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Abstract

Purpose—To compare ultrasound echo intensity (EI) to high-resolution T1-weighted MRI and to 

establish calibration equations to estimate percent intramuscular fat from EI.

Methods—Thirty-one participants underwent both ultrasound and MRI testing of 4 muscles: 

rectus femoris (RF), biceps femoris (BF), tibialis anterior (TA), and medial gastrocnemius (MG).

Results—Strong correlations were found between MRI percent fat and muscle EI after 

correcting for subcutaneous fat thickness (r = 0.91 in RF, r = 0.80 in BF, r = 0.80 in TA, r = 0.76 

in MG). Three types of calibration equations were established.

Conclusion—Muscle ultrasound is a practical and reproducible method that can be used as an 

imaging technique for examination of percent intramuscular fat. Future ultrasound studies are 

needed to establish equations for other muscle groups to enhance its use in both research and 

clinical settings.
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Introduction

Overweight and obesity are associated with many secondary health conditions1-3. Recent 

studies have suggested that adipocytes deposited in different areas of the body have different 

physiological activities, and the health risks of obesity are related closely to the location of 

fat depots in addition to the total amount of adipose tissue4,5. For example, visceral 

abdominal fat has been found to be related to dyslipidemia, glucose intolerance, and higher 

risk of cardiovascular disease6. Increased fat depots within skeletal muscle have also been 

found to be associated with functional decline and metabolic disorders7. These studies 
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indicate the importance of examining the distribution of adipose tissue and deposition of 

ectopic fat.

Muscle ultrasound is emerging as an imaging technique for measurement of muscle quality8. 

Lean muscle tissue has low echogenicity, while intramuscular fat and connective tissue have 

high echogenicity9. This technique quantifies total muscle echo intensity (EI) using gray 

scale analysis with the assumption that the higher the mean pixel intensity of a muscle 

region of interest, the lower the muscle quality (i.e. more intramuscular fat)8,10,11. Muscle 

ultrasound is a low cost and easily accessible technology that can be applied in individuals 

who cannot undergo other imaging technologies such as MRI, computed tomography (CT), 

or dual-energy X-ray absorptiometry (DXA). Several studies have shown that increased EI 

is correlated negatively with muscle strength and cardiovascular health in people across 

different age groups10,11. Some studies have also established analytical methods to improve 

the consistency and compatibility of the ultrasound technique across different ultrasound 

devices12.

Ultrasound has been recognized as a valuable tool to evaluate marbling in cattle and swine 

with the establishment of percent intramuscular fat prediction equations13-15. Similar studies 

have not been conducted in humans due to the difficulty of obtaining biopsy samples. In 

addition, no study has compared muscle EI to MRI, an imaging technique that provides a 

comprehensive picture of the structure and composition of skeletal muscle. The other 

limitation of current ultrasound techniques is the use of arbitrary EI units as an outcome 

measure, which makes it difficult to compare ultrasound to other body and muscle 

composition techniques. Although utilizing the prediction equations established from animal 

subjects can be convenient, whether they are appropriate for human subjects is not known. 

The purpose of this study was to compare EI from the ultrasound technique with percent 

intramuscular fat measurements derived from high-resolution T1-weighted MRI images. The 

study also aimed to establish muscle-specific calibration equations to be used in humans to 

quantify muscle EI into percent intramuscular fat.

Materials and Methods

Participants

Thirty-one participants (14 men, 17 women) between the ages of 20 and 61 years were 

recruited in this study. Participants with diverse body mass index (BMI) and physical 

activity level were recruited to provide a wide range of body adiposity. The study was 

approved by the Institutional Review Board. We certify that all applicable instructional and 

governmental regulations concerning the ethical use of human volunteers were followed in 

this study. Written informed consent was obtained from all participants prior to any data 

collection and after a detailed description of the study was provided. Data were collected 

from March 2014 to April 2014.

Study Design

All participants completed 2 or 3 test sessions. The first and second sessions involved an 

ultrasound study and an MRI scan. The third session was an optional session to test 
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reproducibility of the ultrasound technique. Tests on individual participants were completed 

within a 1-week period.

Ultrasound Experimental Protocol—An ultrasound test was performed on 4 lower 

extremity muscles: rectus femoris (RF), biceps femoris (BF), tibialis anterior (TA), and 

medial gastrocnemius (MG) using a LOGIQ e ultrasound-imaging device (GE Healthcare 

UK Ltd., Chalfont, Buckinghamshire, England). The dominant leg was tested. Participants 

were examined while resting supine on an examining table. Ultrasound Brightness mode (B-

mode) with musculoskeletal scanning preset and a multi-frequency linear transducer (8-12 

MHz) with 12.7 × 47.1mm footprint were used. The beam width of the transducer was 

approximately 2.0mm at its narrowest point. Gain and transducer frequency were adjusted to 

58-dB and 8 MHz, respectively. Scanning depth was set to 4 cm with an apparent spatial 

resolution of 80 μm/pixel. The scanning depth was only increased when testing participants 

with greater subcutaneous fat to allow for capturing enough muscle area. Time gain 

compensation was adjusted to neutral position. Focus number and area were increased to 

maximum and kept consistent across all participants to adjust for differences in muscle size 

among participants. Other ultrasound settings were unchanged from the preset.

Before starting the ultrasound study, the upper and lower leg length of each participant was 

measured from the superior lateral aspect of the patella to the anterior superior iliac spine 

and from the inferior lateral aspect of the patella to the calcaneus, respectively. Marks were 

made on the anterior and posterior parts of the 1/3 and 1/4 of upper and lower leg length, 

measured from the patella. The purpose of the marks was to ensure that the scanning 

locations between ultrasound and MRI as well as between participants were consistent. A 

generous amount of ultrasound gel was applied to avoid excessive pressure on the skin. Each 

scan involved a 16-second ultrasound clip on 1 of the marks, and each muscle was scanned 

twice (both 1/3 and 1/4 marks). A total of 8 scans were obtained from each participant. Each 

ultrasound clip was reviewed, and 1 frame with the best focus was chosen and saved into a 

JPEG image for analysis. Muscle EI was determined by gray-scale analysis using ImageJ16. 

A muscle of interest was circled manually while avoiding surrounding fascia and bone. The 

mean voxel intensity of the selected muscle region was obtained from each measurement, 

and an average of 3 measurements was calculated. Subcutaneous fat thickness, muscle 

thickness, and area of the muscle of interest were also recorded. Images were analyzed by 2 

investigators to test for the inter-rater reliability.

MRI Experimental Protocol—T1-weighted MRI images (TR = 800 ms; TE = min full) 

were obtained using a 3.0 Tesla whole body MR system (GE Healthcare, Waukesha, WI) at 

the Biomedical Health and Sciences Institute. Images were obtained with 1024 × 1024 

matrix on both lower leg and upper leg of each participant. A field of view (FOV) of 18 × 18 

cm (in-plane resolution of 176 × 176 μm /voxel) was set for the upper leg scans and 16 × 16 

cm (in-plane resolution of 156 × 156 μm /voxel) for the lower leg scans unless changes were 

necessary (i.e. participants with larger size of thigh or calf). A volume knee coil was placed 

on the lower leg with the centerline of the coil aligned to the ultrasound marks described 

above. A lower leg scan involved a total of 4 imaging slices with 3.0 mm slice thickness and 

10.0 mm spacing. The knee coil was then repositioned with the center line aligned with 
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another ultrasound mark on the upper leg. An upper leg scan was done with the same 

settings as the lower leg scan except that the FOV and slice spacing were changed to 18 × 18 

cm and 15.0 mm, respectively. The entire MRI testing procedure including positioning and 

the upper and lower leg scans was approximately 30 minutes per participant.

MRI images were analyzed using ImageJ16 and with a similar protocol published in a 

previous study17. The muscle of interest was circled, and a histogram of voxel intensity of 

the muscle of interest was obtained. Fat, muscle, and connective tissue were determined by 

visual judgment, which was based on the voxel intensity of tissues, anatomical appearance, 

and anatomical locations. The determined voxel intensity (DVI) of fat (DVIfat) was 

calculated by averaging the intensities of 3 selected areas of fat. The same procedure was 

followed for acquiring the DVI of muscle (DVImuscle) and connective tissue. The DVIs were 

then used to differentiate each tissue within the muscle of interest. To calculate the percent 

intramuscular fat of a muscle, a weighted percent fat (percent fatweighted) associated with 

each raw voxel intensity (VIraw) was first calculated using

(Equation 

1)

Weighted fat voxel counts (FVCweighted) and weighted muscle voxel counts (MVCweighted) 

were then determined using equations 2 and 3:

(Equation 2)

(Equation 3)

Sums of FVCweighted and MVCweighted of a muscle region of interest (FVCweighted.ROI and 

MVCweighted.ROI) were then used to calculate percent intramuscular fat of the muscle using 

the equation 4:

(Equation 

4)

Correcting for Subcutaneous Fat Thickness—During the initial data analysis, an 

independent influence of subcutaneous fat thickness on muscle EI was observed. To further 

examine this potential influence, the subcutaneous fat thickness of 5 participants was 

reduced by applying 4 different levels of external pressure on the skin. Care was taken to 

ensure minimal change in muscle shape. The associations of EI and different level of 

subcutaneous fat thickness were compared (Figure 1). The averages of the 5 slopes and y-

intercepts were calculated. A correction factor was generated from the following equation, 

where cf = correction factor and x = subcutaneous fat thickness. The cf represents the 

addition of EI with every 1.0cm subcutaneous fat thickness:

(Equation 5)
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The cf was then applied to correct for the potential influence of subcutaneous fat on EI using 

equation 6, where y1 = raw EI, x = subcutaneous fat thickness, cf = 40.5278, and y2 = 

corrected EI,

(Equation 6)

Generation of Calibration Equations—Correlations between muscle EI and MRI 

percent fat were obtained, and the linear regression equations were used to generate 

calibration equations. Different calibration equations were established by combining all the 

muscle groups (group equation) and by examining separately based on muscle groups 

(muscle-specific equation) and gender (gender-specific equation). The ultrasound percent fat 

calculated with each equation was compared.

Statistical Analysis

Data are presented as means ± SD. Correlation between muscle EI- and MRI- measured 

percent fat of each muscle was analyzed using Pearson correlation. To examine the 

influence of subcutaneous fat thickness on muscle EI and to evaluate the use of the 

correction factor, the correlations between MRI percent fat and muscle EI were compared 

using 3 approaches: 1) simple linear correlation between MRI percent fat and raw EI, 2) 

simple linear correlation between MRI percent fat and corrected EI, and 3) multiple 

regression analysis between MRI percent fat (dependent variable), raw EI, and subcutaneous 

fat thickness (independent variables). Ultrasound test-retest and inter-rater reliabilities were 

analyzed using coefficient of variation (CV) and 2-way random intraclass correlation 

coefficients (ICC) with absolute agreement. CV of the EI of the 2 ultrasound scanning 

locations and 3 MRI slices were also computed. Statistical analyses were performed using 

SPSS 19.0 (IBM®, Armonk, NY). Significance was accepted when P < 0.05.

Results

Study Participants

All participants completed the study without any adverse events. The physical 

characteristics of the participants are summarized in Table 1.

Ultrasound and MRI Results

Representative muscle images obtained from both MR and ultrasound are shown in Figure 

2. Both MRI and ultrasound images were acquired from the same location of each muscle 

group so that comparisons between muscle EI and MRI-measured percent intramuscular fat 

could be made. Examined muscle area and muscle EI of each muscle group are shown in 

Table 2. It should be noted that the entire areas of BF, TA, and MG could not be examined 

fully due to the size limitation of the ultrasound window.

Uncorrected Echo Intensity vs. MRI-measured percent Intramuscular Fat—
Comparisons between the muscle EI without correction for subcutaneous fat thickness and 

percent intramuscular fat measured with MRI are shown in Figures 3A1-A4. Moderate to 
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strong correlations were found between muscle EI and MRI percent fat when examining RF 

(r = 0.79) and TA (r = 0.66). Weak to moderate correlations were found in BF (r = 0.45) and 

MG (r = 0.54).

Corrected Echo Intensity vs. MRI-measured percent Intramuscular Fat—Figure 

3B1-B4 shows the correlations between MRI percent intramuscular fat and muscle EI after 

corrected for subcutaneous fat thickness. Stronger correlations were found in all muscle 

groups when the correction factor was applied (r = 0.91 in RF, r = 0.80 in BF, r = 0.80 in 

TA, r = 0.76 in MG). When examining the correlations separately by gender (Figure 3C1-

C4), similar and stronger correlations were found in all muscles in men (r = 0.96 in RF, r = 

0.86 in BF, r = 0.77 in TA, r = 0.86 in MG) when compared to women (r = 0.84 in RF, r = 

0.84 in BF, r = 0.59 in TA, r = 0.81 in MG). A moderate to strong correlation (r = 0.61) was 

found between corrected muscle EI and MRI percent intramuscular fat after combining all 

the examined muscles (Figure 4).

Examining the Influence of Subcutaneous Fat Thickness on Muscle Echo 
Intensity—Table 3 summarizes the relationship between MRI percent fat and muscle EI. 

The correlations between MRI percent fat and muscle EI improved after accounting for 

subcutaneous fat thickness using both the multiple regression analysis and application of the 

correction factor. The multiple regression analysis and the correction factor provided similar 

correlations between MRI percent fat and muscle EI (multiple regression analysis (r) vs. 

correction factor (r): 0.90 vs. 0.92 in RF; 0.80 vs. 0.71 in BF; 0.80 vs. 0.80 in TA; 0.76 vs. 

0.73 in MG).

Calibration Equations

Three types of calibration equations were developed, and all the equations are presented in 

Table 4. The 95 % CI of the slope for muscle specific equations was 0.077 to 0.112 for RF, 

0.107 to 0.202 for BF, 0.195 to 0.366 for TA, and 0.147 to 0.2221 for MG. For gender 

specific equations, the 95% CI of the slope was 0.038 to 0.085 in women and 0.111 to 0.177 

in men for RF, 0.095 to 0.208 in women and 0.048 to 0.256 in men for BF, 0.046 to 0.454 in 

women and 0.055 to 0.340 in men for TA, and 0.134 to 0.344 in women and 0.120 to 

0.261in men for MG.

Comparisons Between Different Equations

Relationships between calibrated ultrasound percent fat and MRI percent intramuscular fat 

were examined. Figure 5A-D shows the difference between MRI percent intramuscular fat 

and ultrasound percent fat calculated using each equation. When converting muscle EI into 

percent fat using the group equation, the mean and standard deviation of percent fat 

difference were larger across all muscle groups (-2.41 ± 1.13 in RF; 0.83 ± 2.27 in BF; 1.38 

± 2.77 in TA; 0.50 ± 2.16 in MG) when compared to that using muscle specific (0.00 ± 1.02 

in RF; 0.27 ± 2.20 in BF; 0.00 ± 2.15 in TA; 0.00 ± 1.83 in MG) and gender specific 

equations (-0.03 ± 0.72 in RF; -0.44 ± 2.70 in BF; -0.56 ± 3.51 in TA; -0.02 ± 1.71 in MG).

Young et al. Page 6

Muscle Nerve. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Within Muscle Variability

Muscle EIs between the 2 scanning locations were compared. The mean CV between the 2 

locations was 5.6% in RF, 6.3% in BF, 5.0% in TA, and 4.8% in MG. After correcting for 

subcutaneous fat thickness, the mean coefficient of variation was 5.7% in RF, 8.7% in BF, 

4.9% in TA, and 5.2% in MG (Figure 6A). Percent intramuscular fat differences between the 

3 MRI slices were also compared (Figure 6B). The mean CV between the 3 MRI slices was 

11.0 % in RF, 7.6 % in BF, 5.6 % in TA, and 5.1% in MG.

Ultrasound Reproducibility and Inter-Analyzer Reliability

The reproducibility of the ultrasound technique was examined by repeating the same testing 

procedure on 10 participants on 2 different days within a week. The ultrasound technique 

demonstrated high reproducibility between the 2 testing days across all muscle groups. 

Results are reported as mean CV & ICC (95% CI): RF = 3.3 ± 3.0 & 0.91 (0.64-0.98); BF = 

13.1 ± 8.7 & 0.72 (-0.28-0.93); TA = 2.6 ± 1.6 & 0.92 (0.57-0.97); MG = 5.6 ± 4.9 & 0.71 

(0.12-0.95). The inter-analyzer reliability of the ultrasound technique was tested on the 

ultrasound images of 23 participants. A high inter-analyzer reliability was observed in all 

muscle groups. Results are reported as mean CV & ICC (95% CI): RF = 4.3 ± 2.6 & 0.93 

(0.66-0.98); BF = 4.5 ± 2.7 & 0.96 (-0.88-0.99); TA = 3.5 ± 2.2 & 0.98 (0.89-0.99); MG = 

3.7 ± 3.1 & 0.95 (0.28-0.99).

Discussion

We have generated calibration equations to quantify muscle EI into percent intramuscular 

fat on 4 muscles in the lower extremity. In this study, moderate to strong correlations were 

found between MRI-measured percent intramuscular fat and muscle EI. This is consistent 

with previous literature that compared muscle EI to percent intramuscular fat measured with 

muscle biopsy samples18,19. Reimers et al. examined muscle echogenicity and biopsy 

samples of 86 uninjured muscles and concluded that the increased muscle EI was mainly 

caused by elevated intramuscular lipid content19. Previous studies have also reported the 

associations of higher muscle EI with reduced muscle strength, neuromuscular diseases, and 

lower cardiovascular performance10,11,20-22. While muscle EI has provided valuable clinical 

information, the arbitrary EI units make comparisons between the ultrasound technique and 

other body and muscle composition techniques difficult and thus limit its use as an 

alternative technique to examine muscle composition. The calibration equations established 

in this study can help address this limitation. It is important to emphasize that the 

applicability of the calibration equations will be reduced if a different ultrasound device is 

used. This is due to different manufacturer settings which make muscle EI variable among 

ultrasound devices. Care should be taken when applying the equations generated from these 

data.

We also observed an independent influence of subcutaneous fat thickness on muscle EI, 

since all the settings were kept consistent, and we were able to develop a correction factor to 

correct for the potential influence. This phenomenon has been reported previously12,23. As 

Wattjes et al. pointed out in their review article, reflection or absorption of ultrasound sound 

waves made visualization of deeper tissues difficult, which limits its application to 
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examining superficial muscle groups23. In our study, a correction factor was established 

after examining the associations of EIs and subcutaneous fat thickness altered by applying 

different levels of pressure on the skin. After the correction factor was applied to raw EIs, 

the correlations between muscle EI and MRI percent intramuscular fat improved. Similar 

correlations were found when comparing the relationship between MRI percent fat, raw 

muscle EI, and subcutaneous fat thickness using multiple regression analysis, which further 

supports the use of the correction factor. It should be noted that we developed 1 correction 

factor and applied it to all muscle groups. While this is one way to correct for the influence 

of subcutaneous fat thickness on muscle EI, it remains possible that different muscle groups 

require specific correction factors. This is due to the variability in muscle composition (i.e. 

amount of connective tissues) and depth of individual muscle groups. Future studies are 

needed to further examine the applicability of the correction factor.

Better correlations were observed when we compared MRI percent fat to corrected muscle 

EI of each muscle group than when we compared MRI percent fat to corrected muscle EI of 

all muscle groups. This finding is consistent with previous studies that suggested variability 

in EI across different muscle groups8,24. Pillen & van Alfen suggested the differences in 

fibrous tissue distribution and muscle fiber orientation of each muscle group, which resulted 

in a muscle's unique range of EI8. In addition, a better relationship was found between MRI 

percent intramuscular fat and corrected muscle EI of each muscle group within men 

compared to women. Arts et al. reported that the relationship between age and EI was 

gender- and muscle-dependent24, and our results agree with their findings.

In this study, we report 3 types of calibration equations: group equation, muscle-specific 

equation, and gender-specific equation. A better relationship was observed when we 

compared MRI percent fat and ultrasound percent fat calculated using the muscle-specific 

equation to that calculated using the group equation. This again supports the notion that the 

normal range of EI is muscle specific. Muscle-specific and gender-specific equations were 

compared, and similar correlations were found between MRI percent intramuscular fat and 

ultrasound percent fat calculated using the 2 equations, suggesting both equations can be 

used in the future. Furthermore, a better relationship between MRI percent fat and 

ultrasound percent fat was observed in RF. A possible explanation for this is the limitation 

of the ultrasound window. As previously mentioned, the ultrasound window captured the 

entire area of RF but not the other muscles, which could result in potential measurement 

error. Future studies can address this issue by investigating the relationship between MRI 

percent fat and muscle EI using ultrasound probes with wider FOV, e.g. probes that are used 

to scan bigger muscle groups in adult full sized cattle, or by combining ultrasound scans of 

different sites of a muscle to obtain a more representative image of a muscle.

We investigated the percent intramuscular fat measured with MRI in 4 different muscle 

groups: RF, BF, TA, and MG. We found a range of approximately 13.0 to 16.0% mean 

intramuscular fat from all muscle groups. These results are comparable to percent 

intramuscular fat reported by other studies using different imaging techniques. Kovanlikaya 

et al. examined the relationships between insulin levels and fat accumulation in the soleus 

muscle, liver, and pancreas using the three-point Dixon MRI technique in 15 young, healthy 

Mexican-American women and reported an average intramuscular fat of approximately 15% 
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in the lean group and 23% in the obese group, classified based on BMI25. Wren et al.26 

investigated percent intramuscular fat of several muscle groups in 9 boys with Duchene 

muscular dystrophy and found that the percent intramuscular fat was highly correlated with 

each muscle group (r = 0.83 to 0.98). Overall, the levels of intramuscular fat we found are 

consistent with results reported in previous studies.

We also demonstrated the high reproducibility and inter-rater reliability of the ultrasound 

technique. We found a strong ICC between days 1 and 2 in all muscle groups. This finding 

is comparable to the study conducted by Reimers et al. in which they found a test-retest 

correlation coefficient of 0.94 for EI in calf muscle27. A higher CV was found in BF (CV = 

13.1 percent) between the 2 different days. A possible explanation is the difficulty to locate 

the same ultrasound scanning area of BF. Ultrasound has a limited FOV, which makes it 

difficult to capture the entire muscle area of larger muscle groups transversely. In addition, 

we found significant variability of muscle EIs between 2 locations of each muscle group as 

well as percent intramuscular fat between 3 different MRI slices (Figure 6A & B), which 

indicate the importance of ensuring the consistency of scanning locations. As Scholten et al. 

pointed out in their study, measuring the exact muscle site was necessary to obtain 

comparable and reliable results across individuals28. In this study, although care was taken 

to ensure the same measurement sites were scanned across different days and participants, 

the potential discrepancy can contribute to the larger CV observed in BF. Future studies will 

need to ensure scanning site consistency and consider the variability between different sites 

within a muscle to accurately interpret muscle composition.

We also found a larger variability in participants with higher percent intramuscular fat 

(above 15percent) measured by MRI. We have some possible explanations for this 

observation. As Pillen et al. reported, attenuation of the ultrasound beam occurs when the 

sound wave encounters different tissues such as muscle, connective tissue, and adipose 

tissue8. Our hypothesis is that when the amount of intramuscular fat reaches approximately 

15%, it may begin to affect the reflection and absorption of sound non-systematically based 

on the differing distribution patterns of intramuscular fat and connective tissue. This 

produces an underestimation of the actual EI of a muscle. In addition, we examined the 

association between muscle EI and percent intramuscular fat without separating the potential 

influence of connective tissue. Previous studies have suggested a strong correlation between 

muscle EI and interstitial fibrous tissue measured with biopsy samples in animal 

models29,30. While a smaller amount of connective tissue was assumed in the relatively 

young and healthy participants in this study, any potential effect of connective tissue on EI 

is unknown. Future studies are needed to establish methods such as texture analysis to 

identify different tissues within a muscle using ultrasound. The second explanation is the 

potential limitation of the current MRI percent intramuscular fat analysis. We relied on 

manually-determined PIs to differentiate pure muscle, pure fat, and connective tissue and 

calculated percent intramuscular fat based on DPIs of the 3 tissues17. When a muscle 

contains a high amount of adipose tissue, identification of pure muscle is difficult. As a 

result, underestimation of intramuscular fat can occur. Further investigations that use better 

analytical methods such as the Dixon MRI technique are needed to validate the current 

manually-determined PI method25.
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Our study has some limitations. First, as mentioned previously, the potential influence of 

connective tissue on muscle EI was not addressed in this study. Future studies with a 

combination of imaging techniques and, potentially, muscle biopsies are needed to further 

examine the role of connective tissue on muscle EI. The second limitation of the study is the 

number of muscles examined. In this study we only examined 4 muscle groups. While this 

study shows the possibility of estimating percent intramuscular fat from muscle EI, future 

studies are required to establish calibration equations for other muscle groups. Another 

limitation is that the calibration equations established in this study can only be applied to 

muscle EI obtained with the specific ultrasound device and settings we used. A potential 

solution for this is to establish correction factors or analytical techniques to convert muscle 

EI among ultrasound devices, as reported by previous studies12,31. Another possible solution 

is to develop a phantom with a range of percent fat to calibrate different ultrasound devices. 

Nevertheless, future studies are needed to improve the compatibility between ultrasound 

devices to enhance the practicality of the ultrasound technique.

In conclusion, we established calibration equations to quantify muscle EI into percent 

intramuscular fat after assessing 4 different lower extremity muscles with high-resolution 

T1-weighted MRI and ultrasound. A correction factor for subcutaneous fat thickness was 

developed to correct for its potential influence on muscle EI. Future studies are required to 

test the validity and reliability of the calibration equations. In addition, variability of muscle 

EIs and percent intramuscular fat between different ultrasound scanning sites and MRI slices 

was found, suggesting the need to examine multiple sites of a muscle to obtain a 

comprehensive composition of a muscle. Muscle ultrasound is a low cost, easily accessible, 

and highly reproducible method that can be an option for evaluating skeletal muscle health. 

More studies are required to enhance the utility of the ultrasound technique in both research 

and clinical settings.
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Abbreviations

EI Echo Intensity

RF Rectus Femoris

BF Biceps Femoris

TA Tibialis Anterior

MG Medial Gastrocnemius

CT Computed Tomography

DXA Dual-energy X-ray Absorptiometry (DXA)

FOV Field of View
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DVI Determined Voxel Intensity

DVIfat Determined Voxel Intensity of Pure Fat

DVImuscle Determined Voxel Intensity of Pure Muscle

percent fatweighedt Weighted percent fat

VIraw Raw Voxel Intensity

FVCweighted Weighted Fat Voxel Counts

MVCweighted Weighted Muscle Voxel Counts

FVCweighted.ROI Sum of FVCweighted in the Muscle Region of Interest

MVCweighted.ROI Sum of MVCweighted in the Muscle Region of Interest

cf Correction Factor

CV Coefficient of Variation

ICC Intraclass Correlation Coefficients

SD Standard Deviation
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Figure 1. 
Correlations between subcutaneous fat thickness and muscle echo intensity (EI). The 

regression equations were averaged and used to establish a correction factor for 

subcutaneous fat thickness.
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Figure 2. 
Representative T1-weighted MRI (left column) and ultrasound B-mode images (right 

column) demonstrate the muscle site comparability between the 2 imaging techniques. 

White arrows indicate the same anatomical features in the two images.
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Figure 3. 
Correlations between MRI-measured percent intramuscular fat and muscle echo intensity 

(EI) in the 4 muscles (A1-A4). Correlations between MRI-measured percent intramuscular 

fat and muscle echo intensity (EI) after correcting for subcutaneous fat thickness in the 4 

muscles (B1-B4). Correlations between MRI-measured percent intramuscular fat and muscle 

echo intensity (EI) after correcting for subcutaneous fat thickness in the 4 muscles, separated 

by gender (C1-C4).
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Figure 4. 
A correlation graph between MRI-measured percent intramuscular fat and corrected muscle 

echo intensity (EI) of all four muscles.
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Figure 5. 
Differences between MRI-measured percent fat and ultrasound percent fat calculated using 

the three types of calibration equations.
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Figure 6. 
Two representative graphs showing variability of muscle EIs between two different scanning 

sites within a muscle (A) as well as variability of percent intramuscular fat between the three 

MRI slices (B).
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Table 1

Physical characteristics of participants

Men (n = 14) Women (n = 17)

Age, yrs 27.9 ± 14.9 (20-64) 21.9 ± 2.5 (20-29)

Height, cm 181.3 ± 7.8 (170-198.1) 165.3 ± 5.5 (157.5-175)

Weight, kg 77.6 ± 11.1 (62.6-95.8) 63.7 ± 9.3 (46.8-90.3)

BMI, kg/m2 23.4 ± 3.5 (19.4-29.4) 23.6 ± 2.6 (18.9-33.1)

Values are expressed as mean ± SD (range). BMI = body mass index
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Table 2

Outcomes of ultrasound and MRI testing

Rectus Femoris (n= 
28)

Biceps Femoris (n= 
27)

Tibialis Anterior 
(n= 27)

Medial Gastrocnemius (n=26)

Ultrasound

        Examined Muscle Area, cm2 4.8 ± 1.4 13.2 ± 2.1 10.1 ± 1.5 8.8 ± 1.6

        Echo intensity, AU 55.1 ± 7.4 42.6 ± 7.3 56.1 ± 8.0 51.5 ± 8.5

(37.0-66.3) (23.1-56.9) (32.8-68.8) (32.2-65.9)

MRI

        Examined Muscle Area, cm2 4.3 ± 1.5 16.0 ± 3.6 15.9 ± 2.9 16.9 ± 4.8

        Examined Muscle Volume, cm3 1.3 ± 0.5 4.8 ± 1.1 4.8 ± 0.9 5.1 ± 1.4

        Intramuscular fat, percent 13.1 ± 2.5 15.6 ± 4.6 14.7 ± 4.3 14.6 ± 4.8

(7.8-16.3) (7.5-21.7) (8.5-25.3) (7.9-30.1)

Values are expressed as mean ± SD (range). AU = arbitrary unit. MRI = magnetic resonance imaging.
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Table 3

The Influence of Subcutaneous Fat Thickness on Muscle EI

Simple linear correlation Multiple Regression

Raw EI Corrected EI Independent variables: Raw EI & fat thickness Dependent variable: MRI 
percent fat

MRI percent Fat vs. Muscle EI

        Rectus Femoris 0.79 0.90 0.92

        Biceps Femoris 0.45 0.80 0.71

        Tibialis Anterior 0.66 0.80 0.80

        Medial Gastrocnemius 0.54 0.76 0.73

Values are correlation coefficients (r). EI = echo intensity; MRI = magnetic resonance imaging; Raw EI = echo intensity before correcting for 
subcutaneous fat thickness; Corrected EI = echo intensity after the correction factor was applied.
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Table 4

Calibration Equations

Rectus Femoris Biceps Femoris Tibialis Anterior Medial Gastrocnemius

Muscle specific y = [0.093 * (40 * z) + 
x]+4.698

y = [0.143 * (40 * z) + 
x]+3.459

y = [0.256 * (40 * z) + 
x]-2.991

y = [0.184 * (40 * z) + x]
+0.673

Gender specific (women) y = [0.062 * (40 * z) + 
x]+7.901

y = [0.177 * (40 * z) + 
x]+1.823

y = [0.250 * (40 * z) + 
x]-2.366

y = [0.239 * (40 * z) + x]
+4.221

Gender specific (men) y = [0.144 * (40 * z) + 
x]+1.126

y = [0.152 * (40 * z) + 
x]+2.368

y = [0.198 * (40 * z) + x]
+0.094

y = [0.198 * (40 * z) + x]
+0.384

Group (all muscles) y = [0.114 * (40 * z) + x] + 5.231

x = raw echo intensity; y = percent intramuscular fat; z = subcutaneous fat thickness.
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