
 

 
 

 

 
J. Pers. Med. 2021, 11, 673. https://doi.org/10.3390/jpm11070673 www.mdpi.com/journal/jpm 

Article 

Low Psoas Lumbar Vertebral Index Is Associated with  

Mortality after Hip Fracture Surgery in Elderly Patients:  

A Retrospective Analysis 

Ji-Hoon Sim 1,†, Soo-Ho Lee 2,†, Ji-Wan Kim 3, Won-Uk Koh 1, Hyung-Tae Kim 1, Young-Jin Ro 1 and Ha-Jung Kim 1,* 

1 Department of Anesthesiology and Pain Medicine, Asan Medical Center, University of Ulsan College of 

Medicine, 88 Olympic-ro 43-gil, Songpa-gu, Seoul 05505, Korea; atlassjh@hanmail.net (J.-H.S.);  

koh9726@naver.com (W.-U.K.); ingwei2475@gmail.com (H.-T.K.); yjro@amc.seoul.kr (Y.-J.R.) 
2 Department of Anesthesiology and Pain Medicine, College of Medicine, Catholic Kwandong University, 

International St. Mary’s Hospital, Incheon 22711, Korea; rysooho84@gmail.com 
3 Department of Orthopaedic Surgery, Asan Medical Center, University of Ulsan College of Medicine,  

88 Olympic-ro 43-gil, Songpa-gu, Seoul 05505, Korea; bakpaker@hanmail.net 

* Correspondence: alexakim06@gmail.com; Tel.: +82-2-3010-0338 

† These authors contributed equally to this project. 

Abstract: The psoas-to-lumbar index (PLVI) has been reported as a simple and easy way to measure 

central sarcopenia. However, only few studies have evaluated the association between PLVI and 

survival in surgical patients. This study evaluated the association between preoperative PLVI and 

mortality in elderly patients who underwent hip fracture surgery. We retrospectively analyzed 615 

patients who underwent hip fracture surgery between January 2014 and December 2018. The me-

dian value of each PLVI was calculated according to sex, and the patients were categorized into two 

groups on the basis of the median value (low PLVI group vs. high PLVI group). Cox regression 

analysis was performed to evaluate the risk factors for 1 year and overall mortalities. The median 

values of PLVI were 0.62 and 0.50 in men and women, respectively. In the Cox regression analysis, 

low PLVI was significantly associated with higher 1 year (hazard ratio (HR): 1.87, 95% confidence 

interval (CI): 1.18–2.96, p = 0.008) and overall mortalities (HR: 1.51, 95% CI: 1.12–2.03, p = 0.006). Low 

PLVI was significantly associated with a higher mortality. Therefore, PLVI might be an independent 

predictor of mortality in elderly patients undergoing hip fracture surgery. 
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1. Introduction 

The aging population is increasing worldwide [1,2]. Hip fracture surgeries are also 

on the rise with the aging population, with more than approximately 100 cases per 100,000 

reported annually in Asian countries [3]. The number of hip joint surgeries will continue 

to increase in the future [4] and surpass six million by the year 2050 [5]. 

Age is a well-known risk factor for predicting surgical outcomes in elderly patients 

requiring hip fracture surgery [6,7]. Recently, not only the patient’s chronological ages but 

also their biological ages were shown to be important [8–10]. In particular, the concept of 

frailty is emerging as a useful predictor of a patient’s physiological reserve to recover from 

certain stressful events [11,12]. Frailty is considered an important factor influencing the 

morbidity and mortality of various diseases in patients of advanced ages, including many 

types of surgery [8,12–17]. Frailty is commonly described as slowness, weakness, weight 

loss, low activity, and fatigue [9,12]. Some recent studies have suggested several screening 

tools for measuring frailty [12,16–18]. However, these tools are usually dependent on pa-

tients’ ability to provide adequate medical history and their physical performance 
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[12,16,17]. Therefore, application of these screening tools may be difficult in elderly pa-

tients with cognitive impairments or physical limitations, including hip fracture. There-

fore, alternatively, central sarcopenia, measured using radiographs, has been proposed as 

a surrogate for frailty [18–20]. One of the simple and easy ways to define central sarcope-

nia is to determine the psoas-to-lumbar index (PLVI) [19]. The association between PLVI 

and surgical outcomes has been reported in cardiovascular procedures and thoracic sur-

gery [19,21]; however, the effect of central sarcopenia in elderly patients requiring hip 

fracture surgery has not been fully established yet. 

The objective of this study was to evaluate the association between radiographically 

determined PLVI and mortality in elderly patients undergoing hip fracture surgery and 

to assess whether PLVI can be a surrogate for central sarcopenia. 

2. Materials and Methods 

2.1. Study Design and Patients 

This retrospective study was approved by the Institutional Review Board of the Asan 

Medical Center (protocol code 2019-1100; August 2019), and the requirement for written 

informed consent was waived given the retrospective nature of the study. The data of 

patients who underwent hip fracture surgery such as arthroplasty or osteosynthesis from 

January 2014 to December 2018 were reviewed. Patients with multiple fractures, which 

were not simple fractures, in whom the cross-sectional view of the L4 level could not be 

determined using computed tomography (CT) or the cross-sectional area of the lumbar 

vertebrae or psoas could not be measured, whose results were not followed up after sur-

gery, who underwent two or more surgeries, and with incomplete or missing data or 

whose preoperative CT images could not be obtained were excluded. Of the 804 enrolled 

patients who underwent hip fracture surgery, 189 were excluded on the basis of the study 

criteria. Thus, a total of 615 patients were enrolled in this study (Figure 1). 

 

Figure 1. Study flowchart. 
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2.2. Measurements 

In all patients, CT was performed according to the standard clinical protocol, and the 

CT image acquisition parameters were adjusted according to the patient’s body weight. 

The CT images were reviewed by two authors who were blinded to the patient infor-

mation in the picture archiving and communication system (PACS). 

As an indicator of sarcopenia, the PLVI was used, a measure that has been established 

in similar studies [19,21]. PLVI is defined as the ratio of the mean area of the right and left 

psoas muscles to the sum of the areas of lumbar vertebrae. Axial CT sections at the level 

of the inferior endplate of the fourth lumbar vertebrae (L4) were selected, and the areas of 

the left and right psoas muscles, and L4 vertebral body were manually calculated using 

measurements in PACS (Figure 2). This method has been reported as a valid assessment 

of central sarcopenia and a facile manual measurement. The median value of each PLVI 

was calculated on the basis of sex, and the patients were categorized into two groups ac-

cording to the median value (low PLVI group and high PLVI group). 

  

Figure 2. (A) Representative cross-sectional image. Measurement of the right and left psoas muscle 

areas (outlined in yellow) and vertebral body area (outlined in red) at the L4 level using abdom-

inopelvic computed tomography images; (B) Representative sagittal image. The cross-sectional im-

age was obtained at the level of the dashed line. 

2.3. Data Collection and Outcome Assessment 

Demographic and perioperative variables of patients were obtained from the medical 

record system at our institution. The demographic variables included age, sex, body mass 

index (BMI), American Society of Anesthesiologists (ASA) classification, and comorbidi-

ties such as diabetes mellitus (DM), hypertension (HTN), cerebrovascular disease (CVA), 

cardiovascular disease (CVD), pulmonary disease, kidney disease, and cognitive impair-

ment. Variables related to patients’ muscle mass included the left and right psoas muscle 

areas, L4 vertebrae areas, and PLVI. Preoperative laboratory values included those of he-

moglobin (Hb), platelet, white blood cell (WBC), serum albumin, aspartate transaminase 

(AST), alanine transaminase (ALT), C-reactive protein (CRP), and serum creatinine. In-

traoperative variables included operation type, operation timing, and anesthesia type. 

Data on postoperative hospital stay, postoperative delirium, 1 year mortality, and overall 

mortality were also collected. 

The main outcome of this study was to investigate the association of PLVI with 1 year 

and overall mortalities in elderly patients with hip fracture surgery. Other risk factors for 

1 year and overall mortalities were also analyzed as a secondary outcome. 
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2.4. Statistical Analyses 

Data are described as means ± standard deviations, medians (interquartile ranges), 

or numbers (percentages), as appropriate. The chi-squared or Fisher’s exact test was used 

for categorical data, and the independent t-test or Mann–Whitney U-test was used for 

continuous data. The cumulative risks of 1 year and overall mortalities were estimated 

using the Kaplan–Meier method in the two groups stratified by PLVI. The Cox propor-

tional hazard regression model was used to identify the risk factors for 1 year and overall 

mortalities. All variables with p < 0.1 in the univariate analysis were included in the mul-

tivariate analysis. A p-value < 0.05 was considered statistically significant, and two-tailed 

p-values were used. All data were analyzed using SPSS Statistics version 22.0 for Win-

dows (IBM Corp., Armonk, NY, USA) and R version 3.1.2 (R Foundation for Statistical 

Computing, Vienna, Austria). 

3. Results 

Table 1 presents the baseline characteristics, perioperative variables, and surgical 

outcomes of the study population. The mean age and BMI of the patients were 80.73 years 

and 22.08 kg/m2, respectively, and the majority of the patients were women. Of the 615 

patients, 188 (30.6%) had DM, 353 (57.4%) had HTN, 129 (21.0%) had CVA, and 191 

(31.1%) had CVD. The median duration of hospital stay was 7.00 days. Most of the patients 

belonged to ASA classes 2 (59.7%) and 3 (40.3%), and four patients belonged to ASA class 

4 (1.0%). The incidence of postoperative delirium was 25.6% (159/615). The 1 year and 

overall mortalities were 14.5% (89/615) and 32.7% (201/615), respectively (Table 1). 

Table 1. Baseline characteristics, perioperative variables, and surgical outcomes of the study population. 

 Study Population 
 High PLVI Low PLVI Total 

p-Value  (n = 306) (n = 309) (n = 615) 

Demographic variables     

Age, year 79.24 ± 7.05 82.20 ± 7.97 80.73 ± 7.67 <0.001 

Sex, male  87 (28.4) 88 (28.5) 175 (28.5) 0.990 

BMI, kg/m2 23.09 ± 3.55 21.08 ± 3.85 22.08 ± 3.84 <0.001 

DM  101 (33.0) 87 (28.2) 188 (30.6) 0.192 

HTN  185 (60.5) 168 (54.4) 353 (57.4) 0.127 

CVA 62 (20.3) 67 (21.7) 129 (21.0) 0.665 

CVD 98 (32.0) 93 (30.1) 191 (31.1) 0.605 

Pulmonary disease  64 (20.9) 74 (23.9) 138 (22.4) 0.367 

Kidney disease 39 (12.7) 37 (12.0) 76 (12.4) 0.771 

Cognitive impairment 36 (11.8) 39 (12.6) 75 (12.2) 0.745 

ASA    0.018 

2 192 (62.7) 169 (54.7) 367 (59.7)  

3 109 (35.6) 139 (45.0) 248 (40.3)  

4 5 (1.6) 1 (0.3) 6 (1.0)  

PLVI  0.65 ± 0.11 0.44 ± 0.09 0.55 ± 0.15 <0.001 

Anesthesia type     

General 118 (38.6) 119 (38.5) 237 (38.5) 0.990 

Spinal 188 (61.4) 190 (61.5) 378 (61.5)  

Operation timing     

Early (≤48 h) 136 (44.4) 98 (31.7) 234 (38.5) 0.001 

Late (>48 h) 170 (55.6) 211 (68.3) 381 (62.0)  

Operation type     

Arthroplasty 138 (45.1) 117 (37.9) 255 (41.5) 0.069 
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Osteosynthesis 168 (54.9) 192 (62.1) 360 (58.5)  

Laboratory variables     

Hemoglobin, g/dL 11.45 ± 1.84 10.84 ± 1.92 11.20 ± 1.91 <0.001 

Platelet, 109/L 204.25 ± 74.28 211.69 ± 78.18 200.00 ± 76.29 0.177 

WBC, 103/uL 10.44 ± 3.82 9.67 ± 3.64 9.60 ± 3.75 0.002 

CRP, mg/dL 1.99 ± 3.65 2.60 ± 3.89 0.640 ± 3.7824 0.003 

Albumin, g/dL  3.44 ± 0.44 3.22 ± 0.52 3.400 ± 0.4933 <0.001 

AST, IU/L 27.85 ± 22.03 24.54 ± 11.00 22.00 ± 17.45 0.072 

ALT, IU/L 18.02 ± 11.61 16.13 ± 9.59 15.00 ± 10.67 0.013 

Creatinine, mg/dL 1.13 ± 1.25 1.04 ± 1.10 0.78 ± 1.18 0.489 

Surgical outcomes     

Hospital stay (days) 7.00 (5.00, 10.75) 7.00 (6.00, 10.00) 7.00 (5.00, 10.00) 0.672 

Delirium 75 (24.5) 84 (27.2) 159 (25.9) 0.449 

1 year mortality 28 (9.2) 61 (19.7) 89 (14.5) <0.001 

Overall mortality 75 (24.5) 126 (40.8) 201 (32.7) <0.001 

Values are expressed as means ± standard deviations, medians (interquartile ranges), or absolute numbers (percentages). 

BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; CVD, cardiovascular disease; CVA, cerebrovascular 

disease; ASA, American Society of Anesthesiologists; CRIF, closed reduction and internal fixation; PLVI, psoas-to-lumbar 

vertebral index; WBC, white blood cell; CRP, C-reactive protein; AST, aspartate aminotransferase; ALT, alanine ami-

notransferase. 

The median values of PLVI were 0.62 and 0.50 in men and women, respectively. Pa-

tients in the low PLVI group were older (p < 0.001), belonged to higher ASA classes (p = 

0.018), and had lower BMI (p < 0.001) than patients in the high PLVI group. In addition, 

more cases of delayed operation were observed in the low PLVI group (p = 0.001). Inter-

group differences were nonsignificant in the other study demographic variables. 

With respect to laboratory variables, patients with sarcopenia had a higher CRP (p = 

0.003) and lower hemoglobin (p < 0.001), WBC count (p = 0.002), albumin level (p < 0.001), 

and ALT (p = 0.013) (Table 1). Patients in the low PLVI group had higher 1 year (p < 0.001) 

and overall mortalities (p < 0.001) than patients in the high PLVI group. However, differ-

ences in hospital stay and postoperative delirium incidence between the two groups were 

not significant. 

Study Outcomes 

In the Cox regression analysis, low PLVI was significantly associated with 1 year 

(hazard ratio (HR): 1.87, 95% confidence interval (CI): 1.18–2.96, p = 0.008) (Table 2) and 

overall mortalities (HR: 1.51, 95% CI: 1.12–2.03, p = 0.006) (Table 3). Additionally, male sex 

(HR: 1.67, 95% CI: 1.08–2.59, p = 0.021) was an independent risk factor for 1 year mortality 

(Table 2), while age (HR: 1.04, 95% CI: 1.01–1.06, p = 0.001), male sex (HR: 1.67, 95% CI: 

1.24–2.26, p = 0.001), ASA 3 or 4 (HR: 1.78, 95% CI: 1.30–2.45, p < 0.001), DM (HR: 1.43, 95% 

CI: 1.04–1.96, p = 0.026), CVA (HR: 1.41, 95% CI: 1.02–1.94, p = 0.037), hypoalbuminemia 

(HR: 1.72, 95% CI: 1.21–2.44, p = 0.002), and CRP (HR: 1.03, 95% CI: 1.00–1.07, p = 0.045) 

were significantly associated with the overall mortality (Table 3). Figure 3 shows the 

Kaplan–Meier curve of 1 year and overall mortalities according to the PLVI (log-rank test; 

p = 0.008 in 1 year mortality, p = 0.006 in overall mortality). 
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Table 2. Cox regression analyses of 1 year mortality. 

 Univariate Multivariable 

 HR 95% CI p-Value HR 95% CI p-Value 

Low PLVI 2.26 1.45–3.54 <0.001 1.87 1.18–2.96 0.008 

Age 1.02 1.00–1.05 0.074 1.01 0.98–1.04 0.354 

Sex (male) 2.02 1.33–3.08 0.001 1.67 1.08–2.59 0.021 

ASA       

2 1.00   1.00   

3/4 2.21 1.45–3.37 <0.001 1.47 0.92–2.35 0.103 

BMI 0.96 0.91–1.02 0.182    

DM 1.79 1.18–2.73 0.006 1.57 0.99–2.50 0.057 

HTN 1.42 0.92–2.20 0.111 1.15 0.72–1.85 0.561 

CVD 1.48 0.97–2.27 0.070 1.09 0.69–1.73 0.698 

CVA 1.47 0.92–2.34 0.108    

Cognitive impairment 1.64 0.95–2.81 0.074 1.24 0.70–2.17 0.462 

Hypoalbuminemia (albu-

min < 3.5 g/dL) 
2.61 1.62–4.20 <0.001 1.65 0.99–2.72 0.053 

Anemia (Hb < 12 g/dL) 2.49 1.41–4.41 0.002 1.68 0.93–3.04 0.088 

Operation timing       

Early (≤48 h) 1.00   1.00   

Late (>48 h) 1.96 1.21–3.18 0.006 1.30 0.78–2.17 0.308 

Values are expressed as means ± standard deviations, medians (interquartile ranges), or absolute numbers (percentages). 

HR, hazard ratio; CI; confidence interval; PLVI, psoas-to-lumbar index; BMI, body mass index; DM, diabetes mellitus; 

HTN, hypertension; CVD, cardiovascular disease; CVA, cerebrovascular disease; ASA, American Society of Anesthesiol-

ogists. 

Table 3. Cox regression analyses of the overall mortality. 

 Univariate Multivariable 

 HR 95% CI p-Value HR 95% CI p-Value 

Low PLVI 1.84 1.38–2.45 <0.001 1.51 1.12–2.03 0.006 

Age 1.05 1.03–1.06 <0.001 1.04 1.01–1.06 0.001 

Sex (male) 2.16 1.63–2.86 <0.001 1.67 1.24–2.26 0.001 

ASA       

2 1.00   1.00   

3 or 4 2.74 2.06, 3.64 <0.001 1.78 1.30–2.45 <0.001 

BMI 0.92 0.89–0.96 <0.001    

DM  1.67 1.26–2.22 <0.001 1.43 1.04–1.96 0.026 

HTN  1.45 1.09–1.94 0.011 1.21 0.89–1.66 0.226 

CVD 1.51 1.14–2.02 0.004 1.05 0.76–1.43 0.782 

CVA 1.83 1.35–2.48 <0.001 1.41 1.02–1.94 0.037 

Pulmonary disease 1.56 1.14–2.12 0.005 0.99 0.70–1.41 0.971 

Kidney disease 1.69 1.17–2.44 0.006 1.04 0.70–1.53 0.850 

Cognitive impairment 1.91 1.33–2.73 <0.001 1.21 0.89–1.66 0.226 

Anesthesia type       

General 1.00   1.00   

Spinal 1.06 0.79–1.41 0.713 1.04 0.77–1.41 0.802 

Hypoalbuminemia (albu-

min < 3.5 g/dL) 
2.73 2.01–3.73 <0.001 1.72 1.21–2.44 0.002 

Anemia (Hb < 12 g/dL) 2.16 1.52–3.05 <0.001 1.42 0.97–2.07 0.069 

CRP  1.09 1.06–1.12 <0.001 1.03 1.00–1.07 0.045 

Operation timing       
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Early (≤48 h) 1.00   1.00   

Late (>48 h) 1.59 1.18–2.14 0.003 0.93 0.66–1.30 0.652 

Operation type       

Arthroplasty 1.00   1.00   

Osteosynthesis 0.86 0.65–1.13 0.280 0.76 0.57–1.03 0.075 

Values are expressed as means ± standard deviations, medians (interquartile ranges), or absolute numbers (percentages). 

HR, hazard ratio; CI; confidence interval; PLVI, psoas-to-lumbar index; BMI, body mass index; DM, diabetes mellitus; 

HTN, hypertension; CVD, cardiovascular disease; CVA, cerebrovascular disease; ASA, American Society of Anesthesiol-

ogists. 

 

Figure 3. Kaplan–Meier curves for 1 year survival (A) and overall survival (B) according to sarcopenia defined by PLVI 

(log-rank test; p = 0.008 in 1 year survival, p = 0.006 in overall survival). 

4. Discussion 

This study demonstrated the association of preoperative PLVI with increased 1 year 

and overall mortalities in elderly patients requiring hip fracture surgery. According to 

this, PLVI can provide important information in predicting mortality in hip fracture sur-

gery as a useful surrogate marker for central sarcopenia. 

Recently, central sarcopenia has been reported as a surrogate for frailty [18,22]. Cen-

tral sarcopenia can be evaluated by measuring the core muscle size, representatively psoas 

muscle [14,19,20,23]. The total psoas area (TPA) was reported to be associated with mor-

bidity and long-term mortality in aortic valve replacement [20] and mortality in open ab-

dominal aneurysm repair [13]. However, given that the TPA cutoff value can vary as a 

function of body size, adjustment for body size was required. Other studies have reported 

PLVI rather than TPA alone to reflect values on the basis of individual patients’ physical 

habits [19,24]. According to Ebbeling et al., central sarcopenia, defined as below the me-

dian value of PLVI, independently predicts morbidity in geriatric patients with trauma 

[19]. However, to the best of our knowledge, reports on the association between PLVI and 

surgical prognosis in patients with hip fractures are few. Therefore, this study is clinically 

meaningful as a major investigation on the association between PLVI and mortality. 

According to our results, low PLVI, representing central sarcopenia, was associated 

with mortality after hip fracture surgery. Studies in various surgical populations have 

identified sarcopenia as an independent risk factor for morbidity and mortality [25–27]. 

According to a meta-analysis by Hajibandeh et al. [27], sarcopenia was associated with a 
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higher risk of 30 day mortality, 1 year mortality, total complications, intensive care unit 

(ICU) care, prolonged ICU stay, and hospital stay in case of emergency abdominal sur-

gery. Additionally, a higher risk of 30 day mortality has been reported in elective ab-

dominal surgeries [27]. Frailty is considered to play a key role in these results, as sarcope-

nia is a major component of frailty and shares similarities in the etiology [28,29]. Corre-

sponding to previous studies, patients with sarcopenia had a higher mortality in this 

study. Therefore, sarcopenia, defined by PLVI, can be used to predict mortality in hip 

fracture surgery. 

Additionally, in this study, hypoalbuminemia was associated with mortality. Hypo-

albuminemia is a well-known risk factor in patients undergoing surgical interventions 

[30–32]. Albumin is considered as a nutritional status indicator; therefore, hypoalbu-

minemia might serve as a marker for malnutrition [32–34]. The relationship between hy-

poalbuminemia and mortality can be explained by this pathophysiology [32]. Recently, a 

retrospective study conducted by Sim et al. of 971 patients undergoing hip fracture sur-

gery [34] reported hypoalbuminemia to be associated with slower recovery and lower 

postoperative 6 month function and quality of life. Malnutrition is considered to be im-

portant in the development of sarcopenia and frailty, which is often overlapped in elderly 

patients [35]. However, in this study, hypoalbuminemia and low PLVI were both identi-

fied as independent risk factors for mortality after adjusting for confounding factors. 

In our study, age was not a risk factor of 1 year mortality. The patient group included 

in our study had an average age of 80.73 years, and it is speculated that biological age may 

have played a more critical role than chronological age in this elderly patient group. 

Between the two groups in this study, the low PLVI group had a higher CRP level 

and lower ALT, albumin, and hemoglobin levels. These results are consistent with those 

of previous studies evaluating biomarkers in frailty [36–38]. Inflammation and malnutri-

tion are considered to play an important role in the pathophysiology of frailty; therefore, 

the variables reflecting these changes might be used as a biomarker for frailty [36,38]. 

However, these changes are affected by the natural aging process and are easily affected 

by the common comorbidities of old age [33,38,39]. Therefore, caution is required when 

interpreting laboratory test results, especially when the patient is under acute stress. 

Using PLVI as an objective measure for sarcopenia and a surrogate for frailty has 

several clinical advantages, especially in patients undergoing hip fracture surgery. First, 

it is objective and easy to acquire compared with the other screening tools for frailty. 

Moreover, a special software package or extra training is not necessary for its determina-

tion. Therefore, PLVI can be easily used in various clinical settings. Second, assessment of 

the patient’s physical performance is not required, which is often not applicable in pa-

tients with hip fracture. Third, the need for additional examination is minimized, as cross-

sectional imaging (CT or magnetic resonance imaging) studies are routinely performed in 

the early course of the diagnosis. Fourth, PLVI can be obtained without the patient’s co-

operation or provision of medical history, which is often difficult in elderly patients with 

cognitive impairment. Considering these advantages, PLVI can be widely used in predict-

ing mortality after hip fracture surgery in elderly patients. The management of patients 

with low PLVI requires more meticulous monitoring and care during the perioperative 

period to improve the clinical outcome. 

Our study had some limitations. Firstly, given the retrospective design of the study, 

unaccounted confounding factors such as preoperative walking and physical perfor-

mance may have triggered potential biases. However, given that our study purpose was 

to identify an objective indicator for patients with limited movement, these factors may 

not have had a significant effect on our results. Secondly, in this study, the patients were 

divided into two groups on the basis of the median PLVI values, and the group with a 

lower value was assumed to have sarcopenia. However, there is currently no unanimous 

agreement on the cutoff value in central sarcopenia. In addition, as the study patients were 

relatively older than those in the other studies and because there was an ethnic disparity, 

cutoff values from other studies were not used in this study. Although our cutoff point 
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demonstrated positive results, it may not apply to other studies. Lastly, this was a single-

center study with a limited number of patients and an ethnically homogeneous group 

comprising mostly South Korean patients. A multicenter study including a larger cohort 

and heterogeneous groups may be required. 

5. Conclusions 

In conclusion, low PLVI was significantly associated with higher mortality in elderly 

patients following hip fracture surgery. Therefore, PLVI might be a simple and objective 

way to assess central sarcopenia, which could be an independent predictor for mortality 

in elderly patients undergoing hip fracture surgery. 
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