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Abstract

Introduction There are several options of fixation and plasty for tibial defects. Screw and cement augmentation of the tibia is an
alternative to conventional bone autograft and allograft. Although use of metal and cement augments provides reliable support for the
tibial plateau and facilitates early weight-bearing on the operated limb the technique fails to maintain enough bone stock for future
revisions. The purpose was to present an option of cement and metal augmentation of the tibial component in total knee arthroplasty
(TKA). Material and methods The technique consists of cement and screw augmentation using three screws placed vertically as a
regular triangle and being perpendicular to the tibial plateau. We describe the technique and a clinical instance of type 2A defect of
the proximal tibia using the author's method. Outcome measures were goniometry and radiography. Results Goniometry examination
showed positive dynamics in the first week after surgery with flexion of 110.0 degrees, extension 175.0 degrees; at 12 months with
flexion of 90.0 degrees and extension of 180.0 degrees. Radiographic examination demonstrated no instability and micromobility of
the cement mantle. Discussion The author's technique of screw and cement augmentation of the tibial component was practical for type
2A defects of the proximal tibia with a shortage of materials of bone autografts. This is a pilot study that requires further investigations.
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INTRODUCTION

Primary arthroplasty of the knee joint is performed
at the terminal stages of osteoarthritis which is
characterized by the presence of possible defects not
only in the cartilaginous layer but also in the subchondral
bone. The development of osteoarthritis entails a
violation of the subchondral layer remodeling. In the
early stages, it leads to degradation of the cartilage and
bone tissue resorption, and subsequently to osteogenesis
at the bottom of the defect [1-3]. The formation of
gross deformities in most cases is associated with the
terminal stages of systemic degenerative diseases
of the musculoskeletal system (rheumatoid arthritis,
ankylosing spondylitis) with cystic remodeling of the
epiphysis or with a history of post-traumatic deformities
[4, 5]. The percentage of tibial plateau defects and the
total number of knee joint diseases, according to the
literature, is about 25-30 % of cases.

The AORI (Anderson Ortopaedic Research Institute)
classification developed by G.A. Engh in 1997 has
been widely accepted [6]. It characterizes four types of
lesions of the condyles of the femur and tibia:

Type 1 — intact bone;

Type 2A — affected cancellous bone of one condyle;

Type 2B — symmetrical bone loss in both condyles;

Type 3 — cancellous and cortical bone affected.

Orthopedists manage to eliminate most of the
deformities when the tibial condyles are cut. However,
a number of situations arise when the defect depth is
greater than the maximum cut volume. In this case,
extended destruction of bone tissue causes difficulties
in fixation of the tibial component in knee arthroplasty.

Various options for tibial component fixation in
gross deformities of the tibia have been described [4,
5]. Auto- and alloplasty with bone tissue are considered
conventional to fill in defects and ensure the correct
position of the tibial plateau, and also preserve bone
tissue for future revision interventions. However, these
methods do not allow early weight bearing and delay
rehabilitation. In practice, there are cases when the use
of bone grafting is problematic due to tissue deficiency
or other features.

This article discusses an alternative author's variant
of tibial defects plasty using bone cement with screw
reinforcement (RF patent No. 2740467 (2021) [7].

Purpose of the study To present a variant of tibial
plateau plasty in knee arthroplasty.

MATERIAL AND METHODS

The method is used to shape a bed for the tibial
component of the prosthesis. Three threaded screws are
inserted perpendicular to the axis of the tibial plateau
into the area of the defect treated after the cut (Fig. 1 a,
b) so that the points into which the screws are inserted
into the tibia formed a regular triangle (Fig. 1 d). The
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screws are inserted vertically so that their distal ends
protrude over the tibial defect, and their caps do not
come into contact with the adjacent surface of the tibial
component and do not interfere with its installation. The
space between the screws and the surface of the cut is
filled with bone cement (Fig. 1 ¢)

Genij ortopedii. 2021. Vol. 27, no. 5



Case report

a

R

d

Fig. 1 Diagram of the author's cemented screw fixation variant: a anteroposterior knee joint view with a defect in the tibial plateau; b view of
theknee joint after resection of the tibial plateau and inserted screws; ¢ knee joint after installation of the tibial component of the endoprosthesis;
d top view of the location of the screw caps in the area of the knee joint defect

The method provides full coverage of the tibial
plateau due to the filling of the defect in the tibial
condyle with bone cement, prevents the displacement
of the cement mantle and the tibial component of the
prosthesis due to the reinforcement of bone cement
with screws, allows to evenly redistribute the load on
the surface of the tibia due to the location of the screws
at the base in the form of a regular triangle and their

strictly perpendicular arrangement relative to the load
plane, and also reduces the risk of developing metallosis
due to the lack of contact of the screw heads with the
metal tibial component of the prosthesis.

This fixation option allows early loading on the
affected leg, which contributes to the restoration of
motor actions and walking pattern in the first days after
the operation, similar to other plastic methods.

RESULTS

A case in which this kind of author’s method of tibial
plateu plasty was used follows.

Patient A.F.G., born in 1958, was admitted to the
hospital for grade 3 bilateral gonarthrosis and valgus
of the knee joints. In March 2019, total arthroplasty of
the left knee joint was performed. During the operation,
a marginal defect of the lateral condyle was found,
so the main plateau was cut and the oblique defect of
the tibia was treated. Three screws were inserted into
the area of the marginal defect from top to bottom,
the points of insertion into the bone formed a regular
triangle, the axis of insertion of each of the screws was
perpendicular to the plane of the sawn cut of the main
plateau, and their distal parts (caps) were placed 1 mm
below its level (Fig. 2). The space between the screws
was filled with bone cement. The tibial component of
the endoprosthesis was installed. Then the femoral
component of the endoprosthesis and the liner were
installed, and the wound was sutured without draining.

After 24 hours, the patient was allowed to load the
limb. At follow-up examination after 12 months, the
axis of the limb was aligned, the movement in the knee
joint was full, and there was no shortening and no pain.
It should be noted that the patient had restrictions in the
knee joint motion before the operation. Evaluation of
goniometry data after surgery showed positive dynamics
a year after the intervention (Table 1).

Patient's subjective sensations and X-ray images
did not reveal instability and micromobility of the
cement mantle (Fig. 3). Figure 3 shows radiographs

of the patient with valgus of the left knee joint due
to 2A tibial defect before and immediately after
arthroplasty.

Fig. 2 Location of reinforcement screws the form of a regular
triangle points in the tibia defect zone (photo)

Table 1

Dynamics of goniometry indices after knee arthroplasty
using the author's method of tibial plateau fixation

Motion Prior to 7 days post- 15&2:3:28
type intervention, °| surgery, ° intervention. ®
Flexion 100.0 110.0 90.0
Extension 170.0 175.0 180.0
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Fig. 3 Radiographs of the left knee joint: a before the intervention, 2A defect and valgus; b immediately after knee arthroplasty with the use of

the author's cemented screw fixation of the tibial component

DISCUSSION

In clinical practice, various methods have been
used to repair the defects of the proximal tibia in knee
arthroplasty. Each method has its own advantages and
disadvantages.

One of the simplest is the method of resection along
the defect bottom. The method consists in removing
tissue to the maximum at the bottom of destruction.
The authors state that this method is unreliable in gross
defects even if the maximum size of the liner is used,
since the risks of knee instability are very high [5]. It
is also worth noting that the strength of the bone tissue
decreases in the distal direction. It may also lead to
unstable fixation of the component and difficulties in
performing revision arthroplasty in the future.

Another option of defect management is bone
autoplasty. Cases of using a graft from cuts of a femur
or tibia have been described [5, 811]. J.R. Yoon et
al. (2017) described positive outcomes of using bone
autoplasty for non-isolated 2A defects of the tibia [9].
The average time for consolidation of the graft with the
treated proximal tibia was 3.2 months. In view of this
fact, it was recommended to limit the axial load on the
leg up to 3 months after the operation, what increased
the rehabilitation period. The study by T. Sugita et al.
(2017) presented the results of a longer observation of
the use of bone autogenous graft (on average 58 months
after surgery) [10]. The authors described 44 cases of
bone grafting in which both cemented and cementless
fixation of the tibial components were used. In most
cases (86.4 %, 38 out of 44), the bone graft completely
united with the bone at 12 months. Japanese orthopedists
also described a successful experience of using bone
autograft in 98 % of cases (65 out of 66) and one case
of failure due to infection [11]. Based on the results of
the above works, it can be stated that this method is
effective and provides a larger volume of bone tissue for
future revision interventions [5, 8—11].

The use of cancellous bone allografts is also effective
for large defects of the tibia, but complications are
more frequent [5, 12]. A number of authors refer to the

plasticity of the material used which enables to adjust
the implanted grafts to the size of the defects [5, 12].
J.C. Ong et al. (2012) performed a comparative analysis
of a synthetic bone graft based on calcium carbonate
hydroxyapatite and a natural bone graft for tibial plateau
defects [13]. The authors concluded that the use of bone
allografts is as effective as bone autogenous plasty.
However, the use of the method, as well as autogenous
plasty, implies adherence to the orthopedic regime
associated with limiting the axial load on the limb for
3 months.

There are options for managing bone defects of
the tibia with a modular metal block of a wedge- or
rectangular shape. The blocks are usually fixed with a
screw or bone cement. The advantage of this method
is a convenient and fast creation of a reliable support
for the tibial component, which facilitates early axial
loading on the leg. The disadvantages of this method
are a limited size range and shapes of the modules for
extensive defects, and difficulties in selection of certain
components corresponding to the modules used [5].
S. Tsukada et al. (2013) analyzed 33 knee arthroplasties
for varus deformity utilizing metal modules[14]. The
authors used rectangular shapes due to their greater
stability compared to wedge-shaped ones. The results
of a three-year follow-up showed that no subsidence
or loosening of the tibial component was observed.
However, in 30.3 % of cases (10 out of 33), there was
a rarefaction of bone tissue on the radiographs of the
knee joint under the metal block, which in the longer
term (after 5-10 years) could lead to instability of
the component. The use of wedge-shaped blocks was
more successful in the arthroplasty with long-stem
components described in the work of X.D. Yun et al
(2016) [15]. The use of a metal modules is relevant in
cases in which it is not possible to use bone autoplasty,
in medium size defects (up to 10 mm deep) with a
preference for a rectangular shape of the module due
to possible lateral oblique instability of wedge-shaped
ones [5].
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One of the simplest techniques for extensive
bone defects in the tibial department is cementation
with methyl methacrylate with screw reinforcement.
Among the shortcomings as reported in the literature,
are difficulties associated with the pressurization of the
bone cement in case of the cortical layer disruption,
since the decrease in the height of the cement bed during
polymerization can reach 2 % [5]. Due to the possible
instability of the component, additional reinforcement
with screws arises. Many authors describe positive
outcomes of the combined use of methyl methacrylate
with screws in the correction of tibial defects [16—
19]. Y. Liu et al. (2020) evaluated the biomechanical
characteristics of a cement-screw rechnique in 2A
tibial defects [16]. Compared with metal modules,
cement-screw fixation reduces the axial impact on the
medial region, while the bone could undergo resorption
under the metal module, which causes instability of the
tibial component. The authors argue that this type of
fixation is most consistent with small deformations
(up to 5 mm). By correcting medium and large defects
(more than 10 mm deep), there was a micromovement
of 155 um. The location of the screws depended on
the size of the defect and the volume of the resection
performed. Another group of authors, led by C. Zheng
(2020), showed the effectiveness of a cement-screw
technique even for large defects (about 20 mm) using
only two vertically positioned screws [17]. It is in
this study that the authors emphasize that the vertical
position of the screws ensures greater stability of
the tibial component of the endoprosthesis [17]. The
vertical position is also the most optimal due to the
low risk of osteolysis, what was shown in the study by
M. Klutzny et al. (2019). The authors describe a direct
correlation of the severity of osteolysis with the size
of the angle of screw introduction: the smaller was the
angle, the more pronounced was osteolysis [19]. The
issue of the number of threaded screws to be inserted

to strengthen the structure is controversial. According
to the results of the study by C. Zheng et al. (2016) the
number of screws used in 40 operations varied from
1 to 6 [20]. However, the authors concluded that the
rational selection of the number of screws depends on
the size and depth of the defect, as well as on the size
of the screws.

Based on our results, it should be noted that the use
of methyl methacrylate along with screw reinforcement
is an effective method for tibial component fixation,
provided that the structure is rationally constructed.
Summarizing the data of the cited authors and our own
clinical results, we note that the most consistent designs
are those with vertical insertion of threaded screws
perpendicular to the plateau of the tibial component of
the endoprosthesis, since such an arrangement is optimal
for supporting axial loads [17]. The results of the work
of C. Zheng et al. (2020) proved the vertical position
of the screw from a biomechanical point of view. The
vertically positioned screw combined with cemented
fixation reduces the axial load on the medial part of the
tibia by 32 %, while the diagonally positioned screw
only by 15 % [17]. Thus, fixation with screws inserted
horizontally or diagonally relative to the tibial plateau is
a less viable option due to a greater risk of micromobility
[16, 17]. It is necessary to use a small number of screws
(1-4) in order to preserve a larger volume of bone mass
[17,20].

In the clinical case presented above, the location of
the screws at the top points of a regular triangle was
used. According to the foundations of the supporting
structures, such a placement is strong enough due to a
uniform distribution of the axial load. The screws, in
combination with the bone cement, provide stability for
the tibial component of the knee endoprosthesis.

Thus, the proposed method restores the support
surface for the tibial component of the endoprosthesis on
the tibia plateau, provides strong fixation and alignment.

CONCLUSION

1. The method proposed is effective in the
management of 2A defects of the tibia if there is a
shortage of autoplasty material.

2. Cemented screw plasty allows for early support
load on the affected lower limb, what contributes to

faster recovery after surgery.

3. This variant of cemented screw plasty in the
clinical case presented achieved positive results. The
results obtained require a longer study and a bigger
sample size.
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