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Abstract

The purpose of this study was to compare two methods of measuring body surface area (BSA). The
BSA of Korean adults was measured using both three-dimensional (3D) scanning and an alginate method.
Two males (one overweight and one lean) and one overweight female participated as subjects. The results
were as follows:

First, the 3D scanned BSA of all three subjects was smaller than the BSA measured using the alginate
method by as much as 6-14%. The difference in methods was greater in the overweight participants than
in the lean subject. Second, the results comparing the BSA obtained using these two methods and the BSA
estimated by 10 previously developed formulas, showed that the 3D scanned BSA was the smallest among
the 12 BSAs. Third, in comparing the regional differences between these two methods, the regional BSA
of the lean subject (male 2) did not show any significant difference, but the overweight subjects (male 1,
female 1) showed a significant difference. Forth, the biggest difference in regional BSA obtained through
these two methods was in the hand, for all three subjects. The 3D scanned hand surface area was smaller
than the hand surface area measured by the alginate method by as much as 24-34%. Fifth, in the
percentage of regional BSA, there was no significant difference in these two methods.

The reasons for the underestimation in the 3D scanning might be because: 1) the 3D scanner can not
recognize the folding and shading of body parts, such as the finger, toe, ear, armpit, crotch and breast, 2) 3D
patching and smoothing processes depend on researchers. However, the 3D scanning method is applicable to
the estimation of the entire BSA, if the surface area of the hands is known, and the participant is not
overweight.
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o, o] 73wt OME}, )%}, oFs}, A%, A7-EE
5 39S 49004 AAEE ] 71E DR AHEH
oA gt oﬂ% B9, AXHFL QA oz} that
&8 BAEHE EF Teje)x, E T FAs)
L 712 @92 o] &-5]o] $O 1 (Pinkel, 1958), &F A}
23t BoloA BEFRE2x 449 A4 ¢HH]
8 E8Ho & AL FA 9 AMdo|thMitchell &
Wyndham, 1969). =8 T}4& /7] AFEA| 94 41
2 FAE AFo] ol AEHA HlF gtk Ao]
w2 v} glom(Smith, 1951), A3 7153 B3I
Autzgke AEHE Fog FAEHKrovetz, 1965;
Grollman, 1929). ©1%], 4 A8 FopellM A 1T
< 54 Bdd =25He A9AY =& 37 A 7E
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A8 F8% 82102 7HrEo] Yi(Livingston &
Lee, 2000; Nagal & Schunk, 1997; Nichter et al., 1985).
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UL, e AFAER A7F] A A e 7
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A Ade) QRYE o $FHTE 2L HA
a9l

S, 43, W23, R FY0| sPssiehe 3
Ao Q8 2 AR 2AYES o83 HA A
WH F40) B A7E] ¥ BwHy Yed,
skt JAERel FRHS dgoR of wel
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Fig. 1. Frontal view of 3 subjects
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No. Body parts
1 Head
2 Neck
3 Trunk
4 Right upper arm
5 Right forearm
6 Right hand
7 Left upper arm
8 Left forearm
9 Left hand
10 Right thigh
11 Right calf
12 Right foot
13 Left thigh
14 Left calf
15 Left foot

Fig. 2. Body regions for calculation of surface area in 3D scanning
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A oo, 2 il AY l=rt vz ERE 2 n.z =
kA A28 18] 23T 20 g AUA oA =
oju]] gtz HMFE F HFE N AFHAL, AA 1. D gxte] olNA &8N &2
= o3 o] urol AL W, B, %, 9
Z(left and right), o}l ¥(left and right), €=(left and A AL, BMIL, Broca A<¢ 5o ©5HH, E A+
right), W2 tle](left and right), ol (left and right), off Fst AP T A 1A A2 11 AYA=

(lefi and right), 12} 32 2ubek(left and right) (Fig. 2).
Hrapehe A 270 vl A7) HolE A
A3ISATE. &, duteellA & S0l Hoe e H
A Yt 2o} thEolRl olu|A] o) yel& ALk
7] A8l A HFE W ZTZOYW(CYEAT editing)
o] AREESTE. ‘CYEAT editing’ T2 21W2 UF9]
£ A HE ‘::rLi, At 270 % QA o]n]R] Aol

Q
aFe

2708 A

Mg AR, WA 2 e vhE AYoE HokE 4 9l

Th(Table 1). 18 ¥9¢] A Ed FE& BH o
U Foly] A 29 Ed= A Y EF FARS
U R e g Ay 7 # Aol Be sy F

Aehxe] xpol7t 7h EA o, dat 1t =t
e 27 2wy BEAFCE fo5A HEEAt
(Table 2, p=.010, p=.016).

A7 798 W= 9 A (patching) 783, o=
A AAHE F=HA e ’\U%‘(smoothing)ﬁ}—‘e 2. MM 9 22E M EHE
V6% AT ok AY 7 289 AW AR R
A olulA] dolH= w2 AAE R o] FolA °‘XM]°1E 248 b Ak 2ol o F
e BE, I HAHPES wHe g AFHAoR Azke BYE e vlwsideh 2 Ax Al B BF Akt
2k ot A *7}1‘4011 o)) Lojzl gho] AMIIER 24 E 3k
uo A A%e nglch A Hel A AR g
Table 1. Anthropometric characteristics of subjects
&ubject Age ‘|- Height Weight T Body .| BMI** Broca Subeutancous fat(mm) -
t (year) (cm) kg Fat(%)* | Index*** Chest/Tricep | Abdomen Thigh
Male | 60 163.3 73.1 31.1 27.4 128.3 10 27 10
Male 2 24 185.6 64.2 8.7 18.6 833 5 5 4
Female | 56 155.5 72.5 40.7 30.0 153.7 14 L 23 18

*“Body Fat(%)=(4.95/Body density-4.50)x100; **BMI=Weight(kg)/Height(m)z;
*++Broca Index={Present weight(kg)/Normal weight(kg)}*100, In here, Normal weight={Height(cm)-100}x0.9 (or x0.85 for female)

Table 2. Body circumference of three subjects

§ Circumference(cm) Mal_el Ma”leZ chale 1} .~ Circumference(cm) Malel Mal¢2 Female 1
Head Circumference 67 57 55 Chest Circumference 100 82 102
Neck Circumference 38 35 35 Waist Circumference 96 68 90
Armscye Circumference 39 31 41 Hip Circumference 102 94 100
Upper Arm Circumference 29 29 34 Thigh Circumference 50 46 47
Elbow Circumference 26 25 26 Knee Circumference 37 36 37
Forearm Circumference 26 25 26 Calf Circumference 36 36 38
Wrist Circumference 18 » 18 16 Minimum Leg Circumference 23 21 23
Hand Circumference 19 21 20 Ankle Circumference 26 25 27
Upper-chest Circumference 99 | 85 99 Foot Circumference 25 25 25
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HaBE W SelER 23 F$ Fa 18,303 sh, AR 291gel 98k gk YAVo|Ed] 9
o', AR AR 24 A B 16,649em’E g 2Rz HE o%E Y 9 72%, Bke g
oF 1,654cm” BHE 2 THTable 3). o1& WE-S2 3 6.2%, HITF o2} 13.6%) 2 A TH(Table 4). F-$H = Bl 7

Table 3. Comparison between the regional BSA measured using the alginate method and the BSA estimated by 3D
scanner for three subjects(cm?)

Regions of
bOdy Male

1 |Head 15950 | 13389 1370.8 | 13729 1202.8 1184.3 22221 -136.1 -186.5
2 | Neck 191.1 304.5 233.4 197.0 283.5 194.4 59 2211 -39.1
3 | Trunk 7081.0 | 6626.3 6986.7 | 6856.7 | 6119.1 5896.9 2243 -507.3 -1089.8
4 | R*-upper arm 741.2 807.3 877.9 695.0 780.7 7352 -46.2 -26.7 -1427
5 | R-forearm 555.6 587.7 564.9 523.7 509.1 502.4 -31.9 -78.6 -62.6
6 |R-hand 451.3 470.1 455.5 320.8 3111 345.6 -130.5 -159.1 -109.9
7 | L**-upper arm 782.5 824.8 859.7 680.2 771.8 713.0 -102.3 -53.0 -146.7
8 |L-forearm 559.6 581.6 5479 488.6 5239 465.0 =711 -57.6 -82.8
9 | L-hand 4425 467.3 446.9 2947 351.1 302.5 -147.8 -116.2 -144.4
10 | R-thigh & calf 20939 | 2602.0 2498.4 | 20719 | 26020 | 23386 219 0.0 -159.8
" R-upper foot 4314 | 5203 407.5 369.2 498.7 3942 -62.2 216 -132

R-sole of foot 167.8 172.0 155.6 144.5 165.7 150.9 233 -6.4 -4.7
12 | L-thigh & calf 21384 | 25886 25139 | 20457 | 2642.7 | 22313 -92.8 54.2 -142.6
3 L-upper foot 4447 535.7 383.8 349.2 523.7 354.9 -95.5 -12.0 -28.9

L-sole of foot 168.1 1825 151.7 142.1 164.4 135.2 -26.0 -18.2 -16.5

Total BSA 17844.0 | 18610.0 | 18455.0 |16552.0 | 17450.0 | 159440 | -1292.0 -1159.6 | -2370.2

*R means Right; **L. means Left

Table 4. Difference by region between the 3D scanned BSA and the BSA measured by the alginate method(%)

No, T Regi‘bn ofbody: ale ]
1| Head ' 139% 102 136 126 126
2 Neck 3.1 -6.9 -16.7 -6.9 8.9
3 Trunk -3.2 -1.7 -15.6 -8.8 8.8
4 Right upper arm -6.2 -33 -16.3 -8.6 8.6
5 | Right forearm 5.7 134 -11.1 -10.1 10.1
6 Right hand -28.9 -33.8 -24.1 -29.0 29.0
7 Left upper arm -13.1 -6.4 -17.1 -12.2 12.2
8 Left forearm -12.7 99 -15.1 -12.6 12.6
9 Left hand -334 -249 -32.3 -30.2 30.2
10 | Right thigh & calf -1.0 0.0 | 64 25 2.5
" Right upper foot -14.4 -4.1 -3.3 -7.3 73
The sole of the right foot -13.9 -3.7 -3.0 -6.9 6.9
12 Left thigh & calf -4.3 2.1 -5.7 -2.6 4.0
13 Left upper foot =215 2.2 -1.5 -10.4 10.4
The sole of the left foot -15.5 99 -109 -12.1 12.1

Total BSA -7.2 -6.2 -13.6 9.0

*=(3D scanned BSA-BSA measured by the alginate method)x100/BSA measured by the alginate method
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Table 5. Percentage of regional body surface area between the scanned BSA and the BSA measured using the

alginate method

(Unit: %)

S y the algmate method . i <The 3D
10| Regonofbody “Malc2 | Femalel | Malel | e
1 Head 72 74 83 . 74
2 Neck 1.6 1.3 1.2 1.6 12
3 Trunk 35.6 37.8 41.5 35.0 37.0
4 Right upper arm 43 4.8 4.2 4.5 4.6
5 Right forearm 3.2 3.1 32 2.9 32
6 Right hand 2.5 2.5 1.9 1.8 22
7 Left upper arm 4.4 4.7 4.1 4.4 4.5
8 Left forearm 3.1 3.0 3.0 3.0 29
9 Left hand 2.5 24 1.8 2.0 1.9
10 Right thigh & calf 118 14.0 13.5 12.4 15.0 14.7
U Right upper foot 24 2.8 2.2 2.2 29 2.5
The sole of the right foot 09 0.9 0.8 0.9 0.9 0.9
12 Left thigh & calf 12.0 14.0 13.6 12.3 15.2 14.0
13 Left upper foot 2.5 29 2.1 2.1 3.0 22
The sole of the left foot 0.9 10 0.8 0.9 0.9 0.8
Total 100.0 100.0 J_‘IO0.0 100.0 100.0 100.0

Table 6. Comparison among the 3D scanned BSA, BSA measured using alginate, and the BSA estimated by BSA-

formulas selected in previous studies

- "Body surface area, cm’ Difference, %
o § Esnmatmn by form: ‘Male 1 | Male 2 | Femalel | Male | | Male 2 | Female 1
1 The present Dlrect measurement using Alginate 17844.2 | 18609.7 | 18454.6
2 study 3D Scanning by whole body scanner 165522 | 17450.1 | 159443
DuBois & N 0.725 0.425 —[ 0.3% -0.1 -6.7
3 DuBois(1916) {;SA(cm Y=71.84xH(em) P x Wikg) 17903.8 | 18590.4 | 17222.3 Cst| (65) ®0)
e 2 L5 8.3 4.8 4.1
4 (1931 BSA(cm’)y=11.05xW(g) 19318.5 | 17716.8 | 19218.0 aen | s | 208)
Mosteller a0 05 2.0 2.2 -4.1
5 (1987) BSA(m®)= [H(cm)xW(kg)/3600] 18209.6 | 181930 | 177000 | | 00) | 43 | (Lo
Boyd BSA(em?®)=0.0003207xH(cm)™ 4.0 35 | 13
6 (1935) Xw(g)(o.nss.(omssxu)c wig)) 18560.7 | 17965.9 | 18212.2 (121 3.0) (142)
He= _ 0.776 0.407 2.8 1.5 42
7 (1956) BSA=59.02xH(cm)" *xWikg) 18339.0 | 18886.3 | 17679.2 (108) | (82) | (109)
Gehan & George | BSA(m’ )=, 02350><H(cm)0 42286 3.2 23 2.7
8 (1970) “Wike)'" 184104 | 18177.6 | 17961.2 112) @2 | 26
Haycock ef al. | BSA(m*)=0.024265xH(cm)’**** , 3.1 3.0 2.7
9 (1978) « Wikg)>™ 18391.7 | 18044.2 | 17962.6 ALy Gay | a2
10 | Breitmann (1932) | BSA(I)=0.0087(Hen+Wi)-0.26 17966.8 | 19132.6 | 17238.6 ( g;) Eg'f)
ol BSA(em’)y=76.51xH(cm)+123.918x 1.1 5.8
11 (1988) Wikg)-3503.95 18048.5 | 18651.8 | 17381.1 (90) | (69 ©.0)
BSA(em®)=0.48% Waist Girth(cm)
. 3. 4.
12 B&‘g‘;)rd XH(cm)+6.44W(g)/ WaistGirth(om) 18344.3 | 18048.4 | 17657.6 (1(2) g) é 2) (7o 3)
J +3.034H(cm) {W(g)/3.14H(cm 13> ‘ : :

*={(BSA calculated by a previous formuia - BSA measured using Alginate)<100}/BSA measured using Alginate,
For example, 0.3={(17903.8-17844.2)x100}/17844.2;
**Values in parentheses = {(BSA calculated by a previous formula - BSA estimated using 3D scanner)<100}/BSA estimated
using 3D scanner. For example, 8.2={(17903.8-16552.2)x100}/16552.2
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g o, vl @AY AL F Y 1 #7 Zelg
Bo)A) Q9ko vy, H]vk Ao} Hwk of kel A9 Fol g
Aol Hoj B4R L AR Ados T3 A
A A ghol Fre)8hA H A TH(Table 3, p=003, p=.028).
T ahof] ofsf doj ghe] Xpolrt o= 9l A
A wasy] K3, 2 F9e9] pol(FAd &
of o3 dojxl WA YA YolE] oj5f ZH €
¥E gAY B 93 dojxl HHOZ o]
2 3siict. 2 A, & 59) WA Aol
P& A, A28 270 28k gho] dAo| Bl
2Rzl s 58] 30%(24-34%)F F et vt
gAke] A9 BEolV & Tl Role AL
o}, W|wk Axte] 7§ o] F9jofjAe] o)}
HojN e AFE AT F YAt
Y A EHAL AdA AA e vER &
w3 Az F e e {98 Aele

% 9% tH(Table 5).
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3. M8 HEHY FHAN ot MY HEHUH
Bi3te) vl

2 A7 F gl o)s) 248 A4 AEAH
2}, A9 AXRH 2NN ABA 7, B
27 B¢ Yol 247 WA AWV %5 vz
Aok Wz A, A @ EE AL A o
dojzl gk 107] Aol oJa) FHR @SRt Ao
12709 3 F 7P AL %S BATHTable 6).

v.d &
1. T Exte| QA A S8ts S

A A&, BMI, Broca A5 Zof ojalH, £ A
of Faigt WA F A 1M oA 1y HE@xe
vk AE, GAode v Yo HriE 4 Qo
(Table 1). SIZE KOREA(2004) A=0l) o}std d=
1 A% G B )9 BRAIS @Rk A 1698
cm, 69.6kg, A= 157.0cm, 56.4kgR o2z B &
T Zg A B AP A6 G B
ANYdes FEEGY B 5 ok 28y & A7
Fo gk vigk = )=o)y - 9] A E H)Yk A
ol wla] okgk BTk BfFIER & JFofA TP
= o3 HAuFQ F£Fo7 dwolEa e ¢oF At
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2. WM A RS AN EHY

AXEANHL A FPste el 71 2 @de
BART Azte] o] 2853 JETE Holn ]
A% )2 0 42, o WE H SISl A
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S 5 don, ol B A4AY 27gel 4 FAwel
AEE A& 248 & ok A 2ol A
A #A ol F7hataL Stk

v Q7ole vin AY F 93 vke AY T %,
=]

Z A 99 APt Arlsiged, A B 2E g
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Z AUtk o] ZolE A4 §X) 9 WO E Fibel] B
W o 248 Axe WA Rt d7 93714
A4 §A) 2-48 AES Fo|7t F2 LA o|E WY
o] QA YERIA, T HA 2AEe oA wE
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