
Abstract The clinical and radiographic outcomes of 326
total knee replacements (TKR) in 285 osteoarthritic pa-
tients with body mass index (BMI) greater than 30 kg/m2

were compared with the results of a matched group of
425 TKR in 371 patients with BMI less than 30 kg/m2.
At an average follow-up of 75.9 (48–144) months the
Knee Society score (KSS) in the obese patients had in-
creased by 41.9 points, and the joint score by 43.7. In the
non-obese group the KSS rose by 40.2 points and the
joint score by 42.6 points. Although patients with BMI
greater than 40 kg/m2 achieved a lower final KSS the
‘absolute improvement’ appeared to be independent of
BMI. Of the obese patient group 4.9% underwent a revi-
sion of their TKR, compared with 3.1% of the non-obese
group. Although linear osteolysis (radiolucency) rates
were comparable, focal osteolysis rates were 5 times
those of control subjects when the BMI exceeded
40 kg/m2. Ten-year survivorship figures were similar for
both obese and non-obese patients.

Résumé Les résultats cliniques et radiographiques de
326 prothèses totales du genou (PTG) chez 285 patients
arthrosiques avec un Index de Masse corporelle (BMI)
>30 kg/m2 ont été comparés avec les résultats d’un
groupe apparié de 425 PTG chez 371 patients avec une
BMI <30 kg/m2. À un suivi moyen de 75.9 (48 –144)
mois le score de la “Knee Society” (KSS) chez les ma-
lades obèses avait augmenté de 41.9 points, et le score

articulaire de 43.7. Dans le groupe non – obèse le KSS a
augmenté de 40.2 points et le score articulaire de 42.6
points. Bien que les patients avec une BMI> 40 kg/m2
aient atteint un score définitif inférieur, l’amélioration a
paru indépendante de la BMI. 4.9% de patients obèses
avaient une révision de leur PTG, comparée avec 3.1%
du groupe non – obèse. Bien que le taux d’ostéolyse li-
néaire (liseré) était comparable, l’ostéolyse focale était 5
fois plus importante quand la BMI a dépassé 40 kg/m2.
Les chiffres de survie après 10 ans étaient semblables
pour les patients obèses et non – obèses.

Introduction

Morbidity and mortality associated with obesity has been
well documented in many branches of medicine. There
have been several recent studies in the orthopaedic liter-
ature examining the link between joint replacement, obe-
sity and operative morbidity. However, the findings of
theses studies are at best, inconclusive [11, 17, 18] with
no consensus regarding the effect of obesity on postoper-
ative function and implant survival [3, 9, 12, 16, 17, 18,
20]. Differing activity levels of the subjects may be a
significant contributory factor [8].

The aim of the present study was to assess the effect
of body mass index (BMI) [2] as a predictor of outcome
and survival in total knee replacement (TKR).

Materials and methods

Body mass index (BMI) is defined as body weight (in kg) divided
by the square of the height (in metres) (i.e., BMI=kg/m2) [2]. BMI
correlates well with the amount of body fat. Measurements over
30 kg/m2 correlate with ‘moderate obesity’; over 40 kg/m2 with
‘severe’ (morbid) obesity; whereas scores less than 30 kg/m2 are
classed as non-obese.

The outcome for all patients with a BMI greater than 30 kg/m2,
undergoing primary TKR (408 patients in total), between January
1986 and December 1996, was assessed and compared with a con-
trol group of 371 non-obese patients, matched for age, sex, preop-
erative diagnosis and deformity, who were undergoing the same
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procedure within the same time frame. Patients whose body mass
changed over the study period were eliminated. One hundred 
and twenty-three obese patients were lost to follow-up, leaving
285 patients (326 TKR) in the obese group (group A), and 371 pa-
tients (425 TKR) in the non-obese, control group (group B).
Group A was subcategorized (A1=BMI 30–34.9 kg/m2 [177
TKR]: A2=BMI 35–39.9 kg/m2 [90 TKR]: A3=BMI greater than
40 kg/m2 [59 TKR]).

Outcome for group A was assessed at an average follow-up of
75.9 (48–144) months and 73.7 (48–144) months for group B.
PFC (Johnson & Johnson, Raynham, Mass., USA), posterior cru-
ciate retaining TKR with patellofemoral resurfacing were used in
each case. All patients had a preoperative diagnosis of either os-
teoarthritis or post-traumatic arthritis. Sixty-two percent of group
A and 58.5% of group B were female. Average ages were: A1:
66.6 (35–83) years, A2: 64.5 (36–82) years, A3: 62.7 (41–78)
years, B: 69.7 (35–83) years.

The method of implant fixation utilized in each group is re-
corded in Table 2. Pre- and postoperative Knee Society, joint and
function scores [6], and the presence, absence or progression of
periprosthetic radiolucencies were recorded for each group. The
Knee Society’s radiographic scoring system was used to determine
component alignment, positioning and the zonal distribution of ra-
diolucencies when present. Polyethylene wear was assessed by
measurement of polyethylene thickness on weight-bearing films.

Statistical analysis to compare preoperative and latest follow-
up joint-, function- and Knee Society scores was performed by us-
ing the Wilcoxon Rank sum and the Kruskal-Wallis tests.

Revision rates and osteolysis rates between the various groups
were compared using Fisher’s exact probability test.

Results

The pre- and postoperative Knee Society (KSS), joint
and function scores for each of the groups are shown in
Table 1.

Preoperative KSS among obese patients were lower
than their non-obese counterparts (resulting from corre-
spondingly lower function scores in the obese groups A2
and A3 (group A1 P=0.19: A2 P=0.002: A3 P=0.003).
However, preoperative joint scores were comparable). At
the most recent follow-up, no statistical difference was
noted in either the KSS or function scores of groups A1,
A2 or A3 compared to control subjects. Similarly, there
was no statistical difference in the ‘absolute improve-
ment’ in scores.

Sixteen revisions (4.9%) were performed in group A
and 13 revisions (3.1%) in control group B. This differ-
ence was not statistically significant (P=0.25).

Six of 425 TKR in group B were revised for osteoly-
sis and an additional 5 unrevised knees (1.2%) exhibited
radiographic evidence of focal osteolysis at most recent
follow-up. This contrasted with a revision rate for osteol-
ysis of 5 of 326 TKR in the obese group, and radiograph-
ically identifiable lytic lesions in 13 of the remaining
TKR (3.9%). This radiographic rate was statistically
higher than that found in the non-obese group (P=0.016).

The incidence of focal osteolysis became greater as
the BMI increased, with four unrevised TKR patients
with a BMI greater than 40 kg/m2 (6.8%) having at least
one focal lesion at latest follow-up (Table 3).

Three TKR in group B and four in group A were re-
vised for wear-related problems affecting the tibial poly-

ethylene insert. Although not noted in the obese patients,
an additional 1.2% of group B had radiographic evidence
of tibial component wear as judged by polyethylene
thickness on standard weight-bearing radiographs (statis-
tically insignificant). Three knees were revised for prob-
lems related to polyethylene wear in porous-coated met-
al-backed patellae – two in group A and one in group B.
Two TKR in the obese patient group were revised for
late, hematogenous infections, at 81 and 109 months
(Staphylococcus epidermidis was isolated in both cases).

Linear periprosthetic radiolucencies were infrequently
seen, all less than 2 mm and never progressive (Table 2).

By using revision of any component as an endpoint,
survivorship analysis at an average follow-up of 6 years,
showed statistically similar survival rates for both groups
(group A 98.1%, group B 99.9%). This similarity was
maintained until the tenth year (group A 97.2%, group B
95.5%) postoperatively.

Discussion

Several reports have reviewed the link between obesity
and outcome following joint replacement. Following to-

Table 1 Mean pre- and postoperative joint-, function- and Knee
Society scores for each patient group (including improvement)

Preoperative Patient groups

Group A1 A2 A3 B

Knee Society score 31.1 33.0 32.8 39.3
Function score 26.5 21.7 20.3 30.1
Joint score 45.3 43.8 44.8 47.9

Postoperative
Knee Society score 77.2 77.9 72.9 79.5
Function score 64.9 65.8 59.8 67.9
Joint score 88.9 89.4 85.5 90.5

Mean ‘absolute’ improvement
Knee Society score 41.1 44.9 40.1 40.2
Function score 38.4 44.1 39.5 37.8
Joint score 43.6 45.6 40.7 42.6

Group A, obese group; subcategorised (A1=BMI 30–34.9 kg/m2:
A2=BMI 35–39.9 kg/m2: A3=BMI greater than 40 kg/m2). Group
B non-obese, control group

Table 2 The incidence of periprosthetic radiolucencies in relation
to BMI and the method of component fixation

Group A1 A2 A3 B

Cemented femur 1/86 0/35 1/25 6/230
Non-cemented femur 0/91 2/55 0/34 5/195
Cemented tibia 5/101 1/54 2/33 11/267
“Hybrid” cemented tibia 0/61 5/31 0/23 11/139
Non-cemented tibia 0/15 1/5 0/3 4/19

Group A, obese group; subcategorised (A1=BMI 30–34.9 kg/m2:
A2=BMI 35–39.9 kg/m2: A3=BMI greater than 40 kg/m2).Group
B non-obese, control group



tal hip replacement some studies have reported a positive
correlation with regard to risk for perioperative compli-
cations [19], whereas others have reported no [1, 11, 17]
or even negative correlations [7, 15]. Similarly, studies
documenting the effect on both postoperative function
scores and implant longevity also differ in their conclu-
sions [4, 17, 21].

Increased body weight would, intuitively, be expected
to lead to a poorer outcome after joint replacement as a
result of the greater biomechanical forces generated.
However, differentiation between weight and obesity is
important, as one is an absolute measure and the other a
relative one. Whereas body weight may be predictive of
increased failure, BMI may not [14]. This differentiation
has not always been clearly made in the literature [21].

Although weight (or obesity) has often been advocat-
ed as an adverse factor in the success of total knee ar-
throplasties, few reports have addressed this issue specif-
ically [3, 9, 12, 13, 16, 18, 20]. Those that have, differ in
their conclusions regarding the effect on the outcome. It
is known that high BMI increases stress at the cement-
bone interface thereby potentially leading to mechanical
loosening [10]. Retrieval analyses of TKR components
have demonstrated a significant positive correlation be-
tween wear damage seen on the components and patient
weight [5]. Ranawat and Boachie-Adjei found that the
incidence of radiolucencies at the tibial – bone cement
interface was positively correlated with patient weight
[13]. Although the association between obesity and the
incidence of radiolucent lines has been noted in several
studies [3, 16] this has not been an invariable finding in
all studies [9].

Stern and Insall, in a study of 257 cemented TKR
found no correlation with obesity and loosening rates;
however, they did note that 30% of the moderately and
severely obese patients had patellofemoral symptoms (in
comparison to 14% in the other groups [18]). Griffin et
al. later confirmed this finding of pooled patellar scores
in a 10-year report published in 1998 [3]. Although mi-
nor non-progressive radiolucent lines were seen more
commonly, overall, 10-year Hospital for Special Surgery
scores and KSS for patients who were obese (average
BMI 35 (30.4–51.8) kg/m2) were comparable with scores
for patients who were non-obese (average BMI 25.4
(19–29.5) kg/m2). Additionally, revision rate differences
were unremarkable. In 1992, Smith et al. [16] found that
the presence and severity of radiolucencies, and isokinet-
ic joint strength were found to have a statistically signifi-
cant correlation with patient weight in their evaluation of
109 TKR patients. The Hospital for Special Surgery
score was found to have a negative correlation with
weight for patients weighing less than 80 kg, and it was
found to have negative correlations with the percentage
by which patients were heavier than their ideal weights.
However, they noted that sex appeared to be a much
more influential factor.

A medium term study of 50 uncemented TKR in
obese patients (BMI>40 kg/m2) compared with 50
matched, non-obese control subjects also reached the
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Table 3 Number of cases with revision and cases with radio-
graphic polyethylene wear and radiographic focal osteolysis

Group A1 A2 A3 B

Revision 7 6 3 13
Radiographic polyethylene wear 0 0 0 5
Radiographic osteolysis 5 4 4 5

Group A, obese group; subcategorised (A1=BMI 30–34.9 kg/m2:
A2=BMI 35–39.9 kg/m2: A3=BMI greater than 40 kg/m2).Group
B non-obese, control group

conclusion that there was no significant difference in
clinical results at an average 7-year follow-up. Radio-
graphic results were comparable in both groups [9].

In contrast, Pritchett et al., defining obesity as over
180% of ideal body weight came to different conclu-
sions. In a group of matched TKR they found that at a
mean follow-up of 33 months, results in the morbidly
obese group were poorer than those for the control
knees. No comment was made regarding radiological
outcome in this report [12].

A study reported by Winiarsky et al. in 1998 found
that, at an average of 5 years postoperatively, there was a
significant difference between morbidly obese patients
(mean BMI>44 kg/m2) and a control group with regard
to the knee and functional scores. No significant differ-
ence between the groups was detected with regard to ra-
diographic scores [20]. That poorer KS scores are associ-
ated with obesity is substantiated by the findings in the
present study – but appear to relate to the fact that preop-
erative scores in these groups are lower. This is most no-
table when the BMI exceeds 40 kg/m2.

In contrast to Griffin’s study [3], at an average fol-
low-up of just over 6 years, revision rates in obese pa-
tients exceeded those in patients with a normal BMI –
but this rate failed to reach statistical significance. Survi-
vorship analysis revealed that survivorship rates were
statistically similar at 6.2 years and that this similarity
was maintained up to the tenth year.

Although there was no significant difference in the in-
cidence of non-progressive radiolucencies, osteolysis
rates were higher in patients with higher BMIs (Table 3).
However, the absolute numbers were small. Further fol-
low-up is necessary to ascertain whether these osteolytic
lesions progress.

A suggested reason for the disparity between previ-
ously reported results may lie in the fact that in many
studies, one of the main non-matched variables is activi-
ty level. McClung et al. recently evaluated the relation-
ship between BMI and activity level in hip and knee ar-
throplasty patients [8]. They showed that a higher BMI
was associated with lower activity level. This might be
expected to produce a reduction in the amount of poly-
ethylene wear, as wear is a manifestation of use, not
time. The lack of correlation between results and activity
level is a recognized shortcoming in the paper.

The present study, reporting the clinical and radiolog-
ical outcome of obese osteoarthritic patients undergoing
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posterior cruciate retaining TKR, shows that revision and
survivorship rates over the first decade are comparable to
non-obese controls.
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