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Abstract

Introduction. Chronic osteomyelitis is one of the problems in orthopedic surgery. Recently, in the treatment of chronic osteomyelitis,
biodegradable materials are increasingly used as a local antibiotic carrier. In our study, we used bone allograft, which prepared by Marburg
system.

The purpose of the study was to evaluate preclinical changes of use the antibiotic-impregnated bone allograft on osteomyelitis
model in rabbit.

Materials and methods. Osteomyelitis was caused in rabbits by the human strain Staphylococcus aureus, which is introduced into
bone defects created in the distal femur. Three groups were selected depending on the filling: group 1 - antibiotic impregnated biodegradable
material “PerOssal’, group 2 -whole bone allograft soaked in antibiotic, group 3 - perforated bone allograft soaked in antibiotic. We used a
clinical examination for the evaluating decreasing of chronic osteomyelitis process.

Results. The body temperature of all experimental animals was measured with a non-contact thermometer during the entire
observation period, which was 42 days. The average temperature in rabbits in groups before surgery was 36.90 in-group 1; in-group 2 - 36.40;
in-group 3 - 36.20. On the first day after the operation, in groups 1 and 3, there was no significant difference with the initial body temperature
in rabbits before the operation, while in-group 2, the body temperature on the first day after the operation was 39.00. In the early postoperative
period, the maximum increase in body temperature is observed on the 3rd day in-group 1 up to 39.20 and in-group 3 38.20. In-group 2, the
maximum rise in temperature was on the 2nd day after surgery up to 38.60. The average weight in operated rabbits before surgery was 2983.3
g in-group 1; in-group 2 - 3206.7 gr; in-group 3 - 2300.0 gr. In the 1st group in the postoperative period in the 1st group there is a deficit on the
early postoperative day amounted to 1.3 g in dynamics decreased up to 5 days and then there was a stable increase in weight, which in general
by the 42nd day was 783, 4 grams. In-group 2, on the first day, there was a maximum body weight deficit of up to 92.3 g, with a subsequent
increase, and in general, for the entire observation period, the increase was 200 g. In-group 3, on the first postoperative day, the body weight
deficit was 13.9 grams. In the dynamics, there was a slight instability in weight, for example, on day 5, body weight was 3284.6 g, with a decrease
on day 6 to 3169.2 g. Visually assessing the wound in-group 1, wound suppuration, divergence or instability of the sutures were not noted. In-
group 3, on the 28th day after the operation, there was a slight infiltration of soft tissues in the area after the surgical wound. In the 2nd group
on the 14th day there was a slight infiltration of soft tissues in the area after the surgical wound, and on the 28th and 42nd days there was
suppuration of the postoperative wound.

Conclusion. Thus, in this study we showed, that perforated bone allograft is an available biomaterial can be used in bone regenerative
surgery.
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Introduction

Chronic osteomyelitis is one of the most difficult
to treat diseases. The difficulty of treatment is that it
is necessary not only to ensure a high concentration of
the antibiotic in the wound, but also to fill the resulting
bone defect. Different materials in combination with
antibiotics are used as an antibiotic delivery system [1-
7]. Biodegradable materials like calcium sulfate, collagen,
polymers and other materials have been reported to
be suitable drug delivery systems in the treatment of
osteomyelitis [8-13]. However, their availability is limited
in different countries due to registration, supply and price.
“Gold” standard for filling bone defects is autogenous
bone grafting, which can impregnated with antibiotics.

Material and methods

This study was conducted at the Medical University
of Karaganda, Kazakhstan.

Preparation of bone allografts. The study was
approved by the University Ethics Board (approval number:
13 of 29/09/2017.) and informed consents were obtained
from the donors. Femoral heads were harvested from living
donors after hip replacement. All heads were boiled for
94 minutes at a maximum temperature of 82.52C in the
“LOBATOR SD-2 system” (Telos, Germany ).

Animals. 54 specific pathogen free adult non-bred
rabbits were used in this study. The accommodation,
feeding and care conditions were the standard according to
the rules in force.

Bacterial strain and inoculum preparation. The
ATCC 43.000 strain of Staphylococcus aureus (SA) was
used to induce infection. After sterilized broth cultivation,
3 passages were performed over 24 hours in nutrient agar
tubes incubated at 37°C. From the third passage of the strain
the concentration of 5 x 106 CFU / ml was determined.

Surgery. As an alternative to classical treatment,
bone allografts and biodegradable material "PerOssal"
were used. All allografts impregnated with 4% gentamicin
sulphate. Chronic osteomyelitis model in rabbit was created
in all groups before treatment.

All rabbits under total anesthesia (ketamine 35 mg/
kg+xylazine 5 mg/kg, IM) were approached for surgical
treatment. The hair was removed by trimming, and the

Results

The body temperature of all experimental animals
was measured with a non-contact thermometer during the
entire observation period, which was 42 days. The average
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Disadvantages of this method are graft site restriction, small
amount of material, a second operation to collect material
from one patient [8-13]. As an alternative, the femoral heads
from live donors, after hip joint arthroplasty, are widely used
as bone allografts. There are a lot of type of preparation this
type of bone allografts. In our study, we have used femoral
heads allografts obtained from living donors (telos GmbH,
Marburg, Germany) as antibiotic carrier.

The aim of the study was to evaluate clinical
changes of use the antibiotic-impregnated bone allograft on
osteomyelitis model.

disinfection was done. In all groups surgery included
debridement, abscess drainage and reconstruction
technique. Reconstruction technique involved filling
the resulting bone cavity after necroectomy with a bone
allograft. In all groups, resorbable sutures was applied.
Three groups were selected depending on the filling
(n=18): (1) antibiotic impregnated biodegradable material
“PerOssal”; (2) whole bone allograft soaked in antibiotic;
(3) perforated bone allograft soaked in antibiotic.

Clinical analysis. Clinical evaluation was based on
the activity of the rabbit, measurements of temperature and
body weight, and the condition of the postoperative wound.
A visual assessment of the severity of the inflammatory
process in the area of the postoperative wound and soft
tissues was carried out, which was assessed in points: 0
points - no inflammation, 1 point - soft tissue infiltration
in the projection of the postoperative wound, 2 points -
suppuration of the postoperative wound.

Statistical ~analysis.  Statistical analysis was
performed. The statistical data was performed with
software IBM SPSS Statistics 20. Mean values and standard
deviations were calculated. Groups were statistically
compared using the chi-squared test with p value <0.05 to
consider statistical significant (IBM Corp. Released 2011.
IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY:
IBM Corp.).

temperature in rabbits in groups before surgery was 36.90
in-group 1; in-group 2 - 36.40; in-group 3 - 36.20.
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Picture 1 - The body temperature changes
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As shown in Figure 1, on the first day after the
operation, in groups 1 and 3, there was no significant
difference with the initial body temperature in rabbits
before the operation, while in-group 2, the body
temperature on the first day after the operation was 39.00.
In the early postoperative period, the maximum increase
in body temperature is observed on the 3rd day in-group 1
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up to 39.20 and in-group 3 38.20. In-group 2, the maximum
rise in temperature was on the 2nd day after surgery up
to 38.60. There was no significant difference between the
groups after the operation.

The average weight in operated rabbits before
surgery was 2983.3 g in-group 1; in-group 2 - 3206.7 g; in-
group 3 - 2300.0 g.
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Picture 2 - The body weight changes

As shown in Figure 2 - in the 1st group in the
postoperative period in the 1st group there is a deficit on
the early postoperative day amounted to 1.3 g in dynamics
decreased up to 5 days and then there was a stable increase
in weight, which in general by the 42nd day was 783, 4
grams. In-group 2, on the first postoperative day, the body
weight deficit was 13.9 grams. In the dynamics, there was
a slight instability in weight, for example, on day 5, body

weight was 3284.6 g, with a decrease on day 6 to 3169.2
g. Subsequently, in dynamics, the weight stabilized from
3420 grams, and the total weight gain for 42 days was 493.3
grams. In-group 3, on the first day, there was a maximum
body weight deficit of up to 92.3 g, with a subsequent
increase, and in general, for the entire observation period,
the increase was 200 g.

Table 1 - Comparative clinical analysis in the study groups of the experiment

Group Number 14 day 28 day 42 day
1 group 0 0 0
2 group 1 2 2
3 group 0 1 0

As can be seen from Table 1, when visually assessing
the wound in-group 1, wound suppuration, divergence or
instability of the sutures were not noted. In-group 3, on the
28th day after the operation, there was a slight infiltration
of soft tissues in the area after the surgical wound. In the

Discussion

We conducted a comparative morphological study
of the reparative process of bone tissue after different
methods of surgical treatment of chronic osteomyelitis in
an animal model. The PerOssal group was an experimental
control group.

Osteomyelitis remains a formidable complication
after injuries or surgical interventions on the bones [14,15].
The study we describe was performed to provide insight
into the post-treatment changes in chronic osteomyelitis,
including concomitant bone remodeling, and the use of a
bone allograft of an antibiotic-impregnated Marburg bone
bank.

Animal models of experimental osteomyelitis are
used to evaluate the effectiveness of the use of resorbable
biomaterials and antibacterial drugs [16-18]. For this
reason, sclerosing agents are best not used, as they pose

2nd group on the 14th day there was a slight infiltration
of soft tissues in the area after the surgical wound, and
on the 28th and 42nd days there was suppuration of the

postoperative wound.

a threat to resorbable biomaterials due to the denaturing
ability of such drugs [19].

Staphylococcus aureus bacterial culture is
considered the gold standard for detecting active bone
infections [20]. Additionally, the use of standard
histological staining indicates morphological bone changes
initiated by bacterial infection.

Calcium-binding fluorophores have previously been
studied to track bone remodeling and tooth mineralization
[21-23]. In contrast to such studies, our data suggest that
the use of a bone allograft of an antibiotic-impregnated
Marburg-prepared bone bank may be of great value in
monitoring and quantifying bone remodeling associated
with osteomyelitis, in particular periosteal eminence
mineralization [16]. Furthermore, when these data are
combined with hematological data, they show that infection-
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mediated bone mineralization continues to progress
even after reductions in ESR and CRP levels, reinforcing
the indication for acute stabilizing (potentially chronic)
infection. Moreover, in combination with our previously
published data [16,17], these data show that these changes
in bone remodeling are infection dependent and not
associated with the presence or absence of an implant.

Our collected data provide new insight into the
development of osteomyelitis and suggestions for the use
of parameters in both preclinical and clinical perspectives.
Under preclinical conditions, body weight and temperature
provide general information about the condition of
the animal and should be considered as such. Weekly
assessment of CRP levels and leukocyte differentiation is

Conclusions

Our study describes the detection of various
parameters of bone infection and their correlation in an
experimental animal model of osteomyelitis (regardless
of the presence of an implant) and provides information

recommended, combined with weekly x-rays, histology,
and cultures. X-ray provides additional information
about infection and associated bone mineralization, is
not absolutely necessary to determine the effectiveness
of an antibacterial drug or biomaterial in preventing
osteomyelitis. While combined follow-up with radiographs,
histology, bacterial culture, and hematology analysis will
provide sufficient information to determine antimicrobial
efficacy.

However, when translated into a clinical setting, the
situation is different, and CRP and leukocyte differentiation
will still be useful, as will radiographs.
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Tyitinaeme

Cosblamansl ocmeomueaum 6yziHze deliiH opmonedusablk xupypeusidarbl Kypdesai macese 6016in mabwliadsl. COHFbl yaksimma
€03blAMAblL Ocmeomueaummi emdeyode dicep2inikmi aHMUOUOMUK MACLIMAA0AYWbICl pemiHde 6UoblObIpaywsbl Mmamepuandap dicui
Kos10aHbl1a0dbl. Bizdiy 3epmmeyde Map6ype scylieci 6olibiHwa datielHOaFaH cyliek an102pagdmol K0A0AHbLAObL.

3epmmey makcambl: K0siHOapdarbl ocmeomueaum yazicinde aHmubuomukke 6atibimulAraH cyliek a1102pagmulH K010aHy apKblabl
JcypeizineeH co3bLAMaAbI 0Ocmeomueaum emineH kelliHel KAUHUKA/IbIK 632epicmepdi 6aranay.

Mamepuandap meH adicmep. Ocmeomueaum Staphylococcus aureus-motH a0amoblK WMAMMbIH HCYKMbIPY KeMe2iMeH xHacaadbl.
Oz opmat sicinikmiy ducmasdel 661iMiHe apHlibl HcaAcaAFaH cyliek akayaapbiHa eHzizindi. Cyliek akayblH moambulpy maciiiHe 6atiaaHbIcmbl
JKcnepuMeHmMmIK JcaHyapaap yw monka 6e.iHdi: 1 monma cyliek akaybl aHmubuomukke 6allbimbliFaH 6uobldbipaywst PerOssal
MamepuaabiMeH moamelpbladsl, 2 monma cyliek akaybl aHmubuomukke MA/JAbIHFAH mymac cylek aa/102pagmeimerH moamsipbladsl, 3
monma cyliek akaybl aHMubuoOmuKKe MaabIHFaH meciizeH cyliek a1102pagmeimeH moamulpbladsl. Co3bLAMABI OCMeoMUeaUM 0aMYbIHbIH
baceHdeyiH 6aranay ywiH KAUHUKAAbIK 6aKblaay xiypeisindi. Taxcipubedeai 6apavik yxaHyapaapobiH deHe Kbi3ybl 42 KyHOIK 6akbliaydblH
bapblK Ke3eHiHOe KaWbIKMbIKMAH 6/1WleHemiH mepMoMempMeH 6/1ueHOI.

Hamuoicenepi. Tonmapdarel KositHdapda omara delinei opmoawa memnepamypa 1 monma - 36,90; 2 monma - 36,40; 3 monma
36,20 Kypadel. OmadaH keliinei 6ipinwi maysikme 1 jcaHe 3 monmapoa 6acmankbl memMnepamypameH CajablCmMslpFaHdd atimapavikmat
atlblpMawblablK 60AFAH JHCOK, aa 2-wi monma omadaH KeliHei 6ipiHwi maysikme xcaHyapaapowiy deHe memnepamypacel 39,00 deliin
kemepinodi. Epme omadaH kellinei ke3enHiy 3-wi maysicinde 1-wi scaHe 3-wi monmapda deHe memMnepamypacsiHbly MakcuManowl
JHCOFAPLLIAYLl AHbIKMAa/0bl. 1-wi monma 39,20 deliin scane 3-wi monma 38,20 detlin. 2-wi monma deHe memnepamypacviHbIH MAKCUMAA0bL
JHcOFapaybl 2-wi mayaikke catikec kea0i scaHe 38,60 Kypadwvl. Oma xcacasran KossHOapdvlH omara detlinei opmawa deHe caamarsl 1-wimonma
2983,3 ep.; 2-wi monma - 3206,7 ep.; 3-wi monma - 2300,0 2p. kypadsl. OmadaH kellinei kezeHde 1-wi monma omadau ketiiHei GipiHwi KyHi
deHe caaMarbiHbIH manwblaviFsl 1,3 epammost Kypadel, duHamukada 5 kyHee deliiHel yakbimma memeHdedi, co0aH KelliH deHe CaAMAarbIHbIH
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mypakmul ecyi 6atikaadsl 0a, 42-wi kKyHi 783,4 epamobl Kypadsl. 2-wi monma 6ipiHwi KyHi deHe caamarblHbl{ MAKCUMAA0bl MANUWbLAbIFbL
92,3 2p-ra delliH, KelliHHeH HcoFapblaaysl 6alKa10blL, a1 HANbl AIFAHOA, 6YKiA 6akblaay Ke3eHiHOe deHe caamarbiHbly mypakmbl ecyi 200
2p. Kypaosl. 3-wi monma omadaH ketliHel 6ipiHwi KyHI deHe canMarbiHbly manuwblabsiFel 13,9 ep. Kypadel. [JuHamukada deHe caaMarblHbIH
wamaavl mypakcwl30biFel 6atikandsl, mbicaabl, 5-wi KyHi dene caamarvl 3284,6 2p., 6-wbl KyHi 3169,2 ep-ra dellin momendezeH. 1-wi
Monmarbsl HapaHsl Heansl 6aranay kesinde 6ykin 6akbliay keseyinde scapaHsly ipiHoeyl, mizicmepdin axculpaysl Hemece Mypakcbi30blFbl
6alikaamadsl. 3-wi monma omadaH Kellinel 28-wi KyHi omadaH KeliiHei xcapa atimarbiHda scymcak mindepdiy azdan uH@urbmpayusicsl
aHblkmaodsl. 2-wi monma 14-wi kyHi omadaH KeliiHai scapa alimarsinda scymcak miH0epdiy azdan uHpuasmpayuscel, an 28-wi scane 42-wi
KyHOepi omadaH ketiiHei scapaHbly ipiHdeyi aHblkmaobl.

KopbimuiHdbl. Bya 3epmmeydi Hamudiceci 60lbIHWA nepdopayusiianran cyliek aan102pagdmoeitbly Koaxcemimoi 6uomamepuan
eKeHi JicaHe cyliekmepdiH pezeHepamuemi XupypausicblHOQ KO/A0AHbLIYbl MYMKIH eKeHi Kepcemiaoi.

Tyliin ce3dep: KauHukara OeliiHei — 6araaay aa2opummi, CO3bIAMAAbLI 0OCMEOMUEAUM, KOSTHOapdarbl ocmeomueaum y/e2ici,
KAUHUKara detiinei 3epmmey.
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Pe3ome

XpoHuueckuill ocmeomueaum 6/45emcst CA0HCHOU npobsaemol opmoneduyeckoll xupypeuu. B nocnednee epems e seveHuu
XpOHUYecKo20 ocmeoMmueauma  6ce dauje NpuMmeHsomcsi 6uodezpadupyemvle — Mamepuansvl 8 Kaiecmee MecmH020 HOcumessi
aHmuébuomuka. B Hawem uccaedosaHuu Mbl UCNO0/16308a1U KOCMHbIU aa102pagm, 3a2omosneHHblll no Map6ypackoti cucmeme.

ue.llb uccaedosanusi cocmosina 8 mowm, 4mob6bl OYeHumbv KJAUHUYeCKue U3MEHeHus npu npumMeHeHuu umnpezcHupo8aHHO20
aHMU6UOMUKOM KOCIMHO20 a/mozpagima Ha modeau ocmeomuesuma y Kpo/auKkos.

Mamepuaavt u memodel. Ocmeomueaum GopMuposanu y Kpoaukos yesosedeckum wmammom Staphylococcus aureus, komopbiil
8800U1Cs1 8 KOCMHble deghekmbl 8 ducmanbHOM omadese 6edpeHHoll kocmu. B 3agucumocmu om 3anonHeHus depekma 6bLaU cHopMUpo8aHsl
mpu epynnul: 8 1 2pynne — degpekm 3anosHeH Guodezpadupyemvim mamepuanom PerOssal, umnpezHUpOBAHHbLIM AHMUOUOMUKOM, 80
2 epynne - depeKm 3anoNHAACS YeAbHbIM KOCMHbIM AA102pagmoM, 3aMOUeHHbIM 8 aHmubuomuke, 8 3 epynne - dehekm 3anonHSACS
nepgopuposaHHbIM KOCMHBLIM a/1/102pAPMOM, 3aMOYEHHbIM 8 aHmubuomuke. KauHuueckoe Habaio0eHuUe UCNO/1b308aHO 0151 OYeHKU
YMeHbUWeHUsl npoyecca XpoHUYeckoz2o ocmeomueauma. Temnepamypy mesa 6ceX IKCNEPUMEHMAAbHbIX HCUBOMHLIX U3MepPSAU
6ECKOHMAKMHbIM MePMOMEeMpPOM 8 meveHue 8ce2o0 Cpoka HabadeHus, Komopbll cocmasua 42 oHs.

Pesynbmamul. CpedHsis memnepamypa y Kpoaukos 6 epynnax do onepayuu cocmasuaa 36,90 @ 1-ii epynne; 8o 2-ii zpynne -
36,40; 8 epynne 3 - 36,20. B nepsble cymku nocse onepayuu 6 1 u 3 epynnax docmosepHoll pasHuysl ¢ UcXo0HOl memhepamypoli meaa y
Kpo/ukos 0o onepayuu He 6bL10, a 80 2-1 2pynne memnepamypa me/da 8 hepsule Cymku nocje onepayuu nogsicunacs 0o 39.00. B paxnem
nocseonepayuoHHoM nepuode MakcuMaabHoe nosvluleHue memnepamypbl meaa Habawdaemcs Ha 3-u cymku e 1-il epynne do 39,20
u 8 3-i epynne 38,20. Bo 2-ii 2pynne makcumaibHoe nosvluleHue memnepamypbl 6bL10 Ha 2-e cymku nocje onepayuu 0o 38,60. Cpedusisn
macca onepupogaHHsIX Kpoaukos do onepayuu cocmaguaa 2983,3 ep. e 1-11 epynne; so 2-ii epynne - 3206,7 ep.; 8 epynne 3 - 2300,0 ep. B
nocseonepayuoHHoM nepuode 8 1-ii 2pynne depuyum 8 nepsvle nocseonepayuoHHsle cymku cocmasua 1,3 ep., 6 duHamuke yMeHbWUACS
do 5-x cymok, a 3amem Habarodascs cmolKull npupocm Maccvl meAaa, Komopultil 8 yeaom k 42 onro cocmasua 783,4 epamma. Bo 2-ii epynne
8 nepavle Cymku 0mmevaicst MakcuMaabHblil depuyum maccel meaa 0o 92,3 2p., ¢ nocaedyrouuM yseauveHueM, U 8 Yes0M 3a 8ecb nepuod
Habsrdenust npupocm cocmagua 200 ep. B 3-1i epynne 8 nepgble cymku nhocse onepayuu degpuyum maccvl mesaa cocmasua 13,9 2p. B
JuHamuke omme4anacs He3HA4UMebHAs1 HeCMAbUNILHOCMb MACCHl MeAa, Hanpumep, Ha 5-e cymku macca mesaa cocmaguaa 3284,6 2p., co
CHUdceHUeM Ha 6-e cymku do 3169,2 ep. [Ipu eudyansHoli oyeHke patbl 8 1-il 2pynne Ha2HOeHUs! paHbl, PacxoxicoeHusl uau Hecmabu/abHocmu
weos 3a eecb nepuod Hab.wOeHUs He ommeyanocs. B 3-i epynne Ha 28-e cymku nocse onepayuu ommevandcb He3Ha4umesabHas
uHuAILMpaAyus MA2KUX mKaHell 8 obaacmu nocaeonepayuoHHoll paHsl. Bo 2-ii epynne Ha 14-e cymku ommevanacb He3Ha4umesabHas
uHPUAILMPAYU MAZKUX MKaHell 8 06/1acmu noc.1eonepayuoHHol paHul, a Ha 28-e u 42-e cymku - HazHOeHuUe Noc.1eo0nepayuoHHOl paHbL.

Bbigodbl. Takum 06pasom, 8 O0AHHOM UCC/Ae008AHUU NOKA3AHO, YMO neppopupo8aHHbIll KOCMHbL asn0zpadm sieasemcs
docmynHblM GuoMamepuasaoM U Moxcem 6bimb UCNO/Ib308AH 8 KOCMHO-pe2eHepamusHol Xupypauul.

Katouegble csao8a: asnzopumm OOKAUHUYECKOU OYeHKU, XPOHUYECKUU ocmeoMmueanum, Mooeab HA KpPoJaukax, JOKAUHUYECKoe
uccsnedosauue.




