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Liver Size Measurement Method by Ultrasonography and
Reference Range based on Normal Adult Physique Index

Yong-Kyun Kim"-Dong-Kyoon Han?

Y Department of Radiological Science, Daewon University

? Department of Radiological Science, Euljii University

Abstract Liver size is an important component in the diagnosis and follow-up of diffuse liver disease when testing for
liver disease using ultrasonography. However, difficulties lies in determining the presence of hepatomegaly and liver atro-
phy because the method used for measuring liver size differs from one examiner to another and there is no relevant
standard based on body build, The present study aims to propose a more objective method for liver size measurement
and a reference range based on body build,

A total of 260 normal adults (130 males, 130 females) participated in the study. Ultrasonography was performed in all
participants to measure the size of the right lobe, left lobe, quadrate lobe, and caudate lobe of liver, Based on Physique
Index(PI), a value derived from multiplying weight(kg) by height(m?), size of physique was divided into three groups in-
cluding Group I with PI{150, Group II with 150<PI<250, and Group III with PI)250, Thus, mean liver size by PI and a
reference range with 95% reliability were suggested.

The superoinferior diameter of right lobe was 12.34%1.18cm in males and 11.0740.93cm in females, and its reference
range was 10,64~11,0cm for Group I, 11,78~12.12cm for Group II, and 13,02~13,84cm for Group III, The anteroposterior
diameter(T) of left lobe was 5,93%£1,09cm in males and 5,18%0,99cm in females, and its reference range was 4.77~5.17cm
for Group I, 5.49~5.79cm for Group II, and 0.68~7.44cm for Group III. The transverse diameter was 3.5140,60cm in
male participants and 3.4240.49cm in female participants and its reference range was 3.29~3.5lcm for Group I,
3.36~3.55cm for Group II, and 3.52~4.0cm for Group III, The caudate lobe index was 11,6512.88cm’ in males and
9.624+2.18cm’ in females and its reference range was 8.83~9.75cm’ for Group I, 10.62~11.47cm’ for Group 1II, and
11.89~14.26cm” for Group 1II,

As a basic measurement method of liver size, the present study suggests measuring the superoinferior diameter for right
liver lobe, the anteroposterior diameter for left liver lobe, the transverse diameter for quadrate lobe, and the caudate lobe
index for caudate lobe. It is expected that this method along with its relevant reference range can be used as useful in-
dicators in determining hepatomegaly and liver atrophy upon the diagnosis and follow-up testing of diffuse liver disease.
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2.1. AAAS

2] 71, Als, slEEEE 7SSk AE
(Body mass index; BMI) % AH|ZZ]4>(Physique index;
PDE okt 2ol Akkstint

FA

BMI (kg/m?)=weight (kg)/height (m?
Pl (kg'm®)=weight (kg)*<height (m?

2.2 2t 27| A%
1) 2ukg A

Z2ubg AL A= LOGIQ P5 (GE Medical systems,
USA) 3.5~5 Miz2] IH3 E=A(convex probe)E AHE-s}
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(frame rate)2 25%Th
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ZFAHRt. longitudinal scan), A9 ZEZAKsubsternal
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scan)E A|3Y5IAT

°l-&-3H3

SYE

(right midclavicular line, MCL)oJA]
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o] ©hAdo] Holar, A FHO| Dome signo] F/FE]
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(Fig. 1),

Fig. 1 Right lobe at right hepatic vein in right subcostal US scan,
superoinferior diameter of right lobe is measured by distance
between the hepatic dome and the anteroinferior margin,
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Fig. 2 Right lobe at portal vein horizontal plan in right subcostal
US scan, transverse diameter of right lobe is measured by
distance between centered umbilical portion of the left portal
vein and lateral margin of right lobe,

Fig. 3 Right lobe at right kidney axis in right longitudinal US
scan, longitudinal diameter of right lobe is measured by
distance between right inferior hepatic angle and diaphragm
of a line parallel to the long axis of the right kidney,

Fig. 4 Left lobe at aortic axis in substernal longitudinal US scan
A, Anterior-posterior diameter of left lobe is measured by distance
between anterosuperior margin and posterosuperior margin,
B. Longitudinal diameter of left lobe is measured by distance
between left inferior hepatic angle and anterosuperior margin,
C. Superior-inferior diameter of left lobe is measured by distance
between left inferior hepatic angle and posterosuperior margin,
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Fig. 5 Left lobe in substernal transverse US scan

A transverse diameter of left lobe is measured by distance
between centered umbilical portion of the left portal vein and
lateral margin of left lobe,

B. Anterior-posterior diameter of left lobe is measured by
distance between anterior margin and posterior margin,

Fig, 7 Caudate lobe at IVC axis in substemal longitudinal US scan
A, Longitudinal diameter of caudate lobe
B. Anteroposterior diameter of caudate lobe

A19) Zo|% Fu SR BAYSHES stof FRL S9a)

FCHFig. 6).

5 "ldd 271 &4
ZWld (substernal IVC plan) oA THAL
stof, mldedo] 7V A HEHES FARE ths, P4
3  EAT AFHAE B

170 L
o ghe AR A8tk (Fig. 7).

Fig. 6 Quadrate lobe at left portal vein horizontal plan in right
subcostal US scan, transverse diameter of quadrate lobe is
measured by distance between the main fissure, (a) (or left
wall of gallbladder, (b) and umbilical portion of the left portal
vein at the point where it gives rise to the medial branch,
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2ok AL % 7F 371 S0P 9 A 4919) AFASE Es)
n. & =t Sdol Bt F4L2 FAloIA 13,9441, 46 cmBE oA
Z

1. A7 A EQ(AE,

HEZ X, MAX|S)

7], A&, 32l=,

At A EAF 1301, 1A 1307 & 26078 0] it
Ixlo A Bt Lol 22,5312 124, oJxlof A= 21,80+
2.60A12 Lolo]l QlofAl= HY 1T FAITH O R {255t 2ol
= Y9, 1 9 AR, Al slElEl, AdEAS,
ANAXG) = AN A FolahA] =9kTHp<0.05), (Table 1),

2. 2t F7|9 HE

D 2t $94 371

e JAfol 4] 12.34+1.18 ecmE o]

949 B A
A9, o] Holt= BABtAOR

Al 11.07£0.93 cmEt} Z
2JTH(p<0.001), (Table 2).

oofo] P FAL WA} 12.2741.35 cmE 014 10,82
1,15 ecm® o} A1, o] zjol= FATH o2 [ofct
(p€0.001), (Table 2),

3L,

12.67%1.23 ecmXch A1, o] Afol= FASH R {9
FTHp<0.001), (Table 2).

2) = =27

o] Wt AFAAH (L) FAIA 5.81£0.92 ecmE
o]4d 5.1520.81 ecmk e} AGIAL, o] Zol= FATZA R
SOl H(p<0.001), (Table 3).

2G| Fat FAHS FAlA 8.07£1.28 cmz o4
7.63%1,23 cmXTE AL, o] Aol= FATH R {9
ATH p=0.005), (Table 3).

29| Bt doHa] 8> "AkellA] 10.00£0,99 cmE o
/g 8.79%1.19 cmEr} AlaL, o] zpol= FAAOE F
OJFTH(p<0.001), (Table 3).

#HHe] Hit AFAA (T2 A4 5931109 cm=
o]/ 5.18%0.99 cmktt ZglaL, o] Zpol= FATHOZ
o] FTH(p<0.001), (Table 3).

99 B FHE FAelA 6.64£1.01 cm= o4
6.10£0.84 ecm}t} A%l o] 2ol AT R {2

FCH p<0.001), (Table 3).

Table 1 Comparison of age and body parameters between male and female group

Male

Female

Variables value
(P=130) (n=130) P
Age (years) 22.531+2.12 21.80%2.60 0.154
Height (cm) 173.13%6.08 160,08+5,01 <0.001
Weight (kg) 71.34%13 .41 57.13%11.47 <0.001
WC (cm) 82.36+10.89 73.11+9.28 <0.001
BMI (kg/m’) 23.75%4.02 22.26t4.14 0.003
PI (kg - m’) 215,30£49,15 147.23+34,09 <0.001
Table 2 Diameter of liver right lobe
Diameter of right lobe
MeantSD (Range) value
Male Female
+ +
D 12,3471,}8 cm 11,07£0.93 cm <0001
(9.35~15.80) (7.77~14.23)
12.27£1.35 cm 10.82%1.15 c¢cm
_ <
D (8.96~16.34) (8.34~14.90) 0.001
+ . 4 -
LD 13.94%1.46 cm 12,67_1,%3— cm 0,001
(11.20~17.02) (9.27~15.52)

SI-D : superoinferior diameter
T-D : transverse diameter

L-D : longitudinal Diameter
pvalue was calculated by t-test
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Table 3 Diameter of liver left lobe
Diameter of left lobe
Mean+SD (Range) p-value
Male Female
5.8110.92 cm 5.1510.81 cm
AP-D(L <0.001
© (3.70-8.26) (3.35-7.49) :
8.07*+1.2 +1.2
LD 3.07+1.28 cm 7.63%1, 5'cm 0.005
(3.30~10.87) (4.37~10.50)
-+ +
LD 10.00+0.99 cm 8.79+1.19 c¢m 0,001
(7.34~13.02) (5.85~11.32)
-+ -
AP-D(T) 5.93+1,.09 cm 5.18%0.99 cm 0,001
(3.12~9.21) (3.02~8.50)
6.64£1.01 cm 6.10£0.84 cm
T-D _ _ <0.001
(5.00~9.53) (4.00~9.01)
AP-D(L) : anteroposterior diameter (longitudinal scan)
L-D : longitudinal Diameter
SI-D : superoinferior diameter
AP-D(T) : anteroposterior diameter (transverse scan)
T-D : transverse diameter
Table 4 Diameter of quadrate lobe
Diameter of quadrate lobe
Mean+SD (Range) p-value
Male Female
3.5110.60 c¢m 3.42+0.49 cm
P (2.35~5.24) (2.21~4.94) 0.179
T-D : transverse diameter
Table 5 Diameter of caudate lobe
Diameter of caudate lobe
Mean+SD (Range) ovalue
Meale Female
+ +
LD 5.57%40.65 cm 5.24+0.72 —cm <0,001
(3.58~7.29) (3.77~6.85)
+ . + y
APD 2.07£0,37 c¢cm 1,82_0,30— cm <0.001
(1.34~3.30) (1.00~2.59)
o 11.65%2.88 cm’ 9.62+2.18 cm’ <0.001
(6.02~20.59) (4.60~14.91) )
L-D : longitudinal diameter
AP-D : anteroposterior diameter
CLI : caudate lobe index

3 WI9 =7

AL FA oA 3.5140.60 cmE o4
le]

g it &
3.42£0,49 cm Rt} oFZF 491, o] xjol BASAH o
4)

FEJBHA] RUTHTable

4) ngd =271

0ol B o Jzjol A 5.57£0.65 cmZE o4
5.2410,72 cmBEC} ARaL o] xfol= EATHH SR (-9
FTHp<0.001), (Table 5).

u]ed o] Bt A2 Ao A 2.07+0,37 cm & o

=z [e]
TS
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Zeukzate] O3 2F 27] S
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g ele] AAAFE B

/3 1.8240,30 cmXt} A%l o] Zpoli= FAHCRE &
OJgTH(p<0.001), (Table 5).

ARG Bt GRbolA 11.65%2.88 em’® o4
9.62%2.18 ecm’Wr} Z131, o] X}ol= BAISHH O & Folg
oH(p<0.001), (Table 5).

3. MAX|+-E B

a
oz

R H 2

32

o] a712 AAAGPD e net 4] THoR T}
t} PI7} 150K} 28 A5 1715 1500A4F 25007k 111
B, 250 oW IIHOR PRI, 15 Hat W HE
AP I, FENE Bl 95% AR TR0 R Shgich

:
F

D 7 $GY AASE H7 W s

= 9h= 10,64~

1A
S~
%
S
2
oN

2 1715 10,83%0.86 cm,

11,0 cmo|9Jat, 17158 11,9520.99 cm, ZZH = 11,78~
12.12 cmo|ch IMIT1EL 13.43%1.06 cm, ZAZ2HL|=
13.02~13,84 cme|laL, AlAo] Aol whe} oA %tk
(p<0.000), (Table 6),

2 IHL 1715 10.6410,99 cm, ZZHP= 10,43~
10,84 cmo|Qal, 1115 11.84+1.30 cm, FZ2HY=
11.62~12.05 cm©| %It} 11152 13.14+1.51 cm, AZ2H
9= 12.55~13,72 emo| {1, AA o] Ao we} {451
AFTHp<0.000), (Table 7).

O 4L 1715 12,441+1.25 cm, F2HY= 12,18~
12.70 cm©]QlaL, 1171552 13,5241,22 cm, F=2H 9= 13,31
~13.72 cmo]Ut}, 1152 15.161+1.44 cm, AZHY=
14,60~15,71 ecmo| AL, A|A o] AR wke} folshAl A%t
(p<€0.000), (Table 8).

Table 6 Superoinferior diameter of right lobe based on physique index

SI-D, cm
Pl Class
5 n (%) Mean+SD 95% CI pvaue
(kg - )
(Range)
I. PI<150 93 (35.8) 10.8310.86 10,64~11.00
(7.77~12.44)
I, 150<PI<250 132 (50.7) 11.9540.99 11.78~12.12 0.000
(9.88~14.23) ’
I, PI) 250 35 (13.5) 13.43%1,06 13.02~13,84
(11,72~15.80)
Table 7 Transverse diameter of right lobe based on physique index
T-D, cm
PI Class _
5 n (%) Mean®SD 95% CI pvalue
(kg - m")
(Range)
I. PI(150 93 (35.8) 10.64£0.99 10.43~10.84
(8.34~13,80)
I, 150<PI<250 132 (50.7) 11,84£1.30 11,62~12.05
0.000
(8.96~16.10)
I, PI) 250 35 (13.5) 13.14£1,51 12.55~13.72
(10,75~16.34)
Table 8 Longitudinal diameter of right lobe based on physique index
L-D, cm
Pl Class ’
5 n (%) Mean+SD 95% CI pvalue
(kg - n)
(Range)
I. PI(150 93 (35.8) 12,44%1,25 12,18~12.70
(9.27~15.52)
I, 150<PI<250 132 (50.7) 13,52£1,22 13.31~13.72
0.000
(10,42~16,58)
I, PI) 250 35 (13.5) 15.16+1.44 14.60~15.71

(12.18~17.02)
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Table 9 Anteroposterior diameter of left lobe based on physique index

Pl Class AP-DIL, om
(kg - ) n (%) Mean+SD 95% CI p-value
9 (Renge)
I. PI(150 93 (35.8) 4.9910.76 4.84~5.15
(3.35~7.45)
II. 150<PI<250 132 (50.7) 5.60+0.82 5.40~5.74
0.000
(3.70~7.81)
. PI) 250 35 (13.5) 6.5410.90 6.19~6.89
(5.06~8.26)
Table 10 Longitudinal diameter of left lobe based on physique index
L-D, cm
Pl Cl ’
K ransf) n (%) Mean-SD %% O palue
9 (Renge)
I. PI(150 93 (35.8) 7.75%1.25 7.50~8.01
(4,37~10.23)
II. 150<PIL250 132 (50.7) 7.99%1.30 7.77~8.20
0.162
(3.30~10.87)
. PI) 250 35 (13.5) 7.55£1.19 7.09~8.02
(4.75~9.80)
Table 11 Superoinferior diameter of left lobe based on physique index
SI-D, cm
Pl Cl '
ass n (%) Mean--SD %% ¢ pvalue
(kg -m)
(Range)
1. PI(150 93 (35.8) 8.87+1.24 8.61~9.12
(5.85~11,27)
II. 150<PI<250 132 (50.7) 9.67+1.16 9.47~9.87 0.000
(6.49~12.01) ’
. PI) 250 35 (13.5) 9.80+1.18 9.34~10.26
(7.37~13.02)
2) 7t HQo| AANsE B @ F2H9 9.87 cmo| i}, TITLE-S 9,80+1,18 cm, FEH 9= 9,34~

37

=} AL)L 17158 4.99%40.76 cm
4.84~5.15 cmo|al, 117152 5.60£0.82 cm
+ 5.46~5,74 Cmo]oh;]_ 1152 6,5410.90 cm,
91 6.19~6.89 cmol2, Aol Aol wic} $2leHA
AR THp<0.000), (Table 9).

A 4L 1715 7.75%1.25 cm, ZEH
R, H:l%‘—% 7.99%1.30 cm, ZE2HL=7.77~8.20

ok II15L 7.5541.19 cm, HO= 7.09~8.02
cmO| 3L, A A7)0 wE {Foeh 2o]E HolA] gte
), 3|8 A Ao] 7P & IILFo] I, I1F Hr} 2Rltt
(Table 10).

ERPURE

9.12 cmo|%l1l

ZzH = 7.50~8.01
cm©| %l 2

cmO] 9} =

AL 1718 8,8741.24 cm, 2= 8 61~
, IT145-29.6741.16 cm, IR 9= 9.47~

pzS
-
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10.26 cmo|glar, AlAo] AR ol whet [-ofskA AXTHpC
0.000), (Table 11).

= AML 1715 4.9710.95 cm,
4.77~5.17 cm©|QaL, II15E 5.64+0.90 cm,
5.49~5.79 cmo]%ith 117152 7.0610,98 cm, 2
6.68~7.44 cmo|3laL, A Aol AF ol wt F-o5HA
(p<0.000), (Table 12).

2 3R 1155 5.9710.83 cm,
A, 1152 6.5010.92 cm, Q)= 6.35~6.66
ot 117152 7.09%1.12 cm, Q= 6.65~7.52
a1, AlAo] Ao et F-28HA A X TH p=0.009),
(Table 13).

152 LS

Az
R
%

3 do 4o o

:L Aqr e or

=
Ho
=
Ho
=
AR

=

W= 5.80~6.14

cmo| %)

2}z
A=
Z)- 22
=

cmo| %}

cm©]| 9

3) WEA A[qA+E B
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Table 12 Anteroposterior diameter of left lobe based on physique index

Pl Class 0 AP-D(T), om "
(kg - ) n (%) Mean+5D 95% CI p-value
(Range)
I. PI(150 93 (35.8) 4,97%0.95 4.77~5.17
(3.02~8.55)
I1. 150<PI<250 132 (50.7) 5.64%0,90 5.49~5.79 0.000
(3.15~8.85) ’
I, PI) 250 35 (13.5) 7.0620.98 6.68~7.44
(5.07~9.21)
Table 13 Transverse diameter of left lobe based on physique index
T-D, cm
Pl Cl '
K fnsf) n (%) Meant-SD 5% CI pvalue
§ (Range)
I. PI(150 93 (35.8) 5.97+0.83 5.80~6. 14
(4.00~9.01)
I, 150<PI<250 132 (50.7) 6.50£0,92 6.35~6.66 0,000
(4.05~9.42) ’
. PI) 250 35 (13.5) 7.09%1.12 6.65~7.52
(5.04~9.53)
Table 14 Transverse diameter of quadrate lobe based on physique index
T-D, cm
Pl Cl '
ass n (%) Meant:SD 5% CI pvalue
(kg - )
(Range)
I. PI(150 93 (35.8) 3.4010,53 3.29~3.51
(2.21~3.98)
I, 150<PI<250 132 (50.7) 3.4610.54 3.36~3.55 0.009
(2.60~4.51) ‘
I, PI) 250 35 (13.5) 3.7610.63 3.52~4.00
(3.12~5.24)
Table 15 Longitudinal diameter of caudate lobe based on physique index
L-D, cm
Pl Cl ’
ass n (%) Meant:SD 5% O pvalue
(kg - )
(Range)
I. PI<150 93 (35.8) 5.21%0.77 5.06~5.37
(3.77~6.85)
I, 150<PI<250 132 (50.7) 5.4970.64 5.38~5.59 0.002
(3.58~6.78) ‘
I, PI) 250 35 (13.5) 5.67+0.63 5.42~5.91
(4,36~7.29)
P%“x‘ 372 1715 3.4010,53 cm, FEHL|= 3.29~3.51 4) H)dgel AAA,E B D IR

cm©| L, 1158 3.46+0.54 cm, ZZH|= 3.36~3.55
cmo| %) E]- 17152 3.761+0.63 cm, ZAZ2HY= 3.52~4.0
emo] L3, A|Zo] Aol vt golslAl AHTHp=0.009),
(Table 14),

Ok E7L 115 5214077 cm, RS 5.06~5,37
cmO|Q L, T8-S 5,4910,64 cm, A2 5.38~5,59
cmo| ATk, MIT1E-2 5.67+0.63 cm, 22 $J= 5.42~5.91

]
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Table 16 Anteroposterior diameter of caudate lobe based on physique index

Pl Class AP-D, om
(kg - ) n (%) Mean+SD 95% CI p-value
o (Renge)
I. PI(150 93 (35.8) 1.78%0.33 1.71~1.84
(1,00~2.40)
11, 150<PI<250 132 (50.7) 2,0110.31 1,95~2.05
0.000
(1,38~2.90)
I, PI) 250 35 (13.5) 2.3010.42 2.14~2.46
(1.52~3.30)
Table 17 Caudate lobe index of caudate lobe based on physique index
cu 2
Pl Class , om
5 n (%) Mean+SD 95% CI pvaue
(kg - )
(Range)
I. PI(150 93 (35.8) 9.2912.23 8.83~9.75
(4,60~14.55)
II. 150<PI<L250 132 (50.7) 11.05%2.53 10.62~11,47 0.000
(6.02~19.14) :
I, PI) 250 35 (13.5) 13.07£3.05 11.89~14.26
(6,79~20.59)
cmO| L, AHFo] A of| whel f-2ofstA AR th(p=0.002), TRES Hie S8t Hop Al 4 WS 2
(Table 15). b stg e, 71 A-E0)[4-10] 2 ARIS e s
o] ATAAL 172 1,7840.33 cm, H2 %H% L7 AR A|Ho] e akelofA| ﬂ%s}% Ze et
~1.84 cmO| Q)AL TI715- 2.01£0,31 cm, F=ERIPl= 1.95~ UsHh T A4 Ao AE =271 HIAE Yol
2.05 cmo| It} 11152 2.30+0.42 cm, =% -r] 2.14 1z} gk

~2.46 cmo|QlaL, Aol Al wef FostA AR
(p<0.000), (Table 16),

A R4 1718 9.2942 23 cm?, FEH Q= 8 83~
9.75 cm’0)|Qal, 18-S 11.0542.53 cm?, R Q=
10,62~11,47 cm”0]%) E} I8 13,07£3,05 em?, Z%H
9= 11.89~14,26 cm’] a1, A Fo] Ao et H-2l51A
AFHp<0.000), (Table 17),
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