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Abstract. Functional reliability of fixative-bone means was studied for various types of metacarpal fractures depending on the type of
fixator and its location. The stiffness characteristics of fracture fixation systems with titanium miniplates were studied, an analysis
was performed of the surgical treatment of patients with metacarpal fractures, in which osteosynthesis with needles and external
fixation rod apparatus was used, with static and cyclic modes of action of external loads.

When transferring a compressive force to a fragment, the type of fixing means significantly influences the deformation of the
osteosynthesis system at all levels of stress; for the most of the measured characteristics, rod devices with external fixation and
titanium miniplates of various designs are preferable.

Keywords: osteosynthesis, fracture of metacarpal bones, displacement of fragments, fixation fractures, the stiffness of fixation of
fractures, strength of fixation of fractures, metacarpal bones, screws, needles, miniplates, rod apparatus external fixation.

Introduction. Brush injuries reach 30% of injuries of the musculoskeletal system, of which fractures of the
metacarpal bones (MB) range from 19% to 35%. One of the most common traumatic injuries is MB fracture. This type
of injury most often occurs when punching a hard surface. The most common is a fracture of the neck of the 5th MB,
so-called “boxer fracture” (up to 10% of hand bone fractures).

In the surgical treatment of MB fractures [10], several methods are used: fixing with needles, screws (for screw
fractures), intramedullary rods, external fixation devices and miniplates with screws. In practice, the treatment method
is chosen depending on the "geometry" of the fracture of the metacarpal bone (transverse, oblique, spiral many detrital).

The careful combination of bone fragments and their stable fixation have a crucial significance since the
displacement of the debris of the neck and the head of the metacarpal bone can distort the axis finger and cause a
significant dysfunction of the hand [7, 10, 5]. Standard fixation systems for this type of fractures, in many cases, does
not provide sufficient rigidity and reliability in terms of functional load [4, 5, 6, §].

Fixation of bone fragments with titanium miniplates of different constructions and with external fixating devices
should have not only clinical parameters, but also certain mechanical characteristics, particularly a sufficient hardness
and stability during a long-term treatment, which may be accompanied by cyclic loads.

Theoretical calculations levels of stress and strain, which occur in bone fragments and their fixation systems, is a
complicated branch of researches first of all, because of the specific mechanical properties of bone tissues (anisotropy,
heterogeneity, etc.) and complex configuration of biological objects.

Research on the behavior of fixing natural preparations at real types and levels of stress today is the most reliable
and simple way of the estimation of the quality and reliability of these systems.

The purpose of the research is the development of a simulation experiment involving functional load
(compression, bending, torsion) and measuring the displacement of MB fragments; - conducting a full-scale experiment
on bones with simulated fractures, fixed by various means of osteosynthesis; - study of the deformation characteristics
of the fixative-bone means for various types MB fractures depending on the type of fixer and its location;-determination
of fixation methods optimal for this type of fracture, establishing functional safety and safety levels in terms of
functional reliability.

Materials and research methods. During osteosynthesis of simulated MB fractures, osteosynthesis with metal
spokes, titanium miniplates and rod apparatus external fixation was used. Details about tested PC fixers are given in
table. 1 (fragments of bone, fastened with needles, for clarity, are shown pulled apart), and fig. 1 shows radiographs of
head restraint MB fractures with osteosynthesis of titanium miniplates and spokes.
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Table 1
Information about proven methods of fixation of the metacarpal bones
System Of. Abbreviation Auxiliary Figure
osteosynthesis clements
needles
1. Needles N @12 mm
2. Titanium miniplate ™ SCrews
< 1.7 mm
3. Titanium miniplate with TMa SCrews
additional fixation elements < 1.7 mm
4. Rod apparatus external AEF rods
fixation 2.5 mm

Samples preparation for testing. Fracture modeling, their fixation, and experiments were performed on intact
chicken thigh bones. Preliminary tests showed that the stiffness characteristics of these bones used for research differ
little from the human MB. So stiffness of intact chicken thigh bones during compression stays in the range of
417 N/mm to 588 N/mm. Compression tests of an intact human MB showed the value of this characteristic
(442+31) N/mm. The possibility of using chicken thighs in the experiment with means of fixation of fractures is based
also on the coincidence of geometric sizes of preparations with natural bones.
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c d e
Fig. 1. Radiographs of the fractures of the metacarpal bones (@) with osteosynthesis
of titanium miniplates (b, ¢) and needles (d, e)

On the epiphyses of the examined bones before testing hard heads made from Protacryl-M plastic were formed,
which are designed to fix specimens on the desktop testing machine (lower heads in Fig. 2) and the transfer of force to
the bone during load (top heads in Fig. 2). Such approach eliminates samples' additional movements which occur in the
places of fixation while the load is applied to them and allows to measure only bones and fixation systems
deformations [11].

Geometric characteristics of samples (distances from points of load to places of attachment) are given in Table 2.
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Fig. 2. Models of OS systems of metacarpal bones, subjected to tests, with fixings in the epiphysis with the spokes (a),
titanium miniplate (b), titanium miniplates with additional fixation elements (c) and rod apparatus external fixation (d)

Table 2
Geometric characteristics of the tested samples
OS systems
Type of loading Geometric characteristics N | ™ | TMa | AEF
Size, mm
Compression The distance from the point of application of the load to the 60 60 64 60

place of attachment of the bone

The distance from the point of application of the load to the 50 48 60 55
Bending place of attachment of the bone

The distance from the point of application of the load to the 27 24 8 30

bone fracture site

The distance from the point of application of the load to the 18 18 16 18
Rotation longitudinal axis of the bone

The distance from the point of application of the load to the 50 48 60 55

place of attachment of the bone

Ways to load samples. Prepared samples were fixated on the testing machine's desktop with clamps. Fixating
samples on the desktop with different orientation relative to the direction of the load made it possible to conduct tests in
compression, bending and torsion (Fig. 3a, 3b and 3c respectively). To create a torsion effect on a plastic head attached
to the distal MB epiphysis, a steel kernel, perpendicular to the longitudinal axis of the bone, was fixed. Through it, at a
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distance of 16-18 mm from the longitudinal axis of the bone the load was applied. To eliminate bending during torsion,
a fluoroplastic film with a low friction coefficient was put under the plastic head (Fig. 3¢), which does not interfere with
the action torque.

Fig. 3. Compression tests of the metacarpal bone (a), bending () and torsion (c)

The force applied to the specimen in the tests for compression and bending (Fig. 3a, 3b) was transmitted along
using a steel ball. To prevent the occurrence of the cortical layer's local deformations, a layer of Protacril-M plastic was
put at the point of contact on the surface of the bone. For loading specimen, the TIRA-test 2151 test machine was
used [11].

Registration of displacements and recording of the deformation diagram in the coordinates “load P - movement
A” (Fig. 4) was performed using the measuring system of the test machines with an accuracy of 0.1 N and 0.01 mm.
Initially, intact samples were tested with small (no more than 0.5 mm) deformations, which is caused by the need to
save samples in intact condition for further testing. After fractures fixation modeling, the tests were repeated with
deformations up to 1.0 ... 1.2 mm.

5 :
1.5 mm R 0.7 mm

a b C

Fig. 4. Typical deformation diagrams constructed in the coordinate system "Load, N - deformation, mm", metacarpal bones at
fracture, fixed external fixation device, under the action of compression (a), bend (b) and torsion (c)

Test results and analysis

The effect of one-time short-term loads. Deformations were determined and diagrams of specimen deformation
under compression, bending and torsion load recorded. For further analysis convenience, instead of the absolute values
of the load P and deformation A normalized deformations 6 = A / P and the values inversed to normalized deformations
(stiffness of systems), C=P/A.

These characteristics sufficiently enough reflect the biomechanical properties of linear systems in which the
deformations are directly proportional to the load (Fig. 4).

The results of measurements and calculations are placed in the summary table. 3, where the confidence intervals
calculated from the results of 3 ... 5 measurements with a normal distribution law of experimental data with a 95%
confidence level. Graphically this data are presented on fig. 5.

As can be seen from the data presented, under the action of compressive loads, the most rigidity is the fixing
system with the titanium miniplate "TM". With bend and torsion fixation with "AEF" has a significant advantage in
terms of rigidity. The least rigidity of all tested systems is observed under the action of bending loads.
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To compare the rigidity characteristics of various MB-fixation systems, the ratio of the stiffness of intact bones Ci
to the tightening of bones with fractures and fixation systems Cr were calculated. Results in the form of coefficients of
change in stiffness y = Ci/ Cr are placed in the table. 4, and in fig. 6, these coefficients are presented graphically.

The results of measuring the deformation and roughness of various methods fixation of metacarpal frac;l;it;lse ’
Intact bones Bones with fractures and fixation systems
Type of fixation
Reduced Reduced
deformation Stiffness C, N/mm deformation Stiffness C, N/mm
3103, mm/N 3103, mm/N
COMPRESSION
1 (N) 2.17+0.17 461 +32 42.37+3.09 23.6+2.10
2 (TM) 2.38+0.15 417 +£29 11.39+£0.79 87.8+6.16
3 (TMa) 2.47+0.17 405 + 41 53.24+3.72 18.8 £1.35
4 (EFA) 2.36+0.19 417 + 30 31.60+2.21 31.6 £2.30
BENDING
1 (N) 30.56 £2.14 33+2.31 935.18 £ 65.46 1.07£0.07
2 (TM) 48.39 + 3.38 21+147 652.47 +£45.67 1.53+£0.10
3 (TMa) 54.07 £3.80 19+1.33 562.96 + 39.40 1.78 £0.13
4 (EFA) 40.74 £2.85 25+1.75 282.64 +19.78 3.54+0.25
ROTATION
1 (N) 31.43+£2.20 32+225 166.36 = 11.64 6.01 £0.45
2 (TM) 58.87 £4.12 17 +1.19 209.26 + 14.64 4.78 £0.34
3 (TMa) 18.40 = 1.40 54+3.78 213.88 +14.97 4.68+£0.32
4 (EFA) 23.33+1.63 44 £3.08 47.31+3.31 21.1+1.47

As can be seen from the presented data, under the action of compressive loads, the fixation system with titanium
miniplates «TM» has the greatest rigidity. Bending and torsion fixation with using «kEFA» has a significant advantage in
terms of rigidity. Smallest stiffness of all tested systems is observed under the action of bending loads.
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Fig. 5. Comparison of the stiffness of various systems of fixation of fractures of the metacarpal
bones compression, bending and torsion
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Table 4
Reduced bone stiffness due to fractures and anchoring different ways
Type of Stiffness ratio of intact and damaged bones v = Ci / Cr
fixation Compression Bending Rotation
1 (N) 19.5 30.6 5.29
2 (TM) 4.79 13.5 3.55
3 (TMa) 21.6 10.4 11.6
4 (EFA) 13.4 6.94 2.03
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Fig. 6. Ratio of stiffness of intact and damaged bones y = C;/ Cr

The slightest change in stiffness under the action of compression and torsion is registered with application of
fixation «TM» and «EFA», and under the action of bending loads using «EFA» and «TMay». This allows us to
recommend the systems «EFA», «TM» and «TMa» for use in the fixation of the metacarpal bones fractures.

Long-term cyclic loads. The change in stiffness of the osteosynthesis systems is investigated under the action of
cyclic loads that mimic the effects on the bone compound factor physical exercise. The following program was

| msN m20 N

stiffness. N/mm

TM TMa EFA

type of fixation

Fig. 7. Stiffness of various ways of fixing the
metacarpal bone with cyclic loads

implemented for cyclic loading of the sample [11, 12, 13]:
deformation of the sample at a rate of 0.5 mm/min until the
occurrence of a force Pmax; sample exposure at this load for Is;
sample unloading at the same speed up to Pmin; sample exposure at
this load for 1s. After that, the cycle was repeated. The maximum
number of cycles for each sample is 10.

The results of experiments and calculations are presented
in Fig.7.

Conclusions

1. Under the action of one-time compressive loads, the system
has the greatest rigidity using fixation with titanium miniplates, and
during bending and torsion, it was using the external fixation device.
The most dangerous types of stress in terms of the stability of bone
deformities with a fracture and an established fixture is bending
loads.

2. Compared to intact bone, the slightest change in stiffness
under compression and the torsion is registered when using fixing
with miniplates and rod apparatus, under the action of bending loads -
when using a rod apparatus and titanium miniplates

3. Under the action of cyclic loads, the rigidity itself is
observed in the rod apparatus.

4. For most of the measured characteristics, rod devices of an
external fixings and titanium miniplates are preferable.
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Jedopmaniiini nokazHukHu ¢ikcauii mepesoMiB m’ICHAUX KiCTOK
M.C. upnoBebkmii, M.M. Ilumanb, M.A. Ilurankon

Anomauia. Jocnioxceno ghynkyionansy Haoitmicms 3acobie ikcamop-Kicmka npu pisHUX munax neperomis n’sacHux KiCmoxk 6
3anexcrnocmi 8i0 muny @ikcamopa ma 1020 posmauysanns. Busueni xapaxmepucmuku dcopcmrocmi cucmem gikcayii nepeiomie 3
MUmManosumMu Mininiacmunamu, 6y npogeoeHuUll Anaiz OnepamueHo20 iKy8aHHs X6OPUX 3 NePeiomMamu n’aCHUX KICMOK, npu AKOMY
3ACMOCO8Y8ABC MEMAIOOCMEOCUHMES WNUYAMU MA CIMPUICHESULl anapam 306HiuHb0I Qikcayii, npu cmamuiyhux ma YukiiyHux
pedicumax Oii 306HIUHIX HABAHMANCEHD.

IIpu nepedaui cmuckaww020 3yCulis Ha GIOIAMOK mun QIKcylouux 3acobie cymmego enausae Ha Oegopmayii cucmemu
ocmeocunmesy npu 6Cix piGHAX HABANMAICEHHS, 3a DINbULICMIO GUMIPAHUX XAPAKMEPUCIUK Nepesazy Maioms CMpPUdICHesi anapamu
306HIUHBOI iKCayii ma Mumanoi MiHINIACMUHY PI3HUX KOHCMPYKYILL.

Karouosi cnosa: ocmeocunmes, mMemanioocmeocunmes, ni020aiuamull nepesiom n’saCHUX KiCMoK, 3MiujeHHs YIamKie, @ikcayis
nepenomie, scopcmkicme Qikcayii nepenomie, miynicms Qikcayii nepenomis, n’sacHa Kicmka, 26UHmMU, CRUYi, MIHINIACMUMA,
CMpudICHe8ull anapam 3068HIuHbOI pikcayii.

Hedpopmanmonnbie mokaszarejan GUKCANUU MEPEeTOMOB MACHBIX KOCTEH
H.C. lupaoBckuii, M.M. /Ibimanb, M.A. Llurankos

Aunomayus. B cmamve uccie0o6ana GyHKYUOHANLHAS HAOEHCHOCTL CPEOCME DUKCAMOP-KOCMb NPU PASHBIX MUNAX NEPeloMO8
NACMHBIX KOCMEU 8 3a6UCUMOCIU OM MUNA QuKcamopa u e2o pacnonoxcenus. H3zyyeHvl XapakmepucmuKy H#ecmKoCmy cucmem
Qukcayuu neperomos ¢ MuUmMaHoOB8bIMU MUHUNIACMUHAMY, ObLI NPOBEOEH AHANU3 ONEePAMUBHO20 NeyeHuss OONbHBIX C neperoMami
NACMHBIX KOCMel, npu KOMopom RPUMEHANCA MemaiooCmeoCUHmes Cnuydamu U CepoiCHesoll annapam HewiHell guxcayuu, npu
CMaMUYHbIX U YUKTUYECKUX PeHCUMAX OeliCMBUsl 6HEWHUX HA2PY3OK.

IIpu nepeoaue cocumaiowezo ycunus Ha 0OTOMOK Mun QUKCUPYIOWUX CPEOCHE CYUeCNBEHHO Grusem Ha 0ehopmayuu cucmemol
ocmeocunmesa npu 6Cex YPOoGHAX HA2PY3KU, 3a OONTbUIUHCINEOM UBMEPEHHBIX XAPAKMEPUCIUK NPEeUMyuiecmeo umerom cmepoicHegble
annapamel 8HewHell Qurkcayuy u mumaroeble MUHUNIACMUNbL DA3HBIX KOHCHPYKYUL.

Knrouesvie cnosa: ocmeocunmes, memauioocmeocunmes, n00201084amblil nepeiom nACmHblx Kocmeﬁ, cmeujenus O6JZOJVIK06,
d)ukcauuﬂ nepeiomos, HecmrKkocniv (ﬁukcauuu nepeiomos, npo4YHocmbs d)ukcamm nepeiomos, NnACmHasl Kocmos, 6UHNIbL, CHUYbL,
MUHUNIACMUHA cmepochegoﬁ annapam 6HeuHell ¢MKCCZL;MM.
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