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Secondary degenerative disabling changes in the hip joint often
develop in the long term after surgical treatment of hip fractures.
A well-founded differential approach to the selection of endopros-
thesis components and additional means of stabilizing bone frag-
ments is necessary. Objective. To investigate changes in relative
deformation values in a hip joint model with a acetabulum fractures
62—B1.3 type by AO/ASIF classification under the conditions of its
endoprosthesis using various osteosynthesis options. Methods. A ba-
sic finite-element model of the pelvic girdle of a person with a frac-
ture of the bottom of the cruciate ligament type 62-B1.3 (AO/ASIF)
was developed, on which 7 variants of endoprosthesis of the lef
hip joint were modeled.: without fracture (1); without osteosynthesis
of fragments (2); fixation of a fragment of the acetabulum back wall
with two screws (3), two screws and a bone plate (4), two screws
and a bone plate with a Jumbo cup implantation (5); 5 case, long
screw in the front column (6); option 5, long screws in the front
and rear columns (7). Results. When using a large-sized Jumbo
cup, the relative deformations of the bone regenerate in the center
of the bottom of the KZ were reduced to 1.0 %, regardless of the os-
teosynthesis option. Around the free fragment of the short circuit,
the largest relative deformations (3.0 %) were found in version 5
of the model. The use of long rods in the columns led to decrease
in the relative deformations of the bone regenerate around the free
fragment of the KZ to 2.0 %. Conclusions. Mathematical models
proved that an increase in the number of osteosynthesis tools under
the conditions of the total hip endoprosthesis replacement, 62-B1.3
(AO/ASIF) type KZ fracture leads to a decrease in the relative de-
formations of the bone regenerate along the entire fracture line.
The use of a large-sized Jumbo cup makes it possible to reduce
the level of relative deformations of the bone regenerate in the cent-
ral part of the KZ.

Iicns xipypeiunozo 1iKy6aHusa nepeiomis KyIvulosoi 3anaou-
nu (K3) y 6iodanenomy nepiodi yacmo po3eusaromvcs MopuH-
HI OeceHepamusHi IH8ANIOU3YIOUI 3MIHU 8 KVIbUIOBOMY CY2N00L.
Heobxionuti 0brpyHmosanuil oupepenyitinuii nioxio 0o eudoopy
KOMNOHEHMI8 eHoonpomesza ma 000amKko8ux 3acobdie cmaoini-
3ayii kicmkosux gpaemenmis. Mema. Jlocnioumu sminu eenuuun
BIOHOCHUX dehopmayitl y MOOei KYIbul08020 cyenoda 3 nepeno-
mom K3 muny 62-B1.3 3a knacugixayicio AO/ASIF 3a ymos 1ioco
eHOONPOMe3y68anis 3 GUKOPUCIANHAM PiZHUX 6apianmie ocmeo-
cunmesy. Memoou. Pospobnena 6a306a cKinueHHO-eleMeHmHa
MOOenb Ma308020 NOACY NMOOUHU 3 nepeiomom Ona K3 muny
62-B1.3 (AO/ASIF), na axiti modeniosanu 7 eapianmis eHOONpo-
Me3y8anHs 18020 KYIblo6o2o cyenoba: 6es neperomy (1); 6es
ocmeocunme3sy 6ionamxis (2); ¢ixcayia ¢pacmenma 3a0Hb0i
cminku K3 06oma eeunmamu (3), 06oma esunmamu ma HaKicmko-
6010 naacmunoIo (4), 06oma 2euHmMamMu ma HaKiCMKOBOI NaACMU-
HOM 31 6cmarno8AeHHAM yawku Jumbo cup (5); 5 6unadok, doseuil
26UHM Y nepedHiu KonoHHi (6); eapianm 5, 0osei 26unmu 8 nepeo-
Hitl [ 3a0mill kKononnax (7). Busuanu eenuuuny 6ioHocHuUX deghop-
Mayiil KIcmKkogozo pezenepamy 6 30Hi nepenomy. Pesynomamu. 3a
BUKOPUCIIAHHA YAUKYU 8eUK020 po3mipy Jumbo cup smenutyea-
JUCst BIOHOCHI Oepopmayii KicmKo8o2o pecenepamy 8 yeHmpi OHa
K3 0o 1,0 % ne3anesicno 6io eapianma ocmeocunmesy. Hagxono
8invro2o gppazmenma K3 naiibinvwi gionocni oepopmayii (3,0 %)
8uUABIEHO Y 8apianmi 5 mooeni. 3acmocy8antsa 0082UX CIMPUICHIE
Y KOJIOHHAX NPUEeno 00 3HUNCEHHS 8eIUdUHU 8IOHOCHUX Oeghop-
Mayitl Kicmkogoz2o pezenepamy HABKOIO GILIbHO2O (pazmeHma
K3 00 2,0 %. Bucnosku. Ha mamemamuunux mooensix 0ogede-
HO, W0 30L1bUeHHs KITbKOCHI 3aco0i6 ocmeocunmesy 3a yMo8
eHOONPOME3yBaHHs KyIbiloe020 cyaaoba 3 neperomom K3 muny
62-Bl1.3 (AO/ASIF) npusooums 00 3MeHULeHHs GeNUYUUHU BIO-
HOCHUX O0eqhopmayill KICMKO8020 pe2eHepamy 63008iC 6CIl JIHIT
snamy. Bukopucmanns wawku senukozo posmipy Jumbo cup oae
MOJACTUBICb 3HUZUMU PIGEHb 8IOHOCHUX Oedopmayill KicmKo-
6020 pecenepamy 6 yenmpanvhit yacmuni K3. Kirouogi crosa.
Mamemamuune mooentosanns, Kyibuio8a 3anaound, nepeiom,
eHOOnpome3y8aHHsa, OCmeocurnmes, depopmayisi.
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Introduction

Treatment of acetabular fractures in the remote
postoperative period in most cases triggers the deve-
lopment of secondary degenerative, disabling chang-
es in the hip joint [1].

Type B acetabular fractures are accompanied by
a shift of the distal fragment to the medial side, the ili-
um, which forms the upper and partially posterior walls
of the acetabulum, in the case of an intact sacroiliac
joint, is displaced insignificantly. The instability of frag-
ments that occurs during loading makes it impossible to
press-fit fixation of the acetabular component of the en-
doprosthesis and in our opinion it is leveled by stabiliz-
ing the posterior column of the acetabulum with a plate
or a long screw. Stabilization of the front column with
polyaxial screws, through the cup, increases the strength
of the fixation of the latter.

Primary endoprosthetic repair in an acetabular
fracture is complex and non-trivial, requiring the use
of additional methods and means of osteosynthesis
for stable installation of the acetabular component,
along with the Jumbo cup. Modern publications cha-
racterize the Jumbo cup as an acetabular component
of a hip arthroplasty with a diameter of 66 mm or
more for men and 62 mm for women [2]. According
to an alternative definition, its size is determined by
individual anatomical parameters, and is formed by
adding 10 mm to the radiologically determined dia-
meter of the opposite acetabulum [3].

Implantation of an acetabular component of in-
creased size requires a wider treatment of the ace-
tabulum, with the formation of a native bone bed
of an increased area, which, in turn, forms a more
reliable support for fixing the cup, with admissible
proximalization of the center of rotation of the joint.
Jumbo cup installation is carried out using standard
equipment and tools, does not require additional aug-
ments or anti-protrusion rings. These cup fixation
features are implemented during hip revision surgery.

Fig. 1. Basic finite element model: anterior view (a), in
the sagittal plane (b), posterior view (c)

The use of the Jumbo cup is one of the most com-
mon techniques solving the problem of reliable in-
stallation of the acetabular component in extensive
Paprosky Illa—Illb acetabular defects. In our judg-
ments, we draw an analogy between defects of the ace-
tabulum of non-traumatic origin and fractures and
assume the feasibility of using the Jumbo cup. But
the optimal choice of endoprosthesis components and
osteosynthesis means has every opportunity to pre-
vent such complications, restore patient activity and
obtain positive socio-economic consequences, as well
as significantly eliminates the need for complex, trau-
matic, staged surgical interventions with unpredic-
table functional consequences in the future.

A differential approach to the selection of endo-
prosthesis components and additional means of sta-
bilizing bone fragments should be carried out not
empirically, but on the basis of scientifically based
theoretical principles [4].

The purpose of the study. To investigate the chang-
es in relative deformation values in a model of a hip
joint with a type 62-B1.3 fracture of the acetabulum
according to the AO/ASIF classification in the case
of its endoprosthetic repair using different options
of osteosynthesis.

Material and methods

A basic finite element model of the human pelvic
girdle with femurs was elaborated in the biomechanics
laboratory of the State Institution Professor M. I. Sy-
tenko Institute of Spine and Joint Pathology of the Na-
tional Academy of Medical Sciences of Ukraine [7].
The appearance of the model is shown in Fig. 1.

A 62-Bl1.3 acetabulum floor fracture according to
the AO/ASIF classification was simulated on the ba-
sic model. Modeling was performed by installing lay-
ers with mechanical properties of bone regenerate on
the fracture lines (Fig. 2).

Seven options for endoprosthetic repair of the left
hip joint for this type of hip fracture were created:

— 1 — without fracture (control);

— 2 — without means of osteosynthesis of
fragments;

— 3 — with fixation of a fragment of the posterior
wall of the acetabulum with two screws;

—4 — with fixation of a fragment of the posterior wall
of the acetabulum with two screws and a bony plate.

— 5 — using a Jumbo cup and fixing fragments
of the posterior wall of the acetabulum with two
screws and a bone plate;

— 6 — using a Jumbo cup and fixing fragments
of the posterior wall of the acetabulum with two screws
and a bone plate, a long screw in the front column;



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2022. Ne 3—4

— 7 — installation of a Jumbo cup, fixation of a frag-
ment of the posterior wall of the acetabulum with two
screws, long screws in the front and posterior columns.

Differences in additional methods of fixation of bone
fragments, as well as the difference in the size of ace-
tabular components and the number of screws that fix
them, clearly demonstrate a directly proportional re-
duction of deformations in the joint with an increase in
the number of fixing elements. This analysis and aware-
ness of iatrogenic traumatization allow us to select, from
among all theoretically possible, precisely those com-
binations of osteosynthesis with endoprosthetic repair,
which are most expedient to use in practice.

Fig. 3 shows options for installing a standard hip en-
doprosthesis cup and hip socket osteosynthesis elements.

Fig. 4 presents options for using a hip joint endo-
prosthesis with a large Jumbo cup and elements of hip
socket osteosynthesis.

In our study, the material was treated as homoge-
neous and isotropic. A 10-node tetrahedron with a qua-
dratic approximation is chosen as the final element.

The corresponding mechanical properties were
determined for all materials from which the models
were made, namely Young's modulus of elasticity and
Poisson's ratio (Table 1). The mechanical properties
of biological tissues were selected in accordance with
the literature [6—9], and that of metal structures in ac-
cordance with the technical literature [10].

In the course of the study, one-support standing
on the left limb was modeled. For this, the samples
were loaded with a vertical distributed force of 540 N,
which corresponds to the average weight of a person
without taking into account the weight of the sup-
porting limb. The action of the hip adductor muscles
between the greater trochanter of the left femur and
the wing of the iliac bone was simulated by introduc-
ing the appropriate forces: m. gluteusmedius (medial

Fig. 2. Model of type 62-
B1.3 according to AO/ASIF
classification acetabular fracture:
anterior (a) and posterior (b) views

Fig. 3. Options for installing a standard
hip endoprosthesis cup: a) endoprosthesis
without a fracture (option 1); b) cup
without elements of osteosynthesis
(option 2); c) osteosynthesis of a fragment
of the posterior wall of the acetabulum with
two screws (option 3); d) osteosynthesis
of a fragment of the posterior wall
of the acetabulum with two screws and

a bone plate (option 4)

Fig. 4. Options for installing a hip joint endoprosthesis with
a Jumbo cup, osteosynthesis, fixation of a fragment of the posterior
wall of the acetabulum: a) with two screws and a bone plate
(option 5); b) two screws and a bone plate, a long screw in
the anterior column (option 6); ¢) two screws, long screws in
the anterior and posterior columns (option 7)
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gluteal muscle) — 1,150 N and m. gluteusminimus
(small gluteal muscle) — 50 N [11, 12]. In the area
of the knee joint at the level of the condyles of the left
femur, all models had rigid fixation. The loading
scheme of the models is shown in Fig. 5.

To compare the changes in the stress-strain state
of different models, we studied the relative defor-
mations of the bone regenerate in the fracture zone,
which is the element most prone to deformation due
to the lowest value of the modulus of elasticity.

The stress-strain state of the models was studied
using the finite element method. The value of the rela-
tive deformation was used as a criterion for evaluat-
ing the stress state of the models [10].

Modeling was performed using the SolidWorks
automated design system. Calculations of the stress-
strain state of the models were carried out using
the CosmosM software complex [13].

Results and their discussion

At the first stage of the study, the relative deforma-
tions of the bone regenerate in models with a standard
cup were assessed. The distribution of deformations
in the models is shown in Fig. 6.

It was determined that during endoprosthe-
tic repair of a hip joint with a type 62-B1.3 fracture
of the acetabulum floor according to the AO/ASIF
classification using a standard endoprosthesis cup,
the largest relative deformations of the bone regenerate

Table 1
Mechanical characteristics of materials
used for modeling

Material Young's modulus (E), MPa Poisson's ratio, v
Cortical bone 18350 0.29
Spongy bone 330 0.30
Cartilaginous tissue 10.05 0.49
Bone regenerate 1.00 0.45
Titanium BT-16 1.1-10° 0.20

Fig. 5. Model loading scheme

occurred in the model without additional means
of osteosynthesis. Therefore, the amount of rela-
tive deformation of the regenerate around the free
fragment reached 5.0 %, with 3.0 % at the bottom
of the acetabulum.

Reproduction on the model of the use of osteosyn-
thesis tools made it possible to reduce deformations
of the bone regenerate along the entire fracture line.
In particular, fixation of a free fragment of the ace-
tabulum made it possible to reduce the relative defor-
mation of the bone regenerate around it to 3.0 %, and
in the center of the acetabulum to 2.0 %.

Additional installation of the periosteal plate
resulted in an even greater decrease in the relative
deformation of the bone regenerate, both around
the free fragment — up to 2.0 %, and in the center
of the acetabulum — up to 1.5 %.

We considered how the relative deformations
of the bone regenerate changed in a model with a frac-
ture of the acetabulum after the use of endoprostheses
with a Jumbo cup. Fig. 7 shows the distribution of rela-
tive deformations of the bone regenerate in the models.

The results of the simulation allow us to state that
the use of a large Jumbo cup leads to a decrease in
the relative deformations of the bone regenerate in
the center of the bottom of the acetabulum to 1.0 %,
regardless of the osteosynthesis option. Around
the free fragment of the acetabulum, the largest rela-
tive deformations at the level of 3.0 % were found in
the model with osteosynthesis as per option 5: fixa-
tion of the fragment of the posterior wall of the ace-
tabulum with two screws and a bone plate.

The use of long rods in the rear or in the poste-
rior and anterior columns made it possible to reduce
the relative deformations of the bone regenerate
around the free fragment of the acetabulum to 2.0 %.

The indicators of relative deformations of the bone
regenerate in models of the hip joint during its en-
doprosthetic repair in the conditions of a fracture
of the bottom of the acetabulum are given in Table 2.

A diagram was constructed for a visual compari-
son of the values of relative deformations at control
points on the bone elements of the hip joint models in
the case of its endoprosthetic repair under the condi-
tions of a type 62-B1.3 acetabular fracture according
to the AO/ASIF classification, shown in Fig. 8.

It has been proven that the addition of osteosyn-
thesis, as well as the use of a cup with an increased
diameter, makes it possible to reduce the level of rela-
tive deformations of the bone regenerate along the en-
tire fracture line. To a greater extent, this applies to
the central part of the bottom of the acetabulum, to
a lesser extent to the free fragment. This can be
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Fig. 6. Distribution of relative deformations of bone regenerate in models with a standard cup: a) without osteosynthesis (option 2);
b) osteosynthesis of a fragment of the posterior wall of the acetabulum with two screws (option 3); c¢) osteosynthesis of a fragment of
the posterior wall of the acetabulum with two screws and a bone plate (option 4)
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Fig. 7. Distribution of relative deformations of bone regenerate in models with an acetabular fracture in endoprosthetic repair with a Jumbo cup;
osteosynthesis with fixation of a fragment of the posterior wall of the acetabulum: a) two screws and a bone plate (option 5); b) two screws and a
bone plate, a long screw in the front column (option 6); ¢) two screws, long screws in the anterior and posterior columns (option 7)

6,0
5,0
4,0

3,0

2,0

& | il
. L]

Relative deformation, %

center of acetabulum fragment
Bone regenerate
moption2  moption 3 option4 moption5 moption6 moption 7

Fig. 8. Diagram of the values of the relative deformations of the
bone regenerate in the models of the hip joint in its endoprosthetic
repair in type 62-B1.3 acetabular fracture according to the AO/
ASIF classification

explained by the fact that the additional means of os-
teosynthesis used together with the Jumbo cup are
aimed at increasing the strength of the anterior and
posterior supporting columns of the pelvis, and not at
fixing the free fragment.

Conclusions

Mathematical models proved that increasing
the number of osteosynthesis tools in endoprosthetic

Table 2
The magnitudes of the relative deformations
of the bone regenerate in models of the hip joint
with type 62-B1.3 acetabular fracture according t
o the AO/ASIF classification in endoprosthetic repair

Osteosynthesis Relative deformation, %
cup osteosynthesis center fragment
of acetabulum
option 2 3.0 5.0
standard | option 3 2.0 3.0
option 4 1.5 2.0
option 5 1.0 3.0
Jumbo I ion 6 1.0 2.0
cup
option 7 1.0 2.0

repair of the hip joint with type 62-Bl.3 acetabular
fracture according to the AO/ASIF classification leads
to a decrease in the relative deformations of the bone
regenerate along the entire fracture line.

The use of a large-sized Jumbo cup makes it pos-
sible to reduce the level of relative deformations
of the bone regenerate in the central part of the ace-
tabulum, but around the free fragment it does not dif-
fer from models with a standard cup.
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