
Relationships of 35 lower limb muscles to height and body mass
quantified using MRI

Geoffrey G. Handsfield a, Craig H. Meyer a,b, Joseph M. Hart c,d, Mark F. Abel c,
Silvia S. Blemker a,c,e,n

a Department of Biomedical Engineering, University of Virginia, United States
b Department of Radiology and Medical Imaging, University of Virginia, United States
c Department of Orthopaedic Surgery, University of Virginia, United States
d Department of Kinesiology, University of Virginia, United States
e Department of Mechanical and Aerospace Engineering, University of Virginia, United States

a r t i c l e i n f o

Article history:
Accepted 1 December 2013

Keywords:
Muscle
Length
Musculoskeletal
Volume
Allometry

a b s t r a c t

Skeletal muscle is the most abundant tissue in the body and serves various physiological functions
including the generation of movement and support. Whole body motor function requires adequate
quantity, geometry, and distribution of muscle. This raises the question: how do muscles scale with
subject size in order to achieve similar function across humans? While much of the current knowledge of
human muscle architecture is based on cadaver dissection, modern medical imaging avoids limitations of
old age, poor health, and limited subject pool, allowing for muscle architecture data to be obtained in vivo
from healthy subjects ranging in size. The purpose of this study was to use novel fast-acquisition MRI to
quantify volumes and lengths of 35 major lower limb muscles in 24 young, healthy subjects and to
determine if muscle size correlates with bone geometry and subject parameters of mass and height.
It was found that total lower limb muscle volume scales with mass (R2¼0.85) and with the height–mass
product (R2¼0.92). Furthermore, individual muscle volumes scale with total muscle volume (median
R2¼0.66), with the height–mass product (median R2¼0.61), and with mass (median R2¼0.52). Muscle
volume scales with bone volume (R2¼0.75), and muscle length relative to bone length is conserved
(median s.d.¼2.1% of limb length). These relationships allow for an arbitrary subject's individual muscle
volumes to be estimated from mass or mass and height while muscle lengths may be estimated from
limb length. The dataset presented here can further be used as a normative standard to compare
populations with musculoskeletal pathologies.

& 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Skeletal muscle is the most abundant tissue in the human body
and is essential for movement. Muscle volume is an important
determinant of muscle functional capacity. For example, physio-
logical cross sectional area (PCSA) correlates with peak isometric
force (Gans, 1982; Sacks and Roy, 1982) and can be computed from
muscle volume and optimal fiber length (Brand et al., 1986; Lieber
and Friden, 2000). Additionally, muscle volume has been related to
the energetic capacity of muscle (Roberts et al., 1998) and to its
associated joint torque-generating capacity (Fukunaga et al., 2001;
Holzbaur et al., 2007a; Trappe et al., 2001). These relationships
between muscle PCSA and peak muscle force, and between muscle

volume and peak joint torque motivate the study of muscle
volumes and lengths across healthy humans varying in size.

To date, the most comprehensive muscle volume data in humans
has been based on cadaveric measurements (Friederich and Brand,
1990; Ward et al., 2009; Wickiewicz et al., 1983). While cadaver
dissection is attractive in its directness of measurement, old age and
poor health among cadaver donors confounds applying cadaver
data to young, healthy populations (Doherty, 2003; Narici et al.,
2003; Vidt et al., 2012). Furthermore, other limitations of cadaver
studies have generally prevented muscle scaling relationships from
being assessed.

Imaging modalities, on the other hand, have been used in the
upper limb to obtain in vivo muscle architectures in subjects
ranging in age and health condition (Holzbaur et al., 2007b; Vidt
et al., 2012) and in the lower limb to quantify volumes of large
muscles and muscle groups in subject populations of interest
(Correa and Pandy, 2011; Fukunaga et al., 1992; Gopalakrishnan
et al., 2010; Kawakami et al., 2000; LeBlanc et al., 2000). Prolonged
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imaging times have impeded the scanning of large limbs with high
resolution. In this study, we use advanced high-speed MRI, which
makes it possible to quickly scan the entire lower limb in high
resolution, facilitating a thorough assessment of the individual
muscles in the lower limb.

Quantifying healthy muscle volumes with in vivo approaches
enables several important questions to be answered. First: are
relative muscle volumes and lengths preserved across differently
sized healthy individuals? Subject-specificity of anatomy has been
discussed in biomechanical modeling (Duda et al., 1996; White
et al., 1989). A finding of consistent scaling for muscle volumes and
lengths would suggest that anatomical variability is small in
healthy individuals and would also provide a normative basis of
comparison for individuals with musculoskeletal impairments.
Second: how do bones and muscles scale with each other?
Muscles and bones are mechanically linked in structure and
function. Previous authors have investigated how bone strength
scales with size in general and in various animal species and
humans (Alexander et al., 1979; Biewener, 1989; Ferretti et al.,
2001; Frost, 1997). The relationship between muscle and bone
volumes and lengths has not been explored in healthy humans
in vivo. A finding that muscle lengths scale with bone lengths
would lend further confidence to anthropometric scaling of the
musculoskeletal system (Brand et al., 1982; White et al., 1989). A
finding of a volumetric relationship between muscle and bone
may also serve as a normative standard for evaluating gross age-
and activity-related bone loss such as osteoporosis or bone
resorption during space flight.

A comprehensive in vivo assessment of muscles from differ-
ently sized subjects would also allow for the exploration of how
muscle volumes scale with body size. Geometric similarity has
been used as a principle for muscle scaling but has been ques-
tioned by previous authors studying muscles of animals
(Alexander et al., 1981) and humans (Nevill et al., 2004). Other
authors have used many subject parameters (e.g. limb girth, age,
gender, body weight, and waist size) to predict muscle volume
(Chen et al., 2011; Lee et al., 2000). It may be that a two-
component parameter, the height–mass product, can predict
human muscle volume variation with high accuracy.

In this study, we used a fast non-Cartesian MRI sequence to
rapidly scan the entire lower limb and comprehensively assess 35
lower limb muscles of 24 healthy males and females ranging in
height by 28 cm and in mass by 51 kg. The goals of this study were
to (i) determine relative volumes and lengths of lower limb
muscles in this population, (ii) determine how muscles and bones
scale with each other, and (iii) determine how lower limb muscle
volume scales with the subject parameters of mass and height.

2. Methods

Twenty-four active, healthy subjects (8 females and 16 males with the
following subject characteristics (mean7s.d. [range]): age: 25.5711.1 [12–51]
years, height: 171710 [145–188] cm, body mass: 71.8714.6 [47.5–107.0] kg, body
mass index: 24.374.0 [18.9–35.1] kg/m2) all with no history of lower limb injury,
were provided informed consent and selected for this study (Table 1). Subject
selection and study protocol were approved by the University of Virginia's
Institutional Review Board. Subjects were scanned on a 3T Siemens (Munich,
Germany) Trio MRI Scanner using a 2D multi-slice sequence utilizing spiral
gradient echo (Meyer et al., 1992). Scan time was approximately 20 min per
subject. The scanning parameters used were: TE/TR/α: 3.8 ms/800 ms/901, field
of view: 400 mm�400 mm, slice thickness: 5 mm, in plane spatial resolution:
1.1 mm�1.1 mm. A Chebyshev approximation was applied for semi-automatic off-
resonance correction (Chen et al., 2008). Axial images were obtained contiguously
from the iliac crest to the ankle joint in acquisition sets of 20 images. The table was
moved 100 mm through the scanner after each acquisition set and scanning was
repeated.

Sets of axial images were registered and each of 35 muscles (Supplementary
Table 2) in the 24 subjects' lower limbs was segmented (Fig. 1) using in-house

segmentation software written in Matlab (The Mathworks Inc., Natick, MA, USA).
The segmentation technique is similar to others in the literature (Akima et al.,
2000; Fukunaga et al., 1992; Holzbaur et al., 2007b) and required users to specify

Table 1
Subject data: age, height, mass, total muscle volume of the lower limb, and
combined length of the tibia and femur are reported for the twenty-four subjects
included in this study.

Subject Age
(years)

Height
(cm)

Mass
(kg)

BMI
(kg/m2)

Total muscle
volume (cm3)

Limb
length
(cm)

Female 1 20 165 56.7 21 6157 82.8
Female 2 22 173 65.8 22 6427 86.6
Female 3 26 160 56.3 22 4951 73.6
Female 4 27 173 56.7 19 6185 82.5
Female 5 30 166 59 21 5912 79
Female 6 31 178 70.5 22 6449 87
Female 7 40 163 61.4 23 6002 79.8
Female 8 41 170 75 26 6866 79.8

Male 1 12 145 47.5 23 3979 71.6
Male 2 13 168 83.5 30 7307 85.6
Male 3 13 161 56 22 5795 78.4
Male 4 14 178 65.7 21 7059 88.6
Male 5 14 167 56.3 20 6104 81.9
Male 6 15 165 63.6 23 6587 84.3
Male 7 15 178 77.6 24 7584 88.1
Male 8 17 170 76.8 27 7690 82.3
Male 9 20 185 81.7 24 8242 86.5
Male 10 23 188 81.7 23 9266 89
Male 11 25 180 74.8 23 8330 84.7
Male 12 28 175 81.7 27 7729 85.7
Male 13 32 180 83.9 26 8683 89.3
Male 14 41 178 106.8 34 10064 84.7
Male 15 42 165 95.5 35 8493 84.2
Male 16 51 183 87.7 26 8922 89.5

Fig. 1. Muscles and bones were segmented in axial MR images ((A) Thigh cross
section and (B) Shank cross section) and reconstructed in 3-D ((C) Anterior view
and (D) posterior view) to obtain volumes. Muscle belly lengths were determined
from the paths of axial centroids in 3-D space, yielding the muscle belly line-of-
action length ((E) Sartorius, (F) Rectus femoris and (G) Gastrocnemius).
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2-D contours defining the perimeter of a structure in each axial image. Voxels
inside each of the 2-D contours were assigned a value of one, while external voxels
were assigned a zero value. To filter contour noise generated by small user errors in
each slice, the voxelated volume was smoothed by convolving with an averaging
filter of 3�3�3 voxels. Following this smoothing procedure, the 3D anatomical
structure was reconstructed as an isosurface by selecting an isovalue of half the
maximum value present in the volume after smoothing. The smoothing process has
a very minimal (o1%) effect on computed volumes and reproduces more realistic
3-D muscle architectures which are smooth in vivo.

Segmentations were performed by a team of eleven trained users who utilized
a detailed slice-by-slice muscle segmentation atlas created from one of our data
sets. A single highly trained user evaluated and refined all segmentations before
further analysis to ensure consistency across users. User input time was approxi-
mately 25 h per limb. Total lower limb muscle volume was found by summing the
volumes of all 35 segmented muscles. Muscle volume fraction was defined as
muscle volume divided by the total lower limb muscle volume.

The anatomical length of each muscle was determined using axial centroids.
The centroid of each muscle was computed in each axial slice. The 3D Euclidean
distance between adjacent-slice centroids was calculated and all inter-slice
distances were summed to yield muscle length. By defining muscle length using
centroids, lengths represent the anatomical line-of-action lengths, incorporating
the muscle's curved shape and complex wrapping (Fig. 1E–G). For the obturator
externus, the small external rotators, the quadratus femorus, and the piriformis, the
centroid path was inconsistent with the line-of-action. For these muscles, linear
distances along the line of action were used for muscle length (see Supplementary
text).

The linear length of bones was determined along the anatomical long axis
oriented in the superior–inferior direction. Limb length was defined as the sum of
the tibia and femur lengths. To compare muscle lengths between subjects, muscle
belly lengths were normalized by limb length.

A cylindrical water phantom of known volume was imaged and segmented to
estimate accuracy, revealing a volume error of less than 0.5%. This may under-
estimate errors associated with complex muscle shapes. A previous study reported
errors of less than 3% for imaging and segmentation of more complex imaging
phantoms (Mitsiopoulos et al., 1998).

3. Results

Within narrow standard deviations, muscle volume fractions
for the 35 muscles included in this study are conserved for this
population (Fig. 2A). Standard deviations are on the order of 1% of
total lower limb musculature. The ratio of muscle belly length to
bone length in the lower limb is conserved for this population
(Fig. 2B). The average standard deviation of muscle belly length is
2.2% of bone length.

Volumes of individual muscles scale linearly with total limb
muscle volume (Fig. 3 and Supplementary Table 1; see Supple-
mentary Table 3 for coefficients of best fit). The highest coefficients
of determination (R2) between total lower limb muscle volume and
individual muscle volume are in large muscles associated with knee
extension (0.48rR2r0.85), knee flexion and hip extension
(0.52rR2r0.76), hip flexion (0.55rR2r0.78), and ankle plantar-
flexion (0.45rR2r0.73). In contrast, R2 values are lower in the
smaller hip external rotator muscles (0.16rR2r0.41). All volume
correlations are significant (po0.05) except for those of the
obturator externus. All length correlations are significant
(po0.05) except for several hip-crossing muscles: the small exter-
nal rotators, obturator muscles, quadratus femoris, piriformis, and
pectineus.

Muscles grouped into joint-crossing agonists scale more tightly
than individual muscles (Fig. 4). The muscle groups that scale the
best with total lower limb muscle volume are the hip flexors and
extensors (R2¼0.88, R2¼0.95, Fig. 4A), the hip adductors
(R2¼0.90, Fig. 4B), and the knee flexors and extensors (R2¼0.90,
R2¼0.91, Fig. 4C). The ankle dorsiflexors and plantarflexors and hip
abductors also scale well with total lower limb muscle volume
(R2¼0.83, R2¼0.79, R2¼0.78, Fig. 4B and D) while the hip external
rotators display the lowest R2 values (R2¼0.43, Fig. 4B).

Total lower limb muscle volume scales with the product of
height and mass (Fig. 5A, R2¼0.92). This scaling relationship is
higher than a relationship based on mass (Fig. 5B, R2¼0.85) or

height (Fig. 5C, R2¼0.64). The effectiveness of height–mass scaling
over mass scaling does not reach significance (p¼0.28, two-tailed
t-test of Fisher transformation) although it is significantly more
effective than height scaling (p¼0.007). The coefficient of deter-
mination for height–mass scaling was also higher than that for
scaling based on the limb length–mass product (R2¼0.90)
although this difference was not significant. In addition to pre-
dicting total lower limb muscle volume, the height–mass product
is also a good predictor of individual muscle volumes (Supple-
mentary Table 1), especially for muscles involved in hip flexion
and extension (0.48rR2r0.82), knee flexion and extension
(0.45rR2r0.79), and the large muscles crossing the ankle joint
(0.47rR2r0.77). The height–mass product predicts individual
muscle volumes with a greater R2 than mass for all but one muscle
(Supplementary Table 1), with a mean increase in R2 of 0.05.

The total lower limb muscle volume reported previously in a
comprehensive cadaver dissection study (Ward et al., 2009) is half
as large as the value predicted by our linear model for subjects of
the same height and mass (square marker, Fig. 5). Despite the
overall small muscle sizes reported for cadavers, the muscle
volume fractions computed from Ward et al. are mostly consistent
with those found in this study, with a few exceptions. The
computed cadaver muscle volume fractions for the gluteus med-
ius, psoas, and vastus lateralis muscles are significantly different
from this study's healthy muscle volume fractions (Supplementary
Table 2, 95% confidence interval). Values for absolute physiological
cross sectional area (PCSA) of the cadaver muscles reported in
Ward et al. are also small compared to healthy subjects' computed
PCSAs (Supplementary Table 2) although normalization by total
PCSA reduces these differences.

There is a linear relationship between the total bone volume in
the lower limb (the summed volumes of the patella, tibia, fibula,
and femur) and the total muscle volume in the lower limb. One
outlier was found using a two-sided Grubbs' test (α¼0.01) of total
bone volume and was omitted from this analysis. Within
the remaining population, 75% of the variation in muscle volume
is accompanied by a commensurate variation in bone volume
(Fig. 6).

4. Discussion

The purpose of this study was to determine muscle volumes
and lengths for a cohort of healthy subjects in vivo in order to
determine how muscles, bones, and subject parameters scale
together. Our results revealed that: (i) muscle volumes scale
relative to total muscle volume, and muscle lengths scale relative
to bone length for healthy individuals varying in size and age; (ii)
bone volume and muscle volume in the lower limb scale together,
and (iii) total lower limb muscle volume scales with the product of
height and mass for healthy subjects ranging in size, gender,
and age.

In our healthy subject population, 92% of the variability in
lower limb muscle volume was predicted by variations in the
height–mass product while 85% of the variability was explained by
mass alone. The inclusion of height as a covariate with body mass
thus improved the linear predictive model by 7%. As a covariate
relationship, body mass seems to dominate lower limb muscle
volume while height offers a small predictive improvement,
although this difference did not reach statistical significance.

The possible role of height in lower limb muscle scaling may
suggest that body stature, and not just size, has a role in
intraspecific variation of muscle volume in humans. There are
both geometric/energetic and mechanical explanations of this
hypothesis. In a study on the energetics of bipedal runners,
Roberts et al. show that the cost of running is greater for bipeds
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than for quadrupeds of a similar mass (Roberts et al., 1998). The
authors suggest that longer muscles in the taller bipeds contribute
to larger muscle volumes. It is possible that the inclusion of height
explains small intraspecific variations in muscle length that con-
tribute to total muscle volume. A separate mechanical argument
can be made that the function of muscle volume is to provide
torque to balance and control the body. Indeed, muscle volume has
been shown to correlate with maximum torque-generating capa-
city (Fukunaga et al., 2001; Holzbaur et al., 2007a; Trappe et al.,
2001). With arbitrary increases in either height or mass, muscle
volume in general must increase in order to maintain torque-
balance.

Previous authors have hypothesized that inclusion of a body
stature parameter (i.e. height) as a covariate with body mass could
account for mass-independent increases in muscle mass in taller
human subjects (Kramer and Sylvester, 2013; Nevill, 1994). Our results
are consistent with these hypotheses although the effect of including
height in the model was small and did not reach statistical signifi-
cance. Future assessments with larger and more extremely varying

human subjects may determine if height–mass scaling provides a
statistically significant improvement over scaling by mass alone.

In addition to predicting total lower limb muscle volume, the
height–mass product predicted individual muscle volumes as well
or better than body mass for 34 of the 35 muscles (Supplementary
Table 1). Strong correlations between the height–mass product
and muscle volume occur in hip extensors, knee extensors, knee
flexors, and the ankle plantarflexors, muscle groups that consist of
large muscles that are functionally significant in bipedal support
and mobility (Liu et al., 2006; Winter, 1980).

Comparisons between this study's results and previous cada-
veric measurements reveal a significant disparity in the muscle
volumes of these young, healthy and recreationally active subjects
compared to cadavers. In a comprehensive dissection study (Ward
et al., 2009), the average cadaver presents a total muscle volume
50% smaller than this study's results for a given body size. Thus,
cadaver muscles are generally small even when normalized by
body size. This may result from pre-mortem sarcopenia (Doherty,
2003), inactivity (Bloomfield, 1997; Kawakami et al., 2000, 2001),

Fig. 2. Muscle volume and length distributions in healthy humans. (A) Muscle volume fraction (muscle volume divided by total limb muscle volume) means and standard
deviations for all of the muscles crossing the hip, knee, and ankle. (B) Muscle length fraction (muscle belly centerline length divided by combined length of tibia and femur)
means and standard deviations. Note: for four subjects, scans were acquired from the 12th thoracic vertebra to the ankle joint. The psoas volume and length reported here
represent the muscle from T12 to femoral insertion obtained from the four subjects whose scans extended to T12. The volume and length for other subjects was extrapolated
to include the virtual T12 to Iliac crest so that comparisons across subjects would be consistent.
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or disease-related atrophy (Tisdale, 2010). These differences call
into question using cadaver measurements for applications to
young, healthy subjects. One previous study (Arnold et al., 2010)
which built a musculoskeletal model from values reported in Ward
et al. used high specific tension values compared to literature
(61 N/cm2 compared to 20–30 N/cm2) to achieve the movements

of a healthy adult (Erskine et al., 2011; Fukunaga et al., 1996;
Maganaris et al., 2001). The same effect would have been achieved
from larger muscle sizes, rather than altering specific tension.
Minor inconsistencies in muscle volume fraction between the
present data and cadaver data may be explained by preferential
atrophy accompanying disease states (Ramsay et al., 2011) or aging

Fig. 3. Individual muscle volumes scale with lower limb muscle volume for muscles crossing the hip (A), knee (B), and ankle (C) for males (●) and females (▲). Total lower
limb muscle volume thus serves as a good predictor of volumes of muscles that range in size and anatomical location.

Fig. 4. Volumes of joint agonist muscle groups scale with lower limb muscle volume for groups crossing the hip (A and B), knee (C), and ankle (D) for males (●) and
females (▲).
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(Brooks and Faulkner, 1994; Brown et al., 1992; Buford et al., 2012).
The fact that the data presented here are from young, healthy
subjects implies that the linear model for total muscle volume
cannot be generalized to all living humans. Just as cadaver data
was distinct from the healthy model presented, it is also expected

that elderly, obese, or inactive populations will not have the same
muscle volume per height and mass as the healthy subjects
presented here but will fall below the regression line presented.

A linear relationship was observed between muscle and bone
volume in the lower limb. This finding reinforces the mechanical
relationship between muscle and bone. Scaling between muscle
architecture and bone dimensions have been explored in the past
in animals and humans (Alexander et al., 1979; Biewener, 1989;
Ferretti et al., 2001). Our result is consistent with previous claims
that muscle loads are among the most dominant factors that
influence bone modeling and remodeling (Biewener, 1989; Frost,
1997; Robling, 2009; Schoenau, 2005; Wetzsteon et al., 2011).
Since our imaging sequence did not distinguish between cortical
and trabecular bone, subtler relationships regarding cortical bone
density (Barbour et al., 2010) could not be investigated here.

There are several limitations of this study. While we obtained a
population of 24 subjects, only one-third of the population was
women and there was a larger range of masses and heights for
males. The present data cannot conclusively establish that male
and female curves do not diverge at extreme heights and masses;
it is promising though that the females in this study fell along the
same trend line as the males. Ethnic differences in muscle volume
scaling could not be addressed as 21 of these subjects were of
Caucasian descent and three did not report ethnicity. These data
can be used as the foundation for future studies performing
architectural comparisons across ethnicities. The two primary
muscle parameters reported in this study are volume and anato-
mical length; the two parameters often used in computational

Fig. 5. The product of mass and height is the best predictor of lower limb muscle volume for males (●) and females (▲) ranging in BMI. Cadaver muscle volume (■, from Ward
et al., 2009) is significantly smaller than the muscle volume of a healthy subject of the same height and mass. (A) Lower limb muscle volume scales with height�mass.
(B) Lower limb muscle volume scales slightly less well with body mass alone. (C) Height alone predicts lower limb muscle volume less well. (D) The relationship between
mass and height is not strong for subjects ranging in BMI, motivating the use of mass and height as covariates.

Fig. 6. Lower limb muscle volume scales with total lower limb bone volume.
Variation in total bone volume (combined volume of femur, fibula, patella, and
tibia) predicts 75% of the variation in the total muscle volume.
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biomechanical models are PCSA and optimal fiber length (Zajac,
1989). These parameters can be computed from volume and length
using literature values for muscle length to optimal fiber length
ratio (Ward et al., 2009). PCSA values computed thus are provided
(Suppl. Table 2). Small muscles in which the line of action was
oriented parallel to our transverse imaging plane (e.g. hip external
rotators) are susceptible to partial volume effects and segmenta-
tion errors. Future studies on these muscles should utilize a
sagittal imaging plane to reduce these errors. In this study we
analyzed the right legs of all subjects. While some of our subjects
may have been left-leg dominant, none of our subjects routinely
participated in distinctly single-leg recreational activities (e.g.
soccer). For this reason we believe that stability and ambulation
—both double – leg dependent activities—dominated the muscle
architecture of our subjects. Further studies are needed to inves-
tigate lower limb muscle symmetry in healthy subjects. Lastly,
while muscle architecture is a major predictor of muscle function,
there are many other factors involved in muscle function not
investigated here.

In this study, we showed that muscle volumes and lengths
scale with body size in healthy humans. While these parameters
do not fully describe human muscle architecture—muscle fiber
length and pennation angle, for example, cannot be derived from
these data without further assumptions—they can serve as a
foundation for further muscle architectural studies. The results
described in this paper are not directly relevant to the study of
local or global muscle pathologies where one would expect
substantial deviations in the sizes or relative sizes of muscles.
However, these data do provide a valuable normative foundation
that can be used as a basis for identifying local or global deviations
in muscle volumes in these patient populations. This will allow for
the identification of preferential atrophy, muscle size imbalances,
and deviations of muscle distributions in a wide variety of clinical
problems as well as in elderly and obese populations. Similarly,
future studies aimed at identifying adaptations of muscle distribu-
tions in athlete populations are enabled by the comprehensive
normative dataset presented here.
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