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with larger postoperative improvement
in patient-reported outcomes following total
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Abstract

Background: Total knee arthroplasty is known to successfully alleviate pain and improve function in endstage knee
osteoarthritis. However, there is some controversy with regard to the influence of obesity on clinical benefits after TKA.
The aim of this study was to investigate the impact of body mass index (BMI) on improvement in pain, function and
general health status following total knee arthroplasty (TKA).

Methods: A single-centre retrospective analysis of primary TKAs performed between 2006 and 2016 was performed.
Data were collected preoperatively and 12-month postoperatively using WOMAC score and EQ-5D. Longitudinal
score change was compared across the BMI categories identified by the World Health Organization.

Results: Data from 1565 patients [mean age 69.1, 62.2% women] were accessed. Weight distribution was: 21.2%

BMI < 25.0 kg/m?, 36.9% BMI 25.0-29.9 kg/m?, 27.0% BMI 30.0-34.9 kg/m?, 10.2% BMI 35.0-39.9 kg/m?, and 4.6%

BMI > 40.0 kg/m?. All outcome measures improved between preoperative and 12-month follow-up (p<0.001).In
pairwise comparisons against normal weight patients, patients with class I-Il obesity showed larger improvement on
the WOMAC function and total score. For WOMAC pain improvements were larger for all three obesity classes.

Conclusions: Post-operative improvement in joint-specific outcomes was larger in obese patients compared to nor-
mal weight patients. These findings suggest that obese patients may have the greatest benefits from TKA with regard
to function and pain relief one year post-op. Well balanced treatment decisions should fully account for both: Higher
benefits in terms of pain relief and function as well as increased potential risks and complications.

Trial registration
This trial has been registered with the ethics committee of Eastern Switzerland (EKOS; Project-ID: EKOS 2020-00,879)
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Background

Osteoarthritis (OA) is a major global cause of disability,
with the knee being the most frequently affected joint
[1]. Total knee arthroplasty (TKA) is successful in alle-
viating the pain and disability associated with knee OA,
and is one of the most commonly performed elective
surgical procedures in orthopaedics [2]. The improve-
ments in patient health status achieved by TKA have
been reported comparable to coronary revascularisa-
tion and renal transplant procedures [3]. Due to its well
documented success, the number of TKAs performed
increases every year and operative rates are reported to
have doubled in the last decade [4, 5].

There is an established association between the
patients’ body mass index (BMI) and knee OA, possibly
due to increased mechanical loading at the joint [6—8].
Increased BMI is suggested to be one of the main modifi-
able risk factors of knee OA, given that every kilogram
of weight loss leads to a fourfold reduction in the load
exerted on the knee with daily activities [7]. Preoperative
weight loss was found to have considerable implications
for patient burden and cost reduction. [9]. High BMI is
also associated with a variety of metabolic disturbances
such as coronary heart disease, hypertension and diabe-
tes [7, 10] that could result in systemic risk factors for
OA. Consequently, patients with increased BMI are more
likely to require total knee arthroplasty (TKA) at younger
age than patients with normal BMI [11]. Worldwide lev-
els of obesity (BMI>30 kg/m? by WHO definition) are
rising rapidly [12, 13]. A quarter of the population of
developed countries are reported as being obese [14]. By
2030, the respective number of overweight (BMI > 25 kg/
m?) and obese (BMI > 30 kg/m?) adults is projected to be
1.35 billion and 573 million individuals [12, 15]. Although
increased BMI has been linked to the need for TKA, the
impact of BMI on outcomes after TKA is less well estab-
lished (2, 6, 8, 16—20]. Patients with an increased BMI
have been reported higher in-hospital discharge rates
[21] and are accepted to have higher risks of postopera-
tive wound dehiscence [22], infection [16, 22, 23], com-
plications, and revision [6, 20, 24, 25]. These risks are
often compounded by the associated comorbidities [20]
or other factors like socioeconomic status [26] frequently
found in such patients. It is not clear though whether
BMI is associated with worse patient reported outcomes
following TKA, as both equivalent outcomes [27, 28] and
lower absolute post-operative scores [17, 19, 29] have
been proposed scaled by BMI class using various metrics.

The objective of this study was to investigate the
impact of preoperative BMI on postoperative improve-
ment in pain, function and general health status follow-
ing total knee arthroplasty (TKA) from the patients’
perspective.
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Methods

The study was performed at a large teaching hospital in
Switzerland; a higher-income country with a largely white
European population. Ethics approval was obtained from
the local ethics committee (ethics committee of Eastern
Switzerland EKOS; Project-ID: EKOS 2020-00,879). Data
from the local knee arthroplasty register was accessed
and all patients undergoing elective primary total knee
arthroplasty between 2006 and 2016 were considered
for inclusion. Simultaneous bilateral surgery or incom-
plete data sets were criteria for patient exclusion. No
patients were precluded from surgery or restricted from
study inclusion due to their BMI. On an individual basis,
depending on symptom burden and mobility, morbidly
obese patients were referred to weight loss programs
prior to surgery. Surgery was performed by consultant
orthopaedic surgeons and their supervised trainees. Sur-
gery was performed in spinal or general anesthesia. Anti-
biotic prophylaxis using 3'¢ generation cephalosporin
was administered in every case. A tourniquet was applied
and inflated for insertion of the cemented implant. A
medial parapatellar approach was routinely used, with a
lateral parapatellar approach and osteotomy of the tibial
tubercle in cases with severe valgus deformity. Cemented
primary implants (LCS complete or Attune, DePuy-Syn-
thes) were implanted in all cases. A tibia first, ligament
balancing technique was employed, with and without
computer-navigation (Brainlab, Munich). The cruciate
ligaments were routinely sacrificed. No special considera-
tions were made for patients based on their BMI during
the routine postoperative standard rehab protocol, which
was followed in every case. This allowed unrestricted
weight bearing as tolerated on crutches and physiother-
apy to improve range of motion and muscle activation
without further limitations from day one. VTE prophy-
laxis was performed for 6 weeks following surgery. Out-
patient follow-up visits were routinely performed 2 and
12 months postoperatively, and in 5-year intervals there-
after. Preoperative and 12-month postoperative data
were retrieved. Patient reported outcome data were pro-
spectively collected at the time of treatment. The West-
ern Ontario and McMaster Universities Osteoarthritis
Index (WOMAC score) was employed for measuring
pain, stiffness and function in the respective subscales,
the EQ-5D for measuring general health status. The
WOMAC score is a widely used three-dimension self-
administered patient-reported outcome instrument con-
sisting of 24 questions that are linearly transformed to
a 0—100 scale with higher scores indicating more severe
impairment. The score has been extensively tested for
validity, reliability, feasibility and responsiveness [30, 31].
The EQ-5D [32] is a generic self-report questionnaire. It
consists of five questions measuring the patient’s health
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status and covers self-care, mobility, depression/anxiety,
pain and usual activities. A health utility can be calcu-
lated from the five questions, with a score of 1 reflecting
full health, 0 indicating a health state equaling death and
negative values describing health states that patients con-
sider worse than being dead. This widely used question-
naire has shown satisfying measurement characteristics
in knee patients [33].

Statistical analysis
Sample characteristics are given as means, standard
deviations or 95% confidence intervals, and ranges. Score
change following surgery was compared across the BMI
categories identified by the World Health Organization
(WHO) [13]: normal weight (BMI<25.00), overweight
(BMI 25.00 to 29.99), class I obesity (BMI 30.00 to 34.99),
class II obesity (BMI 35.00 to 39.99), and class III obesity
(BMI>40.00).

To investigate the impact of BMI on postoperative
improvement we used linear mixed models with the
outcome parameters (WOMAC subscales, EQ-5D) as
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dependent variables, and the following independent vari-
ables: BMI group, time point (preoperative and 12-month
follow-up), and the two-way interaction of group-by-
time. In such a model, the interaction term indicates a
difference in postoperative improvement between BMI
groups. We ran pairwise post-hoc tests comparing post-
operative improvement between the “normal weight” cat-
egory and the four other BMI categories. The models also
included a first-order autoregressive covariance matrix
to account for correlations between repeated measure-
ments. Results are presented as estimated marginal
means with their 95% confidence intervals and p-values
for the group effect, time effect, and the group-by-time
interaction. P-values below 0.05 were considered to be
statistically significant. All analyses were conducted in
SPSS 24.0.

Results

Sample characteristics

Between February 2006 and December 2016, a total of
2172 patients underwent primary TKA at our institution

Total TKA procedures performed
N =2172

v

Simultaneous bilateral surgery excluded
N =97

v

Total unilateral TKA procedures
performed
N =2075

Total patients excluded: N=510

- Patients missing BMI and PRO data: N= 320
- Patients missing BMI data: N=106

- Patients missing PRO data: N= 84

Participants included in this study
N = 1565

Fig. 1 Flowchart on study inclusion
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and were included in the local knee arthroplasty reg-
istry. 1565 patients were available for analysis (Fig. 1).
There were no statistically significant differences between
patients having or missing BMI or PROMs data, indi-
cating that these missing values were random (data not
shown).

In this sample, mean patient age was 69.1 years (range
24.8—92.3 years). 62.2% of patients were female, and the
right side was affected in 817 cases (52.2%). Response
rates for the WOMAC score and the EQ-5D at 12-month
were 83.8% and 84.5%, respectively. We found 21.2% of
patients (N=332) to be normal weight (BMI<25.0 kg/
m?), 36.9% (N=578) were overweight (BMI 25.0-
29.9 kg/m?), 27.0% (N=423) had class I obesity (BMI
30.0-34.9 kg/m?), 10.2% (N=160) had class II obesity
(BMI 35.0-39.9 kg/m?), and 4.6% (N=72) had class III
obesity (BMI > 40.0 kg/m?) (Table 1).

BMI was associated with sex (p<0.001), with a similar
proportion of normal weight patients for both sexes (men
20.5% vs women 21.7%), a higher proportion of pre-obese
men (men 43.3% vs women 33.1%), and more women in
class I-III obesity (class I: 27.9% women vs 25.5% men,
class II 12.2% women vs 6.9% men, class III: 5.1% women
vs 3.7% men).

There was a statistically significant association of BMI
class and age at the time of surgery (p <0.001). Mean age
was 70.5 years in normal weight patients and decreased
monotonously to 65.3 years in class III obesity patients.

WOMAC pain

WOMAC pain scores differed significantly between
BMI groups (p<0.001) with better scores observed in
lower BMI categories. Pain scores improved between
preoperative assessments and 12-month follow-up
(p<0.001). Postoperative improvement was associated
with BMI group (p<0.001). In pairwise comparisons of
BMI groups, we found improvements in class I, II and III
obesity patients (-40.4, -44.2, and -42.3 points) to be sta-
tistically significantly (all p<0.05) larger than in normal
weight patients (-34.5 points). For further details please
see Table 2 and Fig. 2a. All differences remained statisti-
cally significant when adjusting for sex and age.

WOMAC function

WOMAC function scores differed significantly between
BMI groups (p<0.001), with lower BMI groups show-
ing better function. Function significantly improved
from pre-surgery to the 12-month follow-up (p <0.001).
Postoperative improvement was also associated with
BMI group (p=0.030). The pairwise comparisons of
BMI groups, showed improvements in class I-II obe-
sity patients (-41.6 and -42.3 points) to be statistically
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Table 1 Sociodemographic and clinical patient characteristics at
pre-surgery (N=1565)

Mean (SD)
Age 69.1 (10.1)
N (%)
Sex
Women 974 (62.2%)
Men 591 (37.8%)
Education
Compulsory school 479 (31.2%)
More than compulsory school 1058 (68.8%)
(A-levels, apprenticeship,
university)
Missing 28
Employment status
Full-time or part-time 293 18.9%
Retired 730 47.1%
Homemaker 448 28.9%
Other 51 5.1%
Missing 16
Smoking
No 1277 (82.6%)
Yes 269 (17.4%)
Missing 19
Side of implant
Left 748 (47.8%)
Right 817 (52.2%)
BMI (%)
<2499 normal weight 332 (21.2%)
25.00-29.99 pre-obesity 578 (36.9%)
30.00-34.99 class | obesity 423 (27.0%)
35.00-39.99 class Il obesity 160 (10.2%)
>40.00 class Il obesity 72 (4.6%)
Computer navigation
Yes 931 61.0%
No® 595 39.0%
Missing 39

?including N=33 aborted navigations

significantly (both p<0.05) larger than in normal weight
patients (-36.4 points). Further details are given in
Table 2 and Fig. 2b. In sex-and age-adjusted analysis all
differences remained statistically significant.

WOMAC total

For the WOMAC total score we found statistically
significant differences between BMI groups over-
all (p<0.001) with patients with lower BMI report-
ing better scores, and a general improvement between
the preoperative time point and 12-month follow-up
(p<0.001).
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Table 2 WOMAC pain, function and total score for different BMI groups (pre-surgery: all scales N=1565; 12-month: pain N=1311,

function N=1308, total N=1308)

Pre-surgery 12 months Improvement
BMI Mean (95%Cl) Mean (95%Cl) Mean (95%Cl)
WOMAC pain
normal: <25 45.2(38.7-51.7) 10.7 (2.9-18.5) 345 (31 9-37.1)
pre-obesity: 25-30 459 (39.3-52.6) 9.8 (3.7-16.0) 36.1 (34.1-38.1)
class | obesity: 30-35 50.5 (43.7-57.2) 10.1 (3.6-16.6) 404 (38 0-42.7)*
class Il obesity: 35-40 543 (41.8-66.8) 10.2 (0.0-22.9) 442 (40.3-48.0)*
class Il obesity: > 40 54.9(39.1-70.7) 12.6 (0.0-29.2) 42.3 (36.7-48.0)*
Group Time Group-by-time interaction
F=6.1;p<0.001 F=24584; p<0.001 F=6.7,p<0.001
WOMAC function
normal: <25 526 (50.6-54.6) 16.2 (14.0-18.4) 364 (33.8-39.1)
pre-obesity: 25-30 54.5(53.0-56.0) 155(13.9-17.1) 39.0 (37.0-41.0)
class | obesity: 30-35 57.7 (56.0-59.5) 16.2 (14.3-18.1) 41.6 (39.2-43.9)%
class Il obesity: 35-40 .1(58.2-63.9) 18.7 (15.6-21.9) 42.3(38.5-46.2)*
class Il obesity: > 40 62.8 (58.6-67.1) 224(17.8-27.0) 404 (34.8-46.1)
Group Time Group-by-time interaction
F=8.0; p<0.001 F=24976; p<0.001 F=27;,p=0.030
WOMAC total
normal: <25 509(490 52.8) 151 (13. 172) 35.8(33.3-383)
pre-obesity: 25-30 526 (51.1-54.0) 5(13.0-16.0) 38.1(36.2-39.9)
class | obesity: 30-35 56.0 (54 3-57.6) 9(13.1-16.7) 41.0 (38.8-43.2)2
class Il obesity: 35-40 59.1 (56.4-61.8) 16.7 (13.7-19.6) 424 (38.8-46.1)°
class Ill obesity: > 40 60.8 (56.8-64.8) 20.2 (15.8-24.5) 40.6 (35.3-46.0)
Group Time Group-by-time interaction
F=74;p<0.001 F=27394; p<0.001 F=3.6;p=0.006

2 statistically significant (p <0.05) difference in change compared to “normal” weight patients

For the WOMAC total score, postoperative improve-
ment was associated with BMI group (p=0.006).
The pairwise comparisons of BMI groups showed

statistically significantly (all p<0.05) larger improve-
ments in class I-II obesity patients (-41.0 and -42.4
points) compared to normal weight patients (-35.8
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Fig. 2 WOMAC pain (a) and function (b) score change between pre-surgery and 12-month follow-up across BMI groups
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Table 3 EQ-5D utility values for different BMI groups (pre-surgery N=1521, 12-month N=1286)

EQ-5D utility Pre-surgery 12 months Improvement

BMI Mean (95%CI) Mean (95%CI) Mean (95%Cl)

normal: <25 0.66 (0.49-0.83) 0.90 (0.31-1.00) 0.24 (0.21-0.27)
pre-obesity: 25-30 0.66 (0.55-0.77) 0.90 (0.79-1.00) 0.24 (0.22-0.26)
class | obesity: 30-35 0.61 (0.45-0.77) 0.89 (0.71-1.00) 0.28 (0.25-0.31)
class Il obesity: 35-40 0.58 (0.11-1.00) 0.86 (0.12-1.00) 0.28 (0.23-0.33)
class Il obesity: > 40 0.54 (-0.09-1.00) 0.85 (-0.09-1.00) 0.30(0.24-0.37)
Group Time Group-by-time interaction

F=9.1;p<0.001 F=785.9; p<0.001 F=2.2;p=0.066

No statistically significant (p <0.05) differences in change between BMI groups

points). Details are given in Table 2. In sex-and age-
adjusted analysis all differences remained statistically
significant.

EQ-5D

The EQ-5D utility scores differed between BMI groups
(p<0.001), and improved in general from preoperatively
to 12-month follow-up (p<0.001). No statistically sig-
nificant difference between BMI groups was observed
regarding postoperative improvement (p=0.066).
Adjustment for sex and age resulted in the same statisti-
cal differences (Table 3).

Discussion

This study highlights that the perceived benefit in terms
of joint-specific patient-reported outcome following total
knee arthroplasty is larger in obese patients compared to
normal weight patients when analyzing post-operative
improvement at 12-month follow-up. This association
was found irrespective of a possible impact of sex and
age.

The literature on the impact of BMI on pain and func-
tional outcomes following TKA is somewhat conflicted.
Multiple studies have shown that outcomes after TKA are
worse in obese patients than in non-obese patients [10,
18, 34]. Amin et al. [34] reported inferior cross-sectional
clinical outcome scores (Knee Society Score) and higher
complication rates in morbidly obese patients at a mean
follow-up of 38.5 months. They reported a significantly
higher rate of radiolucent lines around the implants
(notably around the tibial component) and inferior five-
year implant survivorship for patients with BMI>40 kg/
m? compared to patients with BMI<30 kg/m? in their
prospective matched pair study. Lash et al. [35] found
that patients with BMI>35 kg/m? had worse preop-
erative and post-operative functional scores (WOMAC,
Oxford Knee Score, High-activity Arthroplasty Score)
than patients with BMI < 30 kg/m?, but their benefit from
surgery measured by the change in functional scores

showed no difference. Similarly, Baker et al. [19] reported
no differences in OKS improvement among patients with
class I, II and III obesity.

In line with our results, Chen et al. [17] suggest greater
improvement in the more obese patient groups, with the
mean improvement in Oxford Knee Score (OKS) and
Knee Society Knee Score (KSKS) at two years follow-up
being significantly higher in the morbidly obese group
than in the normal group. Greater obesity level was asso-
ciated with more pain at baseline but greater postopera-
tive pain relief in a study conducted by Li et al. [27]. In
this study, the postoperative gain in Physical Component
Summary (SF-36) did not differ by BMI level.

Similarly, a recent systematic review by Boyce et al.
[6] found that all patients regardless of BMI experi-
enced comparable improvements in knee function fol-
lowing TKA.

The more obese patients in our cohort generally
reported a superior improvement in outcome scores.
The context of this improvement is that they started
with notably poorer preoperative scores. As such
although the delta (improvement) was larger, the abso-
lute post-operative score was not superior in the obese
patients. When evaluating the clinical benefits of TKA
it is crucial to focus on change rather than interpret
post-operative data with cross-sectional analysis, as the
latter may to a large degree simply reflect pre-operative
differences between patients. Change in symptomatol-
ogy is what is most noticeable to the patient and is the
yardstick by which they interpret the benefit of surgery
and patients with higher pre-operative symptom bur-
den may have simply more to gain by surgery.

It is important to note that this study did not take
into account the increased complication rate in obese
patients associated with the intervention. Higher peri-
operative and postoperative complication risks are
well accepted to be greater in obese patients [20, 25,
34, 36]. Complication rates climb further as BMI levels
rise into morbidly and super-obese categories [6, 10,
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37]. Increased risks include wound related problems
like delayed wound healing, superficial wound infec-
tion and deep prosthetic joint infection [6, 22, 25, 34,
36, 38]. In addition, obese patients show higher rates
of revision, aseptic loosening and radiographic signs
of early loosening [6, 34, 38, 39] and more frequent
osteolysis or wear [39]. Alongside reduced longevity
of the implant, obesity is also associated with reduced
life expectancy [40—42]. Patients with BMIs over 35
can expect a significantly reduced life expectancy
compared to normal weight individuals. Large scale
international study data suggests around 3-4 years are
lost to individuals with class I obesity and 10 or more
years to those in class III [43—-45]. If hesitation to per-
form surgery in obese patients is due to concerns as to
reduced implant longevity, this worry may be partially
mitigated by a generally reduced life expectancy. In
terms of health economy, even in “high risk” patients,
TKA remains a cost-effective intervention [46].

From a clinical perspective, joint replacement sur-
gery is an intervention for end-stage disease. Our
findings also support a developmental relationship
between OA and obesity, as highly obese patients
underwent TKA at a younger age than the normal
weight or pre-obese patient population. These con-
siderations are in accordance with the findings of
Changulani et al. [47] who stated that for both hip and
knee replacement, the age at surgery fell significantly
for patients with a BMI > 35 kg/m?. It is also likely that
the management of increased complications in this
population predispose obese patients rather toward a
delay of arthroplasty, and it is likely they present even
younger to orthopedics than the age at time of surgery
suggests.

Strengths of this study include a large sample size
which allowed for stratification and comparison of
BMI subgroups as suggested by the WHO, the availa-
bility of data from a joint-specific questionnaire as well
as a general health outcome measure which allowed
to demonstrate the differential impact of BMI on out-
come after TKA. A limitation is that we had a 28% loss
to follow-up rate, 12.6% of patients had to be excluded
due to missing PROM questionnaires and 10.9% of
patients due to missing BMI values (Fig. 1). However,
as collection of BMI values and PROM questionnaires
in our series is largely unrelated to BMI category it is
unlikely that this may have introduced relevant bias in
this study. Another limitation is that the patients’ BMI
was only recorded preoperatively and possible weight
changes that may have taken place by the 12-month
postoperative review were not accounted for. This
is potentially important in the light that patients
who underwent TKA and lost weight thereafter were
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reported to have better clinical outcome scores than
patients who gained weight in the postoperative period
[48]. However, recent literature indicates the patient’s
bodyweight to be maintained after TKA [49-51], sug-
gesting a minor possible impact of weight change on
our results. The percentage of patients in obesity class
II and III was relatively low, compared to reports in
other countries with two-thirds of our patient cohort
clustered in the overweight / pre-obese and class I
obese categories. This however accurately reflects our
wider country-specific weight distribution.

Conclusions

This study demonstrates larger post-operative improve-
ment in joint-specific outcomes in obese patients com-
pared to normal weight patients. Our findings suggest
that obese patients may have the greatest benefits from
TKA regarding increase of functional capacity and pain
relief at one year follow-up. Well balanced treatment
decisions in shared decision making should fully account
for both: Higher benefits in terms of pain relief and func-
tion as well as increased potential risks and complications
after TKA.
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