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The goal is the analysis of the dynamics of micromotion of bone fragments and duration of treatment by 
Ilizarov patients older than 55 years with fractures of the Shin bones (220 people) in the conditions of outpa-
tient treatment.

Method. Definition of micromotion of bone fragments was performed with a strain gauge assessment of 
changes in the distance between the spokes of the Ilizarov emerging from the tibia above and below the area of 
bone regenerate during the tests with stepwise increasing the axial load on the limb 10 kgs. The linear velocity 
of blood flow through the vessels in the area of bone regenerate along the anterior-abdominal surface of the 
tibia was determined by using an ultrasonic Doppler installation. Radiographs after treatment planimetrically 
determined the amount periosteal blood of callus.

Results. At transition of patients with injuries of a Shin on an outpatient mode of treatment practically in 
2 times micro mobility of bone fragments and duration of the period of fixing increased. Indicators signifi-
cantly increased in patients with increasing age to 30–55 years, and then tended to decrease. Compaction of 
bone regenerate during the fixation period contributed to the reduction of micro-mobility and normalization 
of blood flow rate in the regeneration zone. The reason for the reduction of treatment in older people we see 
in a more gentle motor mode.

Keywords: Ilizarov apparatus, the rigidity of fixation of bone fragments, fracture of leg bones, parietalna 
reaction.

The most important distinctive features of the treat-
ment of patients with bone fractures by Ilizarov is the 
possibility of accurate reposition and reliable fixation of 
bone fragments, which allows to create optimal condi-
tions for the implementation of reparative bone regen-
eration and for the restoration of locomotor activity of 
patients with functional loading of the injured limb.

In vivo study of the axial deformation of the regen-
erate to an accuracy of 1 µm is possible by the mutual 
convergence of the Ilizarov apparatus spokes emerging 
from the bone fragments under functional loading of 
the limb [1]. The use of circular fixation by Ilizarov in 
surgical treatment of limbs in comparison with fixa-
tion by rod monolateral devices that do not have the 
necessary rigidity of fixation of fragments is accom-
panied by a much smaller number of clinical errors 
and complications (regenerate deformation, disloca-
tion in the joints) (5–8 % compared to 25–33 %) [2; 3].

The aim of this work was the comparative analy-
sis of the influence of the rigidity of fixation of bone 
fragments at different stages of the compression os-
teosynthesis for the duration of the treatment period 
in patients older than 55 years.

Material and methods
The study included 64 patients aged 20 to 84 years 

(42±1.7 years) with closed Shin bone fractures treated 

on an outpatient basis after 2 weeks of hospital stay.
In all patients, a sample with a stepwise increas-

ing axial load on the limb with a force of 10 kgf was 
carried out, while tensometrically determined the 
changes in the distance between the spokes of the 
Ilizarov apparatus emerging from the tibia above and 
below the bone regenerate zone, which allowed to de-
termine the micro-mobility of bone fragments [1]. On 
radiographs after removal of the device, the diameter 
of the diaphysis of the maternal bone in the fracture 
zone, as well as the maximum diameter of the bone in 
the periosteal zone, the difference in diameters, and 
the length of the periosteal reaction were determined. 
The area of periosteal growth was estimated as half of 
the product of the height and length of the formation.

Using ultrasonic Doppler unit «Angiodin‑2KM» 
(Russia) was estimated linear systolic blood flow rate 
through the vessels in the area of bone regenerate, on 
the anterior surface of the tibia.

Statistical processing of research results was car-
ried out using the data analysis package «Microsoft 
Exell‑2010». The average values of the indicators and 
the standard error (M±m) are given. In the analysis of 
the dynamics of changes in indicators, the methods of 
correlation and linear regression analysis (C denota-
tion of the R2 determination index) were used. To as-
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sess the statistical significance of differences between 
the results of two independent samples, student t-test 
was used.

Research result
In the treatment of patients after osteosynthesis after 

15 days of inpatient treatment for outpatient treatment, 
there was a period of increase in the micro-mobility 
of bone fragments due to an increase in the functional 
load on the injured limb. The duration of the fixation 
period increased from 59±1.4 to 98±3.8 days (p≤0.001).

A significant impact on the timing of fixing the frag-
ments had an increase in the age of patients (Fig. 1). 
The duration of the fixation period increased during the 
first 35 years of life (as the strength of the bones and, 
accordingly, the force of traumatic effects increased). 
After 55 years, there was a decrease in the time of 
fixation of bone fragments. In patients from 21 to 55 
years (37±2,9 years) the average duration of fixation 
was 115±11, and in patients 62± years — 81±12 days.
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Figure 1. Age dynamics duration of the fixation period in the treatment 

of patients on an outpatient basis 

One of the reasons for the reduction of the duration of the fixation 

period in elderly patients could be a decrease after 55 years of micro-mobility 

of bone fragments, which increased with age in young patients (Fig. 2). 
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Figure 1. Age dynamics duration of the fixation period 
in the treatment of patients on an outpatient basis

One of the reasons for the reduction of the dura-
tion of the fixation period in elderly patients could be 
a decrease after 55 years of micro-mobility of bone 
fragments, which increased with age in young pa-
tients (Fig. 2).
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Figure 2. Age dynamics of micro-mobility  
of bone fragments under functional load on the limb

It turned out that the magnitude of the micro-mo-
bility of bone fragments depends on the intensity of 
blood supply to the corn. As the micro-mobility in-
creased to 20–60 µm, the blood flow rate increased 
for each 10 kg of load. However, with large values of 
micro-mobility, typical for patients during treatment 
in outpatient settings-steadily decreased (Fig. 3).
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Mikromotion ( µm)Figure 3. The relationship of micro-mobility  
of fragments in the elongation of the lower leg  

and the speed of blood flow through the vessels  
of bone regenerate

With the excessive force of compression and the lack 
of rigidity of bone fragments fixation is an increase in 
the periosteal monolaterale (Fig. 4), it is a compensa-
tory reaction, contributing to an increase in the cross-
sectional area of the regenerate and reduce the specific 
pressure on it at rest and under functional loading of 
the limb, which is important to improve blood supply 
to the ends of the fragments [4].
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Figure 4. The relationship between the stiffness  
of bone fragments fixation and the size  

of periosteal regenerate

The size of the periosteal regenerate increased in 
the treatment of patients in outpatient settings as the 
age increased to 55 years, and at an older age began 
to decrease (Fig. 5).
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Figure 5. Age dynamics of the periosteal regenerate 
size in the treatment of patients

Discussion of results
The transfer of patients with Shin bone fractures to 

outpatient treatment mode helps to increase the “bed 
turnover”, increase the surgical activity of trauma-
tologists, creates conditions for increasing the avail-
ability of high-tech treatment for the population of 
the country’s regions. However, in the treatment of 
Ilizarov significantly (almost 2 times) increased the 
time of fixation of the limb. The dependence of the 
treatment period on the age of patients was clearly 
manifested. It would seem that the most unfavorable 
conditions should be people of retirement age with 
limited mobility.

However, it was found out that in the treatment in 
outpatient conditions in patients older than 55 years, 
the micro-mobility of bone fragments decreases less, 
the periosteal reaction of the bone is less pronounced 
and the treatment period is relatively shorter.

A possible cause of the observed phenomena in older 
patients with this form of treatment is relatively less 
reactivity of the body, motor activity and functional 
load on the damaged limb.

The need for functional loading of the limb to stim-
ulate osteogenesis is not in doubt. Currently, even 
when using the locking plate structures provides the 
possibility of dynamic modification during loading 
of the limb [5].

If the micromotion increased up to 40–50 µm in-
crease the blood flow to the affected limb, which is 
favorable to reparative regeneration, with increase of 
the micromotion to 80–140 µm, and very slow com-
paction of callus and increase periosteal layers. This 

is a compensatory reaction to the reduction of fixation 
stiffness, since it helps to reduce the specific pres-
sure on the regenerate during locomotion, that is, to 
increase a painless load on the limb, while excluding 
a violation of the blood supply to the bone marrow.

It should also be noted such a positive phenomenon 
as the lack of increase in the duration of the period of 
disability with the extension of the period of fixation 
for more than 65 days. In cases of such lengthening of 
the fixation period, a compensatory reduction of the 
subsequent period of functional rehabilitation occurs.

Conclusion
In the treatment of fractures, the micro-mobility 

of bone fragments, which determines the duration of 
the fixation period, increased during the transition of 
patients to outpatient treatment.

In patients with increasing age to 55 years, increases 
the micro-mobility of bone fragments, periosteal lay-
ers in the regenerate and the duration of the period of 
fixation. In patients older than 55 years in terms of 
age-related reduction of motor activity, the transition 
to outpatient treatment is not accompanied by such 
pronounced changes in the mobility of the fragments 
and in the terms of treatment.
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Особенности медицинской реабилитации больных  
с переломами большеберцовой кости старше 55 лет

Проанализирована динамика микроподвижности костных отломков и длительности лечения пациентов 
Российского научного центра «Восстановительная травматология и ортопедия» старше 55 лет с перелома-
ми костей голени (220 человек) в условиях амбулаторного лечения.
Метод. Определение микроподвижности костных отломков проводилось с тензометрической оценкой 
изменения расстояния между спиц Илизарова, выходящих из большеберцовой кости выше и ниже зоны 
костного регенерата в ходе испытаний со ступенчато возрастающей осевой нагрузкой на конечность 10 кг. 
Линейная скорость кровотока по сосудам в зоне регенерации кости вдоль переднебрюшной поверхности 
большеберцовой кости определялась с помощью ультразвуковой доплеровской установки. После лечения 
планиметрически определяли количество периостальной крови каллуса с помощью рентгенограммы.

Результаты. При переходе пациентов с травмами голени на амбулаторном режиме лечения микроподвиж-
ность костных отломков и длительности периода фиксации увеличивается практически в 2 раза. Показа-
тели достоверно увеличивались у пациентов в возрасте до 30–55 лет, а затем имели тенденцию к сниже-
нию. Уплотнение костного регенерата в период фиксации способствовало уменьшению микроподвижности 
и нормализации скорости кровотока в зоне регенерации. Причину сокращения лечения у пожилых людей 
мы видим в более щадящем двигательном режиме.

Ключевые слова: аппарат Илизарова, жёсткость фиксации костных фрагментов, перелом костей го­
лени, париетальная реакция.
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