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Abstract

Background:  There has been recent enthusiasm for the 
use of modular stemmed tibial components in obese (BMI 
≥35kg/m2) patients undergoing primary total knee arthro-
plasty (TKA). This has been mainly driven by studies dem-
onstrating statistically significant increases in the rates of 
aseptic tibial loosening (ATL) in this patient population. 
However, to our knowledge, no study has specifically eval-
uated the cost effectiveness of this current recommenda-
tion.

Methods: The following study was performed utilizing 
previously obtained data on the incidence of ATL in obese 
patients undergoing primary TKA. This data was then uti-
lized to create a cost calculator that can evaluate the price 
point at which the use of a stemmed tibial component in 
all obese patients would be less than or equal to the costs 
of revision surgery if a stemmed implant was not utilized. 

Results: Utilizing historical data with a revision rate of 
4% for aseptic loosening of the tibia on obese patients, a 
cost calculator was developed. The cost calculator requires 
the input of expected or known incidence of ATL utilizing 
a stem extension and the expected or known costs of revi-
sion for ATL. 

Conclusion: The following cost calculator quickly de-
termines a price point at which the use of a tibial stem off-
sets the costs of revision surgery. While this study may not 
provide an exact cost-effectiveness of modular stem fixa-
tion due to model limitations, it will hopefully initiate the 

discussion for providing more cost-effective individual-
ized care for this patient population.

 
Background

Obesity is currently an epidemic, affecting approxi-
mately one third of adults in the United States [1]. The av-
erage body mass index (BMI) in patients undergoing pri-
mary total knee arthroplasty (TKA) continues to increase. 
Numerous studies have demonstrated significantly worse 
outcomes in obese patients undergoing primary TKA [2–
5]. More recently, several studies have begun to identify 
obesity as a risk factor for aseptic loosening of the tibial 
component after primary TKA [6–8]. Abdel noted an ap-
proximately doubled risk of aseptic tibial loosening (ATL) 
in this patient population at 15 year follow-up [7]. They 
noted that increased implant fixation with the use of a tibial 
stem may decrease the rate of ATL in patients with a BMI 
≥ 35 kg/m2. 

The introduction of a modular tibial stem significantly 
increases fixation of the tibial component. One study not-
ed that the addition of a short tibial stem decreases proxi-
mal tibial cement-bone interface compressive stresses by 
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136% and cement-bone shear stress by 92% [9]. However, 
the use of a tibial stem has not been demonstrated to sig-
nificantly improve outcomes in obese patients undergoing 
TKA [10]. Additionally, the incidence of ATL in obese pa-
tients that receive a modular tibial stem is unknown. De-
spite limited clinical evidence, there has been increased 
use of tibial stems in obese patients undergoing primary 
TKA to decrease the incidence of ATL.

Utilization of a tibial stem has several limitations in-
cluding increased surgical time, increased difficulty of re-
vision of the implant, and cost. The addition of a tibial 
stem is not available with all tibial baseplates. Some im-
plants may require conversion from the standard prima-
ry tibial tray to a revision tibial tray. Conversion to a re-
vision tibial tray may substantially change implant costs 
based on the cost differential of the primary and revision 
implant pricing. Currently, there is almost no data avail-
able if utilizing a modular stemmed tibial component for 
obese patients undergoing primary TKA is cost-effective. 
Therefore, the following study was designed to develop a 
cost-calculator that would evaluate the price point at which 
the use of a tibial stem would offset the cost of revision 
surgery in obese patients (BMI ≥ 35 kg/m2) undergoing 
primary TKA. The cost calculator was then applied to a 
high volume arthroplasty center to determine the projected 
costs at this institution. While the following cost calculator 
only represents a very basic model of cost-effectiveness, 
the primary goal for this study is to begin the discussion in 
providing cost-effective personalized medicine for obese 
patients undergoing primary TKA.

Materials and Methods

The following study was performed utilizing historical 
data on the incidence of ATL in patients undergoing pri-
mary TKA [7]. This dataset included retrospectively col-
lected information from 1998 to 2012 utilizing a variety of 
contemporary total knee arthroplasty designs. Four major 
implant manufacturers were included, specifically DePuy 
(Warsaw, IN), Stryker (Mahwah, NJ), Zimmer (Warsaw, 
IN), and Smith and Nephew (Memphis, TN). Stratifying 
aseptic loosening by BMI, obese patients had a statisti-
cally significant increased rate of aseptic loosening at 15 
years (4.26% vs. 2.16%) and a hazard ratio 2.3 (p=0.003). 
It should be noted that some primary implants have differ-
ent implant geometry or stem lengths which may not have 
significantly higher rates of tibial loosening in obese pa-
tients, and this particular implant was not included in the 
study design11.  

The four percent incidence of ATL in obese patients at 

15 years, with contemporary total knee arthroplasty de-
signs, was then utilized as the main determinant for build-
ing the cost calculator. The following formula was utilized 
to determine if the costs of the addition of a tibial stem 
were cost effective: 

t = Costnon-stemmed -Coststemmed

t represents the cost of the tibial stem. Costnon-stemmed rep-
resents the cost for revision surgery assuming the historical 
incidence of 4% for all obese patients undergoing primary 
TKA without a stemmed tibial component. Coststemmed rep-
resents the cost for revision surgery based on the incidence 
of revision when utilizing a stemmed tibial component in 
all patients.

For simplification of the scoring calculator, variables 
that could be easily identified at most institutions, includ-
ing the incidence of ATL when a stemmed tibial compo-
nent and the cost of revision for aseptic loosening were 
utilized. More sophisticated modeling would likely con-
sider variables that are more challenging to quantify such 
as quality adjusted life years, pain scoring, vocational ab-
sences, costs of complications, etc. However, the aim of 
this study was only to determine at what price point the 
cost of the tibial stem offsets the cost of revision for ATL. 

A scoring calculator was then developed that would cal-
culate the cost of a tibial stem by allowing the user to in-
sert two variables; 1. the incidence of ATL when a modular 
tibial stem was utilized, and 2. the cost of revision sur-
gery for ATL.  An example was then utilized to demon-
strate how the calculator might be applied. Additionally, 
the calculator was applied to a high volume joint center to 
determine if the costs of the modular tibial stem offset the 
costs of revision for aseptic loosening at each institution. 
It should be noted that at our institution, a short (<40 mm) 
supplemental cemented tibial stem was utilized for addi-
tional fixation. No long constructs or cementless designs 
were included.

Results

A scoring calculator was developed utilizing price 
points of revision surgery beginning at $5,000 and increas-
ing by $5,000 intervals up to $50,000. The rates of aseptic 
loosening were listed from 0% to 4.5%. An aseptic loos-
ening rate of 4% identified the point at which the use of 
a tibial stem could not add any additional cost to the total 
implant price or it would no longer be cost effective. Addi-
tionally, 4.5% was included only for completeness. It was 
not believed that the use of a tibial stem would result in a 
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Table 1: Cost Calculator Table 
Cost of Revision for aseptic loosening (dollars)

Aseptic 
loosening 
Incidence 

(%)

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

0 200 400 600 800 1000 1200 1400 1600 1800 2000
1 150 300 450 600 750 900 1050 1200 1350 1500

1.5 125 250 375 500 625 750 875 1000 1125 1250
2 100 200 300 400 500 600 700 800 900 1000

2.5 75 150 225 300 375 450 525 600 675 750
3 50 100 150 200 250 300 350 400 450 500

3.5 25 50 75 100 125 150 175 200 225 250
4 0 0 0 0 0 0 0 0 0 0

4.5 -25 -50 -75 -100 -125 -150 -175 -200 -225 -250

higher rate of aseptic loosening. 
For the creation of the table, the 
revision rate in patients that did 
not receive a stem was assumed 
to be 4%. The following tibial 
stem cost calculator can be seen 
in Table 1.

 
Case Example

The cost calculator can be 
utilized to determine the cost-ef-
fectiveness of the stem when the 
incidence of aseptic loosening 
of the tibial implant is known as 
well as the cost of revision sur-
gery for aseptic loosening of the 
tibia. Therefore, if a hospital has 
a known incidence of 1.5% for ATL when a tibial stem is 
utilized and the costs for a revision for aseptic loosening 
are $30,000 per revision; the tibial stem would need to be 
less than $750. If the stems cost any more than $750 the 
cost of revision for ATL would be less than the total costs 
for the use of stems.

t = Costnon-stemmed -Coststemmed

t =  4%($30,000) – 1.5%($30,000)
t = $1,200 - $450

t = $750

High Volume Center
The following institution has less than a 1% incidence 

of ATL when utilizing a tibial stem. Therefore, 1% ATL 
was utilized for the following calculation. The cost of re-
vision surgery for ATL is approximately $45,000/revision 
(based on average hospital collections). Therefore, the 
cost calculator demonstrates that the cost of the tibial stem 
should be $1,350. However, at this institution, the costs for 
the tibial stem are $2,000/stem. Therefore, each additional 
case where a tibial stem is utilized represents an additional 
$650/case in costs.

t = 4%($45,000) – 1%($45,000)
t = $1,800 – $450

t = $1,350

Discussion

Obesity remains a substantial risk factor for complica-
tions and worse outcomes following primary TKA [4,12–
15]. Many studies have associated obesity with increased 

implant loosening rates, but there remains a paucity of data 
regarding the economic considerations in this patient pop-
ulation [6,8]. A recent study by Abdel et. al. has recom-
mended considering the use of a stemmed tibial compo-
nent in obese patients undergoing primary TKA [7]. While 
this may potentially reduce the incidence of ATL in this pa-
tient population, we believe that this practice may signifi-
cantly increase the cost of joint replacements if appropri-
ate implant pricing has not been considered. Therefore, the 
following study provides a framework for implant pricing 
to begin the discussion of improving cost-effectiveness in 
obese patients undergoing primary TKA.

Recent studies have demonstrated that the average BMI 
in patients undergoing primary TKA has continued to rise 
[16]. The average BMI is approaching 35 kg/m2. If a mod-
ular stemmed tibial component was utilized in all patients 
with a BMI ≥35 kg/m2, approximately 50% of patients 
would require this implant. If cost-effectiveness is not con-
sidered, there is a potential for these implants to add exces-
sive additional costs. This would be contradictory to the 
current emphasis that has been placed on cost-containment 
in total joint replacement. Therefore, this study critically 
analyzes the costs of utilizing a stemmed tibial component 
in obese patients undergoing primary TKA with a goal of 
providing more cost-effective individualized care.

The cost-effectiveness of the tibial stem in this model is 
dependent on multiple factors. First, the incidence of ATL 
is extremely important. The lower the incidence of ATL in 
the obese population implanted without stems, the great-
er the number needed to treat to prevent this complication 
and therefore increased costs. Next, the incidence of asep-
tic loosening in obese patients in which a tibial stem was 
utilized can dramatically alter the cost-effectiveness. In an 
ideal scenario, the use of a tibial stem would prevent all 
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cases of tibial loosening. However, realistically, there will 
be a small percentage of patients that still develop ATL in 
this patient population. Preferably, this percentage would 
not be greater than the incidence of loosening in patients 
where a tibial stem was not utilized. One final consider-
ation would be the cost of revision surgery for aseptic loos-
ening. The more expensive the revision surgery, the more 
cost-effective the stem can potentially become. 

Current pricing for tibial implants is commonly nego-
tiated between hospital systems and the implant manufac-
turers. A thorough understanding of each implant’s revi-
sion options is therefore necessary. Some implant models, 
can readily incorporate a stem on their primary tibial tray. 
However, other tibial implants are not modular and require 
conversion to a revision tibial tray. There may be substan-
tial cost differences between adding a stem and changing 
to a revision tibial tray. Therefore, the modularity or abil-
ity to accept a tibial stem must be factored into the cost-ef-
fectiveness of supplemental tibial stem fixation. It should 
be noted that decreasing 90-day complication and readmis-
sion rates is one of the main focuses of many hospital sys-
tems. However, preventing aseptic loosening years later 
may be overlooked in many discussions on implant pricing 
but should be considered.

As was identified in the clinical example, the cost of a 
tibial stem was not cost-effective based on this simplified 
cost calculator. The high volume center had an increased 
cost of $650/stem. It is possible that other variables, in-
cluding quality of life, could have been modeled into the 
cost-analysis and provided more favorable results for the 
use of a modular tibial stem. However, there is currently 
limited clinical evidence that supports the benefits for the 
use of a tibial stem. Therefore, further reductions in the 
price of a tibial stem may be necessary to increase the cost-
effectiveness of these implants. Considering that the av-
erage BMI is now approaching 35 kg/m2, approximately 
300,000 of the estimated 600,000 annual TKAs will likely 
require a tibial stem. The use of tibial stem may increase 
the costs by approximately $200 million utilizing this data. 
However, the main objective of this study is not necessar-
ily to recommend for or against the use of modular tibial 
stems. The goal is to initiate the discussion of cost-effec-
tiveness of global use of these stems in all obese patients, 
with a focus on individualized care.

Currently, there is a small margin for cost-effectiveness 
of the tibial stem based on this model. When implant costs 
rise above a certain threshold, the tibial stem can add sub-
stantial costs to the surgery. Unfortunately, as the average 
BMI in patients undergoing primary TKA increases, this 
will further increase the costs. Therefore, more selective 
utilization of tibial stems in obese patients may further im-

prove cost-effectiveness of the implant. Fehring et. al. re-
cently identified smaller implant size and obesity to be as-
sociated with aseptic tibial varus collapse [8]. He noted 
that higher tibial stress appears to be a risk factor for this 
failure mechanism and recommended consideration of a 
stem for additional fixation at a critical tibial stress thresh-
old of 300,000 Pa. Subsequently, Martin et. al. noted that 
preoperative varus deformity may also be associated with 
aseptic tibial varus collapse [6]. Screening patients for risk 
factors associated with ATL (smaller implant size and pre-
operative varus deformity) will improve the cost-effective-
ness of the tibial stem.

While this study represents the first attempt to dem-
onstrate the cost-effectiveness of utilizing a tibial stem in 
obese patients undergoing primary TKA, there are sever-
al limitations. First, this study utilizes a basic model that 
attempts to determine the cost-effectiveness of utilizing 
a stemmed tibial component. The modeling process has 
inherent limitations and is not as accurate as a random-
ized prospective trial. However, the time and cost-savings 
of the model are notable and does spark the debate of the 
cost-effectiveness of modular stem fixation in obese pa-
tients undergoing primary TKA. Unfortunately, this model 
does not address all of the variables but may lead to im-
proved modeling in the future. Second, implant pricing is 
not universal. Higher volume centers will likely be able 
to obtain implants at a reduced cost. This can impact the 
cost-effectiveness models by increasing the price of the 
implants as well as the cost of revision. Third, the rate of 
ATL is based on historic controls. Higher rates of aseptic 
loosening will increase the cost-effectiveness of the tibial 
stem. Additionally, the ability of the modular tibial stem to 
prevent ATL is not known. As the rate of revision for asep-
tic loosening of the stemmed tibial component approaches 
the rate of aseptic loosening without a stem, the additional 
costs of the stem will eventually become cost-ineffective 
at any price. Finally, this study attempts to simplify the 
complexities of calculating cost-effectiveness. It is very 
challenging to determine an exact cost associated with re-
vision surgery. The costs represented in this study do not 
factor in patient’s debility before or after surgery, second-
ary effects of caregivers, the need for nursing/rehab facility 
use, or post-operative complications that are not captured 
in the 90-day global period, or the costs of work absences 
[17,18]. As these other variables are included, the cost-ef-
fectiveness of the modular tibial stem will likely increase 
as well. The authors acknowledge this as a substantial lim-
itation, and understand that further investigation is neces-
sary on this topic to build more accurate models. However, 
with the recent push for cost-containment in arthroplasty 
surgeries, there will be greater scrutiny on the costs of im-
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plants. Therefore, this study offers an introductory view 
into the cost-effectiveness of tibial stems.

Conclusion

Utilization of a tibial stem in obese patients has been 
advocated as a method for decreasing the rates of aseptic 
loosening in primary TKA. Currently, there are few clin-
ical studies that have demonstrated a significant reduc-
tion in aseptic loosening with a modular stemmed tibial 
component. However, theoretical benefits have led many 
surgeons to adopt this methodology. The following cost 
calculator was proposed as a method for rudimentarily cal-
culating the cost-effectiveness of utilizing a tibial stem. 
This study is not meant to specifically determine implant 
pricing, but rather to re-evaluate clinical practices in or-
der to provide more cost-effective individualized medi-
cine. We therefore would recommend more selective utili-
zation of tibial stems in obese patients undergoing primary 
TKA whenever possible to improve the cost-effectiveness 
of these implants.
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