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Abstract

The liver is one of the principal organs of our body involved in over 500 physiological functions 

related to metabolism, digestion, immunity, and storage of nutrients, which makes it an essential 

organ to preserve life. Given that there are a number of approaches to measure liver length through 

diagnostic 2D sonography, this work aims to determine the most accurate measurement of this 

organ. Cadaveric specimens (n = 21) were employed to assess measurements in midclavicular line 

(MCL) and midaxillary line (MAL). Each measurement was calculated in anteroposterior (AP) 

and craniocaudal (CC) planes. In addition, in situ measurements were obtained by accessing the 

organ through the anterior thoracoabdominal wall. Statistical differences were detected between 

MCL and MAL measurements (p < 0.05), a positive correlation between MAL CC and in situ 

anterior measurements were noted (r = 0.97). Liver size, as assessed through in situ measurements, 

varied as a funtion of BMI and waist circumference (p < 0.05). It is concluded that CC 

measurement of the RLL in MAL from the uppermost right hemi-diaphragm to the inferior tip of 

the right lobe through a horizontal line parallel to the anterior liver wall is the most accurate 

measurement of the organ by sonography.
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Introduction

Accurate measurement of the liver by sonography is particularly relevant when hepatic 

disease is suspected. As a noninvasive and inexpensive method when compared to other 

methods1-3, diagnostic sonography is particularly useful to evaluate liver size and texture. In 

recent years, diagnostic sonography has shown specificity and positive predictive value in 
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assessing the liver and its various diseases.4-6 But according to a number of validated 

sources, measurement of liver length still varies greatly across modalities and techniques 

used by the operator.7-12 It is clear that liver disease alters its texture, and sometimes, its size 

as well.13 Therefore, it becomes an important issue to use the most accurate measure of liver 

size in the hope of detecting gradual changes in organ size. In addition, it would be clinically 

advantageous to establish the range for normal liver sizes according to anthropometry and 

sex of the patient.

The liver occupies 5% of the mature fetus' body cavity and it constitutes 2.5% of the adult 

body weight.13 Liver weight in the adult male is approximately 1400 – 1500 g2 and it serves 

over 500 physiological functions related to metabolism, digestion, immunity, and storage of 

nutrients.14-18 Access for accurate measurements of the liver through imaging techniques is 

not always possible, which produces a wide range of measurements across techniques. This 

is partly due to variations in shape and to inherent limitations of imaging techniques to 

capture the appropriate anatomical boundaries of the organ.19 Therefore, it is of interest to 

address this significant issue in the field by contrasting several right liver lobe (RLL) 

measurements by ultrasonography with anterior in situ direct measurements of the organ 

from cadaveric specimens.

Materials and Methods

Specimens

Cadaveric specimens were obtained from the Pathology Laboratory, Puerto Rico Institute of 

Forensic Science (IFS-PR) and the Department of Anatomy and Neurobiology, School of 

Medicine, University of Puerto Rico (UPR). Approval of the study protocol was obtained 

from the Anatomical Donation Board (ADB), Medical Science Campus, UPR. The 

specimens were evaluated in June 2013. Liver sonographic measurements were obtained 

from twenty-seven (27) fresh cadaveric specimens without right upper quadrant trauma. Six 

cadavers were excluded from the study because in situ measurements were not performed. 

Twenty-one (n = 21) specimens were included in the study. Although an effort was made to 

include specimens from both sexes, the final sample was constituted by 18 male and 3 

female cadaveric specimens. Data on age, sex, weight, and height for each specimen were 

obtained from the Institute of Forensic Science or Anatomical Donation Board records. 

Body mass index (BMI) was calculated according to: BMI = weight (kilograms) / height 

(meters)2. BMI values were classified according to: underweight (BMI ≤ 18.5 kg/m2), 

adequate weight (BMI = 19.0 - 24.9 kg/m2), overweight (BMI = 25 - 29.9 kg/m2), and 

obesity (BMI ≥ 30 kg/m2)20, 21. Specimens were placed in the supine position for 

measurement of waist circumference (WC) (in cm, navel level). Given that 18 out of 21 

specimens were males, waist circumference was evaluated by using 102 cm as the cut-off 

reference value for a typical male waist circumference 20, 21. Images shown in Figure 1 were 

taken from 2 volunteers.

Ultrasound Examination and Data Acquisition

Sonograms scans were obtained by using Sonosite M-Turbo Ultrasound Machine with a 2.5 

-5.0 MHz curved transducer (DISS-Puerto Rico). All sonographic images were obtained by 
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one of the authors (BLRC), who has 12 years of experience in sonographic examination and 

eight years of experience as a sonography professor. In addition, images were independently 

evaluated and supervised by a second author (WR-M), who is the Director of Ultrasound at 

SoM-UPR since 1981. Ultrasound images of the liver were obtained with the specimen in a 

supine position. The right arm of each specimen was placed above the head to access the 

right upper quadrant. The first measurement was performed in the right midclavicular line. 

Liver longitudinal diameter was measured craniocaudally from the uppermost right hemi-

diaphragm to the inferior tip of the right lobe (whenever visible) or to the most inferior 

boundary of the lobe through a horizontal line parallel to the anterior liver wall (MCL CC). 

In addition, liver measurements were obtained obliquely for anteroposterior measurements 

(MCL AP). Each specimen was also placed in a left oblique position (15° - 20°) for right 

midaxillary line (MAL CC and MAL AP) measurements, where the approach described 

above was also followed.

After sonographic imaging, the anterior thoracoabdominal wall of each specimen was 

dissected by incising the wall with three cuts following a “Y” shape from the level of rib 1 

to dermatome T 12. The anterior portion of the diaphragm was dissected for better 

visualization of the liver without reaching the triangular or coronary ligaments. In situ 

measurements of the RLL along the anterior and anterolateral margins were obtained from 

the top to the bottom edge of the lobe.

Statistical Analysis

Data is expressed as mean ± standard deviation. The Shapiro-Wilk test for normality was 

employed to assess data distribution22. Two-tail paired t-tests were used to compare liver 

measurements. One-Way ANOVA and Tukey post-hoc test were used to assess the effect of 

anthropometric measures and BMI on liver length. Statistical significance was attained at p 

≤ 0.05. All statistical analyses were performed using the statistical program R 3.0.2 

(Comprehensive R Archive Network, 2013, http://cran.r-project.org).

Results

Table 1 shows reported typical values for liver size according to clinical sonography and 

radiology textbooks. Given this lack of consensus, a study was conducted with twenty-one 

cadaveric specimens (3 females and 18 males) to measure liver length according to several 

measures. Individual values for each measurement, averages, and standard deviation values 

are shown in Table 2. Shapiro-Wilk test revealed that the data was normally distributed 

(analysis not shown). Specimens were between 18 to 98 years of age at the time of death (55 

± 21years). The average liver size according to anterior in situ measurement was 12.7 ± 1.44 

cm (n = 21). It was not possible to obtain accurate midclavicular line (MCL) measurements 

from 6 cadaveric specimens due to poor visualization of the organ. It was possible to obtain 

accurate measurements from all cadaveric specimens in midaxillary line (MAL).

MCL and MAL measurements

Figure 1 shows the approach taken to obtain 2-dimensional sonography measurements. 

Panels A and B show the positioning of the transducer for MCL and MAL approaches, 
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respectively. Panel C shows a diagrammatic representation of the ultrasonography measures 

that are typically taken to assess liver size as well as those that were investigated in this 

study. The craniocaudal and oblique measurements of the liver in MAL are shown in Panel 

D when the inferior tip is not visible. Panels E and F show craniocaudal and oblique 

measurements of the entire RLL for the same patient in MCL and MAL, respectively.

As expected, craniocaudal versus anteroposterior measurements were statistically different 

from each other for MCL (p = 0.004) and MAL (p = 5.90 × 10-10). In fact, correlation 

analysis for MCL and MAL revealed low correlation between these measurements (Table3). 

The correlation between sonographic measurements for MCL versus in situ anterior showed 

low correlation as well; while the correlation between MAL and in situ anterior 

measurements was higher than the one obtained with MCL (Table 3). The strongest 

correlation was observed between MAL CC and in situ anterior measurements (Figure 2).

Anthropometric measures

The average body mass index (BMI) was 26.2 ± 5.63 kg/m2, and the average waist 

circumference (WC) was 86.5 ± 24.1 cm (Table 2). Figure 3A shows anterior in situ RLL 

length as a function of BMI (underweight, adequate weight, overweight, and obesity). 

Statistical analyses revealed that anterior in situ RLL length varies according to BMI (F (2, 

17) = 49.53, p = 8.11324 × 10-08). Underweight was not included in the analysis because 

there was only one case (n = 1). Statistical difference was noted between adequate weight 

specimens and obese specimens (p = 0.0159, Tukey Test). Figure 3B shows that waist 

circumference measured at the navel level (in cm) varies according to BMI (F (2, 17) = 7.54, 

p = 0.004). With regard to waist circumference, statistical differences were noted between 

adequate weight specimens and obese specimens (p = 0.005, Tukey's Test), and between 

adequate weight and overweight specimens (p = 0.05, Tukey's Test). Last, analysis of 

anterior in situ RLL length as a function of waist circumference revealed that RLL length 

varies as function of waist circumference. Specifically, specimens with waist circumferences 

above 102 cm had larger RLL length than specimens with less than 102 cm waist 

circumference (p = 0.003, Figure 3C).

Discussion

There is lack of consensus on standard reference values for sonography measurements of the 

liver 13 - 16. For instance, sonographic measurement of this organ is most commonly 

performed with the patient in the supine position, where RLL length is assessed 

longitudinally in the midclavicular line. Traditionally, this measurement is considered as 

being obtained in the craniocaudal plane7. But the line drawn for this measurement is 

oblique, which in many cases overestimates liver length. By using cadaveric specimens, this 

study demonstrates that the most accurate measurement of RLL length is obtained in the 

craniocaudal plane along a midaxillary line. When compared to in situ assessment of RLL, 

the concordance of RLL measurement in the craniocaudal plane along a midaxillary line is 

of 97 %. In this study, RLL length was assessed from the uppermost right hemi-diaphragm 

to the inferior tip of the right lobe (whenever visible), or to the most inferior boundary of the 
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lobe through a horizontal line parallel to the anterior liver wall as shown in Figure 1, Panels 

D-F.

Collaboration of the patient is required to access the entire RLL for organ measurement by 

ultrasonography. For instance, gases in the cavity, the rib cage, variability in organ anatomy 

such as shape and size, its location in three-dimensional space, the anatomical boundaries of 

the organ, and breathing of the patient are some of the factors that can hinder a high-quality 

visualization of the RLL by ultrasonography. By studying the gross anatomy of the liver 

across cadaveric specimens, it was noted that the right lateral inferior tip of the liver in the 

sonographic image is the longest portion of the right lobe. This portion is surrounded by the 

lateral edges of the ribs, which makes it difficult for accurate measurement by sonography. 

In addition, as this portion of the RLL shows anatomical variations in terms of morphology 

and length, it should not be taken into account to determine liver length or weight.

Even though assessment of RLL in the craniocaudal plane along a midaxillary line is 

accurate, it is important to note that such measurement varies as a function of BMI and waist 

circumference. Specifically, obese specimens and specimens with waist circumference 

larger than 102 cm at the navel level showed larger RLL values. This suggests that 

abdominal shape affects liver length. At this time, it is not possible to make a sound 

statement with regard to RLL size and sex due to our small sample of female cadavers. It is 

interest for future studies to determine if there are sex differences in liver length. For 

instance, is it possible that disease processes affect liver size in a sex-specific manner?

It is of utmost clinical relevance to be able to detect early gradual change in hepatic size 

before the patient develops hepatomegaly by using the least expensive imaging technique. It 

is proposed that RLL with ultrasonography should be taken in the craniocaudal plane (from 

the uppermost right hemi-diaphragm to the inferior tip of the right lobe through a horizontal 

line parallel to the anterior liver wall) along a midaxillary line. In addition, it is proposed 

that standard reference values for liver length should be developed according to the 

anthropometry of the patient. A panoramic view of the organ is always desirable in spite of 

the inherent limitations that are usually confronted to access the liver by ultrasonography. 

But when the panoramic view is not feasible, the next best approach is to obtain 

measurement of the liver craniocaudally from the uppermost right hemi-diaphragm to the 

most inferior boundary of the right lobe through a horizontal line parallel to the anterior liver 

wall as shown in Figure 1D.

Conclusion

It is of great clinical importance to establish the most accurate way to assess liver length by 

sonography to establish ranges for normal values. Clinical follow up with ultrasound of 

those patients who may develop liver disease is warranted before the occurrence of major 

health complications. In the best clinical scenario, particularly for those cases where the tip 

of the liver can not be visualized in real-time sonographic images, panoramic views should 

be obtained for measurement accuracy. This study shows that the most accurate way to 

obtain measurement of the RLL was from the uppermost right hemi-diaphragm to the 

inferior tip of the right lobe through a horizontal line parallel to the anterior liver wall 
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through the midaxillary line. By using such a reliable approach, it is expected that intra- and 

inter-observer variability will be reduced. Moreover, the establishment of a conservative 

range of normal values for liver length by sonography according to the anthropometry of the 

patient would allow professionals to determine when a given measurement is indicative of 

liver pathology.
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Figure 1. Liver measurements by sonography
A. Diagram shows the position of the transducer at midclavicular line. B. Diagram shows 

the position of the transducer at midaxillary line. C. Diagrammatic representation of right 

liver lobe measurements. Solid line and round dot usually termed as a craniocaudal plane, 

but the line drawn for measurement is oblique. Dash line represents craniocaudal 

measurement that must be taken from the uppermost right hemi-diaphragm to the inferior tip 

of the right lobe through a horizontal line parallel to the anterior liver wall. D. Sonographic 

image of the right liver lobe. The craniocaudal and oblique measurements are shown. 
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However, please notice that: (i) the inferior tip of the liver is not visible, and (ii) a rib 

overshadows part of the diaphragm dome. E and F. Sonographic images of the liver shows 

the craniocaudal and oblique measurements of the entire RLL in MCL and MAL. Each 

panel shows the measurements for the same patient.
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Figure 2. Regression and correlation analyses of the right liver lobe length
A. In situ Anterior versus Midclavicular craniocaudal (MCL CC) measurements. B. In situ 

Anterior versus Midaxillary craniocaudal measurements.
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Figure 3. 
Comparison among anthropometrics measurement. A. BMI groups versus In situ anterior 

liver length. B. BMI versus Waist circumference. C. Waist circumference versus In situ 

anterior liver length. Errors bars show standard deviation values. Classification of BMI 

(kg/m2) as a following: Adequate (19.0 - 24.9) (white bars for Panels A and B, n = 9), 

Overweight (25 - 29.9) (grey bars for Panels A and B, n = 4) and Obesity (> 30) (black bars 

for Panels A and B, n = 7). * = p ≤ 0.01 – 0.005; ** = p ≤ 0.001 – 0.0001.
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Table1
Typical values for liver size according to clinical sonography

References Values for Liver Length Location for liver measurement

Gosink & Leymaster, 1981 13.0 - 15.5 cm Midhepatic line

Rumack et al., 2011 15.5 cm Midhepatic line

Curry & Tempkin, 2011 13.0 – 17.0 cm Longitudinal scan at midclavicular line

Hagen-Ansert, 2012 15.0 – 20.0 cm Longitudinal scan under the costal margin from the inferior tip of the liver to the 
dome of the diaphragm in an oblique line.
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Table 3
Statistical analysis for right liver lobe measurements

Measurements n r2 r

MCL CC vs MCL AP 15 0.02 0.13

MCL CC vs in situ Anterior 15 0.05 0.22

MCL AP vs in situ Anterior 15 0.31 0.56

MCL AP vs MAL AP 15 0.36 0.60

MAL CC vs MCL CC 15 0.11 0.34

MAL CC vs MAL AP 21 0.76 0.87

MAL AP vs in situ Anterior 21 0.70 0.84

MAL CC vs in situ Anterior 21 0.94 0.97
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