasions with 1 hour interval. Nevertheless, the ICC value of item 2 was the lowest and its inter-
rater reliability was a bit lower compared with the other five items. The result was in accordance with a
published study 34, this indicated that the raters had difficulty in assessing the curves above and below
the lateral malleolus and this item may require more training time to distinguish the subtle differences.

In terms of test-retest reliability, the ICC value of FPI-6 total score was 0.95 and all six items ranged
between 0.80 to 0.90. These results demonstrated that the test-retest reliability of FPI-6 in the evaluation
of foot posture in participants with LBP was excellent. These results were similar to a previous study
where the ICC value of FPI-6 total score was 0.985 21. Notably, the rater in this previous study had
experience using the FPI-6 to rate 20 feet and the ICC value for the last 20 feet (ICC = 0.753) examined
was higher than the first 20 feet (ICC = 0.985). As mentioned in the previous study, there was an
experience or learning effect in administering the FPI-6. Therefore, they recommended that clinical raters
have experience using FPI-6 to assess at least 20 feet before using their values for further analysis in
order to minimize the inter-rater error. However, another study reported that the ICC value of FPI-6 total-
score was 0.69 and test-retest reliability of six items varied from fair to good 35. Obviously, these results
were poor than those in our study. These different findings might be explained by the higher level of
experience of the raters in our study. Additionally, the healthy participants (most of them were female)
included in that study might also contributed to the different results. Furthermore, studies 35,36

demonstrated not reliable to moderate retest reliability for older people. The lower reliability for older
people may be related to the difficulty in visualizing bony structures. For young children, there is evidence
that its inter-rater and test-retest reliably were lower than older children and adults.

SEM and MDC values were used to assess the absolute reliability, which were calculated as SEM =
standard deviation×1-ICC and MDC = 1.96×SEM×2 25. The larger of ICC values, the smaller the SEM
value, while the higher of SEM value, the larger of MDC value. A smaller SEM value suggested a better
absolute reliability and MDC value represented the minimal amounts of changes need to be considered
as a real change and exceed the random errors 37. The SEM value of FPI-6 total score for inter-rater and
test-retest was 0.17 and the MDC value of FPI-6 total score for inter-rater and test-retest was 0.47.
Additionally, the SEM value of all six items for inter-rater and test-retest ranged from 0.03 to 0.05 and the
MDC of all six items for inter-rater and test-retest ranged from 0.08 to 0.14. These results indicated that
the inter-rater and test-retest agreement of the FPI-6 in the evaluation of foot posture in participants with
LBP was excellent. The finding was similar to a published study where the results showed excellent inter-
rater and test-retest agreement of the FPI-6 in the evaluation of foot posture in healthy adults 17.

The Bland–Altman plots were used to identify degree of agreement for FPI-6. The plots showed that there
was no significant systematic bias for the agreement of FPI-6. The mean difference of FPI-6 total
score for inter-rater and test-retest was 0.10 and 0.03, with the lower and upper limits of -1.09 to 1.29 and
-1.33 to 1.39, respectively. There was little systematic bias of the FPI-6 and the agreement for inter-rater
and test-retest was excellent. Studies on the reliability of FPI-6 rarely conducted Bland–Altman analyses,
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which precludes comparison with published studies. Nevertheless, there is evidence that 38 the mean
difference < 1 represented no systematic bias.

In terms of the validity, the results indicated the good validity of the FPI-6 in the evaluation of LBP. First
the EFA was conducted indicating the adequacy of the construct of FPI-6 in our sample. The factor
analysis suggested that the fit indices were considered acceptable according to the KMO value (KMO =
0.62) and Bartlett's sphericity test (P < 0.01). Two factors were retained based on the principal component
analysis and the varimax rotation scheme. Factor loading aimed to demonstrate that how each item
contributed the factor formation. The results showed that factor 1 was composed by items 1, 2, 4 and 6;
factor 2 by items 3 and 5. In addition, the Spearman’s correlation coefficient was applied to identify the
correlation between each item and total score of FPI-6 to complement the factor analysis 30. The results
showed that there was a statistically significant positive correlation between each item and total score of
FPI-6. The Spearman’s correlation coefficient of six items in our study were all > 0.3 (P value <
0.01). These results were close to a published study where showed the good construct validity of FPI-6
in healthy participants or neuromuscular disease sample 15.

Sixty limbs of 30 participants were assessed at three different times. There was no difference in
classification of feet postures for inter-rater and test-retest (a chi-square test P-value = 0.874). When
analyzing a total of 60 limbs, only 4 posture classifications changed for the inter-rater and test-retest. The
result indicated the reproducibility of the FPI-6 clinically, which was close to a published study 17. In their
study, of a total of 252 limbs, only 11 and 12 posture classifications changed, respectively, for the inter-
rater and test-retest. In addition, most of the feet were classified as pronated or highly pronated,
which was in accordance with previous studies. foot pronation may cause changes of lower limb
biomechanics during walking, which in turn may lead to normal postural changes of pelvis and lumbar
vertebrae, finally contributing to LBP 13. Different types of foot orthoses were used to prevent or treat LBP.
This treatment could improve symptoms of LBP through altering abnormal foot posture and influence
kinematic posture of lower limb and pelvis 39. The application of FPI-6 is helpful to understand foot types
in patients with LBP, so that appropriate foot orthoses could be used according to the different foot
types 10.

 

Limitations

Some limitations of this study should be considered. The volunteers recruited were limited (n = 30),
although it reached the minimum numbers of participants required in reliability studies (n = 16).
Moreover, although the results showed excellent inter-rater, test-retest reliability and good validity of the
FPI-6, all volunteers were recruited from one city (Guangzhou). Thus, Large-scale clinical studies are
hence desirable to be conducted in different cities in China. An additional limitation of this study was
inadequate refinement of FPI-6 categories. Owing to the nature of the FPI-6 (each of the six criteria has
only five possible scores for all foot types), foot types that are not extreme may have less easily
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categorized characteristics, making selection of the appropriate criterion score less accurate. Therefore,
further refinement of the definitions of FPI-6 criterion scores may improve the reliability and validity. 

Conclusion
The inter-rater and test-retest reliability and validity of FPI-6 on people with LBP were proved reliable. It
might be considered a reliable and valid adjunctive tool to detect possible changes of foot posture after
interventions in patients with LBP.
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Figure 1

Bland–Altman plots of FPI-6 total score for inter-rater (A) and test-retest (B)

Figure 2

The Screen plot of FPI-6


