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Summary. Despite the improvement in the quality of implants, the number of
complications in traumatology and orthopedics, which lead to infection, remains high.
It is proved that untimely prescription of adequate antibiotic therapy for implant-
associated infections can cause progression of the septic process until the development
of shock and multiorgan failure and on practics leads to the development of resistance
microorganisms to antibacterial drugs. An important point is to Study the fmﬂoolagieal
microbial communities (bacterial film) in traumatology and orthopedics. All “classic” tests
and markers of the infectious processhave low specificity and are not reliable enough for
accurate diagnosis. These features are forced to development of additional microbiological
diagnostics: the study of the destruction of the biofilm, which is removed from the implant
surface with the belp of ultrasound. The purpose of our study was to determine the
effectiveness of the microbiological tests with sonication in patients with infectious process
after osteosynthesis of long bones. Materials and Methods. Microbiological studies of the
pathologically altered tissue biopsies directly at the implant and implant sonicates from
the implant for osteosynthesis from 31 patients with chronic osteomyelitis or surgical site
infection were performed. Results. As a result, the significant sonication efficiency was
discovered: a 25.8% increase in positive results, 6.5% of E. aerogenes and E. faecalis
cultures in association with S. aureus were isolated. Conclusions. Further improvement
of the method and its application in specialized departments can give a positive diagnostic
effect, which will subsequently improve the results of patient treatment.
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Introduction

In recent decades, considerable progress has been
made in the study of implant-associated infection. Studies
take into account not only the changes in the composition
and features of the pathological process, but also examine
immunological response factors of anti-infective microor-
ganism resistance.

Despite the improvement in the quality of implants,
established training, treatment and prevention programs,
the number of complications in traumatology and ortho-
pedics, which lead to infection, remains high.

It is proved that untimely prescription of adequate anti-
biotic therapy for implant-associated infections can cause
progression of the septic process until the development
of shock and multiorgan failure. Excessive and prolonged
exposure to antimicrobial drugs also threatens health [1].

The lack of adequate early diagnostic methods, with the
development of infectious complications after implanta-
tion, encourages physicians to prescribe empirical therapy,
which is not only ineffective, but also leads to an increase
in the number of microorganisms and the development of
resistance to antibacterial drugs [2].

Unfortunately, all “classic” tests and markers of the
infectious process, as the number of leukocytes, plate-
lets, leukocyte formula, leukocyte intoxication index,
ESR, CRP level, procacitonin, have low specificity and
are not reliable enough for accurate diagnosis.

As for now determining the microbial agent re-
mains “the gold standard” in the diagnosis of infec-
tion around the implant. Nevertheless, quite often we
do not reach the success in treatment, even when the
pathogen is identified, or even have a negative micro-
biological result [3].

An important step in the study of microorganisms is
the invented biofilm. Biological film, bacterial film, mi-
crobial community, biofilm, microbial community: these
are the names of the existence forms of most bacteria
found in publications. The idea of a special form of bacte-
rial existence appeared at the end of the twentieth cen-
tury. Undoubtedly, the main impetus in the study of this
problem was the progress in electron microscopy, and
the advent of devices such as scanning confocal micro-
scope allowed to detect biofilms in their natural state [4].

Let us provide an example of the physiological func-
tioning of microbes in a consortium in the body: a film
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on the mucous membranes, intestinal flora, layers on
the teeth, etc. A specific advantage of such an organiza-
tion is to ensure the homeostasis of organs, the func-
tioning of which depends on the microbes that inhabit
them. However, it also has a downside, as it is difficult to
control such a microbial community, and therefore to
treat diseases caused by changes in the community [4].

Ann important point is to study the pathological mi-
crobial communities in traumatology and orthopedics,
as in this field massive implants are widely used [5]. The
main publications of European and American specialists
in bone and joint infections are devoted to the biofilm
problems. However, despite the high urgency of this
problem in the world, most aspects remain unresolved.

It is currently proven that with the development of
an infectious complication, the biofilm on the implant
is formed during 2-10 days. So when the first signs of
inflammation appear, it is necessary to begin adequate
treatment of the infection [4]. Untimely beginning of
the microbial control leads to film formation and inef-
fective measures.

In the structure of the biofilm, there are 2 forms of
bacterial existence: planktonic, which freely moves in
the liquid medium, and mucoid, which is in the static
state. These two forms of microorganisms have differ-
ent properties, which are of high clinical importance.
When examining the material from the wound, we ob-
tain the growth of microorganisms of planktonic form,
static forms are usually tightly attached to the surface
of the implant. It is also known that when several mi-
crobes are associated, a pathogen can appear in the
planktonic form, which has no effect on the pathologi-
cal process at all.

This trend led to development of additional micro-
biological diagnostics: the study of the destruction of the
biofilm, which is removed from the implant surface with
the help of ultrasound. This method is called sonication.

In orthopedic practice, routine studies with soni-
cation are performed mainly for complications after
arthroplasty [6]. According to many researchers, the
results of this work have a positive diagnostic and ther-
apeutic effect. The differences in microbiological diag-
nosis reach up to 23.0%, while the identification of the
pathogen increases by 17.0%. However, some research-
ers did not notice the significant diagnostic value of
sonication and do not believe that this method should
be used in everyday practice.

The analysis of publications revealed that sonication
in studies of infection after osteosynthesis of bone was
performed rarely and the results were based on small
data set. Besides, the publications do not describe the
consistent technology of this process [7, §].

The purpose of our study was to determine the ef-
fectiveness of the microbiological tests with sonication
(compared to tests without sonication) in patients with
infectious process after osteosynthesis of long bones.

Material and Methods

Microbiological studies of surgical material from
31 patients with chronic osteomyelitis or infection
of the surgical area were performed. The material in
all patients was taken during sanitary surgery with re-
moval of metal clamps. One part of the material was
pathologically modified tissues directly at the implant,
the second part was the material obtained by implant
sonication for osteosynthesis. The technique consisted
in immersing the removed implant in sterile saline,
which was also in a sterile container. Subsequently, the
solution and the surface of the implant were processed
using the attachment of an ultrasonic cavitation appa-
ratus for treating the wound surface “Caviton”. These
actions were repeated three times, 1 minute each.
The container with sterile liquids was transferred to
the microbiology laboratory. The resulting material is
processed in the laboratory of microbiology and che-
motherapy of the SI “Institute of Traumatology and
Orthopedics of NAMS of Ukraine”, where it was cen-
trifuged and seeded with 14 day incubations. Biopsies
taken at implant were examined using conventional
techniques: culture study was performed with clini-
cal material according to the current medical recom-
mendations by sowing on nutritive media, followed
by identification of selected organisms to the species
(kind) and subsequent study of isolated cultures sensi-
tivity to antibiotics.

Results and Discussion

The study group included patients with an aver-
age age of 37.3 (£ 2.8) years. There were mostly male
patients (21 men (67.7%)). Twenty-three patients had
infectious complications after plate osteosynthesis
and eight patients had infectious complications after
osteosynthesis with blocking intramedullary rods. In
12 patients, the process was localized at the hip, in 17
— at the lower leg bones, and in two — at the forearm
bones. The average time after the onset of the infec-
tious process was 203 (% 5) days.

Nineteen samples of surgical material (61.3% of
the total) out of 31 studied were positive. Extracted
microflora was represented by S. aureus (16 strains —
84.2% of all isolated cultures), S. epidermidis (1 strain
- 5.5%), P. aeruginosa (1 strain - 5.5%), E. coli (1
strain — 5.5%) in an amount from 1x103up to 1x10*
CFU/g of tissue.

The analysis of the sonication samples revealed
the following: the number of microbiologically posi-
tive samples increased by a total of 5, i.e. by 16.1%
of the total number of patients. Describing the re-
ceived changes, it can be noted that from 4 nega-
tive samples after sonication 4 strains of S. aureus
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in culture in the amount of 1x10%-1x10*CFU/g of
tissue, 1 strain of E. faecalis in the amount of 1x10?
CFU/g of tissue were detected. In one sample of the
surgical material in addition to §. aureus isolated
from biopsy, a strain of E. aerogenes in the amount
of 1x10° CFU/g tissue was detected. In one soni-
cation sample except classically existing form of
S. aureus in biopsy, CSV colonies of §. aureus in the
amount of 1x10* CFU/g of tissue were identified,
which proved the existence of this microorganism
in two forms and explained the resulting chronicity
of the disease.

Regarding the quantitative indicator, the average
value of microorganisms isolated from biopsies was
1x10° CFU/g of tissue, and from sonicates — 1x10* -
1x10°CFU/g of tissue.

In addition to purely microbiological studies, to de-
termine the feasibility of using the sonication method
for complex surgical material, we conducted a thor-
ough microscopy of biopsies and sonicates. Thus,
among microbiologically negative samples, in 42.9%
of sonicates gram-positive cocci (S. aureus) in the
amount from 3-5 up to 10 microbial cells in the view
field were microscopically detected, which indicates
their existence in biopsies and non-detection without
the use of this method.

Summarizing the results of the sonication method
of surgical material, which was a liquid after the ul-
trasonic treatment of removed implants for osteosyn-
thesis of patients with infectious complications, we
can conclude the significant increase in the diagnos-
tic effect. A positive result of microbiological research
changed from 61.3% to 87.1% (i.e., increased by 25.8%).
Thus, the number of samples with the extraction of
S. aureus increased by 26.7% (extra 4 samples), in
1 case S. aureus culture dissociation into the classic
version and CSV colonies of §. aureus, characteristic
for biofilm form, was detected; in 2 cases cultures of
E. aerogenes and E. faecalis were additionally isolated,
the first being in the association with S. aureus, which
required correction in the antibiotic therapy in each
clinical case.

For all the samples there was an increase in the
number of identified cultures, although not statisti-
cally significant, but different comparing to the ini-
tial (during biopsies study), which is important for the
objectification of the microbiological diagnostics and,
most importantly, confirm the presence of layers of a
microbial biofilm on metal implants.

Conclusions

1. Microbiological identification of the infectious
agent of osteosynthesis infectious complications re-

mains the “gold standard” method, and sonication is
one of the ways to diagnostics improvement and veri-
fication of infectious process agent.

2. The comparison of microbiological studies of
biopsies and sonicates from 31 patients with infec-
tious complications after osteosynthesis of limb
bones by plates and intramedullary rods, allowed
to positively assess the effectiveness of sonication:
the number of positive results increased by 25.8%,
and in 6.5% of patients studied, additional cultures
of E. aerogenes and E. faecalis in association with
S. aureus were detected.

3. In our opinion, implant sonication for osteosyn-
thesis has a substantial significant clinical and diag-
nostic value. Further improvement of the method and
its application in specialized departments can give a
positive diagnostic effect, which will subsequently im-
prove the results of patient treatment.
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HoBi MOXKIHBOCTI B IiarHOCTHIi iMIUIAHTAT-ACOLiMOBAHOT iH(peKIIii

Honguenxo 1O.B., Ipuyaii M.I1., Jliomxo O.b., Konoe I'b., Bimpax K.B.

AV Tuemumym mpaemamonozii ma opmonedii HAMH Ypairu”, m. Kuis

Pestome. Heseaxcarouu Ha nosinuenHs SKoCmi iMIAanmamis, KinvKicms YCkaaoHens )
Mpasmamonozii ma opmoneoii, wo nPu3eo0ams 00 iHPIKYBAHHA, 3ANUMAEMbC BUCOKOI.
Jlogedero, ujo HeceoeuacHe NPUHAUeHHI adeKeamHoi anmubaxmepiansHoi mepanii npu
LMNAAHM-ACOUITIOBANUX IHPDEKUIAX MONCe BUKIUKAMU NPOZPECYBAHMA CENMUHO20 NPOoYe-
Cy 00 PO3BUMKY WOKY Ma NOJOP2ANHOL HeOOCMAMHOCINE | KA NPAKIMULL MOJNCe NPUIBECU
00 DO3BUMK) De3UCMEeHMHOCIE MIKPOOD2AHIIMIE 00 aAHMUOAKMEDIANLHUX NPenapamie.
Baxcnusum MOMEHIMOM € BUBHEHHS NAMONOIMHUX MIKDOOHUX CRIbHOM (6aKmepiansHoi
NieKL) 8 MpPasMamonozii ma opmonedii. Yei ‘kracuuni” mecmu i mapiepu ingexiyiiinozo
npoyecy maroms HU3bKY Cneuupiunicms i He0oCmamubo HAoiiHi 0Nl MOUHOL Ola2HOCIMUKU.
LIi ocobnuocmi 3myuyroms pPo3pooaamu 000amKo8y MiKpooionoziuHy 0ideHOCMUK): 00CHi-
OXNCeHMA DYUHYBAHHA DIONMIBKU, AKA BUOANAEMBCA 3 NOBEPXHE IMNAAHMAMA 36 00N0MO2010
YAMPa3eyKy. Memoro Hau020 00CHi0HCeHHS 0V0 BUSHAMEHHS ePerMUSHOCIE MIKDPOOION0-
2IMHUX MeCcig 3 YAbMPA38YK06010 00POOKOI0 Y NAUIEHMIE 3 IHPEKUYILIHUM NPOUECOM NICIA
ocmeocunmesy 0062ux icmox. Mamepianu i memoou. by 6UKOHAHE MIKPOOION02i4HE 00-
CHONCCHHA NAMONOIMHO SMIHEHUX OIONCIlE MKAHUN 0e310CePeOHbO HA IMNAAHMAM | Y/ib-
MPA36yKOBUX IMILY6CI8 IMNAAHMAMA OA% OCMeOCUHmMe3y 6i0 31 nauicHma 3 XpoHiuHum oc-
meomienimom aoo ingexuicro oonacmi xXipypeiuroeo empyuarts. Pe3yromamu ma ix 00-
2060penna. Y pesynvmami 0)10 BUABIEHO SHAUHY ePeKMUBHICNb 00POOKU YIbMPA3EYKOM:
30InblUeHHA NO3UMUBHUX pe3yabmamie Ha 25,8%, eudineno 6,5% kyaemyp E. aerogenes i
E. faecalis 6 acouyiayii 3 S. aureus. Bucnoeku. I1ooanviue 600CKOHANCHHA MEMO0y ma 1020
34CMOCYBARHA 8 CEULANI308aHUX BI00LNEHHAX MOXNCe 0amy NOSUMUBHULL 0lAZHOCTIUYHULL
egpexm, w0 HAOA NOJUNUUMS De3VIbMAmu JUKY6aKHA NAyicHma.

Kmouoegi cnoea: 00pobKa Yasmpaseykom; Mikpooionoziumi 00Crioncenns; bionniexd; iH-
(pexyis nicas 0CMeocUnmes).

HoBbi€ BO3MOKHOCTH B THATHOCTHKE HMILIAHTAT-ACCOIUHPOBAHHON HH(EKINU

Ionauenxo FO.B., Ipuyari H.IL., tomxo O.b., Konos I'b., Bumpax K.B.

IV “Uncmumym mpaemamonozuu u opmoneduu HAMH Yipauns.”, 2. Kues

Pestome. Hecrmompsa na yayuimenue Kavecmeda UMNAAHmMamos, Koauuecmeo 0CLoxcHe-
HULL 8 MPABMAMONI0ZUL U OPMONEOUL, NPUBOOSUUX K UHDUUUDOBANUIO, OCACICS BbICO-
Kum. JJokasano, 4wmo neceoespemernoe Hasnauenue adexeamnol anmudaxmepuanbHoll
mepanuu npu UMIAAHM-ACCOUUUDOBANHBIX UHPEKUUAX MONCEM BbI36AMNb NPOZDECCUPO-
garue cenmuuecko20 npouecca 00 PA3sumusa WoKa 1 NOAUOP2AHHOL HeOOCMAMouHOCHIL U
Ha npaxmuxe npusooum K pa3sumuio PesucmenmmoCmu MuKpoop2anusmos K anmuoax-
mepuansHbim npenapamam. Baxcoim Momenmom AGNACMcs u3yuenue namoioeuteckux
MUKDOOHBIX CO00UecmE (0aKmMePUAnbHOll neHKL) 6 mpasmamonozuu u opmoneouu. Bee
‘Kaaccuveckue” mecmol u Maprepsr UHGEKYUOHHO20 NPOUECCA UMEION HUSKYIO CHeli-
PuuHOCmb U HEOOCMAMOYHO HAOCICHbL 0118 MOUHOU OUAZHOCIIUKY. DML 0COOCHHOCMU
3Acmagasom papaoamoléams 00ONOIHUMENbHYI0 MUKDOOUONOZUMECKYI0 OUAZHOCIIUK):
uccaeoosarue paspyulenis OUonIenKu, Komopas yoaiaemcs ¢ n08epXHOCUL UMIAHMA-
ma ¢ NOMOuBIO YIbmpaseyKa. Llenvio nauiezo uccreoosanus ouiio onpeoenenue dPgex-
MUBHOCIU MUKDOOUOSO2UHECKUX MeCO8 C YAbMPA38YK080Ll 00pAdOMKOLL Y nayuenmos
C UHPEKYUOHHBIM NPOUECCOM NOCLe 0CMeoCuHmesa OMUHHbIX Kocmell. Mamepuanvt u
Memoobl. Bolu 8bimoNeHb MUKPOOUOI02UMECKUe UCCIe008AHU NAMOOUECKY UsMe-
HeHHbIX OUONCULl mKarell HenocpPeocmeento Ha UMNIAAKMAME U YIbMPA3eyKooixX UM-
NY6CO8 UMNAAHMAMA 01 0Cmeocurmesa om 31 nayuerma ¢ XpPOHuueckuMm ocmeomue-
JIUMOM UNU UHGeKyuell 001acmiL XUpypuueckozo emeuamenscmed. Pesyiomamol u ux
olcyxcoenue. B pe3yromame 6bi1a 00HAPYHCEHA SHAUUMENHAA 3P PeKmUsHOCMb 00pa-
OOmMKU YILMPAIBYKOM: YBENUHeHUE NOTONCUMENbHBIX De3Yabmamos Ha 25,8%, ébloeneno
0,5% xymvmyp E. aerogenes u E. faecalis 8 accoyuauuti ¢ S. aureus. Boieoowt. JJansetiuiee
COBEPUICHCMBOBANIE MEMOOd U €20 NPUMEHeHUe 8 CNeyUANUSUPOBAHNbIX OMOCCHULX
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MONCeM 0aMmb NOJOIUMENbHBIE OUAZHOCIUYECKULL Aderm, wmo 6 OdanbHeliuem Yayu-
WM pe3ynbmamol eHeHus nayuerma.

Kmoueevie cnoea: o0pabomxa Yismpaseykom; MUKpOOUOIO2UMECKUe UCCIe008aAHUA;
OuonaenKa; uHpeKyUs nocie 0CMeocUHmMe3sa.
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Ham morajg Ha BifHOBHE JIIKYBAHHA IIC/IA IVTACTHKH
nepeaHbOi XPeCcTOnoaiOHOT 3B’ I3KH KOJIIHHOTO CYIJI00a

3asipnuii LM.", Kocmpy6 0.0.%, Komiox B.B.?, ILnyeamap O.B.!
'Kniniuna nixapra ‘Ceoanis’” Jlepacagrozo ynpaeninns cnpasami, m. Kuig
1V “Tucmumym mpaemamonoeii ma opmonedii HAMH Vicpainu”, m. Kuis

Pestome. Y pooomi npedcmaenena npozp&wa peabinimauii nayicnmis  nicas
pexoncmpykyii nepeonsoi xpecmonodionoi 36’ asxu. Iipozpama npautoe 6 Lienmpi opmonedzz
mpasmamonozii ma cnopmusnoi meouuunu Kniniunoi nixaphi ‘©eopanin® ma y xniniyi
cnopmugnoi ma oanemmoi mpaemu 1V IHcmumym mpaemamonozii ma opmonedii HAMH
Yipainu”. Kypc peabinimayii nooinaemocs na n’amo nepiodis: 1) nepedonepayitinuii nepioo;
2) panmiti nicasonepayiiinuil nepioo (2ocmpuii) (0-2 muxcui); 3) nepiod 6i0HoeHHSA
PynxKyii (00 9 muicna); 4) nepiod nio2omoexu ma nocmynoeo20 noeepHerHs 00 0300P08H0L
ma cnopmueHoi disneHocmi (3 9 muxcna); 5) nepiod noseprenns 00 NOGHOUIHHOL
cnopmushol dissHocmi (uepes 6-9 micauyis, 3dnexcHo 6i0 8udy cnopmy). Ilpuryunu
nicasonepayiinoi 00nomozu ma pPeavinimayii 6 HawuxX KHiKax nacmynmi: 1) smenuienns
002110, HAOPAKAOCE MA 3ANANCHNHS; 2) NOBHE HABAHMANCCHHA ONEPOBANOT KIHUIBKU 3 A0
0e3 MUnUlYb; 3) He2atini 8npast Ha BIOHO&IEHHS 00°'eMY PYXY 8 dianaiomi 6id 0° 0o 60-90°
i3 nocmynosum 30insuentam 00 120° i nosre 3eunanns vepes 6-9 muixcrie nicis onepauii
(suropucmosyrouu CPM, nacuemi, axmughi 00noMidNcHi ma axmueni enpasu); 4) enpasu
O MPEHYBANHA HOMUPUL0I06020 M A3G CME2Hd, M A3I6-32UHAYIE 2OMINKLL MA 6CIX M’ A316
HUNCHBOI KIHUiBKY Ma MA3) 3i 30LbUEHHAM 0NO0PY 8 3AKPUMUX | SIOKDUMUX KIHeMUYHUX
AAHWH02AX; 5) 6npasu Ha mpenysanns nponpioyenyii ma KoOpOuHauii (3 panmboeo
nicasonepayitinozo nepiody); 6) noseprerHs Ha pobomy uepes 3-6 MUNCHIB, 0300POBLEHHS
ma 3ansmms cnopmom uepes 4, 6, 9 micauie; 7) micha cnisnpays xXipypea, peabinimonoza
ma nayicnma nio wac peadinimayii. Mu opieHmMyemocs Ha 00CAHeHHs AKHATIUBUOUL020
N0BHO20 PO32UHAHHA KOMHHO20 CY2n00d, KOHMPOAIO DPobomu MA3I6 ma GiOHOGNeHHA
nponpioyenuyii. Bnpasu 6UKOHYOMbCA 8 3AKPUMUX | BIOKPUMUX KIHEMUHHUX JAHI02AX, 13
HANPYICCHHAMM A318 3A0HbOT NOBEPXHI CIME2HA T 20MINKIL, W00 YHUKHY MU 3AHAOMO BeIUK020






