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OSTEOSYNTHESIS

Abstract. Bone geometry, density, and thickness of the cortical layer of the femoral neck (FN) contribute to the mechanical
strength in osteosythesis of femoral neck fractures (FNF) in young adults. The available techniques for fracture fixation of the FN
are reviewed with respect to the biomechanical stability.

A biomechanical study of the osteosynthesis stability of the FNF with three cannulated screws was carried out using
synthetic models of the proximal part of the femoral bone (FB). The experimental models were divided into 4 groups. Each group
related to the configuration of screws in the FN. The vertical and horizontal FNF stability was assessed using two series of load.
In series I, models were loaded with forces in the longitudinal axis to the FB and in series 11, forces acted in the perpendicular
direction to the FB axis. The loading forces were evaluated when the displacement of 2 mm fragments was achieved. The highest
stability strengths were obtained in group I in the both series — 1898 N with a vertical load and 1046 N with a horizontal load.
Further, in decreasing order, the results of stability were obtained in groups II, IIT and IV.

In this study, it was found that the consideration of the position of screws according to architectonics of the FN is crucial
for fragment stability. The triangular position of screws with three points of contact with the compact bone ensures the maximum
stability of the construct in osteosynthesis of the FN fractures, which is comparable to the normal walking load conditions.

We hypothesize that osteosynthesis of FN fractures with three screws in a triangular manner could provide a better
stability when inserted into the dense tissues of the proximal FB with relation to bone architectonics. To ensure a maximum
stability, each screw should have three points of contact with the compact bone — the lateral cortical wall of the subtrochanteric
region of the FB, the inner wall of the FN, and the compact part of the FB head. New triangular configuration of screws’
placement could have a better neutralization of share forces in FN fractures.
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BAOMEXAHHNYECKOE UCCJEJOBAHUE OCTEOCUHTE3A IMEPEJIOMOB
INEAKY BEJIPEHHOM KOCTH

AnHoTanus. [eoMeTpust KOCTH, TUIOTHOCTH M TOJIIHHA KOPTHKAIBHOTO clos meitku 6eapennoit koctu (ILBK) croco6-
CTBYIOT MEXaHHUYECKOH MPOYHOCTH MPH OCTEOCHHTE3e mepeiaomoB mieiiku Oeapennoit koctu (ITIIBK) y mMonmoxsix mroxeii.
Joctynusie metons! ¢puxcaruu [TIIBK paccMOTpeHBI ¢ TOUKY 3peHNsT OHOMEXaHNIeCKOH CTaONIBHOCTH.

[IpoBeneHo OmomexaHnvyeckoe ucciaenoBanne cradmibHocTH octeocnnTesa [IIIIBK Tpems KaHIONIUPOBAaHHBIMU CIIOH-
TUO3HBIMU BUHTaMU C IIPUMEHEHUEM CUHTETHYECKUX Mojelell npokcuManbHoro otaena bK. DxcnepumenTaibable MOgeIN
ObLIN pacmpeneneHsl Ha 4 rpynnsl. Kakgas rpynmna cooTBETCTBOBANA ONMPENEICHHON KOH(PUTYpaIli B3aNMHOTO PACIOJIO-
skeHus BUHTOB B LIIBK. DxcnepumeHT npoBoamiics B IByX cepusx. B I cepun moznenu noasepraiuch BepTUKAJIbHON HAarpy3-
ke, Bo Il cepun — ropu3oHTanbHOM Harpy3ke. JleicTBre critbl GUKCHPOBATIH IIPU CMEIIEHUH OTIOMKOB Ha 2 MM. Hawmryumme
MOKa3aTesn IIPOYHOCTH (uKcanuu noiaydeHsl B I rpynne B odeunx cepusix — 1898 H npu BepTukanbHoit Harpyske u 1046 H
TIpY TOPU30HTAIBHOI Harpy3ke. [lanee B yObIBaroeM HOpsiIKe OTydeHbI pe3yabraThl crabuiabroctH Bo 11, 111 m IV rpynmax.
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B mporecce sxcriepuMeHTa yCTaHOBIICHO, YTO TPUAHTYJISIPHOE PACHOIOKEHNE BUHTOB C y4eToM apxuTekToHukH I1I1BK,
KaX/Iblil H3 KOTOPBIX HMEET TPH TOYKH CONPUKOCHOBEHHS ¢ KOMIIAKTHOH KOCTHOH TKaHbIO, 00CCIIeUHBACT MAKCHMAJIbHYIO
CTaOMIIBHOCTD KOHCTPYKIMH HpH ocTeocuHTe3e nepeiaomos IIIBK, 4ro comoctaBUMO ¢ Harpy3koii B OOBIYHBIX YCIOBHSX
XOJIbOBI.

MBpI nonaraem, 4to npu ocreocuntese [TIIBK Tpu BuHTa MOTYT CO3/1aTh YUy 0 CTAOMIBHOCTD, €CIIM OHH PaCIOJIOKEHBI
B IJIOTHBIX TKAHSX IIPOKCUMAJIBHOIO OT/eNa OSAPEHHON KOCTH C y4eTOM 0COOCHHOCTEH apXUTEKTOHUKH KocTu. [{yist obecrie-
YeHMs MAKCHUMaJIbHOW CTaOMIIBHOCTH KaXK/Iblil BUHT JOJDKEH HMETh TPH TOUYKHM KOHTAKTa C KOMIIAKTHOH KOCTBIO — JIaTepaib-
Hasi KOPTHKaJIbHAsI CTeHKA moaBepTenbHoi obnactu BK, BHyTpensis crenka IIIBK n komnaktHas gacts ronosku bK. Hoas
TpeyroybHas KOHQUTYpanus YyCTAaHOBKH BHHTOB MOTJIa OBI JIydIlle HeHTpann3oBaTh cpes3biBatoniue cuisl mpu [1I1IIBK.

KuroueBble cjIoBa: nepesioM HIeiKu OeApeHHOH KOCTH, OCTEOCHHTE3 BHHTAMHU, OMOMEXaHHKa KOCTH

Jlnst unTHpoBaHus: BriomexaHHueCcKoe HCCIeI0BaHHe OCTEOCHHTE3a MepeIoMOB Iieiikn OeapenHoii koctu / A. A. Koctpy6
[u np.] / Bec. Haw. akan. nHaByk bemapyci. Cep. men. HaByk. — 2022. — T. 19, Ne 3. — C. 330336 (na auru. s3.). https:/doi.org/
10.29235/1814-6023-2022-19-3-330-336

Introduction. The cornerstone of surgical treatment for FNF is anatomic reduction and stable internal
fixation. A significant number of complications in the treatment of the FNF in young patients like
nonunion, migration of fixation devices, secondary displacement of fragments reaches 40-50 % [1, 2].
It is known that share stress and vertical plane of fracture line increases failure rate. The success
of treatment depends on reduction quality and biomechanical stability of the fragments that is crucial
as well as viability of the femoral head [3, 4]. However, a number of clinical and biomechanical studies
indicate that the localization and the angle of the FNF plane to the horizontal plane do not influence
the results of osteosynthesis with screws [5, 6]. The direction of the external forces is mainly vertical
to support the body in the gravitational field. Forces in the anterior—posterior direction are considerably
lower compared to the vertical forces [7]. Most biomechanical studies would agree that 3 screws should
be used with diameters of larger than 6 mm [8, 9]. Adding a fourth screw has not consistently shown
to provide biomechanical benefits, most likely due to the weakening of the lateral wall by the screw
insertion holes.

We believe that improvement of the osteosynthesis technique of the FNF could be beneficial. According
to previous findings rational placement of cannulated screws should be taken into account with the anatomical
and biomechanical features of the proximal FB [10]. It has been found out the shape, dimensions
and thickness of the cortical layer of the FN. Crossectional size is wider in upper half than in lower half
of FN. Placement of cannulated screws should be considered due to previous findings [11, 12].

The aim of this study was to investigate dependence of stability strength of screws osteosynthesis
placed in various configurations in between FN.

Materials and research methods. To establish previously conducted biomechanical studies which indicate
that the size and shape of the fixator are less important than the relative position of metal structures between
themselves and the location of relatively more durable anatomical formations of the proximal femur [13].
A biomechanical study of four combinations of cannulated screws in FN osteosynthesis was carried out.
The study was performed in the Institute for Problems of Strength by G. S. Pisarenko. Osteosynthesis
of FNF was performed with 7.3 mm cannulated screws with short thread on synthetic models (SM)
of the right proximal femur “Synbone”. According to the manufacturer’s instructions, the mechanical
properties of SM corresponds to those of a healthy human bone. Identical dimensions and properties
of the models reduces faults in the results of experimental studies. We used the SM of the right FB,
in which parallel channels were drilled with a cannulated drill for the subsequent placement of screws.
Further they were sawn in the plane 50° to the horizontal plane, simulating a transcervical unstable fracture.
Cannulated screws were introduced to the subchondral layer of the FH head into the pre-drilled canals.

The experimental work consisted of loading the synthesized fragments in two mutually perpendicular
planes — vertical (the diaphysis of the femur is set at an angle of 7° to the vertical corresponding
to the position of the FB in the vertical position of the body) and horizontal (which simulates the load
from the “sitting” position to the “standing” position) — to study the angular displacement between
fragments.

The experimental models were divided into 4 groups depending on the insertion points and the relative
position of the screws in the synthetic bone. Each group had 2 models. 2 series of loads carried out.

The insertion points and relation to anatomy of the proximal femur are described (Fig. 1).
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Fig. 1. Insertion points of the screws in 4 groups: I (a), I1 (b), I1I (¢), IV (d)

Group I — the insertion points for screws of the subtrochanteric lateral cortex are placed in a triangle
with the apex directed posteriorly. Screws are inserted subcortically and parallel to each other so that
they appear in the FN at 1, 6 and 9 o’clock of the clock face, and the distal screw rests on the calcar.

Group II — the insertion points of the screws on the surface of the subtrochanteric region are placed
in a triangle with a base directed distally, and two distal screws rest on the calcar, and the third — into the
upper part of the head.

Group III — screw insertion points on the surface of the subtrochanteric region are placed linearly in
the frontal plane, with the distal screw inserted over the calcar, the middle screw through the center of
the neck, and the proximal screw parallel to the previous, into the upper part of the head.

Group IV — the insertion points of the screws on the surface of the subtrochanteric region are placed
in a triangle around the FN axis, and are inserted close to each.

The study of the rigidity of osteosynthesis of the “implants — SM” model under the action of force in
the vertical and horizontal directions was carried out on a testing machine AIMA-5-2 with the following
characteristics:

measurement accuracy of the applied load: 0.1 N;

accuracy of measuring the movement of the movable gripper: £10~° m;

movement speed of the active gripper 8.3-10°°-3.3-10° m/s.

The proximal end of the model was placed between the support sites of the setup.

The specimen was fixed to the testing machine in diaphyseal part. Force P was transmitted through
a special adapter to the FH, thus simulating the transfer of a concentric load from the acetabulum.

In series I of the study, force P, was applied to the proximal fragment in the cranio-caudal direction,
that corresponds force on the hip joint during single-standing phase, which causes deformation of the
bending of the joints of the corresponding fragments of the upper third of the FH (Fig. 2, a).
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Fig. 2. Direction of force to the femoral head: vertical (P)), horizontal (P)

In the second series of studies, the force P, was applied perpendicular to the longitudinal axis
of the FH to its head in the ventro-dorsal direction, which caused deformation of the bending and torsion
of the synthesized fragments of the upper third of the FH. A bending moment was simulated in the ventro-
dorsal direction, which corresponds to the direction of force action when a person climbs a stairs and ascends
from a sitting position (Fig. 2, b).

The magnitude of the displacement between the fragments in the direction of the force action was
determined using a dial indicator. Thus, the consequences of nonloading, which was necessary to achieve
a diastasis between the fragments of the FN equal to 2 mm were experimentally evaluated. The appropriate
forces were chosen to simulate the load corresponding to the conditions of clinical practice when moving
in the hip joint.

The amount of displacement of the fragments relative to each other was recorded after each increase
in the load by 50 N with static holding at each increase of # = 60 s. The displacement value was determined
at the end of the exposure. The final value of the load force was P__=2000 N, corresponding to the action
of the force with a single-support step period with an average human body weight.

The data obtained were obtained statistically. Parametric statistical methods were used to characterize
the accuracy of the data [14].

Results and its discussion. The use of the CM helped to reduce research errors due to the identity
of the sizes and mechanical characteristics of the samples. This made it possible to level the properties
inherent in human bone, namely, age-related changes in bone tissue, osteopenia and osteoporosis,
the difference in size and thickness. Two series of studies were obtained.

In the first series of studies in four groups of people (4 in each), displacement of fragments within 2 mm
occurred when exposed to force: 1898 +44.38 N — in group [; 1682 & 31.14 N — in group II; 1404 + 40.37 N —
in group IIL; 1182 + 61.81 N — in group IV.

Moreover, the differences between groups II-IV are statistically significant relative to group I.

Tab. 1 shows that the triangular arrangement of the cannulated screws with the apex directed distally
(group I) provides the greatest resistance to force in the cranio-caudal direction.

In the second series of studies of four groups, displacement of fragments within 2 mm occurred
when exposed to forces: 1046 £ 65.42 N — in group I (Tab. 2); 806 = 62.29 N — in group II; 400 = 25.5 N —
in group III; 648 = 49.19 N — in group IV.

Table 1. Vertical loading results after osteosynthesis Table 2. Horizontal loading results after osteosynthesis

of the FNF with cannulated screws in four groups of the FNF with cannulated screws of four configurations
Group Group
Index Index
I 11 111 v I 11 11 v
Average value, N 898 | 682" | 404" | 182" Average value, N 1046 | 806" | 400" | 648"
Standart deviation 438 | 1,14 | 0,37 | 1,81 Standart deviation 6542 | 62,29 | 25,5 | 49,19
Standart error of mean 9,85 | 9,85 | 8,06 | 7,64 Standart error of mean 29,26 | 27,86 | 11,4 22

N o te Here and in Tab. 2: * — reliably to group I
(p <£0.0005).
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Moreover, the differences between groups II-1V are statistically significant relative to group 1.

As seen in Tab. 2, it can be seen that the triangular arrangement of the cannulated screws with the apex
directed distally (group I) provides the greatest resistance to the action of force in the ventro-dorsal direction.

Analysis of variance showed the statistical significance of the differences between groups in both study
series at p < 0.0001: in series I: F=234.37;v. =147, v =3.35; in series II: F=131.29; v. = 1.11;

inter intra nter

Vi = 449, where v, — is the intergroup number of degrees of freedom, v, —is the intragroup number
of degrees of freedom.

The following pairwise comparison of the reference group with all control groups showed the static
reliability of the data obtained according to Student’s test with Bonferroni correction (p < 0.05).

In group I, the screws are located subcortically, which provides three-point fixation of each screw
in the dense compact tissue of the lateral cortical wall of the subtrochanteric region of the FB, the inner
wall of the cervical cortical layer and the head. In our opinion, it is the support on the cortical layer
of the cervix that provides the necessary stability of fixation and prevents displacement of fragments.
A displacement of 2 mm was noted under the force of 1898 N. The dynamics of the relationship between
displacement and force action is shown on the Fig. 3.

In group 11, there was no significant difference in results, since two screws located over the Adams’
arch, with a third subcortical screw located in the upper pole, provide good vertical stability. Displacement
of fragments by 2 mm was noted under the action of a force of 1682 N.

In the III group, indicators were obtained that were close to the previous ones. In our opinion, this result
was obtained due to the fact that all three screws are located in the frontal plane, two of which — the upper
and lower ones — are also located subcortically. Therefore, a displacement of 2 mm was noted at 1404 N.

The least stability of the cervical fragments of the SC in group IV was noted — a displacement of 2 mm
occurred under the action of a force of 1182 N. This is due to the fact that the screws have only two fixation
points — the sub-suction section and the SC head. In the middle of the cervix, the screws pass into
the cancellous layer, which has low strength values.

In the first series of the study, results were obtained that characterize the strength of fixation of fragments
when force is applied in the ventro-dorsal direction. A displacement of 2 mm was recorded under the action
of a force of 1046 and 806 N for groups I and II, respectively (Fig. 4).
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Fig. 3. Average value of displacement of fragments under vertical load
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Fig. 4. Average value of displacement of fragments under horizontal load

Of particular note is the fact that in group III there was a displacement of 1.38 mm under the action
of a force of only 300 N due to the fact that the screws located in one plane perpendicular to the direction
of action of the force are not able to provide sufficient angular stability, fragility.

It is important to note that in the II series of the study, the destructive force was almost half
that in the I series. This is due to the anatomical and biomechanical features of the proximal part of the FB.

An essential role for better vertical stability is played by:

1) the thickness of the cortical layer, which is large in the area of the Adams arch;

2) the larger size of the FN in the cranial-caudal direction compared to the anteroposterior one.

Factors that reduce the strength of the stability include:

1) a relatively thin upper posterior wall of the cervical cortical layer;

2) weak spongious tissue of the FN.

The use of SM instead of native preparations opens up additional opportunities for experimental
studies — an increase in the accuracy of the results and the leveling of human bone polymorphism, such
as the size, neck-shaft angle, thickness and density of individual anatomical structures. To the well-known
fact that the Adams arch plays an important role in the stability of the FN, we propose to add the cortical
layer of the FN.

Conclusion. The optimal indicators of the strength for fixation of the FN fragments were established
in the first group, the characteristic feature of which was the following principles: subcortical position
and three-point fixation of each screw in dense compact tissue of the lateral cortical wall of the subtro-
chanteric part of the FB, the inner wall of the cortical layer of the neck and the head.

With the developed method of osteosynthesis of the FNF, the stability of the fragments is maintained
under a vertical load with a force of up to 1898 N, close to a single-support step phase. Under a horizontal
load, fixation with the original osteosynthesis method withstands the action of force up to 1046 N.

Conflict of interests. The authors declare no conflict of interests.
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