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Abstract Hand  surface  area  (HSA) has becn utilizcd  for

burned skin  area  cstimation  in burn therapy, heat exchange  in
thermal  physiology, exposure  assessment  in occupational

toxicology, and  the devclopment of  manual  equipmentl

protective glevcs in ergonomics.  The purpose of  this study  was

to determine the  hand surface  area  to the total body  surface

area  CBSA) and  derive a  fbrmula for estimating  HSA.  Thirty-

fbur Korean males  (20-60 ycars old;  158,5-187.5 cm  in height;

4g.5-103.1 kg in body  weight)  and  thirty-ene  Korean females
(20-63 years old;  140,6-173.] cm;  36,8-106.1 kg) participated
as  subjects.  The HSA  and  BSA  of  65 subjects  werc  directly

measured  using  alginate,  The  mcasurements  showed  1) the

surface  area  ofthe  hand had a  mean  of  44S (37]-540) cm2  fbr

males,  and  392 (297-482) cm2  fbr femalcs. 2) The hand  as  a

percentage ofthe  total body surfacc  arca  for males  and  females

was  2,5% and  2.4%  respectively,  ghowing  no  significant

diflercnce. 3) The  hand as  a  percentagc ofBSA  by body  shape

was  2.59,6 for the lcan group and  2.3%  fbr overwejght  people

ip=O.OOI), 4) When  estirnating  the surface  area  of  a  hand

formulae based on  hand lcngth or  hand circumference  were

more  valid  than forrnulac based on  height and  body weight.  We
obtained  the fo11owing formula fbr estiinating  HSA:  Estimated

HSA(btnb=1.219Handlengthk,nijXHdndcircutwfi,rence(bnv.J
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Introduction

  Hand  surface  area  (HSA) has been utilized for burncd skin
ar'ea  cstimation  in burn therapy,  heat cxchange  in therrnal

physiologM cxposure  assessment  of  harmfu1 chcmicals  in

occupational  toxicology,  and  the dcN,clopmcnt of  manual

equipment  and  protective gloves in ergonomies.

  In burn thcrapy. the accurate  cstimation  efthc  pcrccntage of

body  surlace  area  burned is an  important factor in providing
optimal  carc  for thc burn patient, not  only  in dctcrmining the

severity  and  prognosis of  the burn, but also  in calculating  fiuid

resuscitation  and  nutritional  rcquircmcnts  (Nichtcr et al.,

1985). Traditionally, when  assessing  the size of a burn, the

paticnt's hand has bcen used  as  an  cstimate  of  1%  ef  the total

body  surface  area  (BSA) (Rossiter et al., 1996). Advanced

Trauma  Life Support (ATLS) in thc US  suggests  that the area

of  the  pa]m js equal to [%  BSA  (ACSCT, L993: Berry et al,,
2001). By  a  cemmen  understanding,  thc  palm ofthe  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 19,a BSA  (Kirby and  Blackburn,

19g1). Where js the boundary ofthe  pa]m? Of course, it is not
easy  to dcfine 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 thcrmal  physioLogy,  the periphery  has meaningfu1

significance  in terms  ofheat  exchange.  Body  heat is exchanged

to a considerable  degrec through  thc periphery, because the

trunk is usual[y  coi,ered  with  clothing.  The hands are  almost

always  exposcd  to thc air. In addition,  since  hands and  fingers

are  structural[y  thinner  and  have greater surface  area  per unit

weight  than any  other  body par't, thcsc regions  have an

important role  in thermoregu]ation,  tn particular, in terms  of

flow rate  per unit  volume  of  tissuc, finger blood flow is

approximately  4-5 tinies as  sensitive  as  forearm blood flow to

changes  in Tes and  Tsk (Wenger et al., 1975). Thc change  of

finger tcmpcraturc  may  be an  indicator reflecting  the heat fiow

of  thc internal body  (Koscheyev et  al., 2005), If wc  know  the

hand  palm, and  fingers surfacc  arca  and  the percentage to
body surface  area  more  precisely, ",e  can  estimate  heat

dissipatcd from the  hands and  predjct heat flo", morc
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accurately.  This may  contribute  to the thermal  protcction of

worker's  cxposcd  to extreme  cold  or  heat envirenmcnts  in thc

form ofprotective  work  gloves.

  In occupational  toxicotogy, the hand is the main  body part
cxposed  to harmfu1 chemicals.  Somc  chcmicais  penetrate the

skin  through  hair' fbllicLcs, sweat  glands, and  sebaceous  glands.
In hot weather  in particular, the quantity of  chcmicals  that

penetrate the body  through  the skin  may  increase because
sweating  causcs  tiny pores in the skin  to open  up.  The amount

of  ehemjcals  penetrating human  skin  is often expressed  per
surface  area  (crn2).
  In addition,  HSA  is important when  BSA  is estimated

using  a  wholc-body  three-dimensional  (3D) scanncr.  Hands
are  generally very  poorly  scanned  during 3D whole-body

scanning.  Moreover, most  could  not  be restorcd  without  an

inordinatc amount  of  cffbrt.  and  in some  cases  not  at all

(Tikuisis et  al., 2001). If an  accurate  equation  for cstifnating
the HSA  is derived the applicability of  3D  scanning  in

estirnating BSA  will  increase.

  Despite the  jmportant roles  describcd above,  reports

concerning  hand and  palm  surface  area  measured  by direct

methods  are  few. Mest  previous studies  used  indirect methods

such  as  tracing on  paper, 2D  scanning,  or  triangulation,

Moreover, when  calculating  the pcrcentage of  HSA  to BSA,

the BSA  was  otlen  estimated  based on  prcvious formulas, not

directly measured.  The  bcst way  to get the most  accurate  HSA

is to measure  HSA  directly. The purpose of  this study  was  ])

to determine the HSA  by sex  and  body  shape,  2) to determine

the percentage of  thc HSA  to BSA  based on  the direct

measurements,  and  3) to derive equations  forestimating HSA,

Methods

SZImptingsubjects

  Thc  prcsent study  did a  stratified  random  sarnpling  in the

range  of  Korean adults'  height and  body weight,  on  the basis

of  a  national  anthropomctric  survey  of  Korca (Sizc Korca,

2004). Size Korea (2004) reported  that the mean  height and

body weight  of  Korean adults  (20-59yrs) was  170.5cm  and

70.5 kg for males,  and  157.6 cm  and  56.4 kg fbr females. Based

on  this report,  we  divided adult  populations by height (4cm
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
udults  (34 males,  31 females) par'ticipated as  subjects.  The age,

height, and  body weis,ht  ofthe  34 males  were  3O {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 femalcs (Fig. 1). Prior to participation, inforrned written

consent  was  obtained  from all subjects.  The present study  was

approved  by the ethics  committcc  of  thc College of Human

Ecology in Seoul Natienal University.
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1 Scartcr plot between height and  body  -,eight  of  the 65 subjects

panicipated in the presenL sLudy.

Fig. 2 Anthropemetric  lines on  the hand. On  the left picture. dotted lincs

   mcan  the eircurnference,  a=Hand  length Cfi'om the vv'rist circumference

   to the tip ef  the middle  finger), b=Hand  circumferencc (Mctacarpal-
   Phalangeal Joint Circumference), c=-Wrist  circumference;  Tn the right-
   hand picture, dotted ]ines show  the middle  ]ines to divide the skin

   surface  into the tep and  bottom of  the hand and  fingers.

Anthropometric items

  For independent variables  in constructing  formulae for

cstimating  HSA,  hand lcngth, hand circumfercncc,  wrist

circumference,  height, and  body  weight  were  measured  (Fig.
2). The thickncss of  subcutaneous  fat was  measured  for

calculating  body fat (%), using  both a  calipcr  and  a supersonic

instrument (SEIKOSHA SM-206,  Japan). The regions  of  the

body  measured  were  as  tbllows: the chest,  the abdomen,  and

the  front thigh for males,  and  thc back of  the upper  arm

{triceps), the left iliocristale point and  thc front of  thc thigh fbr

females. Subjects were  divided into fivc groups (lean, slightly

lean, normal,  slightly overweight,  and  over-'eight),  based on

the  fo11owing five standards:

  a) Body  mass  index (BMI)=Weight(kg)IHeight(m)!
    Lean BMI<19; Slight]y lean 19f{BMI<21;  Normal

    21SBMI<26;  SlightEy overweight  26EBMI<30;  Ovcr-
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    wcight30E{BMI

  
'O

 Body  fat (%BF)=(4.95,'Body densjty-4,50)× ]OO

    For males,  Lean BF<10Y6;  Normal  101BF<20,9;

    Slightly overweight  21 s{ BF<26;  Overweight Bl'-'26

    For females, Lean  BF<15%;  Normal  15E{BF<26;

    Slightly overweight  26EBF<31;  Overweight BF-'31

  @  Broca  Index (BI)=(Present weight(kg)/Normal  weight)X

    100

    Forrnales,Normalwcight=T(Height(cm)-100)XO.9

    For fernalcs, Normal  weight==(Height(cm)  
-
 100)XO.85

    Too lean BI<80;  Lcan 80E!BI<90;  Normal  90EBI<

    11e; Slightly overweight  110E{Bl<12e; Ovens,eight

    1201BI

  @  Modified Broca Index (MBI)=[{(Present weight(kg)-

    Normalwcight),'Normalweight}× 1OO]-HOe

    For rnales,  Normal  weight=O.57XHeight(cm)-37

    For fema]cs, Normal  weight=O.56 × Height(cm)-38

    Lean  MBI<90;  Normal 90EMBI<110:  Slightl}, over-

    weight  1 101MBI<120;  Overu,eighr 120EMBI

  S  A  subjective  evatuation  using  ",hole-body  photographs
When  evaluating  thc body  shape  according  to these five

standards,  there were  several  confusing  cascs,  For example,

standard  A  evaluated  onc  subjcct  as  normal,  while  standard  B

evaluated  that person as  sLightly  overweight.  These confusing

cases  arose  in the sgightly  lean or  sljghtly  ovcrwcight  group,
and  their body shapes  wcrc  syntheticalLy  evaluated  based on

five standards.

Measttiwmentqf'handsut;fLicearea

  The  HSA  of  65 subjects  was  dircctty meusured  using

a[ginate  according  to the  fbllowing steps:  First, lines were

marked  on  both hands according  to the demarcated lincs

shown  in Fig. 2. After marking,  thc  HSA  was  directly

measured  by an  alginatc  method.  Alginate (Jeltrate @  Regular

set. DENTSPL:Y  UI/D, England) is a  fine powder  mainly  uscd

in forming artificial  teeth. The matcrial  is hardened by contact
with  water,  but the surface  of  alginate  remains  soft,  likc a

rubber  glove. After preparing alginate  powder, a  rubber  ba]1.

and  a  knife (only fbr the alginate),  the alginate  powder  was  put

into the vubber  ball and  water  was  poured inte thc ball, After

stirring  them  wcLl,  thc doughy  alginate  material  was  evcnly

coated  on  thc skin  of  the hand  about  3 mm  thick. One  or  two

minutes  latcr, the material  hardened somewhat.  Then  the

alginate  was  separated  from the  surface  ofthe  skin,  Since thc

demarcatcd lines were  copied  inside thc alginate  pieces, the

piece was  cut  into sub-picces  along  the copied  lines and  the

line's contours  wcrc  copied  onto  paper, The arca  ofa  contour

copied  on  the paper was  then  scanned  by a  2D  scanner. The

scanned  irnage was  transformed  into an  electronic  file (*.bmp),
and  then  an  imas,e prograrn (Jniage Pt'o) calculated  the area  of

the bmp fiLe. The validity  and  reLiability  of  t'he alginate inethod

above  was  reported  (Lee and  Choj, 2006). Thc advantage  of

the algjnate  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.

  WC  mcasured  the surfacc  area  of  both right  and  Ieft hands,
The surface  area  of  a  hand  means  the average  of  both hands.

Thc BSA  of  thc 65 sub.iccts  was  also  mcasured  using  thc

alginate  method  (Lee, 2005). When  calculating  the percentage
of  HSA  to BSA,  the BSA  obtained  from Lcc's study  (2005)
was  used.

Collecting datasets relating  to ILSA 
.fi'omprevious

 studies

  After searehing  previous studies  relating  to HSA,  a  tetal of

224 datascts (HSA mcasurcd-Hcight-Body  weight:  67 adult

males,  157 adult  females) were  collected  fi'oin FLijimoCo eC al.

(1957), Irn (1988), Kurazumi  et al, (1994), Kurazurni ct al.

(2003), Murata (19S9), Nakarnura (1959), Ogawa  (1956), Niya

(fi 931), and  Ytmada  (1958). WO  tried to get datasets including

individual hand length or  hand circumference,  but few data

were  ai,ajlable  for analysis.  Therefore only  224 datasets were

app]ied  to test the validity  of  the fbrmulas obtained  from the

present study  and  previous studies.

Data  analysis

  To analyzc  thc difTbrence ofHSA  by scx and  by bedy shape,
TLtest and  ANOVA  were  conducted.  Duncan's  post hoc test

was  conducted  for items showing  significant differences in
ANovA,  To analyze  the  corre]ation betwcen HSA  and  other

anthropometric  items, Pearson's correlation  coerncjents  were

caleulated  using  SPSS  u12,O,  Formulae  for estimating  HSA
wcre  constructed  through  simple  and  multiple  regression

rnodels,  The  significance  ditlerence was  set atp<O.05.

Results

1"e hand  suijkece  aJea  WSA)
                                               i

  The  whole  surlace area of the hand was  448 (371-540) cm'

for malcs,  and  392 (297-482)cm2 for females (Table 1). The

surface  area  ofthe  palm. including the bottoms of  fingers, was

217 (183-259)cm2 tbr males,  and  189 (141-235)cm2 for
fcmales.

  The  BSA  of  the  65 subjccts  that  participatcd in thc  present
study  was  also  measured  using  the alginate  method  (Table 1).
Thc  correlation  coeMcient  of  HSA  and  BSA  was  O,790

(p<0.01, Fig, 3). The  percentage of the  HSA  to the BSA  was

2.46 (1.97-2.91)% and  2.39 (1.96-2.69)V{] of  the BSA  for
males  and  females, respectively  (Table 2), The  palm  surface

area,  including the bottoms of  fingers, was  1.19 (O.97-1.42)%
BSA  for rnalcs.  and  1,IS (O.94-1.35)O,G BSA  for fernales
(Rible 2). The  percentage of  HSA  to BSA  was  largcr in males
than  in females, but the difTerence was  not  signifieant.  HSA

among  the overweight  (n=]4), the normal  (n=18), and  the

lean (n=10) werc.compared.  The slightly  lean and  slightly

overweight  groups were  excluded  in this analysis.  The

percentage of  HSA  to BSA  was  significantly  srnaller  in thc

overweight  (2,3%) than  in the normal  (2.5%) or  the lean

(2,5%) (p -,O.OO1,  Tab[e 2),
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Tab]e 1 Hand  and  palm  surface  areas  measured  in the prescnt sLudy  (um!)

Ma]eNo.BodyThe

shape")handThepalmin-Fb)Thepalmex.FC}BSAd,

FemaleNe.BodyThe

shape")handThepalmin-Fb)Thepalrnex-FC}BSA"]

t SL 41S20097 15,416'1 o 3SS170 7815,4tl
2 N 428211I08 16,875 2/ N r,33IS9 77t4,e34

r, o 44721697 T7,844 3 N 363172 S413,642
4 N 494236116 T6,986 4 L 297141 7512825'
5 so 4]2211106 17,630 s o 379190 9217,337

6 SL 40920897 15SOO 6 so 356t68 8115,540
7 L 443222116 15,628 7 so43S21S 96]6,I73

8 o 4482I9109 l8,261 8 so 3SO164 7715,978
c) o 37118997 l8,770 9 o 451221102lg,4ss
]o N 389lg398 17,IS3 10 L 364168 8514,S98
Tl N 434221110 17,733 IT N/ 379180 8215,334

12 N 43(}200104 16,784 ]2iN ]82t82 9415,294

13 L 39e18499 16,O16 13 N ]79t86 c))tI5,867

14 o 4.36214i14 22,106 14i･o 406195 9520,683

IS L 437211le4 15S85' 15lso 373]82 95I6,233

16 N 43e2001ec) 17,918 161･SL 360]78 84T4,980

T7 N 44g212I13 18,307 17 so43322510116.9Sl

T8 o S1524112122,7S3 18 N 3Y8196 c)515922'

19 SL4S8227114 17,969 19 L 359]75 87T4,603

20 SL 38619297 16,)tr,s 20 o 457222I0318,468

21 so497239124 20,324 2t N 3glE82 gg16,416

22 N 429199103 18,733 22 SL 377lge 8915916'

23 so476226llS 19,820 23 se42920510617,414

24 SL410197104 ]7,3S'6 24 so 389191 9616,194
2S SI.442219111 17879 25 SI.4612]6I0717,179

26 L 443212log ]7,617 26 o 401I89 9619,639

27 SL443216107 18,O18 27 N 426202 c)S)l7,798

28 o S26251T26 20,661 28 o 48223S12122,02S

29 SL495234113 ]9,08? 29 L 403195 9715811'

30 N 444223111 l9,127 .3e L 374185 9215777'

31 so47723812120,394 31 SL410T98TOO17504'

32 L 4692301L9 I8,61C}i

33 N 5T6241124 20,813!

34 o S40259T23 22,67)-

Mean 44g217110 ]8,.339 Mean 392189 93t6,452

SD 41 19 9.01.93g SD 41 21 10 1,960

The  surface  area  ofthe  hand and  thc palm  -,erc  the  mean  surfaec  arca  of  both thc right  and  the  left: ")L
 (iean); SL{sliglitly lean): N(normal); SO(slightly

overweight);  O{overvL'eight)/ 
b'including

 the  bottoms of  fingers. "'e divided the  finger surfacc  arca  into the botlom and  thc top of  the finger bascd on  a

middlc  linc betwccn the lop and  bottom ot' the finger on  a side vie",.  Thut is, the palm incTudes the under-haTf  of  the  sides  and  the back includes the upper-

halfofthe sides  ofthc  hand  (Fig. 2}; C)
 Excluding the bottoms of  fingers; d' Measured  by the alginate  methocl  (Lee. 2005).

R)rmulaefor estimating  the HSL4

  Equations for estjmating  HSA  using  anthropometric  data

wcrc  dcrived. Thc HSA  showed  a much  stronger  relationship

with  items related  to hands (e,g., hand  length, hand

circumference,  or  wrist  circurni'erence)  than  height or  body

weight  (Fig. 4). Arnong  all variables,  an  itern showing  the

strongest  correlation  with  HSA  was  hand length. We  derived

[Eq,1] based on  hand length (fable 3). Hand  length can

account  for over  99%  of  the  total variance  of  the HSA

(Table 3, Fig. 5). However, the coeficients  of  correlation  were

greater in the transfbrmed  explanatory  variables  (e.g., Hand

circumference × Hand  length) than  in a  singLe  variance  (Fig. 4).

Among  the transformed  varjables,  a model  using  the multiple

of  hand circumference  and  hand length was  appropriatc  for

estimating  HSA  (Eq. 2). The error  of  [Eq. 2] was  O.8V6. In

some  cascs,  thc  hcight and  body  wcight  may  be the only

measurements  known  to researchers.  For these cases,  we

derived [Eq. 3] bascd on  height and  body weight,  The error  of

[Eq, 3] was  
-O.29,6

 (Table 3, Fig. 5).

Application (tf' the IEq. sy-IEq. sy to the  224  datasets
collected.frompreviou,sstudies

  As mentioned  above,  we  could  not  find enough  datasets

including HSA,  hand circumfbrcnce,  and  hand length.

Therefore, [Eq. t] and  [Eq. 21 could  not  be tested on  the 224

datascts. In appLying  thc [Eq. 3] to the datasets, the correlation

coerncient  between the HSA  measured  and  the HSA  estimated

was  O.723, with  an  er'ror  of  2.3%  (Fig. 6). When  67 male

NII-Electronic  
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Fig. 3 Re]ationship of  hand surface  area (HS,"L) and  body surface  area

   (BSA) (N-65).

datascts were  applied  to [Eq. 4] and  157 female datasets were

appljed  to [Eq. S] from US  EIIA ([98S), among  the 224

datasets, the correlation  coethcient  bctw¢ en the HSA  measured

and  the HSA  estjmated  was  O.484 and  O.585 fbr males  and

females, respective]y  (Table 5. Fig. 6).

Discussion

  The surface  area  of  the hand had a  mcan  of  448cm?  for
males,  and  392 cm!  for females. The percentage of  HSA  was

2,5%  and  2,4V6 for males  and  feinales. Sincc the present study

inc]uded almost  an  cntire  range  of  Korean physiques, it can  bc

considered  that the results  represent  Korean adults,  The  whole

body and  hands of  Asians are  generally smaller  than  thosc  of

Western people. The HSA  of this study, itselg should  not  be

applied  to Caucasians or  Africans. However, it is reasonablc  to

postulate that the ratio  of the hand to the BSA  wou]d  not  be

different bctween Asians and  Western people, because HSA
was  proportienal to BSA  (Fig. 3).

  Regarding the pcrcentage of HSA  to BSA,  thc 
CLRulc

 ef

Nines" was  described by Pulaski and  [[bnnison in the 1940s

(Kanysi ct al., 1968). It has long been noted  that the surface  of

Table 2The  percentage of  hand surface  area  to body surface  area  in the present stud}'  (. "{,)

!Tota]

Male Female
Part

i(N--65) (N-34) (N--31)
Leangroup(N--10)Norma]group

(N=18)Overu'eightgroupCN･-14)

Thehand 2.42 2.46 2.39

cl.C)7-2.9D(t,962..69)

p=o.7e4")

2,S2"(2.31-2.g4)2.46s(2.27-2.C)1)

P=O.OOIh/

2,26bc].96-2.5S)

ThepaTmincludingfingers 1]7 IA9 IAS

CO.97-1.42)(O.94-1.35)
p=o.se3

122a(1.10-1.42) 1.1ss(T,06-O.39)

p=O.O05

1.loh(O.94-1.21)

Thepalmexceptingfingers O,58 O.60 O.5(5

(O.52-O.74)(O.46-O.62)
p=0256

O.62a<O.58-O.74)O.59U(O.S3-O.69)

p<O.OOI

O.S4b
'(O.46-O.61)'

Thethumb

'

O.26ttttttttttttt

ttttt
O.26 026

(e,ls-o,31)(u.ts)-o.3o)
p-･O.691tt

O.27uCO.2S-O.30)O.26a(O.23-O.30)

p<O,OOT

O.23h(O,18-e27)

Theindexfinger
/O.26

tttt
O.26 e.27

(O.19-O.33)(O.22-e.33)
p=e,o62

cO.2SO.33)'

e28"i,026U
'(O.23-O.3i)

p=O.029

O.2sb(O.19-029)

rhemiddlefinger 029 O.29 O,29

(O.21-O.36)CO.23-O.35)

p=O,9t7

O.30,,(02S-O.34)e.3eub(O.26-O.36)

p=O,O09

O.27L,<O,21O.32)

ttt
Therlngfinger O,26 O,26 O.26

(0200.32)(e.22.0.31)
p-O.987

O,27(o.24e.3o)

1

/
O.27(O.23-O.32)

p=O.076

...t.......-
O.25

i(O.20-029)

Thelitt]efinger O,t9 O.IC) O.18

(O.13-024)(O.t5022)
pro.O05

O,19(O,t7-021) O,]9(O.16-O.24)

p=O.113

O.t8(O.T3-O.2T)

")
 Significant di tlbrence by sex;  

L"
 Significant difference by bedy shape;  a,b,ab  Significant differences among  three groups.
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Table 3

the hand is approximately  IY6 of  the  BSA  and  is commonly

used  to cstimate  the size  of  irreguEar burns (Sheridan et al.,

1995). In burn therapy, students  were  traditionally taught that

the  area  of  a  palm excluding  fingcrs is about  1%  of  the  BSA

(Jose et al., 2004). However,  Nagel  and  Schunk  (1997)
reported  that the area  ofthe  palm, including the fingers, is 1%.
According to the  prcscnt study,  the area  of  thc palm, including

the  fingers, is 1.2%. Therefbre,  our  results  are  closer  to the

Nagel and  Schunk (1997) repert.  Howcver, Rossitcr et al.

(1996) showed  that the area  of  the palm, including fingers, is
O.8Y6 in males  and  O.7%  in t'emales. 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 boulldary ofthe  palm  is unelean

  Sei,eral previous studies  reported  that the surface  area  of  the

palm, including digits, was  always  less than l%  (1lable 4).

Those studies  did not  rneasure  the HSA  directly. Instead they

traced the contour  ofthe  palm on  paper (or uscd  a  2D  scanncr)

",ith  the digits held together. In this process, the sides  of  each

finger were  not  included in the pa]m, Tf so, which  area  should

be the sides  of  the fingers be included in: the palm  or  the back

of  hand? It is natural  that thc palm  includes thc under-half  of

the sidcs  and  the  back includes thc upper-half  of  the sides  of

the hand.

  Since the percentage of  the both hands surface  area  had a

range  of  4.6-5.7% of  BSA  (Tikuisis et al,, 2001; Kurazumi  et

al., 1994; US  ERA,  1985), the surface  arca  ofthe  hand is about

2.3-2.8%. This rneans  that the surface  area  of  the palm,
including digits, would  be more  than  1%  of  BSA,  Therefore, {n

traditional teaching that censidcrs  thc hand about  1%  ofBSA,

`the

 hand' should  be considered  as  the palm including the

Regressien models  derivcd from the prcscnL study  Ibr cstimaLing  IISA

Fermulat.. F' SFF. F.rror"}{Cf.)Absolutecrrorh)(Ok)

EqlEq.2Eq.3IISA=22.348Hand

HSA=1,219Hand

HSA==1,765HeightV'lengthlengthXHandci]'cumferencei]5xw'eight04['

ttttttttttttO.996O.997O.994i28.S23.334.3
O.99O.76-020 5.S44.626,OS

                                              '
All regressien  models  aboL,e  vL'ere  excluded  a  constant  in equations.  Hence the  r'  ef  llibTe 3 is not  the square  value  of  

'Pearson
 
's
 r' ef  Fig. 4; Forrnula's

Unit/ Arca expressed  in 'cm2'. height, length and  circumference  expressed  in 'cm'. Body  weight  expressed  in 'kg';
 

"/
 Error=(IISA cstirnated-IISA

measured)tOOt1lSAmcasurcd;b'Absoluteerror=1HSAestimated-IISAmcasured'1Oe11lSAmcasured.
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   (rEgRe]ationship
 belween thc HSA  mcasured  from the present study  and  the HSA  eslimated  by formulas derived from the  present study

 t 1 }ISA=22.348  1land lcngth; [Eq. 2] HSA=  1219  Hand  ]ength× Hand  circunifercncc:  [Eq. 3] EISA=  1,76S HeightO''iS×WeightO 4!S).
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Tablc4  The percentaLte ofhand  surfaee  area  to body  surfacc  area  in previous studies  (Unit/ 
O.･'o)

Source Method Subjccts
ThepaTm

(includillgdigits)

Thepalm

(.excTudingdigits)

Amirsheybanietat.(2001)
'1'racingmethod/Male(N=8T)

Femaie(N;.131)

O.85(O.1)O.79(e.1)

Berry ¢ tal.(20e1) Digitalscan

'HetnTthyOvem,eight

ltObese

o,s3(o.71o.gg)"

O.71(O.62-o.gl)b

O.70(O.58-O.so)b

Perryetal.C]99(]) 20adulrstOchildren O.77{O.74-O.80)

O.82(O.78-e.S7)
ttttttttttttttttttttttttt

Rossiter'etal.{1996} Tracingmethod MalcCN=36)

FemalecN=34)

O.81(O.6-O.9)

e.67(O.iU,8)

o.s2<e.4-o.6)
o.43{o.r}-o.s)

ShcridanctaLc1995)
'Iracingmethod

Maleandfemale(N--8) O.81(O.1) O.49{O.])

Table5  Previeus formulas for estirnating the surface  area  of  the hand and  the errorln  app]ying  thcibrmulas  to the 6Ssubjectseftheprcscntstudy

Source Forrnula
l'earson's

correTationCr}

/
Error'O({1i) Absolutecrrorb'<oK,)

tttttttttttMignanoandKonzC1994)

IISA=26.SLength-88,47(r]'=O.70) e.ss7t･* -1.5 s.e

USEPA(198S}
1･[Eq.41Male/HSA={257i2)xwOST3

× lvU-2LS)
'

QJ=O.OOI,r-=O.575)
OJ31** r,.g

[Eq.S]Female/HSA=(13V2)× ",OAi2× HOJ)]'4

Cp=O.1,T]=O,447)

7.S

tttttttttt-

DuBoisandDuBois(IL)16) HSA=2,22XHandLength"]XHandcircumt'erence OS)32** -9.6
ttttttttttt9.7

Bancr.iccandSen(1955)

'HSA=2.432XHandLcngthC'XIIandeircurni'erence
o.gr,2**- -1.0 4.7

Thc  unit/  Arca cxpressed  in 'cm2'. Height, Length  and  Girth cxprcsscd

measured}100  / HSA  measured;  
b'Absolute

 error.= HSA  estimated-HSA

(1916)=Lewer posterior border of  the radius  to the tip of  the second  finger.

in 'cm', Body

measured  100weight HSAexpressedmcasured/in

 
'kg';

 
'UError=(HSA

 e$timatcd-SA

"lland
 length in DuBois  and  DuBeis
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bottoms ofthe  fingers and  halfof thc sides  bctwccn the fingers.

  We  har'e just solvcd  an  important problem, but certain  other

questions may  arise.  Is there any  diffbrcnce betwccn the  right

and  left hanct or  rnales  and  females, or  the ]ean and  the

overweight?  First, there is no  difference betwecn the right  and

left hand in the present study.  This confirms  previous reports,

Amirsheybani et al. (200t) and  Kurazumi  et  al. (1994) aLso

reported  that there was  no  significant  difl'erence between hands

(right &  left hands, clominant &  non-dorninant  hands).

  Regarding difference by sex,  a  significant  sex  ditTk:rcncc was

noted  when  measuring  the area  of  the palm, inc]uding digits,
which  was  O,8%  in males  and  O.7% in females (p<O.OOI) in a
previous study  (Rossiter et  al., 1996). Amirsheybani  et al.

(2001) also  fbund a  difference between males  and  females
when  the  average  percentages ofbody  surface  area  represented

by the palm  surface  area  of  hand were  compared  (p<O,OOt),
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,

  Regard{ng difference by body shape, it seems  c[ear  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  (Ihble 4).

It is important to remember  that there is a  significant  difference
by body  shape,  not  by sex.

  It is usefu1 to use  a  formula fbr estiniating  HSA.  The

formula may  be a  help when  calculating  the atnount  ofharmfu1

chemicals  that penetrated the  skin or when  estimating  burn
size.  Some formulae have been proposed and  can  be divided
into two catcgories (Tlable 5). One category  includes formulae
bascd on  height and  body weight.  The other  includcs fbrmulae
based on  anthropometric  iteins directly related  to the hand.
According to the present study,  the fbrmula of  the second

category  was  more  valid to estimate  HSA,  When  applying  the

hcight and  body weight  ofthe  65 subjects  that participatcd in

the present study  to five different kinds of  fbrmulae collected
fi/om previeus studies, the error  of  fbrrnuLae based on  height

and  bedy weight  was  1arger than  the error  of  a  fbrmula based

onjust  
`hand

 length' (Table 5), Therefore, when  estimating  thc

HSA,  wc  recommend  forrnulae based on  expEanatory  i,ariables

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

  "ic have clarified  the relative  percentage of  hand surface

area  (HSA) to total body surfttce  area  (BSA). One  ofthe  strong

points in the present study  was  that the anthropemetric  range

of  subjects  was  large enough  to avoid  extrapolation.  The other

advantagc  is that the hand surface  area  was  measured  dircctly,

and  the percentage of  HSA  to BSA  was  based on  BSA

mcasurcd  dircctly. Thc  perccntagc of  HSA  to BSA  for males

and  ferna]es was  2.5%  and  2,4%  respectively, but showed

no  significant  difference. The percentage of  HSA  to BSA  by

body  shape  was  2,Se,e for lean individuals and  2.39t6 fbr the

overweight,  and  showed  a significant diffbrencc.

  When  estimating  thc surface area  of  the hand, formu[ae
based on  the anthropometric  characteristics of  the hand
were  more  valid  than  thosc based on  height and  body

weight.  Thcrefbre, we  recommend  a  forrnula based on

hand length and  hand circumference  tbr estimating  HSA/
HSA  (bmb= J,2J9Hdnd  Length(cm? XHand  ciJtun!ferencek'm)
 1 1

(r'=O.997,SEE=23.5crnL).
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