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Background. Infection of percutaneous implants in patients with limb amputation is the most common complication.  
This study aimed to evaluate the microbiological contamination of the implantation zone depending on the implant 
mechanical compression under the conditions of the additional external fixation. 

Methods. The study was performed on 36 male rabbits. The tibia of all the rabbits was sawn at the border of the upper and 
middle parts. The medullary canal was reamed and a percutaneous implant was placed in the tibial stump. The segment and 
the implant were fixed with an Ilizarov apparatus. An additional compression device was installed in 30 animals. We used 
5 compression modes, accordingly, 6 experimental groups were formed, 6 animals in each: group 1 — without compression, 
group 2 — compression on the implant with force of 0.053 N/mm2, group 3 — compression on the implant with force of  
0.105 N/mm2, group 4 — compression on the implant with force of 0.158 N/mm2, group 5 — compression on the implant 
with force of 0.211 N/mm2, group 6 — compression on the implant with force of 0.263 N/mm2. The restraint was removed  
6 weeks after implantation for a total follow-up of 26 weeks. The microflora of the place where the implant enters the skin 
(the implant / skin interface) was investigated, the level of blood leukocytes and the level of C-reactive protein in blood 
serum were determined. 

Results. On days 9-10 after implantation, significant differences in the microbial landscape were found at the site of the 
exit of the metal implant in animals of different groups. The largest number of strains was found in animals of groups 1, 5 
and 6, the smallest in groups 2 and 3. The most frequently detected strains: S. saprophyticus and Enterococcus spp. It was 
found that the greatest statistically significant increase in the level of CRP in the blood serum was observed in animals of 
group 6. The level of leukocytes in animals of all groups did not change statistically significantly relative to preoperative 
values. Animals with better osseointegration (groups 2 and 3 — no cases of implant loss) showed a minimal number  
of growing strains. 

Conclusions. The microbiological profile of the implantation zone of percutaneous implants changes depending on the 
amount of mechanical compression. The optimal mode is 0.053-0.105 N/mm2.
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Актуальность. Инфицирование чрескожных имплантатов у пациентов с ампутациями конечностей является 
наиболее частым осложнением. Цель исследования — оценка микробиологического обсеменения зоны импланта-
ции в зависимости от механической компрессии имплантата в условиях его дополнительной внешней фиксации.

Материал и методы. Исследование выполнено на 36 самцах кроликов. Всем животным осуществляли распил боль-
шеберцовой кости на границе верхней и средней третей. Затем рассверливали костномозговой канал и устанавли-
вали чрескожный имплантат в культю большеберцовой кости. Сегмент и имплантат фиксировали аппаратом Или-
зарова. Тридцати животным дополнительно устанавливали компрессионное устройство. Использовали 5 режимов 
компрессии, соответственно этому было сформировано 6 экспериментальных групп по 6 животных в каждой: 
группа 1 — без компрессии; группа 2 — компрессия на имплантат силой 0,053 Н/мм2; группа 3 — компрессия на 
имплантат силой 0,105 Н/мм2; группа 4 — компрессия на имплантат силой 0,158 Н/мм2; группа 5 — компрессия на 
имплантат силой 0,211 Н/мм2; группа 6 — компрессия на имплантат силой 0,263 Н/мм2. Удерживающее устройство 
демонтировали через 6 нед. после имплантации, общий период наблюдения составил 26 нед. Исследовали микро-
флору места вхождения имплантата в кожу (интерфейс имплантат/кожа), определяли уровень лейкоцитов в крови 
и уровень С-реактивного белка в сыворотке крови. 

Результаты. На 9–10-е сут. после имплантации в месте выхода металлического имплантата у животных раз-
ных групп обнаруживались существенные отличия микробного пейзажа. Наибольшее количество штаммов об-
наружено у животных групп 1, 5 и 6; наименьшее — в группах 2 и 3. Наиболее часто обнаруживаемые штаммы —  
S. saprophyticus и Enterococcus spp. Наибольшее статистически значимое повышение уровня С-реактивного белка 
в сыворотке крови отмечалось у животных группы 6. Уровень лейкоцитов у животных всех групп статистически 
значимо не изменялся относительно дооперационных значений. У животных с лучшей остеоинтеграцией (в груп-
пах 2 и 3 не было случаев выпадения имплантатов) наблюдалось минимальное число растущих штаммов. 

Заключение. Микробиологический профиль зоны имплантации в условиях различной механической компрес-
сии чрескожных имплантатов изменяется в зависимости от величины нагрузок. Применение нагрузок в пределах 
0,053–0,105 Н/мм2 лучше сказывается на приживаемости имплантатов и обсемененности зоны имплантации, чем 
отсутствие компрессии. 

Ключевые слова: протезирование, остеоинтеграция, имплантат, микробиологическое обсеменение, компрессия, 
аппарат Илизарова.
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BACKGROUND

Osseointegration technology is recently widely 
used in clinical practice in patients with limb 
amputation, when a percutaneous implant inte-
grated into the bone provides a direct mechani-
cal connection between the bone and the exter-
nal prosthesis [1]. The clinical application of this 
technology is increasing [2, 3, 4, 5]. In this case, 
the most frequent complications are implant in-
stability and infection [6,7, 8].

Many authors regard a comprehensive solu-
tion to these problems mainly as an improvement 
of the characteristics of the implant primarily in 
surface modification to improve its biocompati-
bility and provide antibacterial characteristics [9, 
10, 11, 12]. A certain solution to these problems 
can be an improvement of the implantation pro-
cedure, particularly by the transition from a two-
stage technology that is currently the most rec-
ognized [13] to a one-stage one that has recently 
started to be developed [14]. In this field, we have 
developed a one-stage implantation technol-
ogy with additional fixation of the implant hav-
ing an external fixation device and the ability 
to perform compression (Utility Model Patent  
No. 185647, Invention Patent No. 2631631).

This study aimed to evaluate the microbiologi-
cal contamination of the implantation zone de-
pending on the implant mechanical compression 
under the conditions of the additional external 
fixation.

METHODS

The experiment was performed on 36 male chin-
chilla rabbits aged 6–11 months, with an aver-
age weight of 3.6 ± 0.4 kg. Animals were received 
from a nursery. They were conventional animals 
according to their microbiological status.

The study was performed in accordance with 
GOST R ISO 10993-1-2011, GOST 33215-2014, 
and GOST 33216-2014.

In all rabbits, the tibia was cut at the interface 
of the upper and middle thirds using a Gigli saw 
in the operating room. Then, the medullary ca-
nal was reamed to 4.0 or 4.5 mm, and the implant 
(RF Patent No. 152558) with a diameter of 4.5 or  
5.0 mm (depending on the diameter of the med-
ullary canal), respectively, was screwed into the 
tibial stump (Fig. 1). Soft tissues were sutured 
in layers. An incision was made in the skin flap 
to remove the outer part of the implant, and a 

stump was formed. Then, the Ilizarov appara-
tus was mounted. For this purpose, wires were 
passed at an angle of 90° through the proximal 
tibia and the distal part of the abutment, which 
comprised a thrust platform. Then, a compres-
sion device (Patent No. 2631631) was installed on 
the bone and prosthesis (30 rabbits). Five com-
pression modes were used.

Fig. 1. Postoperative X-rays. Tibial implant: 
a — without compression device (group 1); 
b — with compression device 

а b

In total, six experimental groups were formed, 
with six rabbits in each group: group 1 without 
compression, group 2 with compression on the 
implant with a force of 0.053 N/mm2, group 3 
with compression on the implant with a force of 
0.105 N/mm2, group 4 with compression on the 
implant with a force of 0.158 N/mm2, group 5 
with compression on the implant with a force of 
0.211 N/mm2, and group 6 with compression on 
the implant with a force of 0.263 N/mm2. Before 
the surgery, the animals were randomized into 
groups.

Postoperative follow-up and 
maintenance of animals

The retainer was removed 6 weeks after implan-
tation. The total follow-up period was 26 weeks. 
In the first 3 days, all animals received antibiot-
ics (Enroxil 5 mg/kg); additionally, in the first 5 
days after the surgery, antiseptic treatment was 
performed through the hole in the implant with  
3 ml of 1% chlorhexidine solution. The wound 
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was treated with 0.05% chlorhexidine solution 
for 10 days. The exit sites of the retainer wire 
were treated with a 3% hydrogen peroxide solu-
tion for 10–14 days.

During the study, the animals were kept in a 
specialized vivarium of the research center. The 
rabbits were kept in cages, with one animal in 
each cage. The cages were equipped with contain-
ers for food and water. The flooring was sawdust 
of coniferous trees. Wet cleaning of the cages was 
performed daily. Food was given once a day, and 
drinking water was given without restrictions. 
Before the experiment, the animals were quaran-
tined for 21 days.

Planned euthanasia of animals was performed 
26 weeks after implantation by introducing re-
peatedly excess doses of barbiturates. If the  
implant fell out, the animals were sacrificed un-
scheduled, immediately after the fallout detection.

Evaluation of results

The implant survival rate was assessed by the ab-
sence of its loss at the final follow-up period, i.e., 
at week 26 after implantation. X-ray control was 
performed at weeks 3, 6, 9, 12, 15, 18, 21, and 26 
of implantation. After removing the compression 
device, a daily clinical test was performed to as-
sess the implant mobility.

Laboratory studies included bacteriological ex-
amination of the site of the implant entry into the 
skin (implant/skin interface), counts of leukocytes 
in the blood, and blood serum level of C-reactive 
protein (CRP) at the time of the experiment.

Samples for microbiological examination were 
collected from wounds intraoperatively in com-
pliance with asepsis rules and on days 9–10 after 
device implantation, from the site of the implant 
entering the skin. The samples selected were im-
mediately delivered to the laboratory. To isolate 
aerobic and facultative anaerobic bacteria, in-
oculation was performed on the nutrient media 
of nutrient agar containing 5% blood, yolk-salt 
agar, Levin medium, and Sabouraud’s medium. 
The inoculations were incubated at 37°C for 24–
48 h. To determine the degree of contamination, 
the inoculation was divided into sectors. After 
incubation, the number of colonies of each type 
in sectors was counted, and the result was ex-
pressed in terms of the decimal logarithm of the 

size of the grown colonies (CFU/ml). Generic and 
species identification of isolated bacterial cul-
tures was performed by the traditional method by 
studying their tinctorial, cultural, and biochemi-
cal properties. The antibiotic susceptibility of the 
isolated strains was determined by the disk dif-
fusion method on the Muller–Hinton broth. The 
tested drugs were chosen according to clinical 
guidelines*. The tested drugs included cefoxitin, 
gentamicin, clindamycin, erythromycin, cipro-
floxacin, and vancomycin for gram-positive mi-
croorganisms; ampicillin, amoxicillin/claulanate, 
ceftazidime, ceftriaxone, meropenem, ciproflox-
acin, and gentamicin for Enterobacteriaceae; and 
cefepime, imipenem, meropenem, ciprofloxacin, 
amikacin, gentamicin, and ceftazidime for non-
fermenting gram-negative bacteria.

Leukocyte counts were determined on a 
ProCyte Dx automatic hematological analyzer 
(IDEXX Lab., Netherlands). CRP concentra-
tion was determined on a Hitachi/BM 902 au-
tomatic biochemical analyzer (F. Hoffmann-La 
Roche Ltd., Italy) using reagent kits from Vital 
Diagnostic (Russia).

Statistical analysis

The results of quantitative analyses are presented 
as a median and 1-3 quartiles (Me; Q1–Q3). The 
normality of the samples was determined using 
the Shapiro-Wilk test. The statistical assessment 
of the significance of differences among param-
eters during the experiment with preoperative 
values was performed using the Wilcoxon W-test. 
The significance of intergroup differences was as-
sessed using the nonparametric Kruskal-Wallis 
test. The minimum significance level (p) was equal 
to 0.05. Statistical analysis was performed using 
the AtteStat 13.1 add-in for Excel spreadsheets.

RESULTS

In this study, a single growth of microorganisms 
in wound samples was taken intraoperatively  
(Table 1). In four animals of groups 1, 4, 5, and 
6, single bacterial cells were found in the sam-
ples, which were representatives of the nor-
mal microflora of the skin of animals, belong-
ing to Staphylococcus epidermidis (n = 2) and 
Enterococcus spp. (n = 2). Microbial content for 
these strains was less than 103 CFU/ml.

* Clinical guidelines. Determination of the sensitivity of microorganisms to antimicrobial drugs. Version 2021-01:225.
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On days 9–10 after implantation, at the metal 
implant exit site, animals of different groups showed 
significant differences in the microbial landscape 
(Table 2). The largest number of strains was detected 
in groups 1, 5, and 6, whereas the smallest number 
was registered in groups 2 and 3. The most com-
mon strains were Staphylococcus saprophyticus and 
Enterococcus spp. When analyzing the antibiograms 
of bacteria isolated from the wounds of experimen-
tal animals, the predominance of several resistant 

isolates of gram-positive microorganisms was es-
tablished. In group 6 on days 9–10 after implanta-
tion, the microbial landscape was the most specific 
compared with other groups. Four strains were 
not detected in animals of other groups, namely, 
Staphylococcus warneri, Staphylococcus haemolyticus, 
Enterobacter sрp., and Acinetobacter sрp. This pat-
tern indicated that high values of compression, as 
well as its absence, were associated with an increase 
in the infection of the implant exit zone.

Table 1 
Species composition of bacteria isolated intraoperatively from animal wounds

Range of isolated 
bacteria Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Staphylococcus 
epidermidis (+) – – – <103 – <103

Enterococcus spp. (+) <103 – – – <103 –

Total
Number of strains
Number of animals

1
1

0
0

0
0

1
1

1
1

1
1

(+) Gram-positive bacteria.

Table 2 
Species composition of bacteria isolated from animal wounds  

on days 9–10 after implantation

Range of isolated bacteria Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Staphylococcus aureus (+) 4 (105)* – – – 2 (105) 1 (106)
Staphylococcus saprophyticus (+) 3 (105) 1(105) 2(105) – 1 (105) 1 (106)
Staphylococcus epidermidis (+) 2** (105) – – – 2** (105) 1** (106)
Staphylococcus warneri (+) – – – – – 4(104)
Staphylococcus haemolyticus (+) – – – – – 1(106)
Streptococcus spp. (+) 1 (104) – – – 1 (104) –
Corynebacterium spp. (+) 1 (105) – – – 1 (105) –
Enterococcus spp. (+) 2 (105) – – 2 (104) 1 (105) 2 (106)
Enterobacter spp. (−) – – – – – 1 (106)
Enterobacter cloacae (−) 1 (106) – – 1 (105) 1 (106) –
Acinetobacter spp. (-−) – – – – – 1 (106)
Pseudomonas aeruginosa (−) – – – 1 (106) – 1 (105)
Proteus mirabillis (−) 1 (104) – – – 1 (104) –
Citrobacter spp. (−) 1 (106) – – – 1 (106) –
Escherichia coli (−) 1 (107) 1 (104) – – 1 (107) –
Total
Number of strains
Number of animals
Loss of implants
Purulent inflammation of the 
tissues around the implant

10
4
1

1

2
1
0

0

1
2
0

0

3
2
1

0

10
4
2

1

9
5
4

1

* Here and below: 4 is the number of animals with the strain detected; 105 the average value of bacterial contamination for this strain; 
** presence of methicillin-resistant Staphylococcus epidermidis (MRSE) strains; (+), (−) gram-positive and gram-negative bacteria, 

respectively.
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The determination of antibiotic sensitivity 
showed that some strains of Staphylococcus spp. 
were resistant to the action of β-lactam drugs. 
Specifically, our study revealed methicillin-re-
sistant S. epidermidis resistant to cefoxitin and, 
consequently, to all antibiotics belonging to the 
β-lactam group (groups 1, 5, and 6). Ciprofloxacin 
and clindamycin had pronounced activity against 
staphylococci. Strains of Enterococcus spp. 
were sensitive to gentamicin and ciprofloxa-
cin. Vancomycin-resistant enterococci were not 
detected. Ceftriaxone and gentamicin showed 
maximum activity in relation to representatives 
of the Enterobacteriaceae family. Ciprofloxacin 
was the most effective drug for non-fermenting 
gram-negative bacteria.

In two animals of group 5 and four animals of 
group 6, signs of the implant instability (loosen-
ing) were noted immediately after the removal of 
the retainer, and on days 3–4, the implant fell out. 
In one animal each of groups 1 and group 4, signs 
of instability were recorded on days 8–9 after the 
retainer was removed; in these cases, implants fell 
out on days 13–14 after the retainer removal.

We separately analyzed the microbiocenosis 
of animal wounds after the implant loss (eight 
cases in all groups). The microbial landscape of 
samples taken from these animals intraopera-

tively was similar to other experimental groups. 
Gram-negative microorganisms Proteus mirabil-
lis, Enterobacter cloacae, Citrobacter spp., and 
Escherichia coli were detected in the species 
composition after the implant loss, and microbial 
content was 106 CFU/ml. Purulent discharge dur-
ing implant loss was not detected.

The largest significant increase in the blood 
serum level of CRP was revealed in animals of 
group 6 (Table 3). For other groups, no obvious 
relationship was found between the magnitude 
of compression with an increase in CRP level. 
This finding probably indicates the absence of 
development of systemic infection in groups 1–5 
because the leukocyte count in all groups did 
not change significantly relative to preoperative 
values.

Nevertheless, acute purulent inflammation of 
the soft tissues around the implant was detected 
in one animal each of groups 1, 5, and 6 on days 
12–16 after implantation. Purulent inflamma-
tion was stopped by antibiotic therapy for 7–10 
days (cefazolin 0.05 g/kg). In addition, in six rab-
bits (2 from group 1 and one each from groups 
2, 4, 5, and 6), inflammation of the soft tissues 
around the wires of the external fixation device 
was noted, which disappeared following treat-
ment with antiseptic agents.

Table 3 
Dynamics of C-reactive protein (mg/L) in the blood serum of rabbits  

during the experiment, Me (Q1–Q3)

Term, 
weeks Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

0 0 (0–2) 0 (0–1) 0 (0–1) 0 (0–4) 0 (0–3) 0 (0–2)

1 15* (9–20) 7* (4–11) 13* (6–22) 20* (17–30) 12* (5–18) 33* (22–38)

2 21* (10–28) 11* (8–22) 10* (4–17) 12* (5–16) 12* (9–14) 36* (23–44)

6 19(9–24) 2 (0–17) 2 (0–3) 18* (9–23) 9* (7–19) 8* (6–10)

20 7* (5–11) 7* (4–15) 10* (6–19) 10* (5–24) 11* (7–14) 8* (7–12)

26 7* (4–10) 11* (7–30) 4* (2–21) 18* (6–27) 8* (7–10) 5* (4–6)

* Significantly different from preoperative (term 0) values at p < 0.05; 
bold type indicates significant differences between the groups (p < 0.05).
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DISCUSSION

The study demonstrated varying degrees of 
growth of microbial flora around the percutane-
ous implant in all experimental groups. These 
data are quite consistent with clinical cases when 
the growth of microbial flora around percutane-
ous implants, despite antimicrobial measures, is 
observed in more than half of the patients [8, 15].

The species composition of the microorgan-
isms detected in the implantation site indicates 
that the landscape was formed due to the growth 
of opportunistic microflora, which is also noted 
in the clinical presentation after surgery [16]. 
Although the increase in the number of bacteria 
on the skin near the implant is not equivalent 
to the clinical manifestation of infection (in our 
case, an increase in contamination was found in 
18 of 30 animals, while a purulent-inflammatory 
process developed in 3 animals), the high fre-
quency of microbial colonization, providing a 
high bacterial load, can potentially provoke the 
development of not only a superficial infectious 
process but also deep infection [17]. The latter is 
also contributed by the formation of bacterial bi-
ofilms on the implant surface, which ensures the 
dissemination of pathogens into the soft tissues 
and the bone [18, 19, 20].

In our study, we did not observe substantial 
signs of a systemic reaction in experimental ani-
mals, associated with the release of bacteria into 
the blood, as evidenced by a relatively low lev-
el of CRP; a significant increase in this marker 
indicates the presence of bacteria in the blood 
[21]. All processes were localized in the vicinity 
near the contact zone, and the absence of cases 
of deep infection in animals supports the fact 
that the implant was not a source/gateway for 
the penetration of microorganisms from outside. 
Indeed, in clinical practice, deep infection, in-
cluding osteomyelitis, develops rarely in patients 
with percutaneous implants [22, 23].

Based on the comparison results of these data, 
we can conclude that the presence or absence of 
implant compression is not associated with the 
development of deep infection. However, the as-
sociation of the implant mechanical compres-
sion with the growth of microbiological contami-
nation at the implant–skin interface is obvious. 
Specifically, our results indicate that both the 
absence and presence of implant compression in 

the range of 0.158–0.211 N/mm2 were accompa-
nied by a significant increase in the contact zone 
contamination. The minimal compressive loads 
studied in the range of 0.053–0.105 N/mm2 were 
accompanied by minimal contamination.

If the causes of changes in the contamination 
of the implantation zone and on the implant sur-
face are described and confirmed in the literature 
[24], then the relationship we detected between 
the implant compression value and the contami-
nation of the implant–skin interface has not been 
previously described.

This phenomenon can be explained by 
the concept described by A. G. Gristina [25].  
According to this concept, during implantation 
into living tissues, competition between bacte-
ria and tissue cells for adhesion occurs on the 
implant surface. Moreover, if osteoblasts are 
the first to colonize the surface of the product, 
then implant integration occurs; if tissue cells 
cannot displace bacterial colonies, implant inte-
gration decreased and infection developed. Sub- 
sequently, the applicability of this concept was 
confirmed by several works. Specifically, experi-
mental models confirmed that early osseointe-
gration of the implant into the tissue prevents 
the attachment of bacteria and, consequently, 
the formation of biofilms [25, 26, 27, 28]. This 
concept is complemented by the possibility of 
direct interaction between osteoblasts and mi-
crobial flora [29, 30]. Consequently, the adhesion 
process between osteoblasts and microbial flora 
is competitive in nature, which determines not 
only further osseointegration but also the possi-
bility of implant infection.

This concept can explain our results as well. No 
implant loss occurred in animals with better os-
seointegration (groups 2 and 3), and the minimum 
amount of growing strains at the implant–skin 
interface was noted. The positive effects of com-
pression in stimulating osteogenesis are described 
in detail in the literature [31, 32, 33]. These data 
suggest that the minimal compression of per-
cutaneous implants under the conditions of the 
experimental model studied stimulates the dif-
ferentiation of osteoblasts, which creates a com-
petitive advantage for them in the implant surface 
adhesion. This not only promotes better device in-
tegration but also prevents the formation of bio-
films and a significant increase in microbiological 
contamination in the implantation site.
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The implantation technology, which includes 
additional fixation of the implant with an exter-
nal fixation device, also implies the presence of 
a new adverse response, namely, an inflamma-
tory reaction near the retainer wires. This is the 
most common reaction in the application of the 
Ilizarov apparatus, and the methods of its relief 
are described and are not difficult [34].

CONCLUSIONS

Thus, the results of this study demonstrated 
that the microbiological profile of the implanta-
tion site under conditions of various mechanical 
compressions of percutaneous implants chang-
es depending on the magnitude of the loads. 
The optimal modes of mechanical compression 
of the percutaneous implants under additional 
fixation can be identified. The discovery of a 
relationship between the implant survival rate 
and the growth of microbiological contamina-
tion is related to the fact that loads ranging 
from 0.053 to 0.105 N/mm2 have better effects 
on the implant survival rate and implantation 
site contamination than the absence of com-
pression. The latter finding suggests that percu-
taneous implant integration is more effective in 
the presence of a certain level of compression.
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