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Beryn. CydacHi XipypriuHi oneparu-
BHI BTpy4YaHHs B OPTOMEii Ta TpaBMaToJIOTii
MOB'SI3aHI 3 BUKOPUCTAHHSIM METAIOKOHCTPY-
kmii. OcHOBa, 3 SIKUX BOHU MOOYJOBaHi, - 11e
PI3HOMaHITHI MeTaliMu Ta CIUIaBU. Yci Ipen-
CTaBJIEHI B CydyacHI TpaBMAaTOJIOTii HaKiCTHI
(dikcaTopu MOXKHa Kiacu(iKyBaTH, BUKOPHC-
TOBYIOUM HACTYIHI KpHTepii: (QyHKIS, SKY
BUKOHY€e maHuM (ikcaTop; nuzaiiH (popma)
IUTACTHH 1 TBUHTIB; Marepiai, 3 sIKOTO BHUTO-
TOBJICHA TUIACTUHA 1 TBUHT. Pi3HOMAITTS Me-
TAJIOKOHCTPYKIINA Ta CIUIaBiB, 3 SKUX BOHHU
BUTOTOBJISIFOTHCS, HANlA€ OPTOMEAY IIPaBo
BHOOPY IMIUIAHTY JIJ11 KOHKPETHOTO BUMIAKY.
JInsi BUTOTOBJICHHS HaKICTHUX (DikcaTopiB
YacTille 3a BCe BUKOPUCTOBYIOTH Taki Mare-
piamu: ximigyHo ynctuii Tutad (Ti, BTO), iforo
crmaBd, Taki sk Ti6Al7Nb, HepxkaBitouy
ctanb (316 L stainless steel). Bubip came miux
METaJiB Ta CIJIaBiB OOYMOBJICHUN pe3yJbTa-
TOM BUIPOOYBaHb, MPOBEACHUX 3a HACTYII-
HUMHU TIapaMeTpaMy: BUBYCHHS BIUIMBY IM-
IJAHTy Ha OpraHi3M TMAaIll€HTa, 3aJeKHICTh
MIIIHOCTI IMIUIAHTY Ta HOTO BJIACTHBICTH 10
3BOPOTHOI aedopmartii [ 1-6].

Ha cporoanimHiii neHb y JiTeparypi
3YCTPIYaIOThCS OMKCH BHITAJKIB TEPEIOMIB
a00 nedeKTiB MEeTaJTOKOHCTPYKIIii. Ale came

Entry. Modern surgical procedures in
orthopaedics and traumatology are associat-
ed with steel structures. Basis for production
thereof is a variety of metals and alloys. All
bone fixation devices applied in modern
traumatology can be classified using the fol-
lowing criteria: the function performed by
the locking device; design (form) of plates
and screws; material of plate and screw.
Wide range of metal devices and alloys for
production thereof provides the surgeon
with possibility to choose correct implant
for each certain case. To produce bone fix-
ators mostly the following materials are ap-
plied: chemically pure titanium (Ti, BTO),
alloys thereof like Ti6AI7Nb, stainless steel
(316 L stainless steel). These material and
alloys are chosen for the results of testing
thereof according to the following parame-
ters: influence of an implant on human
body, dependant of strength thereof and its
ability to initial distortion [1-6].

Literature nowadays describes the
cases of breaks or defects of metal construc-
tion, and these events are the cause of many
troubles not only for doctors, but also for
their patients.
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11l SIBHILA € IPUYNHOIO 0araTbox MpodIem sK
JUTS JTIKapiB, Tak 1 JUTsl MAIEHTIB.

Mema oocniosxcenns : AHani3 3mama-
HUX METAJIOKOHCTPYKIIH 3a JOMOMOTOI0 Me-
TOJy €JEKTPOHHOI AMCHEPCIHHOI CIEeKTpOC-
KOMii.

Marepiaiaun ta mMeroau. Hamu Oyro
MPOAHANTI30BaHO 4 BUIIAJKU MEPEIOMYy MeTa-
JIOKOHCTPYKIIIH, 110 BCTAHOBJICHI Ha HWXHIX
KIHI[IBKaX, MIJSXOM TPOBEICHHS KJIIHIYHOTO,
PEHTIE€HOJIOTIYHOTO JOCTIKEHh Ta METOJAOM
€JIEKTPOHHOI  JTUCHEPCIHOT  CIEKTPOCKOIii
(EAC) Ha ckaHylOYOMY EJIEKTPOHHOMY MiK-
pocKori.

OnepaTuBHE BTpPy4YaHHS: PpE3EKIis
HECHPaBKHbOTO CYriao0a HUKHBOI TPETHHU
JiBOI BEJIUKOTOMIJIKOBOI KICTKH, CTa0lIbHO-
(byHKIIOHATTEHUHA OCTEOMETAIIOCUHTE3
OJIOKYIOUOIO TUIACTUHOIO 3 MiHIMaJIbHUM
KOHTaKTOM 3 KICTKOIO, KICTKOBa ayTo-
TUTACTHKA.

BcranoBnena Onokyroua laTepanbHa
IUIaCTHHA 3 MIHIMaJbHUM KOHTaKTOM 3
kictkoro AO 3,5 Mm x 230 Mm 3 13
OTBOpaMH, 10O  3O0BHIIIHI  MOBEpXHI
BEJIMKOTOM1JIKOBOT KiCTKH, fKa 3adikcoBaHa 3
KOPTUKAJIbHUMH Ta 9 OJOKYyIOUMMH TBHUH-
TaMd. BCTaHOBIIEHO METAJIOKOHCTPYK-IIi0 31
CIUIaBy aHAJIOTiYyHOro BiTunM3HAHOMY BT1-0
Ta KOPTUKaJbHI TBUHTU 31 CIUIaBy, IO
BIJIMOB1/IAl0OTH 3a CKJIaJ0M THTaHOBOMY BT-6.
UYepes 3 mics1ii XBopa 3BEpHYJIAcs MOBTOPHO,
BCTAHOBJICHO J11arHO3: 3aTrOCTPEHHS  XPOHI-
YHOTO  OCTEOMIENTY  MICIsl HAAKICTHOTO
OCTEOCHHTE3y IUIACTUHOIO 3 HECHPaBKHIM
Cyriio00M HHXHBOI TPETHHH JIiBOi BEITUKO-
rOMUTKOBOT KicTkH. [leperoM MeTaloKOHCT-
pykuii (puc.2).

[IpoBeneHO TOBTOpPHE OINEpaTHUBHE
BTPYYaHHS: BHJAJICHHS METATIOKOHCTPYKIIi,
Yepe3KICTKOBUN OCTEOCHHTE3 HECHPaBKHBO-
ro cyriao0a HIKHBOI TPETHHHM JIIBOI BEJIUKO-
TOMUIKOBOT KICTKH 3a [imizapoBum.

Nel Xeopa C.

JiarHo3: XMOHMI CYTJIO0 HI)KHBOI TPETHHHU

Aim of the study: To analyse broken metal
constructions using the method of electronic
disperse spectroscopy.

Materials and methods: We have
analysed 4 cases of broken metal construc-
tions implanted into lower limbs by clinical
and X-Ray examination and electronic dis-
perse spectroscopy (EDS) using scanning
electronic microscope.

Surgical intervention: resection of
pseudoarthrosis of lower third of left tibial
bone, stable-functional metal osteosynthesis
by locking place with minimal contact with
the bone, bone autoplastics.

The implanted locking lateral plate

with minimal contact with the bone AO 3,5
mm x 230 m, 13 holes, along the lateral
surface, fixed with 3 cortical and 9 locking
screws. The metal construction implanted
was made of alloy similar to domestic BT1-
0 and cortical screws made of alloy similar
to titanium BT-6.
3 months later the patient addressed once
more, diagnosis: chronic  osteomielitis
exacerbation after bone osteosynthesis by
plate and pseudoarthrosis of lower third of
the left tibial bone. Break of metal
construction (Pic.2).

Reoperation:  metal  construction
removal, intrabone osteosynthesis  of
pesudoarthrosis of lower third of the left
tibial bone by llizarov.

Nel Patient C.

Diagnosis: pesudoarthrosis of lower third of
the left tibial bone after intrabone
osteosynthesis by  External  fixation
apparatus (Pic.1)

No2 Patient C.

Diagnosis: closed torsion fracture of the
lower third of tibial bone and upper third of
fibula bone of the right shin with fragment
displacement.
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Puc.1 Pentrenorpama, xsopa Ne 1
Pic.1 X-Ray image of the patient Ne 1

Puc.2 Pentrenorpama, xsopa Ne 1
Pic.2 X-Ray image of the patient Ne 2

CTpiKoI0 BKa3HO MICIIE MPEIOMY TIJIAaCTHHU Ta PO3TAIIyBaHHS KOPTUKAIHHOTO TBHHTA.
Break of the plate and location of cortical screw is indicate with an arrow.

TMBOT  BEIMKOTOMIUIKOBOI  KICTKH — TICIs
4epe3KiCTKOBOTO ocTeocuHTesy A3D (pwuc.
1).

Ne2 Xeopuu C.
JliarHo3: 3aKpUTHI TBUHTOMOIOHU TMepeoM
HIWKHBOI TPETHUHU BEJIMKO-TOMIJIKOBOI  Ta
BEPXHBOI TPETUHU MAaJIOTOMIJIKOBOI KiCTOK
MPaBOi TOMUIKH 31 3MIIIIEHHSIM BiJ[JIAaMKIB.

OnepaTtuBHE BTpPY4YaHHS: BIIKPHUTA
pemno3ullisi TepeIoMy HUXHBOI TPETUHHU
BEJIMKO-TOMIJIKOBOI KICTKH TIPaBOi TOMLIKH,
cTabUThPHO-(DYHKITIOHAIBHAN ~ OCTEOMETAJIO-
CHUHTE3 IUIACTUHOK Ta TBUHTaMH. Bcra-
HOBJICHa OJIOKyIOYa JaTepalbHa IUIacTHHA 3
MiHIMAJIbHHUM KOHTAaKTOM 3 KicTkoro AO 5,0
MM X 230 MM 3 13 oTBOpamMu, MO 30BHIIIHIN
MOBEPXHI BEJIMKOTOMIJIIKOBOI ~KICTKH, fKa
3adikcoBaHa 4 KOPTUKWIBHUMH Ta 9
OIOKYIOUMMH  TBHH-TaMH.  BCTaHOBIIEHO
METaJIOKOHCTPY-KIIIF0 31 CIUJIaBY
a”ajoriunoro BiTumszHsHomy BTI1-0 Ta
KOPTUKAJIbHI ~ TBHHTH 31  CIUIaBy, IO
BiJIMOBIAAIOTH 32 CKJIAIOM TUTaHOBOoMY BT-6.

Uepes 4 Micsii 3BepHYBCSI TTOBTOPHO,
BCTAHOBJICHO J1iarHO3: KOHCOJIIYIOUH Tepe-
JIOM TIPaBOi BEIMKOTOMIUIKOBOI KicTKH. [lepe-
JIOM METaJOKOHCTPYKIIii.

[IpoBeneHO TOBTOpPHE ONEpaTUBHE
BTpPY4aHHS: CTaOUIbHO - (PYHKIIOHATBHUN

Surgical treatmetn: open reposition of the
fracture of the lower third of tibial bone of
the right shin, stable-functional metal
osteosynthesis with plate and screws.
Implanted LCP plate with minimal contact
with the bone AO 5,0 mm x 230 mm, 13
holes along the lateral surface, fixed with 4
cortical and 9 locking screws. Implanted
metal construction made of alloy similar to
the domestic BT1-0 and titanium sscrews,
composition whereof is equal to the titanium
alloy BT-6.

4 month later th patient visited us
once more with the diagnosis: consolidating
fracture of the right tibial bone, fracture of
metal construction.

Reoperation: stable-functional
osteosyn-thesis by LCP plate with minimal
contact with the bone of consolidated
fracture of the lower third of the right shin.

Ne3 Patient V.

Diagnosis: non-union of distal metaepiphisis
fracture of tibial and fibula bones of the left
shin. Broken metal construction (Pic. 3).
Surgical treatment: metal construction



ﬁd THE PROBLEMS OF TRAUMATOLOGY AND OSTEOSYNTHESIS 2015 Ne 2 (2) 85

OCTEOCHHTE3 OJIOKYIOUOI0 IUIACTHHOIO 3
MiHIMaJTbHUM KOHTaKTOM 3 KiCTKOI KOHCOITi-
JIYFOUOTO MIEPEITOMY HUKHBbOI TPETHHU MPABO1
TOMLITKH.
Ne3 Xeopa B.

JliarHOo3: HE3pOIIEHHI CHHTE30BaHUI mepe-
JIOM TUCTAIBHOTO emiMeTadizy BETMKOTOMLI-
KOBOI Ta HWXHBOI TPETHMHHU MaJIOTOMIJIKOBOI
KICTOK J1iBOi ToMisku. [lepemom mMeTamokoHc-

Tpykuii (puc. 3)

removed from the left shin, open reposition
of the fracture, DEM of the tibial bone,
intrabone osteosynthesis by Ilizarov.

Ned Patient O.

Diagnosis:  consolidated  two-bone

fracture of the right shin after metal osteo-
synthesis. Fracture of metal construction.
(Pic.4).

Puc.
METaJIOKOHCTPYKIIiT

3 Penrrenorpama xBopoi Ne

3. Crpinkoro BKa3zaHO Miclle Nepenomy

Pic. 3. X-Ray image of the patient Ne 3. Broken metal construction is indicated with an

arrow.

OmepaTiBHE BTpY4YaHHS: BHIAJICHHS
METaJOKOHCTPYKIIIN 3 JIiIBOT TOMIJIKH, BiIKPH-
Ta peno3ullis He3poiieHoro nepeaomy JIEM
BEJIMKOTOMIJIKOBOT KICTKH, Yepe3KiCTKOBHI
octeocuHTe3 3a lmizapoBum

Ne4 Xeopa O.
JliarHo3: KOHCOJIIJOBaHMI JBOX-KICTOUYKOBHUI
HIEPETIOM IpaBoi TOMUJIKH micis
MeTajioocteocuHTesy.  I[lepeom  Merano-

KoHcTpykKii. (Puc. 4)

OmnepaTuBHE BTPYYaHHS: BUIAJICHHS
METaJIOKOHCTPYKIIii MPaBOT TOMIJIKH.

VYci BuganeHi METaTOKOHCTPYKINT 3
I'BUHTaMH BifnpasieHo a0 lacrutyry Merta-
nodizuku imeni [.B. KypmiomoBa HAH
YkpaiHnu A ToaibIIoro aHamizy.

B etiosiorii mepenomiB METaJIOKOHCT-
PYKLIH JISKUATh LIIMA KOMILIEKC MpobiemM

Surgica treatment: removal of metal
construction from the right shin.

All the removed metal constructions
with screws have been sent to the Institute
for Metal Physic named after Kurdiumov
G.V. by the National Academy of Sciences
of Ukraine for analysis.

Ethology of breakages of the metal con-
structions contain a complex of osteointe-
gration problems, which could be divided
into the following groups:

- defects of metal constructions” materials;

- misuse of construction;

- physiological and biomechanical over-
loading of construction;

- violation of implantation technique.
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Puc. 4 Pentrenorpama xsopoi Ne 4.
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CTpinkoro BKa3aHO MiCIIE MEPEIOMy METaTOKOHCTPYKIIIT
Pic. 4 X-Ray image of the patient Ne 4.
Place of break of the metal construction is indicated by an arrow

OCTEOIHTEeTpaIlii, IKi MO)KHa TTOJAUIMTH Ha TaKi
TPYIIH:
- nehexTH MaTepiary MEeTaJOKOHCTPYKIIii;
- HETMIPaBWJIbHE BUTOTOBJICHHSI KOHCTPYKIIIT;
- (bizionoriuyHe 1 OloMeXaHIYHE TEepeBaHTa-
KEHHSI KOHCTPYKIIIi;
- IOPYILIEHHS TEXHIKM BCTaHOBJICHHS MeTa-
JIOKOHCTPYKIIiH.
Bunaoku euxauxani oegpexmom ma-
mepiany.
HedexkTn Marepiaay METaIOKOHCTPY-
K1 MOXKHA BUSBUTH TUIBKH MICIS iX pyHHY-
BaHHS Ta BWJIYYCHHs 3 opranizMmy. Taki ne-
(beKxTH HaJexaTh 10 MOPYLICHHS TEXHOJIOTI]
OTpUMaHHs cruiaBy. [ig TutaHy Ta HOro
CIUIaBiB Ba)XJINBO HACHUYCHHS I1HIINMH elie-
MEHTaMH, MEepPEeBaXHO KHCHEM, SIK1 BIUIMBa-
I0Th Ha MEXaHIYHI BJIACTUBOCTI METAIOKOHC-
TpyKIid. BupoOu 3 KOMEpIiHHOTO THUTaHY
MaloTh MepeBary nepej 1HIIMMU CIUIaBaMU -
MOJKJTUBICTh 1HAWBIAYaITBHOTO MOJICTIOBAHHS.
Ane 301IBIIIEHHS] MIITHOCTI CTUIaBY BHACHIIOK
HACUYCHHS KHCHEM MPHBOIUTH 10 BTPATH
€MacTHYHOCTI. MIKPOCKOIIYHUNA aHalli3 1M-
IUTAHTATIB (PHC.5) MOKa3aB MPUCYTHICTH MO-
PO3HOCTI. 3 I[LOTO BUILIUBAE, IO MPOLEC BU-
pPOOHMIITBA KOHCTPYKIIM He BiANOBiZaB BU-
morawm [2, 3].
Tounicms 8ucomosneHHsA KOHCMPYKYIT
Tuck y [JiISHII TBHHTOBOTO 3'€THAHHS

Cases caused by defects of material.
Defects of metal construction’s material
could be revealed only after destruction
thereof and removal from human body. These
defects are caused by violation of alloy pro-
duction technology. For titanium and for al-
loys thereof very important is loading by oth-
er elements, mostly by oxygen, which influ-
ence on mechanical features of metal con-
structions. The most important advantage of
devices made of commercial industrial titani-
um compared to other alloys is its ability to
individual modelling. Although increasing
the strength of the alloy after loading it with
oxygen leads to lose of elasticity. Analysis of
implants with microscope (Pic.5) revealed the
presence of porosity. It proves that produc-
tion process was inconsistent with the re-
quirements [2, 3].

Accuracy of manufacturing
Loading at the area of screw connection leads
to the occurrence of drag force and results in
breakage of the plate.

Breakage is the result of bending, combined
with maximum stretching, loading or spin-
ning. Very often loss of suprastructure by
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Puc. 5 Mikpodotorpadis miactuau xBoporo Nel. Micrie 3nmamy miacTuHU. 30UTBIICHHS B

600 pasis.

Pic. 5 Microphoto of the plate of patient Ne 1. Area of the breakage, amplified by 600 times

MPU3BOAUTH IO BUHUKHEHHS 3pi3ai0uoi CHIn
Ta, K HACJIJOK, JI0 IepeJIOMY IIAaCTUHHU.

[lepenomu € pe3ynbTaToM 3TUHAHHS,
KOMOIHOBAaHOTO 3 MaKCHUMaJIbHUM pO3TATY-
BaHHJIM, THCKOM a0o 3 oOepraHHsM. Yacto
BTpaTa TBUHTOM a00 TJIACTUHOIO CYMNPacCTpy-
KTYpH BeZ€ 10 371laMy KOHCTpyKii [3,11].

Ilepenomu memanokOHCmMpyKyiu, 6u-
KAUKAHI NepesanHmadicerHsm

Haii0inpin 4acTol0 NMpUYMHOIO Tepe-
JIOMy KOHCTPYKIIIi € 6iomexaHiuHe abo (i3u-
YyHe nepeBaHTakeHHs. [lepeBaHTakeHHS MO-
xe OyTH BUKJIMKaHe napadyHKIIOHAIbHUMH
cuiamMu  ab0 HEBIJAMOBIIHICTIO  PO3MIpIB
KOHCTpYKIIii. Benuki HaBaHTa)XeHHS BUHU-
KalOTh y CHTYallisiX, KOJW BHUIIE3a3HAYCHI
CHJIM JIIOTh THapajielbHO, OCOOJMBO TpHU
BCTAHOBJICHHI KOHCOJIbBHMX KOHCTPYKIIIH, II€
NPU3BOAUTH JI0 BHHHUKHEHHS 3THHAIBHOTO
MOMEHTY CWJI, SIKHH € NMPUYUHOIO IEPEIoMy
KOHCTpYKLIi. MexaHi3M pyiiHyBaHHS 3a pa-
XYHOK BTOMH Marepiainy pO3IiIsS€ThCA Ha
JIeKiIbKa eTamiB: (a) MoyaToK 3/1aMy Ha MOBe-
pxHi, (0) momMpeHHs JiHIT 37aMy HacKpi3b
IMIUTaHTY Ta (B) OCTAaTOYHUN PO3JIOM YHACIHi-
JIOK HaJIMIPHOTO HaBaHTa)XCHHS IIICIS TOTO,
SK TUIOLIA TOTEPEYHOro MEPEeTUHY 3HAYHO
3MeHIryeTbesa. [lim dvac momupeHHs iHIT
3]IaMy, OKpeMi IIMKJIM HaBaHTaXeHHs (Ha-
NpUKIaJ, HAaBAaHTAXEHHS Barow TiUIa MpU
X071b01) 3aMUIIAIOTh MIKPOCKOIIYHO Mai
cimian nedopmarnii Ha (HpPOHTAIBHIN YaCTHHI

screw or plate leads to breakage of con-
struction [3, 11].

Fractures of metal constructions due
to overloading
The most frequent cause of metal construc-
tion breakage is biomechanical or physical
overloading. Overloading could be the result
of parafunctional forces or inconsistency of
construction’s size. Overloading occurs in
cases of parallel influence of these forces,
especially in case of console construction;
this leads to bending force, which is the
cause of breakage of construction. Mecha-
nism of breakage due to fatigue is subdivid-
ed into several stages: (a) beginning of
breakage on the surface; (b) extending of the
fracture line through the implant and (c) fi-
nal breakage due to overloading after rea-
sonable decrease of the area of cross-
section. While the fracture line is extending,
certain cycles of loading (e.g. loading by
body weight while walking) leave minute
traces of deformation on the frontal part of
the breakage. They could be seen on the sur-
face of the breakage as parallel fatigue fur-
rows. Each furrow represents a single state
of movement of breakage line and IS
without any doubts the sign of dest-
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3nmaMy. BOHU TpOSBISIOTHCS Ha TMOBEPXHI
3JIaMy SIK TIapaJieIbHO pO3TalioByBaHi 00po-
3HM BToMJeHocTi. KokHa Oopo3Ha sBisie
co0010 TMOCTIOBHUIN €Tanm MPOCYBaHHS JIiHIT
37aMy Ta € 0€3MOMUIKOBOIO O3HAKOK PYHHY-
BaHHA imMIaHTarty [3,7-10].

Te, mo HaHOUIBII YAaCTUM €TIiOJIOTiY-
HUM (PaKTOPOM TIEPESIOMY KOHCTPYKIIIi € Tia-
paQyHKIIOHATBHI CHJIM, TIOKA3aB aHaji3 KIli-
HIYHOI'O JOCIIIHKEHHS.

llopywennua mexniku 6CMAHOBNEHHS
MemanoKOHCmMpPYKYiti

[HKONM Xipypry IpU BCTAHOBIIEHI Me-
TAJTIOKOHCTPYKIIT MOXYTh BINIMTH Bia 3ara-
JTBHUX TPABUT 3 BCTAHOBJICHHS METATIOKOHC-
TpyKIin. Jlikapi, ki MatOTh OOMEKEHHI J0C-
BiJI B OMepallisiX, MOXXYTh JAOIMYCTUTH TTOMHMJI-
KU TIPU BCTAHOBJICHHI (HEKOPEKTHHH BUOIp
IUTACTUHU JJIsl JIaHOTO TepesioMy, HempaBU-
JThHE PO3TAIlyBaHHS IUIACTHHH, HEKOPEKTHE
MOJICJIIOBaHHS TUJIaCTUHU, BHOIp TBUHTIB,
MOPSIIOK BBEJICHHS TBUHTIB TOIIIO).

AHa3yl0ul  BUIAJIKH  TIEPEIIOMIB
KOHCTpPYKIii OyJI0 BU3HAYEHO, IO IMILJIaHTa-
TH 3 YACTOTO KOMEPIIIMHOTO TUTaHy YacTiIe
JAMarOThCSl B PE3YJIbTAaTi BTOMH BUTHUHY Ma-
Tepiany. Jlesiki aBTOpPH CTBEPKYIOTh, IO
NEPEeBAHTAKEHHS IMIUIAHTATIB € MPHYUHOIO
pe3opOIIii KICTKM HaABKOJO KOHCTPYKIIi, a
MEepeioM METATOKOHCTPYKUIi audepenuiro-
I0Th 3a TpynamMud abo  1HJMBIAYyaJbHO
[4,5,7,8]. BusiBieHHs BUIAJKIB IEPEIOMY
3aJIEKUTD Bl TPUBAJIOCTI MEPioay CriocTepe-
KCHHSI.

PesyabTatn Ta 00roBopeHHsi. Me-
TaJeBl IMJIACTUHU Ta IBUHTU OyJHM IpoaHai-
30BaHI METOJIOM EJEKTPOHHOI IUCIIEePCIHHOI
cnektpockornii (EJIC) Ha ckanytouoMy enek-
TpoHHOMY Mikpockomi. Ckiaa ciiaBy 3a
eneMeHTamu HaBeneHuii B Tab. 1 [12,13].

3riIHO 3 HABEJICHUMHU JTaHUMH B (Tal.
1) meranesi mnactuau (Ne 1, 2) BUTOTOBIEHI
3 TUTAHOBOTO CIUIABY aHAJOTIYHOTO BITYM3-
HssHoMmy BT1-0, a xopTUKanbHUN TBUHT Bif-
MOBIMHO 31 cmaBy aHajoriunoro BT-6
[12,13]. MexaHiuHi BJIaCTUBOCTI LHX JIBOX
CIUTaBIB MAlOTh TEBHY BIJIMIHHICTB, ajie JIs
JTAHOTO BUIIAJIKY CYTTEBHUM € PI3HUIISA B TaKil

ruction of the implant [3, 7-10]. The analysis
of clinical study has shown that parafunction-
al forces are the most frequent etiological
factors of breakage of construction.

Violation of metal devices implanta-
tion technique
While implanting metal construction, sur-
geons could sometimes diverge from general
rules for implantation of metal constructions.
Doctors less experiences in operations could
make mistake in performing surgical inter-
ventions (incorrect choice of plate for certain
fracture, screws, incorrect order of insertion
of screws etc.).

Analysing the cases of breaking metal con-
struction made of pure commercial titanium,
we can reveal that they break mostly due to
bending fatigue. Some authors declare that
overloading of implants is the reason for re-
sorbing of bone around the construction, and
breakage of metal construction should be
differentiated according to certain groups or
individually [4, 5, 7, 8]. Revealing of such
breakage cases depend on observation period.

Results and discussion. Metal plates
and screws have been analysed by the method
of electronic disperse spectroscopy (EDS)
using electronic scanning microscope. The
alloy composition by elements is provided in
Table 1 [12, 13].

Mechanical features of these two al-
loys differ from each other, and for these cas-
es essential is the difference in mechanical
strength. According to the table of titanium
alloys, index of strength e, for BT6 is from
90-110 khc/mm? and for BT1-0 — 36-
55kgs/mm?[13].

It means that strength of screw ex-
ceeds the similar characteristic of the plate.
Metal plates (Ne 3, 4) are made of stainless
steel 316 L.
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Tabmuns 1.
EnemeHTHHU# cKian CIjIaBiB BUKOPHCTAaHUX iMIuTaHTaTiB ( BMicT y %) / Compositions of al-
loys of the implants used (content in %)
XBopa Ne 1/ Patients Ne |
Enement (BmicT y %) / Element (content in %)
O6’ekr / Cruas /
Object Alloy Fe Cr Ni Si Ti \Y Al
II /
”‘;‘EZHE‘ BT1-0 | 0,1427 | 0,0090 | 00163 | 00784 | 99,5649 - 0,03334
Koprukains-
HUM TBUHT / BT6 0,0842 0,1762 0,0047 0,1117 88,5613 3,8840 6,6551
Cortical screw
Xsopuii Ne 2 / Patient Ne 2
06’ckr / Enement (Bmict y %) / Element (content in %)
. Cruias /
Object Alloy Fe Cr Ni Si Ti Vv Al
II /
”‘;‘EZHE‘ BT1-0 | 0,1427 | 0,0090 | 0,0163 | 00784 | 99,5649 - 0,03334

XBopa Ne 3 / Patient Ne 3

06’exr / Enement (BmicT y %) / Element (content in %)
. Crunas /
Object Alloy Fe cr Ni Si Ti Mn Al
ITnactuna /
316 L 65,00 21,53 10,43 0,73 0,97 1,34 -
Plate
XBopa Ne 4 / Patient Ne 4
06’ckr / Enement (BmicT y %) / Element (content in %)
. Cruias /
Object Alloy Fe cr Ni Si Ti Mn Al
II /
”‘;‘EZHE‘ 316L | 6700 | 2753 | 345 | 073 0,07 1,34 .

XapaKTEPUCTHIIl SK MEXaHIuHE HaIpy>KECHHS.
3TiIHO JTOBITHUKY TUTAaHOBHUX CIUIaBIB IOKa-
3HUK MIIHOCTI 65 i1 BT6 craHOBHUTH: Bij
90-110 KFC/MMZ,a i BT1-0 - 36-55Kkrc/Mm?
[13]. Lle o3Havae, 10 MIIHICTh TBHHTA BHIIA
32 XapaKTePHCTUKY ITUIACTHHHU. A MeTasieBi
wiacturu (Ne 3, 4) BUTOTOBIIEH] 3 HEpXKAaBitO-
yoi cram 316 L.

Amnaiiz Micus 31amy miactu Ne 1, 2
3a JIOTIOMOTOI0 ONITUYHOTO MIKPOCKOITY BCTa-
HOBHUB, III0 33apOJIOK TPIIIMHU W€ BiJl BHYT-
PIIIHBOTO OTBOPY IUIACTHHHU 10 30BHINIHIX

Analysis of the breakage areas of the
plates Ne 1, 2 made with optical microscope
has shown that the beginning of the crack
lasts from internal hole of the plate to exter-
nal edges thereof (Pic.5). On Pic. 6 a, 6 upon
enlargement one can see the process of al-
loy’s selective resorption which in turn makes
its contribution into worsening of implant’s
mechanical properties. Furthermore, we have
examined the plate’s surface using electronic
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a(a)

Puc.6. MikpodoTo micus 3mamy 1uiacTiH. CTPUIKOIO BKa3aHO 3apOJIOK TPIIIMHU. (a —

6 (b)

MiClle MOYaTKy pyHHYBaHHS IJIACTUHU; O Ta 6— MPOJOBKEHHS PYHHYBaHHS y BUTJISA/I CEEK-

TUBHOT'O PO3YMHEHHS CILJIaBY)

Pic.6. Microphoto of the plate’s area of breakage. Arrow indicate the place where the
crack begun (a — place where destruction of the plate begun; b and ¢ — continued destruction if

form of selsctive dissolution of the alloy)

kpaiB (puc.5). Takox Ha (puc. 6 a, 6) npu
30UIBIIEHH] BUAHO, IO B MICIIl YTBOPEHHS
TPIIIMHH CIIOCTEPIra€ThCsl MPOLEC CETICKTHB-
HO1 pe30pO1ii cIiiaBy, SIKWW, y CBOIO 4YepTy,
BHOCHUTH CYTT€BUU BKJIQJ y TOTIPIIEHHS Me-
XaHIYHUX BJIACTHBOCTEHW imruianTaty Kpim
TOTO0, OYJI0 MPOBEICHO MOCIiIKEHHS TIOBEPX-
HI IJIACTHH 3a JOTIOMOTOI0 CKaHYIOYOi eNIeKT-
ponnoi Mikpockomnii (CEM). Ha (puc.6) Bun-
HO, 1110 MOBEpPXHS IUIACTHUH 3a3Hajla BIUIUBY
Oprasizmy, a caMe B MiCIIsSIX, 7€ BCTAHOBIIIO-
BaJIi KOPTUKAIbHWK TBUHT (puc. 7 a,
0).OcHOBHA TIOBEpXHS TUIACTUHU M€ MITTUH-
roBi neexTH, sk HACHIIOK CEJICKTUBHOI KO-
po3ii. 3a pe3ynbTaraMu €1eMEHTHOTO aHaATi3y
BUJIHO, 110 3aXUCHUHU IIap 3 HITPUAY TUTAHY
PO3UMHIOETHCS 1 B EHTPI MITTUHTOBOI KOPO-
311 CKJIaJ1 CIJIaBY 3MIHIOETHCS Ha MaiKe Ync-
TUW TUTaH (AuB. Ta0. 2 Ta puc.7).

Jani Tabnuii BKa3ymOTh, MO KOPO3ii
MiJIA€ThCS BCS TOBEPXHS IUIACTHHH, A€ B
MICIISIX OTBOPIB II€H TPOIIEC MPUCKOPIOETHCS
3aBJISKU MEXaHIYHUM MPOIecaMm, sIK MPUKIAI,
3aKpy4yBaHHS KOPTUKAJIbHOTO TBUHTA.

Lli pe3ynbTaTu HO3BOJSIOTH CKa3aTH,
0 TOCTPHUM Kpaill TOJIOBKHM KOPTHUKAIBHOTO
TBUHTA € PyHHYIOUUM (pakTOpoM s Tutac-
THHH, TOMY 110 TBEPJIICTh TBUHTA OlbINa 3a
TBEPAICTh CIUIABY IUIACTUHU, a IPU BCTAHO-

scanning microscope (ESM). Pic.6 shows that
surface of the place underwent the influence
of human body, namely in places of cortical
screws installation (Pic.7 a, b).Main surface
of the plate has pitting defects, resulted from
selective corrosion. Elementary analysis re-
vealed that protective layer of titanium nitride
is being dissolved and composition of the
alloy in the centre of pitting corrosion chang-
es into almost pure titanium (see Table 2 and
Pic.7).

The Table shows that corrosion influ-
enced the complete surface of the plate, alt-
hough in the areas of holes and around them
it is faster due to mechanical processes, e.g.
driving screws.

These results bring us to the conclu-
sion that sharp edge of cortical screw’s head
is a destroying factor for the plate, because
hardness of screw alloy is higher compared to
the same index of the plate, and if it is placed
at an angle with the plate, different from per-
pendicular, edge of the screw head plays the
role of cutting element and upon loading is
finished destroying of the place. Possible
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H3T SB8Rm

B (C)

ekl

Xz. 808

18mm

r (d)

Puc.7 Burnsn oproneauvnoi miiactuau B 007acTi OTBOPY (@, 6) Ta OCHOBHOT TOBEPXHI

(B, T) IpH pi3HUX 301IBIICHHSIX
Pic.7. Appearance of othropedic place in the area of hole (a, b) and main surface (c, d)

in different amplification.

Ta0mms 2

3MiHU €JIEMEHTHOTO CKJIaJy TOBEPXHI opToneanyHoi iacTiHu Ne 1, 2 micis BUITydeHHS 3

OpraHi3my Iaii€eHTa
Table 2

Changes in elementary composition of orthopedic plates No. 1, 2 surface after removal from

patient’s body

Enement/ At %
Element a 6 B r
N 15,44 83,42 - -
0] - - - 22,32
Ti 84,56 16,58 100 77,67
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+

BJIEHHI WOTO il KyTOM BiJIMIHHM BiJ IepIie-
HAMKYJISIPY B OTBIp TUTACTHHH Kpall TOJOBKH
BUKOHYE pOJIb PIKYYOrO €NeMEHTy 1, Hpu
HAaBaHTAXXCHHI y BUTIsAAlL aedopmarii, 3aBe-
pIye pyiHYBaHHS TUTACTHHH. IMOBIpHY cXe-
MYy pyWHYBaHHS HaBeJICHO Ha puC. 8.

Ha puc.8 nokasano, 110 roctpuit kpait
TBUHTA MO>XKE€ BUKOHYBATH MPH BCTAHOBJICHHI
POJIb pi3Is.

scheme of such destruction is provided on
Pic.8.

Pic.8 demonstrates how the sharp
edge of a screw installed at an angle could
play the role of a cutter.

Influence of the sharp edge of the
screw’s head leads to crack nucleation, which
results in plate breakage upon loading. As it

Puc. 8 MoxnuBa cxema pyiHYyBaHHS TUTAaHOBOI TUTACTHHH TIPH BCTAHOBJIEHI KOPTHKa-

JIbHOT'O 'BUHTA

Pic. 8. Possible scheme of titanium plate destruction after cortical screw installation.

s nist B pe3ynbTari i MPUBOAUTH IO
YTBOPEHHS 3apOJIKy TPIIIUHHU, 1 IK HACHTIJIOK,
IIPY HABAaHTAXXCHHI BiJOYBAETHCS pPYHHYBaH-
HS MIacTUHU. SIK Oyino BKa3zaHO BUIIE, MOX-
JUBOIO MPUYMHOIO TAKOTO MPOILECY € Te, 10
XapaKTEePUCTUKA TBEPJOCTI a00 MEXaHIYHOTO
HaMpYXCHHs TUIACTHHHU OyJia HIDKYOK, HIXK
IBUHTA.

VY xBopux Ne 3, 4 Oynu BCTaHOBIEHI
IJIACTUHU 13 HElpKaBito4yoi crajii. AHAIOTid-
HO JI0 BUMAJKiB 3 XxBopumH Ne 1 ta 2, y XBo-
poi Ne 4 31am mutacTuHM BiIOYBCS BHACIIIOK
HEKOPEKTHOT'O BCTAHOBIIEHHS IBUHTA (puc.4).
Jlo miei mpobieMu 0Manoch CEIEKTUBHE
PO3YMHEHHS CKJIQJIOBUX HEIPXKaBIFOYOi CTall,
aK BUAHO 3 Tab.1 xBopa Ne 4. [Tnactuna xBo-
poro Ne 3 3a3Hana 371aMmy yepe3 BTOMY MaTe-
piaiy, ska BUHUKIA 32 PaXyHOK PaHHBOTO
HaBaHTKCHHS Ha 3JIaMaHy KiHIIIBKY BHACIi-
JIOK ITHOpYBaHHSI XBOPHM PEKOMEHJAIlIN JIi-
Kapsl.

has been mentioned above, this process
could be caused by the difference in hard-
ness or mechanical loading of plate was less
compared to the same of screw.

Patients Ne 3 and 4 have been treated
using plates of stainless steel. Similarly to
the case Ne 4, breakage of the plate occurs
due to incorrect installation of screw (Pic.4).
This problem has been exaggerated by se-
lective destruction of stainless steel compo-
nents (Pic.1, Patient Ne 4). Plate of the pa-
tient Ne 3 have been broken due to exhaus-
tion of metal due to early loading on broken
extremity by the patient on contrary to doc-
tor’s prescription.



ﬁd THE PROBLEMS OF TRAUMATOLOGY AND OSTEOSYNTHESIS 2015 Ne 2 (2) 93

BucHoBku:

Jlist 3armo0OiraHHs 371aMy METaJOKOHC-
TPYKLiH Tpeba maM'siTaTu Mpo HACTYIHI HIO-
aHCH:

1. HeoOxigHe BUKOPHUCTAHHS ILUIACTH-
HU Ta TBUHTIB 3 OJIHOTO CILIaBY.

2. Ilpu BCTaHOBIIEHHI TBUHTIB iX ToC-
TpUH Kpall MOXKE€ BUKOHYBAaTH POJb Pi3llf,
110, B CBOIO Yepry, MOXe MPU3BECTH IO IO-
YaTKy YTBOPEHHS 3JIaMy Ha IOBEpXHIi, MOTIM
JI0 TIOIIMPEHHS JIiHii 37aMy HacKpi3b iMILIaH-
Ty Ta 10 OCTaTOYHOI'O PO3JIOMY METATIOKOHC-
TPYKIIii BHACHIIOK HAIMIPHOTO HAaBaHTaXCH-
HSl.

3. Ilepen KOXHHMM OIEPATUBHUM
BTPYUYaHHSIM HEOOX1JIHE peTebHE IJIaHyBaH-
Hf, Y XOJI KO0 HEOOXiTHO OOIPYHTOBAHO
nigOuparu ¢ikcaTop, MPOIYMYBATH TEXHIKY
HOro yCTaHOBKH, Halepe] CIUIaHyBaBUIN (y-
HKIIIF0 KOKHOTO eJieMeHTa (hiKCyrouoi KOHC-
TPYKIIi.

4. AnexBaTHE Ta TMOBHOIIIHHE IMPOBE-
JIeHHs peadumiTamii miciasi METalo OCTEOCHH-
TE3y.

5. IlamieHTH MOBHHHI CYpOBO JOTpH-
MyBaTHCS PEKOMEHalii Jikaps (IoJ0 Ha-
BaHTA)KECHHS Ha MPOOIIEPOBAHY KIHIIIBKY).

Cnucoxk giteparypu / References

Conclusions:

To prevent breakage of metal devic-
es, the following nuances should be consid-
ered:

1. Plates and screws should be made
of similar alloy.

2. Sharp edge of implanted screw
could act as a cutter, leading to surface
breakage, which then extends through the
implant and ends with breakage of the metal
construction due to overloading.

3. Each surgical treatment must be
preceded by careful planning, grounded
choice of fixator and accurately thought
over installation technique and function of
the entire elements of fixing construction.

4. Adequate and complete rehabilita-
tion after metal osteosynthesis.

5. Strictly following the surgeon’s
recommendation (regards loading the ex-
tremity after operation) by the patients.
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