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Background. Acute hematogenous osteomyelitis in the lesion of the proximal femur causes hypofunction or destruction 
of the metaepiphyseal growth zone of the femur. Theoretically, this leads to the formation of orthopedic consequences, 
including shortening of the lower limb.
Aim. The study aimed to examine the plantographic characteristics of the feet in children with a lesion of the proximal 
femur and analyze the influence of the regularities of plantar pressure distribution in the asymmetry of the load on 
the lower limbs.
Material and methods. Total 15 pediatric patients aged 6–16 years with consequences of acute hematogenous 
osteomyelitis of the proximal femur and shortening of the affected lower limb by 1.0–6.0 cm were examined. In addition, 
15 healthy children belonging to the same age were examined for comparison. Stabilometry and plantography methods 
were used, and the statistical study included correlation and regression analysis.
Results. When we conducted tests with a double-support load on the feet, in comparison to healthy children, 
pediatric patients exhibited a significant decrease in the value of the anterior index of the support t in both the 
affected and unaffected sides. The parameters of other support indices (namely, m, s, and l) of the contralateral 
feet in patients were within the normal range, indicating the functional consistency of the corresponding arches 
of the feet, providing static and dynamic limb support ability. However, the correlation and regression analysis 
showed that, in comparison with the norm, the foot support ability in pediatric patients is implemented due to the 
strengthening of the functional relationship between the inner and the medial longitudinal arches of the foot on the 
intact side and the inversion of the interaction of the longitudinal arches with the transverse arch on the side of the  
lesion.
Conclusion. In children with consequences of acute hematogenous osteomyelitis of the proximal femur, the parameters 
of the plantographic characteristics indicate a change in the activity and consistency of the muscles that form all the 
feet arches on both the affected and intact lower limbs.

Keywords: acute hematogenous osteomyelitis; limb load asymmetry; support surface of the foot; plantography.

ОСОБЕННОСТИ ОПОРНОЙ ФУНКЦИИ  
НИЖНИХ КОНЕЧНОСТЕЙ У ДЕТЕЙ С ПОСЛЕДСТВИЯМИ 
ОДНОСТОРОННЕГО ПОРАЖЕНИЯ ПРОКСИМАЛЬНОГО 
ОТДЕЛА БЕДРА ОСТРЫМ ГЕМАТОГЕННЫМ ОСТЕОМИЕЛИТОМ
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Актуальность. Острый гематогенный остеомиелит при поражении проксимального отдела бедра вызывает 
гипофункцию или деструкцию метаэпифизарной зоны роста бедренной кости, что, как правило, приводит 
к формированию ортопедических последствий, в  том числе укорочению нижней конечности.
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Цель исследования. Изучить плантографические характеристики стоп у  детей с  поражением проксимального 
отдела бедра и  провести анализ закономерностей распределения подошвенного давления при асимметрии на-
грузки на нижние конечности.
Материал и  методы. Проведено обследование 15 детей в  возрасте от 6 до 16 лет с  последствиями острого 
гематогенного остеомиелита проксимального отдела бедра и  укорочением пораженной нижней конечности на 
величину от 1,0 до 6,0 см. Для сравнения обследованы 15 здоровых детей того же возраста. Использованы ме-
тоды стабилометрии и  плантографии, статистическое исследование включало корреляционно-регрессионный 
анализ.
Результаты. У больных детей, по сравнению со здоровыми, в  тестах с  двуопорной нагрузкой на стопы было 
выявлено значимое снижение величины переднего индекса опоры t как на пораженной, так и  на непоражен-
ной стороне. Параметры других индексов опоры, а именно m, s и l, контралатеральных стоп пациентов находи-
лись в  границах нормальных значений, что указывает на функциональную состоятельность соответствующих 
сводов стоп, обеспечивающих статическую и  динамическую опороспособность конечностей. Однако корреля-
ционно-регрессионный анализ показал, что по сравнению с  нормой опороспособность стоп у  больных детей 
реализуется за счет усиления функциональной взаимосвязи между внутренним и  срединным продольными 
сводами стопы интактной стороны и  инверсии взаимодействия продольных сводов с  поперечным на стороне 
поражения.
Заключение. У детей с  последствиями острого гематогенного остеомиелита проксимального отдела бедра 
параметры плантографических характеристик свидетельствуют об изменении активности и  согласованности 
работы мышц, формирующих все своды стоп как пораженной, так и интактной нижней конечности.

Ключевые слова: острый гематогенный остеомиелит; асимметрия нагрузки на нижние конечности; опорная 
поверхность стопы; плантография.

Background

Acute hematogenous osteomyelitis in the proxi-
mal femur causes hypofunction or destruction 
of the meta-epiphyseal growth area of the femur, 
which may result in orthopedic consequences, in-
cluding shortening of the lower limb [1]. Because 
body weight is unequally distributed between con-
tralateral limbs, the load on the limbs is asymmet-
rical with lower limbs of different lengths [2, 3]. 
In  this state, normal locomotion is affected because 
the required arbitrary control increases energy con-
sumption [4]. In terms of functionality, the affected 
limb has a reduced adaptive capacity compared with 
a healthy one [5]. The body strives to provide the 
affected side with an optimal level of functioning, 
including compensating for the additional reserves. 
As a result, the intact lower limb functions under 
conditions that are less than optimal [6]. The limits 
of adaptive reserves of the intact lower limb have 
not been studied, but there are data on the unfa-
vorable effect of prolonged exposure to increased 
load on joints and degradation of the hyaline carti-
lage  [7]. To address these challenges, a quantitative 
assessment of load asymmetry on the lower limbs is 
very important for the process of orthopedic reha-
bilitation [8]. When assessing abnormalities in the 
musculoskeletal system, determining the morpho-
functional characteristics of the feet [9] provides in-

formation about the loading plantar characteristics 
in patients with pathology of the lower limbs [10].

This study analyzed the plantographic charac-
teristics of the feet in children with proximal femur 
lesion, including how load asymmetry alters plantar 
pressure distribution on the lower limbs.

Materials and methods

The study included 15 children aged 6 to 
16  years (mean age 11.5  ±  0.72) with consequences 
of acute hematogenous osteomyelitis (CAHO) 
of the proximal femur, including 1.0 to 6.0  cm 
shortening of the affected lower limb (Figure 1). 
The average shortening of the affected lower limb 
was 3.8  ±  0.53  cm. There was hypoplasia of the 
foot on the side of the lesion, and its shortening 
compared with the contralateral foot averaged 
2.7 cm ± 0.58% (Figure 2, a). Parents of all patients 
voluntarily signed informed consent to participate 
in the study.

Stabilometric assessment was performed for all 
patients using the MBN Biomechanics optical system 
(MBN, LLC, Moscow, Russia). The assessments 
were performed according to standard procedure, 
using optical detectors to show the displacement 
parameters of the projection of the center of mass 
(PCM) of the body.
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The support function of the feet was studied 
using the Podoskan diagnostic system (MBN, 
LLC, Russia). This determined plantographic 
characteristics and evaluated the morphofunctional 
parameters of the feet [11]. For monitoring, the 
baseline values of plantographic characteristics were 
determined for 15 healthy children of the same 
age as study participants. To assess the dynamic 

functioning of the feet, biomechanical tests with 
different weight loads per foot were used, namely, 
a load of half the body weight per foot (double-
bearing plantography) and a load of the whole body 
weight per foot (single-bearing plantography).

The line of the transverse arch of the foot and 
the force rays were displayed as identification points 
on plantograms (Fig. 2), showing that the force 

 a b c
Fig. 1. Patient D., 10  years old, with consequences of acute hematogenous osteomyelitis of the proximal part of the left 
femur: a — shortening of the left lower limb by 3  cm; b — panoramic radiograph of the lower limbs; c — radiograph 

of the hip joints

 a b c
Fig. 2. Patient D, 14  years old, plantograms of the feet with consequences of acute hematogenous osteomyelitis of the 
proximal part of the right femur: a — double-bearing load; b — single-bearing load of the left foot; c — single-bearing 

load of the right foot
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load was directed to the first, second, and fifth toes 
(Dukendzhiev line) when walking.

The following planographic indices were calcu-
lated:

t = KE/BC  — front index of support, reflecting 
the state of the transverse arch of the foot;

m = GS/GO  — medial index of support, 
reflecting the state of the internal longitudinal arch 
of the foot;

s = PW/PO  — median index of support, 
reflecting the state of the median longitudinal 
arches of the foot;

l = MN/HO — lateral index of support, reflecting 
the state of the external longitudinal arch of the 
foot.

A descriptive statistical analysis of the data was 
performed using Microsoft Excel. To investigate the 
relationship between the two signs, a  correlation 
analysis was applied using the Spearman 
nonparametric coefficient rs. The correlation was 
considered strong at rs ≥ 0.7; average at 0.3 < rs < 0.7; 
and weak at rs < 0.3 [12]. To search for a function 
describing the relationship between the signs, 
regression analysis was applied using Statgraphics 
Centurion 16.2 software.

Results and discussion

Stabilometric data analysis showed that in 
patients with CAHO with a unilateral lesion, the 
most common and pronounced stability disorders 
were in the frontal plane. The clear pattern of 
displacement of the real PCM from absolute by 

13.8 ± 2.71  cm towards the healthy limb was 
statistically significantly. This type of asymmetric 
distribution of body weight on the lower limbs may 
indicate a compensatory redistribution of the static 
load when standing in favor of a healthy lower limb, 
because of a decrease in the support function of the 
affected lower limb.

In tests with a double-bearing load on the feet, 
patients with CAHO, in comparison with healthy 
children, had a significant decrease in the value 
of the anterior index of the support t, both on the 
affected and on the intact sides (Table 1).

In the feet of the affected lower limbs, the 
decrease in the index t was significantly more 
pronounced than in the feet of the intact lower limbs. 
On the one hand, this demonstrated the rigidity of 
the transverse arch of the feet of both the affected 
and intact lower limbs. However, in the load tests 
with single-bearing plantography, this assumption 
was not confirmed, because the indices of the 
anterior support were restored to normal values. 
It should be noted that these changes in the index t 
were observed more often on the affected side. The 
preserved spring function of the transverse arch of 
the foot of the affected lower limb was confirmed 
by data indicating its high mobility with a double 
increase in the axial load (Table 2).

The parameters of m, s, and l support indices 
were within normal limits for contralateral feet of 
patients with CAHO, which indicated the functional 
consistency of the corresponding arches of the feet 
in the ability to provide static and dynamic limb 
support.

Table 1
Comparative evaluation of the plantographic indices of the feet of healthy children and children with CAHO  

of the proximal femur

Category 
of  children 

(feet)

Plantographic indices (× 10–2)

Double-bearing plantography (M ± m) Single-bearing plantography (M ± m)

t m s l t m s l

Healthy 
(n = 30)

93.6 ± 0.5 21.8 ± 0.32 24.0 ± 0.38 13.3 ± 2.45 96.2 ± 0.34* 25.2 ± 0.3* 26.3 ± 0.39* 1.7 ± 1.19*

With CAHO, 
intact side
(n = 15)

90.3 ± 0.93** 21.1 ± 0.89 22.4 ± 0.91 18.1 ± 4.77 93.6 ± 1.08* 23.3 ± 0.72 24.4 ± 0.76 8.4 ± 2.75

With CAHO, 
affected side
(n = 15)

87.6 ± 0.66** 22.1 ± 0.73 23.2 ± 0.99 22.1 ± 3.81 95.9 ± 3.24* 24.5 ± 1.18 26.3 ± 1.28* 8.4 ± 2.84*

Note. * Significantly changing indices of single-bearing plantography in comparison with similar parameters of double-bearing 
plantography, with a confidence of at least р < 0.05; ** indicators that differ from similar in the norm with a confidence not less than 
р < 0.05; CAHO — consequences of acute hematogenous osteomyelitis.
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The correlation-regression analysis of planto-
graphic indices showed the linear interdependence 
of the medial and median indices of the support 
m and s, as well as their relationship to the anterior 
index of the support t in healthy and affected chil-
dren (Table 3).

For graphical expression of the relationship 
between the support indices, regression lines were 
constructed (Fig. 3).

With the help of correlation analysis, it was 
revealed that in the healthy children with a double-
bearing load on the feet, the connection between 
the various indexes of support was weak or absent. 
Consequently, the transverse and longitudinal arches 
in healthy children were loaded independently of 
each other in a static position with support on both 
feet. This was consistent with a multidirectional 
change in the linear dimensions of the feet, when 
the feet spread along both the frontal and sagittal 
axes with the weight load of the human body [13]. 
Thus, with the natural support of both limbs, the 
load distribution between the arches of the feet was 
arbitrary, which was adequate for the consistent 

spring function of the transverse and longitudinal 
arches.

Tests in healthy children to determine the 
dynamic support ability when body weight is 
transferred to one foot show minor unidirectional 
changes in the relationship between the plan-
tographic indices. The relationship between the 
longitudinal arches becomes more prominent, 
reaching a moderate value (Figure 3, b), which may 
be caused by an increase in energy consumption. 
This maintains balance when there is a reduction 
in total area of the support when standing on 
one lower limb. At the same time, the connection 
between the transverse and longitudinal arches of 
the foot remains weak, despite a slight increase 
(Figure 3, a).

In the patients with CAHO, a correlation 
between the indices of support was found with 
a  double-bearing load, which was analogous to 
a  single-bearing load in healthy children. In this 
case, the ratio of the indices of the contralateral feet 
was quite symmetrical, because of the preservation 
of the adaptive processes in the locomotor apparatus, 

Table 2
Changes in the plantographic indices of the feet. Δ in healthy children and children with CAHO  

in the transition from double-bearing to single-bearing plantography

Group of children  
(feet)

Plantographic indices (× 10–2) (M ± m)
Δt Δm Δs Δl

Healthy (n = 30) 2.6 ± 0.41 3.5 ± 0.48 3.5 ± 0.48 –11.5 ± 1.58
With CAHO, intact side 
(n = 15)

3.3 ± 1.14 2.3 ± 1.03 2.8 ± 0.72 –9.8 ± 4.46

With CAHO, affected side
(n = 15)

8.2 ± 2.4* 2.4 ± 1.23 3.1 ± 1.16 –13.7 ± 5.52

Note. * Indicators that differ from similar indicators in the norm with a confidence of at least р < 0.05; CAHO — consequences of acute 
hematogenous osteomyelitis.

Table 3
Correlation-regression analysis of interdependence between indices of support of healthy children  

and children with consequences of acute hematogenous osteomyelitis

Group of children  
(feet)

Correlation coefficient rs

Double-bearing plantography (M ± m) Single-bearing plantography (M ± m)
m ~ t s ~ t m ~ s m ~ t s ~ t m ~ s

Healthy
(n = 30) 

0.10 0.02 0.29 0.22 0.33 0.61

With CAHO,  
intact side
(n = 15)

0.23 0.25 0.68 –0.03 –0.02 0.90

With CAHO,  
affected side 
(n = 15)

0.36 0.22 0.73 –0.68 –0.42 0.77

Note. CAHO — consequences of acute hematogenous osteomyelitis.
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despite some of their tension. The need to maintain 
the relative symmetry of the functions of healthy 
and affected limbs with small loads is beneficial 

to the body in terms of energy and biomechanics. 
At the same time, the intact limb has a greater 
functional reserve than the affected one, which 
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tends to reduce asymmetry by approximating the 
pattern of its movements to the kinematics of the 
limb on the affected side [14]. Functional copying 
begins, in which an intact limb copies the function 
of the affected one to reduce the functional  
asymmetry.

In a single-bearing load in the feet of the 
intact side, a strongly pronounced correlation was 
observed between the medial m and median  s 
indices of support (Fig. 4, b). There was a total 
absence of linear interdependence of these indices 
on the anterior index of the support t (Fig. 4, a).

In the feet of the affected lower limbs, an inverse 
correlation was revealed between the medial and 
median indices of the support m and s from the 
front index of the support t (Figure 5, a), with the 
normal relationship between the longitudinal arches 
(Fig. 5, b). Such pronounced differences between 
the feet of the affected and the healthy limbs 
may be explained by a decrease in the functional 
capacity of the affected limb. The axial load 
increases with alternating support on each of the 
contralateral limbs, which is analogous to walking. 
This initiates a normal compensation mechanism 
that allows partial unloading of the affected limb 
by increasing the load on the intact one [15]. The 
adequate response of the musculoskeletal system 
to the pathological process is that the healthy limb 
performs the function of support and the affected 
limb performs a transfer function [16].

In the process of evolution, the complex 
locomotor system has reached an optimal 
structural organization that allows long and reliable 
functioning under physiological conditions. One of 
the most important factors affecting the functioning 
of bones is the load on the skeleton. The limb 
bones of the body are the most vulnerable to 
constantly changing static and dynamic loads. 
The foot is one of the main structural segments 
of the human musculoskeletal system, providing 
its static and locomotor function. It is an integral 
morphofunctional object on which human motor 
function depends [17]. One of the evolutionarily 
formed adaptive reactions to pathological process 
in the lower limb is its unloading reflex, partially 
increasing the load on the intact limb.

In children with a shortening of the lower 
extremity after hematogenous osteomyelitis, this 
study showed the modified adaptability of the 
arches of the feet to the perception of the load. The 

anatomical imbalance of the limbs is complicated by 
changes in the corticospinal mechanism of the act 
of foot support, which is affected by pathological 
sensory input from the proximal part of the affected 
thigh. In such conditions, the altered central 
regulation of locomotor functions in children 
with CAHO triggers additional compensatory 
mechanisms to maintain body balance. It is very 
likely that these compensatory mechanisms are 
implemented by selective changes in the activity 
and synchronization of the muscles of the lower 
legs, which leads to a change in the strategy of the 
arch apparatus of the feet [18]. This compensation 
emerges as a close functional relationship 
between the inner and median longitudinal 
arches of the foot of the intact lower limb and 
the inversion of the interaction of similar foot 
indices of the affected limb. This strategy ensures 
the maintenance of the vertical posture and the 
possibility of movement under adverse functional  
conditions.

At the same time, it must be considered that 
compensatory mechanisms are not designed 
for long-term functioning. In the persistence or 
progression of triggers such as disorders in the 
proximal femur and hip joint of the affected lower 
limb, decompensation is possible over time. This 
leads to the progression of the pathological process 
on the side of the lesion and the involvement of the 
contralateral limb.

Conclusions

In children with CAHO, the parameters of the 
planographic characteristics indicate a change in the 
activity and consistency of the muscles that form 
the arches of the feet of both the affected and intact 
lower limb. Studies of the support function of the 
feet in children with CAHO indicate deviations in 
motor functioning of their anatomical structures. 
Compared with healthy children, the foot support 
ability in patients with CAHO is different. It 
is implemented by enhancing the functional 
interrelation between the inner and median 
longitudinal arches of the foot of the intact side and 
inversion of the interaction of the longitudinal arches 
with the transverse one on the side of the lesion. 
Comprehensive diagnosis and medical rehabilitation 
of children with CAHO should include the support 
function of the feet. When the support function of 
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the feet is damaged or existing damage worsens, the 
necessary corrective orthopedic treatment must be 
implemented.
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