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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or compu-
ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width, and 1.5 spacing
between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to Georgian and Russian
materials). With computer-printed texts please enclose a CD carrying the same file titled with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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HEAT TREATED BONE ALLOGRAFT AS AN ANTIBIOTIC CARRIER FOR LOCAL APPLICATION

Tuleubaev B., Saginova D., Saginov A., Tashmetov E., Koshanova A.

Karaganda Medical University, Kazakhstan

Infectious complications in traumatology and orthopedics
that occur after chronic osteomyelitis remain a serious problem.
Traditional methods of treatment often do not allow to achieve
complete eradication of the pathogen [8,9].

At present, the impregnation of antibiotics into various im-
plants is gaining more and more application. Thanks to this, it
became possible to create high local concentrations of antibiot-
ics and to avoid their systemic toxic effects. As implants, both
non-biodegradable (bone cement, titanium plates) and biode-
gradable (hydroxyappatite, calcium sulfate, calcium phosphate,
collagen sponge) are used [11,12,16].

The main causative agents of osteomyelitis, according to the
literature, are S. aureus and coagulase-negative staphylococci.
Next come Enterobacteriaceae, Pseudomonas and streptococci.
Moreover, in a percentage ratio, a gradual shift of growth to-
wards gram-negative bacteria, such as P. Aeruginosa Enterobac-
teriaceae occurs. This is due to an increase in the number of
orthopedic surgeries using implants, as well as an increase in
the number of injuries with open fractures [8,10]. In addition,
Enterobacteriaceae, K. pneumoniae, E. Coli, and others belong
to the causative agents of osteomyelitis among gram-negative
bacteria [9].

The basic requirements for ideal implants are: effective bacte-
ricidal activity against all pathogens of osteomyelitis, including
methyl-resistant Staphylococcus aureus (MRSA); a prolonged
release of high concentration of the antibiotic in the site of in-
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fection without local or systemic toxicity; biodegradation and
enhancement of bone tissue repair processes; the possibility of
impregnation with an antibiotic according to the sensitivity of the
pathogen. However, the ideal material has not been found [7,9,15].

Bone grafts are considered “the gold standard” as they can
replace any bone defect, have osteoconductive properties and
do not require subsequent removal, also they can absorb various
antibacterial drugs. The negative aspects of their application are
the complexity of transplant procurement, legal and ethical re-
strictions, limited resources of donor zones, the risk of fractures
and chronic pain syndromes at the site of harvesting of bone
[6,12,14]. However, the possibility of using bone allografts pre-
pared according to the Marburg system of the bone bank avoids
these difficulties [13].

In this study, our objective was to assess antibacterial activity
of antibiotic-impregnated bone allograft processed according to
the Marburg bone bank system.

Material and methods. The study was conducted at the
clinical base of the Nonprofit Joint-Stock Company “Karaganda
Medical University” (KMU) in the Regional Center for Trauma-
tology and Orthopedics (RCTO) named after prof. H.Z. Maka-
zhanov, at the Department of Microbiology of the KMU and in
the laboratory for collective use (LCU) of the KMU.

Human femoral heads were used as bone allograft. Written
consent was taken obtained from patients to utilize the femoral
heads from total hip replacement for further research. The ex-
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periment included femoral heads with a diameter of 50-55 mm,
without the presence of severe sclerosis and damage. After har-
vesting all femoral heads were processed according to the Mar-
burg bone bank system. Thermal disinfection involved heating
of the femoral heads placed into a sealed container with saline in
Lobator SD-2 system (TELOS, Germany). The duration of the
protocol was 94 min, while temperature (82.5C) was sustained
for at least 15 min [13]. Then the bone allografts were then im-
pregnated with gentamicin solution 4 mg/ml.

Depending on the method of impregnation four experimental
and control groups were formed. Three allografts were included
in each group. In I and II groups entire femoral heads were used,
in III and IV - perforated.

In group I, entire femoral heads were used, which were heat
treated with the addition of gentamicin.

In group II, entire femoral heads were heat treated, then
soaked in a sterile gentamicin solution at room temperature with
an exposure of 60 minutes.

In group I1I, entire femoral heads were first perforated, and then
were heat treated with the addition of gentamicin. The bone allograft
is perforated in the device [1]. Using a drill, channels are formed ac-
cording to the template. Channels are located at the same distance
from each other over the entire surface of two perpendicular walls
of the device. Then the graft is washed in saline to clean the canals
from bone chips. This perforating method a bone allograft promotes
uniform impregnation with an antibiotic.

In group 1V, perforated bone allografts were heat treated, then
soaked in a sterile gentamicin solution at room temperature with
an exposure of 60 minutes.

In V, the control group, the bone allografts were heat treated,
then impregnated with saline.

Bone chips with a size of 5-10 mm were prepared from the
spongious tissue using a medical hand saw. Three bone frag-
ments were taken from each group. Assessment of antibiotic
release was carried out by agar diffusion. Laboratory strains of
different microorganisms causing osteomyelitis were studied,
including Staphylococcus aureus ATCC 1518, Pseudomonas ae-
ruginosa ATCC 9027, Klebsiella pneumonia WHO-1.

The suitability of S. aureus, P. aerugenosa, K. pneumonia
strains were assessed by determination of minimum inhibitory
concentrations (MICs) at which no visible growth existed. Broth
dilution are used to determine MICs of gentamycin [3].

A Petri dish (diameter 9 cm) with a standardized amount (15
mL) of Mueller Hinton Medium (broth + agar) was floated with
1 mL of a S. aureus ATCC 1518 (1 x 108 CFU/mL), P. acrugi-
nosa ATCC 9027 (1 x 10® CFU/mL), K. pneumonia WHO-1 (1 x
108 CFU/mL) suspensions, respectively. Bone chips in triplicate
from each group were placed on one plate and incubated at 37
° for 24 h. Evaluation of the results was carried out by measur-
ing the diameters of the zone of inhibition with a ruler with an
accuracy of 0.1 mm from the edge of the bone fragments after
24 hours.

Statistical data processing was carried out using the soft-
ware package Excel 2016 (Microsoft Corporation, USA) and
the software package STATISTICA 8.0 (StatSoft, USA). The
analysis was carried out using descriptive statistics. For each
quantitative indicator, the average, median (Me), quartiles
(Q25; Q75) were calculated. To compare the differences be-
tween the groups, a nonparametric one-dimensional analysis
of variance was used (Kruskal-Wallis test). For comparisons
of the differences between perforated and non-perforated
samples, as well as comparisons of antibiotic groups before
or after heat treatment the non-parametric Mann-Whitney test
was used. Statistical significance was considered at p-values
less than 0.05.

Results and discussion. Comparison of the diameters of the
zone of inhibition in the medium with S. aureus was carried out
based on the results of measuring the inhibition zone among
themselves. The diameter of the zone of inhibition in I group
was 6.7£1.1 (Me (Q25; Q75) 6.6 (6.5; 6.9)) mm, in II group it
was 9.0+£0.6 (Me (Q25; Q75) 9.1 (8.9; 9.2)) mm, in III group -
20.4+0.4 (Me (Q25;Q75) 20.8 (19.4;21.1)) mm and in IV group
- 24.6+0.8 (Me (Q25; Q75) 24.6 (24.3; 24.8)) mm. There is a
wide range of indicators in the groups of entire and perforated
allografts (Fig. 1).

Comparison of the diameters of the zone of inhibition in the
medium with P. aerugenosa was carried out based on the results
of measuring the inhibition zone among themselves. The diam-
eter of the zone of inhibition in I group was 7.1+£0.4 (Me (Q25;
Q75) 7.2 (6.9; 7.3)) mm, in II group 12.7+0.6 (Me (Q25; Q75)
12.6 (12.5; 13.1)) mm, in IIT group - 17.6+0.9 (Me (Q25; Q75)
18.1 (17.6; 18.5)) mm and in IV group - 21.3£0.8 (Me (Q25;
Q75) 21.3 (20.7; 21.8)) mm. There is a wide range of indicators
in the groups of entire and perforated allografts (Fig. 2).

Fig. 2. The diameters of zone of inhibition in the medium with P. Aerugenosa: a- I group; b- Il group; c- Il group, d- IV group
© GMN
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Fig. 3. The diameters of zone of inhibition in the medium with K. pneumonia: a- I group; b- Il group, c- Il group, d- 1V group

Table. Comparison of zone of inhibition between groups

The diameters of zone of inhibition (mm)
Strains n (ni3) (nI=13) (Igl:,’) (::3) H* p
Me (Q,;; Q.)
S. aureus 12 (6.56;.66.9) (8.99;.19.2) (193328 1.1) (24.234;‘.264.8) 12,64 10,0065
P acrugenosa 12 (5.55;'96.4) (8.3?;.79.4) (12}5?'163.2) (16.16?537.3) 11,84 10,0079
K. pneumonia 12 (6.97;.26.2) (12.15?'16 3.1) (17.16?.11 8.5) (20.27§ .231.8) 12,66 | 10,0072

note: * - Kruskal-Wallis Test

Comparison of the diameters of the zone of inhibition in the
medium with K. pneumonia was carried out based on the results
of measuring the inhibition zone among themselves. The diam-
eter of the zone of inhibition in I group was 5.9 = 0.9 (Me (Q25;
Q75)5.9 (5.5; 6.4)) mm, in group I - 8.8 £ 0.6 (Me (Q25; Q75)
8.7 (8.3; 9.4)) mm, in group IIT 12.8 £ 0.5 (Me (Q25; Q75) 12.6
(12.5; 13.2)) mm and in IV group - 16.9 = 0.8 (Me (Q25; Q75)
16.8 (16.6; 17.3)) mm. There is a wide range of indicators in the
groups of entire and perforated allografts (Fig. 3).

According to statistics (Table) the diameters of the zone of
inhibition are significantly different in the groups of entire and
perforated allografts. It can also be noted how the data on the
inhibition area on different nutrient media differ. It is clear that
the diameters of zone of inhibition in II and IV groups are statis-
tically higher than in I and III groups in all mediums (p<0.05).

In chronic osteomyelitis, bone grafting is required after radical
excision of a large amount of necrotic tissue. One of the meth-
ods for filling defects are biodegradable grafts impregnated with
antibacterial drugs. Typically, autologous bone, allografts and
bone graft substitutes are used. All of them have osteoconduc-
tive and osteoinductive properties [6,12,14]. The gold standard
in replacing a bone defect is an autologous bone taken from a
iliac crest or tibial tuberosity. However, the limited resources of
donor areas, the risk of fractures and chronic pain syndromes at
the site of collection of donor material, additional trauma during
surgery limits the use of this treatment method. The use of bone
allografts as a carrier for antibiotics has been described by many
authors. E. Witse et al. came to the conclusion that crushed and
antibiotic-saturated bone grafts can be used in various clinical
situations and can store and release large amounts of aminogly-
cosides and vancomycin [18]. The spongy bone is believed to
be the best vehicle because of its larger surface area for binding
to the antibiotic compared to the cortical bone. Also, the porous
structure of the cancellous bone is a favorable condition for the
growth of bone tissue [4,12].

Aminoglycosides, in particular gentamicin, are considered the
most commonly used antibiotics for impregnation of materials
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such as PMMA, collagen sponges etc., due to their high solubil-
ity, their thermal stability, and their bactericidal activity at low
concentrations. Moreover, aminoglycosides are effective against
most of the most common microorganisms isolated from ortho-
pedic infections, such as Staphylococcus aureus, Pseudomonas
aeruginosa and enterococci [7,10].

In this experiment, antibacterial activity of antibiotic impreg-
nated bone allografts was evaluated. Impregnation was carried
out by 4 different methods. These allografts were harvested from
the femoral heads after arthroplasty of the hip joint. In the lit-
erature more often described impregnation of a bone graft with
manual stirring by shaking, placing the bone graft in antibiotic-
containing solutions for a certain period of time, as well as phys-
ical methods (iontophoresis) [4,5,12]. In the aforementioned
methods, the bone allograft is ground to a chip size (1x1 cm)
before impregnation. Grinding an allograft leads to the destruc-
tion of the structure of bone tissue, a decrease in the binding
surface with an antimicrobial preparation, which in turn leads
to a rapid release of the antibiotic from the transplant [15,18].
In contrast, perforation according to the developed technique al-
lows preserving the integrity of the bone allograft. In addition,
due to uniform perforation, femoral head can be impregnated
with an antibiotic totally.

In vitro studies of local antibiotic release have employed vari-
ous microbiological methods. Measurement of the zone of inhi-
bition of growth of microorganisms in agar is a technique that
is used in studies of the release of antibiotic from bone cement
from polymethyl methacrylate (PMMA). According to Walen-
kamp, the agar diffusion test is a qualitative analysis that allows
you to determine the release of antibiotics and the antibacterial
activity of bone cement or, in our case, cancellous bone [17]. In
our study, drug release was determined by agar diffusion against
Staphylococcus aureus, Pseudomonas aerugenosa, Klebsiella
pneumonia as an indicator strain. These strains were selected
as an indicator because according to the literature, S. aureus and
coagulase-negative staphylococci are the main causative agents.
Next come Enterobacteriaceae, Pseudomonas and streptococci.



GEORGIAN MEDICAL NEWS
No 9 (306) 2020

Moreover, in a percentage ratio, a gradual shift of growth to-
wards gram-negative bacteria, such as P. Aeruginosa and En-
terobacteriaceae occurs. This is due to an increase in the number
of orthopedic surgeries using implants, as well as an increase
in the number of open fractures. In addition, K. pneumoniae,
E. Coli, etc. are among the causative agents of osteomyelitis
among gram-negative facultative anaerobic bacteria [9,10].

The results obtained indicate the presence of antimicrobial
activity against S. aureus, P. aeruginosa, K. pneumonia in all
groups. However, the diameter of zone of inhibition in media
with S. aureus, P. aeruginosa was higher than in medium with K.
pneumonia, which may be associated with a higher activity of
gentamicin on these microbial strains. Allografts (group III and
IV) perforated according to the developed technique showed a
higher growth inhibition zone compared to entire femoral heads
(group I and II) (p<0.05). Despite the fact that gentamicin be-
longs to thermostable antibacterial drugs, in this and a previous
study [2], its antibacterial property decreased after exposure to
high temperatures. Samara E. in an experiment simulating tem-
perature during bone cement polymerization (PMMA) showed
that gentamicin is degraded by 25% under the influence of high
temperatures [14].

This study has some limitations. The study was conducted in
vitro, and therefore, additional in vivo studies using animals are
needed before clinical introduction. Regardless of the molecular
mechanism, current research suggests that heat treated and an-
tibiotic-impregnated bone allograft can potentially be an effec-
tive means of preventing and treating bone and joint infections.
This method can also provide activity against the most common
pathogens of bone infections. Further research is needed to fur-
ther examine the concentration and duration of antibiotic release
in vivo and the safety of a bone allograft impregnated with an
antibiotic in an animal model before it can be considered for use
in humans.

Conclusion. We conclude that the capacity of bone allografts
processed according to the Marburg bone bank system to act as
gentamicin carriers has been confirmed in this study. Gentamy-
cin loaded perforated bone allograft (IV group) showed statis-
tically higher efficacy against S. aureus, P. aeruginosa and K.
pneumonia among studied groups.

REFERENCES

1. Tyney6aes b. E., A6ues T. M., Carunosa J{. A., Carutos A.
M., Pynenko A. II., KomanoBa A.A., Apytionsa M. I, [losnor-
Oex yyny A., [llabanoB A.A. YcrpoiicTBo miist nepdopupoBaHus
KocTHOro ayutorpadra. IlareHT Ha monesnyio mozenb Pecry-
omuku Kazaxcran Ne3980 ot 4 nexabpst 2019 rona.

2. Tyney6aes b. E., Carunosa /1. A., Tammeros 3.P., Komanosa
A.A., ApyTionsH M. I. Mukpobuosorudeckast oleHKa Bo3aen-
CTBHS BBICOKOI TeMmIeparypbl Ha aHTHOAKTepHaJbHYIO aKTHB-
HOCTb HNPOTHBOMHMKPOOHBIX mpernaparoB. / Menuuuna (Anma-
Th1). 2019;1(199):27-31..

3. Andrews J. Determination of minimal inhibitory concentra-
tions. // J Antimicrob Chemother. 2003 Jul;48(1):5-16

4. Coraga-Huber DC, Ammann CG, Nogler M, Fille M, From-
melt L, Kithn K-D. et al. Lyophilized allogeneic bone tissue as
an antibiotic carrier. / Cell Tissue Bank. 2016;17(4):629-642.
5. Edmondson MC, Day R, Wood D. Vancomycin iontophoresis
of allograft bone. // Bone Joint Res. 2014;3(4):101-107.

6. Egol KA, Nauth A, Lee M, Pape HC, Watson JT, Bor-
relli J. Bone Grafting. // Journal of Orthopaedic Trauma.
2015;29:10-14.

© GMN

7. Galvez-Lopez R, Pena-Monje A, Antelo-Lorenzo R, Guardia-
Olmedo J, Moliz J, Hernandez-Quero J. et al. Elution kinetics,
antimicrobial activity, and mechanical properties of 11 different
antibiotic loaded acrylic bone cement. // Diagn Microbiol Infect
Dis. 2014;78(1):70-74.

8. Kavanagh N, Ryan EJ, Widaa A, Sexton G, Fennell J,
O’Rourke S, Cahill KC, Kearney CJ, O’Brien FJ, Kerrigan SW.
Staphylococcal Osteomyelitis: Disease Progression, Treatment
Challenges, and Future Directions. // Clin Microbiol Rev. 2018
Feb 14;31(2):¢00084-17.

9. Kremers HM, Nwojo ME, Ransom JE, Wood-Wentz CM,
Melton LJ, Huddleston PM. Trends in the Epidemiology of Os-
teomyelitis. // J Bone Jt Surg. 2015;97(10):837-845.

10. Lebeaux D, Ghigo J-M, Beloin C. Biofilm-related infections:
bridging the gap between clinical management and fundamental
aspects of recalcitrance toward antibiotics. / Microbiol Mol Biol
RevAmerican Society for Microbiology. 2014;78(3):510-43.
11. McNally M, Ferguson J, Kendall J, et al. A comparative
study of three bioabsorbable antibiotic carriers in chronic os-
teomyelitis: 313 patients with minimum one-year follow-up. //
Bone Joint J Proc Suppl. 2015;97(Suppl 16):21-22.

12. Peeters A, Putzeys G, Thorrez L. Current Insights in the
Application of Bone Grafts for Local Antibiotic Delivery in
Bone Reconstruction Surgery. // J Bone Jt Infect. 2019 Oct
15;4(5):245-253.

13. Pruss A, Seibold M, Benedix F et al. Validation of the “Mar-
burg bone bank system” for thermodisinfection of allogenic
femoral head transplants using selected bacteria, fungi, and
spores. // Biologicals. 2003;31:287-94.

14. Samara E, Moriarty TF, Decosterd LA, Richards RG, Gauti-
er E, Wahl P. Antibiotic stability over six weeks in aqueous
solution at body temperature with and without heat treatment
that mimics the curing of bone cement.// Bone Joint Res. 2017
May;6(5):296-306.

15. Tavridou A, Lalidou F, Kolios G, Tavridou A, Drosos G.
Bone grafts as carriers for local antibiotic delivery for the treat-
ment and prevention of bone infections. // Surgical Technology
international.2014;25:239-45.

16. van Vugt TA, Geurts J, Arts JJ. Clinical Application of Anti-
microbial Bone Graft Substitute in Osteomyelitis Treatment: A
Systematic Review of Different Bone Graft Substitutes Avail-
able in Clinical Treatment of Osteomyelitis. // Biomed Res Int.
2016;2016:6984656.

17. Walenkamp GM, Vree TB, van Rens TJ. Gentamicin-PMMA
heads. Pharmacokinetic and toxicological study. / Clin Orthop
Relat Res. 1986;205:171-83

18. Witse E, Persen L, Benum P, Bergh K. Release of netilmi-
cin and vancomycin from cancellous bone. // Acta Orthopaedica
Scandinavica. 2002;73(2):199-205.

SUMMARY

HEAT TREATED BONE ALLOGRAFT AS AN ANTIBI-
OTIC CARRIER FOR LOCAL APPLICATION

Tuleubaev B., Saginova D., Saginov A., TashmetovE.,
KoshanovaA.

Karaganda Medical University, Kazakhstan
The objective of the study was to assess antibacterial activity

of antibiotic-impregnated bone allograft processed according to
the Marburg bone bank system.
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In the experiment, thermal processed bone allografts accord-
ing to the Marburg bone bank system were used. They were im-
pregnated with gentamicin. Four groups are formed depending
on the impregnation method. In I and II groups, an entire femoral
heads and, in III and IV perforated femoral heads were used. In
groups I and III, antibiotic impregnation was carried out simultane-
ously with the thermal disinfection, and in groups II and IV after
thermal disinfection. In the control group, the bone allografts were
heat treated, then impregnated with saline. The antibiotic release
was evaluated by agar diffusion test against Staphylococcus aureus,
Pseudomonas aeruginosa and Klebsiella pneumonia.

The results of the study indicate the presence of antimicrobial
activity against S. aureus, P. aeruginosa and K. pneumonia in
all groups except the control group. However, in the II and IV
group, the inhibition zone was higher compared with the I and
III groups (p<0.05).

We conclude that the capacity of bone allografts processed
according to the Marburg bone bank system to act as gentamicin
carriers has been confirmed in this study. Gentamycin loaded
perforated bone allograft (IV group) showed statistically high-
er efficacy against S. aureus, P. aeruginosa and K. pneumonia
among studied groups.

Keywords: Osteomyelitis, Staphylococcus aureus, antibiotic,
local delivery, biomaterials and delivery systems.

PE3IOME

TEPMUYECKH OBPABOTAHHBIII KOCTHBIN AJl-
JIOI'PA®T B KAYUECTBE JIOKAJIBHOT'O HOCUTEJISI
AHTUBUOTHUKOB

Tyaey6aes B.E., CarunoBa /I.A., Carnnos A.M.,
Tammertos J.P., KomanoBa A.A.

Meouyunckuu ynusepcumem Kapacanowl, Kazaxcman

Ienbio wncciemoBaHMsi SIBUIACh OLIGHKA aHTHOAKTEpHAIIb-
HOH aKTMBHOCTU HUMIIPETHUPOBAHHON aHTUOMOTHKOM T'OJIOBKH
OeZpeHHO KOCTH, 3aroToBJIEeHHONH 1o MapOyprckoii cucreme
KOCTHOTO OaHKa.

B skcnepuMeHTe HCHONIB30BAIMCh TOJIOBKU OEIpPEHHOI KO-
CTH, 3aroTOBJICHHBIE 110 MapOyprckoii cucreme KOCTHOTO OaHKa,
KOTOpPbIE MMIIPETHUPOBAIIM TeHTAaMUIIMHOM. B 3aBucumoctu or
MeTo/ia UMITperHanuu copmupoBaHsl 4eTbipe rpynmnsl. B I u 11
rpyIIax UCHoIb30BaJIach LelbHAs TOI0BKa OAPEHHOM KOCTH, B
III u IV — nepdopuposannas. B I u Il rpynnax uMnpersarus
AHTHOMOTHUKOM TPOBOAMIACH OIHOBPEMEHHO C TEPMHUYCCKON
obpaboTKoii ronoBok Oexpennoit kocry, Bo Il u IV rpymmax —
HOCJIe TePMHUYECKOi 00paboTKH. B KOHTposbHOU TpyIiIe Helb-
HBI KOCTHBIA QJIJIOTPAHCIUIAHTAT MOJBEPraJiCs CTaHIAPTHOU
TEPMHUUECKO 00paboTKe 6€3 UMIPETHAIIUH €r0 AaHTHOMOTHKOM.
O1ieHKa BBICBOOOIK/ICHUS] aHTHOMOTHKA U3 (hpParMEeHTOB ITPOBO-
nmunace MetogoM nuddysuu B arape ¢ Staphylococcus aureus,
Pseudomonas aerugenosa, Klebsiella pneumonia.

Pesynbrarsl vccne0BaHus OKa3ail HaJMIUe aHTHOAKTepH-
aJbHOM aKTMBHOCTH UMIIPETHUPOBAHHBIX aHTHOMOTHKOM aJljIo-
rpadToB Ha cpenax ¢ S. aureus, P. aerugenosa, K. pneumonia Bo
BCEX IpyImnax, Kpome KoHTponbHoi. OxnHako, Bo Il u IV rpyn-
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nax 30Ha 3aJep>KKH pOCTa MUKPOOPraHU3MOB Oblja OOJIbllIe B
cpaBHeHud ¢ | u Il rpynnamu (p<0,05).

B npoBeieHHOM HCCIIeI0BaHUH TTOATBEP)KICHA CIIOCOOHOCTD
KOCTHBIX aJUIOTPAHCIUIAHTATOB, 3aroTOBJIEHHBIX 1Mo MapOypr-
CKOHM CHCTEME KOCTHOTo 0aHKa, AeHCTBOBATh B KAY€CTBE HOCH-
Tenell reHtaMuiuHa. [lephopupoBaHHBIl HMIIPErHUPOBAHHBIH
reHTaMHIIMHOM KOCTHbIH amtorpadt (IV rpymnna) mokasan cra-
THCTHYECKU 0oJiee BBICOKYIO aHTHOAKTEPUAIbHYIO aKTHBHOCTD
npotuB S. aureus, P. aeruginosa u K. pneumonia cpenu uccie-
JIyEMBIX TPYIIIL.
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