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Abstract

Background and objective: Obesity may increase the risk of adverse events after total knee
arthroplasty (TKA). Although body mass index (BMI) is commonly used in categorizing obesity,
its accuracy is limited. Body fat percentage (BFP) might indicate adiposity status and predict
arthroplasty-related outcomes better than BMI. We investigated whether BFP is predictive of
TKA-related outcomes.

Methods: In this secondary analysis, BFP was measured preoperatively from 294 participants of
a randomized trial that investigated the effects of tourniquet and anesthesia methods on TKA.
Data concerning in-hospital assessments and events were collected. Knee range of motion (ROM)
was measured, the Brief Pain Inventory—short form and Oxford Knee Score questionnaires were
used to collect data on patient-reported pain and function, and the |5-dimensional health-related
questionnaire was used to assess quality of life preoperatively and 3 and 12 months postoperatively.
The patients reported satisfaction to TKA 3 and |2months postoperatively. Data concerning
infectious and thromboembolic events within 90 postoperative days and revision surgery,
manipulation under anesthesia, and mortality within | year were collected. A separate post hoc
analysis was performed for 399 participants to assess the effects of BMI on the respective outcomes.
Results: A | -unit increase in BFP affected the ROM by —0.37° (95% confidence interval (Cl) =-0.60
to —0.13) 12months after surgery. BFP was not significantly associated with the operation time
or adverse events. However, the number of most adverse events remained too low for adjusted
analysis. A |-unit increase in BMI increased the operation time by 0.57 min (95% CI=0.10 to 1.04)
and affected the ROM by —0.47° (95% Cl=-0.74 to —0.20) I2months postoperatively. Neither
BFP nor BMI was significantly associated with acute pain, pain management, length of stay, or with
pain, function, quality of life, or satisfaction to TKA at |2 months after surgery.

Conclusions: BFP seems to be a poor predictor of in-hospital results and of patient-reported
outcomes | year after TKA.

Twitter handle
In this secondary analysis of a randomized trial, body fat percentage was poorly predictive of clinical
outcomes during hospital stay and of patient-reported outcomes | year after TKA.
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. |
Context and relevance

Results of two previous studies indicated that BFP could be
predictive of adverse events, pain, and function after total
joint arthroplasty. Thus, information on BFP could be used
preoperatively for improving risk stratifications and for pro-
jecting patient-reported outcomes. In our results, however,
BFP was poorly predictive of clinical outcomes during the
hospital stay and of patient-reported pain, function, health-
related quality of life, and satisfaction 1year after TKA. In
addition, data concerning the predictive performance of body
mass index on TKA related outcomes have been partly con-
flicting. Our results suggest that, in nonmorbidly obese
patients, body mass index has no effect on the patient-reported
outcomes 1 year after TKA.

.|
Introduction

Obesity may negatively affect the outcomes of total knee
arthroplasty (TKA). Operation times seem to increase when
body mass index (BMI) increases.! Similarly, the risk of
some complications such as surgical site infections increases,
especially when the BMI surpasses 40kg/m?2.3-¢ In addition,
obese patients have a higher risk for revision surgery.*?
Furthermore, obesity might reduce the improvements in
patient-reported outcomes such as function, pain, and quality
of life.6-?

Data on the effects of obesity on TKA-related outcomes,
however, are partly conflicting. Some follow-up studies have
found no differences in the improvements of patient-reported
outcomes between nonobese and obese patients.!%13 In addi-
tion, some results suggest that obese patients may benefit
from TKA more than normal-weight patients.!4-16

Although BMI is commonly used in assessing adiposity
status, its accuracy is limited.!”-'8 BMI does not differentiate
adipose tissue from other tissues. Thus, investigating the
associations between TKA and other indicators of body struc-
ture is well grounded. One such indicator is body fat percent-
age (BFP), which demonstrates obesity more precisely than
BMI.'7 In addition, the results from two studies with com-
bined total hip and knee arthroplasty cohorts suggest that
BFP could be a better predictor of adverse events, function,
and persistent pain than BMI.19:20

Methods for measuring BFP include bioelectrical impedance
analysis (BIA), dual-energy X-ray absorptiometry (DXA),
hydrostatic weighing, air displacement plethysmography, com-
puted tomography, and magnetic resonance imagining.?! From a
clinical perspective, BIA is the most applicable although it does
not provide information concerning fat distribution, unlike DXA
which is one of the reference methods. However, many devices
used in BIA have comparable accuracy with DXA in assessing
BFP.22-25 In addition, BIA measurement is easy, fast, and nonin-
vasive, and devices are usually portable and inexpensive.

Owing to limited data, we investigated the predictive per-
formance of preoperative BFP on TKA-related outcomes up
to 1 year after operation. Based on earlier reports, we hypoth-
esized that increasing BFP increases the risk for poor out-
comes.!20 In addition, owing to the strong status of BMI and
prior conflicting data, we extended our investigation post hoc
to examine the predictive ability of BMI on TKA-related
outcomes.

Methods

This prospective, single-center study followed the World
Medical Association Declaration of Helsinki and was con-
ducted as a secondary analysis of a randomized trial approved
by the Finnish Medicines Agency Fimea (reference no.
KL72/2016) and the ethics committee of HUS Helsinki
University Hospital, Surgery (reference no. HUS1703/2016).
The trial was registered to EudraCT (2016-002035-15).
Every participant provided written informed consent.

The trial was conducted at the Arthroplasty Center of HUS
Helsinki University Hospital, Finland. Patients were recruited
and underwent operation between October 2016 and
December 2018. Follow-up visits took place at the orthope-
dic outpatient clinic 3 and 12months after operation. The
12-month follow-up period was completed in December
2019.

Patients

We investigated patients who participated in a randomized
trial that compared the effects of spinal and general anesthe-
sia and tourniquet use on outcomes after TKA. A detailed
study description and results concerning the anesthesia and
tourniquet comparisons have been published.?6-2°

Patients referred for TKA due to Kellgren—Lawrence
grade 3 to 4 osteoarthritis, aged 18—75 years, and with a BMI
of <40kg/m? were eligible for the trial. Patients who had
undergone prior major surgery, such as osteotomy, or had a
severe valgus or varus malalignment (>15°), or flexion or
extension deficit (maximum flexion of <90° or flexion
contracture of >20°) of the study knee were excluded.?®
In addition, we excluded patients who had American Society
of Anesthesiologists (ASA) physical status class =1V, ongo-
ing use of strong opioids, a contraindication to spinal or gen-
eral anesthesia or to the study medications, or a need for
bridging anticoagulation and those who underwent a bilateral
operation.2¢

From the present secondary analysis, we further excluded
patients with a prior metallic endoprosthesis or cardiac pace-
maker because their BFPs were not measured in accordance
with the institutional and manufacturer’s instructions regard-
ing the safety and reliability of BIA. However, we included
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patients without BFP measurements in the post hoc analyses
of BML.

Intervention

A single type of cemented total knee system (Triathlon CR;
Stryker, Kalamazoo, MI, USA) with patellar resurfacing was
used. Based on the randomization, patients were operated
either under spinal or general anesthesia and with or without
a tourniquet.?® In-hospital pain management was multimodal,
including local infiltration analgesia, oral acetaminophen and
ibuprofen three times daily, and patient-controlled analgesia
with intravenous oxycodone for the first 24 postoperative
hours followed by one oral dose of extended-release oxyco-
done and repeated doses of immediate-release oxycodone
given on request.?® From the second postoperative morning,
the patients were given oral tramadol or a combination of
acetaminophen and codeine for up to three times daily.?¢
Pregabalin and peripheral nerve blocks were allowed as res-
cue pain-relieving methods if oxycodone was insufficient.
Physiotherapists examined and guided the patients preopera-
tively and postoperatively and gave instructions for postdis-
charge exercises. For postoperative thromboprophylaxis, the
patients self-administered subcutaneous enoxaparin 40 mg
once daily for 14days, unless their comorbidities required
other anticoagulation methods.

Data collection

Detailed information on patient characteristics was collected
at the preoperative clinic. BFP was measured using a tetrapo-
lar BIA device (Omron BF-500; Omron Healthcare, Kyoto,
Japan) that uses eight electrodes and generates comparable
results with DXA.2223 During the measurement, the patients
stood barefoot on metal footpads and held a handle with elec-
trodes with both hands in front of the chest, and with arms
extended to 90°.

The collected in-hospital data included information on the
operating room events, use of analgesics and antiemetics,
patients’ assessments of their postoperative pain and nausea,
adverse events, and length of hospital stay (LOS). The
patients reported preoperative and 3- and 12-month postop-
erative pain using the self-administered and validated Brief
Pain Inventory—short form (BPI-sf) and Oxford Knee Score
(OKS; pain subscale) questionnaires.?-32 Knee function was
assessed at respective time points with the OKS function sub-
scale’? and by measuring knee range of motion (ROM) using
a goniometer. Measurements were conducted by orthopedic
surgeons and physiotherapists. Similarly, the patients reported
health-related quality of life using a generic, self-adminis-
tered 15-dimensional (15D) questionnaire.’* Furthermore,
they reported their satisfaction with TKA using a numerical
rating scale (NRS) at 3 and 12 months after surgery.

We collected data concerning thrombotic and infectious
complications after discharge and knee-related readmissions
for any reason up to 90 postoperative days. Data concerning
manipulation under anesthesia, revision surgery, and mortal-
ity were collected up to 1 year after surgery.

Statistical analysis

Before launching the primary trial, power calculation was
calculated separately for the present secondary analysis. We
used two-tailed tests with a power of 0.80 and an alpha of
0.05 to address correlations. For detecting a possible correla-
tion (Pearson’s correlation coefficient (r)=0.5) and the
threshold for weak correlation (r=0.3), the minimum sam-
ples were 29 and 85 patients, respectively.

Continuous outcome variables were analyzed using the
Pearson and Spearman correlation for normally and non-nor-
mally distributed data, respectively. Multivariable analyses
were performed for continuous data using the general linear
model adjusted for age, sex, ASA classification (class I-II or
IIT), anesthesia (spinal or general), tourniquet use (yes/no),
and primary diagnosis (primary osteoarthritis or other). In
addition, the preoperative value of the respective postopera-
tive value was set as a covariate for applicable variables. We
used natural logarithm transformation for significantly posi-
tively skewed data. We conducted a sensitivity analysis by
removing outliers or by using square root transformations for
slightly positively skewed data and square transformations
for slightly negatively skewed data. Dichotomous outcomes
were analyzed using unadjusted and adjusted binary logistic
regression. To assess possible overparameterization, we set
10 events per variable as a limit for conducting a sensitivity
analysis with a reduced number of adjusting variables.

Descriptive statistics were presented as mean values with
standard deviations for normally distributed data, medians
with interquartile ranges for non-normally distributed data,
and number of patients with percentages for dichotomous
data. Results concerning correlations were expressed as cor-
relation coefficients, and results from the general linear
model were presented as regression coefficients (95% confi-
dence interval (CI)) for 1-unit increases in BFP or BMI and as
coefficients of determination (R?). The logistic regression
results were presented as odds ratios (95% CI) for 1-unit
increases in BFP or BMI and as Nagelkerke R2.

Missing values concerning the OKS subscales were
imputed with the mean value of other responses for that sub-
scale if only one value was missing. The BPI-sf mean pain
severity and interference scores were included in the analyses
if at least three of four pain severity variables and four of
seven pain interference variables were reported. Missing val-
ues in the 15D questionnaire were imputed using a multiple
imputation procedure if no more than 3 of 15 values were
missing. The patients were considered satisfied with TKA if
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they reported satisfaction scores of 9-10 (NRS, 0-10;
O=extremely dissatisfied, 10=extremely satisfied).

We considered results with p-values < 0.05 as statistically
significant. All analyses were conducted using IBM SPSS
Statistics 27 (IBM Corp., Armonk, NY, USA).

.|
Results

During the primary trial, a total of 2783 patients were assessed
for eligibility (Fig. 1). Of the 404 randomized patients, two
received a nonprotocol prosthesis (i.e. a more constrained
model because of ligament imbalance and insufficient stabil-
ity) and two had Kellgren—Lawrence grade 2 osteoarthritis.
These patients were excluded from the analyses. The data of
two patients who underwent operation without patellar resur-
facing for an unknown reason were included. Erroneously,
data of one patient whose spinal anesthesia was insufficient
were not collected. BFP was not measured from 104 patients
and was clearly tabulated incorrectly for one patient. Thus,
294 patients were included in the BFP cohort, and 399
patients were included in the post hoc BMI cohort (Table 1).
In both cohorts, two patients canceled their participation prior
to the 3-month follow-up, and another three patients did not
attend the 12-month follow-up.

BFP and TKA-related outcomes

In the multivariable analyses, BFP was not significantly asso-
ciated with operation time or LOS (Table 2). The effects of
BFP on pain management and pain during hospital stay and at
3 and 12 months after TKA were also nonsignificant (Tables
2 and 3). Similarly, BFP was not predictive of patient-reported
function, health-related quality of life, or satisfaction with
TKA at 3 or 12months after surgery (Tables 2 and 3).
However, a 1% increase in BFP affected the ROM by —0.37°
(95% CI=—0.60 to —0.13; p=0.003) 12months postopera-
tively. The sensitivity analysis results concerning two pain
and two function variables were consistent with the main
analysis results (Supplementary Table 1).

In the unadjusted analyses, the increase in BFP increased
the odds of postoperative nausea and vomiting; however,
these associations were not significant in the adjusted analy-
ses (Table 3). The numbers of most adverse events were too
low for conducting an adjusted analysis (Table 3). None of
the correlations between BFP and the continuous outcome
variables reached the predefined threshold (r=0.3) of weak
correlation (Supplementary Table 2).

BMI and TKA-related outcomes

In the multivariable analysis, a l-unit increase in BMI
increased the operation time by 0.57min (95% CI=0.10 to
1.04; p=0.018). The associations between BMI and in-hospi-
tal pain, pain management, and LOS were not significant

(Tables 4 and 5). Increasing BMI was associated with
improvements in pain scores at 3 months but not at 12 months
after TKA (Table 4). The effects of BMI on patient-reported
function, health-related quality of life, and satisfaction with
TKA were not significant at 3 and 12 months after surgery
(Tables 4 and 5). Nevertheless, a 1-unit increase in BMI
affected the ROM by —0.47° (95% CI=-0.74 to —0.20;
p<<0.001) at 12months. In the sensitivity analyses concern-
ing one pain management, two pain, and two functional vari-
ables, the results were consistent with the main analysis
(Supplementary Table 3).

In the unadjusted analyses, increasing BMI reduced the
odds of intraoperative hypotension and postoperative nauseca
requiring medication (Table 5). However, in the adjusted
analyses, only the association between BMI and the use of
antiemetics remained statistically significant (Table 5). Other
statistically significant associations between increasing BMI
and adverse events were not detected. The correlations
between BMI and the continuous outcome variables remained
below the threshold of weak correlation (Supplementary
Table 2).

.|
Discussion

In this secondary analysis of a randomized trial with a 1-year
follow-up, our hypothesis concerning the negative effects of
increasing BFP on TKA-related outcomes appeared mostly
incorrect. In the multivariable analyses, BFP was not predic-
tive of operation time, LOS, in-hospital pain management,
acute or persistent pain, adverse events, or patient-reported
function or satisfaction 1 year after surgery. Thus, our results
were inconsistent with those of previous studies which sug-
gested that BFP is predictive of adverse events, pain, and
function.!’®20 However, some of the differences in the results
might have originated from differences in study designs,
sample sizes, outcome questionnaires, and follow-up times.
Increased BFP was associated with decreased baseline-
adjusted ROM 1 year after TKA; however, the clinical rele-
vance of this finding remains questionable.

In the post hoc analyses, increasing BMI predicted increas-
ing operation time, as reported previously.!3 However,
increasing BMI was not predictive of LOS, acute pain, pain
management, or patient-reported outcomes 1 year after opera-
tion. Thus, our results support previous findings that indi-
cated no association between BMI and patient-reported
function and pain.!®!2 The increase in BMI was predictive
of statistically significant decrease in baseline-adjusted
ROM 1 year postoperatively, which is consistent with a previ-
ous study.!® However, we consider this finding clinically
irrelevant owing to non-significant results in patient-reported
outcomes which seem more important in assessing knee
function than ROM.3* Our results do not support the earlier
report that indicated that increase in BMI might decrease
the quality of life, but the previous study used a different



Palanne et al.

Assessed for eligibility (n = 2,783)

—>

Excluded (n = 2,370)

Did not meet inclusion criteria (n = 1,583)
Declined to participate (n = 335)

Other reasons (n = 452)

A/

Recruited (n = 413)

Excluded (n=9)

Cancelled participation (n = 5)

Surgeon did not participate to the study (n = 2)
Did not meet inclusion criteria (n = 1)

Protocol was violated, not randomized (n = 1)

Y

Randomized (n = 404)

Excluded (n =5)

Did not meet inclusion criteria (n = 2)
Surgical plan changed (n = 2)

Data missing (n = 1)

\ 4

[

Body mass index cohort (n = 399)

Excluded (n = 104)
Body fat percentage was not measured (n = 104)

\ 4

Body fat percentage cohort (n = 294) l

>

Dropped out prior to 3-month follow-up (n = 2)

Data analyzed at 3 months (n = 397) | ‘ Data analyzed at 3 months (n = 292) ‘

Did not attend 12-month follow-up (n = 3)
Data from medical records were included (n = 3)

Data analyzed at 12 months (n = 397)| | Data analyzed at 12 months (n = 292)

Fig. 1. Flow chart of the patients.
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Table |. Patient characteristics.

Characteristic Body fat percentage cohort (n=294) Body mass index cohort (n=399)
Age (years) 63.6+7.4 639+73
Female sex 180 (61.2) 251 (62.9)
Body fat percentage (%) 367+95 -
Height (cm) 170.6 + 9.4 170.4%9.1
Weight (kg) 887+ 154 882+ 152
Body mass index (kg/m?) 30.6 +4.4 304 +44
Medication for hypertension 154 (52.4) 218 (54.6)
Coronary artery disease 8(2.7) 15 (3.8)
Asthma or COPD 39(13.3) 54 (13.5)
Diabetes mellitus 47 (16.0) 66 (16.5)
Rheumatological disease 16 (5.4) 30 (7.5)
Depression 19 (6.5) 27 (6.8)
Current smoking 32(10.9) 46 (11.5)
Prior minor surgery of the study knee 131 (44.9)2 158 (39.9)°
ASA classification

| 29 (9.9) 37 (9.3)

Il 188 (63.9) 246 (61.7)

1] 77 (26.2) 116 (29.1)
Reason for operation

Primary osteoarthritis 274 (93.2) 373 (93.5)

Posttraumatic arthritis 8(27) 8 (2.0)

Rheumatoid or psoriatic arthritis 6 (2.0) 12 (3.0)

Other 6 (2.0) 6 (1.5)
Anesthesia method in total knee arthroplasty

Spinal 145 (49.3)¢ 204 (51.1)¢

General 149 (50.7) 195 (48.9)
Tourniquet used during total knee arthroplasty

Yes 147 (50.0) 203 (50.9)

No 147 (50.0) 196 (49.1)

COPD: chronic obstructive pulmonary disease; ASA: American Society of Anesthesiologists.
Body fat percentage cohort is a subgroup of body mass index cohort. Data are presented as mean value * standard deviation or number of patients (%).

2Data missing from two patients.
bData missing from three patients.

°One patient also received general anesthesia.
9Two patients also received general anesthesia.

Table 2. Associations between body fat percentage and the continuous outcomes of total knee arthroplasty (n=294).

Variable N Adjusted B (95% CI) R? p-value
Operation time (min) 294 0.19 (-0.19 to 0.57) 0.059 0.333
Length of hospital stay (h, LN) 294 -0.001 (-0.01 to 0.004) 0.029 0.672
Intravenous oxycodone by PCA during the first 24 h after operation (mg) 294 -0.05 (-0.42 to 0.33) 0.181 0.800
Total postoperative oxycodone consumption as intravenous equivalents during 294 —0.18 (-0.69 to 0.32) 0.203 0.473
hospital stay (mg)*
Pain at rest in the recovery room (NRS) 289 0.02 (-0.01 to 0.04) 0.421 0.155
Pain at rest supine 24h after operation (NRS) 294 —0.001 (—0.05 to 0.04) 0.017 0.967
Pain after walking 5m 24 h after operation (NRS) 282 0.04 (-0.005 to 0.08) 0.061 0.081
BPI-sf average pain (NRS) 3months 286 0.005 (-0.04 to 0.05) 0.121 0.809
12months 285 -0.02 (-0.06 to 0.02) 0.085 0.425

(Continued)
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Table 2. (Continued)

Variable N Adjusted B (95% CI) R? p-value
BPI-sf mean pain severity (NRS) 3 months 288 —0.004 (—0.04 to 0.03) 0.180 0811
12 months 286 -0.01 (—0.04 to 0.03) 0.113 0.711
BPI-sf mean pain interference (NRS) 3 months 286 -0.02 (-0.07 to 0.03) 0.107 0.374
12 months® 282 0.01 (-0.04 to 0.05) 0.102 0.764
OKS pain subscale 3 months 288 0.06 (-0.31 to 0.43) 0.072 0.754
12 months® 284 0.17 (=0.13 to 0.47) 0.084 0.274
OKS function subscale 3 months 288 —0.20 (-0.54 to 0.15) 0.094 0.261
12 months® 286 -0.06 (—0.32 to 0.20) 0.171 0.654
Knee range of motion (°) 3months® 289 -0.13 (-0.47 to 0.21) 0.115 0.450
12months 278 -0.37 (-0.60 to —0.13) 0.109 0.003
15D health-related quality of life 3 months 286 —0.001 (—0.002 to 0.000) 0.389 0.099
12 months 285 0.000 (-0.001 to 0.002) 0.381 0.618

B: regression coefficient for a |-unit increase in body fat percentage from the general linear model; Cl: confidence interval; R% coefficient of determination; LN: natural
logarithm; PCA: patient-controlled analgesia; NRS: numerical rating scale (0—10, 0=no pain/interference, 10=worst pain/interference); BPI-sf: Brief Pain Inventory—short form;
OKS: Oxford Knee Score (subscales standardized to 0—100, 0=worst pain/function, 100 =least pain/best function); I5D: |5-dimensional health-related quality of life (01,
0=being dead, | =no problems on any dimensions).

Adjusting variables included age, sex, anesthesia method, tourniquet use, American Society of Anesthesiologist physical status classification, and primary diagnosis. For the 3-
and |12-month follow-up variables, the preoperative value of the respective postoperative variable was set as a covariate.

aThe parenteral-to-enteral conversion factor for oxycodone was set to 1:0.6, respectively.

bData are slightly skewed, and the sensitivity analysis revealed consistent results (see Supplementary Table I).

Table 3. Associations between body fat percentage and the dichotomous outcomes of total knee arthroplasty.

n/total (%) Unadjusted p-value Adjusted odds Nagelkerke R? p-value
odds ratio ratio (95% CI)
(95% CI)
Events in the operating room
Any aberration in anesthesia 29/294 (9.9) 1.00 (0.96—1.04) 0.957 8
Hypotension requiring medication 152/294 (51.7) 0.98 (0.96—1.00) 0.084 1.00 (0.95-1.06) 0.449 0.897
Hypertension requiring medication 19/294 (6.5) 1.00 (0.95-1.05) 0912 8
Bleeding requiring red blood cells transfusion 0/294 (0)
Postoperative in-hospital adverse events
Vomiting during the first 24 postoperative hours 57/293 (19.4) 1.04 (1.01-1.08) 0.013 0.98 (0.93-1.04)° 0.108 0.516
Nausea 24 h after operation 108/293 (36.7) 1.04 (1.02-1.07) 0.002 1.00 (0.96-1.05) 0.117 0.850
Nausea medicated with antiemetic 118/294 (40.1) 1.06 (1.03-1.09) <0.001 0.97 (0.93-1.02) 0.183 0.231
Pain requiring anesthesiologist consultation 40/294 (13.6) 1.01 (0.97-1.04) 0.705 0.98 (0.92—-1.04)c 0.073 0.562
Pain requiring pregabalin as rescue analgesic 31/294 (10.5) 0.99 (0.95-1.03) 0.673 0.95 (0.89-1.02)¢ 0.081 0.130
Pain requiring peripheral nerve block 2/294 (0.7) 1.00 (0.86-1.16) 0.991 2
Falling 3/294 (1.0) 0.94 (0.84-1.04) 0.233 2
Pulmonary embolism 3/294 (1.0) 1.01 (0.89-1.14) 0.897 8
Delirium 1/294 (0.3) 0.99 (0.81-1.22) 0.947 2
Anemia requiring red blood cells transfusion 5/294 (1.7) 0.96 (0.88-1.04) 0.304 8
Medical emergency team consultation 2/294 (0.7) 1.09 (0.90-1.32) 0.371 a
Transfer to intensive care unit 1/294 (0.3) 1.02 (0.82-1.27) 0.860 B
Discharge to an extended care facility 0/294 (0)
Postdischarge adverse events within 90 days
Superficial infection 3/292 (1.0) 1.02 (0.90-1.16) 0.708 8
Deep infection 0/292 (0)
Muscle or deep vein thrombosis 3/292 (1.0) 0.93 (0.83-1.04) 0.195 B
Pulmonary embolism 1/292 (0.3) 1.07 (0.83-1.38) 0.602 8
Unplanned readmission 10/292 (3.4) 0.99 (0.93-1.06) 0.801 e

(Continued)
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Table 3. (Continued)

n/total (%) Unadjusted p-value Adjusted odds Nagelkerke R? p-value
odds ratio ratio (95% CI)
(95% CI)
Events during |-year follow-up
Manipulation under anesthesia 31/292 (10.5) 1.02 (0.98-1.06) 0.298 0.97 (0.90-1.04)c 0.155 0.384
Revision surgery 0/292 (0)
Death 0/292 (0)
Patient satisfied with total knee arthroplasty?
3months after operation 240/287 (83.6) 1.02 (0.99-1.06) 0.160 1.04 (0.99-1.10) 0.052 0.145
12 months after operation 247/282 (87.6) 1.00 (0.96-1.03) 0.853 1.05 (0.98-1.12) 0.056 0.183

Cl: confidence interval; R2: coefficient of determination.

Data are presented as odds ratio for a |-unit increase in body fat percentage. Aberration in anesthesia refers to any undesired event, such as paresthesia during the induction
of spinal anesthesia or unexpected difficult intubation. Adjusted analyses were adjusted for age, sex, anesthesia method, tourniquet use, American Society of Anesthesiologist
physical status classification, and primary diagnosis.

aThe number of events was insufficient for multiple baseline adjustments.

bSensitivity analysis with binary logistic regression adjusted for age, sex, anesthesia method, and tourniquet use revealed consistent results (data not shown).

<Sensitivity analysis with binary logistic regression adjusted for age and sex revealed consistent results (data not shown).

dPatients were considered satisfied with total knee arthroplasty if they reported satisfaction scores of 9—10 (numerical rating scale 0—10, 0=extremely dissatisfied,

10 =extremely satisfied).

Table 4. Associations between body mass index and the continuous outcomes of total knee arthroplasty (n=399).

Variable N Adjusted 3 (95% CI) R? p-value
Operation time (min) 399 0.57 (0.10 to 1.04) 0.063 0.018
Length of hospital stay (h, LN) 399 -0.001 (-0.01 to 0.01) 0.016 0.694
Intravenous oxycodone by PCA during the first 24 h after operation (mg)? 399 0.35 (-0.11 to 0.82) 0.178 0.139
Total postoperative oxycodone consumption as intravenous equivalents during hospital stay (mg)® 399 0.40 (-0.22 to 1.03) 0.191 0.208
Pain at rest in the recovery room (NRS) 392 0.02 (-0.01 to 0.05) 0.417 0.139
Pain at rest supine 24h after operation (NRS) 399 =0.01 (=0.06 to 0.04) 0.027 0.717
Pain after walking 5m 24 h after operation (NRS) 380 0.02 (-0.03 to 0.08) 0.040 0.442
BPI-sf average pain (NRS) 3 months 387 -0.04 (-0.09 to 0.01) 0.127 0.089
12months 385 -0.02 (-0.07 to 0.03) 0.075 0.405
BPI-sf mean pain severity (NRS) 3 months 389 —0.04 (-0.08 to —0.000) 0.188 0.048
12months 386 -0.01 (-0.06 to 0.03) 0.113 0.571
BPI-sf mean pain interference (NRS) 3 months 385 —0.06 (-0.11 to —0.004) 0.136 0.035
12 months? 382 0.003 (-0.05 to 0.05) 0.127 0914
OKS pain subscale 3 months 390 0.52 (0.10 to 0.95) 0.074 0.016
12 months? 385 0.23 (-0.14 to 0.59) 0.066 0.224
OKS function subscale 3 months 390 0.20 (-0.21 to 0.61) 0.088 0.340
12 months? 387 -0.22 (-0.54 to 0.10) 0.142 0.179
Knee range of motion (°) 3 months? 393 —0.06 (—0.46 to 0.34) 0.088 0.771
12months 379 -0.47 (-0.74 to -0.20) 0.126 <0.001
15D health-related quality of life 3 months 386 0.001 (-0.001 to 0.002) 0.384 0.324
12months 385 0.001 (-0.001 to 0.002) 0.360 0.260

B: regression coefficient for a |-unit increase in body mass index from the general linear model; Cl: confidence interval; R%: coefficient of determination; LN: natural logarithm;
PCA: patient-controlled analgesia; NRS: numerical rating scale (0-10, 0=no pain/interference, |0=worst pain/interference); BPI-sf: Brief Pain Inventory—short form; OKS:
Oxford Knee Score (subscales standardized to 0—100, 0=worst pain/function, 100=least pain/best function); 15D: |5-dimensional health-related quality of life (0|, 0=being
dead, | =no problems on any dimensions).

Adjusting variables included age, sex, anesthesia method, tourniquet use, American Society of Anesthesiologist physical status classification, and primary diagnosis. For the 3-
and 12-month follow-up variables, the preoperative value of the respective postoperative variable was set as a covariate.

2Data are slightly skewed, and the sensitivity analysis revealed consistent results (see Supplementary Table 3).

The parenteral-to-enteral conversion factor for oxycodone was set to 1:0.6, respectively.
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Table 5. Associations between body mass index and the dichotomous outcomes of total knee arthroplasty.
n/total (%) Unadjusted odds p-value Adjusted odds Nagelkerke R?  p-value
ratio (95% CI) ratio (95% CI)

Events in the operating room
Any aberration in anesthesia 37/399 (9.3) 1.04 (0.96-1.12) 0.334 1.02 (0.93-1.11)2 0.062 0.690
Hypotension requiring medication 208/399 (52.1) 0.94 (0.90-0.98) 0.008 0.97 (0.91-1.03) 0.448 0.272
Hypertension requiring medication 26/399 (6.5) 1.03 (0.94-1.13) 0.469 b
Bleeding requiring red blood cells transfusion 0/399

Postoperative in-hospital adverse events
Vomiting during the first 24 postoperative hours 68/398 (17.0) 0.98 (0.92-1.04) 0.536 0.95 (0.89-1.02)c 0.082 0.170
Nausea 24 h after operation 147/398 (36.8) 0.97 (0.93-1.02) 0.240 0.95 (0.90-1.00) 0.102 0.060
Nausea medicated with antiemetic 147/399 (36.8) 0.95 (0.91-0.998) 0.043 0.92 (0.87-0.97) 0.158 0.002
Pain requiring anesthesiologist consultation 55/399 (13.8) 1.03 (0.96-1.10) 0.438 0.98 (0.91-1.05)¢ 0.073 0.598
Pain requiring pregabalin as rescue analgesic 45/399 (11.3) 1.00 (0.93-1.07) 0919 0.95 (0.88-1.03)2 0.072 0.241
Pain requiring peripheral nerve block 3/399 (0.8) 1.09 (0.84-1.41) 0.534 b
Falling 4/399 (1.0) 0.93 (0.74-1.18) 0.570 b
Pulmonary embolism 3/399 (0.8) 1.10 (0.84-1.42) 0.492 B
Delirium 2/399 (0.5) 0.89 (0.64-1.25) 0.511 b
Anemia requiring red blood cells transfusion 6/399 (1.5) 0.88 (0.72-1.07) 0.194 b
Medical emergency team consultation 2/299 (0.5) 1.50 (0.94-2.41) 0.090 b
Transfer to intensive care unit 2/399 (0.5) 1.00 (0.73-1.38) 0.996 b
Discharge to an extended care facility 1/399 (0.3) 1.03 (0.66—1.61) 0.896 b

Postdischarge adverse events within 90 days
Superficial infection 3/397 (0.8) 1.22 (0.92-1.62) 0.166 B
Deep infection 0/397 (0)
Muscle or deep vein thrombosis 3/397 (0.8) 0.83 (0.62—1.11) 0.203 b
Pulmonary embolism 1/397 (0.3) 0.87 (0.54-1.41) 0.579 B
Unplanned readmission 13/397 (3.3) 0.96 (0.85-1.10) 0.582 b

Events during |-year follow-up
Manipulation under anesthesia 38/397 (9.6) 0.96 (0.89-1.04) 0.355 0.94 (0.86—1.03)* 0.117 0.190
Revision surgery 3/397 (0.8) 0.99 (0.76—1.29) 0.935 b
Death 0/397 (0)

Patient satisfied with total knee arthroplasty?
3months after operation 332/389 (85.3) 1.05 (0.98-1.12) 0.143 1.07 (0.99-1.15) 0.047 0.087
12 months after operation 333/382 (87.2) 1.01 (0.94-1.08) 0.829 1.03 (0.96-1.11) 0.040 0413

ClI: confidence interval; R% coefficient of determination.

Data are presented as odds ratio for a |-unit increase in body mass index. Aberration in anesthesia refers to any undesired event, such as paresthesia during the induction of
spinal anesthesia or unexpected difficult intubation. Adjusted analyses were adjusted for age, sex, anesthesia method, tourniquet use, American Society of Anesthesiologist

physical status classification, and primary diagnosis.

aSensitivity analysis with binary logistic regression adjusted for age and sex revealed consistent results (data not shown).

bThe number of events was insufficient for multiple baseline adjustments.

<Sensitivity analysis with binary logistic regression adjusted for age, sex, anesthesia method, and tourniquet use revealed consistent results (data not shown).
dPatients were considered satisfied with total knee arthroplasty if they reported satisfaction scores of 9—10 (numerical rating scale 0—10, 0=extremely dissatisfied,

10=extremely satisfied).

questionnaire and follow-up time, which might explain
the differences.® Even though increase in BMI did not predict
postoperative nausea and vomiting during the first 24 postop-
erative hours in this study, it predicted decreasing odds for
the need of postoperative antiemetics during the hospital stay.
This might be regarded clinically relevant.

Although we investigated the predictive performance of
both BFP and BMI on TKA-related outcomes, a comparison
of these two body structure indicators as predictors was not

the objective of the study. Thus, the cohorts differed, and the
results were presented separately.

The strengths of this study include its prospective design.
The patients were participants in a randomized trial in which
treatments were thoroughly documented and standardized
and followed modern fast-track protocols. We investigated
the effects of BFP on multiple outcomes used to weigh the
benefits of TKA. This study focused strictly on patients who
underwent primary TKA, which increased the validity of our
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results compared with mixed surgery cohorts. Furthermore,
the sample size of our BFP cohort was more substantial than
that of a previous study that investigated associations between
BFP and patient-reported outcomes.!?

This study also has some noteworthy limitations. First,
the inclusion criteria, such as age <75 years and preopera-
tive BMI <40kg/m?, limit the generalizability of the results.
Second, this was a single-center study. Third, the patients
were not required to prepare themselves for the BIA,
although dictary intake and previous exercise may affect the
analysis. This might have biased the results. However, 271
(93.4%) of 290 patients had fasted for at least 2h before
BIA. In addition, most patients arrived at the preoperative
clinic in the morning, and apart from short transitions and
examinations, no physical stress was induced. Fourth, the
inter-tester accuracy of the ROM measurements was not
controlled which should be noted in interpreting the results.
Fifth, this study was not powered to address rare adverse
events.

The 1-year follow-up time might also be regarded as too
short. However, a recent meta-analysis revealed no signifi-
cant differences in patient-reported outcomes between 1
and 2years after TKA.?S In addition, numerous studies
have reported that most patient-reported benefits could be
measured within 1 year after operation.’¢ In terms of OKS,
the improvements do not seem to increase from the first to
the fifth postoperative year.’”-3% Similarly, ROM seems to
remain at the level achieved during the first postoperative
year.'¢ Furthermore, the prevalence of moderate to severe
persistent postsurgical pain at 1 year does not appear higher
than at 2—5 years after TKA.!!?° Studies concerning health-
related quality of life with S5-year follow-up durations have
reported that after the first postoperative year, the quality
of life might remain at the same level, improve, or
deteriorate.38-40

In conclusion, our results suggest that BFP is poorly pre-
dictive of in-hospital results and of outcomes concerning
patient-reported pain, function, and health-related quality of
life 1year after TKA. For nonmorbidly obese patients,
increase in BMI seems to have only minor effects on TKA-
related outcomes.

Acknowledgements

The authors thank Rita Linko, MD, PhD; Elina Reponen, MD, PhD;
and Rami Madanat, MD, PhD for their advice concerning the study
planning. The authors also thank Arja Mékinen, RN, and Katarina
Lahtinen, MD, for their invaluable work in data collection.

Author contributions

All authors contributed to the conceptualization and methodology.
R.P., M.R., T.V., and N.S. contributed to the data curation. R.P. and
T.V. contributed to the formal analysis. K.T.O., R.P., and A.V. con-
tributed to the funding acquisition. R.P., M.R., and N.S. contributed
to the investigation. N.S., A.V., and K.T.O. contributed to the project
administration and supervision. R.P. contributed to the writing the
original draft. All authors contributed to the reviewing and editing
the draft.

Declaration of conflicting interest

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: M.R. declared the following potential conflict of interest:
research support from Zimmer Biomet and Smith & Nephew. Other
authors declare that there is no conflict of interest.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was supported by the HUS Helsinki University Hospital Finnish gov-
ernment science grants (grant nos TYH 2017239 and TYH 2019113)
and the HUS Helsinki University Hospital (grant no. Y102011095).
Open access article processing charge was funded by Helsinki
University Library. In addition, R.P. received personal grants from
the Paulo Foundation, the Finnish Medical Foundation, the Research
Foundation for Orthopaedics and Traumatology, the Finnish
Arthroplasty Society, the Finnish Society of Anaesthesiologists, the
Finnish Medical Society Duodecim, and the Orion Research
Foundation sr. The funders had no role in the study design; in data
collection, analysis, or interpretation; in writing the manuscript; or in
the decision to submit the article for publication.

ORCID iDs
Riku Palanne

Noora Skants

https://orcid.org/0000-0002-6522-1272
https://orcid.org/0000-0002-1470-4397

Supplemental material

Supplemental material for this article is available online.

Availability of data and materials

The raw data that were analyzed in this study are available from the
corresponding author upon reasonable request.

References

1. Liabaud B, Patrick DA Jr, Geller JA: Higher body mass index
leads to longer operative time in total knee arthroplasty.
J Arthroplasty 2013;28(4):563-565.

2. Naranje S, Lendway L, Mehle S et al: Does operative time
affect infection rate in primary total knee arthroplasty. Clin
Orthop Relat Res 2015;473(1):64—69.

3. Zusmanovich M, Kester BS, Schwarzkopf R: Postoperative
complications of total joint arthroplasty in obese patients strati-
fied by BMI. J Arthroplasty 2018;33(3):856-864.

4. Christensen TC, Wagner ER, Harmsen WS et al: Effect of
physical parameters on outcomes of total knee arthroplasty.
J Bone Joint Surg Am 2018;100(21):1829-1837.

5. SiHB, Zeng Y, Shen B et al: The influence of body mass index
on the outcomes of primary total knee arthroplasty. Knee Surg
Sports Traumatol Arthrosc 2015;23(6):1824-1832.

6. Pozzobon D, Ferreira PH, Blyth FM et al: Can obesity and
physical activity predict outcomes of elective knee or hip sur-
gery due to osteoarthritis? A meta-analysis of cohort studies.
BMJ Open 2018;8(2):e17689.

7. Jarvenpdd J, Kettunen J, Kroger H et al: Obesity may impair
the early outcome of total knee arthroplasty. Scand J Surg
2010;99(1):45-49.

8. Liljensee A, Lauersen JO, Seballe K et al: Overweight pre-
operatively impairs clinical outcome after knee arthroplasty:


https://orcid.org/0000-0002-6522-1272
https://orcid.org/0000-0002-1470-4397

Palanne et al.

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

A cohort study of 197 patients 3-5 years after surgery. Acta
Orthop 2013;84(4):392-397.

Collins RA, Walmsley PJ, Amin AK et al: Does obesity
influence clinical outcome at nine years following total knee
replacement. J Bone Joint Surg Br 2012;94(10):1351-1355.
Amin AK, Patton JT, Cook RE et al: Does obesity influence the
clinical outcome at five years following total knee replacement
for osteoarthritis. J Bone Joint Surg Br 2006;88(3):335-340.
Singh JA, Gabriel SE, Lewallen DG: Higher body mass index
is not associated with worse pain outcomes after primary or
revision total knee arthroplasty. J Arthroplasty 2011;26(3):366—
374.el.

Giesinger JM, Loth FL, MacDonald DJ et al: Patient-reported
outcome metrics following total knee arthroplasty are influ-
enced differently by patients’ body mass index. Knee Surg
Sports Traumatol Arthrosc 2018;26(11):3257-3264.

Baker P, Petheram T, Jameson S et al: The association between
body mass index and the outcomes of total knee arthroplasty.
J Bone Joint Surg Am 2012;94(16):1501-1508.

Chen JY, Lo NN, Chong HC et al: The influence of body mass
index on functional outcome and quality of life after total knee
arthroplasty. Bone Joint J 2016;98-B(6):780-785.

Giesinger K, Giesinger JM, Hamilton DF et al: Higher body
mass index is associated with larger postoperative improve-
ment in patient-reported outcomes following total knee arthro-
plasty. BMC Musculoskelet Disord 2021;22(1):635.

Gadinsky NE, Ehrhardt JK, Urband C et al: Effect of body
mass index on range of motion and manipulation after total
knee arthroplasty. J Arthroplasty 2011;26(8):1194-1197.
Kennedy AP, Shea JL, Sun G: Comparison of the classification
of obesity by BMI vs. dual-energy X-ray absorptiometry in the
Newfoundland population. Obesity 2009;17(11):2094-2099.
Okorodudu DO, Jumean MF, Montori VM et al: Diagnostic
performance of body mass index to identify obesity as defined
by body adiposity: A systematic review and meta-analysis. Int
J Obes 2010;34(5):791-799.

Ledford CK, Millikan PD, Nickel BT et al: Percent body fat is
more predictive of function after total joint arthroplasty than
body mass index. J Bone Joint Surg Am 2016;98(10):849-857.
Ledford CK, Ruberte Thiele RA, Appleton JS Jr et al: Percent
body fat more associated with perioperative risks after total
joint arthroplasty than body mass index. J Arthroplasty
2014;29(9 Suppl.):150-154.

Borga M, West J, Bell JD et al: Advanced body composition
assessment: From body mass index to body composition profil-
ing. J Investig Med 2018;66(5):1-9.

Bosy-Westphal A, Later W, Hitze B et al: Accuracy of bio-
electrical impedance consumer devices for measurement of
body composition in comparison to whole body magnetic
resonance imaging and dual X-ray absorptiometry. Obes Facts
2008;1(6):319-324.

Pietilainen KH, Kaye S, Karmi A et al: Agreement of bioelec-
trical impedance with dual-energy X-ray absorptiometry and
MRI to estimate changes in body fat, skeletal muscle and vis-
ceral fat during a 12-month weight loss intervention. Br J Nutr
2013;109(10):1910-1916.

Liao YS, Li HC, Lu HK et al: Comparison of bioelectrical
impedance analysis and dual energy X-ray absorptiometry for
total and segmental bone mineral content with a three-compart-
ment model. Int J Environ Res Public Health 2020;17(7):2595.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Combest TM, Howard RS, Andrews AM: Comparison of
circumference body composition measurements and eight-
point bioelectrical impedance analysis to dual energy X-ray
absorptiometry to measure body fat percentage. Mil Med
2017;182(7):e1908—e1912.

Rantasalo MT, Palanne R, Juutilainen K et al: Randomised
controlled study comparing general and spinal anaesthesia with
and without a tourniquet on the outcomes of total knee arthro-
plasty: Study protocol. BMJ Open 2018;8(12):¢025546.
Palanne R, Rantasalo M, Vakkuri A et al: Effects of anaesthesia
method and tourniquet use on recovery following total knee
arthroplasty: A randomised controlled study. Br J Anaesth 2020;
125(5):762-772.

Rantasalo M, Palanne R, Vakkuri A et al: Use of a tourniquet
and spinal anesthesia increases satisfactory outcomes after
total knee arthroplasty: A randomized study. J Bone Joint Surg
Am 2021;103(20):1890-1899.

Palanne RA, Rantasalo MT, Vakkuri AP et al: Anesthesia
method, tourniquet use, and persistent postsurgical pain after
total knee arthroplasty: A prespecified secondary analysis of a
randomized trial. Anesthesiology 2021;135(4):699-710.
Cleeland CS: The brief pain inventory user guide, https://
www.mdanderson.org/documents/Departments-and-Divisions/
Symptom-Research/BPI_UserGuide.pdf (2009, accessed 22
February 2022).

Murray DW, Fitzpatrick R, Rogers K et al: The use of the Oxford
hip and knee scores. J Bone Joint Surg Br 2007;89(8):1010-1014.
Harris K, Dawson J, Doll H et al: Can pain and function be
distinguished in the Oxford Knee Score in a meaningful way?
An exploratory and confirmatory factor analysis. Qual Life Res
2013;22(9):2561-2568.

Alanne S, Roine RP, Résénen P et al: Estimating the mini-
mum important change in the 15D scores. Qual Life Res
2015;24(3):599-606.

Miner AL, Lingard EA, Wright EA et al: Knee range of motion
after total knee arthroplasty: How important is this as an out-
come measure. J Arthroplasty 2003;18(3):286-294.
Ramkumar PN, Navarro SM, Haeberle HS et al: No differ-
ence in outcomes 12 and 24 months after lower extremity total
joint arthroplasty: A systematic review and meta-analysis. J
Arthroplasty 2018;33(7):2322-2329.

Shan L, Shan B, Suzuki A et al: Intermediate and long-term
quality of life after total knee replacement: A systematic review
and meta-analysis. J Bone Joint Surg Am 2015;97(2):156—-168.
Beard DJ, Davies LJ, Cook JA et al: The clinical and cost-
effectiveness of total versus partial knee replacement in
patients with medial compartment osteoarthritis (TOPKAT):
S-year outcomes of a randomised controlled trial. Lancet
2019;394(10200):746-756.

Scott CE, Clement ND, MacDonald DJ et al: Five-year survi-
vorship and patient-reported outcome of the triathlon single-
radius total knee arthroplasty. Knee Surg Sports Traumatol
Arthrosc 2015;23(6):1676-1683.

Neuprez A, Neuprez AH, Kaux JF et al: Total joint replacement
improves pain, functional quality of life, and health utilities in
patients with late-stage knee and hip osteoarthritis for up to 5
years. Clin Rheumatol 2020;39(3):861-871.

Nilsdotter AK, Toksvig-Larsen S, Roos EM: A 5 year prospec-
tive study of patient-relevant outcomes after total knee replace-
ment. Osteoarthritis Cartilage 2009;17(5):601-606.


https://www.mdanderson.org/documents/Departments-and-Divisions/Symptom-Research/BPI_UserGuide.pdf
https://www.mdanderson.org/documents/Departments-and-Divisions/Symptom-Research/BPI_UserGuide.pdf
https://www.mdanderson.org/documents/Departments-and-Divisions/Symptom-Research/BPI_UserGuide.pdf

