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Abstract

Aim: to investigate the method of antibiotic impregnation of the
femoral bone head (prepared according to the Marburg bone bank
system) using a patented device designed for uniform channeling
followed by deep soaking of the bone graft spongy tissue with drug
solutions.

Materials and methods: Femoral bone heads prepared according
to the Marburg bone bank system and impregnated with gentamicin
were used in the experiment. Four groups were formed depending on
the impregnation method. A whole femoral head was used in groups
| and Il, a perforated femoral head - in groups Ill and IV. In groups |
and lll, antibiotic impregnation was carried out simultaneously with
heat treatment of the femoral heads, in groups Il and IV - after heat
treatment. The perforated, treated, gentamicin-soaked femoral bone
head was compared to the "PerOssal" beads soaked in gentamicin. The
degree of influence on the S. aureus strains was determined using the
agar diffusion method.

Results and conclusion: The results indicate the presence of
antimicrobial activity in the antibiotic-impregnated allograft in all
groups. However, the growth inhibition zone was lower in groups | and
I1l. The antimicrobial activity of gentamicin in the | and Il was lower than
in the groups Il and IV. An increase in the diffusion of the antibiotic is
facilitated by the perforation of the bone allograft according to the
developed method using a patented device. It has been established that
perforation and soaking of the bone allograft in an antibiotic solution
increases the antibiotic impregnation of the bone graft.
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Introduction

It is known that, grafts in the form of allo-, auto-, or
heterotransplants are used in osteoplastic operations [6,

Currently, infectious complications after chronic
osteomyelitis are an important problem in traumatology
and orthopedics, which should be paid attention to [1].
The use of bone allograft avoids fractures and chronic
pain syndromes at the area of donor material collection.
The literature often describes the impregnation of a bone
graft by manual stirring, shaking, placing the bone graft
into antibiotic-containing solutions for a certain period,
as well as physical methods (iontophoresis) [2-4]. A
number of researchers describe the use of bone allografts
as carriers for antibiotics. Thus, E. Wits et al. found
that ground bone grafts impregnated with antibiotics
are effective for a variety of clinical situations — they
store and release large amounts of aminoglycosides and
vancomycin [5].

7]. When filling defects in bone tissue, a backbone from
an organic matrix is required, on which new bone tissue is
formed. The use of bone chips or whole massive bone grafts
to fill large bone defects showed that partial resorption
occurs, and the bone defect does not completely heal [8].
Therefore, the allograft must be created in the form of
a maximally porous spongy skeleton, along which the
restoration of bone tissue will be more favorable, and the
penetration of liquid with antiseptic substances (antibiotic
solutions) will provide better graft impregnation [9].
Orthopedic awl, described in the manual of G. Ye.
Ostroverkhov, is a known device [10]. The device consists
of an oblong handle and a stylet with a tapered point. This
device can form channels in the graft in order to improve

Journal of Clinical Medicine of Kazakhstan: 2022 Volume 19, Issue 1

65



the penetration of drugs into the graft depth. However, the use of
this device has the following disadvantages:

1. Irrationality of the oblong shape of the orthopedic awl
handle, continuing along the vector of its stylet. The tight grip
of the instrument during the formation of the bone canal causes
bending and overstraining of the muscles of the surgeon's hand
with dulling of his "muscular feeling". This leads to an uneven
distribution of canals over the allograft mass, which implies
impregnation of the spongy bone allograft with liquid solutions
of different saturation [11]. As a result, zones are formed with
the absence of the drug, or with the drug content less than the
required level. Also, in the place of possible intersection of
the canals, a cavity is formed, which will create a defect in the
neoplasm of bone tissue.

2. The absence of indicative marks on the awl stylet causes
insufficient visual control over the depth of the canals.

3. Long time of channel formation.

4. A "cleaver effect" is possible, in which wedging and
cracking of the bone occurs.

For this study, a device was created with which it is possible
to quickly and conveniently form uniformly distributed canals in
the bone allograft array. The channels are designed for uniform
impregnation of bone allograft spongiosa with solutions, as
well as for increasing the allograft surface area for bone tissue
neoplasm.

Figure 1 - Utility model patent "Device for bone allograft
perforation"
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The utility model relates to medical technology, namely
to traumatology and orthopedics, and is intended for uniform
channeling with subsequent deep soaking of the spongy tissue
of the bone graft with solutions of medicinal substances. The
device is patented, utility model patent No. 3980 [12] (Figure 1).

Materials and methods

The new device was used for bone allograft channeling,
followed by the impregnation of medicinal substances into the
bone tissue. The device consists of a rectangular structure made
of metal, 50 mm wide, 50 mm high and 100 mm long. Threaded
holes for brackets are available on two side walls, which is
necessary for stable fixation of the bone allograft inside the
base. The other two walls have through channels located at the
same distance from each other over the entire surface of the wall.
Channels 10 mm thick are required to prevent drill deflection.
Multiple through channels at the same distance from each other

are formed on two perpendicular sides in the bone allograft, they
are intended for subsequent uniform bone tissue impregnation
(Figures 2-4).

Figure 2 - General view of a device for bone allograft channeling
with subsequent impregnation of drugs into bone tissue
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Figure 3 - Side view of a device for bone allograft channeling
with subsequent impregnation of drugs into the bone tissue
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Figure 4 - Sectional view of a device for bone allograft channeling
with subsequent impregnation of drugs into the bone tissue
with a fixed graft
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Removed femoral bone head is used after hip arthroplasty
for the manufacture of an allograft matrix. The formation of
channels using a drill is carried out in the head after appropriate
mechanical treatment and boiling in order to deeply impregnate
with drugs and create a skeleton. The optimal conditions for
the formation of bone tissue and scaffold are combined if the
distance between adjacent canals is the same. After the formation
of canals in the allograft, further processing is carried out in the
Lobator device according to the Marburg system (EP0584484A1.
02.03.1994. Verfahren und Einrichtung zum Desinfizieren von
Knochentransplantaten, insbesondere von humanen Spongiosa-
Transplantaten Harald Priv. Dozent Dr. KnaeplerGarrel Thomas
Dr. Von.). Then the allograft is placed in a sterile bag with an
antiseptic liquid and sealed.

The method of device using is as follows. The bone graft is
fixed with two bolt brackets in the device. Channels are formed
by the drill according to a template (channels for a drill, located
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at the same distance from each other over the entire surface of the
two perpendicular walls of the device). Then the graft is washed
in saline to clean the canals from bone chips. Next, the antibiotic
is impregnated by boiling and soaking with the antibiotic in a
Lobator device according to the Marburg system.

Figure 5 - Top view of a device for bone allograft channeling with
subsequent impregnation of drugs into the bone tissue with
femoral bone head fixed in it

The bone graft was taking in patients after hip arthroplasty
using a special instrument, namely electrocutter. The femoral
bone heads were cleaned of cartilaginous tissue. Femoral bone
head perforation was performed using an original bone allograft
perforation device (Figures 5-7).

Figure 6 - Side view of a device for bone allograft channeling
with subsequent impregnation of drugs into the bone tissue
with femoral bone head fixed in it

Figure 7 - Side view of a device for bone allograft channeling.
The holes with a diameter of 3.2 mm for perforation are visible
on the side wall

The criteria for excluding heads from the experiment: the
presence of severe sclerosis and damage. There were various
damages of the femoral bone head. Basically, these were focal
lesions of the cartilaginous tissue typical for cocarthrosis of the
II-IV degree. The average diameter of the femoral bone heads
was 53 mm. The treated head was placed in a special cartridge
with 330 ml of saline solution. The entire surface of the graft
was placed in saline solution. The head cartridge was processed
for 94 minutes on a Lobator apparatus (Figure 8).

The temperature in the center of the allograft was 82.5
°C. After processing the grafts on the Lobator apparatus, the
femoral bone heads were sterile and completely ready for further
work. Gentomycin was chosen as an antibiotic for impregnation
because it showed good thermal stability properties.

Bone grafts were divided into 4 groups depending on the
impregnation method:

Group I: whole head, treated on the Lobator sd-2 apparatus
with the addition of gentamicin;

Figure 8 - Antibiotic treatment of the whole femoral bone head
in the Lobator sd-2 system

Group II: after treatment on the Lobator sd-2 apparatus,
the graft was placed in a gentamicin solution with an exposure
time of 60 minutes;

Group III: the graft was perforated according to the
developed technique, then treatment was carried out on the
Lobator sd-2 apparatus with the addition of gentamicin;

Group VI: the graft was perforated according to the
developed technique, then treatment was carried out on the
Lobator sd-2 apparatus, and then the head was placed into
gentamicin solution with an exposure time of 60 minutes (Figure
8).

Results and discussion

Comparison of four types of treatment of the femoral
bone heads is carried out. It was revealed that the perforated
femoral bone head, treated on the Lobator apparatus and soaked
in gentamicin for 60 minutes, had the greatest influence on S.
aureus activity.

The perforated, treated, gentamicin-soaked femoral bone
head was compared with the gentamicin-soaked "PerOssal"
beads in terms of the effect on S. aureus strains using the agar
diffusion method.
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The antibiotic release was assessed by the agar diffusion
method. We used 3 bone fragments of perforated, treated, soaked
in gentamicin bone head from a certain depth level (cortical,
subcortical and central) with dimensions of 1 cm x 0.5 cm.

All selected allografts were placed in sterile Petri dishes
9 cm in diameter (1 bone plate per dish). The figure shows the
process of femoral bone head crushing with use of oscillator saw
(Figure 9).

Figure 9 - Femoral bone head crushing with use of oscillator saw

The study results indicate the presence of antimicrobial
activity in all groups [13]. However, allografts perforated
according to the developed technique showed a higher zone
of bacteria growth inhibition in comparison with whole
femoral bone heads. This fact testifies to the effectiveness of
the developed device. The device contributes to the efficient
formation of evenly distributed channels in the bone allograft
array. The channels are intended for uniform impregnation of
bone allograft spongiosis with solutions, as well as for increasing
the allograft surface area for bone tissue new grow [14]. Uniform
channeling facilitates deep soaking of bone graft spongy tissue
with solutions of medicinal substances [15].

Conclusion

A device for bone allograft channeling with the subsequent
impregnation of medicinal substances into the bone tissue is
effective. The device is a rectangular metal structure, on two
side walls of which there are threaded holes for brackets. They
are necessary for firm fixation of the bone allograft inside the
base. The other two walls have through channels located at the
same distance from each other over the entire surface of the wall.
The channels are 10 mm thick to prevent drill deflection. In the
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