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Research Paper: Comparing Three Footprint Grades 
to Evaluate Footprint Indexes for Flat Foot Diagnosis

Purpose: The present study investigated the most appropriate footprint index and its related 
parameters for the diagnosis of flatfoot, especially in cases with mild deformity.

Methods: In total, 148 footprints were recorded from 77 young women with flatfoot. Footprints 
were classified into three groups of mild, moderate, and sever. Footprint indexes included Sztriter-
Godunov (KY), Clarke’s Angle (CA), Chippaux-Smirak Index (CSI), and Staheli (ST) indexes. 
The mentioned indexes and their relevant parameters were calculated on the footprints in the 
aforementioned groups. Exploratory factor analysis was used to identify proper components for 
the diagnosis of flatfoot. By multivariate analysis of variance, between-group differences were 
assessed. A Chi-squared test was used to identify the most accurate index for the diagnosis of 
mild flatfoot. 

Results: Exploratory factor analysis based on the parameters of footprint indexes identified three 
essential components. Two identified components were based on the 6 parameters of CSI, KY, 
and ST indexes in moderate and sever footprints. The third component was related to footprints 
with mild grading and was composed of three extracted parameters from midfoot region. 
Moreover, the linear combination of the three last parameters suggested a significant difference 
between three groups (P<0.01). Eventually, KY index could identify the highest number of 
flatfoots in the mild group (P=0.000). 

Conclusion: Study findings revealed that indexes in which parameters were extracted from 
midfoot region could be suitable for the diagnosis of mild flatfoot. KY index’s parameters were 
extracted from midfoot. Considering that KY could identify several remarkable mild flatfoots in 
comparison with other indexes, we can introduce it as a proper index.
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1. Introduction

lat Foot (FF) is a nebulous mixture of ana-
tomical variations as well as a small core 
of pathological conditions [1, 2]. Due to 
the nature of this deformity, there is no ac-
cepted universal description for it [2, 3]. 
FF deformity is clinically defined as any 

condition of the foot in which the Medial Longitudinal 
Arch (MLA) of foot is decreased or lost [4]. The logic 
behind such definition is that in all people with FF, MLA 
is changed as an anatomical structure [4-6].

There are indirect and direct methods for FF evaluation. 
Indirect methods include the ink or digital footprints. 
Direct methods consist of somatometric measurements, 
clinical assessments, and radiographic evaluations [7]. 
A footprint is among the most popular and widely used 
methods of assessing MLA. This method has been used 
in both research and clinical settings due to its inexpen-
siveness, simplicity, and time-saving properties [8]. Vari-
ous footprint-based analyses for foot arch assessment 
have been developed in previous studies [9, 10]. Differ-
ent analyses have resulted in the presentation of various 
indexes. Various indexes have left clinicians, and re-
searchers confounded to no conclusive evidence to rec-
ognize the most practical footprint index in determining 
the foot arches [9]. As a result, they simultaneously used 
several indexes in most research studies on footprint for 
evaluating FF [11-13]. Therefore, part of investigations 
in the field of flat foot relates to selecting a proper index 
for using in footprint method [9, 14-18].

Chen et al. [18] compared values obtained from three 
indexes of Clarke’s Angle (CA) index, Chippaux-
Smirak Index (CSI), and Staheli (ST) index, and Arch 
index. They revealed that the CSI had an anticipating 
probability of ˃90% and suggested it for FF screening 
in preschool-aged children. Pita-Fernández et al. [16] 
argued that between three indexes mentioned above, 
the CA is authentic for FF diagnosis in adults. Shariff 
et al. [9] compared 5 indexes (CA index, CSI, ST in-
dex, Arch index, and the Harris-imprint index). They 
concluded that Harris-imprint index was appropriate 
for specifying the left and right foot arches in adult 
women. Gonzalez et al. [17] compared CA and CSI and 
expressed that CA has limited sensitivity in diagnosing 
FF, using the CSI as a reference. Their results were con-
tradictory and failed to select the proper index. Thus, 
this topic is still under investigation [19].

A careful look at the nature of footprint and its index-
es may majorly help to solve the problem. In footprint 
method, any changes in the shape and orientation of 
structural components of the foot would be reflected in 
the imprint [10]. Therefore, two factors may distinguish 
the footprint-based indexes. The first one is regions and 
their relevant parameters, which have been considered 
in footprint indexes. The parameter indicates a mea-
sured factor on the specific region of contact area of foot 
plantar (i.e. forefoot, midfoot, and rearfoot), which is 
reflected on footprint. The matter that which region of 
foot plantar is reflected on footprint, and the extent of 
this reflection depends on the severity of deformity [9]. 
The less the deformity, the less the regions of plantar foot 
will be, which are contacted with ground. When MLA is 
gradually decreased, this contact is increased, and con-
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● KY index is appropriate for the diagnosis of flatfoot.

● A proper footprint index for the diagnosis of flatfoot is the one that can detect mild flatfoot.

● Parameters that are extracted from the midfoot region are proper for the diagnosis of flatfoot.

Plain Language Summary 

In flatfoot deformity, the height of the longitudinal arch decreases or completely disappears. There are different 
methods for flatfoot diagnosis. A method for registering imprint of foot plantar which is known as footprint is inva-
sive, simple, and convenient. There are various indexes that by calculating them, we can quantify foot morphology 
and diagnose the presence of flatfoot. There is no consensus concerning best existing index, and some researchers are 
looking for the most proper index. The present study results revealed that Sztriter-Godunov (KY) index is appropriate 
for the diagnosis of flatfoot.
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sequently, the shape of foot plantar changes in imprint. 
This can be the reason for different imprints obtained 
from individuals with flat foot [20, 21]. The second fac-
tor which distinguishes footprint-based indexes is the 
calculation method used in each index. The calculation 
methods can be based on obtained values from the ratio 
of two areas, ratio of two lines, or angle between two 
lines or other items [9].

Considering the above-mentioned points, the accurate 
index requires the following specifications: parameters 
applied in it should be based on regions in the foot which 
have been more affected by MLA height, and it should 
also apply more accurate calculations. Such index may 
be sensitive to the minimum decrease in the height of 
MLA. Studying plan and methodology used in previous 
research studies (as mentioned above) somewhat proves 
this issue. The researchers were seeking for an index 
sensitive to decrease the height of MLA among footprint 
indexes. Shariff et al. revealed in obese individuals in 
which the height of MLA decreases, the most sensitive 
index is the one which can demonstrate the difference 
of foot arches between left and right feet [9]. Accord-
ing to Gonzalez et al. [17], the most appropriate index is 
the one which its discordance with a reference index de-
creases as the Body Mass Index (BMI) values increase. 
Onodera et al. [15] concluded that the best index is the 
one that can detect deformity during growth (3-10 years 
of age) when FF gradually disappears. 

Therefore, the previous researchers were aware that the 
most appropriate index is the one that is sensitive to min-
imum decrease in the height of MLA. However, some 
points are remarkable about variables in these studies. 
These studies indirectly measured the effect of indepen-
dent variables on dependent variables. Indirectly mea-
suring the effect of independent variable means that in-
stead of grading MLA height, variables, such as obesity, 
BMI, and growth were evaluated. These are samples of 
related factors to FF deformity [15, 21]. MLA height de-
creases by increased obesity and BMI [21]. In addition, 
the studied dependent variables only included the quo-
tient of calculations used in selected footprint indexes. 

However, the present study aimed to increase the in-
tensity of the independent variable effect on dependent 
variable. Footprints obtained from individuals with FF 
abnormality were graded in three grades of mild, moder-
ate, and sever. Moreover, more diverse dependent vari-
ables which featured the nature of footprint index were 
investigated in the present study.

Considering the accurate index can detect the minimum 
decrease in MLA. Thus, we determined which index and 
parameters are suitable to detect mild FF. Moreover, we 
investigated whether the identified index and parameters 
could accurately diagnose mild FF. 

2. Materils and Methods

To select the study samples, female students from Al-
zahra University who were a volunteer to participate in 
the study were screened for FF deformity through clini-
cal assessment and footprint methods. In total, 148 feet 
(77 individuals) were selected as study samples. More-
over, some subjects had unilateral FF [8]. 

Inclusion criteria were the age of 18-25 years, having 
healthy BMI score [9], and no neuromuscular diseases. 
The study subjects were screened for FF in 2 stages. The 
first stage of the screening protocol involved clinical as-
sessment. At clinical diagnosis of FF, the subjects were 
assessed at standing position. If one of the symptoms of 
decrease or disappearance of MLA, plantar-medial bor-
der convex, or hindfoot valgus was observed in foot, the 
subject entered the second stage of screening [22]. In-
dividuals lacking the above-mentioned symptoms were 
excluded from the study. Other exclusion criteria were 
a history of foot or ankle surgery and a limb length dis-
crepancy of ˃2 cm.

The second FF screening included the footprint test. To 
imprint plantar foot by footprint method, a hard surface 
saturated with ink and a white paper were used. Foot-
prints acquisition was performed in the bipedal position 
with bilateral weight-bearing [15]. The ink print qual-
ity of the lateral foot contour ensured that the collected 
data were accurate. In case ink print quality was inap-
propriate, footprint test was repeated. After the plantar 
prints, foot arching parameters were determined based 
on 4 footprint indexes, including Sztriter-Godunov, CA, 
CSI, and ST. If at least one of the 4 above-mentioned 
indexes confirmed FF in the studied individuals in the 
previous stage (i.e. clinical assessment, the imprint of 
individual foot was entered into study as a proper item 
and was statistically analyzed; otherwise the individual 
was excluded from study). Therefore, another exclusion 
criterion was the lack of confirmation for FF by one of 
the 4 footprint indexes. 

Footprint indexes and their associated parameters were 
calculated as follows: 

Sztriter-Godunov index (KY): KY index is comprised 
of two parameters and represents the ratio of the length 
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of AB line to AC. AC is a line plumbed from the center 
of MLA to the medial border of foot [12]. AB line is 
defined as the distance from the center of MLA to the 
medial border of foot on the AC line (Figure 1). Based 
on this index, FF is present if the calculated number is 
˃0.46 [19]. 

Clarke’s Angle (CA) index: CA index is measured by 
estimating the angle of a first medial tangential line that 
joins the medial edges of the first metatarsal head and 
the heel, and a second line that joins the first metatar-
sal head and the top of MLA concavity [18] (Figure 
1). Based on this index, FF is present if the calculated 
number is <41º [19].

Chippaux-Smirak Index (CSI): CSI has two param-
eters and is specified as the ratio of line A to line B. Line 
A is a parallel line to B at the narrowest point on the foot 
arch. Line B is specified as the maximum width at the 
metatarsals [18] (Figure 1). Based on CSI, if the calcu-
lated number is <45, the individual has FF [23].

Staheli (ST) index: ST index includes two parameters 
and is the ratio between lines A and B. It denotes the 
minimum width of the midfoot and the maximum width 
of the hindfoot, respectively [24] (Figure 1). If the calcu-
lated number is ˃0.8, the individual has FF [25]. 

To quantitatively classify the grade of flatness of the 
arch in foot imprints, the ratio of the height of the MLA 
(x) to the width of the foot (y) along the line A was cal-
culated. A perpendicular line (A) was drawn from the 
medial border of the foot (B) through the highest point 
of the MLA [26]. 

If x was 14 up to 12 y, the footprint was graded as mild. If 
x was less than 14 y to the extreme that does not become 
zero, the footprint was graded as moderate. Finally, if the 
hollow region was 0 or the medial edge of foot turned 
convex, the footprint was graded as severe [1] (Figure 2). 
SPSS was used for statistical analysis. To investigate the 
internal consistency of measurements, Cronbach’s alpha 
coefficient was calculated. Exploratory factor analysis 
was used to identify proper components for the diagno-

 a b c d 

Figure 1. Footprint indexes and their relevant parameters 
a: Sztriter-Godunov index (KY); b: Clarke’s angle index (CA); c: Chippaux-Smirak index (CSI); d: Staheli index (SI).

 a b c c 

Figure 2. Method of grading footprints 
a: Mild; b: Moderate; c: Severe.
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sis of FF. By Multivariate Analysis of Variance (MANO-
VA), between-group differences were assessed. A Chi-
squared test was used to identify the most accurate index 
for the diagnosis of mild FF. The significance level was 
set at P<0.05 for all statistical analyses.

3. Results

The number of subjects in each group, their height, 
weight, and BMI scores are presented in Table 1. 

Bartlett’s test of sphericity and the Kaiser-Meyer-
Olkin (KMO) measure of sampling adequacy were ap-
plied (Table 2). As per Table 2, the value of KMO was 
˃0.6. Therefore, the sample volume for exploratory fac-
tor analysis was sufficient. The value of Bartlett’s test 
of sphericity was also significant for the obtained data 
(P=0.000); therefore, we could use correlation analysis.

The internal consistency of footprint indexes of all 
data was obtained using Cronbach’s alpha coefficient. 

The relevant data revealed an error in the calculations of 
the CA index. The value of Cronbach’s alpha coefficient 
considering 4 footprint indexes was equal to 0.12; how-
ever, by omitting values relevant to CA index, the values 
of this coefficient increased to 0.77. Therefore, CA index 
was omitted, and its relevant values were not considered 
in further analysis (i.e. exploratory factor analysis, and 
multivariate analysis). 

Data relevant to 6 parameters of the three indexes, 
i.e. CSI, KY, and ST, were analyzed through explor-
atory factor analysis. Results relevant to total variance 
are presented in Table 3. Such data revealed that the 
present study had identified 4 components based on the 
parameters of three measured indexes (CSI, KY, and 
ST), which explains 81% of the total parameters. Fur-
thermore, the fourth parameter may not be formed due 
to its small value and it’s explained variance (9.56%). 
The Rotated Component Matrix (RCM) analysis re-
sults (Table 4) confirms this matter. As per Table 4, the 
fourth component is composed of 2 items; 2 items may 

Table 1. Number of subjects in each group and their characteristics

Mean±SD
Number of the Foot 

(n)Number of Subjects (n)Footprint Grading
BM (kg/m2) Height (cm)Body Mass (kg)

22.2±3.4162.33±4.5158.72±10.374825Mild

23.85±3.4165.24±5.365.26±10.486433Moderate

24.71±4.45166.78±5.4768.76±10.463619Severe

Table 2. KMO and Bartlett’s test

KMO Measure of Sampling Adequacy 0.682

Bartlett’s Test of Sphericity 

Approx. Chi-Squared 760.94

df 153

Sig. 0.000

Table 3. Total variance explained

Rotation Sums of Squared Loadings
Component

Cumulative (%)Variance (% )Total

27.4327.434.941

51.7324.34.372

70.6918.953.413

80.659.561.84
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not be the identifier of one component. Thus, only three 
components are formed based on the parameters of se-
lected indexes. 

Table 4 indicates that the first component, which in-
cludes items 1 to 6 is the identifier of parameters of CSI, 
KY, and ST indexes in footprints, which are graded as 
severe. Moreover, the least factor loading related to each 
of these parameters in this component was ˃0.8. The 
second component includes items 7 to 12. These items 
are the identifier of parameters of CSI, KY, and ST in-
dexes in footprints, which are graded as moderate. The 
least factor loading related to each of these parameters in 
this component was ˃0.75. Finally, the last component 
included 5 items. Items 13-17 in the third component 
were the identifiers of parameters of CSI, KY, and ST 

indexes in footprints, which were graded as mild. The 
maximum factor loading in the third component was 0.9; 
therefore, two parameters of 16 and 17 can be omitted 
from this component. 

MANCOVA results revealed that the linear combina-
tion of parameters of CSI, KY, and ST indexes with grade 
mild differs between the three study groups. Consider-
ing MANCOVA results and Roy’s most significant root 
difference between groups (F=115.97, df= 6 and 141) 
was significant (P<0.01). Such information represents 
that the independent variable of the present study (i.e. 
grading footprints into 3 classifications of mild, moder-
ate, and severe) was effective on this linear combination 
(Table 5) for up to 83.1%. Among parameters presented 
in Table 5, adjusted R-squared of three parameters of A-

Table 4. Rotated component matrix

FactorsVariables

4321Parameter Length (cm)Footprint IndexGrade

0.95AB-lineKY

Severe

0.95AC-lineKY

0.89A-lineCSI

0.88B-lineCSI

0.83B-lineST

0.82A-lineST

0.89AC-lineKY

Moderate

0.86AB- lineKY

0.84A-lineST

0.83A- lineCSI

0.82B- lineCSI

0.75B- lineST

0.91AB- lineKY

Mild

0.9A- lineST

0.9A- lineCSI

0.66B- lineST

0.860.32AC- lineKY

0.85B-lineCST

Table 5. Adjusted R-squared relevant to parameters at footprints with grading mild

Adjusted R-SquaredParameter Length (cm)Footprint Index

0.7A-lineCSI

0.14B-lineCSI

0.76AB-lineKY

0.13AC-lineKY

0.69A-lineST

0.22B-lineST
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line in CSI index, AB-line in KY index, and A-line in ST 
index were 0.7, 0.76 and 0.69, respectively. Those were 
more important than the other parameters. 

The number of flatfoots which their flatness was con-
firmed or rejected by each index of ST, KY, and CSI is 
presented in Table 6. It is unclear which index has been 
able to carefully indicate the flatness of foot, especially 
in the mild group. This matter was investigated using 
Chi-squared test. Table 7 demonstrates that KY and ST 
indexes are significant with Chi-squared values equal 
to 44.08 and 8.33, respectively. However, Chi-square 
value related to KY was higher than ST, and KY index 
was more accurate than ST index in the diagnosis of FF. 
Therefore, despite the significance of ST, KY index is 
considered as a more proper index for FF diagnosis. 

4. Discussion

The present study investigated which footprint index and 
its relevant parameters were more appropriate for the di-
agnosis of FF, especially in cases of mild deformity. 

The obtained results revealed that in calculations of the 
CA index, there was measurement errors. Exploratory 
factor analysis based on the parameters of footprint in-
dexes identified three critical components. Two identi-
fied components were based on the 6 parameters of CSI, 
KY, and ST indexes in moderate and severe footprints. 
The third component was related to footprints with mild 
grading and was composed of three extracted parameters 
from midfoot region. One important finding was that the 
linear combination of the three last parameters indicated 
significant differences between three groups. The last 
finding was that KY index could identify the highest 
number of flatfoots in the mild group. 

As stated above, there was an error in the calculations 
of the CA index. Therefore, among calculations con-
ducted in 4 selected indexes, the calculations of CA in-
dex had less reliability compared to other three indexes. 
CA is an index which its calculation is based on de-
termining angle and is entirely different from other in-
dexes. Calculation error could be due to the line which 
is drawn from the first metatarsal head to the top of the 
MLA concavity, i.e. the distal point of MLA. The im-
portant matter about the top of MLA concavity is that 
as the arch drop increases, the top of the MLA concav-
ity disappears. Therefore, this point is not apparent in 
some footprints. This issue can be observed in Figure 2. 
Previous researchers exploring the selection of proper 
index to evaluate FF also concluded that the CA index 
was inappropriate [9, 17, 18]. 

Analysis of three remaining indexes, CSI, KY, and 
ST, and their parameters revealed that all 6 parameters 
(all three indexes, accordingly) were appropriate for 
the diagnosis of FF at severe and moderate gradings. 
However, it is unclear which parameters and index are 
proper for the diagnosis of mild FF. The present study 
suggested that among 6 parameters studied, 3 that were 
extracted from midfoot region were appropriate for the 
diagnosis of mild FF. Studying the anatomical structure 
of MLA in this regard can confirm this finding. MLA 
is composed of the bones of calcaneus, talus, navicular, 
the three cuneiforms, and first three metatarsals. Gwani 
et al. reported that navicular height decreases when the 
height of MLA decreases [27]. The summit of MLA is 
talocalcaneonavicular joint [28]. This joint is located at 
midfoot; midfoot is a region sensitive to minimum de-
crease in MLA. Thus, indexes which their parameters 
are extracted from this region can be appropriate for flat 
foot diagnosis. Among studied footprint indexes in the 

Table 6. Number of flatfoots which their flatness was confirmed or rejected by the three indexes

STKYCSI
Number of Foot (n)Grade

FlatNormalFlatNormalFlatNormal

36036036036Severe

62263164064Moderate

1434471232548Mild

Table 7. Results of the Chi-squared test

STKYCSITest

8.3344.080.08Chi-Squared

111df

0.0040.0000.77P
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present study, KY index’s both parameters were extract-
ed from midfoot. Therefore, KY can be a proper index 
for the diagnosis of mild FF. KY index was the only in-
dex that could detect 47 footprint indexes out of 48 with 
mild grading as FF. Scrutinized evaluation of the results 
of Sharrif et al. study [9] indicated that a proper index’s 
parameters are extracted from midfoot. Because they ar-
gued that among CA index, CSI, ST index, Arch index, 
and the Harris-imprint index, Harris-imprint index was 
appropriate in determining the left and right foot arches. 
The remarkable point is that Harris-imprint’s two param-
eters are extracted from midfoot. 

Consequently, the present study findings revealed that the 
proper footprint index for the diagnosis of FF is the one 
that can detect minimum decrease of MLA (i.e. mild de-
formity). Because when the height of arch is moderate or 
when it is completely low, all indexes identify flatness in 
foot. Moreover, indexes which parameters are extracted 
from midfoot region can be proper for the diagnosis of mild 
FF. KY index’s both parameters are extracted from midfoot, 
and given that KY could identify several remarkable mild 
flatfoots in comparison with other indexes, we can intro-
duce it as a proper index. To confirm the study results, it is 
necessary to identify individuals with mild flat feet through 
a gold standard method; then, analyze their footprints using 
KY method. One of the limitations of the present study was 
the failure to use a gold standard method to confirm the KY 
index as the most appropriate index in the diagnosis of mild 
flat foot deformity.

Study findings revealed that indexes which their related 
parameters were extracted from the midfoot region could 
be suitable for the diagnosis of mild flatfoot. KY index’s 
parameters were extracted from midfoot. Considering 
that KY could identify several remarkable mild flatfoots 
in comparison with other indexes, we can introduce it as 
a proper index.
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