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32.1   Introduction

Cemented fixation for total knee arthroplasty (TKA) 
remains the gold standard for primary TKA worldwide 
with a record of excellent clinical outcomes and implant 
survivorship for up to 20 years (Scuderi and Insall 1992; 
Attar et al. 2008; Falatyn et al. 1995). Cementless TKA 
designs have been present since the 1980s with variable 
outcomes (Meneghini and Hanssen 2008). Early cement-
less implants contained flaws and never gained traction 
due to multiple factors such as patch porous coating, 
poor polyethylene locking mechanisms, tibial screw 
augmentation leading to screw track osteolysis, femoral 
component fracture, and patella failures. Corrections of 
these design flaws, together with advances in biomate-
rials, have led to a new generation of cementless TKA 
implants. As demonstrated in total hip arthroplasty 
(THA), cementless fixation is advantageous because of 
intimate biologic fixation, leading to long-term durable 
survivorship.

Joint arthroplasty, previously performed in a more 
sedentary and elderly population with end-stage osteo-
arthritis, continues to experience a changing demo-
graphic to include younger, more active, and obese 
patients (Kurtz et al. 2007, 2009; Dalury 2016). The pro-
portion of younger patients undergoing TKA increased 
between 1993 and 2006. The demand for primary TKA 
in patients ages 45–54 years is projected to increase by 17 
times from 2006 to 2030. Patients younger than 65 years 
are expected to make up the majority of demand for pri-
mary or revision TKA by 2030 (Kurtz et al. 2009). The 
prevalence of TKA has increased across all age groups in 
the past two decades. In 2015, the estimated prevalence 
of patients living with a TKA in the United States was 
0.68% at 50 years, 2.92% at 60 years, 7.29% at 70 years, 
10.38% at 80  years, and 8.48% at 90  years (Maradit 
Kremers et al. 2015). Increased life expectancy, together 
with this increasing prevalence of TKA, means more 
patients are living longer with knee implants, therefore 
placing increased stress at the bone–cement–implant 
interface.

Obesity continues to be a major problem in the United 
States. The combined number of patients undergoing 
TKA categorized as obese or morbidly obese (BMI ≥30) 
increased significantly from 1990 to 2005 from 42% to 
60%. Obese patients make up a disproportionately large 
proportion of TKA patients, as the nationwide preva-
lence of obesity in 2005 was 32% (compared to 60% of 
TKA population) (Fehring et  al. 2007). By 2030, it is 
estimated that 87% of adults in the United States will be 
either overweight or obese (Wang et al. 2008).

Aseptic loosening is the one of the most common 
reasons for revision TKA.  The cement–bone interface 
has been shown to attenuate over time (Miller et  al. 

2014). Studying a series of postmortem retrieved knee 
implants, it was found that implants with greater time 
in service had less interlock at the cement–bone inter-
face, demonstrated by resorption of the trabeculae in 
the cement interlock region (Miller et al. 2014; Sharkey 
et al. 2014).

 > Younger patients with active lifestyles and obese 
patients pose a challenge to cemented TKA due to 
greater amounts of  stress on the cement–bone inter-
face.

Cement has poor resistance to shear and tension forces 
that are present in greater amounts at this interface in 
larger or active patients (Lewis 1997; Harrysson et  al. 
2004). Abdel et  al. (2015) demonstrated that patients 
with a BMI > 35 experienced a two times greater risk 
of revision with cemented implants due to aseptic tib-
ial loosening compared to patients with a BMI  <  35, 
regardless of age or coronal alignment. Patients experi-
encing aseptic loosening of the tibia in their study were 
statistically younger. Meehan et al. (2014) demonstrated 
that the risk of revision surgery due to aseptic loosening 
in cemented primary TKA at 1 year postoperatively in 
patients <50 years old was 4.7 times greater than that of 
a >65-year-old cohort.

 > Long-term component fixation remains a concern in 
the obese and younger population.

32.2   Cementless TKA Designs

Given the current and anticipated demand for TKA 
by younger and heavier patients, there is an emphasis 
on improving the reliability and survivorship of joint 
replacements. With the past success of cementless THA, 
there has been an increased interest in the use of cement-
less TKA to provide biologic fixation over mechanical 
cement fixation for long-term durability. However, given 
the failure rates of first-generation cementless TKA, a 
cautious approach is needed in proceeding with newer- 
or second-generation cementless TKA designs.

32.2.1  Early Cementless TKA Designs

 > The first generation of  cementless TKA designs in the 
1980s had limited acceptance due to fixation and 
design flaws leading to high failure and poor clinical 
outcomes.

Early cementless implants had multiple design flaws 
including the following
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 5 Patch porous coating
 5 Poor polyethylene locking mechanisms
 5 Tibial screw augmentation leading to screw track 

osteolysis
 5 Femoral component fracture
 5 Patella failures

Additionally, these first-generation design implants did 
not provide adequate mechanical fixation for immediate 
implant stability (Meneghini and Hanssen 2008; Che-
rian et al. 2014; Berger et al. 2001).

Tibial component fixation in early designs was incon-
sistent and had issues with initial fixation. Dunbar et al. 
(2009) used radiostereometric analysis to demonstrate 
that immediate rigid implant stability is essential for 
long-term biological fixation in cementless TKA. Early 
designs did not attain adequate initial mechanical fix-
ation to allow for bony ingrowth due to multiple rea-
sons, in addition to issues with liftoff  and subsidence 
(Matassi et al. 2014). These first-generation designs had 
an increased incidence of progressive radiolucent lines 
at the implant–bone interface leading to aseptic loosen-
ing (Rand 1991; Rosenberg et al. 1990). Stems or screws 

were added to enhance initial fixation to allow for osseo-
integration. These screw tracks created an access chan-
nel into the tibial metaphysis for debris. Together with 
first-generation polyethylene and a poor polyethylene 
liner locking mechanism, particulate debris caused oste-
olysis along the screw track (. Fig. 32.1). The incidence 
of screw track osteolysis was reported to be greater 
than 30% in some cementless tibial component designs 
(Lewis et al. 1995; Peters Jr et al. 1992). Holloway et al. 
(2010) showed reliable fixation with screwless cement-
less tibial baseplates at an average of 7.6 years follow-up. 
Other studies have also demonstrated no advantage to 
using tibial baseplate with or without screws (Ferguson 
et al. 2008; Schepers et al. 2012; Ritter and Meneghini 
2010). Another cause of metaphyseal osteolysis and 
loosening was baseplates with a patch porous coating, 
which created access channels that allowed particulate 
debris to spread into the metaphysis (Whiteside 1995). 
Subsequent designs had a circumferential and fully 
porous-coated surface to prevent this problem.

Early patellar failures were due to both flawed design 
and surgical technique. Femoral components had a non- 
anatomic trochlea (Varadarajan et al. 2011). Less atten-

       . Fig. 32.1 AP and lateral radiographs of  first-generation cementless TKA with polyethylene wear and osteolysis along the screw track in 
the tibial metaphysis
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tion was given to femoral component rotation leading 
to malalignment and wear (Ritter and Meneghini 2010). 
The use of first-generation polyethylene along with a 
metal-backed patella also accelerated polyethylene wear 
leading to metal-on-metal articulation with the femo-
ral component and eventual metallosis (Berger et  al. 
2001; Ritter and Meneghini 2010). Failure of the metal- 
backed patella was the most common mode of failure 
of early cementless TKA designs due to polyethylene 
wear, failure of ingrowth, and dissociation of the metal 
and polyethylene components (Rosenberg et  al. 1988; 
Lombardi Jr et al. 1988).

While early designs of cementless tibial and patellar 
implants had concerns, early design cementless femoral 
components fared well. The femoral implant attains its 
initial mechanical stability through the multiplanar bone 
cut providing initial stability for bony ingrowth. Some 
early design cementless femoral components did fail 
due to fatigue fracture at weak points along the implant 
(Whiteside et al. 1993). Early femoral components, both 
cemented and cementless, were not designed to optimize 
patellar tracking, which contributed to patella polyeth-
ylene wear and metal-backed patellar component fail-
ure.

Despite design flaws and problems with the metal- 
backed patella, there were successes with femoral and 
tibial fixation. In a review of primary cementless TKA 
with the Miller-Galante 1 system (Zimmer, Warsaw, IN) 
at an average of 11 years follow-up, Berger et al. (2001) 
reported mixed results: cementless femoral fixation was 
excellent, whereas 48% of metal-backed patellar com-
ponents were revised. These patellar component fail-
ures led to a 12% femoral revision rate due to femoral 
component damage. None of the femoral components 
were loose and none had radiolucency. Cementless tibial 
fixation had a 9% aseptic loosening rate and 12% of the 
well-fixed tibial components had small osteolytic lesions 
develop. Using aseptic loosening as the end point, the 
10-year survivorship was 90.7% for the patellar compo-
nent, 100% for the femoral component, and 94.3% for 
the tibial component.

Ritter and Meneghini (2010) reviewed 73 cementless 
knees from 1984 to 1986 and demonstrated that many 
of the early cases of cementless TKA failures were due 
to the metal-backed patella. Twelve of the 15 failures 
leading to revision in their series were due to patellar 
component failure with an overall 76.4% survivorship at 
20 years. The survivorship of the cementless tibial and 
femoral components was 96.8%.

Bassett (1998) reviewed 1000 consecutive pri-
mary TKA using the Performance prosthesis (Biomet/
Kirschner, Warsaw, IN) from 1988–1993. Of these, 584 
cases had cementless femoral and tibial components. All 
had a cemented all-polyethylene patella. At an average 

of 5.2-year follow-up, the implant survival rate in the 
cementless group was 99%, with slightly higher subjec-
tive and functional knee scores for cementless knees 
compared to knees with cemented components. There 
were a number of early cementless TKA designs that 
were able to achieve successful long-term results simi-
lar to cemented TKA with 10-year survival rates greater 
than 94% (. Table 32.1) (Ritter and Meneghini 2010; 
Whiteside 1994; Hofmann et  al. 2001; Schroder et  al. 
2001; Khaw et al. 2002; Hardeman et al. 2006; Watanabe 
et al. 2004; Tarkin et al. 2005; Buechel Sr et al. 2001).

32.2.2  Second-Generation Cementless TKA 
Designs

 > Lessons learned from early cementless TKA design 
flaws, together with advances in biomaterials and 
manufacturing processes, have led to the creation of  a 
second generation of  cementless TKA implants.

The emergence of new biomaterials, such as hydroxy-
apatite (Soballe et al. 1991a, b, 1992), porous tantalum 
(Bobyn et  al. 1999; Cohen 2002; Zhang et  al. 1999), 
and highly porous titanium (Frenkel et  al. 2004), and 
advanced manufacturing techniques have led to implants 
with improved ability to achieve early mechanical stabil-

       . Table 32.1 First-generation cementless TKA survivor-
ship studies

Research group Length of 
follow-up 
(years)

Survivor-
ship (%)

Design

Whiteside (1994) 10 94.1 Ortholoc

Hofmann et al. 
(2001)

10 95.1 Natural

Schroder et al. 
(2001)

10 97.1 AGC- 
2000

Khaw et al. 
(2002)

10 95.6 PFC

Hardeman et al. 
(2006)

10 97.1 Profix

Watanabe et al. 
(2004)

13 96.7 Osteon-
ics

Tarkin et al. 
(2005)

17 97.9 LCS-RP

Buechel Sr et al. 
(2001)

18 98.3 LCS-RP

Ritter and 
Meneghini (2010)

20 98.6 AGC
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ity to allow for long-term biologic ingrowth. The initial 
fixation strength can be achieved without screw fixation 
eliminating the risk of screw track osteolysis. Improved 
wear characteristics of highly cross-linked polyethylene 
along with improved polyethylene tibial baseplate lock-
ing mechanisms have minimized the risk of polyethylene 
wear and osteolysis.

Modern-design cementless TKA implants are com-
posed of highly porous metals, such as tantalum or 
titanium with increased porosity leading to improved 
capacity for osseointegration compared to first- 
generation implants (Levine et  al. 2006). The greatest 
potential for biologic fixation exists with a pore size range 
of 100–700 μm, an average pore size of 400–500 μm, and 
55–65% overall porosity (Bobyn et al. 1999; Levine et al. 
2006). In the absence of screw fixation, the initial fixation 
and immediate stability comes from interference fit and 
frictional resistance to motion. A high- friction surface is 
desirable in order to improve initial fixation (Dimaano 
et al. 2010). Highly porous tantalum has been used in 
the manufacturing of cementless TKA (Trabecular 
Metal™, Zimmer-Biomet, Warsaw, IN) (. Fig.  32.2). 
Porous tantalum has improved material elasticity and 
increased surface friction compared to first- generation 
designs. The coefficient of friction of porous tantalum 
(0.88–0.98) is greater than prior cementless designs that 
included porous coating or sintered beads (0.66). The 
modulus of elasticity of tantalum is between cortical 
and cancellous bone, creating a more physiologic stress 
transfer to the periprosthetic bone interface (Lombardi 
Jr et al. 2007; Karageorgiou and Kaplan 2005).

Highly porous titanium, formed using laser sin-
tering technology through an additive manufactur-
ing process, has also been used in modern-design 
cementless TKA (Tritanium®, Stryker, Mahwah, 
NJ) (. Fig.  32.3). This porous titanium tibial base-
plate has a porosity of  65–70%, which is greater than 
that of  traditional titanium or cobalt–chrome beads. 
Highly porous titanium has a coefficient of  friction of 
1.01 ± 0.18 (Dimaano et al. 2010). The manufacturing 
process consists of  laser rapid manufacturing wherein 
commercially pure titanium or a titanium alloy pow-
der is deposited layer by layer using computer-based 
designs and laser sintering technology. Advantages of 
additive manufacturing include the creation of  either 
solid, porous, or fenestrated features on an implant 
of  any form that cannot be attained through conven-
tional manufacturing. This technology can optimize 
porosity for ingrowth and has the ability to manufac-
ture complex geometries including the solid keel with 
porous tibial fixation at the baseplate or porous pegs 
designed at specific locations.

Initial implant stability is crucial to allow for 
 osseointegration, which had been an issue with first- 

generation cementless tibial component designs. Bhimji 
and Meneghini (2014) studied two cementless baseplate 
designs:

 5 One with two hexagonal pegs made of porous tanta-
lum without a keel.

 5 The other with four cruciform pegs of porous tita-
nium which also included a keel.

Their findings demonstrated that a baseplate with dual-
hex peg fixation without a keel experienced more rock-
ing motions, making it susceptible to larger amounts of 
liftoff  than the baseplate with a keel and four surround-
ing pegs.

Hydroxyapatite (HA) coatings are osteoconductive, 
facilitating the formation of bone structure and poten-
tially contributing to more stable fixation over the years. 
HA coatings can enhance the stability of implants by 
promoting early bone ingrowth even in the presence of 
small gaps or initial instability (Dumbleton and Manley 
2004). In a review of HA-coated cementless tibia com-
ponents, Voigt and Mosier (2011) found that longer term 
durability may be enhanced with HA-coated implants, 
particularly in patients who are younger than 70 years 
of age.

32.3   Surgical Technique

Adequate bone quality is needed for mechanical stabil-
ity and osseointegration. When compared to normal 
controls, cementless tibial components show decreased 
mechanical stability in osteoporotic bone (Meneghini 
et al. 2011).

 > However, at present, definite objective preoperative 
studies from which to base a selection criteria for 
cementless TKA are lacking. The author’s indications 
include young, active patients, and morbidly obese 
patients with good bone quality.

Preoperative radiographs can be used initially as a tool 
to determine bone quality, but intraoperative evaluation 
of the patient’s bone quality is needed.

 > Contraindications may include patients with osteopo-
rotic bone, the elderly, posttraumatic arthritis where 
the bone vascularity is compromised, and in cases 
with bone loss requiring grafts or augments.

Whereas cemented fixation allows for slightly imperfect 
bony cuts, bony defects, and variable bone porosity, 
cementless TKA requires a rim fit with maximum cov-
erage of the available host proximal tibia bone surface 
for coverage with the tibial implant. The preparation 

Cementless Total Knee Arthroplasty
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       . Fig. 32.2 a Zimmer Persona® cementless TKA design. b Preoperative AP and lateral radiographs of  a 67-year-old female with right knee 
osteoarthritis. c Postoperative AP and lateral knee radiographs using the Persona® design

a

b

 B. A. King and A. L. Malkani



371 32

of the tibial plateau can result in an uneven surface in 
cases of very sclerotic bone as the saw blade can skive 
off  the dense sclerotic bone. Togsvig-Larsen and Ryd 
(1991) reported the potential of a 1–2 mm gap between 
the uppermost and lowermost points of a cut tibial sur-
face. An uneven cut may contribute to implant instabil-
ity with weight-bearing and possible subsequent loss of 
fixation. The tibial cut can be evaluated intraoperatively 
with the “four corners” technique described by White-
side, that being digital impaction of each corner of a 
flat tibial baseplate trial to ensure no liftoff. Cementless 
posteriorly stabilized (PS) TKA carried additional con-
cerns about micromotion at the tibial fixation interface 
caused by cam–post engagement potentially leading to 
aseptic loosening (Mikulak et al. 2001). These early con-
cerns have not endured. Harwin et al. (2018) reviewed 
cementless PS TKA at minimum 7-year follow-up, and 
at a mean of approximately 8 years excellent survivor-
ship of 98% was maintained.

32.4   Results

 > Several recent studies have compared the survivorship 
of  cemented versus cementless TKA with promising 
results for modern cementless TKA designs.

c

       . Fig. 32.2 (continued)

       . Fig. 32.3 a Stryker Triathlon® cementless TKA design. b Preop-
erative AP and lateral radiographs of  a 63-year old female with left 
knee osteoarthritis. c Postoperative AP and lateral knee radiographs 
using the cementless Triathlon®

a
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c

       . Fig. 32.3 (continued)
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In a retrospective study comparing cemented versus 
cementless fixation for primary TKA using the same 
implant design, Miller et  al. (2018) demonstrated a 
failure rate due to aseptic loosening of 0.5% at an 
average follow-up of 2.4 years following TKA using a 
cementless highly porous tibial baseplate. The matched 
cemented cohort with the same implant design had an 
aseptic failure rate of 2.5%. Boyle et  al. (2018) per-
formed a similar retrospective review using a single CR 
system in cemented versus cementless TKA in patients 
with BMI > 30 with a mean follow-up of 5.7 years. In 
their study, 154 uncemented patients and 171 cemented 
patients were found to have a 99.3% and 99.4% survivor-
ship for tibial aseptic loosening, respectively.

In a retrospective study of cemented versus cement-
less PS TKA in morbidly obese patients with a mean 
BMI of 45 and 5-year follow-up, there was an overall 
revision rate of 5.4% with a revision rate of 0.9% for 
aseptic loosening in the cementless group versus a 25.9% 
overall revision rate and 11.8% aseptic loosening fail-
ure in the cemented cohort. Survivorship with aseptic 
loosening as the end point was 92.9% at 5 years for the 
cementless group and 88.2% at 8 years for the cemented 
group (Sinicrope et al. 2019). In a similar earlier study at 
the same institution, Bagsby et al. (2016) demonstrated 
improved survivorship of the cementless TKA  prosthesis 
over the cemented TKA for all causes of revision and for 
aseptic loosening. Their study demonstrated that mor-
bidly obese patients undergoing cementless TKA had a 
lower rate of aseptic revision, greater improvement in 
functional scores, and comparable postoperative range-
of-motion to patients who underwent cemented TKA.

 > They concluded that cementless fixation may provide 
biologic bony ingrowth leading to a more durable 
implant–bone interface, which may better tolerate the 
added mechanical stress generated in this challenging 
patient population.

Cementless TKA has also been effective in a younger 
population. In a review of 29 young patients (mean age 
45 years) undergoing cementless TKA, at average of 4-year 
follow-up, the overall implant survivorship was 100%. 
There were no failures or revision surgeries performed and 
no evidence of radiographic loosening (Mont et al. 2017). 
In a separate study, a Kaplan–Meier survivorship analy-
sis showed primary cemented TKA patients <55 years old 
had significantly higher rates of revision due to aseptic 
loosening at both 5 and 10 years postoperatively compared 
with cementless TKA (McCalden et al. 2013).

There are multiple studies demonstrating excel-
lent survivorship for modern cementless TKA designs 

(. Table  32.2) (Boyle et  al. 2018; Harwin et  al. 2015; 
Kwong et al. 2014; Cross and Parish 2005; Tai and Cross 
2006; Kim et al. 2014).

Cementless components experience a period of initial 
migration before osseointegration. In a study investigat-
ing the press-fit fixation of Stryker Triathlon® cementless 
tibial baseplate and metal-backed patella to the underly-
ing bone, most component migration was observed over 
the first 6 postoperative weeks, after which no significant 
migration between the 12- and 24-month timepoints was 
observed. This demonstrates the biphasic migration pat-
tern in cementless components, characterized by a high 
initial migration followed by stabilization. This suggests 
osseointegration of the components at about 6  weeks 
(Nevelos et  al. 2019). The micromotion experienced 
by cementless tibial components may indicate a lower 
initial mechanical stability than cemented components. 
However, this difference in initial stability may be sub-
clinical, as the differences between average cemented 
and cementless micromotion were <150 μm in one study 
(Crook et al. 2017). In a study by Dunbar et al. (2009), 70 
patients were randomized to a cemented or cementless 
tantalum tibial baseplate (NexGen®, Zimmer-Biomet, 
Warsaw, IN). A radiosteroemetric analysis was per-
formed at 6, 12, and 24 months. Cementless components 
experienced migration, with 9/28 components migrating 
>1 mm at 1 year. These components then stabilized and 
none were considered be at risk for early aseptic loosen-
ing, whereas 4/21 cemented components were at risk for 
early aseptic loosening.

Radiolucent lines (RLL) following TKA are con-
cerning for osteolysis and loosening. In a study by 

       . Table 32.2 Modern design cementless TKA survivorship 
studies

Research group Length of 
follow-up (years)

Survivor-
ship (%)

Design

Harwin et al. 
(2015)

4 99.5 Triath-
lon®

Boyle et al. 
(2018)

5 99.3 Triath-
lon®

Kwong et al. 
(2014)

7 95.7 Nex-
Gen®

Cross and 
Parish (2005)

10 99.6 Active

Tai and Cross  
(2006)

12 97.5 Active

Kim et al. 
(2014)

17 98.9 Nex-
Gen®

Cementless Total Knee Arthroplasty
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Aebli et  al. (2004), the radiographic results from 91 
cementless TKA over a 7.5-year follow-up showed that 
RLL appeared most frequently near the tibial plateau 
and that most RLL were present immediately post-
operatively or appeared within the first year (96%). 
RLL were largely non-progressive (99%). In a review 
of  a primary cementless TKA using a CR RP TKA 
system, there were femoral and/or tibial radiolucen-
cies at almost all time points including 6 weeks, 1 year, 
and final follow- up with an average final follow-up of 
9.6 years. These were found to be non-progressive par-
tial and stable lines at final follow-up. In addition, the 
presence of  these stable RLLs did not seem to affect 
the functional outcome of  these patients at final fol-
low-up (Costales et al. 2020). These results suggest that 
if  RLLs are visible within the first year postoperatively, 
but do not increase further, observation or conserva-
tive treatment can be pursued.

Nam et  al. (2017) compared cementless versus 
cemented total knee implants and demonstrated no dif-
ference in blood loss or change in hemoglobin but did 
show decreased operative time in the cementless group. 
There have been concerns of increased bleeding due to 
lack of tamponade by cement that have not been sub-
stantiated. Given the ongoing transition to alternative 
payment models by insurance providers, the value of 
healthcare continues to be evaluated. Cementless com-
ponents are more expensive than their cemented coun-
terparts. However, savings in the non-implant costs of 
decreased surgical time and not using cement negate 
these higher implant costs (Yayac et al. 2020). There are 
several modern design implants available for cementless 
TKA fixation at present (. Table 32.3).
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bone interface. Long-term component fixation 
remains a concern in this population.

 5 First-generation cementless knee components con-
tained design flaws. Lessons learned from these 
flaws, together with advances in materials and 
manufacturing techniques, have given rise to the 
modern generation of cementless components with 
excellent mid-term results.

 5 Modern-design cementless TKA components have 
demonstrated equivalent and even improved survi-
vorship in certain patient populations, including 
the young and the morbidly obese. Cementless fixa-
tion may provide biologic bony ingrowth leading to 
a more durable implant–bone interface, which may 
better tolerate the added mechanical stress gener-
ated inthesepatient populations.

 5 Objective preoperative studies from which to base 
a selection criteria for cementless TKA are lacking. 
The author’s indications include young, active 
patients, and morbidly obese patients with good 
bone quality. Contraindications may include 
patients with osteoporotic bone, the elderly, post-
traumatic arthritis where the bone vascularity is 
compromised, and in cases with bone loss requir-
ing grafts or augments.

       . Table 32.3 Modern design cementless TKA implants 
available in the United States
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Stryker Triathlon®

Zimmer NexGen®

Zimmer Persona®
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