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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Pelvic ring injuries are rare, and according to various au-
thors account for 0.3 to 8% of all fractures, which occur in 
approximately 20 to 37 per 100,000 population [11,14,15,16]. 
Treatment of pelvic ring damage is one of the most difficult 
tasks in orthopedic surgery, and surgical methods have earned 
recognition. Authors from different countries have proposed 
many types of surgical stabilization of the pelvic ring, both 
open and closed methods [1,2,8,21]. Despite the improve-
ment of the operation technique and the variety of implants, 
the share of unsatisfactory results remains high today, and 
according to some researchers it is from 30 to 60% [13,20]. 
Accordingly, the number of new ideas and solutions for sur-
gical stabilization of the pelvic ring increases.

The study of this problem and the desire to improve some 
of the disadvantages of traditional implants led us to a new 
idea – to create a device for trans-iliac fixation of the poste-
rior pelvic ring of the pelvis, which is implanted minimally 
invasive and has the ability not only to compress, but also 
decompress bone fragments. This device is based on the 
example of the sacral bar considering its pros and cons. 
The sacral bar was popularized by M. Tile and proved to 
be a reliable implant for fixing the posterior pelvic ring. 
The main advantages are the low risk of iatrogenic dam-
age to the nerve elements, since the rod passes outside the 
sacrum, and the ability to achieve a high degree of com-
pression of the damage zone, which increases stability. But 
in some cases, the risk of compression of nerve structures 
inside the sacral openings and the sacral canal increases, 
for example, in fractures of the sacrum of types II and III 
according to Denis. The disadvantages also include open 
surgical accesses, bulky ends of the structure protruding 
from the iliac bones, causing the risk of soft tissue pres-
sure sores and infectious complications [3-5,7,19].

Every new implant cannot immediately find clinical applica-
tion without preliminary in-depth research. Papakostidis et al. 
in a systematic analysis, the frequency of implant failure was 
shown to be from 2 to 17.3% [12]. Over the past few decades, 
the authors have used many types of biomechanical research for 
this purpose [18]. Tests are conducted mainly on the bone mod-

el and cadaver bones. Cadaveric bones differ in the geometry, 
properties, and health of the bone. And synthetic bones allow 
multiple experiments with initial conditions, but give a low dif-
ference between the results of the study. Also, when experiment-
ing on the pelvic bone model, the stability of the muscle and 
ligamentous connections of the pelvis is not taken into account.

Thus some of the disadvantages of such research and the 
frequency of implant failure, we decided to test our developed 
device on the strength of the design system and compare the 
results with the existing results of biomechanical research from 
different authors around the world.

Material and methods. The Trans-iliac dynamic nail (TIDN) 
(KZ National Patent office, № KZ2019/052 - 29.07.2019, “De-
vice for minimally invasive interlocking osteosynthesis of the 
sacroiliac joint injury”) is a lockable nail, which has a built-in 
structure (sleeve) in the lumen of the proximal part that allows 
you to move the locking screw along the length of the nail. Nail 
diameter 8mm in the main part and 11 mm in proximal part, the 
length from 122 to 166 mm, the distal end of the hole for 4.5 mm 
locking screws in the proximal end of the elongated opening for 
movement of the screw with built-in grommet and the grommet 
round hole for a 4.5 mm locking screw. Both locking screws are 
positioned at an angle of 110o, for sinking the screws into the 
thickness of the Ilium (Fig.1). The nail is implanted minimally 
invasive at the level of L5-S1. Compression/decompression is 
performed by screwing/unscrewing the grommet. TIDN is man-
ufactured in ChM sp. z.o.o., Republic of Poland (material - ISO 
5832-11) by special order. 

Biomechanical tests of the device carried out and recorded in 
the measurement laboratory of ChM sp. z.o.o. with the accredi-
tation certificate of the testing laboratory no.AB1629.

Test objects: trans-iliac dynamic nail L166 and L155 sizes 
(material-ISO 5832-11), CHARFIX distal screws 4.5 mm 
L35mm (material-ISO 5832-11). 

When fixing to the, the grip was held by the nail screws us-
ing a specially prepared retainer for test machine. The ambient 
temperature during experiment was + 23º±2ºC.

Types of strength test - 5 tests were performed, 3 of them with 
static loads and 2 with dynamic loads:

TRANS-ILIAC DYNAMIC NAIL FOR MINIMALLY INVASIVE FIXATION 
OF THE POSTERIOR PELVIC RING INJURY: A BIOMECHANICAL STUDY 

Kassymov K., Myssayev A., Tlemissov A., Zhunussov Y., Zhanaspaev M.

Semey medical university, Department of Orthopedic Surgery, Kazakhstan

Fig. 1. Trans-iliac dynamic nail and example of an arrangement
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1) Static torsional test.
The test was performed with a maximum torque of 1 rpm 

(360 ° /min). Two TIDNs with two screws each were tested, 
one before the screws were damaged and the second before 
part of the nail was damaged. 

2) Static compression test.
Maximum impact of the compressing force to damage the 

screws at a speed of 10 mm/min, data acquisition frequency 50 
Hz; one TIDN with 2 screws was tested. 

3) Static tensile test.
Maximum tensile force to damage the screws at a speed of 10 

mm / min, data acquisition frequency 50 Hz; one TIDN with 2 
screws was tested. 

4) Dynamic compression test.
Load coefficient R: 0.1; number of cycles-1,000,000; data ac-

quisition frequency: 5 Hz;
The tests were repeated 4 times on 4 separate TIDNs and 8 

screws, respectively, with the maximum load given for a certain 
number of cycles, in three cases before the screws were dam-
aged, and in one case before the nail was damaged.

5) Dynamic tensile test 
Load coefficient R: 10.0; number of cycles-1,000,000; data 

acquisition frequency: 5 Hz;
The tests were also repeated 4 times on 4 separate TIDNs and 

8 screws, respectively, with a maximum load given for a certain 
number of cycles, in three cases before the screws were dam-
aged, and in one case before the nail was damaged.

Description of the test
Static torsional test: MTS Bionix test machine (LP P 200) 

(fig.2, left); position indicator ±140º (LP P 208) MTS ADT 605; 
torque sensor ±15kN/±150nm (LP P 203) MTS 662.20 H-04; 
test speed 1rpm (360° / min); ambient temperature 23±2 °C. 

Static compression and tensile test: MTS Insight kN test ma-
chine (LP P 100) (fig.2, right); load cell ±100 kN; Model: MTS 
569330-01; position indicator ±50mm (LP P 103); Model: MTS 
Insight 100; test speed 10 mm/min; data acquisition rate 50Hz; 
ambient temperature 23±2 °C.

Dynamic compression and tensile tests: MTS Bionix test ma-
chine (LP P 200); load cell ±100 kN; Model: MTS 662.20 N-04; 
position indicator ±50mm (LP P 103); Model: MTS LVDT 
390751-03; Universal caliper (LP P 007) CD-15PPX. 

Fig. 2. Test machines: MTS Bionix (left) and MTS Insight 
(right) 

Data are presented as quantitative variables. Statistical analy-
sis was carried out in the program SPSS 20.0 (IBM SPSS Sta-

tistics for Windows, Version 20.0. Armonk, NY: IBM Corp., 
USA). 

This study was approved by the Local Ethics Committee of 
Semey Medical University (protocol No. 2 of 10/18/2019).

Results and discussion. Static torsional test: it were per-
fumed on two different TIDNs, the following results were ob-
tained. For TIDN #1 at a maximum torque of 28.8 Nm, the ro-
tation angle reached up to 52°. For Nail #2 a maximum torque 
of 31.3 Nm, the rotation angle reached up to 60° (Fig. 3).

Fig. 3. Torque versus angle of rotation plot for TIDN #1

After a static torsion test, we detected TIDN damage at the 
junction of the screw with the integrated sleeve and slight dam-
age to the screw thread (Fig. 4). 

Fig. 4. Appearance of damage after static torsional tests

3.2. Static compression test:
Compression at the load level of 13,121 N resulted in a dis-

placement of 4.13 mm and damage (Fig. 5). 
Damage: breakage of the distal screw of the nail, bending and 

damage to the thread of the proximal screw of the nail, deforma-
tion of the nail in the place of the built-in grommet (Fig. 6).

3.3. Static tensile test 
When stretched at the load mark 13,664 N, there was a dis-

placement of 6.97 mm and the following damages (Fig. 7).
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Fig. 6. Appearance of damage after the static compression 
test (left) and static tensile test (right)

Fig. 7. Load versus displacement graph of static tensile test

Damage: breakage of the distal screw of the nail, bending and 
damage to the thread of the proximal screw, deformation of the 
nail in the place of the built-in grommet (Fig. 6).

3.4. Dynamic compression test
The tests were repeated 4 times on 4 separate nails and 8 

screws, respectively (Fig. 8):
1. TIDN #1 endured a load of up to 1750N and 117000 cycles, 

resulting in deformation of the rod moving element and dam-
aged screw threads; 

2. TIDN #2 endured a load of up to 1750N and 100,000 cy-
cles, resulting in deformation of the screw moving element and 
damaged screw threads; 

3. TIDN #3 endured a load of up to 1000N and 556000 cycles, 
resulting in a failure at the joint of the screw with the nail mov-
ing element and damaged screw threads

4. TIDN #4 endured a load of up to 750N and 1,000,000 cy-
cles, resulting only in damage to the screw threads. 

Fig. 8. Load versus number of cycles graph for tested 4 TIDNs

3.5. Dynamic tensile test.
Tests are performed 4 times at 4 separate rods and 8 screws, 

respectively (Fig. 9):

Fig. 9. Load versus number of cycles graph for tested 4 TIDNs

TIDN #1 moved the load up to 6500N and 600 cycles, the 
result was nail breakage (Fig. 10). Screw breakage at the distal 
part of the nail. Bending and damage of the threated part of the 
screws. 

TIDN # 2 moved loads up to 3500N and 60,000 cycles, the 
result was screw breakage (Fig. 10).

TIDN # 3 and # 4 moved the load of 1750N, and 1,000,000 
cycles, the result was test complete, with minor damage to the 
screw threads.

Fig. 10. Damage TIDN #1 (left) and TIDN #2 (right) after 
dynamic tensile test

The obtained test results showed sufficient structural strength 
of TIDNs. In biomechanical tests, researchers loaded a fixed 
bone with a simulated injury till the bone damage [18] or bone 
displacement [17]. Direction of the loads during the tests using 
cadaveric or synthetic bone is the same as in our experiment. For 
example, Sagi and others in their experiment [17], in order to 
measure axial and rotational displacement, they load the cadav-
eric bone from top to bottom behind the S1 sacral vertebra with 
a ball bearing, fixing the pelvic bone only on one side at the level 
of the hip joint. This is similar to our torsional test. 

Fig. 5. Load versus displacement graph of static compression 
test
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Also in this study [17], the authors indicate that the ampli-
tude of rotational movements in the sacroiliac joint does not 
exceed 6°. 

Galbusera et al. in a biomechanical study [6], it gives only 
7.5 Nm of torque. In another experiment, Lindsey et al. [9], 
they also specified a maximum torque of 7.5 Nm. So, our TIDN 
showed strength when torsion 28.8 Nm to the angle of 52°.

Our static tensile and compression tests are also similar to the 
loads in many of the authors. For example, in the works of Rach-
elle et al. and Gorczyca et al., the load on the sacrum is carried 
out with a bilaterally fixed pelvic bone, which corresponds to the 
tensile in our test [7,10].

If we talk about the load level, our TIDN showed strength 
up to 13,121 N during compression and 13,664 N in stretched. 
And in other biomechanical studies, the authors indicate loads 
ten times less. For example, Gorczyca and others [7] performed 
loads up to a maximum of 1,066 N, and Sahin et al. [18] in a 
similar experiment, loads up to 2,250 N were observed. Also, in 
the experiments of Rachelle et al., 500,000 cyclic loads with a 
force of 550 N are recalled [10]. 

The results of our biomechanical study showed that the trans-
iliac dynamic nail is strong enough and the following clinical 
study is needed.

Highlights. 
In this paper, we report on an experiment of a new trans-iliac 

dynamic nail (TIDN). There are three advantages of TIDN: 
1. It is minimal invasion due to a combination of attributes of 
interlocking nailing with the possibility of compression and de-
compression. 
2. Location: outside the sacrum. It is really important; it could 
minimize possible iatrogenic damage during implementation. 
3. TIDN showed strength enough during compression and in 
stretched that could be loads ten times more in comparison with 
other biomechanical studies.
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SUMMARY

TRANS-ILIAC DYNAMIC NAIL FOR MINIMALLY IN-
VASIVE FIXATION OF THE POSTERIOR PELVIC RING 
INJURY: A BIOMECHANICAL STUDY 

Kassymov K., Myssayev A., Tlemissov A., Zhunussov Y., 
Zhanaspaev M.

Semey medical university, Department of Orthopedic Surgery, 
Kazakhstan

The treatment of posterior pelvic ring fracture with the early 
mobilization purpose is surgery, which traditionally uses screws 
and sacral bar. We have created a new trans-iliac dynamic nail 
(TIDN) for fixation of the posterior pelvic ring. The advantage 
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of TIDN is minimally invasion due to combination of interlocking 
nailing with the possibility of compression and decompression.

Exam the biomechanical properties of a new trans-iliac dy-
namic nail (TIDN). The current biomechanical study investi-
gated: dynamic tensile and compression tests; static torsional, 
compression, tensile tests.

The study yielded equivalent results for the static torsional 
test and in dynamic tests, but found the TIDN superior in the 
static compression test and static tensile test in comparison with 
other researchers.

Based upon the results of this biomechanical study, we con-
clude that the TIDN proved to be an effective device for poste-
rior pelvic ring injury fixation. The clinical trial should be next.

Keywords: pelvic injury; trans-iliac dynamic nail; biome-
chanical study; minimally invasive fixation.

РЕЗЮМЕ

ТРАНСПОДВЗДОШНЫЙ ДИНАМИЧЕСКИЙ СТЕР-
ЖЕНЬ ДЛЯ МИНИМАЛЬНО ИНВАЗИВНОЙ ФИК-
САЦИИ ПОВРЕЖДЕНИЙ ЗАДНЕГО ПОЛУКОЛЬЦА 
ТАЗА: БИОМЕХАНИЧЕСКОЕ ИССЛЕДОВАНИЕ

Касымов К.Т., Мысаев А.О., Тлемисов А.С., 
Жунусов Е.Т., Жанаспаев М.А.

Медицинский Университет Семей, кафедра ортопедиче-
ской хирургии, Казахстан

Лечение повреждений заднего полукольца таза с целью 
ранней мобилизации требует хирургического вмешатель-
ства, при котором традиционно используются винты или 
крестцовая стяжка. Авторами создан новый трансподвздош-
ный динамический стержень (TIDN) для фиксации заднего 
полукольца таза. Преимуществом данного стержня является 
возможность малоинвазивной установки и компрессии или 
декомпрессии костных отломков.

Цель исследования – определение биомеханических свойств 
нового трансподвздошного динамического стержня.

В биомеханическом исследовании выявлены динамиче-
ские данные на растяжение и сжатие; статические - на скру-
чивание, сжатие и растяжение.

Исследование показало эквивалентные результаты стати-
ческих испытаний на скручивание и динамических испыта-
ний. Выявлено, что трансподвздошный динамический стер-
жень превосходит результаты испытаний на статическое 
сжатие и статическое растяжение в сравнении с данными 
других исследователей.

Основываясь на результатах проведенного биомехани-
ческого исследования, сделан вывод, что трансподвздош-
ный динамический стержень оказался эффективным 
устройством для фиксации повреждений заднего полу-
кольца таза. Следующим этапом планируется клиниче-
ское испытание.

reziume

ileumgavliTi dinamikuri sayrdeni menjis da-
zianebuli ukana naxevrrkalis minimalurad in-
vaziuri fiqsaciisaTvis: biomeqanikuri kvleva

k.kasimovi, a.misaevi, a.tlemisovi, e.Junusovi, 
m.Janaspaevi

semeis samedicino universiteti, ortopediuli 
qirurgiis kaTedra, yazaxeTi 

menjis ukana naxevrrkalis dazianebaTa 
mkurnaloba adreuli imobilizaciis mizniT 
moiTxovs qirurgiul Carevas, romlis drosac 
tradiciulad gamoiyeneba WanWikebi an jvaredini 
daWimva. avtorebis mier Seqmnilia axali ileum-
gavliTi dinamikuri RerZi (TIDN) menjis ukana 
naxevrrkalis fiqsaciisaTvis. am RerZis upirate-
soba mdgomareobs misi Cayenebis SesaZlo mcire-
invaziurobasa da Zvlis natexebis kompresiasa, an 
dekompresiaSi.
kvlevis mizans warmoadgenda axali ileumgav-

liTi dinamikuri RerZis biomeqanikuri Tvise-
bebis gansazRvra.
mocemul biomeqanikur kvlevaSi gamovlenilia 

daWimvisa da SekumSvis dinamikuri monacemebi, 
statikuri ki – daxvevaze, daWimvasa da SekumS-
vaze.
kvleviT dadgenilia ekvivalenturi Sedegebi 

statikuri cdisaTvis daxvevaze da dinamikuri 
cdebisaTvis. aRmoCenilia, rom ileumgavliTi 
dinamikuri RerZis Sedegebi aRemateba sxva kv-
levebis cdebis Sedegebs statikur SekumSvasa da 
statikur daWimvaze. 
Catarebuli biomeqanikuri kvlevis Sedegebze 

dayrdnobiT, avtorebi daaskvnian, rom ileumgav-
liTi dina-mikuri RerZi warmoadgens efeqtur 
xelsawyos dazianebuli menjis ukana naxevarrka-
lis fiqsaciisaTvis. Semdeg etapad igegmeba 
klinikuri gamocda. 


