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Skinfold Sum: Reference Values for Top Athletes
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SUMMARY: Skinfold determinations from different body parts are occasionally used in prediction equations to calculate fatness.
This is a critical parameter that conditions optimal sport performance. Reference values of skinfolds in top athletes do not exist. Therefore,
the main objective of this study is to present skinfold reference values from a large population of athletes. Triceps, subscapu lar, suprailiac,
abdominal, thigh and medial calf skinfolds were measured according to ISAK (International Society for Advancement of Kinanthropometry)
norms in 2500 athletes. Six skinfold sums as well as partial sums from different body segments (upper, trunk and lower) were applied.
Data show that the highest skinfold values were observed for thigh calf and abdominal, being the subscapular the lowest. Women
presented higher skinfold values than men. Concerning partial sums, trunk and lower body segments presented the highest scores.
Subjects practicing hockey, handball, indoor soccer, rowing, scuba diving and table tennis displayed the highest fat percents. In conclusion,
fatty mass calculation in athletes should consider the six skinfold sum. In addition, body fat tends to be localized in the trunk and lower
body segments in athletes and varies according to gender and sport discipline.
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INTRODUCTION

Anthropometry is a discipline that provides Currently, training and nutritional planning for
information about body composition. Therefore, it can bathletes generally take in account body fat content, since
used to design training and nutritional strategies for th@gh values of this parameter have a negative influence on
correct preparation of the sports season for elite athletes.dptimal sport performance. To this end, adiposity
this end, anthropometry provides data about major bodsgtermination of the athletes by anthropometry is instrumen-
compartments, such as fat, muscle, bone and viscera ttator trainers and medical staff. One such case is the body
are instrumental in sport performance. This can be achieverss index (BMI), calculated by the ratio of weight (in kg)
using prediction equations that are widely used and crogsid the height value squared (in meters) (Rg/BMI has
validated by the International Society for Advancement dfeen considered as an indirect estimation of adiposity in
Kinanthropometry (ISAK) for Caucasian-White populationgpidemiologic studies. In Caucasians, a BMI value between
(Marfell-Joneset al, 2006). Compared to other disciplines20 and 24.9 kg/fis considered normal, 25-29.9 kd/im
anthropometry uses non-invasive, affordable and portatde@erweight and 30-35 kg/imis obese (WHO Expert
devices to determine skinfolds, weight, height and bodgonsultation, 2004; Kagaved al, 2006; Deurenbergt al,
circumferences and diameters. These devices are simple 4089). Therefore, it can be assumed that BMI is well
easy to use, allowing rapid determinations and thus can dm@related with the percentage of body fat (Malina, 2007)
performed in large populations. Neverthelessand for this reason it is a predictive parameter for several
anthropometric measurements require trained personnghthological situations, such as obesity and type 2 diabetes.
standardization of the measurement, as well as, in sotdewever, BMI does not provide any information concerning
instances, the appropriate calibration of the instruments.the distribution of fat in the body, which could be a more
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practical question in sports. Furthermore, increments was used and calibrated according to the manufacturers’
muscle mass, typical in sport performance, have a diranstructions. Anthropometric measurements were performed
influence in BMI values (Manila). according to ISAK standards (Marfell-Jones et al.). Two
experienced persons performed independently each
Alternatively, skinfold sum also provides an index tadetermination twice, considering valid values when stan-
determine adiposity. For example, subcutaneous fat reflectard deviation of each measurement was lower than 7%
the amount of fat present in the adipose tissue. In fact, 40darfell-Jonest al). The following sums were considered
60% of body fat is in the subcutaneous region (Wetrj, for fat content calculations: six skinfolds (SSS=
2000). On the other hand, particular skinfold determinatioris+Sb+Sp+A+TC+MC), upper body skinfolds (SUBS=
provide information concerning local fat depots and fat+Sb), trunk skinfolds (STS= Sp+A) and lower body
distribution in the body. Skinfold values can be easily anskinfolds (SLBS=TC+MC). Fat weight and percentage were
directly obtained using calipers. The information providedalculated using Yuhasz equation modified by Faulkner
can be quickly interpreted, allowing the comparison betwedh968). Bone mass and percentage were calculated according
different groups. However, reference values of skinfolds it Rocha (Marfell-Jonest al). Muscle mass and percentage
top athletes do not exist and the obtained values cannotviere calculated from Martin’s equation (Marginal, 2003).
compared and validated in relation to other populations.
Therefore, the main objective of this study is to provide Descriptive statistics presents data as ms@mdard
skinfold reference values from a large population of Caucasideviation (SD) and percentile values at 95% confidence
elite athletes that can be useful for trainers to design exercisterval. SPSS 11.1 for Windows was used.
and nutritional strategies in sports.

RESULTS
MATERIAL AND METHOD

We performed anthropometric determinations in 2500
The population studied (Caucasian-White) consistedp level athletes, 1771 males (70.8%) and 729 females
in 2500 competitive-level athletes (729 women and 1771 mef®9.2%). The mean a#8D of the studied population was
which are officially registered in the records of the Generalitatl.3t6.1 years, 22:85.4 in men and 18131.0 in women. The
Valenciana, published every year. The study was conductedan weightSD of the studied population was 701&.8
during the 2000-2004 period. The last official recorde#lg, 75.5:13.8 kg for men and 5%4.0.3 kg for women. The
publication was DOGV 4744 in May*2004. The study was mean heightSD was 175.211.5 cm, 179.210.2 cm for men
ethically conducted as according to regional laws (DOG¥nd 165.68.5 cm for women. The mean % of fat 8B
4766 in June '§ 2004) as well as to the ethical standardeias 12.%3.1%, 12.22.8% for men and 14+B.2% for
described in the 1964 Declaration of Helsinki. All subjects’'omen. The mean % of bone masS® was 17.12.1%,
were informed of the study before giving their written consent.7.2t2.0% for men and 16£2.3% for women. The mean %
Athlete selection to be included in official records is performedf muscle mass was 43100.6%, 46.89.5% for men and
as follows. Athletes are registered in the correspondir@B.7#6.6% for women. The sport disciplines practiced by the
Secretariat of the Regional Sport Council. Each athletghletesare shown in Table VA and VB.
receives a score according to the records or position they
occupy in the National, European, World or Olympic Table | presents the mea®&D of the different
Championships. Therefore, each athlete of this study hslsinfolds in the whole population, men and women. The
participated at least in the final contest of the correspondimgean highest values can be observed for TC and A skinfolds,
Spanish Championship. The athletes included in this list obtaimanwhile the lowest value corresponded to Sh. Female
a fellowship and have the possibility of accessing to thethletes displayed higher skinfold values than men.
Sportsmen Service of the Generalitat Valenciana where théyassification in 3 percentiles (050" and 90) was
receive training, medical and nutritional support. Ergometryerformed for the whole population (Table I[I1A), men (Table
and anthropometry probes are freely provided by this servidiB) and women (Table 1IC). In the whole population, at
The anthropometric measurements performed in this lar§6th percentile, the athletes could be classified into two
population constitute the basis of this reference list. groups depending on their skinfold values: those which
values were close to 8 mm (T, Sb, Sp and MC) and the rest
The following skinfolds were measured: triceps (T)which were approximately at 12 mm (A and TC). At the
subscapular (Sb), suprailiac (Sp), abdominal (A), thigh calOth percentile, all skinfolds were comprised in a narrow
(TC) and medial calf (MC). Skinfold calliper (Holtain, UK) interval (3.8-5.7 mm). At 90percentile, two groups were
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also observed: one at approximately 14-17 mm (T, Sb amable I. MearSD values of skinfolds in mm of the studied
MC) and another at 20-25 mm (Sp, A and TC). In men, R¢pulation.

similar pattern was seen at§fercentile. At 10th percentile, Skinfold ~ Whole population M en Women
all male skinfolds displayed higher values than those in the— 94457 8,633 141446
whole population, ranging fr.om 4.6-7.0 mm. Attfgo 8.9446 95436 10.2+4.1
percentile, the same groups as in the whole population could
be observed again, one comprising T, Sb and MC skinfolds 10.2+6.9 10.1+6.0 13.5£6.7
(around 13.5 mm), and another using Sp, Aand TC skinfolds A 13.048.3 132+74  16.6£75
(18.0-25.0 mm). At 5D percentile, women’s T, Sp, Aand TC 14.248.2 12.6+5.4 22.3+6.7
MC skinfolds ranged between 12.0-15.4 mm, and Sb and ¢ 0.345.8 8.4+4.0 14.2+5.4
TC displayed the lowest and highest values respectively. Tn
addition, women displayed the highest values of skinfolds
at 10" and 9@ percentiles compared to men.
Table II. Skinfolds classified in percentiles.
A) Skinfolds in mm classified by percentiles in the whole population.
Percentile T Sb Sp A TC MC
10" 4.3 53 4.0 51 5.7 38
50" 8.8 85 8.6 11.35 12.6 8.2
90" 16.2 14.0 20.0 252 255 16.9
B) Skinfolds in mm classified by percentiles in male athletes.
Percentile T Sb Sp A TC MC
0" 5.2 6.6 52 6.4 7.0 4.6
50" 8.0 8.6 8.2 108 114 7.4
90" 130 139 180 25.0 201 134
C) Skinfolds in mm classified by percentiles in female athletes.
Percentile T Sb Sp A TC MC
10" 8.8 6.2 6.0 78 134 8.2
50" 135 9.2 12.0 15.4 220 132
[0y 20.3 16.2 234 280 315 220

Table Ill. MearrSD values of skinfold sums in mm in the studied population.

Skinfold sums Whole Population Men Women
2SS 64.9+35.1 62.6£25.6 91.1+31.1
ZUBS 18.3+9.0 18.2+6.2 24.4+8.1
ITS 23.2+14.6 234+£12.7 30.1+13.6
2LBS 23.4+13.5 21.0+8.8 36.6+11.3

As complementary information about the local bodyody, and two skinfolds were measured in each part: T and
fat distribution in our studied population, we present thgb in upper body, Sp and A in trunk, and TC and MC in
skinfold sums by body segments (Table Il1). To this end, wewer body. The trunk and lower body presented the highest
divided the body in 3 parts: upper body, trunk and lowearalues, indicating a preferential distribution of fat in these
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Table IV. Skinfold sums in mm classified by percentiles.
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C) Skinfold sums in mm classified by percentiles in female athletes.

A) Skinfold sums in mm classified by percentiles in the Percentile 2SS ZUBS ZTS ZLBS
whole population. 10" 541 15.2 135 226
Per centile ISS TUBS ITS  3ILBS 50 86.6 230 278 355
10" 328 10.6 97 10.2 90" 135.7 354 51.0 53.6
50" 59.7 17.6 205 21.0
9on 1119 29.4 44.2 41.3
B) Skinfold sums in mm classified by percentiles in male
athletes.
Percentile ZSS ZUBS ZTS ZLBS
10" 382 12.4 12.0 122
50 55.2 16.9 19.2 18.8
o0 97.1 26.0 416 33.0
Table VA. Sport disciplines, % fat and skinfold sums in men. Values are expressed asSbeans
Sport discipline Number of Athletes % Fat ISS ZUBS 2TS ILBS
Alpinism 35 11.1+20 53.1+21.7 16.7+7.4 18.1+7.8 18.3+10.3
Athletics 99 114435 56.9+35.2 16.4+8.5 20.3+4.9 20.1+12.8
Badminton 89 11.3+16 56.3+14.6 16.7+3.4 19.5+7.4 20.1+5.2
Basketball 275 12.8+30 69.5+27.2 19.5+6.9 26.2+13.6 23.8+9.1
Basque pelota 2 12.5+0.6 66.1+4.7 16.8+1.2 27.1+25 22.3+1.0
Cycling 18 117424 60.5£23.2 17.545.3 21.3+10.6 21.7+9.0
Frontenis 26 134427 79.3£26.7 22.4+7.0 27.4+120 29.5+10.7
Golf 1 109 52.2 16.8 16.6 188
Gymnastics 18 9.610.5 39.918.0 132414 11.9+1.9 14.7+6.0
Hockey 13 15.1+49 91.7+45.8 25.6£11.6 35.0+20.5 31.1+15.8
Handball 110 14.1+31 77.2£275 20.4+6.6 33.9+14.6 23.0+8.6
Indoor soccer 129 15.1+31 87.1£27.7 23.9+7.1 37.0£139 26.2+10.0
Judo 19 11.7+4.4 58.7+38.3 18.4+10.8 20.4+18.0 19.9+10.5
Motornautics 1 115 58.3 17.3 201 20.9
Orienteering 59 10.8+13 52.0+13.9 15.8+3.9 16.61+5.3 19.6+6.7
Rowing 65 14.0+32 81.6£29.3 21.8+5.6 31.7+16.1 28.0+9.2
Rugby 13.1+24 74.8+28.8 20.1+5.2 28.0+10.2 26.7+13.4
Sailing 11.7 54.2 16.3 224 155
Scubadiving 16.1+4.6 98.4+39.7 25.9+9.8 4144217 31.0+10.9
Soccer 643 11.3t16 53.7£15.2 16.6+3.8 19.2+7.3 17.9+6.4
Squash 1 9.0 31.0 10.7 104 9.9
Swimming 30 11.0£1.9 54.9+16.2 16.4+4.8 17.4+7.8 21.1+4.8
Tabletennis 21 14.6£3.6 86.0+25.9 23.1+7.6 34.5+16.7 28.4+7.2
Tennis 31 125+26 69.7£23.7 19.845.7 24.2+11.8 25.7+8.2
Triathlon 40 11.0+1.7 49.9+15.7 15.2+3.2 18.8+8.2 16.0+5.3
Volleyball 36 10.9+1.3 50.9+12.8 15.2+4.0 18.0+5.1 17.7¢5.0
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Table VB. Sport disciplines, % fat and skinfold sums in women. Values are expressed a@SmDeans

Sport discipline Number of % Fat 2SS 2ZUBS 2TS 2LBS
athletes

Alpinism 7 13.0£1.1 79.0£11.1 22.7+3.1 24.3+4.3 31.9+6.1
Athletics 89 14.6+£3.8 94.8+36.7 26.3+10.2 31.5+155 37.0£124
Badminton 66 14.3+1.7 93.9+16.6 24.7+4.3 31.1t74 38.1+7.3
Basketball 137 16.0£3.4 110.6+31.9 29.5+9.1 37.3t14.0 43.8+11.0
Cyding 1 132 82.8 218 26.7 34.3
Frontenis 5 14.5+2.8 98.3+31.7 25.8+7.4 31.2+124 41.4+16.4
Hockey 4 13.445.0 78.9+40.2 22.4+£12.7 27.4+20.4 20.149.1
Handball 15 16.7+3.6 113.0+ 32.0 32.0+8,6 39.2+15.9 41.849.0
Indoor soccer 16 13.0£2.1 79.2£19.4 23.3t4.0 23.9+11.2 32.1485
Judo 39 12.7+2.1 77.1+17.3 22.0+4.3 23.2+10.3 31.9+6.9
Orienteering 30 14.1+1.6 91.2+15.1 22.6+3.8 31.5+7.8 37.146.7
Rhythmic ymnastics 76 10.2+1.2 50.2+13,2 14.7+2.9 14.0+54 21.545.9
Rowing 21 15.6+£1.9 100.5+16.5 26.0£6.2 38.0£95 36.4+7.2
Sailing 2 16,34+0.7 117.6x8.0 33.6x15 35.5£5.9 48.6+£3.6
Skating 1 141 95.9 27.0 275 41.4
Soccer 106 14.94£2.9 100.0£8.5 25.6£7.0 34.1+12.7 40.3£11.0
Swimming 59 13.0+2.8 80.3+25.4 21.5+6.6 25.4+11.8 33.4+9.8
Tennis 31 14.2+2.1 92.0£19.9 22.5+5.6 32.4+9.2 37.1+£7.1
Triathlon 6 11.5+1.2 72.8+13.7 20.7x4.2 16.9+3.8 35.2+6.3
Volleyball 18 14.3+2.2 93.2£17.9 25.6+£5.8 30.3£9.8 374184

body segments in the whole population. Comparing low@racticing disciplines such as hockey, handball, indoor
body and trunk, it seems that fat content tends to be sligh#igccer, rowing, scuba diving and table tennis had the highest
higher in the lower body. This pattern was also seen in tfet percentages and thereby the highest values for SSS. In
female athletes, whereas in men the trunk values were highéircases and according to partial sums, the major fat
than in lower body. According to Table IVA, this patterrdeposition seemed to be located at the trunk in men. On the
was observed, as expected, at tHeggcentile in the whole other hand, the lowest fat content could be observed in
population. At 90 percentile, the same pattern was seeimdividuals practicing gymnastics and orienteering. In these
but the sum of trunk skinfolds predominated. At"10 cases and according to partial sum values, fat deposition
percentile, the sums of the different body parts tend to diseemed to be predominant in the lower body part.
play the similar-most values. In men, the sums of skinfolds
in the different body segments tend to display uniform values In the case of women, they generally displayed
at 10" and 5@ percentiles (Table IVB). At 90percentile, higher fat percentages than men for each particular disci-
trunk and lower body parts also displayed higher valugdine. Few exceptions can be mentioned, such as hockey
compared to the upper body, being the trunk the categagd indoor soccer, but the n values were very different
with the highest values. In women, the lower body segmeaid thereby it is difficult to compare both disciplines in
displayed the highest skinfold values at"ldnd 5@ order to reach a conclusion. The higher fat percentages
percentile (Table IVC). This tendency was not maintaineaere found in basketball, handball and sailing athletes. As
at 90" percentile, where trunk skinfold sum tend to be closespposed to male athletes, in these cases the partial sums
to lower body skinfold sum. indicated that the lower body is a predominant location
for fat deposition in women. This pattern could be observed
Finally, Tables VA and VB present the percentage as well in women with the lowest fat percentages, which
fat and skinfold sums in the different sport disciplines, botbonsisted in those practicing judo, rhythmic gymnastics
in men (Table VA) and women (Table VB). Individualsand triathlon.
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DISCUSSION

Skinfold sum is an acceptable parameter to estimatentent and thus, the thickness of skinfolds in certain body
fat component in athletes. This can be performed directhegments is directly related to local fat accumulation. In
by coaches or medical staff, providing key data for seasor@aldition, the selected skinfolds (T, Sb, Sp, A, TC and MC)
planning (Malina). One of the limitations of this method isvere the most frequently used measurements in the 50
the absence of reference lists that can be useful to memmmonly-most prediction equations used to estimate body
precisely evaluate fat contents for particular sport disciplfat content (Wanget al). In this context, fatty mass
nes. The objective of this work has been the recompilati@alculation in athletes should consider the six skinfold sum
of these data in a large population of athletes reported so fastead of the four (T, Sb, Sp and A) that are used in other

prediction equations (Marfell-Joneg al). We also

Newer technology, such as dual-energy X-rapbserved that body fat tends to be localized in the trunk
absorptiometry (DXA), magnetic resonance (MR) andnd lower body segments in athletes. Other equations use
computerized tomography (CT) are more reliable thamdditional skinfolds to calculate body fat, usually bicipital
anthropometry. For this reason, the use of predicticand pectoral skinfolds (there are more than 19 skinfold sites)
equations to calculate fat content could be questioned, lfiarfell-Joneset al; Wanget al; van der Ploegt al,
the literature shows that equations have an estimated sta003). The addition of these skinfolds could improve the
dard error of 3-7% and body fat content calculations apecision of the total fat value, however the majority of the
very similar to those obtained using the most preciggeasurements are taken from the upper body area, an area
technology (Wanget al; Reilly et al, 2009). In addition where athletes do not seem to accumulate fat. Altogether,
DXA, MR and CT are very expensive and only available toe consider as more appropriate for athletes the use of
a few research centres. On the other hand, anthropomegrgdiction eqations that include the sum of six skinfolds to
has a strong potential in estimating body fat, since it &alculate body fat content (Marfell-Joregsal). Moreover,
available to most sport researchers, medical staffattends to be localized in the trunk and lower body segments
nutritionists and trainers. and varies according to gender and discipline.

An interesting tool indicated in this study is the use
of partial skinfold sums at different body segments. LocAiCKNOWLEDGMENTS
sums allows the analysis of fat content in different
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RESUMEN: Las determinaciones de los pliegues subcutaneos de diferentes zonas corporales son utilizadas ocasionalmente en
ecuaciones predictivas para calcular la masa grasa. Este es un parametro critico que condiciona el éptimo rendimientdaleportivo
existen valores de referencia de pliegues subcutaneos en atletas de élite. Por tanto, el principal objetivo de estpresamar es
valores de referencia de pliegues subcutaneos de una amplia poblacion de atletas. Los pliegues tricipital, subescdipelar, suprai
abdominal, muslo y pierna fueron medidos de acuerdo a la normativa ISAK (Sociedad Internacional para el Avance de |aQietef)trop
en 2500 atletas. La suma de los seis pliegues asi como las sumas parciales de diferentes segmentos corporales (sueerior, tronca
inferior) fueron calculadas. Los datos muestran que los valores mas altos de pliegues subcutaneos fueron observadog zmnal muslo
abdominal, siendo el pliegue subescapular el menor. Las mujeres presentaron valores mas altos de pliegues subcutdneos que los h
bres. Respecto a las sumas parciales, los segmentos corporales troncal e inferior presentaron las mayores puntuacboastdos pra
de hockey, balonmano, fatbol sala, remo, submarinismo y tenis de mesa mostraron los mayores porcentajes de grasa. Hogonclusion
célculos de masa grasa en atletas deberian de considerar el sumatorio de los seis pliegues subcutaneos. Ademas,dhtgrada corpor
a estar localizada en los segmentos corporales troncal e inferior y varia segun el género y la disciplina deportiva.

PALABRAS CLAVE: Antropometria; Grasa corporal; Pliegues subcutaneos; Segmentos corporales; Deportes.
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