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Fat tissue is a poor predictor of 1 year 
outcomes after total knee arthroplasty:  
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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 15-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 12 months postoperatively. Data concerning 
infectious and thromboembolic events within 90 postoperative days and revision surgery, 
manipulation under anesthesia, and mortality within 1 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 1-unit increase in BFP affected the ROM by −0.37° (95% confidence interval (CI) = −0.60 
to −0.13) 12 months 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 1-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% CI = −0.74 to −0.20) 12 months 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 12 months after surgery.
Conclusions: BFP seems to be a poor predictor of in-hospital results and of patient-reported 
outcomes 1 year after TKA.
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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 1 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 1 year 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.1–3 Similarly, the risk of 
some complications such as surgical site infections increases, 
especially when the BMI surpasses 40 kg/m2.3–6 In addition, 
obese patients have a higher risk for revision surgery.4,5 
Furthermore, obesity might reduce the improvements in 
patient-reported outcomes such as function, pain, and quality 
of life.6–9

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.10–13 In addi-
tion, some results suggest that obese patients may benefit 
from TKA more than normal-weight patients.14–16

Although BMI is commonly used in assessing adiposity 
status, its accuracy is limited.17,18 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.17 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.21 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.19,20 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 12 months 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.26–29

Patients referred for TKA due to Kellgren–Lawrence 
grade 3 to 4 osteoarthritis, aged 18–75 years, and with a BMI 
of ⩽40 kg/m2 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.26  
In addition, we excluded patients who had American Society 
of Anesthesiologists (ASA) physical status class ⩾IV, 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.26

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 BMI.

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.26 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.26 From the second postoperative morning, 
the patients were given oral tramadol or a combination of 
acetaminophen and codeine for up to three times daily.26 
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 14 days, 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.22,23 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.30–32 Knee function was 
assessed at respective time points with the OKS function sub-
scale32 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.33 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 
III), 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 (R2). 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; 
0 = 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 12 months 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) 12 months 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 1-unit increase in BMI 
increased the operation time by 0.57 min (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 12 months. 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 nausea 
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.19,20 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.1–3 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.10–12 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.16 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.34 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 
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Fig. 1.  Flow chart of the patients.
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Table 1.  Patient characteristics.

Characteristic Body fat percentage cohort (n = 294) Body mass index cohort (n = 399)

Age (years) 63.6 ± 7.4 63.9 ± 7.3

Female sex 180 (61.2) 251 (62.9)

Body fat percentage (%) 36.7 ± 9.5 –

Height (cm) 170.6 ± 9.4 170.4 ± 9.1

Weight (kg) 88.7 ± 15.4 88.2 ± 15.2

Body mass index (kg/m2) 30.6 ± 4.4 30.4 ± 4.4

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)a 158 (39.9)b

ASA classification  

  I 29 (9.9) 37 (9.3)

  II 188 (63.9) 246 (61.7)

  III 77 (26.2) 116 (29.1)

Reason for operation  

  Primary osteoarthritis 274 (93.2) 373 (93.5)

  Posttraumatic arthritis 8 (2.7) 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)c 204 (51.1)d

  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 (%).
aData missing from two patients.
bData missing from three patients.
cOne patient also received general anesthesia.
dTwo 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 β (95% CI) R2 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 
hospital stay (mg)a

294 −0.18 (−0.69 to 0.32) 0.203 0.473

Pain at rest in the recovery room (NRS) 289 0.02 (−0.01 to 0.04) 0.421 0.155

Pain at rest supine 24 h after operation (NRS) 294 −0.001 (−0.05 to 0.04) 0.017 0.967

Pain after walking 5 m 24 h after operation (NRS) 282 0.04 (−0.005 to 0.08) 0.061 0.081

BPI-sf average pain (NRS) 3 months 286 0.005 (−0.04 to 0.05) 0.121 0.809

  12 months 285 −0.02 (−0.06 to 0.02) 0.085 0.425

(Continued)
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Variable N Adjusted β (95% CI) R2 p-value

BPI-sf mean pain severity (NRS) 3 months 288 −0.004 (−0.04 to 0.03) 0.180 0.811

  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 monthsb 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 monthsb 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 monthsb 286 −0.06 (−0.32 to 0.20) 0.171 0.654

Knee range of motion (°) 3 monthsb 289 −0.13 (−0.47 to 0.21) 0.115 0.450

  12 months 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

β: regression coefficient for a 1-unit increase in body fat percentage from the general linear model; CI: confidence interval; R2: 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); 15D: 15-dimensional health-related quality of life (0–1, 
0 = being dead, 1 = 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 1).

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

n/total (%) Unadjusted 
odds ratio  
(95% CI)

p-value Adjusted odds 
ratio (95% CI)

Nagelkerke R2 p-value

Events in the operating room  

  Any aberration in anesthesia 29/294 (9.9) 1.00 (0.96–1.04) 0.957 a  

  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) 0.912 a  

  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)b 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)c 0.081 0.130

  Pain requiring peripheral nerve block 2/294 (0.7) 1.00 (0.86–1.16) 0.991 a  

  Falling 3/294 (1.0) 0.94 (0.84–1.04) 0.233 a  

  Pulmonary embolism 3/294 (1.0) 1.01 (0.89–1.14) 0.897 a  

  Delirium 1/294 (0.3) 0.99 (0.81–1.22) 0.947 a  

  Anemia requiring red blood cells transfusion 5/294 (1.7) 0.96 (0.88–1.04) 0.304 a  

  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 a  

  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 a  

  Deep infection 0/292 (0)  

  Muscle or deep vein thrombosis 3/292 (1.0) 0.93 (0.83–1.04) 0.195 a  

  Pulmonary embolism 1/292 (0.3) 1.07 (0.83–1.38) 0.602 a  

  Unplanned readmission 10/292 (3.4) 0.99 (0.93–1.06) 0.801 a  

Table 2.  (Continued)

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

Variable N Adjusted β (95% CI) R2 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)a 399 0.35 (−0.11 to 0.82) 0.178 0.139

Total postoperative oxycodone consumption as intravenous equivalents during hospital stay (mg)b 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 24 h after operation (NRS) 399 −0.01 (−0.06 to 0.04) 0.027 0.717

Pain after walking 5 m 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

12 months 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

12 months 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 monthsa 382 0.003 (−0.05 to 0.05) 0.127 0.914

OKS pain subscale 3 months 390 0.52 (0.10 to 0.95) 0.074 0.016

12 monthsa 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 monthsa 387 −0.22 (−0.54 to 0.10) 0.142 0.179

Knee range of motion (°) 3 monthsa 393 −0.06 (−0.46 to 0.34) 0.088 0.771

12 months 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

12 months 385 0.001 (−0.001 to 0.002) 0.360 0.260

β: regression coefficient for a 1-unit increase in body mass index from the general linear model; CI: confidence interval; R2: 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); 15D: 15-dimensional health-related quality of life (0–1, 0 = being 
dead, 1 = 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.
aData are slightly skewed, and the sensitivity analysis revealed consistent results (see Supplementary Table 3).
bThe parenteral-to-enteral conversion factor for oxycodone was set to 1:0.6, respectively.

n/total (%) Unadjusted 
odds ratio  
(95% CI)

p-value Adjusted odds 
ratio (95% CI)

Nagelkerke R2 p-value

Events during 1-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 arthroplastyd  

  3 months 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

CI: confidence interval; R2: coefficient of determination.
Data are presented as odds ratio for a 1-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).
cSensitivity 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 3.  (Continued)



Palanne et al.	 9

questionnaire and follow-up time, which might explain  
the differences.8 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 

Table 5.  Associations between body mass index and the dichotomous outcomes of total knee arthroplasty.

n/total (%) Unadjusted odds 
ratio (95% CI)

p-value Adjusted odds 
ratio (95% CI)

Nagelkerke R2 p-value

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)a 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)c 0.073 0.598

  Pain requiring pregabalin as rescue analgesic 45/399 (11.3) 1.00 (0.93–1.07) 0.919 0.95 (0.88–1.03)a 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 1-year follow-up  

  Manipulation under anesthesia 38/397 (9.6) 0.96 (0.89–1.04) 0.355 0.94 (0.86–1.03)a 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 arthroplastyd  

  3 months 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 0.413

CI: confidence interval; R2: coefficient of determination.
Data are presented as odds ratio for a 1-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.
cSensitivity 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).
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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.19

This study also has some noteworthy limitations. First, 
the inclusion criteria, such as age ⩽75 years and preopera-
tive BMI ⩽40 kg/m2, 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 dietary 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 2 h 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 2 years after TKA.35 In addition, numerous studies 
have reported that most patient-reported benefits could be 
measured within 1 year after operation.36 In terms of OKS, 
the improvements do not seem to increase from the first to 
the fifth postoperative year.37,38 Similarly, ROM seems to 
remain at the level achieved during the first postoperative 
year.16 Furthermore, the prevalence of moderate to severe 
persistent postsurgical pain at 1 year does not appear higher 
than at 2–5 years after TKA.11,29 Studies concerning health-
related quality of life with 5-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 1 year after TKA. For nonmorbidly obese patients, 
increase in BMI seems to have only minor effects on TKA-
related outcomes.
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