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Relevance: Gonarthrosis (knee arthrosis) gets registered in 50.6-54.5% of cases in patients suffering
from dystrophic diseases of their lower extremities' joints. In 86%, it affects people of workable age,
leading to disability in 6.5-14.6% cases. Given this, gonarthrosis is a relevant medico-social problem.
Surgical methods (bone plastics, metal insertion, others) for bone defects while knee arthroplasty
(KA) are still underdetermined. Study methods: At the facilities of the Laboratory of Biomechanics
at the SI ""The Institute of Traumatology and Orthopedics, NAMS of Ukraine' and on the grounds
of a digital model elaborated, we studied strain-deformed conditions in components of a knee
prosthesis in the case of limb varus deformity within knee arthroplasty using a regular and extended
stem, bone defect replaced with bone autografts 5mm and 10mm, respectively. Results: We have
discovered that while knee arthroplasty upon conditions of a varus deformity with a medial tibial
condyle’s defect, it is possible to fill the defect with an autograft bone insert up to 5mm high with the
use of a regular (short) tibial prosthesis stem. If the defect’s size falls within 5mm and 13.5mm, it is
biomechanically grounded to use a prosthetic nail combined with an extensor. Bone defects over
13.5mm require replacement with massive metal insertions. Practical importance: the research
enables us to establish a differentiated approach to eliminate different tibial condyles defects while
doing knee arthroplasties. Conclusion: Implementation of this study’s findings shall improve the
efficiency of medical aid provided to overcome this severe disease. © 2022 Bull. Georg. Natl. Acad. Sci.
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Total knee arthroplasty (TKA) is the method of  deficiency and later demand for revision

choice in the late stages of knee osteoarthritis. The
development of knee osteoarthritis usually relates
to a moderate or severe varus deformity with a bone
defect of medial condyles. It causes implants

arthroplasty. The available options to eliminate
bone defects include a massive tibial resection,
bone cement to fill the defect with or without screw
augmentation, bone plastics by autograft or
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allograft, metal augments, metaphyseal cones.
However, despite many operations made, the
criteria of choice (bone plastics, metal insertions,
extended tibial nail) for knee arthroplasty within an
implant site’s defect are still underdetermined.

That's why we saw it scientifically interesting to
carry out a computer simulation of strains related to
a tibial extensor used with knee prostheses
depending on a tibial condyle’s defect.

Objectives: to substantiate a differentiated
approach to the surgical treatment of knee
osteoarthritis, relying on the analysis of
mathematically simulated strains within a bone-
endoprosthesis system with different defects of
tibial condyles.

Materials and Methods

To calculate the strain-deformed conditions of a
modeled knee joint with an implanted knee
endoprosthesis, we made a profit of the facilities of
the Laboratory of Biomechanics at SI "The Institute
of Traumatology and Orthopedics of Ukraine"
attested by SE "Ukrmetrteststandard” (Certificate
PT-72/15 of 12.03.15). To solve this challenge, we
split it into stages. The first task was to model a
knee joint with a prosthesis, its elements of
different mechanical features. The simulation relies
upon anatomical and anthropometric data of
patients, so it is realistic to the maximum possible
extent.

For further calculations of the strain-deformed
conditions (SDC), we involved the ANSYS
software package with its finite element model. The

computations considered physical features of bone
and cartilage, taken from literature sources [1, 2].

The constructed 3D mathematical model came
to the ANSY'S environment for further calculations.
For metal elements, the maximum strength taken
was 586 MPa, for a polyethylene insert — 113 MPa.
Inasmuch cortical surfaces of femoral and tibial
bones get removed during an arthroplasty, we took
the maximum strength of the bone tissue as under
3.5 MPa in its compact layer and up to 25 MPa in
its cancellous one. The strains exceeding these
values destroy the model's elements. In a semi-
automatic mode, we generated a finite-element
model comprising 478,303 nods and 286,093
elements, enough to ensure the required accuracy
of calculations. The accepted conditions were as
follows: - along with the plane (a) — rigid fixation;
- along the plane (b) — 700N load on the model,
corresponding to 70kg of human body weight.

In the next stage, we followed strain-deformed
conditions of the models upon the limb’s varus
deformity using a regular stem and a stem with a
tibial extensor to replace a bone tissue defect with
an autograft 5 and 10mm high.

Results and Discussion

Analysis of maximum strains in the tibial plateau of
different knee prosthesis models, depending on the
size of bone autograft insert has demonstrated that
if the insert’s size exceeds 7.3mm, the SDC values
in a model with a regular stem exceed the maximum
strength of cancellous bone tissue (Fig). In clinical

Table. Values of the measured maximum strain in the knee joint model’s tibial plateau for standard
arthroplasty and the same in varus deformity of an extremity with bone defect of a tibial condyle

Maximum strain in the model of a knee joint (MPa)

The model’s elements Regular Arthroplasty in varus deformity and bone defect
arthroplasty 5 mm 10 mm 13.95 mm
Standard prosthetic stem 1.85 2.79 4.23 -
Stem with a tibial extensor 1.06 1.92 2.81 3.50
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conditions, it might destroy tibial plateau edges in
this area. In the presence of a 10 mm bone autograft,
the strains in the contact area between the tibial
plateau and a regular tibial prosthetic component
exceed the maximum allowed ones by 20% -
4.23 MPa (Table). However, with a tibial extensor
applied, the maximum strain appears when the
autograft's size reaches 13.95mm.

Analysis of the computer simulation has
demonstrated that during a regular TKA upon a
varus deformity with a medial tibial condyle defect,
the said defect may be filled in with an autologous
bone graft up to 5mm high using a regular (short)
tibial prosthetic stem. In these conditions, the
stability of a “bone-prosthesis” biomechanic
system is achievable (the values of strains on the
tibial plateau equal 2.79 MPa).

The increase in the autograft’s height to over
5mm in combination with a short tibial prosthetic
stem raises the SDC values in all the elements of
the simulated knee to those exceeding the
maximum allowed strength (4.23 MPa). It may
destroy the plateau's cancellous bone around the
tibial prosthetic component.

A tibial extensor applied for a tibial medial
condyle’s defect over 5mm combined with a varus
deformity of a knee unloads significantly the
“bone-prosthesis” biomechanical structure thanks
to redistribution of the load on the tibial prosthetic
component (with a 10mm insert, the tibial plateau
strain makes 2.81 MPa).

In a case of a condylar defect repair with an
autograft bone combined with a tibial extensor, the
biomechanical system remains stable with an insert
up to 13.95mm high. If a defect is larger, metal
inserts (augments) may help achieve the required
stability.

Discussion: International literature sources are
actively discussing the matter of bone plastics
during total knee arthroplasty. Hosaka K. et al. are
sure that a bone autograft applied during knee
arthroplasty surgery is a relatively easy and
efficient procedure to ensure good bone union [3].
Sugita T. et al. got promising results after the
morselised bone graft to fill in the defects in the
medial tibia. The authors recommend this method
for defects > 3mm deep [4]. Tanwar Y.S,

Kharbanda Y. carried out a retrospective analysis
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Fig. Results of maximum strains in a tibial plateau for long and short stems depending on the size of autologous

bone insert.
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and observed patients with a severe (over 20
degrees) varus deformity who underwent a primary
knee arthroplasty with impaction bone plastics. The
authors claim that the impaction-bone plastic as a
remedy for bone defects remains underestimated by
orthopedic surgeons, especially for the primary
knee arthroplasty, as it recovers the bone tissue [5,
6]. Sohn J.M. et al. highlighted the high efficiency
of the impaction bone autograft to fill medial tibial
plateau defects during the initial knee arthroplasty
within not less than seven years. It is economically
expedient, promotes
preservation for following operations. Structural
implants should be applied if a defect is <Gmm
deep and covers 25-40% of the proximal tibial
section. For bigger peripheral vertical defects,
impaction bone plastics on a net should be preferred
[7]. According to the results of a tibial bone graft
study upon a press-fit total knee arthroplasty using
a finite element method, Totoribe K., in his research
substantiates the refusal from large soft bone grafts
in favor of rigid bone grafts to reduce micromotions
and mechanic load in the adjacent bone [8].
According to Aggarwal A.K. et al., bone defects
smaller than 10mm could get filled with bone
cement alone (< 5-6 mm) or combined with screws
(6-10mm). In young, active patients, defects within
10-25mm should be treated with structural bone
grafts (auto- or allografts), while in older ones and
less demanding — with metal blocks. To fill the

moreover, bone tissue
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defects > 25mm, they propose an impaction bone
graft and a metal net, or in the case of senior
patients — with porous tantalum cones used jointly
with SSK implants, stem extensors, and an active
insert [9]. Based on a retrospective analysis, Park
M.H. et al. concluded that the use of a short
extending stem for a tibial component while an
initial total knee arthroplasty in patients with a
severe varus deformity exceeding 8 degrees may
decrease the share of tibial component loosening
and increase the service life of the implant [10]. In
our this opinion has found its
biomechanical  grounding.  Moreover, we
demonstrated the expediency of a regular prosthetic
stem and bone plastics for tibial condylar defects up
to 5mm and noted the use of a tibial extensor for
bone defects larger in size.

Our
differentiated approach, and in the future — to
elaborate an algorithm of different tibial condylar
defects while total knee arthroplasty and improve
the efficiency of this severe disorder treatment.

research,

results facilitate us to establish a

Conclusion

With this study, we substantiated a differentiated
approach to the planning of surgical intervention
for the treatment of knee osteoarthritis with tibial
condylar defects. It shall ensure higher efficiency
of surgical treatment to this severe disorder.
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3MbsHmOMBo (Fmbeool LBLEOL sGMOMDBO) 500bodbgds J39s J0oEYMgdoL LabliMgdol ©ol-
AOMBOMEO 0935090900l IJmby 353096¢ s 50,6-54,5%-80. 30 95350000l ddmby Ss30sbms
86% dHMIoLNBsMH0560s. MbsMoMMBo 0f393L 06350EMdSL 6,5-14,6%-80. 5J9s6 95dmIo-
Bo6g, g 553500905 ForImsgbl LsdgEoE0bM-limEosEmEm 3HMdEGIsls. ¥IMsobol dgoiobol
0936090705075 gMmzbmeo 535099001 BH®305GHMEMAO0LS S MMHMNM3gEo0l 0BLEOGMEGHOL dom-
09756030l @odmEsEMM0530, 8933539090 30xMVIo dmEgeol Lsgwydzgmdg, B3zgb dgzol-
$93wgo dgbemols 3Ghmagbol 3md3mbgbEgddo gnRMGMIoMgdmemo dEymdsdMgmds, dmbemols seom-
H03el3H03sdo 3oL 3s@mbmo (varus) IBmOmIsEgool dgdobgzggzsdo, B3gmEgdMmogo s
©Mdgegdwmo gAMb 358mygbgdom, dgzeol gRgdBoL BsbsEzwrgds dzerol 5 90 s 10 dd
3993 GH®BL3IBEGId0m, Tsdsdols. A390 s0mBmzgsBobgm, HMI dobeool sHEGM3EsLGo3oL
OOH®ML  35OMBMEo  EIRMOHT>3O0LL, FgEsWMmO oo §3030L (EHOBOSENMO) Jmbogrol
©339JH0m, 89Lsdegdgwos ©EIRgIBHOL galigds 5 89-00g LOTsEEOL sMYEHMEHMIBL3EBGHEO
d3eol Bsbs®mom B3gnegd®ogo (8m3wg) GHodosern®o 36mmybol mgmml 3sdmygbgdom. o
©9%39JHoL BmIs Xx©gds 5 33 s 13,5 83 sMwgddo, domIJsbo3 MM LLdYIIGIMMOs 3E-
»9%ol gMHRbogol gs9mygbgds guBgbBmmmsb (sd8wgmo 3Mbomo) ghomsg. 13,5 33-Bg dgBo
Bmdol dzeol ©xgdEgdo LsFoMHMgdl BsbsEzErgdsl dslowyMo ommbol BsbsMmgdom. 3gmwggs
L53wmemgdsl 239deal s35R0bMm  EoRIMIBEoMIRIMmo BoEamds dMbewol SOHMOMIVIL-
3030L OO 3H0doIMo 3MBEOEgdol bbgswslibgs ©YnRgBHOL s0dMLoRbamgmsE. S0bod-
Bymo 330g30L T9gagd0L RoBbMME0gMgds 4ssMAxmdILgdL LsdgEoEEbm sbAsMYdOL 9B9I-
AMOMBL 50 9dodg 55350090l sLIIEY35c0.

Bull. Georg. Natl. Acad. Sci., vol. 16, no. 1, 2022



104 Taras Osadchuk, Andriy Kalashnikov, Igor Lazarev...

REFERENCES

=

Boiev V.D., Sypchenko R.P. (2010) Computer modeling 349 p. M. (in Russian) INTUIT.RU.

2. Popov G.I., Samsonova A.V. (2014) Biomechanics of moving activity: course book for higher education
students, 3™ edition, 320 p. M. (in Russian).

3. Hosaka K., Saito S., Oyama T., Fujimaki H., Cho E., Ishigaki K., Tokuhashi Y. (2017) Union, knee alignment,
and clinical outcomes of patients treated with autologous bone grafting for medial tibial defects in primary total
knee arthroplasty. Orthopedics, 40(4):e604-e608. doi: 10.3928/01477447-20170418-01. Epub 2017 Apr.24,
PMID: 28437545.

4. Sugita T., Aizawa T., Miyatake N., Sasaki A., Kamimura M., Takahashi A. (2017) Preliminary results of
managing large medial tibial defects in primary total knee arthroplasty: autogenous morcellised bone graft. Int
Orthop. 41(5):931-937. doi: 10.1007/s00264-016-3339-4.

5.  Tanwar YS., Kharbanda Y., Bhargava H., Attri K., Bandil A. (2019) Mid-term results of impaction bone
grafting in tibial bone defects in complex primary knee arthroplasty for severe varus deformity. SICOT J. 5:2.
doi:10.1051/sicotj/2018056.

6. Kharbanda Y., Sharma M. (2014) Autograft reconstructions for bone defects in primary total knee replacement
in severe varus knees. Indian J Orthop. 48(3):313-318. d0i:10.4103/0019-5413.132525.

7. SohnJM, In Y, Jeon SH, Nho JY, Kim MS. (2018) Autologous impaction bone grafting for bone defects of the
medial tibia plateau during primary total knee arthroplasty: propensity score matched analysis with a minimum
of 7-year follow-up. J. Arthroplasty, 33(8):2465-2470. doi: 10.1016/j.arth.2018.02.082.

8. Totoribe K., Chosa E., Yamako G., Hamada H., Ouchi K., Yamashita S., Deng G. (2018) Finite element analysis
of the tibial bone graft in cementless total knee arthroplasty. J Orthop Surg Res. 13(1):113. doi: 10.1186/s13018-
018-0830-1. PMID: 29769146; PMCID: PMC5956944.

9. Aggarwal AK, Baburaj V. (2021) Managing bone defects in primary total knee arthroplasty: options and current
trends. Musculoskelet Surg. 105(1):31-38. doi: 10.1007/s12306-020-00683-7.

10. Park MH, Bin SI, Kim JM, Lee BS, Lee CR, Kwon YH. (2018) Using a tibial short extension stem reduces tibial

component loosening after primary total knee arthroplasty in severely varus knees: long-term survival analysis

with propensity score matching. J Arthroplasty, 33(8):2512-2517. doi: 10.1016/j.arth.2018.03.058.

Received December, 2021

Bull. Georg. Natl. Acad. Sci., vol. 16, no. 1, 2022



