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ABSTRACT

Introduction: Total knee arthroplasty is the ideal treatment for severe osteoarthritis. The OMICRON 2® system, introduced in
Argentina in 2009, incorporated improvements in implant design and instrumentation to optimize and prolong implant survival.
Materials and Methods: A retrospective, longitudinal, observational study included 1,346 total knee arthroplasties performed
between 2009 and 2024 at three hospitals in the province of Buenos Aires. Complete clinical and radiographic follow-up data are
presented for 616 patients. The Knee Society Score (KSS) and Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) were used to assess function over time, together with standardized radiographs. Implant survival was defined as reten-
tion of the implant without revision and was assessed using Kaplan-Meier curves. Results: The mean age was 71.6 years. The
most common diagnosis was primary knee osteoarthritis (86%). Implant survival at 15 years was 92.4%. The KSS improved from
37.5 preoperatively to 85.1 at 15 years, and the WOMAC score improved from 89.2 to 15.5 over the same period. At the end of
follow-up, 89.8% of patients had no signs of loosening, and only 2% showed minimal femoral changes. Complications included
infections (2.7%), septic loosening, periprosthetic fractures, and instability. Conclusion: The OMICRON 2® system demonstrated
good clinical and radiographic performance, with high long-term implant survival, and is a reliable option for total knee arthroplasty.
Keywords: Knee arthroplasty; osteoarthritis; OMICRON 2®; survival.

Level of Evidence: IV

Analisis clinico-radioldgico de la protesis total de rodilla OMICRON 2®. Estudio multicéntrico con segui-
miento a largo plazo.

RESUMEN

Introduccidn: La artroplastia total de rodilla es el tratamiento ideal para la artrosis severa. El sistema OMICRON 2®, introducido
en la Argentina, en 2009, desarroll6 mejoras en el disefio e instrumental destinadas a optimizar y aumentar la supervivencia del
implante. Materiales y Métodos: Se llevd a cabo un estudio observacional, longitudinal y retrospectivo sobre 1346 artroplastias
totales de rodilla realizadas entre 2009 y 2024, en tres hospitales de la provincia de Buenos Aires. Presentamos el seguimiento
clinico-radiolégico completo de 616 pacientes. Se utilizaron los cuestionarios KSS y WOMAC para valorar la funcionalidad en el
tiempo con radiografias estandarizadas. La supervivencia se definié como la permanencia del implante en el sitio, sin revision,
evaluado mediante curvas de Kaplan-Meier. Resultados: La media de edad era de 71.6 anos. El diagndstico mas frecuente fue
gonartrosis primaria (86%). La supervivencia del implante a los 15 afos fue del 92,4%. El puntaje KSS mejoré de 37,5 antes de
la cirugia a 85,1 a los 15 afios, y el puntaje WOMAC, de 89,2 a 15,5. El 89,8% no tenia signos de aflojamiento al final del segui-
miento; solo un 2% presentéd cambios minimos femorales. Las complicaciones fueron infecciones (2,7%), aflojamiento séptico,
fracturas periprotésicas e inestabilidad. Conclusién: El sistema OMICRON 2® tuvo un buen rendimiento clinico y radiolégico, con
una alta supervivencia a largo plazo; es una opcién confiable en la artroplastia total de rodilla.

Palabras clave: Artroplastia de rodilla; artrosis; OMICRON 2®; supervivencia.
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INTRODUCTION

Total knee arthroplasty (TKA) is currently the gold standard for treating severe osteoarthritis."” As the procedure
has become increasingly common over the past 30 years, implants and instrumentation have improved significant-
ly.> Outcomes are assessed using several variables, including implant survival, kinematics, function, and patient
satisfaction.*®

The profile of patients considered candidates for TKA varies widely across publications in terms of age and
disease progression, with increasingly younger patients undergoing the procedure.”®

For patients with osteoarthritis who have a life expectancy of 20—40 years, reliable long-term follow-up data
on TKA provide a sound basis for decision-making. Long-term follow-up studies of TKA performed within the
past decade therefore warrant greater attention, despite the logistical challenges and limitations.”!® Evidence on
implants with an established record of long-term use can also help assess the quality and performance of new
devices."!

Implant designers and surgeons continue to develop new implants and surgical techniques that may increase
implant survival and improve outcomes after TKA.

The OMICRON 2® TKA system, manufactured by Ortopedia IMECO S.A., was introduced to the Argentine
market in 2009 with certification from the National Administration of Drugs, Food and Medical Devices (AN-
MAT). It has since been distributed nationwide.

This study aimed to evaluate the long-term clinical and radiographic outcomes and implant survival rates of the
OMICRON 2® knee prosthesis.

MATERIALS AND METHODS
Implant

The implant has a posterior-stabilized design with an integrated post that compensates for the absence of the
posterior cruciate ligament (Figure 1).

Figure 1. OMICRON 2® prosthesis.

The design was refined from its predecessor, the OMICRON 1® prosthesis, to achieve mechanical alignment
while balancing bone resection (bone balancing) with the balancing of ligamentous and capsular structures (gap
balancing). It features more anatomically shaped components designed for cemented fixation.
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The femoral components are made of a cobalt-chromium-molybdenum alloy and have a single radius of rotation
to improve tibiofemoral joint congruity. The femoral component was modified to provide a more anatomical shape
and trochlear orientation, with distinct right and left components. The trochlear groove was deepened to allow
smoother patellar tracking. A smaller intercondylar box, proportional to the size of the femoral component, helps
preserve bone stock.

The tibial components are also made of a cobalt-chromium-molybdenum alloy and are modular, with a short
central stem.

The tibial baseplate is bilaterally symmetrical,
with curved posterior edges that provide an appro-
priate fit to the tibia (Figure 2).

The keel has two antirotation fins and is smaller
than that of the previous implant. The inner surface
of the femoral component and the undersurface of
the tibial component are macrotextured to improve
cement fixation (Figure 3).

Figure 2. Tibial baseplate of the
OMICRON 2® prosthesis.

Figure 3. Macrotextured surfaces for cemented
fixation of the OMICRON 2® prosthesis.
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The polyethylene is highly cross-linked to prevent early wear and incorporates 3° of posterior slope. Femoral
alignment was established using an intramedullary guide, and tibial alignment using an extramedullary guide.
The posterior slope could be increased to 7° according to the patient’s characteristics and the surgeon’s judg-
ment.

The instrumentation is based on an anatomical technique guided by mechanical alignment, allowing sequential
soft tissue release.

Study Implementation

Implant survival depends not only on implant design but also on several factors related to surgical technique.
Hospitals in the province of Buenos Aires were therefore considered using uniform selection criteria.

During much of the study period, the OMICRON 2® prosthesis was supplied to 16 public hospitals in the
province of Buenos Aires through the Comprehensive Medical Care Program (PAMI), allowing large-volume
distribution. Hospitals from this group were selected according to the following criteria:

* Availability of clinical and radiographic records throughout follow-up.

» Use of the same surgical approach, implant, and instrumentation.

» Use of the same measured resection technique with balancing of the flexion and extension gaps in all cases.
¢ A standardized cementing technique aimed at optimizing preparation of the bone bed.

» Use of the transepicondylar axis to determine external rotation of the femoral component in all procedures.
* Tibial component rotation guided by the tibial tubercle.

 Use of the same brand of domestically manufactured bone cement.

Based on these criteria, a retrospective longitudinal observational study was conducted at three hospitals in the
province of Buenos Aires: Hospital Municipal Central de San Isidro “Dr. Melchor A. Posse,” Hospital Zonal de
Agudos “Dr. Carlos A. Bocalandro,” and Hospital Municipal “Bernardo Houssay.”

A total of 1,346 TKAs were performed between 2009 and 2024. Only 616 patients completed the clinical and
radiographic assessment; the remaining patients were lost to follow-up or had died. Patients were classified as
lost to follow-up when they missed follow-up visits and could not subsequently be contacted. Deaths that could
be confirmed were documented through hospital records and telephone contact with relatives or acquaintances.

Patients who underwent primary TKA were included, and revision procedures were excluded. Implant survival
was defined as retention of the implant in situ at the final follow-up visit.

Statistical Methods

Clinical and functional outcomes were recorded in a standardized manner at each hospital by multiple examin-
ers who were blinded during the study. Assessments used questionnaires specifically intended for these patients,
administered before and after surgery. The database was combined with a retrospective review of medical records
to collect demographic data (age, sex, and body mass index) and surgical data.

A Kaplan—Meier curve was used to determine implant survival at 15 years after implantation. Patient function
was assessed using the Knee Society Score (KSS) and the Western Ontario and McMaster Universities Osteoar-
thritis Index (WOMAUC).

Permission to obtain patient data was requested from the ethics committee at each hospital.

In terms of implant survival, the success rate was 92.4% (p = 0.924) among the 616 patients followed in this
study. The minimum required sample size was n = 300 patients, yielding a margin of error of 0.03%, a standard
level of precision for clinical studies.

Patient Population

The mean age at implantation was 71.6 years; 67.2% of patients were women and 32.8% were men. Mean
weight was 80.9 kg, and mean body mass index was 29.2 kg/m? (Table 1).
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Table 1. Demographic data.
I I
Mean age 71.6 years
Sex Female 67.2% (414 patients)
Male 32.8% (202 patients)

Mean weight 80.9 kg
Mean body mass index 29.2 kg/m?
Implant laterality Left knee 48.2% (297 patients)

Right knee 51.8% (319 patients)
Malalignment Varus 63.6% (392 patients)
Valgus 36.4% (224 patients)

Surgery was performed on the left knee in 48.2% of cases and the right knee in 51.8%. Varus was the most com-
mon malalignment (71.1%), followed by valgus (28.9%). All patients had competent ligaments, allowing the use
of primary knee prostheses.

The most common diagnosis leading to surgery was primary knee osteoarthritis (86%), followed by rheumatoid
arthritis (6%), posttraumatic osteoarthritis (4%), sequelae of femoral osteonecrosis (2.5%), and osteoarthritis sec-
ondary to septic arthritis (2%) (Table 2).

Table 2. Indications for total knee replacement.

Preoperative diagnosis Number of implants n = 616

Primary knee osteoarthritis 86.2% 531
Rheumatoid arthritis 5.3% 33
Posttraumatic osteoarthritis 3.9% 24
Avascular necrosis 2.5% 16
Sequelae of septic arthritis 2.1% 12

The 730 patients without complete follow-up were slightly older than those who completed follow-up, with a
mean age of 73.8 years. There were no statistically significant differences in sex distribution or body mass index
(p > 0.05).

Surgical Technique

Preoperative planning included weight-bearing anteroposterior radiographs of both knees, a lateral view at 30°
of flexion, and an axial patellar view to provide a comprehensive assessment of the affected joint.'?

Standard prophylaxis included antibiotics 30 minutes before skin incision and antithrombotic prophylaxis in the
immediate postoperative period.

All procedures were performed through a medial parapatellar approach.

The prostheses were implanted using a measured resection technique and standard instrumentation. The patella
was everted and resurfaced at the surgeon’s discretion, depending on the characteristics of the bone. As a general
rule, resurfacing was performed in cases of extensive patellar cartilage destruction. It was contraindicated when
patellar thickness was <20 mm because of the risk of fracture.!® The patella was resurfaced in 61.5% of patients.
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All components were cemented, with particular attention to preparing a clean, dry cancellous bone bed to im-
prove cement interdigitation. Cement was applied to both the bone surface and the implant, including the keel,
which was cemented in all cases. }

RESULTS

Two independent surgeons at each hospital performed the radiographic assessments. Implant survival and stabil-
ity were assessed by examining standardized zones around the components for signs of loosening.

The system described by Meneghini et al. and Kumar et al. was used to assess implant stability radiographically
(Figure 4).914
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Figure 4. Meneghini radiographic zones.

Radiographic findings at the final follow-up were retrieved from each hospital’s digital database for the 616
patients in the study population. Radiographs for the remaining patients were unavailable because of loss to
follow-up. Deaths during follow-up were identified through hospital records and confirmed by telephone contact
with relatives.

At the final follow-up, 89.8% of implants showed no radiographic changes or signs of loosening. Changes sug-
gestive of osteolysis measuring <1 mm were observed in zones 1 and 2 around the tibial component in 8.2% of
implants. The remaining 2% showed minimal changes measuring <2 mm in zone 1 around the femoral compo-
nent, without clear signs of loosening.

Functional outcomes were assessed using the KSS (Table 3). The total score (maximum, 100) improved sig-
nificantly from a preoperative mean of 37.5 to 91.6 at 1 year (p < 0.001), 90.2 at 5 years (p < 0.001), 87.9 at 10
years (p < 0.001), and 85.1 at 15 years. Our findings are consistent with those reported in the current literature.
The WOMAC score (worst possible score, 96) also improved, from a preoperative mean of §9.2 to 15.5 at the
final follow-up.
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Table 3. Functional outcomes assessed using the Knee Society Score.

Knee Society Score functional Score
assessment

Preoperative 37.5

1-year follow-up 91.6 <0.001
5-year follow-up 90.2 <0.001
10-year follow-up 87.9 <0.001
15-year follow-up 85.1 <0.001

A key strength of our findings on KSS and WOMAC score improvements is that they are based on long-term
clinical and radiographic follow-up.

The main limitation was the progressive loss of patients to follow-up. Although substantial, this loss is unsur-
prising and consistent with that reported in other long-term studies. Nevertheless, the 95% confidence interval for
implant survival at 15 years was 90.31%—94.49%, indicating high statistical precision, with a margin of error of
2.09%, and supporting the robustness of the study.

The design features of the OMICRON 2® total knee replacement system have remained unchanged over the
years. Its favorable functional outcomes and 15-year implant survival reflect the success of its design. The OMI-
CRON 2® prosthesis therefore serves as the benchmark for comparing TKA systems at the participating institu-
tions.

Complications

Complications are detailed in Table 4, although most were unrelated to the implants.

Twenty-three revision procedures were performed. Five were for septic loosening and were managed with two-
stage revision.

Table 4. Complications.

Intraoperative Systemic postoperative Local postoperative

Femoral condyle fracture Pneumonia: 4 Stiffness: 21 Septic loosening: 5
(internal fixation): 3

Patellar tendon rupture: 2 ITleus: 2 Hematoma: 2 Periprosthetic fracture: 3

Varus malalignment of the tibial Deep vein thrombosis: 9 Quadriceps weakness: 1 Aseptic loosening: 4
component: 15

Femoral component Urinary tract infection: 12 Delayed wound healing: 14 Instability: 3
malrotation: 13

Early infection (debridement, Persistent pain: 2
antibiotics, and implant
retention): 12

Three periprosthetic fractures involved substantial loss of bone stock and required revision to a more constrained
prosthesis.

Aseptic loosening led to revision in 10 patients. The tibial component had been placed in varus in seven patients,
and the femoral component was malrotated in three, resulting in osteolysis and early loosening.
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Three patients required further surgery for instability and two for persistent anterior knee pain. Neither of the
patients with anterior knee pain had undergone patellar resurfacing.

The infection rate was 2.7%, with chronic infections in five patients and acute infections in 12. The acute infec-
tions resolved with early debridement, antibiotics, and implant retention.

DISCUSSION

This study reports the long-term outcomes of a consecutive series of 616 patients treated between 2009 and
2024. Overall, the 15-year implant survival rate of 92.4% is favorable (Figure 5).

Kaplan—Meier Survival Curve
Omicron 2 Knee Prosthesis
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Figure 5. Kaplan—Meier survival curve.

Plain radiographs are the most widely used imaging modality for assessing component alignment, although
three-dimensional computed tomography is the reference standard.”>'® We used the Knee Society TKA roent-
genographic evaluation and scoring system,'” an accepted tool for radiographic assessment.'®!

We believe that restoring alignment plays an important role in improving implant survival > and functional out-
comes.?'” Patient age may also influence implant survival. Some series of cemented knee replacements in young
patients with rtheumatoid arthritis have reported excellent long-term survival rates.”*** However, these favorable
results may be influenced by the lower activity levels of patients with inflammatory arthritis.

Younger patients generally have greater physical demands and a longer life expectancy, placing greater me-
chanical stress on the implants.

Roberts et al. found that implant survival was significantly higher in women and older patients.” Julin et al.
reported 5-year survival rates of 92% and 95% in patients aged <55 years and 56—65 years, respectively, com-
pared with 97% in those aged >65 years.”® Younger patients had higher revision rates for noninfectious reasons.
Keenan et al. reported 10-year survival after cemented TKA in patients aged <55 years at surgery and compared
their functional outcomes with those of patients aged >55 years.”’
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The original cohort of 1,346 patients decreased over the study period. By 12—15 years, 106 patients had died
and 624 had been lost to follow-up. Those lost to follow-up were older than 85 years at the time of assessment,
so it is reasonable to assume that many had died.

Declining patient numbers are common in long-term joint replacement studies, reducing the usefulness of
functional scores as a discriminating measure.”®** Some studies report that 82% of TKAs last approximately 25
years.*® Callaghan et al. reported on the 26 surviving patients from an initial cohort of 86. Despite an excellent
KSS of 89, the function score had declined to 67.°' Reports with a minimum follow-up of 15 years after TKA are
scarce, and several concern implants that are no longer commonly used. Van Loon et al. followed 102 cemented
kinematic TKAs for 10-15 years and reported a survival rate of 62% at 14 years. The main reasons for revision
were deep infection and wear.** Buechel reported a survival rate of 83% at 16 years.3? Ito et al. examined 36 knees
in 25 patients with rheumatoid arthritis and reported a 15-year survival rate of 93.7%.**

Our results are therefore comparable with those reported in the international literature. However, we could not
compare them with findings from Argentina, as no long-term studies of domestically manufactured prosthetic
implants have been reported.

This study has several strengths and limitations that should be considered when interpreting its findings. A
major strength is the length of follow-up, which allows assessment of the implant’s long-term durability, with
implant survival serving as a key indicator of clinical success. The observational design provides information on
how the prosthesis performs under routine clinical conditions, encompassing a diverse population and reflecting
everyday surgical practice. Finally, the sample size and availability of longitudinal data allow reliable statistical
analyses.

Nevertheless, the study has limitations inherent to its design. The main limitations are the absence of a control
group and the high rate of loss to follow-up, which may introduce bias, particularly selection and information
bias. Reliance on retrospective clinical records also poses a risk of bias because these records may contain inac-
curate data.

Changes or errors in the surgical techniques used during the study period may also have influenced the out-
comes. For example, the five cases of aseptic loosening were associated with surgical errors involving incorrect
component orientation.

These factors should be considered when assessing the validity and applicability of the findings. Although the
retrospective design provides valuable insight into the prosthesis’s performance in routine clinical practice, stud-
ies with more controlled designs are needed to support its conclusions and confirm the findings.

CONCLUSIONS

We report a favorable implant survival rate of 92.4% in a series of 616 TKAs using the OMICRON 2® system
after 15 years of follow-up.

The system’s distinctive design features have remained unchanged throughout its relatively long clinical his-
tory. In other systems, these features are often modified before long-term results are published.

The OMICRON 2® system continues to show favorable long-term implant survival at a mean follow-up of 15
years.
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