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Ponderal Somatogram Analysis of Girth Measurements by Position in
Division III College Football Players

Abstract

Ponderal somatograms assessed body compositions in four groups of Division III collegiate football players:
offensive line (OL), defensive line (DL), offensive backs (OB), and defensive backs (DB). Ponderal
somatograms evaluate body size and shape by converting muscular (shoulders, chest, biceps, forearm, thigh,
and calf) and nonmuscular (abdomen, hips knee, ankle, and wrist) girths into ponderal equivalent (PE)
values. Anthropometric measurements, including stature, body mass, girths, and percent body fat by
densitometry were collected in 82 players (22 OL, 12 DL, 20 OB, and 28 DB) during preseason camp. PE
values were calculated for each girth as PE, kilograms = (girth, cm / k)sq. x stature, decimeters, where k=k
constant from Behnke's reference man. PE values were compared to body mass to indicate overdevelopment
(PE greater than body mass) and underdevelopment (PE less than body mass). OL was significantly heavier
than DL (+15.6 kg), OB (+25.2 kg), and DB (+22.4 kg). OL percent fat as significantly greater than DL
(+5.9%), OB (+9.0%), and DB (+9.3%). Similar differences occurred in girths and PE values by position.
Muscular components were generally overdeveloped, with the greatest overdevelopment in the biceps (OL +
16.0kg, DL + 19 kg, OB + 14.2 kg, and DB + 16.2 kg). Nonmuscular abdomen, hips, and knee were generally
overdeveloped, with the greatest overdevelopment in the OL abdomen (+19.3 kg). Nonmuscular ankle and
wrist were underdeveloped. Ponderal somatograms provide a relatively quick and simple method to translate
girth measurements into ponderal equivalent values that seem to be position-specific among offensive and
defensive linemen and backs. Somatograms provide an appraisal of body composition that helps coaches and
athletes monitor the effectiveness of strength and conditioning programs.
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PONDERAL SOMATOGRAM ANALYSIS OF GIRTH
MEASUREMENTS BY POSITION IN Division ITI
COLLEGE FOOTBALL PLAYERS

ERISTIN J. STUEMPFLE," DANIEL G. DRURY,! DAVID F. PETRIE, AND FRANK I KATCH?

"Department of Health Sciences, Ge

Agder, Kristiansand, Norway

ABSTRACT
Stuempfle, KJ, Drury, DG, Petrie, DF, and Katch, Fi. Ponderal
somatogram analysis of girth measurements by position in
Division ll college football players. J Strength Cond Res 23(3):
788-799, 2009-Ponderal somatograms assessed body
composition in four groups of Division Il collegiate football
players: offensive line (OL), defensive line (DL), offensive backs
(OB), and defensive backs (DB). Ponderal somatograms
evaluate body size and shape by converting muscular
(shoulders, chest, biceps, forearm, thigh, and calf) and
nonmuscular (abdomen, hips, knee, ankle, and wrist) girths
into ponderal (PE) values. Anthi ic measure-
ments, including stature, body mass, girths, and percent body
fat by densitometry were collected in 82 players (22 OL, 12 DL,
20 OB, and 28 DB) during preseason camp. PE values were
calculated for each girth as PE, kilograms = (girth, cm + K)? X
stature, decimeters, where k = k constant from Behnke's
reference man. PE values were compared to body mass to
indicate overdevelopment (PE > body mass) and under-
development (PE < body mass). OL was significantly heavier
than DL (+15.6 kg), OB (+25.2 kg), and DB (+22.4 kg). OL
percent fat was significantly greater than DL (+6.9%), OB
(+9.0%), and DB (+9.3%). Similar differences occurred in
girths and PE values by position. Muscular components were
generally overdeveloped, with the greatest overdevelopment in
the biceps (OL + 16.0 kg, DL + 19 kg, OB + 14.2 kg, and DB +
16.2 kg). Nonmuscular abdomen, hips, and knee were generally
overdeveloped, with the greatest overdevelopment in the OL
abdomen (+19.3 kg). Nonmuscular ankle and wrist were
ped. Ponderal provide a relatively
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,among offensive and defensive linemen and backs. Somato-

grams provide an appraisal of body composition that helps
coaches and athletes monitor the effectiveness of strength and
conditioning programs.

Key WorDs body composition, anthropometry, body profie. |

INTRODUCTION
hni for body ition in

football players and other athle(es are well de-

veloped (6,16), yet their practical application

has been less well demonstrated. It is not unusual

for a plethora of body composition measurements to be
taken, only to have them become meaningless statistics lost
in a file cabinet. However, it s possible to translate body

datainto a and practical appli
for both coaches and athletes.
Hyd ic weighing, bioelectrical i and skin-

fold and girth measurements are frequently used to assess
body composition in football players (6,16). Hydrostatic
weighing is usually the criterion method (16) but requires
specialized laboratory equipment and is a time consuming
procedure. In contrast, girth measurements are relatively
simple and quick to obtain and can produce a somatogram,
a graphic ion of girth that provides
a practical method to communicate body composition data
to coaches and athletes (1,10).
In 1959, Behnke (1) introduced the concept of the
based on 11 girth
describe body shape expressed in percent deviation units from
a reference standard. If the girth measurements for a given
mdwxduzl conform precisely to the reference values, no

quick and simple method to translate girth into
ponderal equivalent values that seem to be position-specific

occur and the plots as a vertical line.

In 1987, Katch (10) presented an extension of the original
Behnke somatogram, termed the ponderal somatogram. In
this enh the girth were placed into
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muscular chest, biceps, forearm, thigh, and calf)
and nonmuscular (abdomen average, hips, knee, ankle, and
wrist) ivi girth measure-
ments were converted into ponderal equivalent (PE) values
to allow for comparison of individual girths to body mass as
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mass equivalents. These ons indicate overdevelop-
ment or underdevelopment at a given site. For example, if
the PE value at a given site exceeds body mass, this region is
considered overdeveloped. If the PE value is less than body
mass, it indicates underdevelopment at this site. The ratio of
the PE muscular components (PE-M) to the PE nonmuscular
components (PE-NM) serves as useful, relative index of
muscularity and adiposity. For the graphical representation of
the ponderal somatogram, the deviation of each PE girth
from the reference is computed as the percentage deviation
from the opposite PE component. A report by Sinning and
Moore (17) provided evidence for the validity of the ponderal
somatogram.

In the present study, body compasition was assessed in
Division I college football players separated into four groups
by position: offensive line (OL), defensive line (DL), offensive
backs (OB), and defensive backs (DB). Body mass and percent
fat by densitometry (including fat mass and fat-free mass)
were compared among the groups and ponderal somato-
grams assessed girth deviations. The following was calculated
for-each group: (1) muscular and nonmuscular PE values
compared with body mass, (2) PE-M/PE-NM ratio, and (3)
graphic display of each PE value as a percentage deviation
from the opposite PE component.

METHODS

Experimental Approach to the Problem

Analysis of variance detected anthropometric differences
in four groups of Division Il college football players: OL,
DL, OB, and DB. Anthropometric measurements, including
stature, body mass, girths, and percent body fat by
densitometry were collected during preseason camp. Girth
measurements were used to construct ponderal somatograms
that divide girth measurements into muscular (shoulders,
chest, biceps, forearm, thigh, and calf) and nonmuscular
(abdomen average, hips, knee, ankle, and wrist) components
and convert the girth measurements into PE values. PE values
were compared to body mass to indicate overdevelopment
(PE > body mass) or underdevelopment (PE < body mass) at
specific girth locations. The ratio of PE muscular components
to PE no ! p was calculated as an indi-
cation of muscularity and adiposity. A graphic representation
of the deviation of each PE value as a percentage deviation
from the opposite PE component provided visual represen-
tation of body size and shape.

Subjects

Anthropometric characteristics were-assessed in 82 Division
111 football players from Gettysburg College, Gettysburg, Pa,,
a NCAA Division III school with a 114-year history of
competition in football at this level. The subjects were placed
into four groups by position: OL (N'=22), DL (N=12), OB
(N = 20), and DB (V = 28). Subjects were tested during
the 2002 preseason camp. Before reporting to preseason
camp, all subjects participated in a 13-week mandatory team

VOLUME 23 | NUMBER 3 | MaY 2000 | 791
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TasLe 5. Stature, body mass, and % body fat by position; values expressed as mean + SD.

Team oL 0B DB p <0.05
Height, cm 1794 = 5.4 1826 56 1809 =49 1769 =56 177939 OL> OB,DB
Body mass, kg 925+ 133 1086 *+80 930+99 83479 86293 OL>DL OB,DB;
DL > OB
% fat 18.0 = 6.4 242+50 1883+60 152+49 14951 OL>DL OB,DB
Fat mass, kg 17.3 =83 26.6 = 7.0 17.4 + 65 129 £ 5.0 131 +55 OL> DL, OB, DB
Fat-free mass, kg =~ 756.2 + 7.3 820+46 756+*63 705%568 73166 OL>DL OB, DB

OL = offensive line; DL = defensive i

OB = offensive back; DB = defensive back.

e s e o iee =

et e e e

‘
i
]

tape to 0.1 cm. All girth measurements were taken by
the same investigator (KS) who was i d with this

Anatomical Landmarks for Muscular Girth Sites

h Test-retest reliabilities of girth atall
sites average approximately 0.95 or higher (2,7) with validity
verified during pilot testing (FK). The 12 measurement sites
included 6 muscular sites and 6 nonmuscular sites. Bilateral

paired measurements were made for the extremities, and an

average of the paired scores served as the criterion score for
those sites. The abd 1 and abd

laterally at the maximum protrusion of the
deltoid muscles and anteriorly at the prominence of the
sternum at the junction of the second rib

© Chest: nipple line at midtidal volume of respiration

® Biceps flexed: maximal girth with elbow flexed to 90
degrees

® Forearm: maximal girth with elbow extended and hand

iated

were averaged to produce an abdominal average criterion
score. The anatomical landmarks for the muscular and

® Thigh: maximal girth
. Ca]l' maximal girth

nonmuscular girth sites follow (7): . ical Landmarks for N lar Girth Sites
TastLe 6. Girth measurements by position; values expressed as mean = SD.
Girth, cm
Team oL bL OB DB p <0.05

Muscular component

Shoulders 1261 + 7.0 1822+ 53 1260 =53 1215+ 53 121.8 + 66 OL > DL, OB, DB
Chest 107.3 = 8.4 116.7 = 6.1 108.6 = 5.4 1009 + 6.0 1039 + 65 OL > DL, OB, DB;

DL> OB
Biceps 38929 41420 3894*22 371*27 379x27 OL>OB,DB
Forearm 31.0+17 825*10 814*15 300+12 303=*1.7 OL>OB,DB;

DL > OB
Thigh 646+ 48 695+31 65131 616+80 625=47 OL>DLOB,DB |
Calf 407 25 429+19 404*17 399+16 394+28 OL>DLOB,DB !}
Nonmuscular component i
Abdomen ave. 91.8 =101 1035 *+8.1 926+6.7 853+*60 87.1*65 OL > DL, 0B, DB;
Hips. 107.4 = 6.8 1152 = 4.2 1080 + 3.4 103.1 = 48 104.0 =54 OL > DL OB, DB;
Knee 41.7 225 441 *17 423+15 406+*19 403 %22 OL> DL 0B, DB;
Ankle 247+ 14 260*12 24811 24310 240*183 OL > DL1 OB, DB
Wrist 184+08 189%0.7 186+05 179+*07 182*0.7 OL>OB,DB;

DL > OB

OL = offensive line; DL = defensive line; OB = offensive back; DB = defensive back. —;

VOLUME 23 | NUMBER 3 | MAY 2000 | 793
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Tasie 7. Ponderal equivalent values by position; values expressed as mean = SD.
L Ponderal equivalent, kg ,’
Team oL oL oB DB p <0.05
Muscular component
Shoulders 918+ 11.1 1041 £ 80 93667 85385 86.1 =80 OL> DL, OB,DB;
DL > OB, DB
Chest 988 =166 1183+ 118 1014+98 859+113 91.4+99 OL>DL OB, DB;
DL > OB, DB
Biceps 1086 = 16.8 124.6 £ 124 1120+ 101 97.6 * 145 1024 = 138 OL>DL, OB, DB;
DL> 0B
Forearm 955 *+ 11.3 1064 =73 987 +78 88186 908 +98 OL>OB,DB;
DL > 0B, DB
Thigh 1002 £ 167 1176 £9.9 1023 +9.1 898 £94 929 + 135 OL > DL, OB, DB;
DL> OB
Calf 93.8 £ 125 105.0 = 9.7 923 +76 882*8.1 86.7 £ 122 OL > DL, OB, DB
Mean PE-M 97.9 112.7 100.1 89.2 91.7
Nonmuscular Component
Abdomen ave. 99.8 + 234 1279+ 194 101.3+ 143 842* 134 882+ 134 OL>DL OB,DB;
DL > OB
Hips 953 =134 111.2+87 968 6.7 86595 88594 OL>DL, OB,DB;
DL > OB, DB
Knee 935 + 126 1063 9.9 966 £ 7.5 87.4*+08 865+ 98 OL> DL, OB,DB;
DL > OB, DB
Ankie 871+ 114 979102 882*+80 831x*83 81.0+93 OL>DL 08B,DB
Wrist 81.0 83 875 £ 8.0 836+656 760*73 783 +65 OL>OB,DB;
e DL> 0B
Mean PE - NM 91.3 106.2 93.3 83.4 84.5
PE-M/PE-NM 1.074 1.063 1.074 1.070 1.086
OL = offensive line; DL = defensive line; OB = offensive back; DB = defensive back. F

© Abdomen 1 (waist): laterally midway between the lowest
1ib and the iliac crest and anteriorly midway between the
xiphoid process of the sternum and the umbilicus

o Abdomen 2 (umbilicus): laterally at the level of the iliac
crests and anteriorly at the umbilicus

© Hips: posteriorly at the maximal protrusion of the gluteal
muscles and anteriorly at the level of the symphysis pubis

 Knee: midpatellar level, with the knee slightly flexed and
weight transferred to the opposite leg )

© Wrist: maximal girth just distal to the styloid process of the
radius and ulna with the hand supinated

* Ankle: mmlmﬂl girth, supenor to mal.leqlx

Before hyds weighing, a M bolic cart

underwater weight score (8). For white players, percent
fat was calculated with the Siri equation (18), where % fat =
495 - density (g/mL) — 450; for black players, the Schutte
equation (15) computed body fat where % fat = 4374 +
density (g/mL) - 392.8.

Ponderal Somatogram. Ponderal somatograms described
body size and shape using muscular (shoulders, chest, biceps,
forearm, thigh, calf) and nonmuscular (abdomen 1, abdomen
2, hips, knee, wrist, and ankle) girth measurements converted
into ponderal (or mass) equivalent values expressed in
kilograms (10). This allowed comparison of individual girths
as PE values to body mass to provide an assessment of

analyzed 3 trials of seated vital capacity to estimate residual
lung volume computed as vital capacity X 024 (23).
Hydrostatic weighing assessed body mass in water in the
seated position in 2 91 X 91 X 183-cm aluminum tank.
Subjects performed 10 successive underwater weighing trials,
with approximately a 1-minute rest interval among trials after
procedures, described previously (9). Ten repeated weighings
(using an average of the last 3 trials) computed the
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1 (PE value > body mass) or underdevelop-
ment (PE value < body mass) for each of the muscular and
nonmuscular girth measurements. The PE value for each
girth measurement was calculated as follows (10):

PE,kg = (girth, cm + k)? X stature, dm

In this equation, k=k constant from reference man (Table 4)
For example, if PE = 100 kg for abdomen, this means
the person (or group) has an abdominal girth of a person
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- Ve e

a relative ind of I and adiposity. A high
ratio reflects an oversized muscular component or an
dersized 1

Taste 8. Comparison of ponderal equivalent (PE) 3
value to body mass by position: positive value (PE
value > body weight) indicates overdevelopment of

!g region; negative value (PE value < body weight) i

1 indicates underdevelopment of region; Values

1 expressed in kilograms.

Jeam OL DL OB DB

Muscular component
Shoulders —0.7 —45 +06 +1.9 —01
Chest 463 +97 +84 +25 462
Biceps 4$16.1 +16.0 +19.0 +14.2 +16.2
Forearm 430 -2.2 +57 +47 +4.6
Thigh 477 490 +93 +6.4 +6.7
Calf +13 -36 —07 +48 +05
Nonmuscular Component
Abdomen ave. +7.3 +19.3 +83 +08 +20
Hips Toe Tios 138 +31 +23 !
Knee 130 J23 436 +40 +03 |
Ankle ~5.4 ~10.7 —48 —03 52
Wrist 115 ~21.1 —94 -74 -79

i

i

{7 oL = ofensive line; DL = defensive line; OB =
% offensive back; DB = defensive back.

{
t
E. [ e o

(or group) who weighs 100 kg. Ifthe person (or group) weighs 93
kg the person (or group) is overdeveloped in this region by 7 kg

The ratio of the PE muscular components to the
PE nonmuscular components (PE-M/PE-NM) provides

t. In contrast, a low ratio
reflects an undersized muscular component or an oversized
nponmuscular component. The ratio would be less than one
for individuals with excessive fat and greater than one for
individuals with excessive muscle (10).

Ponderal somatograms produce a visual appraisal of body
size and shape by expressing the deviation of each ponderal
equivalent value from the reference as the percent deviation
from the opposite ponderal equivalent component. For
the muscular ponderal equivalent values, a positive deviation
indicates overdevelopment and a negative deviation indi-
cates underdevelopment of that region compared with the

I p For the lar ponderal
equivalent values, a positive deviation indicates overdevelop-
ment and a negative deviation indicates an underdevelopment
of that region compared with the muscular component. The
percent (%) deviations were calculated as described below (10):

Muscular Component Ponderal Equivalent Values
9% Deviation = (PE muscular value
_ average PE muscular components) X 100
Average PE Nonmuscular Components
lar Ce

lent Values

Ponderal Equi
% Deviation = (PE nonmuscular value
— average PE muscular components) X 100
Average PE Muscular Components

LTI T v
¢
[ Taste 9. Comparison of ponderal equivalent (PE) muscular and PE nonmuscular values by position. For PE muscular ¢ *
§ ! components, value indicates % deviation from the PE nonmuscular average; & positive deviation indicates an ; +
I t compared with the ! p For PE I ts, value indicates % {
H 3 deviation from the PE muscular average; a negative deviation indicates an underdevelopment compared with the i
L o oo ¥
i i Team oL DL OB 0B i {
1 Muscular component 1
i Shoulders +0.7 -18 +0.4 +2.4 w19 1
Chest +8.0 +11.5 +8.7 +29 +80 |
Biceps +19.0 +17.7 +20.0 +16.7 +205 7
Forearm +4.9 +0.7 +5.8 +6.9 +7.0 °
Thigh +8.8 +11.0 +9.6 +7.6 +9.7 ¢
! Calf +2.1 -0.9 =11 +5.8 +2.1
! Nonmuscular component
| | Abdomen ave. +08 +18.1 +1.0 -5.7 -38
1| Hips -2.7 -13 -32 -29 -84
{5 Knee 45 -58 -33 -1.9 -55 ¢}
1 Ankie -11.4 -13.4 -12.0 =71 =113 ¢ i
Wi -16.8 -226 -16.3 -14.7 -138 } |
| OL= offonsive ine; DL = defensive line; OB = offensive back; DB = defensive back. e
' ¢
C L e e e s T T e mw v e R
Vm L LTI s e e T T L e i ied
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‘Shoulders.

Statistical Analyses

An analysis of variance compared body mass, percent fat, fat
mass, fat-free mass, girth measurements, and PE values by
position (OL, DL, OB, and DB). Tukey-Kramer's post_hoe
test assessed statistically significant main. effects at < 0.05.

Resurts

Table 5 displays the differences in body composition among
OL, DL, OB, and DB. The most consistent differences
occurred between OL and the other players. OL were
significantly heavier than DL (+156 kg), OB (+252 kg,
and DB (+22.4 kg). Percent body fat was significantly greater
in OL compared with DL (+5.9%), OB (+9.0%), and
DB (+9.3%). OL also had significantly greater fat mass
(+92 kg, +13.7 kg, +13.5 kg, respectively) and fat-free mass
(+64 kg, +115 kg, +8.9 ke, respectively) compared to DI,
OB, and DB.

Table 6 presents differences by position in girth measure-
ments, and Table 7 shows the corresponding differences in
PE values. The differences in girth measurements and
PE values between OL and the other three players groups
were similar to the body composition differences, The
muscular shoulders, chest, biceps, thigh, and calf girth
measurements and PE values were significantly greater in OL
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Offensive Line

compared with DL, OB and DB (except for no difference
between OL and DL in biceps girth). Forcarm girth
measurements and PE values were significantly greater for
OL compared with OB and DB, The nonmuscular
abdominal, hips, knee, and ankle girth measurements and
PE values were significantly greater for OL compared with
DL, OB, and DB. Wrist girth measurements and PE values
were significantly larger in OL compared with OB and DB,

Table 8 compares PE values to body mass by position.
The ponderal muscular were
generally overdeveloped (PE value > body mass). The
greatest overdevelopment occurred in the biceps. The bi-
ceps ponderal equivalent (120 kg) for DL was 19.0 kg
greater than body mass (93.0 kg). The same trend occurred
for OL (+16.0 kg), OB (+142 kg), and DB (+162 kg). In
the ; , the abdominal, hips, and
knee ponderal equivalents were generally positive, indicat-
ing overdevelopment. The greatest overdevelopment oc-
curred for the abdominal ponderal equivalent value for
OL (+193 kg). The ankle and wrist ponderal equivalent
values were negative for all 4 groups (PE value < body mass),
which suggests underdevelopment relative to other body
sites.

The last row of Table 7 displays the ratio of the PE
muscular to PE nonmuscular components (PE-M,/PE.NM
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Defensive Line
Muscular 25-20-15-10 -5 0 5 10 15 20 25
Shoulders.
Chest N
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ratio). All 4 groups had a PE-M/PE-NM ratio greater than
1.0. DB had the highest PE-M/PE-NM ratio (1.086) and OL
the lowest ratio (1.063).

Table 9 and Figures 1-5 compare the PE muscular values
with the avemge of the PE nonmuscular valua by posmon
(values expressed as a percent deviation). The for
the muscular component were generally positive, indicating
overdevclopment of the muscular compared wnh the

The greal
occurred in the biceps in all four groups (OL = 177, DL =
20.0, OB = 16.7, and DB = 20.5%).

Table 9 and Figures 1-5 also compare the PE nonmuscular
values to the average of the PE musculax values by position.
The iati for the were
generally negative, indicating underdevelopment of the
nonmuscular compared with the muscular component.
The obvious exception was the +13.1% abdominal value
for OL, suggesting an overdevelopment of this area
compared with the muscular component.

Table 9 and Figures 4 and 5 reveal that OB and DB
exhibited the most desirable profiles. Both groups had all
positive deviations (overdevelopment) for the muscular
component and all negative deviations (underdevelopment)
for the nonmuscular components.

Muscular
‘Shoulders.
Chest
Biceps

Forearm

Calf

Offensive Backs

15-10 -5 10 15 2

N

1

Abdomen Ave.

7

v

m&mmmﬂdwﬁﬁtmwm
mmaﬂmrﬂm

Defensive Backs

-25-20-15-10 -5 0 5 10 15 20 25

Knee

Ankle

Wrist

Abdomen Ave.

Figure 5.

(Note: The center fine

d«wmmrdmmn)
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Discussion

The most prominent differences in body composition and
anthropometry occurred between OL and the 3 other groups.
These findings are consistent with NFL and Division I
football players. For example, in the 1970s, Wilmore (24,25)
reported that professional OL and DL had a higher percent
body fat than OB and DB. In 1998, Snow (19) reported that
OL at the professional level had a higher percent body fat
than DL, OB, and DB. At the Division level, Wickkiser (22)
reported that OL had a greater percent body fat than DL,
OB, and DB. The pattern of percent body fat differences by
position in the present study was similar to that reported in
previous studies, yet the absolute percent body fat by position
was higher for the athletes in the current study. This is not
surprising because the athletes were competing at the
Division IIT level compared to Division I athletes (22) or
National Football League (NFL) professionals (19,24,25).

The present study is unique in documenting body
composition differences by position in Division 111 football
players, yet perhaps more importantly, the methodology
serves as an example of the usefulness of ponderal somato-
grams to interpret girth measurements. The original Behnke
somatogram and current ponderal somatogram methods
quantify the relative proportions of the body’s girth
dimensions for charting changes in these physical dimensions
over time or to quantify differences in physique between
individuals or groups (10,11). Katch (12) charted changes in
Dr. Behnke's somatogram over a span of 28 years, and college
men were compared in anthropometry over their 4-year
collegiate education (10). Buskirk (3) suggested that the
Behnke and ponderal somatograms methods were useful
to document changes in wasting from starvation, bed rest,
disabling injury, and weightlessness, Most recently, ponderal
somatograms have monitored changes in football players
during their 4-year collegiate careers (20). The Behnke and
ponderal somatogram approach also can compare individ-
uals or groups to the reference man or woman to quantify
differences in physique between individuals and groups.
Behnke somatograms have compared anorexic women (4)
and ballet dancers (5) to the reference woman and
anthropometric differences between white and. Hispanic
women (14). Ponderal somatograms have compared 9th- and
12th-grade boys, college men from the 1890s to current
college men (10), and obese and nonobese male and female
adolescents (13).

A beneficial feature of ponderal somatograms is converting
individual girth measurements into PE values. This allows
individual girth comparisons to body mass as mass

quivalents to illumi development (PE value > body
mass) or underdevelopment (PE value < body mass) at each
site. In this study, the football players generally had
overdeveloped muscular and nonmuscular ponderal somato-
grams (Table 8). This is not surprising because this sport
encourages large body size and strength. The biceps showed
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the greatest overdevelopment in the muscular component.
For DL, the PE value was 112.0 kg, suggesting these athletes
had the biceps girth similar to a group that would weigh
112.0 kg Body mass averaged only 93.0 kg, meaning that DL
had overdeveloped biceps by 19.0 kg. Similar overdevelop-
ment of the biceps was evident in OL (+16.0 kg), OB (+14.2
kg), and DB (+162 kg). This is not unexpected because
football strength training and conditioning programs typi-
cally emphasize biceps curls and other upper-arm resistance
exercises. The abdomen in OL (+193 kg) showed the
greatest develop: in the I

These findings coincide with the significantly greater body
mass and percent fat observed in OL, as was the case for
Division I (22) and NFL (19,24,25) players,

The PE-M/PE-NM ratio provides another useful feature of
the ponderal somatogram approach. The PE-M/PE-NM
ratio exceeded 1.0 in all 4 groups, indicating an oversized
muscular component expected for football players. The
lowest ratio occurred for OL (1.063) and the highest ratio for
DB (1.086). Interestingly, highest percent body fat occurred in
OL and lowest in DB. Others reported PE-M/PE-NM ratios
of 0.993 for obese adolescent boys (13), 1.019 for Berkley
male college students (10), 1.055 for Eastern Oregon male
college students (10), and 1396 for professional male body
builders (10).

The visual appraisal of body size and shape provides an
additional valuable feature of the ponderal somatogram by
expressing the deviation of each ponderal equivalent girth
from the reference values (Table 9 and Figures 1-5).
Generally, overdevelopment occurred in muscular compo-
nents and underd P! in p
(except OL abdomen). Interestingly, both OB and DB
exhibited all positive deviations for the muscular component
(overdevelopment) and all negative deviations for the

1 derd Professi

P P -
male body builders exhibited this same pattern (10).

PRACTICAL APPLICATIONS
Techniques for measuring body composition are well
established, yet is remains a challenge to translate this data
into a meaningful format. Somatograms help resolve this
dilemma. The original Behnke or improved ponderal
somatograms translate girth measurements into a visual
representation of body size and shape easily understood by
coaches and athletes. Somatograms track individuals or
groups over time or compare individuals or groups for
diffe in anthrop ic di i We believe the
somatogram approach provides a convenient visual appraisal
of body composition differences that can help motivate
athletes adhere to strength and conditioning programs and
monitor the effectiveness of these programs.
Advantages of ponderal versus Behnke somatograms,
include dividing 11 girth measurements into muscular and
I p and ing  girth
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measurements into PE values. PE values allow comparison of
individual girth measurements to body mass; this provides an
indication of overdevelopment (PE value > body mass) or
underdevelopment (PE value < body mass) at a given
site. The PE-M/PE-NM ratio estil relative I

equivalents to muscular strength in high-strength
subjects. Int J Sports Med 11: 349 3:6 1989

Katch, FL. Apparent body density and variability during underwater
weighing. Res Q Exerc Sport 39: 93— 999 1968.

Katch, FL Przcnce curves and errors of measurement in estimating

and low-strength

and adiposity, which has important health implications.
Muscular individuals (or groups) have a PE-M/PE-NM ratio
that exceeds 1.000, and obese individuals (or groups) have
a PE-M/PE-NM ratio less than 1.000. For the latter, Healthy
People 2010 (21) identifies obesity as a major public health
concern in the United States. Overweight and obesity
substantially increase the risk of hypertension, type II
diabetes, heart disease, stroke, and other conditions. The
ponderal somatogram approach can help to monitor
overweight and obesity status in both nonathletes and
athletes, especially in sports where a premium is placed on
large body size as in football or power events in track and
field (shot, discus, and hammer). The ponderal somato-
gram approach also could monitor changes in an athlete’s

body proportions for years (and decades) after their

competitive seasons.
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