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Abstract

Background and aim: This study was aimed to determine the total body surface area and percents of both palmar surface of the whole hand (hand surface area) and
palm without fingers (palm surface area) in our population.

Materials and methods: The study group consisted of 294 medical students (146 women, 148 men) aged 18-25 years and bilateral hand tracings were obtained from
all subjects. Total body surface area was calculated using DuBois Formula and hand and palm surface area was calculated from hand tracings. Additionally, the hand
and palm percentages of body surface area was determined by dividing hand- palm area by total body surface area.

Results: The mean value of total body surface area was 1.9 m? and 1.63 m? in men and women respectively. The area of tracing of the hand was 0.83% of the body
surface area in men and 0.78% in women. Moreover, palm surface area was 0.43% and 0.39% of the body surface area in men and women respectively.

Conclusion: Using patient’s own hand will be more accurate for determination of the area of the hand than the one percent rule to avoid an overestimation of fluid

and caloric requirements and drug dosages.

Introduction

The total body surface area (TBSA) is an important parameter in
such cases like the administration of drugs, physiological responses,
burn therapy and in the work of clinicians, physiologists and
ergonomists [1]. The total area of skin burn is determined as a useful
guide for prognosis and treatment of burn patients [2]. However,
estimation of percentage of surface area burned is not easily calculated.
There have been two methods that commonly used for calculation: the
Lund and Browder chart and the rule of nines [2-5]. Measurement
of hand surface area (HSA) is also an easy, practical method for
considering the extent of burns [4]. Traditionally, the palmar surface
area of hand has been evaluated to be one percent of total body surface
area while determining the irregular patchy burns [2,6,7]. Meanwhile,
some reports were shown that HSA of their groups varies from 0.64%
to 1.4% TBSA [4,7-9]. Moreover, recreational fires such as barbegues
or campfires may cause injury through burns with contact to hot coals,
embers resulting in thermal contact burn. In this situation, hands
and feet are the most commonly burned areas of the body typically
palms and soles. These burns therefore, have serious functional and
aesthetic consequences [10]. Thus, studies of palm surface area have
been investigated in relation with prognosis and treatment of burns.
Using the patient’s own hand for estimating the palm surface area is
determined as a useful tool in assessing small area of burns or other
wounds [11]. However, it has not been clear that the palm means the
palmar surface of the whole hand or palm excluding the fingers [6].
There is a confusion about this description. In some studies, it was
suggested that the palm of hand does not include the digits and used as
a unit of area in estimating the size of burn for skin grafting and fluid
resuscitation [12-15]. Moreover, application of the one percent rule for
the palm surface area of the hand will be cause to overestimation of
burn area and therefore, an overdose of fluid and caloric requirements
could be performed. Thus, accurate estimation of size of burn is
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important. There is a discrepancy about what percentage of total body
surface area is composed by the palm and hand. Therefore, this study
was designed to determine values of the total body surface area, the
hand surface area (HSA- palm with digits) and palm surface area (PSA-
palm without digits) in our healthy adult group and compare them to
other populations.

Methods

Bilateral hand tracings were obtained from 294 medical students
(146 women,148 men) between 18 and 25 years of age with no history
of trauma or congenital anomalies. The individuals were numbered
and age, gender, height, weight, dominant hand were recorded. Each
individual was asked to gently place her/his hand over a plain sheet
of paper, keeping the fingers closed with the thumb lying comfortably
against the radial aspect of the hand and index finger. A tracing of each
hand was made using a pen. The tracing was done from the tip of the
radial styloid to the tip of the ulnar styloid, a straight line was drawn
between the styloid tips. This line is performed the interstylon. The
hand length was measured from the midpoint of the interstylon to the
distal tip of the middle finger. The palm length was measured from the
midpoint of the interstylon to the palmar digital crease of the middle
finger. Additionally, the hand width was measured from the ulnar
concavity at the base of the small finger to the point where the thumb
diverged from the index finger (Figure 1). After these measurements,
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Figure 1. Anthropometric parameters on the hand. ab: Palm length, ac: Hand length, de:

Hand width.

Table 1. Characteristics of participants (n=148 men, 146 women)

Mean =+ standard Minimum-
Parameter Sex L .

deviation maximum
Men 18.65+0.73 16.53-20.27
Hand length (cm) Women 17.79 £ 0.95 15.12-19.48

Men 9.77 £ 0.90 7.78-11.89

Palm length (cm) Women 8.85+ 1.11 5.81-10.90

. Men 8.48 +0.65 5.07-10.14

Hand width (cm) Women 7.19+0.78 5.10-8.74

. Men 22.96 +1.90 18.5-24.90

2

Body mass index (kg/m’) Women 20.51 £ 1.69 18.5-24.80

Total body surface area (TBSA) Men 1.90 +0.12 1.61-2.20

(m?) Women 1.63+0.91 1.49-1.85
Hand area (m?) Men 158.34 + 14.76 92.93-187.99
Women 127.87 £ 14.75 95.01-155.01
Palm area (m?) Men 82.98 +10.74 42.89-107.86
Women 63.91 +11.84 32.19-88.83

Men 0.83 +0.08 0.47-1.08

0,
Hand surface area (% of TBSA) Women 078 + 0.09 057-0.96
Men 0.43 +0.05 0.22-0.63
0,
Palm surface area (% of TBSA) Women 039+ 0.07 0.20-0.56

width of the hand is multiplied with the length of hand and palm to
give hand and palm area respectively.

The body mass index was calculated from height and weight and
body surface area was estimated using DuBois Formula (Body surface
area= 71.84W%*»H"7) [16]. W is the body mass in kilograms and H is
the body height in centimeters.

A table was created containing subject number, age, gender, weight,
height, body mass index, dominant hand, total body surface area, hand
and palm areas, and their percentages of body surface area (hand
surface area-HSA, palm surface area-PSA). Hand’s percentage of body
surface area was calculated as dividing hand area by total body surface
area and the palm’s percentage of body surface area was determined by
dividing the palm area by total body surface area.
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After these calculations, the data were divided into two groups due
to gender and statistical analysis was performed with SPSS 10.0. From
these measurements, means, standard deviations and minimum and
maximum values were evaluated.

Results

The records of 294 medical students (146 women, 148 men) were
assessed. The mean age of participants was 22 years (range 18-25 years).
Moreover, in comparing the mean value of area of the dominant hand
with that of the nondominant hand, there was no difference between
them for all subjects. All the parameters of subjects including hand
length, palm length, hand width, hand area, palm area, body mass
index, TBSA, HSA and PSA in this study are shown in Table.

When we analyzed the data in this study, the mean values of hand
length, palm length, hand width, hand-palm areas and body mass
index were found as 18.65 cm, 9.77 cm, 8.48 cm, 158.34 cm?, 82.98 cm?
and 22.96 kg/m?*in men whereas the same values were established 17.79
cm, 8.85 cm, 7.19 cm, 127.87 cm?, 63.91 cm? and 20.5 kg/m*in women.
Furthermore, after these measurements TBSA, HSA and PSA were
calculated and these parameters were found 1.90 m? 0.83 and 0.43 in
men and 1.63 m? 0.78 and 0.39 in women.

Discussion

The total body surface area (TBSA) is widely used in scientific
studies and clinical practice to normalize various measurements
concerning in cardiac function, body heat transfer, renal function,
body metabolism, toxicology, development of manual equipments
in ergonomics and for the drug dosage in cancer chemotherapy [17-
23]. However, the determination of total body surface area has been
a problem in the medicine. The investigations in this subject were
began in 1793 with Abernathy that used cut paper of known areas to
estimate the surface area of the head, hand and foot [2,24]. Techniques
have developed but at present there is no accurate method exists direct
determination of surface area. There are many equations to estimate
the surface area such as classic DuBois Formula, Gehan and George’s
Formula and Boyd’s equation [2,25-26]. Nonetheless, the most
common formula used today is that of DuBois [2,23]. In our study, we
used DuBois equation for body surface area estimation.

Amirsheybani et al reported the mean value of TBSA as 1.84 m?
in men and 1.68 m? in women in USA whereas in Indians this was
established 1.59 m* and 1.43 m* in men and women respectively.
Additionally, in a study including Chinese adults, the TBSA values
were indicated as 1.83 m? and 1.56 m? in men and women respectively
[2,4,13]. This parameter was declared as 1.88 m? in men and 1.64 m? in
women from Belgium [23]. In this investigation, the TBSA value was
1.90 m? in men and 1.63 m? in women. According to the literature data,
our findings were similar to studies in USA and Belgium populations.

Hand surface area (HSA) and palm surface area (PSA) are
important reference areas in physiology and medicine and mainly used
in emergency room for estimation of burned skin area in burn therapy
and skin grafting [27]. Moreover, these areas have been utilized for heat
exchange in thermal physiology, exposure assesment in toxicology and
the development of equipment in ergonomics [21,28,29]. Traditionally,
the patient’s whole hand has been used as an estimate of 1% of the total
body surface area for assessing the size of burn [6,7,21,30]. Conversely,
Advanced Trauma Life Support teaching uses the area of palm alone
(not including the fingers) as 1% [6,8,27,30]. There is a problem with
the term ”palm” as it can mean either the entire palmar surface of the
hand or the palmar surface excluding the five digits [8]. By a common
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understanding, the palm of the hand does not include the fingers
(6,13,21,27]. The definition of the hand surface is still controversy.
Therefore, in our study, to avoid the confusion we determined HSA
and PSA separately and investigated both definitions that HSA was
defined as area of the palm with fingers, and PSA was defined as area
of the palm without fingers. Furthermore, when we analyze the both
hands” measurement values, there is no difference between dominant
and nondominant hands in both genders in the present study. Thus,
we presented the dominant hand values. This data confirms previous
reports [2,21].

Perry et al. measured the PSA and found a value of 0.41% in
London Medical School students whereas it was estimated as 0.66% in
Korean adults [8,27]. Moreover, the same value was represented 0.49
and 0.51 of the body surface area in men and women respectively in
Indians [17]. In our study, this parameter was evaluated as 0.43% in
men and 0.39% in women. Due to these reports, we found differences
in mean values of Indian and Korean populations compared with our
result: they have higher values than us. Our result is closer to that the
report from London.

The definition of the area of the hand surface was not clear in
literature, some researchers included digits and some groups did
not and another group included the thumb [27]. Meanwhile, it was
established that standard doctrine for the hand position, for estimating
the surface of the hand, digits were extended and adducted so it was
used in this paper [30]. When we analyzed the literature for the mean
values of HSA, Amirsheybani et al determined the area of the hand
0.78% of the body surface area in adults in USA with using similar
method that excluded the thumb for estimating the hand width value
[2]. In Chinese population, this was reported as 0.76 and 0.73% in
men and women respectively [4]. However, it was assessed 0.92% in
men and women in Indians [17]. Furthermore, this value was found
greater in Koreans (1.19) [21]. In this paper, it was established 0.83%
and 0.78% in Turkish men and women respectively. According to these
values, there are some diversities that Koreans and Indians have greater
HSA values than us. Conversely, Chinese HSA values are lower than
our result.

A comparison between our results and those of previous studies
which are reported from China, Korea, India shows that the values
of TBSA, HSA, PSA differ from our results [4,17,21]. However, we
analyze that there are some similar values with our data and European
and American population [2,8,23]. We think that these diversities
could depend on some factors like measurement method, race, genetic
characteristics, age and individual variations.

Application of the 1% rule for the palmar surface area of the hand
in all burn individuals will cause to an overestimation of burn size and
therefore, overestimation of fluid and caloric requirements could be
occurred [2]. The data obtained in this study determine the palmar
surface of the hand and whole hand surface area is not one percent of
the body surface area in our group. Therefore, using patient’s own hand
method is more accurate and easy in assessing small area of burns or
other wounds.

In this paper, it was demonstrated that it is not necessary to have
an integrating planimeter, a computer assisted methods or etc. All
one needs to do is measure the width of the hand and length. Thus,
it is readily avaliable to make a simple tracing of a patient’s hand. We
propose that a burn’s patient hand tracing be obtained during physical
examination and used as a tool to estimate the size of the burn. This is
especially useful when the burn area is irregular or burn extends over
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convexities. So hand tracing method may be used to complement the
standard Lund and Browder chart.

Furthermore, as we mentioned before, for estimating hand area,
hand length and hand width were measured and these parameters were
multiplied. In Table, the mean values of hand length-width were also
presented. The normal values of these parameters could be used in some
studies which are investigated Marfan’s syndrome, hypothyroidism
and hypopituitarism to examine this possibility [11].

In summary, estimation of burn area could be made with Lund and
Browder Chart and the rule of nines. But, we suggest that the patient’s
own hand tracing could be used to complement the above rules. Our
study indicates that the areas of the surface of the whole hand 0.83
and 0.78 percent of body surface area in men and women and palmar
hand surface area 0.43 and 0.39 percents of body surface area in men
and women in our population. Thus, these values could determine the
relationship of the area of the hand to TBSA.

As a result, we believe that study with using hand tracing method
is more accurate than the commonly used one percent rule for the
palmar surface area of the hand and this could be helpful for preventing
the undesirable situations like overestimation of fluid and caloric
requirements for the burn patient and will aid in patient care.

Acknowledgements
The authors declare that they have no conflict of interest.

References

1. Tikuisis P, Meunier P, Jubenville CE (2001) Human body surface area: measurement
and prediction using three dimensional body scans. Eur J Appl Physiol 85: 264-271.
[Crossref]

2. Amirsheybani HR, Crecelius GM, Timothy NH, Pfeiffer M, Saggers GC, et al. (2001)
The natural history of the growth of the hand: I. Hand area as a percentage of body
surface area. Plast Reconstr Surg 107: 726-733. [Crossref]

3. Demling RH, Way LW (1991) Burn and thermal injuries. Curr Surg Diagn Treat 15: 235.

4. Liao CY, Chen SL, Chou TD, Lee TP, Dai NT, et al. (2008) Use of two-dimensional
projection for estimating hand surface area of Chinese adults. Burns 34: 556-559.
[Crossref]

5. Lund CC, Browder NC (1944) The estimation of areas of burns. Surg Gynecol Obstet
79:352.

6. Jose RM, Roy DK, Vidyadharan R, Erdmann M (2004) Burns area estimation-an error
perpetuated. Burns 30: 481-482. [Crossref]

7. Jose RM, Roy DK, Wright PK, Erdmann M (2006) Hand surface area-do racial
differences exist? Burns 32: 216-217. [Crossref]

8. Perry RJ, Moore CA, Morgan BD, Plummer DL (1996) Determining the approximate
area of a burn: an inconsistency investigated and re-evaluated. BMJ 312: 1338.
[Crossref]

9. Rossiter ND, Chapman P, Haywood IA (1996) How big is a hand? Burns 22: 230-231.
[Crossref]

10. Cahill TJ, Rode H, Millar AJ (2008) Ashes to ashes: thermal contact burns in children
caused by recreational fires. Burns 34: 1153-1157. [Crossref]

11. Amirsheybani HR, Crecelius GM, Timothy NH, Pfeiffer M, Saggers GC, et al. (2000)
Natural history of the growth of the hand: Part II-Hand length as a treatment guide in
the pediatric trauma patient. J Trauma 49(3): 457-460. [Crossref]

12. Brown TL, Muller MJ (2004) Damage limitation in burn surgery. Injury 35: 697-707.
[Crossref]

13. Choi H, Park MS, Nam B, Lee J, Kim E, et al. (2011) Palm surface area database and
estimation Formula in Korean children using the alginate method. Applied Ergonomics
42: 873-882. [Crossref]

14. Chua A, Song C, Chai A, Kong S, Tan KC (2007) Use of skin allograft and its donation
rate in Singapore: an 11-year retrospective review for burns treatment. Transplant Proc
39: 1314-1316. [Crossref]

Volume 2(4): 3-4


http://www.ncbi.nlm.nih.gov/pubmed/11560080
http://www.ncbi.nlm.nih.gov/pubmed/11304598
http://www.ncbi.nlm.nih.gov/pubmed/17959314
http://www.ncbi.nlm.nih.gov/pubmed/15225916
http://www.ncbi.nlm.nih.gov/pubmed/16448774
http://www.ncbi.nlm.nih.gov/pubmed/8646048
http://www.ncbi.nlm.nih.gov/pubmed/8726264
http://www.ncbi.nlm.nih.gov/pubmed/18789590
https://www.ncbi.nlm.nih.gov/pubmed/11003323
http://www.ncbi.nlm.nih.gov/pubmed/15203310
https://www.ncbi.nlm.nih.gov/pubmed/21397891
https://www.ncbi.nlm.nih.gov/pubmed/17580129

Goker P (2017) Determination of hand and palm surface areas as a percentage of body surface area in Turkish young adults

20.

2

22.

. Skinner A, Peat B (2002) Burns treatment for children and adults: a study of initial

burns first aid and hospital care. N Z Med J 115: U199. [Crossref]

. DuBois D, DuBois EF (1915) The measurement of surface area of man. Arch Intern

Med 15: 868.

. Agarwal P1, Sahu S (2010) Determination of hand and palm area as a ratio of body

surface area in Indian population. Indian J Plast Surg 43: 49-53. [Crossref]

. Charles SF, Burns B (2005) Schwartz’s principles of surgery. 190-197.

. Cosolo WC, Morgan DJ, Seeman E, Zimet AS, McKendrick JJ, et al. (1994) Lean

body mass, body surface area and epirubicin kinetics. Anticancer Drugs 5: 293-297.
[Crossref]

Imrhan SN, Sarder MD, Mandahawi N (2009) Hand anthropometry in Bangladeshis
living in America and comparisons with other populations. Ergonomics 52: 987-998.
[Crossref]

. Lee JY, Choi JW, Kim H (2007) Determination of hand surface area by sex and body

shape using alginate. J Physiol Anthropol 26: 475-483. [Crossref]

Reading BD, Freeman B (2005) Simple formula for the surface area of the body and a
simple model for anthropometry. Clin Anat 18: 126-130. [Crossref]

23.

24.

25.

26.

27.

28.

29.

30.

Verbraecken J, Van de Heyning P, De Backer W, Van Gaal L (2006) Body surface
area in normal weight, overweight, and obese adults. A comparison study. Metabolism
Clinical and Experimental 55: 515-24.

Abernathy J (1793) An essay on the nature of the matter perspired and absorbed from
the skin. Surg Physiol Essay Part 3: 107-165.

Verbraecken J, Van de Heyning P, De Backer W, Van Gaal L (2006) Body surface area
in normal-weight, overweight, and obese adults. A comparison study. Metabolism 55:
515-524. [Crossref]

Gehan EA, George SL (1970) Estimation of human body surface area from height and
weight. Cancer Chemother Rep 54: 225-235. [Crossref]

Choi H, Park MS, Lee HM (2011) Hand surface area as a percentage of body surface
area in Asian children: a pilot study. Burns 37: 1062-1066. [Crossref]

Kwon O, Jung K, You H, Kim HE (2009) Determination of key dimensions for a
glove sizing system by analyzing the relationships between hand dimensions. Applied
Ergonomics 40: 762-66.

Yu CY, Hsu YW, Chen CY (2008) Determination of hand surface area as a percentage
of body surface area by 3D anthropometry. Burns 34: 1183-1189. [Crossref]

Berry MG, Evison D, Roberts AH (2001) The influence of body mass index on burn
surface area estimated from the area of the hand. Burns 27: 591-594. [Crossref]

Copyright: ©2017 Goker P. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.

Trauma Emerg Care, 2017

doi: 10.15761/TEC.1000135

Volume 2(4): 4-4


http://www.ncbi.nlm.nih.gov/pubmed/12552305
http://www.ncbi.nlm.nih.gov/pubmed/20924450
http://www.ncbi.nlm.nih.gov/pubmed/7919453
http://www.ncbi.nlm.nih.gov/pubmed/19629813
http://www.ncbi.nlm.nih.gov/pubmed/17704626
http://www.ncbi.nlm.nih.gov/pubmed/15696524
http://www.ncbi.nlm.nih.gov/pubmed/16546483
http://www.ncbi.nlm.nih.gov/pubmed/5527019
http://www.ncbi.nlm.nih.gov/pubmed/21489696
http://www.ncbi.nlm.nih.gov/pubmed/18539398
http://www.ncbi.nlm.nih.gov/pubmed/11525853

	Title
	Correspondence

