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Purpose: Obesity is a risk factor for aseptic loosening after total knee arthroplasty (TKA). Prophylactic use of tibial stems may enhance tibial fixation
in obese patients. The aim of this study was to determine whether a tibial stem extension decreases rates of early failure in obese patients.
Materials and Methods: This study included 178 consecutive primary TKAs (143 patients) with a body mass index ≥35 kg/m2. Fifty TKAs were
performed with the use of a 30 mm tibial stem extension, and 128 TKAs were performed with a standard tibial component. Patients with twoyear clinical follow-up were included. The primary outcome was revision for aseptic loosening. Secondary outcomes were all-cause revision and
radiolucent lines (RLLs) on radiographs.
Results: Average follow-up was 34 months (range, 24 to 46 months). No failures for aseptic loosening occurred. The occurrence of secondary
procedures was not significantly different between groups. Quantification of RLLs revealed no difference between groups.
Conclusions: At early follow-up, no difference was measured in revision rates, need for subsequent procedures, or RLLs between groups.
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Introduction
Obesity is an epidemic which has been associated with in
creased complications and lower outcome scores after total knee
arthroplasty (TKA)1-5). The World Health Organization defines
obesity as a body mass index (BMI) greater than 30 kg/m2, and
over one-third of adults in the United States are estimated to be
obese6,7). The number of obese patients undergoing total joint ar
throplasty has subsequently increased in recent decades5).
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Aseptic loosening is a leading cause for revision TKA in the
United States, contributing to 20%-40% of all-component revi
sions for TKA8,9). Aseptic loosening was found to be the second
most common cause for early failure (<2 years) and the most
common cause of late failure (>2 years)9). Obesity has recently
been shown to increase this risk for aseptic loosening after prima
ry TKA. Patients with BMI ≥35 kg/m2 were twice more likely to
have aseptic loosening at 5- and 15-year follow-up than patients
with BMI <35 kg/m2 1). Weight gain after index TKA has similarly
been shown to increase early failure from aseptic loosening2).
Tibial stem extensions have been used to enhance proximal
tibial fixation for a number of indications in primary TKA, and
the use of a tibial stem extension have been described as a poten
tial strategy to reduce mechanical failure in obese patients after
TKA1,10,11). Proximal tibia stress is affected by both body weight
and tibial component design10-12). Increased proximal tibia stress
due to body weight and component design have been associated
with mechanical failure9,11,13). Tibial component design, such as
a larger surface area or use of a stem extension, can theoretically
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help to dissipate these stresses by distributing them over a greater
area.
This study is a short-term retrospective cohort analysis of two
groups of patients with BMI ≥35 kg/m2 who underwent primary
TKA either with standard tibial components or with prophylactic
short tibial stem extensions. The primary outcome measure was
mechanical failure due to aseptic loosening. Secondary outcome
measures were secondary procedures for any cause and quantifi
cation of radiolucent lines (RLLs).

Table 1. Demographics
Characteristic
Total knee arthroplasty

Standard

50

128

p-value

Age (yr)

61±8.8

62±8.7

0.49

Female

43 (86)

102 (79)

0.33

24 (48)

67 (52)

0.60

Smaller size tibial component

38 (76)

77 (60)

0.047

Time to follow-up (mo)

30±3.8

34±5.2

<0.001

44.4±6.1

39.8±4.1

<0.001

Right side
a)

Body mass index (kg/m2)

Materials and Methods
After Institutional Review Board approval, the electronic medi
cal record was reviewed to identify patients who underwent
primary TKA during a single year (2013–2014) by two surgeons
who specialize in TKA. Patients with BMI ≥35 kg/m2 at the time
of surgery were included in the study. This cutoff was used be
cause it is the same cutoff that was used in a recent and relevant
analysis1). Radiographs were reviewed to determine whether a
short tibial stem extension was used, and operative reports were
reviewed for each case to determine the indication for use of a
stem extension. Stems used prophylactically for obesity were in
cluded. Tibial stems used for any other indication were excluded.
During this time period, a stem extension was used prophylacti
cally in obese patients at the discretion of the surgeon and after
conversation with the patient. Only after the study period did it
become standard practice at this institution to use a short tibial

Stemmed

35–39 (WHO class II)

9 (18)

70 (55)

≥40 (WHO class III)

41 (82)

58 (45)

40–44

22

31

45–49

12

15

50–54

3

2

55–60

4

0

0

4 (3)

0.26

Active

4 (8)

15 (12)

0.59

Former

13 (26)

43 (34)

0.37

2 (4)

10 (8)

0.29

16 (32)

34 (27)

0.47

Rheumatoid arthritis
Tobacco use

Osteopenia or osteoporosis
Diabetes mellitus

Values are presented as mean±standard deviation or number (%).
WHO: World Health Organization.
a)
Defined as lower half of offered manufactured sizes (NexGen size, 1–4;
Persona size, A–D).

Total primary TKAs in one-year
period
(n=561)
BMI>35 kg/m
(n=213)

Short tibial stem
(n=64)

2

BMI<35 kg/m
(n=351)

2

Standard tibial component
(n=149)

Exclusions (n=34):
- Death: 4 (stem group)
- Less than 2-year follow-up:
7 (stemmed)
21 (standard)
- Stem use for indication other than obesity
3 (stemmed)

Short tibial stem
(n=50)

Standard tibial component
(n=128)

Fig. 1. Study design. TKA: total knee ar
throplasty, BMI: body mass index.
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stem extension in patients with BMI ≥35 kg/m2.
Patients were excluded if the stem extension was used for any
indication other than obesity, such as conversion arthroplasty,
significant hardware removal, or constrained articular geometry.
Patients who underwent conversion from unicompartmental
knee arthroplasty to TKA were excluded. Patients without an
orthopedic follow-up visit two years or longer after index surgery
were contacted via telephone or letter to determine if they had
revision surgery or subsequent procedures after index TKA. Any
patient who was unreachable was excluded.
Fig. 1 is a patient flow diagram showing that final comparison
groups included 42 patients (50 TKAs) with short tibial stems
and 101 patients (128 TKAs) with standard tibial components.
Key demographic data are presented in Table 1.
Patients underwent posterior-stabilized TKA with either Nex
Gen Legacy or Persona components (Zimmer Inc., Warsaw, IN,
USA) and cemented femoral and modular metal-backed tibial
trays. Patients in the stemmed group received a 30 mm short

tibial stem extension (Zimmer Inc.). In the standard tibia group,
two patients underwent posterior-stabilized TKA with Smith &
Nephew Genesis II (Smith & Nephew Inc., Memphis, TN, USA)
cemented components due to reported metal allergies. One of
these patients had a cemented all-polyethylene tibial component.
One patient in the standard tibia group was treated with a Zim
mer NexGen Legacy uncemented trabecular metal modular tibial
tray. Implant records were collected from the operative reports
and are listed in Table 2.
Anteroposterior (AP) and lateral knee radiographs obtained
greater than two years after index procedure were reviewed by
two independent observers not involved in the surgeries (Fig.
2). The Knee Society total knee arthroplasty roentgenographic
evaluation scoring system (KSRES) score was assigned based on
the cumulative number of RLLs on the AP and lateral films14) (Fig.
3). The KSRES scores were rated as 4 mm or less, 5–9 mm, and
10 mm or greater. The radiographs were also assigned a percent
age based score (PBS) according to a recently described tech
nique15). The extent of RLLs on AP and lateral views was assigned
a percentage involvement with respect to the total tibial surface.
PBS values were placed into three groups: <10%, 11%–25%, and
>25%. Kappa values were used to measure interobserver reliabil
ity for both KRES and PBS grouping.
Statistical analysis included Fisher exact tests for categorical
variables and 2-sample Student t-tests for continuous variables.
All tests were two-tailed, and p-values were considered signifi
cant at 0.05. Continuous variables were reported as mean and
standard deviation (SD), and categorical variables as percentage.

Table 2. Implant Design
Tibial component

Stemmed (%)

Standard (%)

49 (98)

53a) (41)

Zimmer NexGen Legacy
Zimmer Persona
Smith & Nephew Genesis II

1 (2)

73 (57)

0

2b) (1)

All implants were cemented metal-backed posterior stabilized tibial
components except as noted:
a)
Includes one uncemented trabecular metal monoblock tibial component.
b)
Includes one cemented all-polyethylene tibial component.

A
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B

Fig. 2. Radiographs with standard tibial component (A, B) and short stem extension (C, D).

C

D
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1

2

5

3

1

4

3

7
2

6

A

B

Table 3. Complications Requiring Secondary Procedures
Characteristic
Totala)

Fig. 3. Tibial zones for the Knee Society
total knee arthroplasty roentgenographic
evaluation scoring system calculation based
on Ewald14) (1989) and Chalmers et al.15)
(2017). The sum of the radiolucent lines for
each zone was calculated on the anteropos
terior (A) and lateral (B) radiographs.

Table 4. Measurement of Radiolucent Lines about Tibial Component

BMI ≥35 kg/m2
(p=1.00)

BMI ≥40 kg/m2
(p=0.17)

Stemmed Standard

Stemmed Standard

2 (4%)

6 (4.7%)

2 (4%)

0

Aseptic loosening

0

0

0

0

Patella dislocation

1

0

1

0

Instability

1

0

1

0

Stiffness requiring
manipulation

0

4

0

0

Wound Complication

0

1

0

0

Infection

0

1

0

0

Periprosthetic fracture

0

0

0

0

BMI: body mass index.
a)
p=1.00.

Results
The average age of all patients was 62 years (range, 40 to 86; SD,
8.7). The average BMI was greater in the stemmed cohort than
the standard cohort (44.4 vs. 39.8, p<0.001; confidence interval,
–6.1 to –3.0). The average clinical follow-up was 32 months
(range, 24 to 46 months; SD, 5.2), and average radiographic
follow-up was 32 months (range, 24 to 46 months; SD, 5.6).
No patients in either group underwent revision for aseptic
loosening, the primary outcome measure. As shown in Table 3,
no difference in secondary procedures was measured between
groups. Notably, four patients underwent manipulation under
anesthesia (MUA) 6–10 weeks after index procedure for stiffness.
Indication for MUA was flexion range of motion less than 90
degrees within 6–8 weeks of index surgery. Subgroup analysis of
patients with BMI ≥40 kg/m2 did not show a difference in com
plications between groups.

Parameter

BMI ≥35 kg/m2 (p=0.80)a)

BMI ≥40 kg/m2 (p=0.337)a)

Stemmed (%) Standard (%) Stemmed (%) Standard (%)

≤4 mm

31 (86)

70 (84)

25 (89)

31 (79)

4–9 mm

5 (14)

13 (16)

3 (11)

8 (21)

>10 mm

0

0

0

0

36

83

28

39

Total

Radiolucent lines were measured on anteroposterior and lateral films.
BMI: body mass index.
a)
Fisher exact test.
Table 5. Percentage-Based Measurement of Radiolucent Lines about
Tibial Component
Parameter

BMI ≥35 kg/m2 (p=0.11)a)

BMI ≥40 kg/m2 (p=0.244)a)

Stemmed (%) Standard (%) Stemmed (%) Standard (%)

≤10%

13 (36)

32 (39)

10 (36)

14 (36)

11%–24%

23 (64)

39 (47)

18 (64)

21 (54)

>25%

0

12 (14)

0

4 (10)

Total

36

83

28

39

Percentage was measured on anteroposterior and lateral films.
BMI: body mass index.
a)
Fisher exact test.

Radiographs were available for 36 TKAs (72%) in the stemmed
group and 83 TKAs (64%) in the standard group more than 2
years after index surgery. Analysis of knee radiographs for RLLs
failed to reveal any difference between groups (Table 4). There
was also no apparent difference between groups in KSRES. Table
5 shows that there was no apparent difference between groups in
PBS grouping. Kappa values for KSRES and PBS scoring were 0.32
and 0.22, respectively. Subgroup analysis of patients with BMI
≥40 kg/m2 did not show a difference in RLLs between groups.
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Discussion
This short-term retrospective cohort study describes the use
of prophylactic short tibial stem extensions in primary TKA in
patients with BMI ≥35 kg/m2. To our knowledge, this is the first
comparison of TKA with prophylactic short tibial stems versus
TKA with standard tibial components in obese patients. This
short-term follow-up (2 years of clinical and radiographic followup) study revealed no instances of aseptic loosening in either
group.
Body weight and obesity have been shown to be risk factors
for aseptic loosening. Lim et al.2) reported that weight gain after
primary TKA increased the rate of both early (<5 years) and
late (>10 years) failure due to aseptic loosening. Abdel et al.1)
reported higher rates of aseptic loosening in obese patients after
primary TKA. Their sample of 5,088 TKAs showed that patients
with BMI ≥35 kg/m2 were twice as likely to undergo revision for
aseptic loosening at five years (1.23% vs. 0.49%) and at fifteen
years (4.27% vs. 2.16%). All cases of aseptic loosening occurred
in patients without supplemental tibial stem extensions, and the
authors suggested additional tibial fixation may be warranted in
these patients.
Attention has been drawn to the way both body weight and
tibial component design influence proximal tibial stresses and
mechanical failure in obese patients. Because the length and
width of the tibial tray is limited by the bony anatomy in TKA,
many obese patients cannot receive a commensurately larger
tibial tray. In this patient population, for example, 65% of patients
with BMI >35 kg/m2 had tibial components in the smaller half of
sizes offered by the manufacturer. Fehring et al.10) similarly found
that 77% of obese patients with aseptic loosening had tibial com
ponents in the smaller half of manufactured sizes. The smaller
surface area causes more concentrated stress on the implant and
adjacent metaphyseal tibial bone, which may be directly related
to premature failure of the tibial component.
Recent studies have measured proximal tibial stress in obese
patients. Both Fehring et al.10) and Berend et al.12) measured tibial
component stress as a function of patient weight and tibial com
ponent size. Fehring et al.10) calculated tibial stress in 35 cases of
tibial component varus collapse. Average BMI among these pa
tients was 40.5 kg/m2. Mean time to failure was 7.2 years, and av
erage tibial stress was 350,000 pascals. None of these patients had
tibial stems. Berend et al.12) analyzed aseptic loosening among
6,548 TKAs and calculated proximal tibia stress in both failures
and non-failures. The overall rate of aseptic loosening was 0.8%
at a mean of 3.1 years. Patients with greater proximal tibia stress
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(>360,000 pascals) had significantly higher rates of aseptic loos
ening than those with lower proximal tibia stress, even in wellaligned knees.
Reducing proximal tibial stress can be achieved through preop
erative weight loss, use of a larger tibia component, and use of a
tibial stem extension. Because tibial component size is limited by
anatomy, efforts to reduce tibial stress rely primarily on preopera
tive weight loss and use of tibial stem extensions. The use of a
tibial stem has been shown biomechanically to reduce micromo
tion and subsidence compared to standard tibial components15).
Similarly, Ries et al.13) reported a higher failure rate with the use of
a short-keeled tibial component. These authors compared a series
of 80 patients with short-keeled tibial components to 80 patients
with standard components and noted a higher rate of early failure
with short-keeled components at a mean of 13 months.
The use of long tibial stems has been studied in obese patients
as a means of improving tibial fixation in TKA. Parratte et al.11)
conducted a prospective study in which 120 patients with BMI
≥30 kg/m2 were randomized to receive a 100 mm length tibial
stem extension or standard tibial components. The study was
concluded after two years, and the authors found no difference in
mechanical complications. The authors acknowledged the short
duration of follow-up. They also cautioned against routine use of
long stems in light of their findings such as increased difficulty
instrumenting and revising long-stemmed implants. Compared
to long stems, the potential benefit of short stems (e.g., 30 mm)
would be the need for less bone removal and easier revision, if
needed. Also, issues of stem conflict within the proximal metadi
aphysis of the tibia may be mitigated by a shorter length of stem.
One potential downside to using a tibial stem (long or short) is
cost: the average price of a short stem is approximately $950 at
this institution.
An adult with a BMI ≥30 kg/m2 is considered obese. In this
study, only patients with BMI ≥35 kg/m2 were enrolled. The rea
son is that a relevant study by Abdel et al.1) used cutoff of BMI
>35 kg/m2. The other reason is that if BMI directly increases the
risk of aseptic loosening, and if the use of tibial stems were to re
duce this risk as hypothesized, then enrolling patients with higher
BMI may increase any measured difference between groups.
Limitations of this study include the small sample size. Compli
cations may have been missed in those patients lost to follow-up.
The duration of follow-up may also be too short to demonstrate
a difference in aseptic loosening, which may explain why no
revisions for aseptic loosening were observed. One of the major
limitations of this study is that the use of tibial stems was not
randomized between groups. Instead, patients were treated with
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a stem extension at the discretion of the surgeon. When stem
extensions were used, it was more often in patients with greater
BMI. Theoretically, this selection bias could have resulted in
less failures in these more at-risk patients than if they had been
randomly assigned to receive standard components. While this
was the intended clinical benefit, it means the negative findings
should be interpreted cautiously. More data is also needed to
examine the influence of increasing obesity severity (e.g., super
obese BMI category) on the utility and effectiveness of stemmed
fixation. Finally, radiographs used in the measurement of RLLs
were not performed with fluoroscopic guidance but rather with
routine postoperative clinic films. Fluoroscopic guidance has
been shown to improve the accuracy of RLL measurements on
knee radiographs16-18).

Conclusions
This short-term retrospective cohort analysis presents two
groups of patients with BMI ≥35 kg/m2 who underwent primary
TKA either with standard tibial components or with prophylactic
short tibial stem extensions. While short tibial stem extensions
may play a role in the future in reducing the risk of aseptic loos
ening in obese patients, this study did not reveal a statistically
significant relationship between the use of short stems and revi
sion rate, need for subsequent procedures, or RLLs. More data is
needed to characterize obese patients most at risk of tibial failure
based on other factors such as age and activity level. No instances
of mechanical failure were recorded among the patients after
early follow-up, but longer-term follow-up will be needed to con
tinue to measure implant longevity and to examine the effect of
tibial stem fixation on aseptic loosening rates in the obese.
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