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Abstract Hand surface area (HSA) has been utilized for
burned skin area estimation in burn therapy, heat exchange in
thermal physiology, exposure assessment in occupational
toxicology, and the development of manual equipment/
protective gloves in ergonomics. The purpose of this study was
to determine the hand surface area to the total body surface
area (BSA) and derive a formula for estimating HSA. Thirty-
four Korean males (20-60 years old; 158.5-187.5 cm in height;
48.5-103.1kg in body weight) and thirty-one Korean females
(2063 years old; 140.6-173.1 cm; 36.8-106.1 kg) participated
as subjects. The HSA and BSA of 65 subjects were directly
measured using alginate. The measurements showed 1) the
surface area of the hand had a mean of 448 (371-540) cm? for
males, and 392 (297-482) cm? for females. 2) The hand as a
percentage of the total body surface area for males and females
was 2.5% and 2.4% respectively, showing no significant
difference. 3) The hand as a percentage of BSA by body shape
was 2.5% for the lean group and 2.3% for overweight people
(»=0.001). 4) When estimating the surface area of a hand,
formulae based on hand length or hand circumference were
more valid than formulae based on height and body weight. We
obtained the following formula for estimating HSA: Estimated
HSA(em?)=1.219 Hand length(cm)X Hand circumference(cm). J
Physiol Anthropol 26(4): 475-483, 2007 http://www.jstage.jst.
go.jp/browse/jpa2

[DOI: 10.2114/jpa2.26.475]
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Introduction

Hand surface area (HSA) has been utilized for burned skin
area estimation in burn therapy, heat exchange in thermal
physiology, exposure assessment of harmful chemicals in

occupational toxicology, and the development of manual
equipment and protective gloves in ergonomics.

In burn therapy, the accurate estimation of the percentage of
body surface area burned is an important factor in providing
optimal care for the burn patient, not only in determining the
severity and prognosis of the burn, but also in calculating fluid
resuscitation and nutritional requirements (Nichter et al,
1985). Traditionally, when assessing the size of a burn, the
patient’s hand has been used as an estimate of 1% of the total
body surface area (BSA) (Rossiter et al., 1996). Advanced
Trauma Life Support (ATLS) in the US suggests that the area
of the palm is equal to 1% BSA (ACSCT, 1993; Berry et al.,
2001). By a common understanding, the palm of the hand does
not include the fingers (Jose et al., 2004). According to
standard UK teaching, however, the area of the palm including
the fingers is equivalent to 1% BSA (Kirby and Blackburn,
1981). Where is the boundary of the palm? Of course, it is not
easy to define the exact boundary of the palm on the hand.
However, this confusion may often cause the area of a skin
burn to be miscalculated.

In thermal physiology, the periphery has meaningful
significance in terms of heat exchange. Body heat is exchanged
to a considerable degree through the periphery, because the
trunk is usually covered with clothing. The hands are almost
always exposed to the air. In addition, since hands and fingers
are structurally thinner and have greater surface area per unit
weight than any other body part, these regions have an
important role in thermoregulation. In particular, in terms of
flow rate per unit volume of tissue, finger blood flow is
approximately 4-5 times as sensitive as forearm blood flow to
changes in Tes and Tsk (Wenger et al., 1975). The change of
finger temperature may be an indicator reflecting the heat flow
of the internal body (Koscheyev et al., 2005). If we know the
hand, palm, and fingers surface area and the percentage to
body surface area more precisely, we can estimate heat
dissipated from the hands and predict heat flow more
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accurately. This may contribute to the thermal protection of
workers exposed to extreme cold or heat environments in the
form of protective work gloves.

In occupational toxicology, the hand is the main body part
exposed to harmful chemicals. Some chemicals penetrate the
skin through hair follicles, sweat glands, and sebaceous glands.
In hot weather in particular, the quantity of chemicals that
penetrate the body through the skin may increase because
sweating causes tiny pores in the skin to open up. The amount
of chemicals penetrating human skin is often expressed per
surface area (cm?).

In addition, HSA is important when BSA is estimated
using a whole-body three-dimensional (3D) scanner. Hands
are generally very poorly scanned during 3D whole-body
scanning. Moreover, most could not be restored without an
inordinate amount of effort, and in some cases not at all
(Tikuisis et al., 2001). If an accurate equation for estimating
the HSA is derived, the applicability of 3D scanning in
estimating BSA will increase.

Despite the important roles described above, reports
concerning hand and palm surface area measured by direct
methods are few. Most previous studies used indirect methods
such as tracing on paper, 2D scanning, or triangulation.
Moreover, when calculating the percentage of HSA to BSA,
the BSA was often estimated based on previous formulas, not
directly measured. The best way to get the most accurate HSA
is to measure HSA directly. The purpose of this study was 1)
to determine the HSA by sex and body shape, 2) to determine
the percentage of the HSA to BSA based on the direct
measurements, and 3) to derive equations for estimating HSA.

Methods

Sampling subjects

The present study did a stratified random sampling in the
range of Korean adults’ height and body weight, on the basis
of a national anthropometric survey of Korea (Size Korea,
2004). Size Korea (2004) reported that the mean height and
body weight of Korean adults (20-59 yrs) was 170.5cm and
70.5 kg for males, and 157.6 cm and 56.4 kg for females. Based
on this report, we divided adult populations by height (4 cm
intervals) and body weight (5 kg intervals) into cells. For each
cell, we set the number of subjects on the basis of the
percentage of the real population by the height and body
weight of Koreans. Through this process, a total of 65 Korean
adults (34 males, 31 females) participated as subjects. The age,
height, and body weight of the 34 males were 30 (20-60) years,
172.9 (158.5-187.5)cm and 68.6 (48.5-103.1)kg, and 35
(20-63) years, 159.0 (140.6-173.1)cm, 59.3 (36.8-106.1)kg
for 31 females (Fig. 1). Prior to participation, informed written
consent was obtained from all subjects. The present study was
approved by the ethics committee of the College of Human
Ecology in Seoul National University.
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Fig. 1 Scatter plot between height and body weight of the 65 subjects

participated in the present study.

Fig. 2 Anthropometric lines on the hand. On the left picture, dotted lines
mean the circumference, a=Hand length (from the wrist circumference
to the tip of the middle finger), b=Hand circumference (Metacarpal-
Phalangeal Joint Circumference), c=Wrist circumference; In the right-
hand picture, dotted lines show the middle lines to divide the skin
surface into the top and bottom of the hand and fingers.

Anthropometric items
For independent variables in constructing formulae for
estimating HSA, hand length, hand circumference, wrist
circumference, height, and body weight were measured (Fig.
2). The thickness of subcutaneous fat was measured for
calculating body fat (%), using both a caliper and a supersonic
instrument (SEIKOSHA SM-206, Japan). The regions of the
body measured were as follows: the chest, the abdomen, and
the front thigh for males, and the back of the upper arm
(triceps), the left iliocristale point and the front of the thigh for
females. Subjects were divided into five groups (lean, slightly
lean, normal, slightly overweight, and overweight), based on
the following five standards:
® Body mass index (BMI)=Weight(kg)/Height(m)
Lean BMI<19; Slightly lean 19=BMI<21; Normal
21=BMI<26; Slightly overweight 26=BMI<30; Over-
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weight 30=BMI
@ Body fat (%BF)=(4.95/Body density —4.50) <100
For males, Lean BF<10%; Normal 10=BF<20.9;
Slightly overweight 21 =<BF <26; Overweight BF=26
For females, Lean BF<15%; Normal 15=BF<26;
Slightly overweight 26=BF<31; Overweight BF=31
® Broca Index (BI)=(Present weight(kg)/Normal weight)x
100
For males, Normal weight=(Height(cm)-100)X0.9
For females, Normal weight=(Height(cm)—100)><0.85
Too lean BI<80; Lean 80=BI<90; Normal 90=BI<
110; Slightly overweight 110=BI<<120; Overweight
120=BI
@ Modified Broca Index (MBI)=[{(Present weight(kg)—
Normal weight)/Normal weight} X 100]+ 100
For males, Normal weight=0.57 X Height(cm)—37
For females, Normal weight=0.56 X Height(cm)—38
Lean MBI<90; Normal 90=MBI<110; Slightly over-
weight 110=MBI<120; Overweight 120=MBI
® A subjective evaluation using whole-body photographs
When evaluating the body shape according to these five
standards, there were several confusing cases. For example,
standard A evaluated one subject as normal, while standard B
evaluated that person as slightly overweight. These confusing
cases arose in the slightly lean or slightly overweight group,
and their body shapes were synthetically evaluated based on
five standards.

Measurement of hand surface area

The HSA of 65 subjects was directly measured using
alginate according to the following steps: First, lines were
marked on both hands according to the demarcated lines
shown in Fig. 2. After marking, the HSA was directly
measured by an alginate method. Alginate (Jeltrate ® Regular
set. DENTSPLY LTD, England) is a fine powder mainly used
in forming artificial teeth. The material is hardened by contact
with water, but the surface of alginate remains soft, like a
rubber glove. After preparing alginate powder, a rubber ball,
and a knife (only for the alginate), the alginate powder was put
into the rubber ball and water was poured into the ball. After
stirring them well, the doughy alginate material was evenly
coated on the skin of the hand, about 3 mm thick. One or two
minutes later, the material hardened somewhat. Then the
alginate was separated from the surface of the skin. Since the
demarcated lines were copied inside the alginate pieces, the
piece was cut into sub-pieces along the copied lines and the
line’s contours were copied onto paper. The area of a contour
copied on the paper was then scanned by a 2D scanner. The
scanned image was transformed into an electronic file (*.bmp),
and then an image program (/mage Pro) calculated the area of
the bmp file. The validity and reliability of the alginate method
above was reported (Lee and Choi, 2006). The advantage of
the alginate method is that it is easier and faster than
traditional direct methods. In addition, the small thin parts, like
the fingers, were easy to measure.

We measured the surface area of both right and left hands.
The surface area of a hand means the average of both hands.
The BSA of the 65 subjects was also measured using the
alginate method (Lee, 2005). When calculating the percentage
of HSA to BSA, the BSA obtained from Lee’s study (2005)
was used.

Collecting datasets relating to HSA from previous studies

After searching previous studies relating to HSA, a total of
224 datasets (HSA measured-Height-Body weight; 67 adult
males, 157 adult females) were collected from Fujimoto et al.
(1957), Im (1988), Kurazumi et al. (1994), Kurazumi et al.
(2003), Murata (1959), Nakamura (1959), Ogawa (1956), Niya
(1931), and Yamada (1958). We tried to get datasets including
individual hand length or hand circumference, but few data
were available for analysis. Therefore only 224 datasets were
applied to test the validity of the formulas obtained from the
present study and previous studies.

Data analysis

To analyze the difference of HSA by sex and by body shape,
T-test and ANOVA were conducted. Duncan’s post hoc test
was conducted for items showing significant differences in
ANOVA. To analyze the correlation between HSA and other
anthropometric items, Pearson’s correlation coefficients were
calculated using SPSS v.12.0. Formulae for estimating HSA
were constructed through simple and multiple regression
models. The significance difference was set at p<<0.05.

Results

The hand surface area (HSA)

The whole surface area of the hand was 448 (371-540) cm?
for males, and 392 (297-482)cm? for females (Table 1). The
surface area of the palm, including the bottoms of fingers, was
217 (183-259)cm? for males, and 189 (141-235)cm?® for
females.

The BSA of the 65 subjects that participated in the present
study was also measured using the alginate method (Table 1).
The correlation coefficient of HSA and BSA was 0.790
(p<<0.01, Fig. 3). The percentage of the HSA to the BSA was
246 (1.97-2.91)% and 2.39 (1.96-2.69)% of the BSA for
males and females, respectively (Table 2). The palm surface
area, including the bottoms of fingers, was 1.19 (0.97-1.42) %
BSA for males, and 1.15 (0.94-1.35)% BSA for females
(Table 2). The percentage of HSA to BSA was larger in males
than in females, but the difference was not significant. HSA
among the overweight (n=14), the normal (n=18), and the
lean (n=10) were. compared. The slightly lean and slightly
overweight groups were excluded in this analysis. The
percentage of HSA to BSA was significantly smaller in the
overweight (2.3%) than in the normal (2.5%) or the lean
(2.5%) (p=0.001, Table 2).
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Table 1 Hand and palm surface areas measured in the present study (cm?)
Male Bod The palm The palm Female Bod The palm The palm
No. Shapg“’ The hand in—[i)j’) ei-r;c’ BSA® No. shape):’ The hand iE-I})j’) eif)li’ BSAY
1 SL 415 200 97 15,416 1 (0] 355 170 78 15,411
2 N 428 211 108 16,875 2 N 333 159 77 14,034
3 O 447 216 97 17,844 3 N 363 172 84 13,642
4 N 494 236 116 16,986 4 L 297 141 75 12,825
5 SO 432 211 106 17,630 5 @) 379 190 92 17,337
6 SL 409 208 97 15,800 6 SO 356 168 81 15,540
7 L 443 222 116 15,628 7 SO 435 218 96 16,173
8 O 448 219 109 18,261 8 SO 350 164 77 15,978
9 6} 371 189 97 18,770 9 (0] 451 221 102 18,455
10 N 389 183 98 17,153 10 L 364 168 85 14,598
11 N 434 221 110 17,733 11 N 379 180 82 15,334
12 N 430 200 104 16,784 12 I N 382 182 94 15,294
13 L 390 184 99 16,016 13 N 379 186 95 15,867
14 (0] 436 214 114 22,106 14 | O 406 195 95 20,683
15 L 437 211 104 15,885 15 | so 373 182 95 16,233
16 N 430 200 109 17,918 16 | SL 360 178 84 14,980
17 N 448 212 113 18,307 17 SO 433 225 101 16,951
18 0O 515 24] 121 22,753 18 N 398 196 95 15,922
19 SL 458 227 114 17,969 19 L 359 175 87 14,603
20 SL 386 192 97 16,538 20 0} 457 222 103 18,468
21 SO 497 239 124 20,324 21 N 381 182 89 16,416
22 N 429 199 103 18,733 22 SL 377 180 89 15,916
23 SO 476 226 115 19,820 23 SO 429 205 106 17,414
24 SL 410 197 104 17,386 24 SO 389 191 96 16,194
25 SL 442 219 111 17,879 25 SL 461 216 107 17,179
26 L 443 212 108 17,617 26 0} 401 189 96 19,639
27 SL 443 216 107 18,018 27 N 426 202 99 17,798
28 0] 526 251 126 20,661 28 (0] 482 235 121 22,025
29 SL 495 234 113 19,082 29 L 403 195 97 15,811
30 N 444 223 111 19,127 30 L 374 185 92 15,777
31 SO 477 238 121 20,394 31 SL 410 198 100 17,504
32 L 469 230 119 18,610
33 N 516 241 124 20,813
34 0] 540 259 123 22,675
Mean 448 217 110 18,339 Mean 392 189 93 16,452
SD 41 19 9.0 1,938 SD 41 21 10 1,960

The surface area of the hand and the palm were the mean surface area of both the right and the left; ¥ L (lean); SL(slightly lean); N(normal); SO(slightly
overweight); O(overweight): ® including the bottoms of fingers. We divided the finger surface area into the bottom and the top of the finger based on a
middle line between the top and bottom of the finger on a side view. That is, the palm includes the under-half of the sides and the back includes the upper-
half of the sides of the hand (Fig. 2); © Excluding the bottoms of fingers; ¢ Measured by the alginate method (Lee, 2005).

Formulae for estimating the HSA

Equations for estimating HSA using anthropometric data
were derived. The HSA showed a much stronger relationship
with items related to hands (e.g., hand length, hand
circumference, or wrist circumference) than height or body
weight (Fig. 4). Among all variables, an item showing the
strongest correlation with HSA was hand length. We derived
[Eq. 1] based on hand length (Table 3). Hand length can
account for over 99% of the total variance of the HSA
(Table 3, Fig. 5). However, the coefficients of correlation were
greater in the transformed explanatory variables (e.g., Hand
circumference X Hand length) than in a single variance (Fig. 4).
Among the transformed variables, a model using the multiple
of hand circumference and hand length was appropriate for

estimating HSA (Eq. 2). The error of [Eq. 2] was 0.8%. In
some cases, the height and body weight may be the only
measurements known to researchers. For these cases, we
derived [Eq. 3] based on height and body weight. The error of
[Eq. 3] was —0.2% (Table 3, Fig. 5).

Application of the [Eq. 3]-[Eq. 5] to the 224 datasets
collected from previous studies

As mentioned above, we could not find enough datasets
including HSA, hand circumference, and hand length.
Therefore, [Eq. 1] and [Eq. 2] could not be tested on the 224
datasets. In applying the [Eq. 3] to the datasets, the correlation
coefficient between the HSA measured and the HSA estimated
was 0.723, with an error of 2.3% (Fig. 6). When 67 male
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Fig. 3 Relationship of hand surface area (HSA) and body surface area
(BSA) (N=65).

datasets were applied to [Eq. 4] and 157 female datasets were
applied to [Eq. 5] from US EPA (1985), among the 224
datasets, the correlation coefficient between the HSA measured
and the HSA estimated was 0.484 and 0.585 for males and
females, respectively (Table 5, Fig. 6).

Discussion

The surface area of the hand had a mean of 448 cm?® for
males, and 392 cm? for females. The percentage of HSA was
2.5% and 2.4% for males and females. Since the present study
included almost an entire range of Korean physiques, it can be
considered that the results represent Korean adults. The whole
body and hands of Asians are generally smaller than those of
Western people. The HSA of this study, itself, should not be
applied to Caucasians or Africans. However, it is reasonable to
postulate that the ratio of the hand to the BSA would not be
different between Asians and Western people, because HSA
was proportional to BSA (Fig. 3).

Regarding the percentage of HSA to BSA, the “Rule of
Nines” was described by Pulaski and Tennison in the 1940s
(Kanysi et al., 1968). It has long been noted that the surface of

Table 2 The percentage of hand surface area to body surface area in the present study (%)

Part Total Male Female ‘ Lean group Normal group |Overweight group
(N=65) (N=34) (N=31) (N=10) (N=18) (N=14)
The hand 242 2.46 2.39 2.52¢ 2.46° 2.26°
(1.97-2.91) (1.96-2.69) (2.31-2.84) (2.27-2.91) (1.96-2.55)
p=0.704" p=0.001"
The palm including fingers 1.17 1.19 1.15 1.22? 1.18° 1.10°
(0.97-1.42) (0.94-1.35) (1.10-1.42) (1.06-0.39) (0.94-1.21)
p=0.503 p=0.005
The palm excepting fingers 0.58 0.60 0.56 0.62° 0.59¢ 0.54°
(0.52-0.74) (0.46-0.62) (0.58-0.74) (0.53-0.69) (0.46-0.61)
p=0.256 p<0.001
The thumb 0.26 0.26 0.26 0.27% 0.26° 0.23°
(0.18-0.31) (0.19-0.30) (0.25-0.30) (0.23-0.30) (0.18-0.27)
p=0.691 p<0.001
The index finger 0.26 0.26 0.27 0.28° 0.26° 0.25°
(0.19-0.33) (0.22-0.33) (0.25-0.33) (0.23-0.31) (0.19-0.29)
p=0.062 p=0.029
The middle finger 0.29 0.29 0.29 0.30¢ 0.30° 027°
(0.21-0.36) (0.23-0.35) (0.28-0.34) (0.26-0.36) (0.21-0.32)
p=0.917 p=0.009
The ring finger 0.26 0.26 0.26 0.27 0.27 0.25
(0.20-0.32) (0.22-0.31) (0.24-0.30) (0.23-0.32) (0.20-0.29)
p=0.987 p=0.076
The little finger 0.19 0.19 0.18 0.19 0.19 0.18
(0.13-0.24) (0.15-0.22) (0.17-0.21) (0.16-0.24) (0.13-0.21)
p=0.005 p=0.113

¥ Significant difference by sex; * Significant difference by body shape; a,b,ab Significant differences among three groups.
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&E‘ 550 v the hand is. approximately 1% of the BSA and is commonly
% 500 4 /v} used to estimate the size of irregular burns (Sheridan et al.,
E 450 : Vv 1995). In burn therapy, students were traditionally taught that
3 400 4 v v the area of a palm excluding fingers is about 1% of the BSA
£ 150 (Jose et al., 2004). However, Nagel and Schunk (1997)
& | reported that the area of the palm, including the fingers, is 1%.
E 300 r=0.661 According to the present study, the area of the palm, including
< B0 ——— ‘1’<(‘)‘01‘ the fingers, is 1.2%. Therefore, our results are closer to the
140 150 160 170 180 190 20 40 60 80 100 120 Nagel and Schunk (1997) report. However, Rossiter et al.
Height(cm) Body weight(kg) (1996) showed that the area of the palm, including fingers, is

0.8% in males and 0.7% in females. These differences may be
the result of the fact that 1) the HSA and BSA were not
measured using direct methods in some previous studies, and
2) the boundary of the palm is unclear.

Several previous studies reported that the surface area of the
palm, including digits, was always less than 1% (Table 4).
Those studies did not measure the HSA directly. Instead, they

141516 17 18 19 20 21 22 16 17 18 19 20 21 22 traced the contour of the palm on paper (or used a 2D scanner)
Hand circumference(cm) Hand length(cm) with the digits held together. In this process, the sides of each

550 550 - finger were not included in the palm. If so, which area should
500 500 be the sides of the fingers be included in: the palm or the back
450 - 450 — of hand? It is natural that the palm includes the under-half of
3400 — 400 - the sides and the back includes the upper-half of the sides of
350 | v 350 the hand.
300 - V7 300 - Since the percentage of the both hands surface area had a
250 - ;;%903;5 250 ?%%312 range of 4.6-5.7% of BSA (Tikuisis et al., 2001; Kurazumi et
T ‘ A e e al., 1994; US EPA, 1985), the surface area of the hand is about
30 32 34 36 38 40 42 44 200 250 300 350 400 450 500

2.3-2.8%. This means that the surface area of the palm,
including digits, would be more than 1% of BSA. Therefore, in
Fig. 4 Scatter plots and correlation coefficients between hand surface traditional teaching that considers the hand about 1% of BSA,

area and anthropometric items. ‘the hand’ should be considered as the palm including the

Hand circum.+Length (cm) Hand circum.* Length

Table 3 Regression models derived from the present study for estimating HSA

Formula Y SEE Error® (%) Absolute error® (%)
Eq.]  HSA=22.348 Hand length 0.996 28.5 0.99 5.54
Eq.2 HSA=1.219Hand lengthXHand circumference 0.997 233 0.76 4.62
Eq.3  HSA=1.765Height®"* X Weight*+* 0.994 343 —-0.20 6.08

All regression models above were excluded a constant in equations. Hence the r of Table 3 is not the square value of ‘Pearson’s r” of Fig. 4; Formula’s
Unit: Area expressed in ‘cm?®, height, length and circumference expressed in ‘cm’, Body weight expressed in ‘kg’; ® Error=(HSA estimated-HSA
measured)100 / HSA measured; ® Absolute error=| HSA estimated-HSA measured | 100 / HSA measured.

2% Eq.1) lEq.2] [Eq-3]
3550 1 %V ]
E500 - v 1
= _| _
§ 450
£400 . -
< v _ Hand length _|
(£ 350 Hand length ) *Circum.

300 - v r2=0.996 voor=0.997 -

{ I I [ I 1 [ I I I [ | T T B T 1
300 350 400 450 500 550 600300 350 400 450 500 550 600300 350 400 450 500 550 600
HSA estimated (cm2)

Fig. 5 Relationship between the HSA measured from the present study and the HSA estimated by formulas derived from the present st}udy
([Eq. 11 HSA=22.348 Hand length; [Eq. 2] HSA=1.219 Hand lengthX Hand circumference; [Eq. 3] HSA=1.765 Height"** X Weight"*?).
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o« 550 N=224 | N=67 . IN=157
=] (67 males, . (males) v (females)
% % 157females) %7" V/V o v,

= Vg e w7 v
25450 v
= ov
$g ” Y
g .§ 350 o Tdv" v v
<z "o r=0.484 "
= Y r=0.723 r=u. r=0.585
T = Y ool p=<0.01 A%, p<0.01

250 - Y Error=2.3% Error=10.4% ~ v Error=3.4%
T \ T 1

[ il I I ! T

250 350 450 550250 350 450
HSA estimated by|Eq.3] HSA estimated by
of the present study [Eq.4] of US EPA(1985)

550 250 350 450 550
HSA estimated by

|Eq.5] of US EPA(1985)
Fig. 6 Relationship between the HSA measured from previous studies and the HSA estimated by formulas derived by the present study and the

US EPA (1985) ([Eq.3] HSA=1.765 Height">X Weight**?*; [Eq.4] HSA=128.5 Height "2"*XWeight"*”; [Eq.5] HSA=115.5
Height().()ZMXweight()AI 2)'

Table 4 The percentage of hand surface area to body surface area in previous studies (Unit: %)

. The palm The palm
Source Method Subjects (including digits) (excluding digits)
Amirsheybani et al. (2001) Tracing method Male (N=81) 0.85(0.1)
Female(N=131) 0.79 (0.1)

Berry et al. (2001) Digital scan Healthy 0.83 (0.71-0.88)"
Overweight 0.71 (0.62-0.81)°
Obese 0.70 (0.58-0.80)°
Perry et al. (1996) — 20 adults 0.77 (0.74-0.80)
10 children 0.82 (0.78-0.87)
Rossiter et al. (1996) Tracing method Male (N=36) 0.81 (0.6-0.9) 0.52 (0.4-0.6)
Female (N=34) 0.67 (0.5-0.8) 0.43 (0.3-0.5)
Sheridan et al. (1995) Tracing method Male and female (N=8) 0.81(0.1) 0.49 (0.1)

Table 5 Previous formulas for estimating the surface area of the hand and the error in applying the formulas to the 65 subjects of the present study

Source F | Pearson’s Error” Absolute
; ormuia correlation (r) (%) error® (%)
Mignano and Konz (1994) HSA=26.5Length—88.47 (*=0.70) 0.887** -1.5 5.0
US EPA (1985) [Eq. 4] Male: HSA=(257/2)X W73 x H ~0-218)
(p=0.001, *=0.575)
0.731%* 39 7.5
[Eq. 5] Female: HSA=(131/2)xX W41 {40027
(p=0.1, 1°’=0.447)
DuBois and DuBois (1916) HSA=2.22XHand Length® X Hand circumference 0.932%* -9.6 9.7
Banerjee and Sen (1955) HSA=2.432XHand Length® X Hand circumference 0.932%* -1.0 4.7

The unit: Area expressed in ‘cm?, Height, Length and Girth expressed in ‘cm’, Body weight expressed in ‘kg’; ®Error=(HSA estimated-HSA
measured)100 / HSA measured; » Absolute error=| HSA estimated-HSA measured 100 / HSA measured; ' Hand length in DuBois and DuBois
(1916)=Lower posterior border of the radius to the tip of the second finger.
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bottoms of the fingers and half of the sides between the fingers.

We have just solved an important problem, but certain other
questions may arise. Is there any difference between the right
and left hand, or males and females, or the lean and the
overweight? First, there is no difference between the right and
left hand in the present study. This confirms previous reports.
Amirsheybani et al. (2001) and Kurazumi et al. (1994) also
reported that there was no significant difference between hands
(right & left hands, dominant & non-dominant hands).

Regarding difference by sex, a significant sex difference was
noted when measuring the area of the palm, including digits,
which was 0.8% in males and 0.7% in females (p<<0.001) in a
previous study (Rossiter et al., 1996). Amirsheybani et al.
(2001) also found a difference between males and females
when the average percentages of body surface area represented
by the palm surface area of hand were compared (p<<0.001).
For the present study, the percentage of HSA to BSA was
greater in males (2.5%) than in females (2.4%), but the
difference was not significant.

Regarding difference by body shape, it seems clear that the
more overweight an individual is, the lower the percentage of
HSA to BSA. Berry et al. (2001) and Kurazumi et al. (1994)
have reported a similar tendency to the present study (Table 4).
It is important to remember that there is a significant difference
by body shape, not by sex.

It is useful to use a formula for estimating HSA. The
formula may be a help when calculating the amount of harmful
chemicals that penetrated the skin or when estimating burn
size. Some formulae have been proposed and can be divided
into two categories (Table 5). One category includes formulae
based on height and body weight. The other includes formulae
based on anthropometric items directly related to the hand.
According to the present study, the formula of the second
category was more valid to estimate HSA. When applying the
height and body weight of the 65 subjects that participated in
the present study to five different kinds of formulae collected
from previous studies, the error of formulae based on height
and body weight was larger than the error of a formula based
on just ‘hand length’ (Table 5). Therefore, when estimating the
HSA, we recommend formulae based on explanatory variables
directly related to ‘the hand’. Formulae based on body weight
and height can be selected as an alternative, just in case hand
size is unknown.

Conclusion

We have clarified the relative percentage of hand surface
area (HSA) to total body surface area (BSA). One of the strong
points in the present study was that the anthropometric range
of subjects was large enough to avoid extrapolation. The other
advantage is that the hand surface area was measured directly,
and the percentage of HSA to BSA was based on BSA
measured directly. The percentage of HSA to BSA for males
and females was 2.5% and 2.4% respectively, but showed
no significant difference. The percentage of HSA to BSA by

body shape was 2.5% for lean individuals and 2.3% for the
overweight, and showed a significant difference.

When estimating the surface area of the hand, formulae
based on the anthropometric characteristics of the hand
were more valid than those based on height and body
weight. Therefore, we recommend a formula based on
hand length and hand circumference for estimating HSA:
HSA(cm?)=1.219Hand Length(cm)X Hand circumference(cm)
(r*=0.997, SEE=23.5 cm’).
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