MEAULUHCKUA BECTHUK CEBEPHOTO KABKA3A
2017.T7.12. N2 3

MEDICAL NEWS OF NORTH CAUCASUS
2017.Vol. 12. Iss. 3

About authors:
Sterlin Alexander, MD, Fellow of Department of Pediatric Surgery; tel.: +496131170; e-mail: Alexander.Sterlin@unimedizin-mainz.de

Otzmann von Sochaczewski Christina, MD, PhD, Fellow of Department of Pediatric Surgery;
tel.: +496131170; e-mail: Christina.Oetzmann@unimedizin-mainz.de

Fotache Georgiana, MD, Fellow of Department of Thoracic Surgery; http://linkedin.com/in/georgiana-fotache-b4b16b35
Veronika Engel, MD, PhD, Department of Pediatric Surgery; tel.: +496131170; e-mail: Veronika.Engel@unimedizin-mainz.de
Godecke Jan, MD, PhD, Department of Pediatric Surgery; tel.: +496131170; e-mail: Jan.Goedecke@unimedizin-mainz.de

Muensterer Oliver, MD, PhD, FAAP, FACS, FEBPS, Univ.-Professor, Department of Pediatric Surgery;
tel.: +49613117111; e-mail: Oliver.Muensterer@unimedizin-mainz.de

© Group of authors, 2017

UDC 616.71-018.44-002.2-089.844

DOI - https://doi.org/10.14300/mnnc.2017.12098
ISSN - 2073-8137

APPLICATION OF POROUS TITANIUM NICKELIDE FOR TREATMENT
OF PATIENTS WITH CHRONIC OSTEOMYELITIS
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NMPUMEHEHUE NOPUCTOIO HUKEAUAA TUTAHA ANl AEHEHUA
BOAbHbIX XPOHUYECKUM OCTEOMUEAUTOM

A. C. lWTtodbuH, M. b. LLLeroaes, . B. TpywuH, B. A. FToroBHeB, A. B. ToroBHesB, C. I. LUTodouH

HoBOCHMOBUPCKUI roCyAQPCTBEHHbIM MEAULLMHCKUI YHUBEPCUTET, Poccuinckas Peaepaums

The research covered patients with chronic osteomyelitis. 55 patients underwent an original operation of single
stage sequestrectomy and grafting the residual bone cavity with fine-grain titanium nickelide. There was demonstrated
clinico-roentgenologic efficiency of this treatment method in early rehabilitation period and further follow up. Clinical
effects were characterized by the absence of relapses of chronic osteomyelitis in 94.6 % of patients during the follow-
up period. The inductive influence of titanium nickelide in the formation of trabecular bone tissue was experimentally
based on 20 animals (dogs). Thus, our work confirms that the use sequestrectomy with the following grafting with
the granules of titanium nickelide gives more positive results than the traditional method of treatment of the chronic
osteomyelitis.

Keywords: chronic osteomyelitis, titanium nickelide, bone grafting, surgical treatment

B nccnepoBaHue BktoYeHbl 83 naLmeHTa ¢ XpoHnyYecknm octeoMmnenntom (X0O), n3 Hux 55 605bHbIM Obia npose-
JeHa opurnHanbHas onepauvsi 0O4HOMOMEHTHOM CEKBECTPIKTOMUM N NAACTUKM OCTATOYHOM KOCTHOM MONIOCTU Men-
KOrPaHyJIMPOBaHHbIM HUKENMAOM TuTaHa. [poaeMOHCTPMpOBaHa KIMHUKO-PEHTreHonornyeckas apdeKkTMBHOCTb
DaHHOro MeTofa NIe4eHnss B paHHEM PeabunMTaLmMoOHHOM 1 B OTAANIEHHOM nepuoae HabnoaeHus. KnuHmnyeckne ag-
dekTbl xapakTepmaoBanncb oTcyTcTerem peunamBoB XO y 94,6 % 60/bHbIX B TEHEHME BCEro cpoka HabnioaeHus.
OkcnepumMeHTanbHO Ha 20 XMBOTHLIX (Cobakax) OblfI0 YCTaHOBNEHO MHAOYLMPYIOLLEE AECTBUE HUKENMAA TuTaHa B
npouecce GOPMMPOBaAHNSA 3PENON KOCTHOW TKaHW. MNMonyyeHHble pe3dynbTaTbl CBUAETENLCTBYIOT O TOM, YTO Npume-
HeHne meToaa nedeHnst XO nyTemM CEKBECTPIKTOMMUM C NOCNeAyoLWelr NnacTUkon rpaHyiamMm HUKeNuaa TutaHa gaet
60JsiblLLIee KONIMYECTBO NOJIOXKUTENIbHbIX PE3Y/IbTAaTOB B CPABHEHUN C TPAANLMOHHBIM METOLAOM JIEYEHUS.

Knio4yeBble cioBa: XpOHM’-IeCKMI;I OCTEeOMUneJINT, HUKen4 tutaHa, rijiactmka, Xmpyprmieckoe sie4eHve

diseases, CO is characterized by long-lasting and

hronic osteomyelitis is pathology of the
Cbone system, accompanied not only by local

manifestations, but changes in the whole body.
Takingintoaccountthatthe average age of the patients
with chronic osteomyelitis (CO) is 30-40 years old.
In the whole structure of diseases of locomotor
organs, CO constitutes 3-6.5 %, occupying the first
place among the complications after the operational
treatment of closed fractures [1, 2]. In recent years
a tendency is noticed towards the increase in the
frequencyofthedisease. Amongotherpurulent-septic

progressive development, resistance to treatment,
predisposition to relapses [3]. Besides, during the
last two decades, the number of patients with post-
operational osteomyelitis increased dramatically — up
to 34 % among the observed patients [4]. At present,
there are no unique criteria in the assessment of
efficiency of methods of treating CO, in particular,
the elimination of osteomyelitis bone cavities. The
opinions of surgeons [2, 5] coincide in the question
of radical surgical manipulation with osteomyelitis
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focus. It is the fulfillment of sequestrectomy, which Table
must include four stages: a) the removal of necrotic Patients with chronic osteomyelitis

tissues, pus, granulations from a sequestral cavity; - Study grou Comparison grou
b) the removal of a scleroid sequestral capsule to Ofl‘oosctaelcl)zrﬁt,'gl?tis (nig5) P p(nzzg)g P
the appearance of sharply marginated areas of bone focus abs. % abs. %
supplied with blood; c) the opening of the marrowy -

canal and its lumina above and below the affected Th{gh bone 15 27.3 / 25.0
area; d) the filling of the residual cavity with biological | Shin bone 24 43.6 12 42.9
or other plastic material. The frequency of relapses Humerus 4 7.3 2 7.1

of the disease after bone grafting with hemo-filling |Heel bone 4 7.3 2 7.1

is 3.2-20.6 %, after grafting with muscle flap - Splint-b > 3.6 5 71
3.8-28.5 %, with dermatic-periosteal bone flap P ':I one > - > -
3.9-31.3 %, with free bone grafting — 4.9-38.4 % | Huckle bone 3.6 7.1

of observations [1, 3, 4]. Various biological, mineral, |Finger nail-bone 2 3.6 0 0
synthetic or other materials are assessed as debride Radial bone 2 3.6 1 3.7

[5, 6, 7]. All this prompts to search actively to improve
the methods of plastic restoration of residual bone
cavity in the case of CO. In recent years, a new
class of porous super-elastic materials on the basis
of titanium nickelide has been developed, which
possess unique properties: biochemical compatibility
(bio-inertia), physical-chemical properties, close to
the parameters of bone tissue, good anti-corrosion
properties. Besides, they are not cancerigenic, not
toxic, are well sterilized; they possess preset porous
structure, penetrance, wetting ability [9, 10, 12].
Living tissues easily germinate into the pores of
titanium nickelide, at the same time direct connection
is formed between the bone and the implant [6, 8, 11].
It allows them to function in the tissues of the body for
a long time, without being rejected, which provides
stable regeneration and permits to use implants from
porous permeable alloys on the basis of titanium
nickelide in the conditions of an infected bone bed.

The goal of research: to study and compare the pro-
cesses of regeneration of bone tissue in animals while
grafting bone cavities with titanium nickelide granules
and free plastics in experiment, and also to assess the
efficiency of surgical treatment of patients with CO by the
use of grafting post-osteomyelitis cavity with fine-grain
porous titanium nickelide.

Material and Methods. To realize the set goal, the
results of research were analyzed, which were made on
experimental animals (dogs), as well as the results of re-
constructive operations with CO with the use of grafting
with fine-grain titanium nickelide.

Experimental procedure. All the research was carried
out with the observation of Rules of works with the use of
experimental animals. To assess the speed of regenera-
tion of bone tissue of dogs’ two methods of bone grafting
were experimentally reproduced: a traditional one — with
bone crumbs, and the method of filling the bone cavity
with fine-grain titanium nickelide, which has been de-
veloped lately. In the first group consisting of 20 dogs,
granules of porous titanium nickelide were placed in the
formed cavity of shin bone epiphysis. In the second (con-
trol) group (consisting of 10 dogs) flank-bone crumbs
were introduced into the form cavity of the shin bone. The
assessment of the experimental data was made in the
first and third months after bone grafting.

Clinical part. 83 patients with CO at the age from 17
to 60 (on the average 37,1) were observed. There were
63 men and 20 women. 55 patients (study group) under-
went sequestrectomy with the following bone grafting
of the residual bone cavity with the granules of titanium
nickelide. 28 persons were included into the compari-
son group, who were treated in the traditional way — se-
questrectomy with the filling of sequestral cavity with the
hemo-filling. The research included the patients with CO
who had one or more sequestral cavities (Table).
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The chronicity of the disease was from 3 months to
13 years. The patients with complications of the basic di-
sease, like pseudarthrosis and unconsolidated fracture,
were excluded. The formed groups were consistent in
gender, age, the duration of the disease, the localization
of the pathological process, the number of previously
undergone operations, which allowed to validate the ac-
curacy of the obtained results. The clinical form of CO
was established for all the patients. They were chronic
post-traumatic osteomyelitis for 62 (75.4 %) patients,
chronic hematogenic osteomyelitis for 21 (22.6 %).
62 patients were taken to hospital in the planned man-
ner, 21 — urgently, due to the exacerbation of chronic os-
teomyelitis, 11 of them had burrowing pus (phlegmon) in
soft tissues in the affected area. 63 (76 %) patients had a
fistula form of CO. The sizes of fistulas were from spot to
extensive with osteomyelitis ulceration of the bone on its
bottom. The volume of sequestral cavities was on average
18,6 cm®. For an objective assessment of the patients’
condition, the complex examination was carried out,
which included clinic-laboratory, bacteriological, roent-
genological and morphological methods of research.
Bacterial cultures were inoculated in 81.1 % of patients:
Staphylococcus aureus — in 57 (69.7 %), Streptococcus
haemolyticus — in 9 (11.6 %), Pseudomonas aerugino-
sa —in 7 (9.3 %), E. coli —in 4 (4.7 %) and mixed flora
Enterococcus faecalis + Staphylococcus pyogenes — in
4 (4.7 %). All 55 patients from the group of clinical study
on the basis of surgical clinical picture were treated with
single stage plastic restoration of residual bone cavi-
ties, which included syringectomy, equestrectomy with
grafting a sequestral cavity with the granules of titani-
um nickelide. When the patients were admitted urgently
(with phlegmons), first the opening was made, then the
draining of the phlegmon, the sanation during 8—10 days,
then, as the second stage, the operation of sequestrec-
tomy with grafting with the granules of titanium nicke-
lide. The operation began with determining the fistulous
tract and the syringectomy to the bone, the resection of
peri-osteum, the opening of the sequestral box, the re-
moval of sequesters with granulated tissue. Then there
was carried out curettage to the appearance of pinpoint
bleeding. Then the sequestral cavity was rinsed with the
solution of antiseptic and filled with dry sterile granules
of titanium nickelide in the amount not less than one third
of the volume of the sequestral cavity. The wound was
stitched up completely with a rubber tube drainage left
for 24 hours. In the post-operational period, antibiotics
were prescribed for 5-7 days and physiotherapy. The
stitches were taken out on the 7th-10th day. If necessary,
there was carried out plaster immobilization of the limb in
the physiological rest position for 3—-4 months.

Analysis of the significance of differences in the
groups was carried out in variational statistics methods
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throw Microsoft Excel 2010. Data analysis included stan-
dard methods of descriptive and analytical statistics. A
statistically significant difference in the groups was as-
sessed by t-test, considering significant differences in
the groups at p<0.05.

Results and Discussion. Results of the experimen-
tal research. After 1 postoperative month, impregna-
tions of metal and a slight shadow of tissue, connecting
the granules, were radiologically determined in the ani-
mals of the first group in the area of the grafting of shin
bone epiphysis. In control samples, bone fragments
were surrounded with a capsule. Macroscopically it was
hard to draw out the granules from the cavity in the first
group of dogs by destroying bone structures. In control
samples loose connective tissue was located between
the fragments of bone tissue. Microscopically, on the
prepared slices of shin bone, we discovered that, inside
metal pores, bone cells, surrounded with osteomucoid,
were located. Nuclei and basophilic cytoplasm were
well contoured in them. Thin bone trabeculas devel-
oped anastomosis with bone structures formed in the
pores of the implant. Besides, bone trabeculas sur-
rounded the granules, connecting them, and anasto-
mosed with bone tissue, surrounding the cavity. After
3 months, in the first group of animals, the granules of
titanium nickelide in the zone of operational interven-
tion were surrounded with bone trabeculas forming
anastomosis. Macroscopically in the study group the
granules in the researched zone of bone tissue were
tightly knitted together with the maternal bed by bone
trabeculas. Microscopically (slices of shin bone) it was
found out that between metal granules and around them
trabecular bone tissue of trabecular structure with traces
of alteration was located: irregular gluing line and a large
number of osteoblasts. Around some trabeculars were
seen Gaupschipt’s lacunas and osteoclasts. Between
trabeculars, bone marrow of myeloid structure was
formed. The border between the formed bone structure
and maternal bed was absent. There was an organoty-
pic copmplex: bone tissue and the granules of titanium
nickelide in the form of single structure. After 3 months
in the second group there was discovered of the epi-
physis cavity the primitive bone tissue of trabecular struc-
ture against the background of osteoclastic resorption of
bone fragments, osteoid substance with collagenous fi-
brils. The complete contact with the maternal bed was
not observed. Thus, in the first group of animals, accel-
erated formation of trabecular bone tissue was observed
and, as a result, the filling of a bone defect. Pathogenetic
mechanism of apparent osteogenic reaction is the possi-
bility to form bone tissue in the pores of the implant. The
corresponding temperature and, probably, the stimula-
ting inductive influence of titanium nickelide contribut-
ed into the differentiation of bone marrow stem cells into
osteogenic ones and the formation of bone tissue. In the
pores of the implant, trabecular bone tissue was formed
with the structure analogous to metrical bone. The ger-
mination and growth of bone tissue in the porous struc-
ture of the implant occurred simultaneously in many
pores in the form of separate nuclei (zones), which then
proliferated and united into a single tissue system, fil-
ling the pores of the implant and connecting their canals
[71. Two months later the regenerate consisted mainly
of compact and cancellous bone tissue, in the farthest
area from the recipient zone there was distinguished
the presence of fibrous bone tissue. The complete for-
mation of bone tissue in the pores inside the implant
occurred mainly by the end of the third month after the
operation. The structure pattern of tissue in the pores
did not practically change with the time.

Results of clinical research. During early post-ope-
rational period, it was determined that 4 (8.0 %) patients
of the study group had post-operative wound pyogenesis
and 2 (4.0 %) patients revealed the formation of hemato-
ma in the zone of postoperative wound. In the comparison
group, these figures were correspondingly 4 (14.3 %) and
2 (7.1 %); 3 (10.7 %) patients had necrosis of wound ed-
ges. The post-operational complications were evaluated
as a consequence of the presence of a vast defect of tis-
sues before the operation and, as a result of resection of
cicatrical wound edges, the lack of tissues for closing the
defect. Conservative measures allowed eliminating these
complications. All the patients were discharged from hos-
pital in a satisfactory condition. Healing by first intention
was observed in 50 patients (92.0 %) in the study group
and in 19 patients (67.9 %) in the comparison group. The
average duration of treatment in hospital for the study
group was 11.6 days for planned admittance and 17.7 days
for urgent admittance, in the comparison group — 14.8 and
23.6 days, correspondingly. Distant results were followed
during the period from 6 months to 5 years. In the study
group 52 patients did not have limb pains; there were no
relapses of the exacerbation. 3 patients (5.4 %) had fis-
tulas formed in the operational zone. n the comparison
group 4 (14.3 %) patients had periodic pains in the limbs,
5 (17.9 %) patients had fistulas, 5 (17.9 %) patients had
exacerbation of the process. Rh-investigations revealed
that the regeneration of bone occurred in both groups,
however it considerably predominated in the study group.
All the patients in the study group had periosteal bone
reaction in the destruction zone, and in the comparison
group — 24 patients (85.7 %). A month after the operation,
roentgenological research of all the patients of the study
group determined the shadow of implant material in the
zone of former bone defects, the sharpness of their con-
tours was disappearing. Further the intensity of the shad-
ow from the side of the defect edges increased, and by the
time of the 6! month it achieved the criteria of normal bone
tissue, which did not alter later. In the comparison group
by this time, no patient manifested complete obliteration
of bone cavity. Clinical and roentgenological examination
determined the relapse of osteomyelitis in 3 (5.4 %) pa-
tients in the study group, the result of the realized treat-
ment could be evaluated as good. The function of operat-
ed limbs was restored completely, a good cosmetic effect
was achieved. In the comparison group the relapse of CO
was determined for 3 (10.7 %) patients.

Conclusions. Clinical practice confirms that the use
of the treatment method of CO by sequestrectomy with
the following grafting with the granules of titanium nick-
elide gives more positive results than the traditional me-
thod. It is less traumatic, simpler in realization. The
use of this technology allows to reduce the number of
post-operational complications and negative results in
distant periods, shortens the period of hospital treat-
ment, provides the restoration of bone tissue defects in
shorter time, decreases the number of relapses of the
disease and improves the quality of patients’ lives. Thus,
clinic-experimental research showed that porous titani-
um nickelide is a perspective material and can be used
for different skeletal pathologies. In the experiment, its
use for grafting bone cavity in comparison with bone
crumbs demonstrated the formation of bone organo-typ-
ical regenerate 3 months earlier. The use of bio-compat-
ible fine-grain titanium nickelide contributes into rapid
and efficient completion of inflammation process in bone
tissue, simplifies the methodology, reduces the time of
operation and the time of rehabilitation period and, as a
result, increases the efficiency of treating patients with
chronic osteomyelitis.
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SKCNEPUMEHTAABHASA MOAEAb OCTEONOPO3A AAbBEOASAPHbIX
KOCTEU ¥ OBEL, AAl CPABHUTEABHOTO NCCAEAOBAHMUS
OCTEOIEHHbIX CBOUCTB MATEPUAAOB

C.B.Cupak ', E. B. LLetuHuH ', A. B. bo6pbiwes !, T. ®puy 2, b. TuseHxareH 3,
I.r.Netpocsan ', H. H. AuaeHko !, P. . PomaHeHko ', B.-A. Tpumm -4

1 CTaBponoAbCKHMit rOCYyAQPCTBEHHbIN MEAULIMHCKUI YHUBEPCUTET, Poccuickas Pesepaums
2 yHusepcuteT Apaa, PymMbiHus

3 YHuBepcuTteT PpaHkdpypTa-Ha-MaitHe, TepMmaHus

4 YHuBepcuTteT ButTeH - Xepaekke, ButteH, Fepmanus

In the study was investigated the suitability of the mandibular ridge in osteoporotic sheep for comparative dental
implant research, to establish histological protocols for this model, to study the effect of variations in healing of tooth
extraction sockets and of an acute 12mm bone defects. The hypothesis tested was the post-extraction osteoporotic
sheep mandible and the acute 12mm bone defect in osteoporotic sheep is a suitable model for comparative dental
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