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BACKGROUND: A flatfoot is the most common condition in the practice of a pediatric orthopedist. A flatfoot is primarily
diagnosed based on the assessment of the degree of the foot flattening. Along with clinical examination, footprint analysis is
often used in practice due to the safety of this study and convenience and ease of implementation.

AIM: This study aimed to determine how much footprints can correlate with the clinical assessment of flatfoot in children
and which footprint indices are the most valuable in flatfoot assessment.

MATERIALS AND METHODS: The study included the survey results of 76 children aged 7-15 years of the St. Petershurg
49th school “School of Health” for 2021-2022. In this study, anthropometric data, clinical parameters (value of the heel val-
gus, arch angle, and Friedland index) and footprint indices and angles (Schwartz and Clarke angle, Chippaux—Smirak index,
Staheli index, Cavanagh and Rodgers index, and Irwin index) were analyzed. In the study, the average values were calculated,
and correlation and regression analyses were performed.

RESULTS: The footprint parameters did not have moderate and strong correlations with clinical parameters. Footprint
parameters that assessed the area of the barefoot zone on the footprints (Irwin index and Cavanagh and Rodgers index)
showed statistically significant moderate and strong correlations among plantographic parameters. Among linear and angular
footprint parameters, the Chippaux—Smirak index showed statistically significant moderate and strong correlations.

CONCLUSIONS: The footprint criteria weakly correlated with the foot shape criteria in a clinical assessment, which does
not allow us to interpolate the footprint's data to the clinical evaluation data of the foot. The Cavanagh and Rodgers index,
Irwin index, and Chippaux—Smirak index had statistically significant moderate and strong correlations with other indices,
which makes them more valuable in the assessment of feet according to the footprint analysis.

Keywords: flatfoot; flatfeet; footprints; footprint analysis; clinical and radiological parameters of the feet; flatfoot assess-
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Mnantorpadma B guarHocTMKe NAOCKOCTONMUA Y AeTeM
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! HauoHanbHblit MeANLIMHCKIA UCCeNOBATENbCKUA LEHTP AETCKOM TpaBMaTonorum 1 optoneaun uM. LU, TypHepa, CaHkT-Tetepbypr, Poccus;
2 MypMaHCKMi 0611aCTHON KIIMHUYECKIIA MHOTONPOQWUIbHBINA LieHTp, MypMaHck, Poccus;
% lkona-wnTepHat N 49 MeTpoagopuoBoro paitoHa CankT-MeTepbypra «LUKona 3nopoBba», CankT-MNeTepbypr, Poccusa

0O6ocHoeaHue. TnockocTonme — Hauboslee YacTo BCTPeYaloLLeecs COCTONHME B NPaKTUKe feTcKoro opToneda. Mpu ava-
FHOCTWKe NJI0CKOCTONWSA OLIEHMBALOT CTeNeHb YMIOLLEHUS CToMbI. Hapsaay ¢ KIMHMYECKUM 0CMOTPOM B NMPaKTUKe YacTo UCMosb-
3yloT nnaHTorpaduio BBUAY 6e3BpeAHOCTM 3TOr0 UCCNe0BaHNSA, a TakKe Yo6CcTBa U NPOCTOTLI BbIMOIHEHNS.

Lles, — onpenenuTb, HACKONBKO AaHHbIE NAAHTOrpaui MOTYT COOTHOCUTLCS C KITMHUYECKUMM AaHHBIMU NPU AWUarHOCTU-
Ke NJI0CKOCTONMA Y [eTel U Kakue nnaHTorpadguyeckme MHAEKCH Hanbonee LeHHbI 1S YCTAHOBEHUS MIOCKOCTONMS.

Mamepuaner u Memodel. B vccnepoBaHue Bownu pe3ynbTathl 06cneaoBaHus 76 peteir B Bospacte ot 7 fo 15 net
IB60Y wrona-untepHat N2 49 MeTpoaBopuoBoro panoHa CaHKT-leTepbypra «LLkona 3poposbs» 3a 2021-2022 rr. B HacTos-
e pabote aHanM3MPOBaNM aHTPOMOMETPUYECKUE AaHHbIE, KIIMHUYECKME NapaMeTphl (BeMUMHA Banbryca 3afHero oTaena,
yroa npofonbHoro ceoga, MHaekc ®OpuanaHaa) u nnaHTorpaduyeckue uHaekcsl U ymbl (yron Schwartz u Clarke, uHaekchl
Chippaux-Smirak, Staheli, Cavanagh u Rodgers, Irwin). PaccuutbiBanu cpegHue BeNUYMHBI, ONPEAENsiU KOpPPENsLMOHHbIE
CBA3W MEX[Y M3Y4aeMbIMK NapamMeTpaMK, a TakKe BbIMONHANM PEFPECCUOHHBINA aHanN3.

Pesynemamel. 0ns vccnepyeMblx NiaHTorpadmMyeckux napaMeTpoB He YCTAHOBMEHO YMEPEHHBIX U CUIbHBIX KOppens-
LMOHHBIX CBA3EW C KIIMHWYECKUMK napaMeTpamu. Haubornbluee KOAMYECTBO CTAaTUCTMHECKM 3HAYMMBIX YMEPEHHBIX U CUMlb-
HbIX KOPPENALUMOHHBIX CBA3EN MeXAY APYrMMM nnaHTorpadnyeckuMi napamMeTpamu BbISBIEHO 1S MHAEKCOB, YUUTbIBal0-
LUMX MNIOLLAAb 30HbI aHEMUM Ha NaHTOrpaMMe K MOLLaam oTrnevaTka cronbl (MHaeke Irwin u nipekc Cavanagh u Rodgers).
N3 nnaHTorpaduyeckux nokasatenen, XapaKTepU3yOLLMX JIMHENHBIE W YINOBbIE BENIMYMHBI, HAaUbONbLLEE KONMYECTBO CTaTU-
CTMYECKM 3HAYUMBIX YMEPEHHBIX M CUMbHBIX KOPPENALMOHHBIX CBA3el uMen uHaeke Chippaux—Smirak.

3aknoyenue. [Ins ocHOBHbIX MnaHTorpaguyeckux Kputepues hopMbl CTOMbI 0BHAPYKEHbI UL Cnabble KOppensALMOH-
Hble CBA3U C KPUTEPUSMMU, XapaKTepU3yoLLMMK GOpMY CTOMbI MPU KIIMHUYECKOM MCCIIEA0BaHWM, YTO He N03BONSET MHTEpPNOoM-
POBaTb AaHHble NiaHTorpadmm Ha AaHHble KIIMHUYECKOW oLeHKK hopMbl cTombl. U3 nccnepyembix nnaHTorpaguyeckux yrios
1 MHAEKCOB HanbombLUee KOMMYECTBO CTAaTUCTUYECKU 3HAUUMBIX YMEPEHHBIX U CUITbHBIX KOPPENALMOHHBIX CBA3EN C APYrUMM
MHAeKcamu umMenu uHaekcel Cavanagh v Rodgers, Irwin, a Takoke uHaekc Chippaux—Smirak, uto fenaet ux bonee nonesHbIMm
npu oLeHKe GopMbl CTOMbI MO NAaHTOrpaMMe.

KnioueBble cnoBa: nnockoctonue; I'IJ'IaHTOFpaCI)VIFI; K/IMHUKO-PEHTreHoI0rnyecKkmne napaMeTpbl CTon; AMarHOCTUKAa MJI0CKO-
cronus.
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BACKGROUND

Platypodia is one of the most common conditions
that orthopedists often face in everyday practice. Despite
the wide coverage of this condition in the literature, many
questions remain in the diagnosis of platypodia [1]. Most as-
sessment systems for platypodia, such as clinical pedom-
etry, determination of the foot shape/position index (FPI),
assessment of tarsal joint mobility, biomechanical analy-
sis of gait, consider both the foot shape and functional
state [1, 2]. Traditionally, the initial stage of diagnostics is
the identification of a flattened foot arch based on clinical
examination and radiography. In addition to clinical and ra-
diological examinations, plantography is significant in the di-
agnosis of platypodia in children [2]. The plantographic study
allows for the indirect assessment only of the degree of
flattening of the foot arch based on the analysis of the plan-
tar imprint, without providing information on the degree of
foot mobility and deformity genesis [3, 4. Moreover, this
method is in demand because of the simplicity of obtaining
a plantographic imprint and its safety [5]. The possibility of
a non-invasive objective assessment of the severity of foot
flattening using plantography indicates its widespread use in
cohort and population studies.

This study aimed to determine how plantography data
can correlate with clinical data in diagnosing platypodia in
pediatric patients and which plantographic indices are most
valuable for establishing platypodia.

MATERIALS AND METHODS

The study analyzed examination results of pediatric
patients from the Boarding School No. 49 of the Petrodvorets
district of St. Petersburg “School of Health” for 2021-2022.
The study population included a probabilistic sample
obtained through simple random selection. Plantographic and
physical studies were performed. The examination results of
76 children aged 7-15 years, including 46 boys, and 30 girls,
were analyzed. Pediatric patients with neurological diseases
and severe orthopedic pathologies after surgical interventions
on the lower extremities were excluded from the study. Based
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on the methodology, no preliminary calculation of the sample
size was performed.

During the physical examination, the following anthropo-
metric data and measurements were collected:

+ Rearfoot valgus

+ Friedland index

+ Clinical angle of the arch of the foot (Dahle angle)
+ Body height and weight

The clinical assessment method of the foot shape is
presented in Fig. 1.

Rearfoot valgus was measured by plotting the angle
between the lines of the axes of the rearfoot and lower leg,
which intersected in the center of the Achilles tendon on
the line connecting the tops of the medial and lateral malleoli
(Fig. 1a).

The Dahle angle was plotted using three points, and
the location was determined by palpation of the foot,
namely, the center of the medial malleolus, tuberosity of
the navicular bone, and center of the head of the metatarsal
bone | (Fig. 1b) [5, 6].

The Friedland index was calculated as the ratio of
the foot height (vertical line connecting the top point
of the foot in the instep area and the point of the sup-
port surface) to the foot length (horizontal line connecting
the points of the front and rear edges of the foot),
H/L x 100% (Fig. 1c).

Plantography was performed on the DiaSled-M hardware
and software complex. Plantograms were analyzed using
five methods that most often used in clinical practice [7, 8].
Moreover, both the angular values and ratios of the lines
plotted according to plantograms and the area of the loaded
part of the plantar surface (anemia zones) were considered.
The schemes for calculating plantograms are presented in
Fig. 2.

The Schwartz and Clarke angles were plotted. Along
the medial edge of the footprint, two points were set
in the most medial parts of the forefoot and rearfoot,
and a tangent line was drawn along these points. Point 3
was placed at the top of the concave part of the footprint
in the anterior section; as a result, angle a was plotted
(Fig. 2a) [8].

Fig. 1. Method for assessing the foot shape, including measuring the rearfoot valgus (a), angle of the longitudinal arch of the foot (Dahle

angle) (b), and Friedland index (c)
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Fig. 2. Plantogram analysis techniques: a, Schwartz, and Clarke angle; b, Chippaux—Smirak index; ¢, Staheli index; d, Cavanagh, and

Rodgers index; e, Irwin index

The Chippaux—Smirak index was calculated by the ratio
of the anemia area width in the midfoot and forefoot,
B/A x 100%. The Staheli index was calculated by the ratio
of the width of the anemia area in the midfoot and rearfoot,
B/C x 100% (Fig. 2b, c) [8].

The Cavanagh and Rodgers index was equal to the ratio
of the area of the midfoot to the area of the entire footprint,
excluding toe imprints, SB/SA x SB x SC [8]. The Irwin
index was determined as the ratio of the area of the medial
unloaded edge of the foot to the area of the anemia site,
excluding footprints, SA/SB (Fig. 2d, e) [7].

Weasis v. 4.0.1 software package was used for graphical
image processing (angulometry and calculation of distances
and areas), and IBM SPSS Statistics version 26.0 (IBM Corp.,
Armonk, NY, USA) was used for statistical data processing.
The data obtained were processed using nonparametric
methods of statistical analysis, including descriptive and
correlation statistics [Clog,].

Descriptive statistics data of the studied parameters are
presented in Table 1.

Table 1. Descriptive statistics of the parameters analyzed

According to Table 1, the width of the interquartile range
for the studied attributes was not high, and for most param-
eters (except for the bodyweight, Irwin index, and rearfoot
valgus), the coefficient of variation did not exceed 33%,
which indicates sample homogeneity. However, an insignifi-
cant degree of data diffusion (coefficient of variation <10%)
was noted for the Friedland index and clinical angle of
the longitudinal arch, which indicates the patient homoge-
neity according to the main clinical criteria (degree of foot
flattening).

RESULTS

The results of the correlation analysis are presented in
Table 2.

As shown in Table 2, for the studied plantographic
parameters, no moderate, and strong correlations with
the clinical parameters analyzed were established. In ad-
dition to the expected strong correlations between age,
bodyweight, and height, the largest number of statistically

Parameter M (@, Q,) Coefficient of variation, % n
Age 8(9; 1) 23.4 152
Bodyweight 375 (31; 46) 33.9 152
Height 132 (140; 150) 10.4 152
Valgus of the rearfoot 11.85 (9.1; 14) 32.6 152
Dahle angle 142.95 (137.43; 148) 5.3 152
Friedland index 29 (26.9; 30.78) 8.6 152
Schwartz and Clarke angle 49 (43.13; 53) 24.7 152
Chippaux—Smirak index 36.8 (31.15; 41.83) 29.9 152
Staheli index 63.6 (53.33; 71.38) 30.8 152
Cavanagh and Rodgers index 24.05 (22.03; 25.59) 171 152
Irwin index 22.9 (19.35; 26.58) 36.8 152

Note: M (Q;; Q;), median (1st and 3rd quartiles); n, number of cases.
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Table 2. Correlation matrix of the studied parameters (Spearman coefficient)
< =K | 3 > 2 >
s | 2| 2| 8| B |Ex| 55|58 2 |BEx E
Parameters 2 g ;5:,’ T:“" p E )= %—, % %E E § -QE = é
5|5 | 523|58| 8 9% | ¢
Age 1 0.68 085 -0.00 -036 -044 -0.09 -0.07 -0.04 -0.02 -0.02
Weight 0.68 1 0.81 -0.03 -023 -035 0.04 0.15 0.22 022 -0.10
Height 0.85 0.81 1 -0.00 ' -032 -047 -0.001 -0.05 -0.01 -0.03 0.0
Valgus -0.00 -0.03 -0.00 1 -012 ' 025 -0.13 -005 -020 -0.01 -0.07
Dahle angle -036 -023 -032 -0.12 1 056 020 -022 -0.10 @ -0.27 0.25
Friedland index -044 -035 -047 -025 0.56 1 012 = -029 -0.16 @ -027 023
Schwartz and Clarke angle -0.09 004 -001 -013 0.20 0.12 1 -025 -022 -024 0.53
Chippaux—Smirak index -007 015 -005 -005 -022 -029 -0.25 1 0.86 0.89 -0.65
Staheli index -0.04 022 -001 -020 -0.10 -0.16 -0.22 0.86 1 0.81 -0.52
Cavanagh and Rodgers index ~ -0.02 022 -0.03 -0.001 -027 -027 -024 0.89 0.81 1 -0.66
Irwin index -0.02 -0.10 0.001 -0.07 025 0.23 053 -0.65 -052 -0.66 1
Note: Moderate and strong correlations are marked in bold. — correlation is significant at the level of 0.05 (two-tailed); —
correlation is significant at the level of 0.01 (two-tailed).
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Fig. 3. Graphs of regression models between plantographic indices with strong correlations
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significant moderate and strong correlations with other
plantographic parameters was revealed for indices that in-
cluded the anemia area on the plantogram to the footprint
area (Irwin index and Cavanagh and Rodgers index). In the
range of the plantographic indicators characterizing linear
and angular values, the Chippaux—Smirak index showed sta-
tistically significant moderate and strong correlations.

To determine the nature of strong correlations between
plantographic parameters, a regression analysis was per-
formed, and its graphs are presented in Fig. 3.

According to Fig. 3, the nature of the relationship between
the studied parameters approaches to the linear regres-
sion model (straight line on the graphs), and the graphs of
the quadratic regression model (dotted line on the graphs)
differ slightly from the linear one when paired with the Sta-
heli index (Fig. 3a, c). Moreover, for the pair of attributes
“Cavanagh and Rodgers index—Chippaux—Smirak index,”
the graph of the quadratic regression model coincides com-
pletely with the graph of the linear regression model, which
characterizes this relationship as linear. The range of devia-
tions of values from the graphs of the regression models for
attributes paired with the Staheli index (Fig. 3a, c) enables
these models to describe the relationship between the at-
tributes with a lesser degree of significance [the coefficient
of determination (R?) for pairs with the Staheli index did not
exceed 0.58]. In addition, for the values of paired indices
“Cavanagh and Rodgers index—Chippaux—Smirak index,” no
significant deviation from the regression model plot was
noted, which enables us to describe their mutual influence
with a high degree of significance (R? = 0.90).

DISCUSSION

Plantographic indices can be angulometric, linear, and
planar/area indices. Geometrically, angular indices are
the least accurate because the angle is constructed from
three points, which, in the case of an irregularly shaped
figure, does not always enable us to characterize accurately
its shape. Linear indices are more accurate than angulometric
indices; however, they also cannot always characterize
the area of the anemia site to the area of the entire footprint.
Planar indices revealed the maximum reliability because they
enable us to calculate accurately the loaded and unloaded
parts of the foot. Based on the data obtained, planar indices
(Cavanagh and Rodgers index and Irwin index) are the most
informative for diagnosing platypodia using plantography,
which help determine most accurately which part of
the plantar surface of the foot is under load (anemia area).
Nevertheless, the wide application of these indices is quite
difficult because of the complexity of calculating footprint
areas. However, given the strong positive linear relationship
between the Cavanagh and Rodgers index and the Chippaux—
Smirak index, which explains 90% of the cases (R? = 0.90),
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data obtained from the calculation of the Chippaux—Smirak
index can be interpolated to the Cavanagh and Rodgers index.
Thus, among the studied linear and angular plantographic
indices, the Chippaux—Smirak index is the closest to planar
ones.

The diagnostics of platypodia is challenging. Platypodia
in pediatric patients at a certain age can often be considered
a variant of the normal foot. However, many factors influence
the development of pathological forms of platypodia [9-11].
Platypodia do not always lead to functional disorders and
pain syndrome in both the foot and other parts of the mus-
culoskeletal system [3]. Various criteria do not enable us to
draw a precise boundary between variants of the foot shape.
When considering various evaluation criteria, the incidence
of platypodia naturally changes, which determines the need
to unify the diagnostic criteria and their complex applica-
tion, which requires the use of special scales and indices,
e.g., FPI and specialized questionnaires [12].

CONCLUSION

In the clinical study, the plantographic criteria for the foot
shape showed weak correlation with the main criteria char-
acterizing the foot shape (rearfoot valgus, clinical angle of
the longitudinal arch of the foot, and Friedland index), which
does not allow interpolating the plantography data to the clin-
ical evaluation data of the foot shape. Among plantographic
angles and indices analyzed, indices characterizing the ane-
mia site on the plantogram (Cavanagh and Rodgers index,
Irwin index) and the Chippaux—Smirak index showed statisti-
cally significant moderate and strong correlations with other
indices, which make them more useful in assessing the foot
shape according to the plantogram.
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