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ABTop PE3IOME. [InarHocTuka COCTOSHUS CTOMbI TPeBYeT MHTErpaLmm TpaguLNOHHbLIX U LUdPOBbIX
Ans KOPPECMOHAGHUMU:  MeTOA0B, 00ECNeYnBaLOLLMX KOMMIEKCHYH OLLeHKY aHaTOMO-(YHKLMOHANBHOMO COCTOSHUS.
Koncmanmun KOpbesud  Knaccuyeckue nogxoabl (KMMHUYECKNIn 0CMOTP, MOP(OMETPUS, MAHTOrpadus, peHTreHorpa-

”ePePOGCKUC’ usi) COXpaHSIOT 3HaYeHNe ANst NePBUYHOM AMAarHOCTUKM, OOHAKO UX TOYHOCTb OrpaHnuyeHa
E-mail: . CyGbEKTUBHOCTBIO 1 CTATUYHOCTBIO. LIndpoBbIE TEXHOMOMMM — KOMMbIOTEPHAs NiaHTorpagms,
cherepovskiy.konstantin@  arpyaoynas komnboTepHasi Tomorpacdusi (weight-bearing computed tomography, WBCT) u
yandex.ru 3D-ckaHnpoBaHe — 06eCneymnBaloT BbICOKYH TOYHOCTb, 0GbEKTUBHOCTb M BO3MOXHOCTb AMHA-

MMYECKOro aHanmaa. Mx coyeTaHme noBbILAeT AMarHoCTUYECKYH MHOPMATUBHOCTb, NO3BONAET
BbISIBIIATb HAPYLUEHNs GOMEXaHKM, MPOEKTMPOBATL MHAVMBUAYANbHbIE OPTONEANYECcKe M3AENNS
1 hOpMMUPOBATL CTAHAAPTU3MPOBaHHbIE 6a3bl JaHHbIX. AHANN3 NUTepaTypbl NOATBEPKAAET, YTO
CUHEPrist METOIOB, JOMOMNHEHHAS YbTPA3BYKOBbIMI UCCTEA0BAHNAMIA 11 MarHUTHO-PE30HAHCHOIA
TOMOrpadueit Ans OLEHKN MSTKUX TKaHeW, SBNSeTCS ONTUMArbHON CTpaTernen gUarHoCTUKM.
NHTerpaums LndpoBbIX TEXHONOTUIA C UHCTPYMEHTaMN UCKYCCTBEHHOTO MHTENNEKTa OTKpbIBaET
nepcnekTUBbI NPOrHO3MPOBaHUS fethopMaLuii U NepCoOHanN3aLmmu neveHus.

KnioueBble cnoBa: ctona, noanaTpus, nnaHtorpadus, peHTreHorpadus, KOMnboTepHas
nnaHtorpacdwms, 3D-ckaHupoBaHue, MophoMeTpus
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The study of the morphofunctional characteristics  reflects mainly static anatomical parameters and is
of the foot, both normal and pathological, remains  subject to measurement errors [11].
one of the key tasks of modern medicine [1]. Podiatry, Podometry, which involves the use of a podo-
which specializes in congenital, acquired, and post-  scope or caliper to determine linear, angular, and
traumatic changes in the foot and ankle joint, covers  volumetric characteristics, expands the capabilities of
a wide range of clinical issues — from prevention and ~ morphometric analysis. It allows for the detection of
selection of orthopedic footwear to the development of  early stages of flat feet and the assessment of foot
surgical treatment algorithms [2]. Despite the variety ~ symmetry and shape [2]. However, like morphometry,
of existing methods (visual examination, podometry,  podometry does not provide information about the
plantography, radiography, etc.), none of them can  functional state of the foot and remains dependent on
provide a comprehensive picture of the anatomicaland  subjective interpretation of measurements.
functional state of the foot [3, 4]. This circumstance Plantography, a method of recording impressions of
necessitates a critical analysis of the capabilities of  the plantar surface of the foot, has become an important
individual approaches and their rational combination. step towards objectivity and effectiveness in assessing
Clinical examination is used at the stage of primary  the condition of the foot. Analysis of plantograms (visual
diagnosis and provides a general idea of the morpho-  and calculated) using the Clark angle, Weissflog index,
logy and function of the foot. It includes a question-  Chippaux—Smirak index, and other indicators allows for
naire (complaints, medical history, footwear/load cha- a comprehensive characterization of the condition of
racteristics) and a direct examination of the patient [5,  the foot arches and is a recognized method for detec-
6]. The examination is carried out both without load ina  ting flat feet [2, 11-13]. The advantages of the method
sitting position and under physiological load; the shape  remain its accessibility and simplicity of measurement.
of the foot, the condition of the skin, the axis of the limb ~ However, the quality of the impressions obtained de-
are assessed, and local structural changes in different ~ pends on many factors (technique, material, foot posi-
regions of the foot are identified [2, 6, 7]. For functional  tion), and low resolution and manual data processing
assessment of the arches of the foot, tests are used (le-  reduce the accuracy and reproducibility of the results
ver test of the first toe, active plantar flexion test of the  [14, 15]. Attempts at automation, such as devices like
toes, Stritter's test, “peeking toes” symptom, etc.) [8, 9].  the Foot Imprinter (Orlin M.N., 2000), simplified the pro-
Despite the importance of clinical assessment, its  cess but did not eliminate methodological limitations [16].
results largely depend on subjective factors — the pa- The transition to digital technologies has led to the
tient's sensations and the doctor's interpretation [4,  emergence of a new field — computer plantography,
6]. In order to improve data reproducibility, structured  which is an automated system for recording, analy-
examination protocols have been proposed to improve  zing, and storing data on the plantar surface of the foot
data reproducibility (Papaliodis D.N. et al., 2014), in-  [17]. Unlike traditional methods, computer plantogra-
cluding sequential assessment of the skin, structural  phy provides high measurement accuracy, eliminating
abnormalities and deformities, foot sensitivity, the range  the influence of subjective factors [3, 7, 18, 19]. A key
of active and passive movements in the foot joints, and  advantage is the ability to quantitatively assess the
comprehensive palpation analysis [10]. However, even  distribution of load on the feet, which is particularly im-
standardized schemes do not allow for an objective  portant in the diagnosis of musculoskeletal disorders
quantitative assessment of load parameters and func-  (e.g., flat feet) and the selection of individual ortho-
tional dynamics, which makes it necessary to confirm  pedic devices. An additional advantage is the ability
clinical observations with instrumental methods. to repeat measurements multiple times, which allows
One of the most common traditional approaches  tracking changes over time, for example, during reha-
remains the morphometric method, based on direct  bilitation or correction of flat feet in children [20, 21].
measurements (length, width, height of the foot, cal- The development of the method is accompanied
culation of indices) using a tape measure, podoscope, by the creation of specialized hardware and software
and compass. Its simplicity, accessibility, and speed  complexes. For example, a computerized plantar
make it convenient in clinical practice, but the method ~ complex developed in Volgograd in 2005, based on a
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flatbed scanner and specialized software, automated  the metatarsophalangeal joints (Lisfranc joint), and the
the calculation of morphometric parameters (length,  phalanges of the toes [28]. A direct plantar projection is
width, angles of deviation of the first and fifth toes,  used to determine angular characteristics and interos-
Weisflog index, etc.) and provided a qualitative as-  seous relationships [29, 30]. The lateral projection al-
sessment of the foot's support surface, including dy-  lows measurement of the navicular angle, heel angle,
namic functional tests [22]. height of the longitudinal arch, and angle of inclination
The “DiaSled” (footprint) complex allows for both  of the forefoot, displaying the tarsal bones, calcaneus,
static and dynamic analysis of the foot, assessing the  and joints of the first toe [29, 30]. The oblique internal
duration and force of pressure on different parts of the  projection supplements the data, detailing the anatomy
foot, step parameters, and visualizing the results in  of the tarsus and metatarsus [29, 30]. Thus, radiogra-
the form of podograms, which makes it a sought-after ~ phy remains the main method of morphometric analy-
tool for clinical assessment [23]. sis of the skeletal skeleton of the foot, necessary for
Modern automated podometry and plantography  the diagnosis of deformities and evaluation of the ef-
systems cover a wide range of devices, from domestic ~ fectiveness of surgical treatment [31, 32].
plantoscopes (GREENFOOT, PODOSKAN-MBN) [24], However, the methodological limitations of radio-
which record only the plantar surface, to multifunctional ~ graphy — two-dimensionality and static images — do
complexes such as BODYTRONIC 600 (Germany) [25]  not allow for a complete analysis of spatial and func-
and domestic DiaSled-Scan and Scan [26], which allow  tional characteristics. These shortcomings are par-
additional visualization of the rear and lateral surfaces tially compensated for by X-ray computed tomography
of the foot. Such an expansion of the diagnostic field  (XCT), including weight-bearing computed tomogra-
increases the accuracy of the assessment of deformi-  phy (WBCT), which has been in use since 2012 [27,
ties and asymmetries. An important practical advantage ~ 33]. WBCT provides three-dimensional reconstruction
of all digital systems is the high speed of examination,  and layer-by-layer imaging of bone structures under
which makes them particularly useful for mass scree-  physiological load, which significantly increases the
ning and in conditions of intensive clinical flow. accuracy of spatial measurements. The method is
Thus, despite the relatively high cost of equipment  indispensable for assessing complex multiplanar de-
and software, computer plantography has taken a firm  formities, but, like radiography, it remains static and is
place in modern foot diagnostics. Its main advanta-  accompanied by exposure to ionizing radiation, which
ges — objectivity, high accuracy, and the ability to  limits its use, especially in dynamic observation [33].
dynamically analyze load distribution — make the me- Magnetic resonance imaging (MRI) is preferred for
thod optimal for specialized centers and, in the future,  studying soft tissue components. It provides high spatial
the basis for integrated digital systems for assessing  resolution in the visualization of tendons, ligaments, fas-
the condition of the musculoskeletal system [3, 12]. ciae, vessels, and nerves, and allows for the diagnosis
Verification of foot pathologies and the choice of treat-  of inflammatory and degenerative changes without ra-
ment tactics in many cases rely on radiological diagnos-  diation exposure. MRl is especially valuable in cases of
tic methods. Among them, the most common is flat X-ray ~ combined injuries and chronic pain syndromes. The main
imaging, which still retains its status as the “gold stan- limitations of the method are its high cost, the duration of
dard” for visualizing bone structures. It allows for a de-  the examination, and the presence of contraindications
tailed assessment of the anatomical structures of the foot ~ (metal implants, claustrophobia, etc.) [34, 35].

both without load and under physiological load, which is Ultrasound examination (US) plays an important
especially important when analyzing biomechanics and  role in functional foot diagnostics due to its non-in-
planning the correction of deformities [26, 27]. vasive nature, the possibility of dynamic scanning in

A standard X-ray examination of the foot is per-  real time, and the ability to perform interventional pro-
formed in several projections. Direct and lateral X-rays  cedures. The method is informative in assessing the
in a standing position (with and without load) are used  condition of soft tissue structures — tendons, fascia,
to assess the configuration of the tarsal and metatar-  and ligaments. Its main limitation is its high operator
sal bones, the transverse tarsal joint (Chopart joint),  dependence, i.e., the subjectivity of interpretation,
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which directly depends on the specialist's qualifica-  of foot morphometric data not only in comparison with
tions, reducing the reproducibility and objectivity of  the method using a digital caliper, but also with digital
the results. It is a factor that stimulates the develop-  and ink footprint methods [45]. Recent studies con-
ment of automated imaging systems and the search  tinue to demonstrate the reliability of the technology
for more standardized alternatives [36-38]. even in complex cases. A study by J. Mueller et al.
Against this backdrop, non-contact digital technolo-  (2023), focused on pediatric practice (277 children),
gies are actively developing, in particular 3D scanning,  confirmed the higher accuracy of 3D scanning for as-
which is considered an accurate and reproducible me-  sessing anatomical parameters of the foot compared
thod for obtaining morphometric data on the foot. Unlike  to 2D scanning and manual measurements, empha-
traditional contact methods, 3D scanning allows the foot  sizing its validity for clinical application [46].
to be examined both statically and dynamically, providing The analysis of modern foot examination methods al-
a three-dimensional representation of shape, volume,  lows us to draw the following conclusions, which are of
and load distribution [39, 40]. The debate in the scientific  significant importance for science and clinical practice.
community about its advantages over classical methods 1. Synergy of methods. No single method provides
has stimulated a number of comparative studies. comprehensive diagnostic information. The future of
The work of C.P. Witana et al. (2006) demonstrated  diagnostics lies in the strategic combination of traditional
statistically significant discrepancies between the re-  and digital technologies. Clinical examination remains
sults of manual measurements and 3D scanning: diffe-  the starting point, but requires further structuring to re-
rences in 8 out of 18 spatial parameters of the foot indi-  duce subjectivity. X-ray imaging retains a key role in the
cated the greater accuracy of digital technologies [41].  assessment of bone pathology, but should be supple-
A study by J. Zhao and S. Xiong (2008), focused ~ mented by CT for complex cases and 3D reconstruction.
on applied footwear design tasks, revealed minimal  Functional assessment increasingly relies on compute-
discrepancies (<5 mm) between 3D scanning and tra-  rized plantography and 3D scanning. MRI and ultrasound
ditional methods, which became important evidence  are the methods of choice for soft tissue pathology.
of the practical applicability of the technology in mass 2. Advantages of digitization. Computer planto-
footwear production [42]. graphy and 3D scanning provide unprecedented ac-
By 2010, the accumulated data set allowed a group  curacy, objectivity, and speed in obtaining morpho-
of foreign researchers to conduct a review assessingthe  metric and functional data, minimizing the human
potential of 3D foot scanning for use in orthopedics, the  factor. They form the basis for the creation of exten-
footwear industry, and other ergonomic purposes. Based  sive standardized databases necessary for scientific
on a meta-analysis of 38 scientific articles, it was found  research and the development of standards.
that 3D scanning provides more accurate and rapid mor- 3. Personalization. 3D technology opens up new
phometric data on the foot compared to traditional me-  horizons in personalized medicine, making it economi-
thods, and also allows for the study of dynamic changes  cally and technically feasible to manufacture individu-
in the shape of the foot under load. The researchers also  al orthoses, insoles, and shoes that precisely match
noted the practical effectiveness of 3D scanning for the  the anatomy and biomechanics of a specific patient.
personalized manufacture of footwear and orthopedic ~ This directly increases the effectiveness of conserva-
products, which reduces production times [43]. Further tive treatment and rehabilitation.
studies have reinforced these conclusions. 4. Prospects. The integration of data from various
For example, L.K. Noldner and H.J.H. Edgar  methods (e.g., combining load data from computer plan-
(2013), comparing 2D scanning, 3D scanning, and  tography with 3D scanning or WBCT) using artificial intel-
manual measurements, clearly identified 3D scanning  ligence technologies for analysis is the most promising
as the method that minimizes measurement error and  direction. This will not only improve diagnosis, but also
provides the highest accuracy in studying foot mor-  predict the development of pathologies and optimize
phology [44]. The work of Yu-Chi Lee et al. (2014)  treatment strategies. Reducing the cost and increasing
expanded on this conclusion, proving that 3D scan-  the accessibility of digital systems is a key task for their
ning provides the most complete and informative set  widespread implementation in routine clinical practice.

POCCUNCKUE BUOMEANLUNHCKUE MCCNELOBAHNA

2025;10(4):116-124
RUSSIAN BIOMEDICAL RESEARCH




HOBbIE TEXHOJIOTUN B MEAVNLUWHE
NEW TECHNOLOGIES IN MEDICINE

121

Thus, the future of foot diagnostics is determined
not by replacement, but by the synergy of traditional
and digital methods within a unified diagnostic eco-
system. This approach provides a comprehensive, ob-
jective, and personalized assessment of the condition
of the foot, contributing to the effectiveness of preven-
tion, treatment, and rehabilitation of patients.
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