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Abstract 

Intro: Total knee arthroplasty (TKA) and total hip arthroplasty (THA) 

are common procedures that improve mobility but carry a risk of 

postoperative complications, particularly in patients with obesity. 

Body Mass Index (BMI) is traditionally used for risk assessment but 

does not account for muscle mass or fat distribution. Bioelectrical 

impedance analysis (BIA) provides a more detailed body 

composition evaluation. This study investigates the association 

between BIA-derived metrics and postoperative complications in 

TKA and THA, hypothesizing that these metrics are superior 

predictors compared to BMI. 

Methods: A retrospective cohort study was performed on 567 

adult patients who underwent primary THA or TKA from January 

2020 to December 2023. The data collected included demographic 

characteristics, comorbidities, preoperative laboratory values, 

preoperative BIA measurements and postoperative complications. 

Multivariate logistic regression models were developed to identify 

independent predictors of postoperative complications. Receiver 

operating characteristic (ROC) curves assessed the predictive 

accuracy of BIA-metrics models compared to BMI model.  

Results: In a cohort of 567 patients (55.7% female, median age 

66), no significant difference in BMI was found between the 

complication and non-complication groups. However, the 

complication group had a higher ECW/TBW ratio (0.396 vs. 0.393, p 

= 0.011), higher ECW/ICW ratio (0.657 vs. 0.647, p = 0.012), and a 

lower phase angle (4.65 vs. 4.80, p = 0.039). Multivariate logistic 

regression analysis revealed that higher standardized ECW/TBW 

(OR 1.65, 95% CI 1.17–2.31, p = 0.004) and ECW/ICW z-scores (OR 

1.61, 95% CI 1.15–2.23, p = 0.005) were associated with increased 

odds of postoperative complications, while a lower phase angle was 

protective (OR 0.58, 95% CI 0.37–0.91, p = 0.018). ROC analysis 

showed moderate predictive accuracy for ECW/TBW (AUC 0.71, 

95% CI 0.62–0.79), ECW/ICW (AUC 0.70, 95% CI 0.62–0.79), and 

phase angle (AUC 0.69, 95% CI 0.60–0.79). In contrast, BMI was not 

significantly associated with complications, and BMI model 

demonstrated inferior predictive accuracy (AUC 0.61) 

Conclusion: ECW/TBW, ECW/ICW and phase angle are 

associated with postoperative complications in patients undergoing 

primary TKA or THA. These metrics provide better predictive 

accuracy than BMI enhancing preoperative risk stratification. 

 

Keywords: Bioimpedance; whole body phase angle; extracellular 

edema; arthroplasty 

 

 

Introduction 

Total knee arthroplasty (TKA) and total hip arthroplasty 

(THA) are among the most common surgical procedures in 

the United States, with over 1.4 million cases performed in 

2023 alone—a number that continues to rise with an aging 

population (2). These procedures help patients significantly 

improve functional status. However, postoperative 

complications, including periprosthetic fractures, dis-

locations, infections, and the need for subsequent revision 

surgery, remain problematic and costly, contributing to over 

$4 billion USD in annual healthcare expenditures (3). 

Obesity is a recognized risk factor for postoperative 

complications in total joint arthroplasty (TJA). However, due 

to its role in accelerating osteoarthritis in weight-bearing 

joints, over 50% of these procedures are performed on 

obese patients (4-6). Obesity has been classified using body 

mass Index (BMI), defined as weight (kg) divided by height 

squared (m²). Patients with a BMI of 40 (kg/m2) have often 
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been denied surgery due to the increased rates of 

postoperative complications (7-10). 

However, BMI has increasingly proven to be a suboptimal 

measure of obesity. It does not account for critical factors 

such as age, sex, and ethnicity, nor does it provide insight 

into body fat distribution or the heterogeneity of obesity (11-

13). Although BMI remains a primary tool for risk 

stratification in total joint arthroplasties (TJAs) (14-19), its 

effectiveness in predicting outcomes has shown mixed 

results (20-23).  

Alternative pre-operative risk evaluations have been 

explored, with body composition measures via 

bioimpedance analysis (BIA) showing promise (24-27). 

Research has shown that body composition metrics, such as 

percent body fat, and subcutaneous fat thickness, are more 

predictive of perioperative risks and functional outcomes 

after TJAs than BMI (24-26). Subcutaneous fat thickness has 

been associated with early re-operation, and infection in 

morbidly obese patients (25). Additionally, whole-body 

phase angle, a measure of cellular integrity, has emerged as 

a potential preoperative marker, correlating with lean tissue 

measures and age (27). These findings suggest that 

incorporating body composition assessments can help 

improve risk stratification and outcomes in total joint 

arthroplasty.  

This study aims to investigate multiple BIA-derived 

metrics and their associations with postoperative 

complications following THA and TKA. We hypothesize that 

BIA-derived metrics are more accurate predictors of 

postoperative complications than BMI following THA or TKA. 

 

Materials and Methods 

Study Design  

This study included adult patients (≥ 18 years) who 

underwent primary TJA from January 1, 2020, to December 

31, 2023. Inclusion criteria comprised the following: (1) 

underwent TKA or THA (2) underwent pre-operative multi-

frequency BIA, and (3) had at least one standard-of-care 

post-operative visit available for evaluation of arthroplasty 

complication. All BIA measurements were performed as part 

of standard preoperative assessments within one month of 

surgery. BIA was conducted using the InBody 770 or 970 

(InBody USA, Cerritos, CA, USA) measures impedance at six 

frequencies (1, 5, 50, 250, 500, and 1000 kHz) and reactance 

at three frequencies (5, 50, and 250 kHz) which provide a 

comprehensive assessment of both extracellular and 

intracellular fluid compartments. Lower frequencies 

primarily measure extracellular water, whereas higher 

frequencies assess intracellular water and total body water - 

this approach is consistent with prior studies evaluating fluid 

distribution and cellular health using BIA (28, 29). The 

examination utilized a tetrapolar, eight-point electrode 

system, with patients standing while electrodes made 

contact at the feet and hands as shown in Figure 1 - this 

system was chosen for its demonstrated reliability in whole-

body BIA measurements and minimal operator variability. 

Patients who were unable to stand for approximately 60 

seconds or had an implanted electronic cardiac device were 

excluded from the study.  

 

 

 

TABLE 1: PATIENT CHARACTERISTICS.   
TJA complications 

 

Variables Total (n=567) Non-complication (n=525) Complication (n=42) P-value 

Age, median (IQR) 66 [58-72] 67 [59-73] 65 [58-71] 0.588 

Sex, female  316 (55.7) 293 (55.8) 23 (54.8) 0.951 

TKA  311 (54.9) 286 (54.5) 25 (59.5) 0.527 

Race 

White  

Black 

Hispanic 

Asian 

Native Hawaiian/Pacific Islander 

Declined to answer 

 

529 (93.3) 

21 (3.7) 

8 (1.41) 

6 (1.06) 

2 (0.35) 

1 (0.18) 

 

489 (93.1) 

21 (4.0) 

7 (1.3) 

6 (1.1) 

1 (0.2) 

1 (0.2) 

 

40 (95.2) 

0 (0.0) 

1 (2.4) 

0 (0.0) 

1 (2.4) 

0 (0.0) 

0.165  

Diabetes 103 (18.2) 98 (18.7) 5 (11.9) 0.272 

HTN 319 (56.3) 297 (56.6) 22 (52.4) 0.598 

Current smoker  9 (1.59) 8 (1.5) 1 (2.4) 0.669 

Immunocompromised  61 (10.8) 53 (10.1) 8 (19.0) 0.072 

Chronic kidney disease  

Stage 1 

Stage 2 

Stage 3 

Stage 4 

Stage 5  

 

3 (0.53) 

11 (1.94) 

33 (5.82) 

4 (0.71) 

1 (0.18) 

 

3 (0.6) 

10 (1.9) 

31 (5.9) 

4 (0.8) 

1 (0.2) 

 

0 (0.0) 

1 (2.4) 

2 (4.8) 

0 (0.0) 

0 (0.0) 

0.977 

Lower extremities lymphedema  9 (1.59) 7 (1.3) 2 (4.8) 0.087 

Lower extremities edema  48 (8.47) 45 (8.6) 3 (7.1) 0.749 

Data are presented as n (%) unless otherwise indicated 
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Data Collection  

Clinical data and BIA measurements were obtained from 567 

patients (311 TKA and 256 THA). All patients underwent only 

one TJA (either knee or hip) during the study period. 

Demographics including age, sex, race and comorbidities 

including diabetes mellitus (DM), hypertension (HTN), 

immunosuppression, current smoker status, lower extremity 

lymphedema or edema were collected. Pre-operative 

laboratory results including hemoglobin A1c (HgbA1c), 

hemoglobin (Hgb), albumin, and total protein were recorded. 

Primary TJA complications were documented including deep 

joint infection, delayed surgical wound healing, dislocation, 

hardware loosening, revision surgery and emergency 

department visits related to other postoperative compli-

cations. Postoperative data were collected during standard 

follow-up visits up to 2 years after surgery. This timing was 

selected to capture early complications while maintaining 

consistency across the cohort. 

BIA parameters reviewed included 50 kHz whole-body 

phase angle (ϕ), extracellular water : intracellular water 

(ECW/ICW), extracellular water : total body water 

(ECW/TBW), percent body fat (PBF), skeletal muscle index 

(SMI), visceral fat area (VFA) and BMI. 

 

Statistical Analysis  

Patients were divided into non-complication and 

complication groups based on TJA outcomes. Categorical 

variables were compared using the Chi-square test or 

Fisher’s exact test. The Shapiro-Wilk test was used to assess 

normality. Continuous variables with normal distributions 

were presented as mean (SD) and compared using the 

Student t-test, while non-normally distributed variables were 

presented as median [IQR] and compared using the Mann-

Whitney U test. To adjust for multiple comparisons, P-values 

were corrected using the Benjamini-Hochberg procedure, 

controlling the false discovery rate at 5%. Multivariate 

logistic regression analysis was performed to identify 

independent predictors of postoperative complications. 

Variables included in the initial models were age, sex, type of 

TJA (THA or TKA), DM, HTN, immunocompromised status, 

edema, lymphedema and BIA-metrics . Standardization using 

z-scores was applied to ECW/TBW and ECW/ICW to facilitate 

comparison and interpretation. Collinearity among the 

variables was assessed using the Variance Inflation Factor 

(VIF), with a VIF ≤ 2 considered acceptable. This step ensured 

that multicollinearity did not bias the model estimates or 

inflate standard errors. An iterative backward elimination 

method was applied, systematically removing variables with 

P > 0.10 that were consistently non-significant across all 

models. Model fit was assessed using the Hosmer-Lemeshow 

test and pseudo-R².The area under the receiver operating 

characteristic (ROC) curve (AUC) was computed for each 

multivariate analysis model to evaluate their predictive 

accuracy in comparison to BMI. 

Statistical analyses were performed using SPSS 29.0 (IBM, 

Chicago, IL), with P < 0.05 considered statistically significant. 

 

Ethical Approval 

Our Institutional Review Board approved this retrospective 

study (IRB #201904825). A waiver of consent was approved 

for all subjects. Furthermore, the research related to human 

use has been complied with all relevant national regulations, 

institutional policies and in accordance with the tenets of the 

Helsinki Declaration and has been approved by the authors’ 

institutional review board or equivalent committee.  

 

TABLE 3: UNIVARIATE ANALYSIS.  

Variables Non-complication 

(n=525) 

Complication 

(n=42) 

P-value Adjusted  

P-value (FDR) 

ECW/ICW  0.647 [0.632-0.666] 0.657 [0.644-0.673] 0.012* 0.042* 

ECW/TBW 0.393 [0.387-0.400] 0.396 [0.391-0.403] 0.011* 0.042* 

SMI 8.30 [7.20-9.30] 8.40 [6.80-9.55] 0.651 0.750 

PBF 39.50 [32.90-46.80] 38.50 [31.30-46.60] 0.506 0.708 

VFA 190 [137-238] 194 [129-234] 0.750 0.750 

Phase angle** 4.80 [4.30-5.40] 4.65 [4.13-5.00] 0.039* 0.091 

BMI 32.60 [28.30-37.70] 32.00 [26.20-37.70] 0.474 0.708 

*Significant correlations are less than 0.05 

**50 kHz – Whole Body Phase Angle 

Data are presented as median [IQR] 

 

TABLE 2: PREOPERATIVE LABORATORY. 

Variables Non-complication 

(n=525) 

Complication 

(n=42) 

P-

value 

HgbA1c 6.53 (0.65) 6.74 (0.74) 0.499 

Hgb 13.77 (1.40) 13.52 (1.52) 0.282 

Albumin 4.40 [4.20-4.60] 4.40 [4.10-4.50] 0.110 

Total protein 7.10 [6.80-7.40] 7.00 [6.80-7.30] 0.929 

Data are presented as mean (SD) or median [IQR] 

Figure 1: Electrode placement (1). 
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Results 

The cohort includes 567 patients, of whom 316 were females 

(55.7%). The median age was 66 years. Patient demographics 

and comorbidities are included in Table 1. There were no 

significant differences between the complication and non-

complication groups regarding age, sex, race, type of TJA 

(TKA vs. THA), DM, HTN, smoking status, or lower extremity 

edema.   However,  the complication  group  had  a  higher  

proportion of immunocompromised patients (19.0% vs. 

10.1%) and individuals with lower extremity lymphedema 

(4.8% vs. 1.3%), though these differences did not reach 

statistical significance. 

Preoperative laboratory data are shown in Table 2. No 

significant differences were observed in hemoglobin A1c, 

hemoglobin, albumin or total protein levels between the two 

groups.  

BIA measurements are summarized in Table 3. ECW/ICW 

and ECW/TBW ratios were significantly higher in the 

complication group and remained significant after FDR 

adjustment. Although phase angle was initially significant, it 

did not remain significant after adjustment. No differences 

were observed for other BIA metrics or BMI. 

 Four multivariate logistic regression models were 

developed after multicollinearity testing and iterative 

backward elimination (Table 4). Standardized ECW/TBW and 

ECW/ICW z-scores were significantly associated with 

increased complications, with each standard deviation 

increase raising the odds by 65% and 61%, respectively. 

Lower whole-body ϕ was associated with higher 

complication risk, with each unit decrease increasing the 

odds by 72%. PBF demonstrated a small protective effect but 

was not consistently significant across models. BMI was not 

significantly associated with complications.  

ROC analysis from each multivariate analysis model 

revealed that all BIA-metric models demonstrated moderate 

predictive accuracy (AUC range, 0.69–0.71), outperforming 

the BMI model (AUC = 0.61) (Table 5). 

Table 6 summarizes postoperative complications 

observed in 42 patients, including deep joint infections 

(n=16), delayed wound healing (n=4), dislocations (n=8), 

arthrofibrosis requiring manual manipulation (n=4), revision 

surgeries (n=17), and emergency department visits related to 

surgery (n=4). 

Deep joint infections were more common in TKA cases, 

whereas dislocations occurred exclusively in THA cases. 

Arthrofibrosis requiring manual manipulation was observed 

only in TKA cases. Most ED visits were due to surgical site 

infections, delayed wound healing, and dislocations, which 

are reported separately. Therefore, additional ED visits 

unaccounted for in the above categories were included, 

specifically for surgical knee pain with suspected extensor 

mechanism rupture, superficial vein thrombosis at the 

surgical site, persistent surgical hip pain, and periprosthetic 

hip fracture. 

 

Discussion 

This study demonstrated that BIA-derived metrics—

ECW/TBW, ECW/ICW, and phase angle—are associated with 

postoperative complications following TJA, outperforming 

BMI in predictive accuracy. These findings underscore the 

limitations of BMI as a sole risk stratification tool and 

highlight the clinical utility of body composition analysis in 

preoperative assessments. 

A higher ECW/TBW ratio is associated with a greater risk 

of complications post-TJA due to its connection with factors 

that hinder recovery. These factors include malnutrition, 

inflammation, and cellular dysfunction (30-33) – all of which 

can impair wound healing and increase the risk for post-

operative infection (34). Elevated ECW/TBW can reflect fluid 

imbalances or edema which complicate the post-operative 

TABLE 5:  ROC ANALYSIS. 

Models AUC (95% CI) P-value 

Model 1: ECW/TBW 0.71 (0.62-0.79) <0.001 

Model 2: ECW/ICW 0.70 (0.62-0.79) <0.001 

Model 3: Phase Angle 0.69 (0.60-0.79) <0.001 

Model 4: BMI 0.61 (0.51-0.71) 0.032 

   

TABLE 4: MULTIVARIATE ANALYSIS.  

Variables Odds ratio 

(95% CI) 

P-value 

Model 1: ECW/TBW 
  

ECW/TBW z-score 1.65 (1.17-2.31) 0.004* 

PBF  0.96 (0.93-1.00) 0.048* 

Immunocompromised 2.22 (0.95-5.20) 0.065 

Albumin 0.48 (0.15-1.60) 0.233 

Model 2: ECW/ICW    

ECW/ICW z-score 1.61 (1.15-2.23) 0.005* 

PBF  0.97 (0.93-1.00) 0.051 

Immunocompromised 2.23 (0.95-5.21) 0.064 

Albumin 0.47 (0.14-1.57) 0.221 

Model 3: Phase Angle    

Whole body ϕ 0.58 (0.37-0.91) 0.018* 

PBF  0.96 (0.93-1.00) 0.045* 

Immunocompromised 2.16 (0.93-5.06) 0.075 

Albumin 0.43 (0.13-1.42) 0.167 

Model 4: BMI   

BMI 1.65 (0.91-1.01) 0.200 

Immunocompromised 2.31 (0.98-5.47) 0.063 

Albumin 0.49 (0.15-1.67) 0.067 

   

TABLE 6: POSTOPERATIVE COMPLICATIONS. 

Type Total 

(n=42) 

TKA 

(n=25) 

THA 

(n=17) 

Deep joint infection 16 10 6 

Delayed surgical wound healing 4 2 2 

Dislocation 8 0 8 

Arthrofibrosis* 4 4 0 

Revision surgery 17 9 8 

ED visits** 4 2 2 

*Arthrofibrosis that required manual joint manipulation 

**ED visits related to other postoperative complications not 

accounted for in the above categories. 

Data are presented as n  
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recovery period by exacerbating tissue stress and delaying 

recovery. Studies have highlighted the role of fluid overload 

in increasing the risk of surgical site infections, prolonged 

wound drainage, and the need for re-intervention (30, 31). 

Therefore, monitoring and managing fluid balance pre-

operatively and post-operatively is crucial in minimizing 

complications and improving recovery outcomes. 

Similar to ECW/TBW, ECW/ICW also reflects water 

distribution and can serve as an indicator of hydration status 

and fluid imbalances. However, its more clinically relevant 

role lies in its association with muscle strength and quality. 

Studies have shown that ECW/ICW ratio increases with age 

and is negatively correlated with muscle strength and 

physical performance (35, 36). Elevated ECW/ICW has been 

linked to a higher risk of sarcopenia, particularly in older 

adults and in patients with obesity or diabetes (37). 

Sarcopenia, in turn, has been associated with higher rates of 

post-TJA complications including impaired wound healing, 

longer hospital stays, and increased susceptibility to 

infections due to reduced physiological reserves and immune 

function (38-41). Patients with sarcopenic obesity face 

compounded risks because the excess fat mass exacerbates 

inflammation and metabolic dysfunction, further hindering 

recovery (42-44). Given these associations, ECW/ICW may 

provide a more nuanced assessment of surgical risk and 

serve as a complementary metric to BMI for preoperative risk 

stratification, especially in patients with higher BMI.  

A lower whole-body ϕ observed in the complication 

group suggests compromised cellular integrity. Patients with 

lower phase angles may have reduced physiological reserves 

and impaired immune responses, making them more 

susceptible to complications such as infections, delayed 

wound healing, and prolonged recovery times. Specifically, 

lower phase angle values are linked to increased 

postoperative complications, longer hospital stays, and 

higher mortality rates, particularly in cardiac and 

gastrointestinal surgeries (45-47). In orthopedic surgery, 

phase angle can indicate the overall health and nutritional 

status of the patient (48). Low phase angle correlates with 

worse functional outcomes after hip fracture rehabilitation 

(49) and shows potential as a pre-operative risk-marker in 

TJA (27).  

The study did not find significant differences in the 

prevalence of common co-morbidities like DM and HTN 

between the groups. However, a higher proportion of 

immunocompromised patients and those with lower 

extremity lymphedema were observed in the complication 

group. Extracellular edema, characterized by high ECW/TBW, 

and low phase angle, have demonstrated strong diagnostic 

potential in detecting early lymphedema (50-53).  Early 

detection and intervention are critical, as persistent edema 

can delay healing and increase the risk of complications. 

Evidently, studies have shown that patients with 

lymphedema undergoing TJA have higher rates of infection, 

dislocation, reoperation, and revision compared to matched 

controls (54-56). Immunocompromised patients, including 

those on chronic corticosteroid therapy or with underlying 

malignancies, may have an increased susceptibility to 

infections and impaired healing, necessitating more vigilant 

perioperative management. These conditions may 

exacerbate the inflammatory response and impede normal 

wound healing processes, contributing to worse post-

operative outcomes. 

A key strength of this study is the comprehensive analysis 

of multiple BIA-derived metrics in a relatively large cohort, 

enhancing the reliability of our findings. However, the 

moderate predictive accuracy of AUC indicates that BIA 

metrics alone may not fully capture the complexity of 

postoperative risks. Additionally, this is a retrospective, 

single-center study, which may limit the generalizability of 

the results. Residual confounders, such as physical activity 

levels and nutritional status, were not measured and could 

influence outcomes. 

Despite the moderate predictive accuracy, the superior 

performance of BIA metrics over BMI suggests significant 

clinical value, supporting their integration into preoperative 

risk assessments. Future studies should aim to develop 

composite risk scores or stratification tools incorporating BIA 

metrics alongside traditional clinical variables like BMI, 

immunosuppression, smoking status, and uncontrolled 

diabetes mellitus. Leveraging the predictive power of 

ECW/TBW, ECW/ICW, and phase angle—metrics sensitive to 

fluid imbalances, cellular health, and nutritional status—

could enable a more personalized risk assessment strategy 

for TJA patients. This approach would enhance perioperative 

care by accounting for complex interactions between body 

composition and clinical variables. 

Future studies should also consider incorporating larger 

patient populations and multi-center data to enhance the 

generalizability of the findings. This approach would validate 

the observed associations across diverse healthcare settings, 

ensuring broader applicability and more robust clinical 

guidelines. 

In conclusion, this study highlights the potential of BIA-

derived metrics, especially the ECW/TBW and phase angle, 

as predictors of postoperative complications in THA and TKA. 

The results emphasize the need for a more comprehensive 

preoperative assessment that includes detailed body 

composition analysis in addition to the traditional reliance on 

BMI alone. 

 

Conflict of Interest 

Authors state no conflict of interest.  

 

Acknowledgements 

We thank the Fraternal Order of Eagles for supporting our 

research. 

 



Nguyen et al.: Phase angle and extracellular edema predict complications. J Electr Bioimp, 16, 35-42, 2025 

40 

 

References 

1. InBodyUSA. 8-Point Tactile Electrode System [Available from: 

https://inbodyusa.com/general/technology/]. 

2. Rheumatology ACo. Joint Replacement Surgery 2024 

[Available from: https://rheumatology.org/patients/joint-

replacement-surgery]. 

3. Kurtz SM, Ong KL, Schmier J, Mowat F, Saleh K, Dybvik E, et al. 

Future clinical and economic impact of revision total hip and 

knee arthroplasty. J Bone Joint Surg Am. 2007;89 Suppl 3:144-

51. https://doi.org/10.2106/JBJS.G.00587 

4. Bliddal H, Leeds AR, Christensen R. Osteoarthritis, obesity and 

weight loss: evidence, hypotheses and horizons - a scoping 

review. Obes Rev. 2014;15(7):578-86. 

https://doi.org/10.1111/obr.12173 

5. Burn E, Edwards CJ, Murray DW, Silman A, Cooper C, Arden 

NK, et al. The impact of BMI and smoking on risk of revision 

following knee and hip replacement surgery: evidence from 

routinely collected data. Osteoarthritis Cartilage. 

2019;27(9):1294-300. 

https://doi.org/10.1016/j.joca.2019.05.012 

6. Fehring TK, Odum SM, Griffin WL, Mason JB, McCoy TH. The 

obesity epidemic: its effect on total joint arthroplasty. J 

Arthroplasty. 2007;22(6 Suppl 2):71-6. 

https://doi.org/10.1016/j.arth.2007.04.014 

7. McElroy MJ, Pivec R, Issa K, Harwin SF, Mont MA. The effects 

of obesity and morbid obesity on outcomes in TKA. J Knee 

Surg. 2013;26(2):83-8.  

https://doi.org/10.1055/s-0033-1341407 

8. Rajgopal V, Bourne RB, Chesworth BM, MacDonald SJ, 

McCalden RW, Rorabeck CH. The impact of morbid obesity on 

patient outcomes after total knee arthroplasty. J Arthroplasty. 

2008;23(6):795-800. 

https://doi.org/10.1016/j.arth.2007.08.005 

9. Boyce L, Prasad A, Barrett M, Dawson-Bowling S, Millington S, 

Hanna SA, Achan P. The outcomes of total knee arthroplasty in 

morbidly obese patients: a systematic review of the literature. 

Arch Orthop Trauma Surg. 2019;139(4):553-60. 

https://doi.org/10.1007/s00402-019-03127-5 

10. Haynes J, Nam D, Barrack RL. Obesity in total hip arthroplasty: 

does it make a difference? Bone Joint J. 2017;99-b(1 Supple 

A):31-6.  

https://doi.org/10.1302/0301-620X.99B1.BJJ-2016-0346.R1 

11. Kok P, Seidell JC, Meinders AE. [The value and limitations of 

the body mass index (BMI) in the assessment of the health 

risks of overweight and obesity]. Ned Tijdschr Geneeskd. 

2004;148(48):2379-82. 

12. Bray GA. Beyond BMI. Nutrients. 2023;15(10). 

https://doi.org/10.3390/nu15102254 

13. Chandrasekaran A, editor Body Mass Index-Is it Reliable 

Indicator of Obesity?2018.  

https://doi.org/10.35248/2593-9793.18.3.111 

14. Katakam A, Collins AK, Sauder N, Shin D, Bragdon CR, Chen AF, 

et al. Obesity Increases Risk of Failure to Achieve the 1-Year 

PROMIS PF-10a Minimal Clinically Important Difference 

Following Total Joint Arthroplasty. J Arthroplasty. 

2021;36(7s):S184-s91. 

https://doi.org/10.1016/j.arth.2020.11.004 

15. Shearer J, Agius L, Burke N, Rahardja R, Young SW. BMI is a 

Better Predictor of Periprosthetic Joint Infection Risk Than 

Local Measures of Adipose Tissue After TKA. J Arthroplasty. 

2020;35(6s):S313-s8. 

https://doi.org/10.1016/j.arth.2020.01.048 

16. Ward DT, Metz LN, Horst PK, Kim HT, Kuo AC. Complications of 

Morbid Obesity in Total Joint Arthroplasty: Risk Stratification 

Based on BMI. J Arthroplasty. 2015;30(9 Suppl):42-6. 

https://doi.org/10.1016/j.arth.2015.03.045 

17. Turcotte J, Kelly M, Aja J, King P, MacDonald J. Complication 

rates and resource utilization after total hip and knee 

arthroplasty stratified by body mass index. J Orthop. 

2021;24:111-20. https://doi.org/10.1016/j.jor.2021.02.024 

18. Lübbeke A, Zingg M, Vu D, Miozzari HH, Christofilopoulos P, 

Uçkay I, et al. Body mass and weight thresholds for increased 

prosthetic joint infection rates after primary total joint 

arthroplasty. Acta Orthop. 2016;87(2):132-8. 

https://doi.org/10.3109/17453674.2015.1126157 

19. Zusmanovich M, Kester BS, Schwarzkopf R. Postoperative 

Complications of Total Joint Arthroplasty in Obese Patients 

Stratified by BMI. J Arthroplasty. 2018;33(3):856-64. 

https://doi.org/10.1016/j.arth.2017.09.067 

20. Inacio MC, Kritz-Silverstein D, Raman R, Macera CA, Nichols JF, 

Shaffer RA, Fithian DC. The impact of pre-operative weight loss 

on incidence of surgical site infection and readmission rates 

after total joint arthroplasty. J Arthroplasty. 2014;29(3):458-

64.e1. https://doi.org/10.1016/j.arth.2013.07.030 

21. Springer BD, Roberts KM, Bossi KL, Odum SM, Voellinger DC. 

What are the implications of withholding total joint 

arthroplasty in the morbidly obese? A prospective, 

observational study. Bone Joint J. 2019;101-b(7_Supple_C):28-

32. https://doi.org/10.1302/0301-620X.101B7.BJJ-2018-1465.R1 

22. Daniilidis K, Yao D, Gosheger G, Berssen C, Budny T, 

Dieckmann R, Höll S. Does BMI influence clinical outcomes 

after total knee arthroplasty? Technol Health Care. 

2016;24(3):367-75. https://doi.org/10.3233/THC-151128 

23. Giesinger JM, Loth FL, MacDonald DJ, Giesinger K, Patton JT, 

Simpson A, et al. Patient-reported outcome metrics following 

total knee arthroplasty are influenced differently by patients' 

body mass index. Knee Surg Sports Traumatol Arthrosc. 

2018;26(11):3257-64.  

https://doi.org/10.1007/s00167-018-4853-2 

24. Ledford CK, Millikan PD, Nickel BT, Green CL, Attarian DE, 

Wellman SS, 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):849-57. 

https://doi.org/10.2106/JBJS.15.00509 

25. Watts CD, Houdek MT, Wagner ER, Taunton MJ. Subcutaneous 

Fat Thickness Is Associated With Early Reoperation and 

Infection After Total Knee Arthroplasty in Morbidly Obese 

Patients. J Arthroplasty. 2016;31(8):1788-91. 

https://doi.org/10.1016/j.arth.2016.02.008 

26. Milone MT, Shenoy K, Pham H, Jazrawi LM, Strauss EJ. MRI 

analysis of peripheral soft tissue composition, not body mass 

index, correlates with outcomes following anterior cruciate 

ligament reconstruction. Knee Surg Sports Traumatol Arthrosc. 

2018;26(12):3711-6.  

https://doi.org/10.1007/s00167-018-4966-7 



Nguyen et al.: Phase angle and extracellular edema predict complications. J Electr Bioimp, 16, 35-42, 2025 

41 

 

27. Marinier MC, Ogunsola AS, Elkins JM. Whole-body phase angle 

correlates with pre-operative markers in total joint 

arthroplasty. J Electr Bioimpedance. 2023;14(1):60-5. 

https://doi.org/10.2478/joeb-2023-0008 

28. Göz M, Sert C, Hazar A, Aydın MS, Kankılıç N. Bioelectrical 

Impedance Analysis for Monitoring Fluid and Body Cell Mass 

Changes in Patients Undergoing Cardiopulmonary Bypass. Braz 

J Cardiovasc Surg. 2020;35(1):16-21. 

https://doi.org/10.21470/1678-9741-2019-0152 

29. Park I, Lee JH, Jang DH, Kim J, Hwang BR, Kim S, et al. 

Assessment of body water distribution in patients with sepsis 

during fluid resuscitation using multi-frequency direct 

segmental bioelectrical impedance analysis. Clin Nutr. 

2020;39(6):1826-31. 

https://doi.org/10.1016/j.clnu.2019.07.022 

30. Yajima T, Yajima K. Association of extracellular water/total 

body water ratio with protein-energy wasting and mortality in 

patients on hemodialysis. Scientific Reports. 

2023;13(1):14257.  

https://doi.org/10.1038/s41598-023-41131-3 

31. Zheng K, Lu J, Liu X, Ji W, Liu P, Cui J, Li W. The clinical 

application value of the extracellular-water-to-total-body-

water ratio obtained by bioelectrical impedance analysis in 

people with advanced cancer. Nutrition. 2022;96:111567. 

https://doi.org/10.1016/j.nut.2021.111567 

32. Addolorato G, Capristo E, Caputo F, Greco AV, Ceccanti M, 

Stefanini GF, Gasbarrini G. Nutritional status and body fluid 

distribution in chronic alcoholics compared with controls. 

Alcohol Clin Exp Res. 1999;23(7):1232-7. 

https://doi.org/10.1111/j.1530-0277.1999.tb04283.x 

33. Mitsides N, Cornelis T, Broers NJH, Diederen NMP, Brenchley 

P, van der Sande FM, et al. Extracellular overhydration linked 

with endothelial dysfunction in the context of inflammation in 

haemodialysis dependent chronic kidney disease. PLoS One. 

2017;12(8):e0183281. 

https://doi.org/10.1371/journal.pone.0183281 

34. Gu A, Malahias M-A, Strigelli V, Nocon AA, Sculco TP, Sculco 

PK. Preoperative Malnutrition Negatively Correlates With 

Postoperative Wound Complications and Infection After Total 

Joint Arthroplasty: A Systematic Review and Meta-Analysis. 

The Journal of Arthroplasty. 2019;34(5):1013-24. 

https://doi.org/10.1016/j.arth.2019.01.005 

35. Iwasaka C, Yamada Y, Nishida Y, Hara M, Yasukata J, Miyoshi 

N, et al. Association of appendicular extracellular-to-

intracellular water ratio with age, muscle strength, and 

physical activity in 8,018 community-dwelling middle-aged and 

older adults. Archives of Gerontology and Geriatrics. 

2023;108:104931. 

https://doi.org/10.1016/j.archger.2023.104931 

36. Yamada Y, Yoshida T, Yokoyama K, Watanabe Y, Miyake M, 

Yamagata E, et al. The Extracellular to Intracellular Water 

Ratio in Upper Legs is Negatively Associated With Skeletal 

Muscle Strength and Gait Speed in Older People. The Journals 

of Gerontology: Series A. 2016;72(3):293-8. 

https://doi.org/10.1093/gerona/glw125 

 

37. Zhou C, Lin X, Ma G, Yuan J, Zha Y. Increased Predialysis 

Extracellular to Intracellular Water Ratio Is Associated With 

Sarcopenia in Hemodialysis Patients. J Ren Nutr. 

2023;33(1):157-64. https://doi.org/10.1053/j.jrn.2022.03.004 

38. Su Y, Peng L, Dong D, Ma Z, Gu X. Impact of sarcopenia in 

elderly patients undergoing elective total hip arthroplasty on 

postoperative outcomes: a propensity score-matched study. 

BMC Anesthesiol. 2024;24(1):158. 

https://doi.org/10.1186/s12871-024-02538-1 

39. Chang K, Albright JA, Testa EJ, Balboni AB, Daniels AH, Cohen 

E. Sarcopenia Is Associated with an Increased Risk of 

Postoperative Complications Following Total Hip Arthroplasty 

for Osteoarthritis. Biology (Basel). 2023;12(2). 

https://doi.org/10.3390/biology12020295 

40. Ardeljan AD, Polisetty TS, Palmer J, Vakharia RM, Roche MW. 

Comparative Analysis on the Effects of Sarcopenia following 

Primary Total Knee Arthroplasty: A Retrospective Matched-

Control Analysis. J Knee Surg. 2022;35(2):128-34. 

https://doi.org/10.1055/s-0040-1713355 

41. Babu JM, Kalagara S, Durand W, Antoci V, Deren ME, Cohen E. 

Sarcopenia as a Risk Factor for Prosthetic Infection After Total 

Hip or Knee Arthroplasty. J Arthroplasty. 2019;34(1):116-22. 

https://doi.org/10.1016/j.arth.2018.09.037 

42. Jensen GL. Inflammation: roles in aging and sarcopenia. JPEN J 

Parenter Enteral Nutr. 2008;32(6):656-9. 

https://doi.org/10.1177/0148607108324585 

43. Jo E, Lee SR, Park BS, Kim JS. Potential mechanisms underlying 

the role of chronic inflammation in age-related muscle 

wasting. Aging Clin Exp Res. 2012;24(5):412-22. 

https://doi.org/10.1007/BF03654825 

44. Lynch GM, Murphy CH, Castro EdM, Roche HM. Inflammation 

and metabolism: the role of adiposity in sarcopenic obesity. 

Proceedings of the Nutrition Society. 2020;79(4):435-47. 

https://doi.org/10.1017/S0029665120007119 

45. Natarajan K, Lv N, Ninan B. Does Bioelectrical impedance 

derived phase angle predict adverse outcomes in elderly 

patients undergoing cardiac surgery? Journal of Cardiothoracic 

and Vascular Anesthesia. 2023;37:59. 

https://doi.org/10.1053/j.jvca.2023.08.107 

46. Ryz S, Nixdorf L, Puchinger J, Lassnigg A, Wiedemann D, 

Bernardi MH. Preoperative Phase Angle as a Risk Indicator in 

Cardiac Surgery-A Prospective Observational Study. Nutrients. 

2022;14(12). https://doi.org/10.3390/nu14122491 

47. Gulin J, Ipavic E, Mastnak DM, Brecelj E, Edhemovic I, Kozjek 

NR. Phase angle as a prognostic indicator of surgical outcomes 

in patients with gastrointestinal cancer. Radiol Oncol. 

2023;57(4):524-9. https://doi.org/10.2478/raon-2023-0060 

48. Llames L, Baldomero V, Iglesias ML, Rodota LP. [Values of the 

phase angle by bioelectrical impedance; nutritional status and 

prognostic value]. Nutr Hosp. 2013;28(2):286-95. 

49. Lim SK, Lim JY. Phase angle as a predictor of functional 

outcomes in patients undergoing in-hospital rehabilitation 

after hip fracture surgery. Arch Gerontol Geriatr. 

2020;89:104060. 

https://doi.org/10.1016/j.archger.2020.104060 



Nguyen et al.: Phase angle and extracellular edema predict complications. J Electr Bioimp, 16, 35-42, 2025 

42 

 

50. Yasunaga Y, Kondoh S, Nakajima Y, Mimura S, Kobayashi M, 

Yuzuriha S, Kondoh S. Extracellular Water Ratio as an Indicator 

of the Development and Severity of Leg Lymphedema Using 

Bioelectrical Impedance Analysis. Lymphat Res Biol. 

2021;19(3):223-30. https://doi.org/10.1089/lrb.2020.0074 

51. Cornish BH, Thomas BJ, Ward LC, Hirst C, Bunce IH. A new 

technique for the quantification of peripheral edema with 

application in both unilateral and bilateral cases. Angiology. 

2002;53(1):41-7. 

https://doi.org/10.1177/000331970205300106 

52. Berlit S, Brade J, Tuschy B, Hornemann A, Leweling H, Eghardt 

V, Sütterlin M. Comparing bioelectrical impedance values in 

assessing early upper limb lymphedema after breast cancer 

surgery. In Vivo. 2012;26(5):863-7. 

53. Fortuny E, Pereira de Godoy JM, Guerreiro Godoy MDF. Phase 

Angle in the Assessment of Intensive outpatient treatment of 

primary lower limb Lymphedema. Journal Phlebology and 

Lymphology. 2017;10:12. 

54. Vaishya R, Agarwal AK, Gupta N, Vijay V. Chronic Lymphedema 

of the Lower Limb: A Rare Cause of Dislocation of Total Hip 

Arthroplasty. Cureus. 2016;8(4):e579. 

https://doi.org/10.7759/cureus.579 

55. Rainer WG, Kolz JM, Wyles CC, Houdek MT, Perry KI, Lewallen 

DG. Lymphedema Is a Significant Risk Factor for Failure After 

Primary Total Hip Arthroplasty. J Bone Joint Surg Am. 

2022;104(1):55-61. https://doi.org/10.2106/JBJS.20.01970 

56. Cusma WH, Brown NM, Hopkinson WJ. Total Joint 

Arthroplasty in Patients With Lymphedema as Compared to a 

Propensity-Matched Control Cohort. Arthroplast Today. 

2024;25:101307. https://doi.org/10.1016/j.artd.2023.101307 

 

 

 

 


