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Pe3iome. HaBenenuii anamis pe3yiib-
TaTiB JIKyBaHHS 25 TMalie€HTiB BikoMm 6-17
POKIB 3 meperoMamu fiadiziB JOBIHX TpYO-
YaTUX KICTOK BEPXHBOI KiHIIIBKU. 3’sICOBaHI
mepeBard Cy4acHOl METOJMKH MalloiHBa3HB-
HOTO OCTEOCHHTE3y 3 BUKOpucTaHHAM TEN,
SIK1 JTO3BOJISIIOTH TIPH MIHIMAJIbHIM OTepariii-
HIi TpaBMi, IMEPEBAKHO O3 BTPYYaHHS B 30-
HY TIepeIoMY, BIJHOBUTH TMPaBUIbHI OCHOBI
CHIBBITHOIIIEHHS yJIaMKiB, BiJIHOBUTH TOBHY
(GYHKIII0O CYMDKHUX CYIJIOOiB 10 HacTaHHS
MOBHOT KOHCOJiAalii mepenomMy Ta OTpuMarTu
BHUCOKUU BIiJICOTOK BIJIMIHHHUX 1 JOOpUX pe-
3yJIbTaTIB JIIKYBaHHS.

KirouoBi cioBa: mepenom giadisy me-
peamtigus, ieda, ocreocunres3, TEN.

AxTtyanbHicTh Temu. [lepenomu no-
BruX TPyOUaTHUX KICTOK 3a PI3HUMHU JaHUMHU
CKJIaatoTh 10 72% BCIX HEpeNoMiB y TiTei,
P [[OMY MEPEBAXKHO YIITKOIKYETHCS BEPX-
Hs KiHIiBKa: mepenomu Tuieda - 4%-10%
nepenmtiaus — 40%-50% [1, 2]. Cepen mux
MEePEJIOMIB  YIIKOJDKEHHS Aiadizy TUIed0BOT
kictku ckinangaotk 0,5-0,7 %, miadiziB mik-
THOBOI Ta MPOMEHEBOI KicTOK — 5% % Bcix
repesioMiB y aitent [3, 4].

JIikyBaHHSI TaKUX IEPEIOMIB IMPOBO-
JSTh TIEPEBaXXHO KOHCEPBATUBHUM METOJIOM.

Resume. Authors analyzed treatment
results of 25 patients aged 6-17 years with
dyaphiseal fractures of upper extremities'
long bones. Description of the benefits of
modern methods of less invasive osteosyn-
thesis using TEN's allowing to renew correct
axial correlation of fragments, renew com-
plete function of adjacent joints until com-
plete consolidation of fracture at minimal
surgical trauma mostly without intervention
into fracture zone and to receive high per-
centage of excellent and good results.

Key words: dyaphiseal fracture of
forearm, shoulder, osteosynthesis, TEN.

Topicality of issue. Fractures of long
bones consist of 72% of all fractures in chil-
dren, mostly upper arm is injured: humeral
fractures consist of 4%-10%, forearm frac-
tures - 40%-50% [1, 2]. Among the fractures
mentioned, injuries of diaphysis make 0.5-
0.7%, the same of elbow and radial bones -
5% of all fractures in children [3, 4].

Treatment of such fractures leads
mostly by conservative treatment. This situa-
tion is traditional and considers the peculiari-
ties of anatomic and morphological structure
of locomotion system in children, ability to
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JlaHa cuTyalisi cKJianach TPaAULIHHO
Ta BPaXxOBY€ OCOOIMBOCTI aHATOMO- Mop(do-
JIOTIYHOT OYTOBH OMOPHO-PYXOBOT'O amapary
JiTe!, 3AaTHICTh 10 IMIBUIKOI perapartii, crmo-
HTaHHOTO PEMOJICTIOBaHHS, CAMOCTIHHOI KO-
peKIii KyTOoBUX Ta TOPCIOHHHX Aedopmartiit
[5], TOOTO TONOBHA TmepeBara HAMAETHCSA
«IIPUPOTHOMY» BHPIIICHHIO MpoOieMu. k-
10 aeTbes mpo nepenoMu aiadiziB 6e3 3Mi-
IICHHS YJIaMKiB, TO Taka TaKTHKa JIIKYBaHHS
MOBHICTIO JOIIUJIbHA [6]. 30BCIM 1HIIIA CHTYa-
11is1, KOJIM Ma€ Miciie mepenoM aiadizy oaHiel
3 JIOBTUX TpyO4YaTHX KICTOK 31 3MIIICHHIM
¢parmeHTiB. 3aKpuTa, YaCTO HEOJHOPA30Ba,
peno3uIlisl yJIaMKiB, JOJAaTKOBa TpaBMaTH3a-
il M’SIKUX TKaHWH B 30H1 IIepesioMy 3 iMOBi-
pHUM TIOMIKOKEHHSM CYJIWHHO-HEPBOBUX
CTPYKTYD,
TpUBaja IMMOO1TI3aIlis TITICOBOIO OB’ SI3KOI0
3 3aXOIUICHHSIM CYMDKHHX CYTJIO0IB HEpiIKO
MPU3BOIATH 0 HE3aJOBIIBHUX PE3YJIBTATIB.
BHacniiok HEKOPEKTHOTO JIIKyBaHHS BUHU-

BTOPUHHE 3MIIIEHHS YJIaMKiB,

Kae cTiiika aedopmariisi CerMeHTy, BUKPHB-
JeHHsA a00 TYropyxoMicTh CyrioOy, occidi-
Kytoumnii miosurt [5, 6]. Ha mpoTtuBary koHce-
pBaTUBHUM METOJAaM OCTaHHIM YacOM BUHHU-
Ka€ TeHJICHIIISI 10 PO3IIUPEHHS TTOKa31B 1010
OIEpPaTUBHOIO JIKYBaHHS 3 BUKOPHUCTAHHSIM
PI3HOMAHITHUX I1HTTpaMEIyJIIpHUX (iKcaTo-
piB [7, 8].

Meta pocaimkernns. Jocmiautu
edpexTuBHicTh BUKopucTaHHS TEN (THTaHO-
BUX EJIACTUYHHUX CTEPXKHIB) MpHU JIKyBaHHI
nepenomiB miagiziB AOBrHX TpyOuaTHX Kic-
TOK BEPXHBOI KIHIIBKH 31 3MIMIEHHSAM Y li-
TEH.

Marepiaan i meroam. IIposeaeHo
BUBYCHHS PE3YJIbTATIB JIIKYBaHHS TEPEIOMIB
niadiziB JOBruX TpyOUaTHX KiCTOK BEPXHBOI
KIHIIIBKY 31 3MIIICHHSIM Y JITeH, SKUM Hajaa-
Banu nponomory B KYTOP «TepHoninbchka
oOjacHa KOMyHaJbHa AWTSIYA KJIiHIYHA JiKa-
pHs» 3 2014 no 2016pp.

fast reparation, spontaneous remodel-
ing, self- correction of angular and torsion
deformations [5], hence the main preference
is given to the "natural™ solution of the prob-
lem. For the cases of dyaphiseal fractures
without fragment displacement, such tactics
is completely expedient. The situation is
completely different in case of dyaphiseal
fracture of one of the long bones with dis-
placement of fragments. Closed multiple re-
position of fragments, additional traumatiza-
tion of soft tissues in fracture zone with pos-
sibility of causing damage to vessel and
nervous structures, secondary displacement
of fragments, durable immobilization by plas-
ter dressing, covering adjacent joints lead
quite often to dissatisfactory results. Incor-
rect treatment leads to constant deformation
of a segment, curving or rigid mobility of
joint, ossifying myositis [5, 6]. On the con-
trary to conservative methods, trend in being
arising to extend indications for surgical
treatment using different intramedullary fix-
ators [7, 8].

Aim of the study. To investigate the
efficiency of TENs (Titanium elastic rods)
application in treatment of upper limb's long
bones dyaphiseal fracture with displacement
in children.

Materials and methods. We studied
results of treatment of upper limb dyaphiseal
fractures with displacement in children, who
have been aided at Ternopil Regional Com-
munal Pediatric Clinical Hospital from 2014
till 2016.

During the period from 2014 to 2016
we observed 25 patients aged 6-17 vy.o.,
among them 4 patients were with should frac-
ture and 21 with forearm fracture; 14 boys
and 11 girls.
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[lin HamMM cHocTEepeKeHHSM 3a Tie-
pioa 3 2014 mo 2016pp. 3HAX0aUIOCH 25 mMa-
IIIEHTIB BIKOM 6-17 pp, 3 HUX 3 MepeIoMamMu
mievya Oyno 4 maimieHTa, 3 MepeJoMamMH Iie-
peammiaus — 21; xjomuukiB Oyno - 14, miBua-
ToK - 11 .

BuBuanu tpaBMoBaHuX BikoM 6-17pp.
BikoBy rpymy 0-6 pp. B AOCHIDKEHHS HE
BKJIOYAJIM, OCKIJIBKM JIKYBaHHS 3TaJaHuX
TpaBM cepej JiTed 10 6 pokiB. OyJo Juiie
KOHCepBaTUBHUM. JlJIs HmOCHiKeHHS Oyiu
oOpaHi Taki BHIM TPaBM: 3aKPHUTI MOIMEPEYHi,
KOC1, TBUHTOIOIOHI mepenoMu miadiziB Kic-
TOK IUIeya, mepeamiiyus. Mu He Opanu 110
yBaru BiAKpUTI mepesaoMu niagiziB Ta 3aKpu-
TI TEepeNoMH, YCKJIAJHEHI YIIKOIKEHHSIM
CYIUHHO — HEPBOBHX CTPYKTYp, Ki HE SBIIS-
IOTBCS TPEAMETOM HAIOTO  JIOCHIJKCHHS
OCKIJTBKH TIOTPEeOYIOTh 000B’S3KOBOTO PO3K-
PHUTTS 30HHM TIEPEIIOMY, PEBI3ii CTaHy M’SIKHUX
TKaHWH.

Bcim marieHTaM NpoBOIMIN TIEpE-
oreparfiiHe OOCTEe)KEHHS, SIKe BKIIOYAIO
000B’SI3KOBY PEHTI€HOTpadiro YIIKOIKEHOTO
CeTMEHTY 3 CYMDKHUMH cyriobamu B
2-X B3a€MHO TEPIEHANKYISIPHUX IJIONUHAX.
B ycix Bunankax mpoBOIWIM pPETEIbHE Mepe-
JoTiepalliifHe TUIaHyBaHHSA.  3aCTOCOBYBAIH
3aranbHe 3HeOosneHHA. OnepaTuBHE BTPY-
YaHHS TIPOBOJMJIM B TIOJIOKEHHI TAIli€EHTa
«IUISDKHE KPICIIo» MpH IepesioMax Ieda, abo
Ha CIHHI MpHU HepenoMax Mepeiruiivus, Ta-
KUM YHMHOM, 1100 OyJ0 MOXJIMBO iHTpaore-
pamiitne Bukopuctanas EOIla. B 18 Buman-
Kax 3aCTOCOBYB&JIM 3aKpPUTY PEHO3UIIIO
yJIaMKiB, y 7 TAIi€HTIB — BIAKPUBAIU 30HY
MepesioMy 3 MIHIMQJIBHOTO JIOCTYITY 70 3 CM,
mo Oyn0 0OYMOBJIEHO HEOOXITHICTIO PO3-
KpUTTSl KICTKOBO — MO3KOBOTO KaHAay IMpHU
CTIOBLJIbHEHOKOHCOJAYIOUHX HepesoMax,
nepenomMax 3 IHTepHO3HII€I0 MAKHX TKaHUH.
BuxopucTtoByBanu cTaHZapTHI JOCTYIH PO3-

MipoM 70 2 cM: TO 3aJHil MOBEpXHI H/3

We studied the cases of injured chil-
dren aged from 6 to 17 y.o. Age group 0-6
years the study excluded, as the treatment of
these injuries among children up to 6 years
was only a conservative. For the study we
have chosen the following injuries: closed
transverse, oblique, screw-like fractures of
should\, forearm bone diaphysis. We did not
take into account the open fractures of diaph-
ysis and closed fractures, complicated by the
injury to vascular-nervous structures that are
not the subject of our research as requiring
mandatory disclosure of zone fracture, revi-
sion status of the soft tissues.

All patients passed preoperative ex-
amination, which included mandatory X-Ray
study of the damaged segment with the adja-
cent joints in 2 mutually perpendicular
planes. In all cases thorough preoperative
planning has performed. General anesthesia
was applied. Surgery was performed with the
patient in "beach chair" position at shoulder
fractures or on the back at forearm fractures
to make intraoperative use of EOP possible.
In 18 cases we applied closed reposition of
fragments, in 7 patients we opened fracture
zone; but from the minimal invasive ap-
proach, up to 3 cm, determined by the neces-
sity to open intramedullary channel in slowly
consolidated fractures and fractures with in-
terposition of soft tissues. We used standard
accesses up to 2 cm: on the rare surface of the
lower third of a shoulder above the elbow
fossa, on the dorsum of the distal radius met-
aphysis and on the surface of the olecranon
elbow ulna. After opening the intramedullary
channel we inserted pre-shaped TEN into the
fracture zone. At the second stage we per-
formed reposition of fracture and inserted
TEN through the fracture zone into another
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Ijieya HaJ JIKThOBOIO SIMKOIO, IO THJIbHIM
MOBEPXHI IUCTATLHOTO MeTadi3y MTPOMEHEBO1
KICTKH Ta TO JIKTbOBIM MOBEPXHI JIIKTHOBOTO
BIJIPOCTKY JIIKTbOBOI KicTKH.ITicist po3KpHUTTSI
KICTKOBO — MO3KOBOI'O KaHaly BBOJAMJIU TIO-
nepenbo  BurHytuil TEN no 30HU nepeno-
My. JlpyruM eTarnom NpOBOAMIIHN PEMO3HUIIII0
nepenomy Ta B pexxumi «ckomii» EOIla npo-
Bogw TEN uepe3 30Hy mepeiaoMy B IHIIUN
dbparmenT. [Ipu nmepenomMax Mae4oBOi KiCTKH
BukopuctopyBain 2 TEN. KoHTtpomtoBanu
postanryBaHHs ¢ikcaTopiB. OcoOMuBY yBary
OPUIUISUIM TPABUJIBHOMY BU3HAYEHHIO JOB-
XKHUHM (pikcaTopa — HE JIONMyCKaJld MeHeTpani
30U pocty. [IpoBoamnu ¢QyHKIIOHANBHY
npoOy: mepeBipsuid 00’e€M PyXiB B IUIEUOBO-
My, JIKTOBOMY, NPOMEHEBO — 3aISICHOMY
cyrino0ax Ta cTaOUIbHICTH (hiKcallii ylaMKiB.
BuxopucroByBanmu TEN pi3zHoro miamerpa
(Bim 2 MM 110 3,5 Mm). B 3amexHOCTI Bij K-
PYHH KiCTKOBO-MO3KOBOTO KaHaTy y Talli€H-
TiB 3 TIEPEJIOMOM IIJICYOBOI KICTKH BiKOM 12-
17pp. BukopuctoByBanu 2 TEN. B micnsiomne-
patiifHoMy mepioai Mpu3HavYaIu MeIUKaMEH-
TO3HE JIIKyBaHHS: 3HEOOIIOI0YH, aHTHO10THKH
(3 TPOPULIAKTHYHOIO METOI0), HECTEpPOiaH1
npoTHU3anaibHi mpenapaTti. B 3anexHoCTI Bij
MICUXOEMOLIIMHOTO CTaHy AUTHHU, BUPAXKEHO-
CTl 1i pyXOBOi aKTHBHOCTI, BiKY, B MiCJIsOIE-
pamiifHOMY Tepioal 3aCTOCOBYBAIM J0JIaTKO-
BY IMMOOLTI3aIlil0 KJIMHOBUIHOIO TMOIYIIKOIO
JUTSL BCIX TMAIIEHTIB TEPMIHOM JI0 2 THXKH. Ta
0COOJIMBO aKTUBHUM KpiM IIbOTO HaKIIaJalln
JI0JJaTKOBY JIOHTeTy (rimcoBy abo ckod -
KacT) Ha YIIKOJPKEHHUH CErMEHT 0e3 3axBary
CYMIKHUX CYyrJ00iB TEPMIHOM 110 4 THIXKH.
[IpoBoMIM paHHIO aKTHBI3AIIIO XBOPUX — 3
2 — 4 nmHA micnsa omepariii TOYMHAIN TTacUBHI
pyXH B IUIEYOBOMY CYIJI001, JIIKTHOBOMY,
MPOMEHEBO — 3aIsiCHOMY Cyriiobax o0’eM
SIKMX TOCTYIIOBO 301IbIITYBAJIH, TIPUETHYBAIH
aKTUBHI pyxH. SIK mpaBWiIO, MOBHHHA 00’e€M
aKTUBHHUX PYyXiB BiJHOBIIIOBAaBCS B TEPMiHU

fragment under EOP control in "skopia"
mode. In humeral bone fractures we applied
2 TENs. Then controlled location of fixators.
Particular attention was paid to the correct
definition of fixator's to avoid prevented of
the growth zone. Functional test included
check of range of motion in shoulder, elbow,
radial joints and stability of bone fragments
fixation. We used different diameters of
TENSs (from 2 mm to 3.5 mm). Depending on
the width of intramedullary channel in pa-
tients with fractures of the humerus aged
from 12 to 17 y.o. we applied a pair of TENS.
In the postoperative period we indicated med-
ication, painkillers, antibiotics (prophylactic),
non-steroid anti-inflammatory drugs. De-
pending on psycho-emotional conditions of a
child, intensity of moving activity, age, in
post-operative period we applied additional
immobilization by tapered pillow for the en-
tire patients for 2 weeks, and for especially
active patients additional plaster or scotch-
cast was used on damaged segment, not cov-
ering adjacent joints for the period up to o4
weeks. Early activity of the patients started
from the 2nd-the 4th day after operation and
included passive movements in shoulder,
elbow, radial joints, and gradually increasing
volumes thereof, added active movements.
Typically complete range of active motions
recovered in 2 weeks after operation.

Results and discussion. Results of
treatment were studied in 6-20 months after
injury. They have been evaluated according
to Mattice - Luboshits - Swarzberg system,
main criterion whereof were signs of recov-
ery of X-Ray picture of shoulder and forearm,
function of injured limb's joints and analysis
of lengthwise growth of the injured segment

[9].
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710 2 THXKH. MICIIs OTepartii.

PesynbTatTn W o0rosopennsi. Pe-
3yJAbTaTH JIIKyBaHHSA B TepMiHH 6-20 Mic.
MicIisl TpaBMHU OyJIM BUBYEHI y BCIX MAIlIEHTIB.
Bonu omiHroBamucs 3a cucTeMoro Marruca-
Jlro6ommma-1IBapudepra, 3a SKOK OCHOB-
HUMH KpUTEpiIMU Oylu TMOKAa3HUKH BiJHOB-
JICHHS PEHTI'CHOJIOTIYHOT KapTUHHM KiCTKOBOI
CTPYKTYpHU IUIeYa Ta Nepearutivus, QyHKIi
Cyri00iB TIOMIKOKEHOT KIHIIIBKM a TaKOX
aHaJi3 POCTY B JOBXHHY TPAaBMOBaHOTO CeT-
MeHTy [9]. B ycix Bumagkax mMu crioctepira-
JIM TIOBHY KOHCOTiAamito nepeinomiB. He Gyno
BUIAJKiB BTOPUHHOTO 3MIMIEHHS KiCTKOBHX
yJIaMKiB, IOBTOPHOTO TepenoMy, popMyBaH-
HsI HECIIPaBXHBOTO Cyrio0y, criiikoi medop-
Marlii, TyropyxoMocTi cyriao0y, iH}eKuiiHux
YCKJIQIHEHb, aBAaCKYyJISPHOTO HEKPO3y, Mir-
pamii TEN, menerpariii 30Hu pocTy. 3 BiI-
MIHHUM DPE3yJIbTaTOM 3aKIHYWIW JIIKYBaHHS
19 niteit (76%), 3 noOpum pesynbraTom 6
niteit (24%), He3aJOBUILHUX PE3yJIbTaTIB HE
Oys1o0.

BucHoBku

1. IIpoBeneHe AOCHIIPKEHHS 1TOKA3aI0
BUCOKY KJIIHIUYHY €(eKTUBHICTh BUKOPHCTaH-
Ha TEN npu octeocunTesi nepenoMiB miadi-
31B JIOBTUX TPyOUaTHUX KICTOK BEPXHBOI KiH-
IIBKHU 31 3MIIIEHHSM Y JIiTEH.

2. [lepeBaramu 1aHOi METOJMKH JIIKY-
BaHHS BBa)XaEMO MAJIOTPaBMATHYHUHN Xapak-
Tep omeparlii, MOXJIUBICTh 3aKPUTOI PETo3u-
il yJlaMKiB, CKOPOUEHHSI TEPMiHIB J10/1aTKO-
BO1 iMMOOiI3aIil y micisonepariiHoMy me-
pioxi, paHHE BiTHOBJICHHS (YHKIIII.

3. BBaxxaeMo Taxuii BUJ OCTECOCHUHTE-
3y NMPIOPUTETHUM B TUTSUIA TPABMATOJIOTI].

Jlireparypa / References

In all cases we observed complete
consolidation of fractures. There were no
cases of secondary displacement of the bone
fragments, repeated fracture or pseudoarthro-
sis, constant deformation, joint rigidness,
infectious complications, avascular necrosis,
migration of implants, penetration of growth
area. With the excellent result treatment have
been finished by 19 (76%) patients, with
good results - by 6 children (24%), there were
no cases of unsatisfactory results.

Conclusions

1. This study demonstrated high clini-
cal efficiency of TENs for osteosynthesis of
upper limb's long dyaphiseal fractures with
fragments displacement in children.

2. Minimal invasive character of oper-
ation, possibility of closed reposition of
fragments, shortening periods of additional
immobilization in post-surgical period and
early recovery of functions we consider to be
advantages of this method of treatment.

3. We deem this type of osteosynthe-
sis to be preferable in pediatric traumatology.
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