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ABSTRACT

The purpose of the present study was to examine the muscle-
to-bone ratio (MBR) in National Football League (NFL) players.
Three hundred and forty-six NFL players had their total body
lean, fat and bone masses determined using dual X-ray absorp-
tiometry and were compared to 228 age-matched, healthy
male controls. Compared to the control group, NFL players had
a significantly lower percent total body fat (17.90+6.92 vs.
22.93+8.96%, p=0.053), but significantly greater total fat
mass (19.76+11.29vs. 17.84+12.11 kg, p<0.0001), lean mass
(84.55+8.75vs.55.3+11.79kg, p<0.0001), bone mineral
content (4.58+0.45vs. 2.91+0.67 kg, p<0.0001), and bone
mineral density (1.61+0.11vs. 1.26+0.21 g/cmZ, p<0.0001).
NFL players had greaterarm MBR (17.70+1.47 vs. 16.48 £1.88,
p<0.0001) than controls; however, both trunk (26.62 £2.55
vs. 31.56+4.19, p<0.0001) and total (18.50+1.31 vs.
19.12+1.88, p<0.001) MBR were lower in NFL players. Leg
MBR was not significantly different between NFL players and
controls (16.72+1.53 vs. 16.85+ 1.87, p=0.34). When NFL
players were categorized by their offensive or defensive posi-
tion for comparison, no differences in total MBR were observed.
However, leg MBR varied greatly among NFL players by posi-
tion. Itis possible that regional differences in MBR in the NFL
players may be related to the demands of that position.

Introduction

American football, like a number of team sports, relies on the quali-
ties of strength, speed, and power in order to maximize perfor-
mance. Previously, we have demonstrated that specific body com-
position characteristics may help identify athletic success in both
professional [1,2] and collegiate [3, 4] football players. When clas-
sified by body mass index (BMI) the majority of National League
Football (NFL) players would be classified as being overweight or
obese [1]; however, this is due, mainly, to the large amount of mus-
cle mass that these athletes have developed [1, 2]. The amount of
muscle mass and percent body fat in NFL players varies greatly by
position, with offensive and defensive linemen having a greater
amount of muscle mass and a higher percent body fat than other
positions [1,4].

Not only do NFL players have greater amounts of total body and
muscle masses, they also have higher bone mineral content (BMC)

and bone mineral density (BMD) than nonathletic populations
[1,4]. Bosch et al. noted a range of BMC and BMD values among
collegiate football players and individuals near the lower limits for
total or regional BMD (e. g. 10" percentile) that may indicate
heightened risk of bone injury in a collision sport [3].

One variable of recent interest is the ratio of lean muscle mass-
to-bone mass (MBR). The MBR looks to understand the relationship
between bone and the tissue that produces the largest physiologi-
cal loads on a bone - muscle unit [5, 6]. The MBR can be affected
not only by skeletal size, but also by the amount of muscle mass an
individual carries on their skeletal frame. A larger MBR can mean
either a high degree of muscular development or a small skeleton
[7]. Although MBR has been previously reported in soccer [8, 9],
rugby [7] and volleyball [10] athletes, these studies have utilized
anthropometric measurements (i. e. skinfolds, circumferences,
breaths, etc.) and a series of mathematical equations to divide the
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body into five different masses; skin mass, adipose mass, muscle
mass, bone mass and residual mass [11] to calculate MBR. Howev-
er, the validity of these anthropometric measures and the equa-
tions used to estimate muscle, bone, and fat masses have been
questioned [12]. Recently, Gomez-Bruton et al. [ 13] used dual X-ray
absorptiometry (DXA) to examine the MBR of adolescent swim-
mers and aged-matched controls. Gomez-Bruton et al. [13] report-
ed that MBR was significantly lower in swimmers than in controls.
DXA allows fat-free mass to be separated into bone mineral con-
tent and lean mass, thereby generating a three-component model
[14,15]. In addition, DXA allows for the segmental analysis of the
DXA-based body composition data so that regional MBR values can
be determined.

In the present study, we utilized DXA to determine regional as
well as total fat, bone and lean muscle masses to calculate total
MBR in NFL players. We compared total and regional MRB in NFL
players to an age-matched healthy, male control group. In addi-
tion, we examined total as well as regional MBR by position in the
NFL athlete population.

Materials and Methods

Subjects

This study used a retrospective analysis from previously collected
data on NFL players from 2006 to 2011. NFL Players were either ac-
tive on the roster, free-agents, or prospective draft choices. Four
hundred and eleven NFL players were measured just prior to draft
or prior to the start of the summer training camp. Due to the size
limitations of the DXA scanner table, not all of the individuals were
able to fit into the DXA scan field area. Therefore, scan data were
only used for those individuals who fit 100 % in the DXA scanning
field area. A total of 346 NFL players met this criteria and were com-
pared to a group of 228 age-matched healthy, male controls. Indi-
vidualsin the control group were randomly sampled from two pop-
ulation-based longitudinal studies investigating the development
of obesity and insulin and their interaction with cardiovascular risk
factors [16, 17]. All subjects’ health status was determined via med-
ical examination by a study physician or certified nurse practition-
er. Subjects who smoked or were taking prescription medications,
such as blood pressure, insulin, dyslipidemia or statin medication,
were excluded from the study. This research project was approved
by the Institutional Review Board for retrospective study data anal-
yses. This study meets the ethical standards of the International
Journal of Sports Medicine [18].

Experimental procedures

Height and weight were measured by a standard wall stadiometer
and medical beam scale, respectively. Body mass index (BMI) was
calculated as weight in kilograms divided by the height in meters
squared. All subjects were scanned on a GE Healthcare Lunar iDXA
(GE Healthcare Lunar, Madison, Wisconsin, USA) and standard DXA
imaging and positioning protocols were followed. All scans were
analyzed by the same technician using enCore software version
16.2 (GE Healthcare Lunar, Madison, Wisconsin, USA) to determine
relative fat (percent body fat [ %BF]), total LM, total FM, BMD, and
BMC. Lean mass index (LMI) and fat mass index (FMI) were calcu-

lated by dividing LM and FM by height (m?2), respectively. Regional
measures were also determined including LM, FM, BMC, and BMD
forarm, leg, and trunk. MBR were calculated by dividing LM by BMC
for total body as well as regional MBR of the arms, trunk, and legs.

Statistical analyses

Descriptive statistics were calculated as mean £ standard error of
the mean (SEM) by position. Paired t-tests assessed total and re-
gional differences calculated between NFL athletes and age-
matched, healthy male controls. In addition to standard total and
regional metrics of muscle, bone, and fat masses, the MBR was cal-
culated for arm, leg, trunk, and total body.

NFL players were then categorized by position into one of nine
categories: defensive backs (DB), defensive lineman (DL), lineback-
ers (LB), offensive lineman (OL), quarterbacks (QB), running backs
(RB), tight ends (TE) and wide receivers (WR). Punters and place
kickers were combined into one category named punters/kickers
(PK). Descriptive statistics were calculated using mean +standard
deviation (SD) by position. An analysis of variance (ANOVA) was
used to test whether positional means were equal to each other.
The Tukey HSD (honest significant different) method was used to
compare each positional mean against the next to correct for type
I error from performing multiple comparisons. Violin plots were
used to visualize empirical distribution of the data. In addition, vi-
olin plots present the median (solid black line) as well as the quar-
tiles (dashed black line) for arm, leg, trunk and total body MBR
measurements by position. All analyses were performed using
GraphPad Prism version 9.4.0 for Windows (GraphPad Software,
San Diego, California USA).

Results

Three hundred forty-six NFL players were matched to a population
of healthy males (n=228) by age. Therefore, by design, there were
no significant differences in age (24.2+2.6 vs. 24.0+2.0yrs.,
p=0.33) between NFL players and controls. As expected, NFL play-
ers were significantly taller (187.2+5.4 vs. 174.6+11.1 cm,
p<0.001), heavier (109.0+18.7 vs. 74.8 +20.7 kg, p<0.001) and
had a greater BMI (31.0£4.5vs. 25.2+5.6 kg/m2, p<0.0001). Com-
pared to the control group, NFL players had a lower %BF
(17.90£6.92vs. 22.93+8.96 %, p=0.053), but significantly great-
er total FM (19.76+11.29 vs. 17.84%12.11kg, p<0.0001), LM
(84.55+8.75vs.55.3+11.79kg, p<0.0001), BMC (4.58 + 0.45 vs.
2.91+0.67kg, p<0.0001),and BMD (1.61+0.11vs. 1.26+0.21g/
cm2, p<0.0001). While the LMI (24.10+ 11.14 vs. 19.92£5.38 kg/
m2, p<0.0001) was significantly greater in NFL players compared
to controls, the FMI (5.5+3.03 vs. 5.81+3.83 kg/m?, p=0.39) was
not significantly different. Regional body composition data of the
NFL players to controls are presented in > Table 1. Similar to total
body composition measures, NFL players had significantly greater
amounts of arm, leg, and trunk LM, and BMC. On the other hand,
although FM was significantly greater for arms in NFL players, it was
lower in the trunk region for NFL players and not significantly dif-
ferentin the legs between the two groups. The arm, leg, trunk, and
total body MBR for NFL players and controls are presented in » Fig.
1. NFL players had greater arm MBR (17.70 £ 1.47 vs. 16.48 £ 1.88,
p<0.0001) than controls; however, both trunk (26.62 +2.55 vs.
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> Table 1 Regional mean ( +standard deviation) for body composition
values of professional football players and aged-matched controls.

Position Control NFL Players P-Value
(n=228) (n=346)
Arm FM (kg) 1.85+1.08 2.09+1.17 0.01
Arm LM 6.74+1.67 12.34+1.52 <0.0001
Arm BMC (kg) 0.41+0.11 0.70+0.09 <0.0001
Leg FM (kg) 6.81%4.19 6.79+3.51 0.93
Leg LM (kg) 18.95+4.47 30.40£4.01 <0.0001
Leg BMC (kg) 1.13£0.27 1.82£0.17 <0.0001
Trunk FM (kg) 8.26+7.04 6.78+3.51 0.006
Trunk LM (kg) 26.27+£5.95 37.93+£4.01 <0.0001
Trunk BMC (kg) 0.86+0.28 1.46+0.19 <0.0001
FM =fat mass; LM =lean mass; BMC=bone mineral content;
BMD =bone mineral density.
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>Fig.1 Mean (+standard deviation) arm, leg, trunk, and total body
muscle-to-bone ratio for NFL players (solid bar) and controls (open bars).

31.56+4.19, p<0.0001) and total (18.50+1.31 vs. 19.12+1.88,
p<0.001) MBRs were lower in NFL players than in the controls. Leg
MBR was not significantly different between NFL players and con-
trols (16.72+1.53 vs. 16.85£1.87, p=0.34).

> Table 2 compares the physical characteristics (age, height,
weight, BMI) of the NFL participants by position. QBs were signifi-
cantly older than LBs (25.9+4.6 vs. 23.5+ 2.1 yrs). There were no
other differences in age between the other position groups. As ex-
pected, there were significant differences in height and weight be-
tween the different position groups, which led to significant differ-
encesin BMI.

» Table 3 compares total body composition data of the partici-
pants by position. We observed that DBs and WRs were not signif-
icantly different from each otherin any metric. The OLs had signif-
icantly more FM and a greater FMI than DLs, but the two positions
were similar for all measures of LM and LMI. Interestingly, we ob-
served that LBs and RBs were not significantly different from each
other for all measures except total LM, where LBs had significantly
more LM than RBs (84.2+4.9 vs. 87.7 3.4 kg). However, the LMI
for LBs and RBs was not significantly different. Finally, TEs were sig-
nificantly different from OLs and DLs on all measures except total
BMC and BMD.

> Table 2 Mean (*standard deviation) for physical characteristics of professional football players by position.
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fat mass index; LM

If positions share a letter within each row, they are not significantly different at p<0.05; DB
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Regional body composition data of the participants by position
are presented in > Table 4. Similar to total body composition, the
OLs had significantly more FM than DLs, but the two positions were
similar for all measures of LM. TEs, RBs and LBs mirrored each other
for measures of regional body composition, while DBs and WRs
mirrored each other regarding regional body composition. Simi-
larly, QBs and PKs tended to mirror each other in regional body
composition.

Mean (+SD) MBR for arms, legs, trunk and total body by posi-
tion are presented in » Table 5. The empirical distribution for the
MBR as well median and quartiles for arm, leg, trunk, and total body
are presented as violin plots in » Fig. 2. There were no significant
differences in the total MBR across positions. The arm MBR in QBs
was significantly lower than DLs. There were a number of differenc-
esin leg MBR between positions. Positions that mirrored each other
such as WRs and DBs or OLs and DLs had similar leg MBR. The only
difference in trunk MBR was PKs having a significantly greater trunk
MBR than OLs.

Discussion

To our knowledge, this is the first study to report total MBR in NFL
players. In the present study, NFL players had lower total MBR as
well as trunk MBR compared to aged-matched healthy male con-
trols. Although the NFL players have a significantly greateramounts
of both BMC and LM than controls, they had a lower total MBR. This
is due to the fact that the NFL players were taller, resulting in a larg-
er total skeleton and ultimately a greater amount of BMC for a pro-
portional amount of LM resulting in lower total MBR. Although we
found differences between professional football players and a con-
trol population, no positional differences in total MBR in the NFL
athletes were observed.

Brocherie et al. [9] reported a total MBR of 4.3+ 0.5 in male Qa-
tari national soccer athletes. Bernal-Orozco et al. [8] reported a
similar total MBR value of 4.2 0.4 in group of young professional
soccer athletes and observed no positional differences in total MBR.
Atotal MBR of 4.58 +0.49 was reported in a group of amateur rugby
players with no difference in the total MBR across positions [7].
Carvajal et al. [10] reported a total MBR value of 5.2 £0.7 in a group
of Cuban female Olympic volleyball athletes and reported no posi-
tional differences in total MBR in these athletes. These total MBR
values are considerably lower than the total MBR of 18.50+1.31
we observed in the NFL players or the 19.12+ 1.88 we observed in
our age-matched, healthy control group. The reason for this differ-
ence in total MBR values from the present study compared to these
other studies [7-10] is in the methods used to determine muscle
and bone masses. All of these studies [7,9, 10] utilized anthropo-
metric measurements (i. e. skinfolds, circumferences, breaths, etc.)
and a series of equations to estimate bone and muscle masses [11].
From these estimated values of bone and muscle masses, the MBR
was then calculated. The validity of these anthropometric meas-
ures and equations to estimate muscle and bone masses has been
questioned [12].

Anthropometric equations estimate the wet bone mass while
DXA determines the dry bone ash (i.e. dry bone mass). The average
wet skeletal bone mass in males is approximately 10.5 kg, while the
mean dry skeletal bone mass in males is approximately 4.0 kg [19].
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The differences in wet and dry bone masses explain the differences
in MBR values. It is also important to note that while DXA deter-
mines each individual’s bone mass, the anthropometric method
assumes a given value for bone mass that is the same for everyone.
Data in a number of studies have demonstrated that age, sex and
race affect both wet and dry bone masses [19]. No studies that used
anthropometrics to determine the total MBR utilized an age-
matched control group, so a comparison to a normal population is
not possible [7-10]. To date, one study [13] has used DXA to de-
termine muscle and bones masses to determine total MBR in ath-
letes. Although Gomez-Bruton et al. [13] used DXA to determine
total MBR, they did not report the values in adolescent swimmers,
but only reported Z-score values.

The use of DXA to determine muscle and bone masses also al-
lows for the calculation of regional as well as total MBRs, which is
not possible when using anthropometrics Similar to total MBR,
trunk MBR was significantly lower in the NFL players compared to
controls. This is not surprising given the amount of core exercises
that NFL players do compared to the normal population. In the pre-
sent study, arm MBR was significantly greater in the NFL players
while there was no difference in leg MBR between NFL players and
controls. Although one would expect arm and leg MBR to be simi-
lar, these differences may be due to the fact that the legs support
a larger total mass in the NFL group, and NFL players do large vol-
umes of training that load the lower body (e. g. squat lift, deadlift,
etc.). This loading of both bone and muscle results in proportional
changes in muscle as well as bone. Although the arms also under-
go target strength training (e. g. arm curls, bench press), they are

not involved in supporting the body mass as are the legs. This re-
sults in less loading of the bone and ultimately leads to develop-
ment of more LM than BMCin the NFL player’s arms.

Although there were no positional differences in total MBR be-
tween the NFL athletes, there were positional differences within
regional MBR measures. Arm MBR in QBs was significantly lower
than in DLs, indicating a greater amount of muscle mass per unit
of bone in DLs. There were no other differences in arm MBR be-
tween any of the other positions. Trunk MBR showed PKs having a
significantly greater trunk MBR than OLs. This would suggest that
the PKs have a greater amount of LM for the same amount of BMC.
There were a number of differences in leg MBR between the differ-
ent positions. QBs and PKs had the lowest leg MBR values, while
OLs and DLs had the highest leg MBR values. This was evident in
positions that mirror each other such as WRs and DBs, as well as
OLs and DLs. The fact that leg MBR values were similar in offensive
and defensive positions that mirror each other is not too surpris-
ing. It has been reported [1, 3] that offensive and defensive posi-
tions that mirror each other have similar total as well as regional
measures of FM, LM and BMC. In the present study, we also ob-
served similar overall patterns of body compositions in individuals
who played offensive or defensive that mirrored each other. Al-
though OLs had a higher % BF and total FM than DLs, the two posi-
tions were similar in overall BMC and LM.

To date, no other studies have compared the body composition
of NFL players to an age-matched, healthy male control group. As
expected, the NFL players in this analysis were significantly taller
and had more total, fat, and lean masses than their age-matched
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counterparts. Total BMC and BMD were also significantly greater
in the NFL players than controls. The greater amount of BMC and
higher BMD in NFL players compared to aged-match controls is not
surprising. It has been reported that athletes in high impact sports
(e.g. gymnastics, judo, karate, volleyball, and other jumping sports)
or odd-impact loading (e. g. soccer, basketball, racquet games,
step-aerobic and speed skating) have higher bone mass compared
to athletes from low impact sports (e. g. swimming, water polo, cy-
cling) [20]. In addition, high impact sports have been reported to
improve bone mass [21-23]. Therefore, given the impact and train-
ing that football players are exposed to, a greater BMD would be
expected.

Limitations and further studies

To our knowledge, this is the first paper to present both total and
regional MBR data as determined using DXA in professional foot-
ball players. The addition of an age-matched control group adds
context to a general population. Our data creates templates for
total as well as regional MBR values for NFL players at different po-
sitions as well as increases the understanding of how NFL players
differ from the general population.

Strengths of the current study include the use of DXA for meas-
ures of body composition. In addition, unlike other studies, an age-
matched, healthy male control group was utilized for comparison.
Limitations of the current study include potential technician test-
ing variation, cross sectional analysis, and lack of performance data.
Future studies should investigate the relationship between MBR
and performance metrics (e. g. power, strength, and game perfor-
mance), create a competitive ranking of players, and observe
changes in MBR in relation to physiological and mechanical load-

ing.

Conclusions

DXA allows coaches and athletic trainers the opportunity to deter-
mine MBR that does not require specialized anthropometric devic-
es. Unlike anthropometric methods that utilize skinfolds, circum-
ferences, length and breaths to estimate muscle, fat and bone
masses, DXA provides a valid, accurate and high-resolution meas-
ure of a three-component model of body composition. In addition,
the DXA can provide both total as well as regional measures of MBR
and is much faster than anthropometric methods to calculate MBR.
In the present study, we observed that total MBR was lower in NFL
players than aged-matched healthy controls. This lower total MBR
suggests that NFL players have a higher amount of bone for a given
amount of lean mass.

Conflict of Interest

The authors declare that they have no conflict of interest.

References

[1] Dengel DR, Bosch TA, Burruss TP et al. Body composition and bone
mineral density of national football league players. ] Strength Cond
Res 2014; 28: 1-6

[2

Bosch TA, Burruss TP, Weir NL et al. Abdominal body composition
differences in NFL football players. ] Strength Cond Res 2014; 28:
3313-3319

Bosch TA, Carbuhn A, Stanforth PR et al. Body composition and bone
mineral density of division 1 collegiate football players, a consortium
of college athlete research (C-CAR) study. ] Strength Cond Res 2019;
33:1339-1346

3

[4

Wichmann TK, Wolfson ], Roelofs E| et al. Longitudinal assessment of
NCAA division | football body composition by season and player age.
] Strength Cond Res 2022; 36: 1682-1690

5

Schoenau E, Neu CM, Beck B et al. Bone mineral content per muscle
cross-sectional area as an index of the functional muscle-bone unit.
] Bone Miner Res 2002; 17: 1095-1101

6

Ireland A, Maden-Wilkinson T, McPhee | et al. Upper limb muscle
- bone asymmetries and bone adaptation in elite youth tennis players.
Med Sci Sports Exerc 2013; 45: 1749-1758

[7

Holway FE, Garavaglia R. Kinanthropometry of Group | rugby players in
Buenos Aires, Argentina. | Sports Sci 2009; 27: 1211-1220

8

Bernal-Orozco MF, Posada-Falomir M, Quifiénez-Gastélum CM et al.
Anthropometric and body composition profile of young professional
soccer players. | Strength Cond Res 2020; 34: 1911-1923

[9

Brocherie F, Girard O, Forchino F et al. Relationships between
anthropometric measures and athletic performance, with special
reference to repeated-sprint ability, in the Qatar national soccer team.
] Sports Sci 2014; 32: 1243-1254

[10] Carvajal W, Betancourt H, Ledn S et al. Kinanthropometric profile of
Cuban women Olympic volleyball champions. MEDICC Rev 2012; 14:
16-22

[11] Ross WD, Kerr DA. Fraccionamiento de la masa corporal: un nuevo
método para utilizar en nutricion clinica y medicina deportiva. Apunts
1991; 18: 175-187

[12] Kasper AM, Langan-Evans C, Hudson |F et al. Come back skinfolds, all is
forgiven: a narrative review of the efficacy of common body
composition methods in applied sports practice. Nutrients 2021; 13:
1075

[13] Gomez-Bruton A, Gonzalez-Aguero A, Matute-Llorente A et al. The
muscle-bone unit in adolescent swimmers. Osteoporos Int 2019; 30:
1079-1088

[14] Schousboe |T, Shepherd JA, Bilezikian JP et al. Executive summary of
the 2013 International Society for Clinical Densitometry Position
Development Conference on bone densitometry. | Clin Densitom
2013; 16: 455-466

[15] Bazzocchi A, Ponti F, Albisinni U et al. DXA: Technical aspects and
application. Eur | Radiol 2016; 85: 1481-1492

[16] Dengel DR, Jacobs DR, Steinberger | et al. Gender differences in
vascular function and insulin sensitivity in young adults. Clin Sci 2011;
120: 153-160

[17] Marlatt KL, Kelly AS, Steinberger ] et al. The influence of gender on
carotid artery compliance and distensibility in children and adults.
] Clin Ultrasound 2013; 41: 340-346

[18] Harriss D), Jones C, MacSween A. Ethical standards in sport and
exercise science research: 2022 update. Int | Sports Med 2022; 43:
1065-1070

[19] Valentin |. Basic anatomical and physiological data for use in
radiological protection: reference values: ICRP Publication 89:
Approved by the Commission in September 2001. Ann ICRP 2002; 32:
1-277

726 Dengel DR, Evanoff NG. Positional Differences in Muscle-to-Bone ... Int ] Sports Med 2023; 44: 720-727 | © 2023. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



[20] Tenforde AS, Fredericson M. Influence of sports participation on bone [22] Hagman M, Helge EW, Hornstrup T et al. Bone mineral density in

health in the young athlete: A review of the literature. PM R 2011; 3: lifelong trained male football players compared with young and elderly
861-867 untrained men. ] Sport Health Sci 2018; 7: 159-168

[21] Burt LA, Greene DA, Ducher G et al. Skeletal adaptations associated [23] Lozano-Berges G, Matute-Llorente A, Gonzalez-Agiiero A et al. Soccer
with pre-pubertal gymnastics participation as determined by DXA and helps build strong bones during growth: A systematic review and
pQCT: A systematic review and meta-analysis. ] Sci Med Sport 2013; meta-analysis. Eur ] Pediatr 2018; 177: 295-310
16:231-239

Dengel DR, Evanoff NG. Positional Differences in Muscle-to-Bone ... Int ] Sports Med 2023; 44: 720-727 | © 2023. Thieme. All rights reserved.

727

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



