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Abstract

Introduction This study compares survival and outcomes
in four total knee arthroplasty (TKA) populations defined
by baseline body mass index (BMI). We hypothesised that
there would be no difference in survival between the groups.
Materials and methods Using an initial cohort of 1059
TKAs, BMI was systematically measured prior to surgery.
A retrospective study was conducted and patients were
accordingly allocated to four groups: normal or under-
weight (BMI < 25; n = 111), overweight (25 < BMI < 30;
n = 417), moderately obese (30 < BMI < 35; n = 330) and
severely or morbidly obese (BMI > 35; n = 201). The pre-
and postoperative clinical and radiographical profiles of the
four groups were compared, along with any postoperative
complications and the survival of each group. The minimum
follow-up was 24 months. All implants had an ultra-congru-
ent cementless posterior-stabilised rotating-platform design
(Amplitude®). The primary endpoint was implant survival
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using Kaplan—Meier analysis. Statistical analysis was con-
ducted using Chi-squared and Kruskal-Wallis H tests to
compare the data with p < 0.05.

Results A total of 94 knees from normal weight or under-
weight individuals were analysed, 346 from overweight, 281
from moderately obese and 159 from severely or morbidly
obese. All knees had been operated on between 2002 and
2011 with an average follow-up of 61.7 (12-146) months.
A greater degree of obesity was significantly correlated with
young age at intervention (p < 0.001), as well as with a low
average preoperative maximum flexion angle (p < 0.001)
and KSS (p < 0.001). Postoperatively, there were no signifi-
cant differences between the groups in terms of patient sat-
isfaction (p = 0.9) or mechanical axial deviation evaluated
with whole-leg standing radiography (mFTA, p = 0.3; mFA,
p =0.1; mTA, p = 0.3). The greater the degree of obesity,
the lower the average postoperative maximum flexion angle
(p < 0.001), KSS knee score (p < 0.001) and function score
(p = 0.005). There was no significant difference between the
groups in terms of total rate of postoperative complications
(p = 0.9) or implant revision (p = 0.9), or in terms of 10-year
implant survival (p = 0.4).

Conclusions Obesity does not affect mid-term implant
survival, irrespective of BMI, but has a negative influence
on functional outcomes and potential risk of postoperative
complications.
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Abbreviations

TKA  Total knee arthroplasty

BMI  Body mass index

KSS Knee Society Score

ATT  Anterior tibial tubercle

mFTA  Mechanical femorotibial angle
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mFA  Mechanical femoral angle
mTA  Mechanical tibial angle

Introduction

One of the major risk factors of osteoarthritis is obesity,
the incidence of which has been rising steadily among the
general population in recent years. Performing a TKA in an
obese patient appears to lead to greater postoperative com-
plications (especially infections [1]), with poorer long-term
clinical results than in patients with normal body weight
[2-4].

There is also still some debate about the role of obesity
as a risk factor for aseptic loosening of the tibial component,
with different results reported in the literature [3-5]. In addi-
tion, the rational use of cement does not appear to alter these
results [6, 7].

The controversial benefits of a mobile-bearing design
for stress distribution and a theoretical reduction in aseptic
loosening are therefore relevant for obese patients [8], in
whom the mechanical stresses on the tibial component are
considerably higher, although there is no objective published
evidence of this [9, 10].

Using a mobile-bearing design with cementless implant
could be an alternative to systematic cemented components
in obese patients, to decrease the risk of aseptic loosening.

The aim of the present study was to conduct a retrospec-
tive comparison of implant survival and of the mid-term
clinical and radiological outcomes in four TKA populations
defined by the patient’s baseline body mass index (BMI),
all taken from a single prospective cohort with a cementless
posterior-stabilised rotating-platform design. The postopera-
tive complications of these four groups were analysed and
compared. We hypothesised that there would be no differ-
ence in implant survival between the groups.

Materials and methods

We conducted a retrospective study, from a prospective
database of primary TKAs performed by two surgeons at
two different centres (Polyclinique du Beaujolais and Poly-
clinique du Val de Saéne), using the same surgical method,
between 2002 and 201 1. The patients underwent clinical and
radiological follow-up at 2 months, 1 year and then every
2 years post-surgery. This initial cohort comprised 1059 pri-
mary TKAs.

All technical information from the procedure (surgical
reports) as well as the pre- and postoperative clinical and
radiological data was collated prospectively in an electronic
database.
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The data were collected using CliniRecord, which
was approved by the CNIL (Commission Nationale de
I’Informatique et des Libertés) in 2009 (No. 1355265), with
permission to extend the data storage period granted in 2011,
and was declared compliant with the CNIL’s reference meth-
odology MR-003 in 2016 (No. 2007515).

Informed consent was obtained from all individual par-
ticipants included in the study.

The surgical technique used a posterior reference with a
first tibial cut and a second distal femoral cut. There was no
patella resurfacing in 690 of the cases (62.4%). The implant
used was the Score posterior-stabilised (ultra-congruent),
rotating-platform implant from Amplitude®, with a cement-
less design and hydroxyapatite coating (Fig. 1).

BMI was routinely measured before surgery, using the
patient’s weight (in kg) and height (in m). This figure was
then used to define four preoperative groups:

Normal or underweight (BMI < 25; n = 111);
Overweight (25 < BMI < 30; n = 417);
Moderately obese (30 < BMI < 35; n = 330);
Severely or morbidly obese (BMI > 35; n = 201).

Fig. 1 Total knee arthroplasty with the Score cementless implant
from Amplitude®
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The clinical follow-up used the Knee Society Score
(KSS) questionnaire for calculating the KSSs at each visit
[11]. The Knee Society radiology assessment comprised, for
each visit, a frontal and lateral X-ray of the operated knee, a
skyline projection of the patella with 45° knee flexion, and
a whole-leg standing X-ray [12]. It permitted to calculate
mechanical femorotibial angle (mFTA), mechanical femoral
angle (mFA) and mechanical tibial angle (mTA). All local
and general complications secondary to the arthroplasty
were noted and recorded in the database, using the stand-
ardised list and definitions of the Knee Society [13].

Any knees for which the clinical and radiological follow-
up was less than 24 months were excluded: lost to follow-
up (n = 177 knees), deceased (n = 2 knees). A total of 880
knees were included in the postoperative analysis (94 normal
or underweight, 346 overweight, 281 moderately obese and
159 severely or morbidly obese) (Fig. 2), with an average
follow-up of 61.7 (24—146) months. Thirty-five patients (4%
of the followed cohort) had 10 years of follow-up (4 normal
or underweight, 15 overweight, 11 moderately obese and 5
severely or morbidly obese).

Statistical analysis

The data were analysed using a Chi-squared test for
comparing distributions between the four groups, and a
Kruskal-Wallis H test for quantitative data (large samples
and variables following a normal distribution), using the
software package RO (The R Project for Statistical Com-
puting, http://www.R-project.org). Survival curves were
produced using the Kaplan—-Meier method and compared
using a log-rank test. The results were considered statisti-
cally significant if p < 0.05.

Fig. 2 Flow chart

Results
Preoperative data (Table 1)

There was no significant difference between the groups in
terms of past medical history (meniscectomy, ligamento-
plasty, osteotomy, anterior tibial tubercle (ATT) transfer,
injections; p = 0.4), preoperative stage of osteoarthritis
(p = 0.5), preoperative flexion (p = 0.7), mean KSS knee
score (p = 0.06), mechanical axial deviation on the whole-
leg X-ray (mFTA, p = 0.2; mFA, p = 0.06; mTA, p =0.2),
or preoperative patellar positioning in the frontal (p = 0.02)
or sagittal (p = 0.9) planes.

There was a significant correlation between a greater
degree of obesity and a younger age at intervention
(p < 0.001). Likewise, the greater the degree of obesity, the
lower the mean maximum flexion angle (p < 0.001) and KSS
function score (p < 0.001).

Finally, a BMI < 25 was more commonly associated with
lateral femorotibial erosion than the groups with BMI > 25
(p =0.002).

Postoperative data (Table 2)

There were no significant differences between the groups
in terms of average follow-up (p = 0.1), patient satisfac-
tion (p = 0.1), KSS knee score improvement (p = 0.08) and
function score improvement (p = 0.02) or mechanical axial
deviation evaluated with whole-leg radiography (mFTA,
p=0.3; mFA, p =0.1; mTA, p = 0.3).

The greater the degree of obesity, the lower the aver-
age maximum flexion angle (p < 0.001), KSS knee score
(p < 0.001) and function score (p = 0.005).

Initial series
N=1059

Normal/underweight
IMC< 25
N=111

Overweight
25<IMC<30
N=417

Moderately obese
30<IMC<35
N=330

IMC235
N=201

Lost to follow-up = 177
Deceased =2

Analyzed series
N=880

Normal/underweight
IMC< 25
N=94

Overweight
25<IMC<30
N=346

Moderately obese
30<IMC<35
N=281

IMC235
N=159
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Table 1 Preoperative clinical and radiological profiles of the different groups

BMI<25n=111) 25 <BMI < 30 30 <BMI < 35 BMI > 35 (n = 201) P
(n=417) (n=330)
Mean age (years) 73.8 739 72.2 70.3 < 0.001
Sex < 0.001
Male 28 (25%) 204 (49%) 125 (38%) 52 (26%)
Female 83 (75%) 213 (51%) 205 (62%) 149 (74%)
Mean BMI 22.7 27.2 31.7 38 < 0.001
Medical history 0.4
Meniscectomy 5 (19%) 27 (32%) 12 (18%) 5 (19%)
ACL reconstruction 3(12%) 5 (6%) 5 (8%) 1 (4%)
HTO 6 (23%) 18 21%) 17 (26%) 10 (37%)
HFO 1 (4%) 1 (1%) 2 (4%) 0
ATT transfer 1 (4%) 0 0 0
Injections 4 (15%) 13 (15%) 12 (18%) 5 (19%)
Other 6 (23%) 22 (25%) 17 (26%) 6 (21%)
Type of osteoarthritis 0.002
MKOA 53 (52%) 258 (66%) 206 (66%) 129 (68%)
LKOA 28 (27%) 49 (13%) 32 (10%) 20 (10%)
Total 22 (21%) 80 (20%) 74 (23%) 41 (22%)
PF 0 3 (1%) 3 (1%) 0
NR 2 9 5 6
Osteoarthritis stage 0.5
Stage 1 0 5 (1%) 3 (1%) 6 (3%)
Stage 2 26 (25%) 93 (24%) 63 (20%) 40 (21%)
Stage 3 63 (61%) 223 (58%) 186 (59%) 106 (56%)
Stage 4 11 (11%) 51 (13%) 52 (16%) 31 (17%)
Stage 5 3 (3%) 15 (4%) 12 (4%) 6 (3%)
NR 2 12 4 7
Mean maximum flexion (°) 119.3 115.6 113 107.4 < 0.001
Flexion 0.07
0°-5° 47 (46%) 143 (36%) 134 (42%) 92 (49%)
5°-10° 21 (20%) 75 (19%) 57 (18%) 34 (18%)
10°-15° 26 (25%) 140 (36%) 84 (27%) 44 (24%)
15°-20° 6 (6%) 26 (7%) 34 (11%) 13 (7%)
>20° 3(3%) 9 (2%) 7 2%) 4 2%)
NR 8 24 14 14
Mean KSS
Knee 39.1 39.2 38.5 355 0.06
Function 63.6 63.7 62 59 < 0.001
Whole-leg X-ray
Mean mFTA 176.8 175.6 175.2 174.2 0.2
Mean mFA 91.1 90.8 90.8 90.3 0.06
Mean mTA 88.5 88.5 88.1 88 0.2
Sagittal PF placement 0.9
Centred 88 (82%) 323 (80%) 257 (81%) 155 (82%)
High 3(3%) 6 (2%) 6 2%) 4 (2%)
Low 16 (15%) 74 (18%) 54 (17%) 31 (16%)
NR 4 14 13 11

Frontal PF placement
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Table 1 (continued)

BMI<25(m=111) 25 <BMI < 30 30 <BMI < 35 BMI > 35 (n =201) p
(n=417) (n =330)
Centred 75 (81%) 253 (74%) 187 (70%) 126 (80%) 0.2
Lateral luxation 16 (17%) 82 (24%) 76 (29%) 29 (19%)
Medial luxation 1 (1%) 3(1%) 0 0
Medial subluxation 1 (1%) 4 (1%) 3(1%) 2 (1%)
NR 18 75 64 44

Table 2 Postoperative clinical and radiological profiles of the different groups at final follow-up

BMI < 25 (n = 94)

25 < BMI < 30 (n = 346)

30<BMI<35(n=281) BMI=35®=159) p

Average follow-up (months)  56.7 (24-132) 64.3 (24-137)

Mean maximum flexion (°) 117.4 116.8
Mean KSS
Knee 94 92.8
Function 87.8 87.9
Mean KSS improvement
Knee 254 25.5
Function 54.2 54.6
Satisfaction
Very satisfied 63 (67%) 244 (71%)
Satisfied 27 (29%) 95 (28%)
Disappointed 4 (4%) 5 (1%)
NR 0 2
Whole-leg X-ray
Mean mFTA 180 179.6
Mean mFA 90 90.3
Mean mTA 90 89.9

61.9 (24-136) 58.7 (24-146) 0.1

1147 112 <0.001

92.9 91.3 <0.001

85.8 83.4 0.005

24.9 24.6 0.08

54.7 55.1 0.2
0.9

198 (71%) 109 (70%)

75 (27%) 41 (26%)

502%) 6 (4%)

3 3

179.7 179.5 0.3

90.3 90 0.1

89.9 89.7 0.3

Complications and survival (Table 3)

There was no significant difference between the groups
in terms of total rate of postoperative complications
(p = 0.9). However, the incidence of unexplained pain and
patellofemoral complications (patellar instability, patellar
fracture, or clunk syndrome) was significantly higher in
the BMI > 35 group, whereas the BMI < 35 groups expe-
rienced a significantly higher rate of stiffness (p = 0.02).

There was no significant difference between the groups
in terms of implant revision comprising the replacement
of one or more of the components (tibia, femur, patellar
button, polyethylene) (p = 0.9).

There was no significant difference between the groups
in terms of 10-year implant survival (the survival end-
point being the replacement of one or more components):
98 + 3% for the group with BMI < 25, 96 + 3% for the
group with 25 < BMI < 30, 99 + 2% for the group with
30 < BMI < 35 and 95 + 7% for the group with BMI > 35

(p = 0.4). Figure 3 shows the survival curves before revi-
sion surgery for each of the groups.

For the 35 patients with 10 years of follow-up, no compo-
nent replacement was reported, with a survival rate of 100%.

Discussion

The main contribution of this study is evidence of equiva-
lent survival of the same posterior-stabilised, cementless,
rotating-platform implant in different patient populations
with varying body weight (normal, overweight, moderately
obese, morbidly obese), as defined using the WHO classifi-
cation, taken from an initial uniform cohort.

Obesity has for a long time been a confirmed risk factor
for osteoarthritis of the knee [14, 15]. Furthermore, Derman
et al. [16] found that the increase in the number of TKAs
in the USA was correlated to a BMI > 25 in the total popu-
lation, much more so than hip replacement surgery. This
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Table 3 Postoperative

o S BMI<25(n=94) 25<BMI<30 30<BMI<35 BMI>35n=159) p
Comphcatlons and revisions in (n = 346) (n = 281)
the different groups
Complications 0.02
Unexplained pain 2 (2%) 7 2%) 6 (2%) 8 (5%)
Stiffness 5 (5%) 20 (6%) 12 (4%) 0
Sepsis 0 5 (1%) 3(1%) 1(0.5%)
Femoral fracture 4 (4%) 5 (1%) 4 (1.3%) 4 (2.5%)
Tibial fracture 1 (1%) 1 (0.3%) 1(0.4%) 0
PF complications 0 5 (1%) 4 (1.3%) 8 (5%)
Aseptic loosening 0 2 (0.7%) 0 0
Total 12 (12%) 42 (12%) 29 (10%) 21 (13%) 0.9
Number of revisions 1 (1%) 6 (2%) 3(1%) 2 (1%) 0.9
Unexplained pain 0 0 0 2 (1%)
Stiffness 1 (1%) 1(0.3%) 0 0
Sepsis 0 2 (0.7%) 2 (0.7%) 0
Femoral fracture 0 3(1%) 0 0
Aseptic loosening 0 0 1 (0.3%) 0

Survival curves before revision
surgery for each of the groups
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Fig. 3 Survival curves before revision surgery for each of the groups

means, as we have found, that the higher the BMI, the earlier
the onset of osteoarthritis and the younger the patient at
intervention.

In addition, obese patients with a high BMI experience
greater osteoarthritis-related pain, meaning they need an
implant sooner. It has also been observed that obesity nega-
tively affects preoperative function of the knee, in terms of
maximum flexion angle or clinical score. This has also been
demonstrated by Marks [17], who found that obesity has a
negative impact on both walking distance and pain.

Likewise, obesity appears to encourage medial erosion of
the knee, thus not only aggravating any pre-existing varus
but also the varus moment of these patients when walking
[18].
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Several authors have discovered the harmful effects of
obesity on postoperative clinical results, with a fall in mid-
term functional scores [3, 4]. However, according to Torres-
Claramunt et al. [19] and Baker et al. [20], the gains in terms
of functionality and quality of life are similar irrespective of
the degree of obesity, with comparable levels of satisfaction
among obese and non-obese patients.

Our results corroborate these findings, showing that mean
KSSs and mean maximum flexion angle decreased with the
degree of obesity, but that obesity did not influence postop-
erative patient satisfaction and mean KSSs improvement,
which was the same between the groups.

Similar to Ayyar et al. [21], we found no link in our
series between the global rate of postoperative complica-
tions (including infection, patellofemoral complications,
fractures, unexplained pain and revisions) and the degree of
obesity. Nevertheless, the more obese patients in our series
were more vulnerable to sepsis, which supports the findings
of Electricwala et al. [1] and Kerkhoffs et al. [22], as well
as to patellofemoral complications (such as instability or
clunk) and unexplained pain. On the other hand, they were
less susceptible to postoperative stiffness in flexion (this is
certainly linked to a functional requirement in terms of less
flexion than in a non-obese patient).

Our findings for postoperative alignment, irrespective of
the degree of obesity, can explain the absence of any effect
of weight on aseptic loosening of the implants in our series.
In contrast to Estes et al. [23], we found no correlation
between weight and postoperative implant alignment in the
follow-up whole-leg X-rays.

Like Ayyar et al. [21] and Bordini et al. [24], we found no
negative effect of obesity on the rate of revision, all causes
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combined (septic or aseptic loosening, or other mechanical
cause).

Finally, the 10-year survival results from our series were
the same for all groups, this being the conclusion drawn only
recently by Chen et al. [2] in a large population of over 7000
patients, as well as by Issa et al. [25] in 2013.

Many studies showed similar survival rate between
cemented and cementless implants in uni knee arthroplasties
[26] or TKA [6, 7] for general population. However, there is
a lack of data on the effects of a cementless implant design
on mid- and long-term survival in obese patients. Jackson
et al. [27] are the only ones to have studied 10-year survival
in a population of 535 cementless implants in obese and
non-obese patients. They found no difference between the
groups, and survival rates were comparable to the studies
cited above, with values around 97%.

Moreover, cementless fixation could be enhanced using
metaphyseal tibial sleeves [28] or hybrid fixation with pol-
yaxial locking screws [29], showing excellent primary sta-
bility of implants in recent studies. Their rational use may
additionally reduce the residual risk of loosening in cement-
less implants.

Despite regular contact, many patients were still lost to
follow-up (17% of the initial series). This limitation may
bias our results. In addition, the short average follow-up
duration (5 years) remains low, introducing a positive bias
for the survival analysis. Nevertheless, due to the large size
of each group, the power of our study is satisfactory.

Our cohort constitutes the only analysis of survival
among different groups of patients with increasing degrees
of obesity within a single uniform population of cementless,
rotating-platform, posterior-stabilised implants, and of the
impact of obesity.

We have also shown that obesity does not negatively
affect the survival of cementless rotating-platform implants,
although it does remain a harmful risk factor in terms of
functional score, albeit without affecting patient satisfaction
or quality of life.

Conclusions

Obesity does not affect mid-term implant survival irrespec-
tive of BMI. In addition, a cementless implant is entirely
suitable provided the orthogonal positioning of the tibial pla-
teau is respected. Nevertheless, overweight patients remain
at risk of additional complications, especially sepsis, and
they must be advised to lose weight after the arthroplasty.
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