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Material and Research Methods

The study involved 28 patients aged from 20 to 94 years (mean 
39±3) with closed fractures of the diaphysis of the shoulder at 
different times after applying the Ilizarov apparatus. All patients 
after 16 days of treatment in the hospital switched to an outpatient 
treatment regimen. Using a sensor with a carrier frequency of 
8MHz of the computerized diagnostic complex Angiodin-2KM of 
the production association BIOSS (Russia), the blood flow velocity 
was recorded in the regeneration zone along the outer shoulder 
surface with a stepwise axially directed functional loading of the 
limb segment [6]. In all patients, the maximum allowable functional 
load on the injured limb was determined using floor scales (Figure 
1). In addition, when using a strain gauge and a B7-73/1voltmeter, 
a strain gauge signal was recorded that allowed determining the 
change in the distance between the spokes coming out of the bone 
above and below the fracture zone, which allowed determining the 
micro mobility of fragments of the humerus at the axial loading 
metered in 5kg corresponding to limbs [7]. After the apparatus 
was removed, the area of   the shadow of the periosteal callus 
was planimetrically estimated from radiographs of the shoulder. 
Self-assessment of the physical and mental state of patients was 
performed using the SF-36 test. The test card put into a computer  

 
contains 36 alternative questions that, based on 8 modules, allow 
us to judge the quality of life by integrating physical data (efficiency, 
ability to self-care, well-being, pain ) and mental state (vitality, 
mood, emotional state, social activity) of the subject. Each of the 
modules evaluated as a result is an indicator containing from 0 to 
100 points [8]. When processing the research materials, standard 
statistical programs were used that allow the use of parametric 
research methods with the analysis of indicators of the reliability 
of differences in independent Student’s samples, incorporated 
in the “Microsoft Office Excel 2010” package. Average values   are 
given in combination with standard deviation. The graphs show the 
magnitude of the reliability of the results (when approximation, the 
coefficient of determination R2 is given).

Results and Discussion

The maximum permissible functional load on the shoulder 
increased during the first month of treatment from 5 to 20kg and 
subsequently remained at this level. The micro mobility of bone 
fragments in the process of treatment has steadily decreased, 
including after the transfer of patients to the outpatient regimen 
(Figure 2). 

Abstract

The aim of the study was to determine the stiffness of fixation of bone fragments of the humerus during Ilizarov treatment, the ability of the bone 
regenerate to withstand the applied axial load, as well as the effect on the duration of fixation of the transfer of patients to outpatient treatment. During 
the treatment, 28 patients aged from 20 to 94 years (39±3) with closed fractures of the diaphysis of the shoulder were re-examined. All patients after 
16 days of treatment in the hospital switched to an outpatient treatment regimen.

Results: The axial load on the damaged shoulder did not exceed 20kg. A distinctive feature of patients with a fracture of the humerus was the 
fact that they did not experience a period of increase in the tensometric measurement of the micromodularity of bone fragments during outpatient 
treatment. The average size of the area of the X-ray shadow of periosteal callus was 153±16cm2, while the elderly and old age did not have a limiting 
effect on periosteal corn formation, which shortened the treatment time. The duration of the fixation period reached 82±3.4 days, which is 65% more 
than with inpatient treatment. Fracture of the humerus is a relatively common skeletal injury and is found in clinical practice with a frequency of 13 per 
1,00,000 per year [1-3]. The incidence rate depends on age and sex with a common bimodal distribution due to peak morbidity for men aged 20 to 30 
years and the second peak for women aged 60 to 70 years (mainly in the proximal bone) [4]. During osteosynthesis according to Ilizarov, the Ilizarov 
apparatus with the proximal and distal supports in the form of a half-ring is superimposed due to the proximity of the tissues of the proximal shoulder 
to the rib cage and the need to bend the forearm at the elbow joint by more than 90degrees. Consequently, the design of the external fixation device 
is less rigid than, for example, used in the treatment of injuries to the bones of the tibia. The recommended minimum time for fusion of fragments of 
the humerus are 45-55 days [5]. The aim of the study was to determine the stiffness of fixation of bone fragments, the ability of the bone regenerate to 
withstand the attached axial load and the ability of the vascular bed to withstand the applied loads, as well as the effect on the terms of treatment of 
transferring patients to an outpatient treatment.
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Figure 1: Work moment determination of axially directed 
functional load on the shoulder.

Figure 2: Dependence of the rigidity of fixation of fragments 
on the timing of fixation.

 Figure 3: Dependence of the duration of the fixation period 
on the value of the periosteal callus.

The micro mobility of fragments at the beginning of treatment 
is determined by the rigidity of the structure of the external 
fixation apparatus, and in the second half of the fixation period, 
by the condition of the callus consisting of endosteal, intermedial, 

and periosteal parts. Indeed, the larger the size of the periosteal 
callus, the shorter the fixation period (Figure 3). It is known that 
the periosteal callus is formed in addition to the enchondral and 
intermediary with insufficient fixation of bone fragments and itself 
provides their stabilization.

The periosteal callus of the humerus is easily formed in young 
and old, when the mass of bone mass is relatively less than in 40-60 
years (Figure 4). 

Figure 4: The age dynamics of the size of the periosteal 
callus of the shoulder.

Linear systolic blood flow velocity in the arteries of the bone 
regenerate, increased in the first 3 weeks of treatment, decreases 
(Figure 5). This decrease is characteristic for the transition of the 
catabolic phase of metabolic processes in tissues to anabolic, which 
contributes to the compaction of bone regenerate.

Figure 5: Dynamics of blood flow velocity in the arteries of 
the regenerate in the treatment of patients.

The linear velocity of blood flow increases from 33 to 39cm/s 
with increasing micro mobility of bone fragments from 0 to 
150microns. In order to accelerate blood flow and tissue metabolism 
during osteosynthesis, various methods of dynamization of bone 
fragments are used [9-12]. However, too large micro mobility 
of fragments is unfavorable for the blood supply to the bone 
regenerate (Figure 6).

The linear velocity of blood flow depends not only on the level 
of tissue metabolism, the stiffness of fixation of fragments, but also 
on the lumen of arterioles and arteries. With the functional load 
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on the limb as the pressure in the regenerate increases, the blood 
flow velocity decreases due to compression of micro vessels with 
relatively low pressure. But when the pressure in the tissues begins 
to exceed the level of transmural in the walls of the arteries - the 
linear velocity of the blood flow rises (Figure 7). Patients have 

discomfort, forcing to abandon the further implementation of the 
functional test. The longer the fixation period, the later the increase 
in blood flow velocity occurs, and accordingly the recorded load on 
the limb is higher (Figure 8).

Figure 6: The relationship of blood flow velocity and the magnitude of the micro mobility  of bone fragments.

Figure 7: The effect of axial load on the shoulder on the speed of blood flow in the arteries of the regenerate.

Figure 8: Dynamics of blood flow velocity in the regenerate under load in the 1st, 2st and 9th weeks of the fixation period.

Thus, if patients with fractures of the lower limbs from 
3weeks of treatment can walk with support on the injured limb, 
the axial load on the injured shoulder is relatively 2-3 times less. A 
distinctive feature of patients with a fracture of the humerus was 

the fact that they did not have a period of increased micro mobility 
of bone fragments during outpatient treatment. The average size of 
the periosteal callus was 153±16cm2, which is comparable with the 
ratio of the sizes of the periosteal callus and the diameter of the tibia. 
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The duration of the fixation period reached an average of 82±3.4 
days, increasing as well as for fractures of the shin bones by 65%   
compared with the duration of treatment in stationary conditions. 
In this case, the periosteal reaction in elderly and senile people with 
damage to the humerus did not become less pronounced.
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