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Objective: This study aims to compare the effectiveness of the double
cementation method and modular metal augments in replacing bone defects
during revision knee replacement.
Material and Methods: We examined 150 patients diagnosed with
J Clin Med Kaz 2024; 21(3): 43-48 periprosthetic infection who were treated at the National Scientific Center of
Traumatology and Orthopedics named after Academician N.D.Batpenov from

Corresponding author: 2021 to 2024. For a randomized study, 36 patients were selected, divided into

Alexandr Kriklivyy. 2 groups of 18 people. In the main group, the double cementing method was
E-mail: kriklivyialexandr@gmail.com. used to replace defects of the femur and tibia during revision knee arthroplasty;
ORCID: 0000-0002-5675-0471. in the control group, metal augments were used. A follow-up examination was

conducted on all patients one year after the surgery.

Results: No significant differences were found between the groups in terms
of the number of hospital beds spent (p = 0.11), bed days spent in the intensive care
unit after surgery (p = 0.44), duration of surgery (p = 0.18), amount of intraoperative
blood loss (p = 0.18), knee joint function according to the Knee Society Score (p =
0.23) and Oxford Knee Score (p = 0.09). In the main group, signs of radiographic
instability were detected in 1 case (5.6%), in the control group, there were revealed
5 (27.8%) cases. The number of cases of periprosthetic infection in the main group
was 1 case (5.6%), in the control group were 3 cases (16.7%).

Conclusion: The double cementation method is less likely to cause
radiography lines of illumination at the cement/bone boundary and may be
recommended for high-risk postoperative infections. Additionally, it may be more
cost-effective than using metal augments.

Keywords: double cementation method, modular metal augments, revision
arthroplasty, knee joint, bone defects.

Introduction collections indicate a rise in the number of revision

The issue of revision interventions in patients endoprostheses of the knee joint in the Republic of
with knee replacement remains highly relevant due to ~ Kazakhstan. In 2013, there were 26 cases of revision
the annual increase in their number [1,2]. Statistical ~arthroplasty, while in 2020, the number increased to
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175 people [3]. Audit operations are observed in many countries
worldwide. In Germany, 13,961 revision arthroplasties of the
knee joint were performed in 2021, with infectious complications
accounting for 14.5% to 15.0% of all revisions between 2019
and 2021, according to the German Registry of Endoprosthetics
[4-7]. In Australia, Ackerman et al. reported 43,188 revision
knee replacement surgeries between 2007 and 2017 [8].

During knee joint revision arthroplasty, defects in the
femur and tibia are common [9]. Proper positioning and stability
of the endoprosthesis depend on the replacement of these defects
[10]. Currently, various methods are used to replace bone
defects during revision knee replacement, including cementing,
cementing with reinforced screws, factory cement spacers with
augments, modular metal augments, metaphysical bushings
with pressed coating of porous titanium and structural cones
of porous tantalum, autologous bone grafting, allogeneic bone
grafting, impact bone grafting, structural bone allografts, mega-
endoprostheses, or individual endoprostheses [9, 11-13].

The most common method for replacing defects is through
modular metal augmentation. However, this method has certain
disadvantages, such as metal abrasion and corrosion, as well as
loosening of endoprosthesis components [11-16]. Additionally,
noncement-based methods for replacing bone defects in the
knee have the main problem of being unable to locally deliver
antibacterial drugs to the infected joint or to those at high risk of
postoperative infection [17]. The developed method of double
cementation can serve as an alternative to the use of metal
augments, avoiding their disadvantages.

The purpose of this study was to compare the use of the
developed double cementation method with the traditional
method of replacing defects with modular metal augments
during revision arthroplasty of the knee joint.

Hypotheses of the study: the use of the double cementating
method for replacing defects of the femur and tibia during
revision knee joint replacement is equally effective with the
traditional method using metal augments.

Materials And Methods

Ethics

The study was conducted in accordance with international
ethical standards and principles of the Helsinki Declaration and
was approved by the Local Ethics Commission of our hospital
(Protocol No. 4 of October 19, 2021). All patients participating
in the study signed an informed consent to be included in the
study.

Main characteristics of the compared groups

The total number of examined patients was 150 people. A
randomized clinical trial selected 36 patients who were treated
at the of our center, according to the criteria for inclusion in
the study. The criteria for inclusion in the study were: Patients
with aseptic instability of the knee arthroplasty, a history of
surgery for knee replacement, the patient’s age between 40
and 79, the patient's consent to the treatment, the absence of
severe concomitant diseases affecting the results of treatment.
The exclusion criteria were: The age of patients under 40 and
over 79, periprosthetic infection, hemiparesis on the side of the
proposed operation, neoplasms of other localizations with or
without metastases, as well as the patient's’ refusal of surgery.

Patients were included in the study after prior consultation
with related specialists.

A main group and a control group of 18 patients each were
formed. The distribution into groups was carried out using the
sealed envelope method.

In the main group, patients underwent revision knee
arthroplasty using the double cementation method. In the control
group, patients underwent revision knee arthroplasty using the
standard method of defect replacement — the use of modular
metal augments.

Comparison and comparability in the two formed groups
were carried out according to the following criteria: gender, age,
size of defects, the number of revision operations performed on
this joint, including the revision performed as part of the study.

A follow-up examination of all patients was performed
1 year after surgery. The following indicators were evaluated:
the number of hospital beds; the number of bed days spent
in the intensive care unit; the duration of the operation; the
amount of intraoperative blood loss; assessment of knee
joint function, radiographic stability, the number of cases of
periprosthetic infection. Knee joint function was assessed using
the Knee Society Score scale (KSS) and the Oxford Knee Score
questionnaire (OKS). The evaluation of the radiological stability
of the knee joint was carried out using the Modern Knee Society
Radiographic Evaluation System.

Surgical techniques

Main group — the double cementation method. The double
cementation method is a method of revision knee arthroplasty,
in which polymerized bone cement acts as Augments to replace
defects in the femur and tibia. During revision knee arthroplasty,
after removal of unstable components of the knee arthroplasty
and careful debridement of tissues, the size of defects in the
femur and tibia is assessed. Next, an endoprosthesis of the
required size is selected and the first layer of bone cement is
applied to the components of the endoprosthesis, acting as
augments. Upon completion of polymerization of the first layer
of bone cement, a second layer of bone cement is applied on
top of the endoprosthesis and bone cement augments and the
components of the endoprosthesis are installed. After the
postoperative wound is sutured in layers [18]. The process
of applying the double cementation method is also shown in
Figure 1. An example of preoperative and postoperative knee
radiographs is shown in Figure 2.

Intracperative defect For

ion of an from bone

assessment

Fixation of components on a thin layer of bone cement

s
i

Figure 1 - The process of forming cement augments on
endoprosthesis components and their subsequent fixation on a
thin layer of bone cement (the order of the process is indicated
by arrows)

R

Augment polymerization

Control group — Modular metal augments. Modular metal
augments for this period of time are presented in the form of
metal blocks and wedges [11]. After removal of unstable
components of the knee arthroplasty and careful debridement of
tissues, the size of the defect of the femur and tibia is assessed.
After selecting the required size of the endoprosthesis, the
necessary metal augments are fitted (Figure 3).
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Figure 2 - Radiographs of the knee joint (a) - preoperatively,
instability of both endoprosthesis components and migration
of the tibial component are identified; (b) - postoperatively, the
fitted endoprosthesis and cement augmentation are identified
(indicated by arrows)

Next, the components of the endoprosthesis, together
with augments, are installed in the bone on a thin layer of bone
cement. After the postoperative wound is sutured in layers.

Figure 3 - Radiographs of the knee joint in frontal (a) and lateral
(b) projections after revision endoprosthesis with the standard
technique - use of modular metal augmentation (indicated by
arrows)

Statistical analysis

Descriptive statistical methods were used for processing
the statistical data. The nonparametric Mann-Whitney criterion
was used to determine the significance of quantitative differences
between the groups. To assess the significance of qualitative
parameters when comparing treatment results in both groups,
we used a nonparametric method of calculating Pearson’s
criterion y2 (chi-squared). Differences between the groups were
considered significant at p<0.05.

The statistical data was processed using Microsoft Excel
from the Microsoft Office 2016 package and Statistica 12.0
software for statistical analysis developed by Statsoft [19].

Results

In the both groups, there were 4 men (22.2%) and 14
women (77.8%).

The average age of patients in the main group was 63.6
years (6 =9.7; CI = 58.68 — 68.32), and in the comparison group
61.4 years (6 = 5.4; CI = 58.71 — 64.09).

The sizes of defects in the articular surfaces of the femur
and tibia were estimated according to the Anderson Orthopaedic
Research Institute (1997) scale [20]. In the main group, bone
defects were distributed as follows: F1 — 4 (22.2%), F2A - 6
(33.3%), F2B — 8 (44.4%), T2A — 7 (38.9%), T2B — 11 (61.1%).
In the control group, bone defects were distributed as follows:
F1 -5 (27.8%), F2A — 5 (27.8%), F2B — 8 (44.4%), T2A — 5
(27.8%), T2B — 13 (72.2%).

The average number of revision operations performed on
the knee joint, including the revision performed as part of the
study, in the main group was 1.5 (¢ = 0.6; CI = 1.19 — 1.81)
while in the control group — 2.2 (6 = 0.7, CI = 1.82 — 2.52).

Despite the presence of a small difference in age and size
of defects between the two groups, no statistically significant
differences were found. Statistically significant differences were
revealed in the number of revision operations performed on the
knee joint, including the revision performed as part of the study.
In the group of metal modular augments, there were on average
0.7 more revisions than in the double cementation group (p =
0.02).

A comparison of the formed groups is also shown in Table 1.

The average number of hospital bed days in the main
group was 14.7 days (o = 3.2; CI = 13.13 — 16.31), and in the
comparison group 18.1 days (¢ = 6.3; CI = 14.95 — 21.17).The
average number of bed days spent in the intensive care unit in
the main group was 0.8 days (6=0.4; CI = 0.57 — 0.99), in the
comparison group also 0.8 days (6=0.9 CI = 0.37 — 1.29).There
was no statistically significant difference in the average number
of bed days spent in the hospital (p = 0.11) or in the intensive
care unit (p = 0.44) in the groups.

When comparing the time spent on the operation, the
following results were obtained: in the main group, the average
operation time was 97 minutes (6= 18.6; CI = 87.75 — 106.25),
in the comparison group 97.8 minutes (o= 19.4; CI = 87.75 —
106.25). There was no statistically significant difference in the
duration of the operation in these groups (p = 0.18). Also, when
comparing the number of blood loss in the general group, there
was no statistically significant difference (p = 0.18). The total
increase in the main group averaged 339.5 ml (o= 205.9; CI =
237.09 — 441.86), and in the control group 512.5 ml (o= 364.1;
CI=331.40 — 693.60).

Comparative results of knee and functional scores in
the both groups on the Knee Society Score and Oxford Knee
Score scale 1 year after surgery are presented in Table 2. The
average number of knee scores on the Knee Society Score scale
in the main group was 85.6 (6= 10.3; CI = 80.47 — 90.69), in
the control group 81.3 (o= 12; CI = 75.33 — 87.30).The average
number of functional scores on the Knee Society Score scale
in the main group was 80.6 (o= 14.4; CI = 73.37 — 87.74), and
in the control group 73.7 (o= 17.4; CI = 65,04 — 82,33).The
average number of points on the Oxford Knee Score scale in
the main group was 17.8 (o= 8.6; CI = 13.50 — 22.08), in the
control group 22.3 (6=11.7; CI=16.43 — 28.07).The assessment
showed that there were no statistically significant differences in
scores on the presented scales between the group of the double
cementation method and the group of modular metal augments.

An assessment of the radiographic stability of the
endoprosthesis components at the bone/cement boundary
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Table 1 Comparison of the formed groups

Groups Knee Society Score Knee Society Score Functional Scores Oxford Knee Score
Knee Scores

Main group 85.6 £10.3 80.6 +14.4 18.1 +8.8
(CI=80.47 -90.69) (C1=73.37-87.74) (C1=13.75-22.47)

Control group 81,2 +12,4 73.7 £17.4 22.7 £11.8
(CI=75.07 - 87.38) (CI=65.04 -82.33) (CI=16.79 - 28.58)

p-value 0.23 0.18 0.09

Mann-Whitney U-test | U =123.5 U=119.5 U=108.5

Table 2 Comparative results of evaluation of knee joint function 1year after surgery

Comparison criteria

Double cementation method

Modular metal augments

Number of men 4 (22.2%)

4 (22.2%)

Number of women 14 (77.8%)

14 (77.8%)

Patients’ average age

63.6 years (0 =9,7; Cl = 58.68 - 68.32)

61.4 years (o = 5.4; Cl = 58.71 - 64.09).

The size of femur defects

F1- 4 (22.2%), F2A - 6 (33.3%), F2B - 8 (44.4%)

F1-5(27.8%), F2A - 5 (27.8%), F2B - 8
(44.4%)

The size of tibial defects

T2A -7 (38.9%), T2B - 11 (61.1%)

T2A -5 (27.8%), T2B - 13 (72.2%)

The average number of postponed revision
operations

1.5 (6= 0.6; CI = 1.19 - 1.81)

2,2(0=0.7;Cl = 1.82 - 2.52)

showed that in the main group, signs of radiographic instability
were detected in 1 case (5.6%). In the control group, there
were revealed 5 (27.8%) cases of radiographic instability of the
endoprosthesis components in the area of installation of metal
augments.

The number of cases of periprosthetic infection in the
main group was 1 case (5.6%), in the control group were 3 cases
(16.7%) (Figure 4). The Mann-Whitney U-test score showed
that there were no statistically significant differences between
the groups in the number of cases of periprosthetic infection (p
=0.29).

The number of cases of periprosthetic infection after surgery

18 17

4 3

Meodular metal sugments

2
2 1
I

Double cementation method

B Without Periprosthetic nfection W With periprosthetic infection

Figure 4 - Graph of the number of cases of periprosthetic
infection in both groups

Discussion

According to several authors, modular metal augments can
provide a more durable revision for bone defects up to 20 mm
or type 2 and 3 according to AORI [9,11,21,22]. Huten et al.
concluded that the use of metal augments is advisable for elderly
patients and those with low motor activity [9,23].

Patel et al. also described the use of metal augments for
AORI type 2 defects in their study. The study analyzed 102
patients who underwent revision knee replacement over an 11-
year follow-up period. According to researchers, endoprostheses
had a 92% survival rate without significant complications [11].

However, some studies have shown the drawbacks of using
metal augments. Similarly, Innocenti et al. noted that the use of
solid metal augments can increase the load on the adjacent bone,
potentially decreasing the endoprosthesis characteristics [15].
In a study by Lee et al. on 37 patients (39 knee joints), it was
concluded that the use of metal augments can lead to instability
of the endoprosthesis components, which may result in the need
for revision [14]. Panegrossi and co-authors conducted a study
which found that the use of metal fragments can cause corrosion
and abrasion of metal [16].

Studies by Cnudde et al. and Kumar et al. describe the
application of a new layer to an old layer of bone cement using
the 'cement-in-cement' technique. This involves removing the
femoral component of the hip arthroplasty from a well-fixed
femoral cement mantle. Afterwards, a new cement foot is
installed in the original mantle. According to the assessment
conducted by the authors, there was no significant difference
in the survival of the leg and the risk of repeated revision for
all reasons. The authors also noted that this technique shows
promising results and has several advantages: reduced surgical
intervention time, less blood loss during surgery, less bone loss,
and reduced financial costs for the treated case [24, 25].

The fixation of factory cement augments of the tibia,
in conjunction with factory cement spacers of the knee joint,
implies the fixation of these components on bone cement.
This procedure is prescribed in the operating instructions. The
presented type of augment is approved for use by the Food and
Drug Administration (FDA) [13].

The described report of the case of Balgazarov and co-
authors showed successful long-term results (4.5 years) the
use of the double cementation method to replace femoral and
tibial defects against the background of recurrent periprosthetic
knee infection shows the possibility of using this method during
the treatment of periprosthetic infection and at high risk of
postoperative infection [26].

A similar method was also described in the report of the
Gililland and co-authors’ case. The authors used an additional
layer of bone cement in order to adjust the rotation of the
femoral component of the endoprosthesis and achieve the correct
positioning of both components of the endoprosthesis [27].

The main advantage of bone cement is that it can act as
a means of delivering an antibacterial drug for local antibiotic
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therapy. In their study, Lawrie and co-authors showed that
the optimal method of local exposure to microorganisms is
the addition of tobramycin and vancomycin to bone cement
containing gentamicin [28].

A separate point in revision arthroplasty is to highlight
the economic burden of these surgical interventions. According
to a study by Fang and co-authors, revision knee arthroplasty
requires more hospital resources and costs compared to primary
arthroplasty [29]. Steele and co-authors described in their study
that the cost of revision arthroplasty depends on the number
and type of replacement components of the endoprosthesis
[30]. Reducing the use of modular metal augments and the use
of bone cement augments can significantly reduce the cost of
revision knee replacement.

The negative aspects of our study are an insufficiently long
follow-up period to confirm positive long-term treatment results
and assess the risk of periprosthetic knee infection, the need to
expand the sample of patients and the need to evaluate the use of
the method for type 3 AORI defects.

Conclusion

A comparative assessment of the use of the double
cementation method and modular metal augments during
revision knee replacement revealed no significant differences in
the number of hospital beds spent, bed days spent in the intensive
care unit after surgery, in the duration of surgery, in the amount
of intraoperative blood loss, in knee joint function according to
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