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Abstract The aim of this study was to evaluate the
outcome of joint arthroplasty in obese and non-obese
patients. We reviewed 2,026 consecutive primary total hip
and 535 primary total knee arthroplasties performed for
osteoarthritis. Patients were separated into two groups
according to their body mass index (BMI): non-obese
(BMI<30) and obese (BMI≥30). Their survivorships were
compared. Case controlled studies were performed with
134 hip and 50 knee arthroplasties in obese patients. Each
was matched individually with a control and their outcome
compared. Log rank tests for equality of survival showed
no difference in the survival for hip and knee arthroplasty at
11 and ten years, respectively. The obese group had
significantly lower postoperative hip and knee scores at
latest follow-up, especially in the range of motion. Overall
patient satisfaction scores were comparable. There were no
significant differences in the radiographic analysis of both
hip and knee implants. Revision was used as an end point
for the survival analysis. Functional scores (Harris hip score
and Hospital for Special Surgery knee score), satisfaction
for surgery and radiographic features were used as outcome

measures for comparison. The mid-term survival of total
hip and knee arthroplasty is not adversely affected by
obesity. Despite lower clinical scores, the obese patients
were satisfied with the results of their surgery and have an
equivalent mid-term survival rate. It would be unreasonable
to deny patients arthroplasty surgery purely on the basis of
a BMI indicating obesity.

Introduction

There is an increasing awareness of the rise in obesity
levels and it has been described as now reaching epidemic
proportions. Obesity is defined by The World Health
Organisation [1] as having a body mass index (BMI) in
excess of 30 kg/m2 and the impact that this will have on the
health of future generations remains the subject of much
debate. Australian data from National Health Surveys
(NHS) has revealed an increase in the overall percentage
of adults classified as obese from 11.1% in 1995 to 16.4%
in 2005 [2]. This suggests that more than a third of the
population here will be obese by 2015. These numbers are
even more striking in the 55–64 age group as they show the
highest combined rates of overweight and obesity—79% of
males and 58% of females. Based on these data from the
NHS, it has been estimated that over 52% of all people with
osteoarthritis were in this age bracket and amongst this
population 43% were obese [3]. The effect of this will have
a significant impact on health economics. A more recent
Australian report had estimated the economic cost of
osteoarthritis due to obesity would reach AUD$5.7 billion
in 2008 (from AUD$2 billion in 2005) including the net
financial cost as well as cost of lost well-being [4]. A North
American unit demonstrated that this trend has meant that
the percentage of their patients having hip and knee
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arthroplasty who are classified as obese has risen from
24.3% in 1990 to 51.0% in 2005 [5]. Their average BMI
during this same time period rose from 27.8 to 31.3. A
recent study from the United Kingdom demonstrated a
significant correlation between a lower age at joint
replacement surgery and an increasing BMI [6]. It is a
reasonable assumption that this increased load will result in
greater forces across the implant–bone interface and could
lead to premature wear, loosening of the prosthesis and
hence increased failure rates. Therefore, it is clear that there
is a real need to determine the role that obesity will play on
the survival and outcome of arthroplasty.

The aim of our study was to investigate the mid-term
survival, clinical and radiological outcome of patients with
high BMI undergoing primary arthroplasty surgery, and to
review the recent literature of arthroplasty in obese patients.

Materials and methods

We evaluated 2,026 consecutive primary total hip replace-
ments (THR) and 535 consecutive primary total knee
replacements (TKR) between 1995 and 2006. All procedures
took place in a single institution and surgery was performed
by one of two senior arthroplasty surgeons. All patients had a
diagnosis of osteoarthritis, received cementless implants and
then followed a standardised postoperative regime.

The patient’s BMI was calculated at their pre-operative
assessment [weight (kg) / height2 (m)]. Patients were then
separated into non-obese (BMI<30) and obese (BMI≥30)
groups. No individual was lost to follow -up with regard to
implant survival, and all were included in the survival
study. A case controlled study was subsequently performed
retrospectively on the prospectively collected data on all
obese patients with a suitable match, with a minimum of
two years follow-up. One hundred and thirty-four THR
cases were individually matched for age (within one year),
side, surgeon, acetabular component, bearing configuration
and the time to their latest follow-up (within one year).
Fifty TKR cases were matched for age (within five years),
sex, side, surgeon and time to follow-up (within one year).

In our unit, patient demographics, operative details and
the results of clinical and radiographical assessments are
prospectively collected and recorded as part of routine
arthroplasty follow-up. The assessing surgeons are unaware
of any particular study. Clinical outcome was assessed
using the modified Harris hip score (HHS) and the Hospital
for Special Surgery knee rating score (HSSKS), which are
validated scoring systems to reflect the functional ability of
the joints. In addition, postoperative range of motion was
separately evaluated along with a satisfaction with surgery
question scored on a visual analogue scale out of a
maximum of 10. Radiographs of hips and knees were

sequentially and prospectively evaluated by an independent
surgeon blinded to the patients BMI and who were not
involved in the initial surgery. The TKR’s were scored for
osteolysis, radiolucent lines and alignment. The THR’s
were evaluated for radiolucent lines, osteolytic lesions,
acetabular inclination, as well as the presence of femoral
cortical hypertrophy, stress shielding, endosteal spot welds,
the degree of bony ingrowth and alignment.

Data analysis was performed using the SPSS software
(SPSS Inc., Chicago, Illinois, USA). Results were com-
pared using a combination of the paired two tailed t-tests,
Fisher’s exact test and the Chi square test with a
significance level set at 0.05. Survival data were investi-
gated with a log rank test for equality of survivorship with
Kaplan-Meier curves generated using revision for any
reason as the end point.

Results

The demographic details of all 2026 THR’s and 535 TKR’s
are illustrated in Table 1. The mean age of the obese patients
undergoing arthroplasty in our population was an average
five years younger (p<0.001). There was no significant
difference in the proportions of males and females undergo-
ing THR but in the TKR patients there was a significantly
higher proportion of females in the obese group (p<0.05).
The mean BMI of all patients undergoing a TKR was higher
those having a THR (p<0.001).

The case-controlled study patient details are shown in
Table 2 and the clinical score results in Tables 3 and 4.
There were significant differences in the total HHS and
HSSKS, in the non-obese group showing higher mean total
scores (p<0.001, p<0.05). With regards to the THR group,
there were significantly better scores for the non-obese in all
the individual score parameters apart from pain. In addition,
the independently assessed range of motion also showed
significant better hip flexion, adduction and internal rotation
in the non-obese group. There was no difference in abduction
or external rotation. In the TKR group, the scores for the
non-obese were significantly better in the range of motion
and functional score components. Independently assessed
knee flexion was also significantly better in the non-obese.
There was no statistical difference in the patients reported
overall satisfaction with surgery for either THR or TKR.

Radiographic analysis also revealed no significant differ-
ences between the two groups in the evaluation of the
appearances of the hip and knee implants.

There were 82 deaths during the follow-up period, and
13 revisions for all reasons in the TKR group. KM survival
analysis comparing the two groups with the end point as
revision for any reason showed no significant difference
between the groups (log rank test p=0.167; Fig. 1). This
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demonstrates a cumulative estimated survival rate at
ten years of 96.4% in the obese (standard error 1.6) and
98% in the non-obese (standard error 0.7) groups. The
analysis of the patients with THR at ten years is shown in
Fig. 2. With the end point as revision for any reason it
showed no significant differences between the groups (log
rank test p=0.552). The estimated chance of THR implant
survival at 11 years for the non-obese group is 95.2%
(standard error 1.4) and for the obese 96.7% (standard error
0.9).

Discussion

Total hip and knee arthroplasty has proved to be a reliable
and successful procedure for thousands of individuals over
the last few decades. Recent figures have shown that the

prevalence of osteoarthritis and obesity are increasing in the
younger age group [2, 3, 7]. There also appears to be an
association between both the presence and the degree of
obesity with the relative risk of subsequent hip arthroplasty
[8]. A more recent study has shown more specifically that
the adiposity is a good measure in predicting the risk of
joint arthroplasty, especially in the knee [9].

We have demonstrated, in the largest survival analysis to
date, that there is no significant difference between the non-
obese and obese groups in midterm survival with both
groups of patients achieving over 95% survival rates at
11 years. We believe this to be an important result as it
strengthens the opinion that the obese patient should not be
denied surgery purely on the basis of their obesity. There
are two other studies that have looked at the longer-term
survival of hips in obese patients. Haverkamp et al. reported
no influence of obesity on the ten-year survival rates for

Demographic All patients Non-obese Obese

THR TKR THR TKR THR TKR

Total, n 2,026 535 1,612 382 414 153

Male 47% 39% 47% 42% 48% 30%

Female 53% 61% 53% 58% 52% 70%

Mean age (y) 67 71 68 72 63 67

SD age (y) 10.3 9.0 9.9 8.4 10.0 9.6

Mean follow-up (y) 6.3 9.2 6.4 9.2 6.1 9.4

SD follow-up (y) 2.5 2.5 2.5 2.4 2.6 2.5

Mean BMI 26.8 28.0 25.0 25.2 33.8 34.5

SD BMI 4.7 5.2 2.8 2.7 3.6 4.0

Table 1 Demographic details
for all hip and knee arthroplasty
patients

THR total hip replacements,
TKR total knee replacements,
SD standard deviation, BMI
body mass index

Table 2 Demographics of the hip and knee case controlled study
groups

Demographics THR TKR

Non-obese Obese Non-obese Obese

Total number, n 134 134 50 50

Male 57 57 12 12

Female 77 77 38 38

Mean age 64 64 69 69

SD age 8.0 8.0 5.5 5.9

Age range 44–79 43–79 51–81 55–81

Mean follow-up 5.1 5.1 7.4 7.2

SD follow-up 1.6 1.6 1.9 1.9

Range follow-up 2–10.3 2–10.1 3.5–12.0 3.1–11.5

Mean BMI 25.0 33.4 25.2 34.1

SD BMI 2.6 2.9 3.2 3.8

BMI range 18–29.9 30–47.8 18–29.9 30–46.7

THR total hip replacements, TKR total knee replacements, SD standard
deviation, BMI body mass index

Table 3 Postoperative clinical scores for the hip case controlled
groups

Harris hip score Non-obese Obese Significance

Total 93.2 89.9 p<0.001

Pain 42.3 41.8 ns

Function 31.0 29.6 p=0.006

Activities 11.7 10.6 p<0.001

Range of motion 8.2 7.9 p=0.020

Hip flexion 122 113 p<0.001

Abduction 32.5 31.0 ns

Adduction 25.2 23.2 p=0.011

External rotation 23.6 24.7 ns

Internal rotation 14.0 11.2 p=0.008

Satisfaction score/10 9.3 9.0 ns

Reproduced with permission and copyright of the British Editorial
Society of Bone and Joint Surgery [Jackson MP, Sexton SA, Yeung E,
et al.: The effect of obesity on the mid-term survival and clinical
outcome of cementless total hip replacement. J Bone Joint Surg Br 91
(10): 1296–1300, 2009]
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cemented THR [10]. McLaughlin and Lee studied cement-
less THRs followed for a mean of 14.5 years and noted no
differences in outcome [11]. However, both these studies
were performed on relatively small groups of 411 and 260
patients, respectively. Survival studies in TKR, however,
have shown rather varied results. Spicer et al. found that the
ten-year survival figures and revision rates between obese
and non-obese had been similar [12], whilst a demographic
study with a ten-year follow up found a significant decrease
in survival in an obese group [13]. A study by Foran et al.
revealed similar implant survival between obese and non-
obese groups up to 60–80 months, after which survival of
the obese group was significantly decreased [14]. The same
group also published results of a longer-term study in
which the survival figures up to 14 years were comparable;
but after that there were more failures in the obese group,
though this was not statistically significant [15].

We were able to review a large group of obese and non-
obese patients who were closely matched to reduce
potential confounding variables. The results show that the
obese patients achieved a lower clinical score and range of
movement after surgery. In the hip replacement group, all
final components of the HHS were significantly reduced in
the obese apart from pain. The post surgical HSS knee

score, function and range of movement for the TKR group
were also shown to be significantly lower in the obese
group. It is reasonable to assume that this difference of
reduced range of motion is secondary to the soft tissue
apposition occurring in extreme positions. This reduced
range of motion is likely to have an impact on the function
and activity scores. Despite these, however, the overall
satisfaction with surgery is equivalent. This finding is
supported by a recent study which has a similar conclusion
that despite a lower clinical score, patients are still very
satisfied with the procedure in the long term [16]. Apart
from physical limitation, obesity has also been shown to
have broad associations with conditions detrimental to
health which may adversely influence the functional score.
These include depression, chronic fatigue, insomnia and
pain [17]. The reasons for the effect on the hip and knee
score after surgery are therefore not entirely clear and it is
likely to be a complex relationship.

The comprehensive radiographic assessment of the THR
cohort revealed no significant differences between the
obese and non-obese groups. This should mean that we
can expect similar long-term survival with good osteo-
integration of the cementless implants. In addition, with the
predominant use of ceramic bearings, wear debris and

Fig. 2 Kaplan-Meier survival curve for the hip arthroplasty in obese
and non-obese groups. Reproduced with permission and copyright of
the British Editorial Society of Bone and Joint Surgery [Jackson MP,
Sexton SA, Yeung E, et al.: The effect of obesity on the mid-term
survival and clinical outcome of cementless total hip replacement. J
Bone Joint Surg Br 91(10):1296–1300, 2009]

Fig. 1 Kaplan-Meier survival curve for the knee arthroplasty in obese
and non-obese groups. Reproduced with permission and copyright of
the British Editorial Society of Bone and Joint Surgery [Jackson MP,
Sexton SA, Walter WL, et al.: The impact of obesity on the mid-term
outcome of cementless total knee replacement. J Bone Joint Surg Br
91(8):1044–8, 2009]

Hospital for Special Surgery score Non-obese Obese Significance

Total 87.4 83.8 p<0.05

Pain 27.3 26.8 ns

Function 16.7 15 p<0.01

Examination 29.2 29.1 ns

Range of motion 14.6 13.4 p<0.01

Maximum knee flexion 120° 112° p<0.05

Satisfaction score /10 9.4 8.8 ns

Table 4 Postoperative clinical
scores for the knee case-
controlled groups
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aseptic loosening is expected to be minimal [18]. The
radiographic analysis of the TKR cohort also demonstrates
that there is no difference between patient groups with
regards to any findings suggestive of impending implant
failure or malalignment, which has been suggested to
predispose to aseptic loosening [19]. Again the continued
survivorship is expected to remain similar. In the future we
may expect more revisions in the obese group secondary to
wear due to the increased load, as one study has shown that
the odds of stem loosening in THR is increased with weight
[20]. However, it has been suggested that there is increased
wear in the non-obese due to their trend towards higher
activity levels; and that the obese tend to have a much
reduced activity level [21] which will counteract any higher
joint forces from increased load.

Several studies have examined the early outcomes and
peri-operative complication rates in obese and non-obese
patients. There is little evidence from these to suggest that
the obese patient is at significantly increased risk of early
postoperative complications. Moran et al. [22] looked at
800 cemented implants and found no relationship between
BMI and complication rates. A large study on 1,207 THRs
has, however, found a higher rate of infection independent of
medical comorbidities such as diabetes mellitus at a follow
up of one year in obese patients [23]. Others have found
associations with prolonged wound drainage and infection
only in patients with morbid obesity (BMI≥40) with no
other significant increases in complications up to one year
following surgery [24]. But the study numbers of the obese
are all small, and their significance is debatable. One more
recent study did show that obesity is associated with an
increased risk of postoperative pulmonary embolus (PE)
after hip or knee arthroplasty, but there are a number of co-
factors amongst those who were diagnosed to have PE [25].

The literature on the clinical and radiographic outcome
in relation to obesity is limited. Several short-term follow-
up studies have failed to show a significant difference
between their non-obese and obese groups in both hip or
knee replacements [26, 27]. Moran et al. found a lower
HHS in their obese group at six and 18 months but no
difference in Short Form 36 scores [22]. A medium-term
study (five years) by Andrew et al. reported no differences
in their measured clinical outcomes and radiographic
analysis of 1,421 cemented hips [28]. They did not perform
a survival analysis. This study also has considerable
limitations with incomplete data for 25.5% and all the
confounding variables attached to a multi-centre trial
(different hospitals, surgeons, approaches, acetabular
implants, bearings, assessors). Amin et al. showed that the
clinical outcome of knee replacement at five years is
comparable in obese and non-obese groups [29]. But in
the morbidly obese group (BMI>40), the functional score,
complication rate and survivorship were shown to be

significantly inferior compared to the non-obese; although
the improvement from pre-op to post-op are comparable.
However, this result only applies to a very small subset of
joint replacement, and the groups were not matched by
other co-morbidity; thus the poor outcome may be due to
other confounding factors as well as obesity. It is therefore
difficult to assess the true impact of obesity on their results.

We do not wish to underestimate the challenges still
presented by the obese patient with regard to patient
handling, nursing care, surgical exposure and the manage-
ment of comorbidities. However, our study has shown that
there would appear to be no justification to withhold hip and
knee arthroplasty surgery because of concerns regarding
long-term outcome. The patient can therefore be counselled
that despite a lower clinical score, they can expect equivalent
implant survival and satisfaction with surgery.
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