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ABSTRACT Trotter and Gleser’s (Trotter and Gleser:
Am J Phys Anthropol 10 (1952) 469–514; Trotter and
Gleser: Am J Phys Anthropol 16 (1958) 79–123) long
bone formulae for US Blacks or derivations thereof
(Robins and Shute: Hum Evol 1 (1986) 313–324) have
been previously used to estimate the stature of ancient
Egyptians. However, limb length to stature proportions
differ between human populations; consequently, the
most accurate mathematical stature estimates will be
obtained when the population being examined is as simi-
lar as possible in proportions to the population used to
create the equations. The purpose of this study was to
create new stature regression formulae based on direct
reconstructions of stature in ancient Egyptians and
assess their accuracy in comparison to other stature esti-
mation methods. We also compare Egyptian body propor-
tions to those of modern American Blacks and Whites.
Living stature estimates were derived using a revised

Fully anatomical method (Raxter et al.: Am J Phys
Anthropol 130 (2006) 374–384). Long bone stature
regression equations were then derived for each sex. Our
results confirm that, although ancient Egyptians are
closer in body proportion to modern American Blacks
than they are to American Whites, proportions in Blacks
and Egyptians are not identical. The newly generated
Egyptian-based stature regression formulae have stand-
ard errors of estimate of 1.9–4.2 cm. All mean directional
differences are less than 0.4% compared to anatomically
estimated stature, while results using previous formulae
are more variable, with mean directional biases varying
between 0.2% and 1.1%, tibial and radial estimates being
the most biased. There is no evidence for significant var-
iation in proportions among temporal or social group-
ings; thus, the new formulae may be broadly applicable
to ancient Egyptian remains. Am J Phys Anthropol
136:147–155, 2008. VVC 2008 Wiley-Liss, Inc.

Egypt is home to one of the earliest and best-known
civilizations in the Old World. Reconstructing the mor-
phology of ancient Egyptians is of interest for several
reasons. Populations living in the region underwent a
number of important changes in subsistence and settle-
ment patterns, from foraging to intensive agriculture,
and from small village settlements to large population
agglomerations (Butzer, 1976; Brewer et al., 1994;
Brewer and Teeter, 1999). Major sociopolitical and eco-
nomic changes occurred, including the development of
distinct social hierarchies (Castillos, 1983; Trigger, 1983;
Bard, 1989). Egypt also experienced frequent contact
with foreign neighbors due to its situation in the Medi-
terranean region and near the intersection of three con-
tinents. All of these influences have potentially signifi-
cant effects on morphology (Larsen, 1997; Steckel and
Rose, 2002). In addition, due in part to its possession of
consistently hot and arid climatic conditions, Egypt pre-
serves large numbers of skeletons with which to docu-
ment variation in morphology.
The majority of the research on ancient Egyptian

skeletal variation has focused on the cranium (Randall-
MacIver, 1901; Fawcett and Lee, 1902; Thomson and
Randall-MacIver, 1905; Giuffrida-Ruggeri, 1915; Morant,
1925, 1935, 1937; Stoessiger, 1927; Woo, 1930; Batrawi,
1945, 1946; Batrawi and Morant, 1947; Derry, 1956;
Crichton, 1966; Berry and Berry, 1967, 1972; Berry

et al., 1967; Strouhal, 1971, 1973; Angel, 1972; Gaballah
et al., 1972; Wiercinski, 1973; Billy, 1977; Keita, 1990,
1992, 2004; Prowse and Lovell, 1996; Zakrzewski, 2007)
or dentition (Greene, 1972; Grilleto, 1973; Irish, 1988,
2006; Johnson and Lovell, 1994; Prowse and Lovell,
1996). Thus far, there have been comparatively few
attempts to estimate body size in ancient Egyptians
(Warren, 1897; Masali, 1972; Robins, 1983; Robins and
Shute, 1983, 1984, 1986; Zakrzewski, 2003). However,
body size, and stature in particular, can play an impor-
tant role in assessing environmental and social factors
in past populations, including general health (Steeg-
mann and Haseley, 1988; Pietrusewsky et al., 1997,
Steckel and Rose, 2002), sexual dimorphism (Frayer,
1980), and class differences (Bogin and Keep, 1999).
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Trotter and Gleser’s (1952, 1958) formulae, based on
long bone lengths, for US Blacks, and Robins and
Shute’s (1986) modified equations based on the same for-
mulae, were previously used to estimate the stature of
ancient Egyptians (Masali, 1972; Robins, 1983; Robins
and Shute, 1983, 1984, 1986; Zakrzewski, 2003; Mul-
hern, 2005). However, many authors have cautioned
against using stature regression formulae derived from
one population for other populations (Pearson, 1899; Ste-
venson, 1929; Dupertuis and Hadden, 1951; Trotter and
Gleser, 1952). Linear body proportions vary among popu-
lations (Eveleth and Tanner, 1976; Ruff, 1994; Holliday,
1997; Holliday and Ruff, 1997); consequently, the most
accurate stature estimates derived from long bone
lengths will be attained when the reference and target
populations are as similar as possible in proportions
(Holliday and Ruff, 1997). US Blacks were used as a ref-
erence sample in previous studies of ancient Egyptians
because some of their proportions were found to be simi-
lar (Masali, 1972; Robins, 1983; Robins and Shute, 1983,
1984, 1986; and see below).
An alternative approach to matching an ancient popu-

lation with a modern one of similar body proportions is
to calculate stature of a sample of the ancient population
using a direct (‘‘anatomical’’) method, then use those
statures to derive equations based on individual skeletal
elements of the same sample. Theoretically, this should
produce more accurate stature estimation equations,
since the reference sample is drawn from the population
itself. Anatomical methods involve adding up the heights
(or lengths) of skeletal elements from the foot through
the head, and inherently make no assumptions about
body proportions. The best known is the Fully technique
(Fully, 1956), recently modified by us (Raxter et al.,
2006). Although the anatomical technique is considered
by many to provide the best approximation of living stat-
ure (Olivier, 1969; El Najjar and McWilliams, 1978;
Stewart, 1979; Lundy, 1985; Ousley, 1995; Raxter et al.,
2006), because of the necessity of very complete skeletal
remains it is applicable to only a small proportion of
most archaeological samples. However, when a sufficient
number of individuals can be measured in this way,
regression formulae based on more commonly available
skeletal dimensions, e.g., long bone lengths, can be
developed for the population. This approach has been
employed by a number of authors to derive stature esti-
mation equations for a variety of populations (Lundy,
1983; Lundy and Feldesman, 1987; Feldesman and
Lundy, 1988; Jungers, 1988; Sciulli et al., 1990; Sciulli
and Giesen, 1993; Formicola and Franceschi, 1996; Bid-
mos and Asala, 2005; Bidmos, 2006; Chibba and Bidmos,
2007; Ryan and Bidmos, 2007).
The present study presents new stature regression for-

mulae based on direct anatomical reconstructions of stat-
ure in a sample of ancient Egyptians and assesses their
accuracy in comparison to other previously employed
stature estimation methods. To further investigate how
body proportions affect stature estimation, we also com-
pare Egyptian body proportions to those of modern
American Blacks and Whites from the Smithsonian
Institution’s Robert J. Terry Collection.

MATERIALS AND METHODS

The Egyptian skeletal sample consists of 63 adult
males and 37 adult females. Eighty-nine individuals
(male n 5 56; female n 5 33) are from Old Kingdom

period (c. 2687-2191 BCE) Giza. Eleven individuals
(male n 5 7; female n 5 4) originated from other time
periods (Table 1). Ages ranged from 20–60 years, with a
mean age of 38 years.
The samples were measured predominantly in Giza,

and also in the Natural History Museum in Vienna, the
Smithsonian Institution’s National Museum of Natural
History, and the Peabody Museum of Archaeology and
Ethnology at Harvard University. Only the Old Kingdom
period Giza remains curated in Giza had available infor-
mation on social status, classified as ‘‘workers’’ (male
n 5 20; female n 5 17) and ‘‘high officials’’ (male n 5 30;
female n 5 16), determined from the cemeteries they
were buried in. Before pooling samples, bone length to
stature proportions (lengths of the femur, tibia, hu-
merus, and radius, summed femur and tibia lengths,
and summed humerus and radius lengths to skeletal
height) were compared between Old Kingdom period and
non-Old Kingdom period Egyptians, and between work-
ers and high officials at Giza. First, data distributions
were compared by examining bivariate scatters. Because
the sample sizes for the non-Old Kingdom period Egyp-
tians were small, the effect of time period was statisti-
cally assessed using Mann-Whitney U tests. Proportions
between workers and high officials were compared using
independent samples t-tests.
Sex was estimated using nonmetric identification of

characteristics on both the pelvis and the cranium,
except for four males that did not have available pelves.
Features examined in the pelvis included the relative
length of the pubis, subpubic angle, greater sciatic notch,
and preauricular sulcus (White, 2000). Cranial features
examined included nuchal crest, mastoid process, supra-
orbital margin, and mental eminence (White, 2000). All
the individuals in the sample had completely fused long
bone epiphyses. Age estimations were based on pubic
symphyseal and auricular surface changes (Lovejoy
et al., 1985; Brooks and Suchey, 1990). All the individu-
als in the Egyptian sample possessed the necessary
elements (cranium, all vertebrae, sacrum, at least one
femur, tibia, and talus and calcaneus) required to apply
a revised Fully anatomical stature estimation method
(Raxter et al., 2006). The method results in the calcula-
tion of skeletal stature from the summed lengths and
heights of the individual elements. To derive living stat-
ure from skeletal stature, Raxter et al.’s (2006) equation
with an age term was applied, as recommended by
Raxter et al. (2007), who found that the use of even

TABLE 1. Sample size and origins

Time period/location Male Female

Predynastic (c. 3150-–3050 BCE)/Keneha 1 1
Predynastic (c. 3150-–3050 BCE)/Mesaeeda 1 0
Old Kingdom (c. 2687–2191 BCE)/Gizab 50 33
Old Kingdom (c. 2687–2191 BCE)/Gizac 6 0
Middle Kingdom (c. 2061–1665 BCE)/Lishtd 2 2
New Kingdom (c. 1569–1081 BCE)/Lishtd 1 0
Late Period (c. 724–333 BCE)/Lishtd 0 1
Coptic (c. 337–641 CE)/Luxord 2 0
Total 63 37

a Peabody Museum of Archaeology and Ethnology, Harvard
University.
b Giza, Egypt.
c Natural History Museum, Vienna (Austria).
d National Museum of Natural History, Smithsonian Institution.
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broad age ranges in applying an age term produced
more accurate estimates of stature than not employing
one at all. Individuals collected at Giza were assigned to
narrower age groups composed of 5-year intervals from
20 to 60 years, while the rest of the sample was assigned
to broader age ranges, from 20 to 30 years and from 30
to 60 years. The age term was determined by taking the
mean of the estimated age ranges for each individual
(e.g., age 22.5 for an individual whose age range was 20-
25 years; age 45 for an individual whose age range was
30-60 years). In previous comparisons with known
cadaveric statures (Raxter et al., 2006), anatomical stat-
ure estimates were accurate to within 64.5 cm in 95% of
individuals, with no significant directional bias regard-
less of sex or ancestry.
Long bone lengths were regressed against the anatom-

ically determined living statures to generate new stature
estimation formulae based on Egyptian skeletal remains.
Maximum and bicondylar lengths of the femur (femurm,
M1, and femurb, M2, respectively), true maximum length
of the tibia (tibiam, M1a), and maximum length of the
tibia to the lateral condyle, or lateral condyle-malleolar
length (tibial, M1), and maximum lengths of the hu-
merus (M1) and radius (M1) were measured (numbers
refer to dimensions described in Martin, 1957). Because
the humerus and radius are not used as part of the ana-
tomical stature estimation technique, some individuals
were missing these bones, resulting in somewhat smaller
sample sizes for these equations. Least squares regres-
sions were used in all cases. Standard errors of esti-
mates (SEE) and Pearson’s r are reported for each new
equation.
Estimates derived from the new Egyptian formulae

were compared to estimates using Trotter and Gleser’s
(1952, 1958, 1977) and Robins and Shute’s (1986) long
bone regression formulae. Only Trotter and Gleser’s equa-
tions for Blacks were used as it has been previously dem-
onstrated that estimates from Trotter and Gleser’s White
equations have a wider spread and larger than expected
means for ancient Egyptian statures (Robins, 1983; Rob-
ins and Shute, 1983). Trotter and Gleser’s 1958 equations
are only applicable to males and consequently were not
used for the females in our sample. Trotter and Gleser’s
1977 paper presents corrected stature regression equa-
tions for Black female radii and these were applied to the
female radii in this study. Because there have been
reported issues regarding the measurement of tibial
lengths in Trotter and Gleser’s (1952, 1958) studies
(Robins and Shute, 1984, 1986; Jantz et al., 1995), their
equations for the tibia were not used here.
Average percent prediction errors between estimated

statures—using our new equations and those of previous
investigators—and ‘‘true’’ (anatomical) statures were
determined for each sex. These were calculated as direc-
tional (i.e., maintaining positive and negative signs) val-
ues, which can be taken to signify systematic directional
differences.
The comparative skeletal sample from the United

States consists of 29 Black females, 25 White females, 33
Black males, and 32 White males, all adults of known
age, ancestry, sex, and cadaveric statures from the Rob-
ert J. Terry Collection at the National Museum of Natu-
ral History, Smithsonian Institution (Raxter et al., 2006).
All the individuals lived in the St. Louis area and died
between the early and mid 20th century (Hunt and Alba-
nese, 2005). Ages ranged from 21 to 85 years, with a
mean age of 54 years. Two types of comparisons with

Egyptians were carried out. Because they are often used
to assess linear proportions (Robins, 1983; Robins and
Shute, 1983, 1984, 1986; Auerbach and Ruff, 2004),
intralimb bone length indices (crural: tibia/femur, brach-
ial: radius/humerus) were compared using ANOVA and
post hoc Tukey tests. In addition, interpopulational
differences in skeletal height to lower limb bone length
proportions were examined by comparing line elevations
using analysis of covariance (ANCOVA), first checking
for equivalence of slopes. In these comparisons, skeletal
height is the dependent variable, population is the inde-
pendent class variable, and bone lengths are the covari-
ates. A probability level of � 0.05 was considered statis-
tically significant in all analyses.
Graphs were produced and statistics were carried out

using Microsoft Excel XP and SYSTAT 11.

RESULTS

Comparisons of skeletal height to lower limb (femurb
1 tibial) length proportions in Old Kingdom and non-Old
Kingdom period males and females are shown in Figures
1 and 2. The non-Old Kingdom period individuals fall

Fig. 1. Skeletal height against femurb 1 tibial lengths for Old
Kingdom and non-Old Kingdom period males. Solid squares, Old
Kingdom period; open circles, non-Old Kingdom period.

Fig. 2. Skeletal height against femurb 1 tibial lengths for Old
Kingdom and non-Old Kingdom period females. Solid squares,
Old Kingdom Period; open circles, non-Old Kingdom Period.

149NEW EGYPTIAN STATURE EQUATIONS

American Journal of Physical Anthropology



well within the distributions for the Old Kingdom sam-
ples, demonstrating similar proportions. Mann-Whitney
U tests indicate no effect of time period on any skeletal
height to limb bone length proportions (P [ 0.10). When
plotted, proportions between workers and high officials
also showed consistency and independent samples t-test
results demonstrated no effect of social class on any of
the proportions investigated (P [ 0.10). All skeletons
were thus subsequently pooled for the remaining analy-
ses to maximize the sample.
Table 2 presents the new male and female ancient

Egyptian long bone stature estimation equations, along
with their corresponding SEE and Pearson’s r. SEE’s
range between 1.9 and 4.2 cm, with smaller SEE’s using
the lower limb bones. This is similar to results reported
by Trotter and Gleser (1952, 1958) for US Blacks and
Whites, although SEE’s here are slightly smaller in gen-
eral. Tibia length and summed femur 1 tibia length pro-
duce the lowest SEE’s in both sexes.
All mean directional differences between the new

regression formulae stature estimates and anatomically
estimated statures are less than 0.4% (Table 3). Esti-
mates using Robins and Shute’s (1986) and Trotter and
Gleser’s (1952, 1958, 1977) long bone formulae show
more variation relative to anatomical statures, with mean
directional differences varying between 0.2% and 1.1%.
Robin and Shute’s (1986) tibial and radial estimates
show the most difference.
Intralimb (crural and brachial) indices are signifi-

cantly higher in ancient Egyptians than in American
Whites (except crural index among females), i.e., Egyp-
tians have relatively longer distal segments (Table 4).
Intralimb indices are not significantly different between
Egyptians and American Blacks.
Table 5 summarizes ANCOVA results for regression of

skeletal height on femurb and tibial lengths. Compari-
sons were carried out separately for Egyptians vs.
Whites and Egyptians vs. Blacks, within sex. Slopes
were equivalent except in the Egyptian vs. Black com-
parison for the female tibia. Egyptians are highly signifi-
cantly different in elevation than US Whites in all com-

TABLE 2. New stature estimation equations for ancient Egyptians based on long bone lengths (all dimensions in cm)a

Elementb n Formula SEE r

Males
Femurm 63 2.257 (femm) 1 63.93 3.218 0.826
Femurb 63 2.253 (femb) 1 64.76 3.226 0.825
Tibiam 63 2.554 (tibm) 1 69.21 3.002 0.850
Tibial 63 2.552 (tibl) 1 70.18 3.060 0.844
Humerusm 51 2.594 (hum) 1 83.85 4.218 0.656
Radiusm 48 2.641 (rad) 1 100.91 3.731 0.649
Femurm 1 tibiam 63 1.282 (femm 1 tibm) 1 59.35 2.851 0.866
Femurm 1 tibial 63 1.276 (femb 1 tibm) 1 60.64 2.900 0.861
Humerusm 1 radiusm 41 1.456 (hum 1 rad) 1 83.76 3.353 0.709

Females
Femurm 37 2.340 (femm) 1 56.99 2.517 0.891
Femurb 37 2.341 (femb) 1 57.63 2.511 0.892
Tibiam 37 2.699 (tibm) 1 61.08 1.921 0.938
Tibial 37 2.700 (tibl) 1 61.89 1.893 0.940
Humerusm 30 2.827 (hum) 1 70.94 2.732 0.806
Radiusm 28 2.509 (rad) 1 96.73 4.057 0.580
Femurm 1 tibiam 37 1.313 (femm 1 tibm) 1 54.36 1.968 0.935
Femurb 1 tibial 37 1.312 (femb 1 tibl) 1 55.27 1.961 0.936
Humerusm 1 radiusm 24 1.291 (hum 1 rad) 1 86.41 3.247 0.640

a To estimate the stature of individuals 30 years of age and older, subtract 0.06 (age in years – 30) (Trotter and Gleser, 1952).
b Subscript m, maximum length (including intercondylar spines in tibia); subscript b, bicondylar length; subscript l, length mea-
sured to the lateral condyle of the tibia.

TABLE 3. Mean percent prediction errors (PPE) for
new and previous stature regression estimates compared

with anatomically derived statures

Sourcea
Mean PPEb

Males Females

Femurm
Present study 20.274 20.366
Robins and Shute, 1986 0.407 20.232
Trotter and Gleser, 1952c 20.448 20.157
Trotter and Gleser, 1958c 0.397

Femurb
Present study 20.287 20.170

Tibiam
Present study 20.279 20.376
Robins and Shute, 1986 1.032

Tibial
Present study 20.278 20.376

Tibiamed
d

Robins and Shute, 1986 0.714
Humerus
Present study 20.252 20.333
Robins and Shute, 1986 0.234 0.337
Trotter and Gleser, 1952c 20.403 0.361
Trotter and Gleser, 1958c 0.235

Radius
Present study 20.258 20.361
Robins and Shute, 1986 0.688 1.119
Trotter and Gleser, 1952c 20.127
Trotter and Gleser, 1958c 0.684
Trotter and Gleser, 1977c 0.381

Femurm and Tibiam
Present study 20.009 20.095

Femurb and Tibial
Present study 20.273 20.375

Humerus and Radius
Present study 20.302 20.347
Trotter and Gleser, 1958c 0.325

a See Table 2 for bone length definitions.
b PPE calculated as [(long bone estimate 2 anatomical esti-
mate)/anatomical estimate] 3 100.
c Equations for Blacks.
d Tibiamed: length measured to the medial condyle.
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parisons (P\ 0.001). However, Egyptians are also signif-
icantly different from US Blacks (P \ 0.05), although
closer to Blacks than they are to Whites. Figures 3 and
4 show plots of skeletal stature to femurb and tibial
lengths in males, demonstrating the intermediate pro-
portions of Egyptians relative to those of Blacks and
Whites.

DISCUSSION

Comparisons of linear body proportions of Old King-
dom and non-Old Kingdom period individuals, and work-
ers and high officials in our sample found no statistically
significant differences among them. Zakrzewski (2003)
also found little evidence for differences in linear body
proportions of Egyptians over a wider temporal range. In
general, recent studies of skeletal variation among an-
cient Egyptians support scenarios of biological continuity
through time. Irish (2006) analyzed quantitative and
qualitative dental traits of 996 Egyptians from Neolithic
through Roman periods, reporting the presence of a few
outliers but concluding that the dental samples appear
to be largely homogeneous and that the affinities ob-
served indicate overall biological uniformity and continu-
ity from Predynastic through Dynastic and Postdynastic
periods. Zakrzewski (2007) provided a comprehensive
summary of previous Egyptian craniometric studies and
examined Egyptian crania from six time periods. She
found that the earlier samples were relatively more ho-
mogeneous in comparison to the later groups. However,
overall results indicated genetic continuity over the
Egyptian Predynastic and Early Dynastic periods, albeit
with a high level of genetic diversity within the popula-
tion, suggesting an indigenous process of state forma-
tion. She also concluded that while the biological pat-
terning of the Egyptian population varied across time,
no consistent temporal or spatial trends are apparent.
Thus, the stature estimation formulae developed here
may be broadly applicable to all ancient Egyptian popu-
lations, although this should be further investigated
through comparisons of limb bone to trunk length pro-
portions in additional samples.

The results of the present study indicate that the new
long bone stature estimation equations devised here,
based on anatomical reconstruction of stature in ancient
Egyptians themselves, produce more consistently accu-
rate estimates of stature than previously employed
regression formulae developed from US Blacks. Standard
errors of estimate are also smaller than those of previous
formulae (Trotter and Gleser, 1952, 1958; Robins and
Shute, 1986, did not provide SEE’s for their formulae).
These results were expected, since the present formulae
are ‘‘customized’’ for the particular population under
consideration.
Although ancient Egyptian linear body proportions are

more similar to those of American Blacks than they are
to Whites, they are not identical to American Blacks, but
rather, are somewhat intermediate between Blacks and
Whites. Many of those who have studied ancient Egyp-
tians have commented on their characteristically ‘‘tro-
pical’’ or ‘‘African’’ body plan (Warren, 1897; Masali,
1972; Robins, 1983; Robins and Shute, 1983, 1984, 1986;
Zakrzewski, 2003). While several different types of body

TABLE 4. Intra-limb bone length indices
in US and Egyptian samples

Crural indexa Brachial indexb

Males Females Males Females

Mean SE Mean SE Mean SE Mean SE

Terry Whites 81.9 0.4 82.0 0.4 74.3 0.4 73.5 0.5
Terry Blacks 83.7 0.4 83.8 0.5 77.1 0.5 76.5 0.5
Egyptians 83.6c 0.2 82.8 0.3 77.9c 0.5 77.5c 0.6

a Crural indices calculated as (tibial/femurb) 3 100.
b Brachial indices calculated as (radiusm/humerusm) 3 100.
c Significantly different from Terry Whites, Tukey tests.

TABLE 5. Interpopulational differences in skeletal height
to lower limb bone length proportions (probability values,

comparison of line elevations using ANCOVA)

Sample comparison

Skeletal height
on femurb

Skeletal height
on tibial

Males Females Males Females

Terry Whites – Egyptians \0.001 \0.001 \0.001 \0.001
Terry Blacks – Egyptians 0.021 0.047 0.025 —a

a Slopes not parallel; no elevation comparison carried out.

Fig. 3. US White, US Black, and Egyptian skeletal stature
to femurb length in males. Solid squares and heavy line, Egyp-
tians; open circles and dotted line, Whites; crosses and thin
line, Blacks.

Fig. 4. US White, US Black, and Egyptian skeletal stature
to tibial length in males. Solid squares and heavy line, Egyp-
tians; open circles and dotted line, Whites; crosses and thin
line, Blacks.
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proportions have been studied (e.g., see Masali, 1972),
for the most part these assertions have been based on
comparisons of intralimb bone length proportions, i.e.,
crural and brachial indices. We list some previously
reported intralimb length indices for ancient Egyptian
samples as well as modern US Blacks and Whites, Afri-
cans, and Europeans in Table 6. (‘‘Africans’’ include sub-
Saharan as well as samples derived from sub-Saharan
regions, i.e., US Blacks—see Ruff and Walker, 1993.)
Because different authors have used different bone
length definitions, especially for the tibia, we include
several different ‘‘crural’’ indices in Table 5. (Note that
our crural index in Table 4 is based on yet another set of
bone length definitions, those used in the Fully stature
estimation method, so do not match exactly the results
shown in Table 6.) Previously estimated intralimb indi-
ces for ancient Egyptians are generally quite similar to
ours, and are more similar to US Blacks than to US
Whites. The only exception is Robins and Shute’s (1983)
crural indices for Egyptian Pharaohs, which are lower,
although these were derived using a different tech-
nique—radiography rather than direct measurement—
which could account for the difference (alternatively,
Pharaohs may have had slightly different body propor-
tions than other Egyptians). Egyptians also fall within
the range of modern African populations (Ruff and
Walker, 1993), but close to the upper limit of modern
Europeans as well, at least for the crural index (brachial
indices are definitely more ‘‘African’’).
However, variation in intralimb indices does not per-

fectly parallel variation in limb length to trunk length or
stature proportions, either among modern populations or
earlier humans (Holliday, 1997; Ruff et al., 2002). In
terms of femoral and tibial length to total skeletal height
proportions, we found that ancient Egyptians are signifi-
cantly different from US Blacks, although still closer to
Blacks than to Whites. These are really the more rele-
vant types of proportions to consider here, since they
bear directly on stature estimation from long bone
lengths. It should also be noted that a test that has been
used for assessing the appropriateness of particular ref-
erence groups—comparing statures derived from differ-
ent bones and choosing the reference group that pro-
duces the most consistent estimates (Robins and Shute,
1983, 1986)—will not necessarily reveal this potential
problem. If both proximal and distal limb elements, and
upper and lower limbs, vary in the same direction rela-
tive to stature (i.e., a population has relatively shorter or

longer limbs overall than the reference sample), stature
estimation equations derived from different bones of the
reference sample may give similar, but incorrect results.
It is only by applying a Fully type of anatomical recon-
struction of stature, or at least trunk length together
with long bone lengths (Holliday, 1997), that such pro-
portional differences can be discerned. To our knowledge,
the only previous researcher who has attempted to apply
a Fully type of method to ancient Egyptian remains is
Masali (1972), and he reported only mean ‘‘skeletal
lengths’’ for an unspecified number of Dynastic skele-
tons. He did find that the Trotter and Gleser (1952) US
Black long bone formulae produced stature estimates
that were the most highly correlated with skeletal length
among his males (r 5 0.68), although among females
Telkka’s (1950) formulae produced a slightly better corre-
lation (r 5 0.48) than Trotter and Gleser’s (1952) Black
formulae (r 5 0.46) (the actual long bones entered into
the formulae were not specified).
Stature estimates using our new equations showed

very little average directional bias when compared with
anatomically determined statures—less than 0.4% in all
cases. Our estimates were, however, consistently slightly
lower than the anatomically determined statures. This
may be a result of the age correction factors employed
when using the long bone equations. We used Trotter
and Gleser’s (1951) recommended age correction of sub-
tracting 0.06 (years-30) cm for individuals over 30 years
of age. Trotter and Gleser derived the 0.06 coefficient by
carrying out partial regressions of known (adjusted
cadaveric) stature on age with long bone lengths as a
covariate. This intrinsically controlled for possible secu-
lar as opposed to true age-related differences in stature,
since long bone lengths should not change with aging.
When we carried out a similar analysis with our long-
bone-estimated statures, age-corrected as recommended
by Trotter and Gleser, there was still a highly significant
age effect (P \ 0.001), i.e., even when ‘‘corrected’’ for
age, there is still an apparent residual effect of age on
results. There was no such age effect in similar regres-
sions of anatomically estimated statures on age with
long bone lengths as covariates (P [ 0.25). Thus, it
appears that Trotter and Gleser’s age correction factor
when using long bone formulae may be slightly inaccu-
rate for ancient Egyptians. [General problems with Trot-
ter and Gleser’s age correction have been discussed pre-
viously (Raxter et al., 2006)]. However, since there is no
way to independently confirm this, it is still advisable to

TABLE 6. Intra-limb bone length indices in present and previous studies

Sample Study

Intra-limb Indexa

Tibiam/Femurm Tibial/Femurm

Tibiamed/
Femurm

Radiusm/
Humerusm

Male Female Male Female Male Female Male Female

Egyptians – Dynastic Present 83.8 83.0 83.1 82.2 81.7 81.7 77.9 77.5
Egyptians – Predynastic

(Naqada)
Warren, 1897 82.7 82.1 78.8 78.1
Robins and Shute, 1986 84.8 84.0 82.7 82.0

Egyptians – Pharaohs Robins and Shute, 1983 82.4/81.9b

Egyptians – Predyn/Dyn Zakrzewski, 2003 83.8c 78.3c

US Blacks (Terry) Raxter et al., 2006 83.0 83.1 77.1 76.5
US Whites (Terry) Raxter et al., 2006 81.5 81.3 74.3 73.5
Modern African Ruff and Walker, 1993 82.8–85.8c 76.4–78.7c

Modern European Ruff and Walker, 1993 78.4–83.1c 72.9–74.0c

a See Table 2 for length definitions; Tibiamed, length measured to the medial condyle.
b Values with/without Ramesses II (our calculations from Robins and Shute, 1983; Table 1).
c Pooled sex.
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continue using the correction, and in any event, any dis-
crepancies resulting from this would appear to be small.

CONCLUSION

Anatomical methods involving addition of skeletal ele-
ments from the head to the foot, should produce the
least biased estimates of stature, since they make no
assumptions about body proportions. When enough indi-
viduals within a population sample can be measured in
this way, regression equations applicable to less complete
skeletons from the sample can be developed. This is
done here for a sample of 100 ancient Egyptian skele-
tons. The resulting long bone regression equations have
standard errors of estimate comparable to or lower than
those of other commonly employed equations, and pro-
duce estimates with directional biases of less than 0.4%
compared to anatomically derived statures. Equations
previously applied to ancient Egyptians, based on mod-
ern US Blacks, give more variable results.
While ancient Egyptians have intralimb length propor-

tions similar to those of US Blacks, limb length to stat-
ure proportions of Egyptians are intermediate between
those of Blacks and Whites. There is no evidence for sig-
nificant temporal or class-related variation among an-
cient Egyptians in linear body proportions. Thus, the
new equations may be broadly applicable to Egyptian
archaeological samples.

ACKNOWLEDGMENTS

The authors thank the curators and staff of the Natu-
ral History Museum in Vienna, National Museum of
Natural History, Smithsonian Institution, and Peabody
Museum of Archaeology and Ethnology at Harvard for
providing access and assistance to the various collec-
tions, and Dr. Zahi Hawass, General Director of the
Supreme Council of Antiquities, Cairo, who directed
recent excavations at Giza.

LITERATURE CITED

Angel JL. 1972. Biological relations of Egyptian and Eastern
Mediterranean populations during Pre-dynastic and Dynastic
times. J Hum Evol 1:307–313.

Auerbach BM, Ruff CB. 2004. Human body mass estimation: a
comparison of ‘‘morphometric’’ and ‘‘mechanical’’ methods. Am
J Phys Anthropol 125:331–342.

Bard KA. 1989. The evolution of social complexity in Predynas-
tic Egypt: an analysis of the Naqada cemeteries. J Mediterr
Archaeol 2:223–248.

Batrawi A. 1945. A racial history of Egypt and Nubia. J Royal
Anthropol Instit Gr Brit Ire 75:81–101.

Batrawi A. 1946. The racial history of Egypt and Nubia. II. The
racial relationships of the ancient and modern populations of
Egypt and Nubia. J R Anthropol Inst 76:131–156.

Batrawi A, Morant GM. 1947. A study of a First Dynasty series
of Egyptian skulls from Sakkara and of an Eleventh Dynasty
series from Thebes. Biometrika 34:18–27.

Berry AC, Berry RJ. 1967. Epigenetic variation in the human
cranium. J Anat 101:361–379.

Berry AC, Berry RJ. 1972. Origins and relationships of the an-
cient Egyptians. Based on a study of non-metrical variations
in the skull. J Hum Evol 1:199–208.

Berry AC, Berry RJ, Ucko PJ. 1967. Genetical change in ancient
Egypt. Man 2:551–568.

Bidmos M. 2006. Adult stature reconstruction from the calca-
neus of South Africans of European descent. J Clin Forensic
Med 13:247–252.

Bidmos M, Asala S. 2005. Calcaneal measurement in estimation
of stature of South African Blacks. Am J Phys Anthropol
126:335–342.

Billy G. 1977. Population changes in Egypt and Nubia. J Hum
Evol 6:697–704.

Bogin B, Keep R. 1999. Eight thousand years of economic and
political history in Latin America revealed by anthropometry.
Ann Human Biol 26:333–351.

Brewer DJ, Redford DB, Redford, S. 1994. Domestic plants and
animals: the Egyptian origins. Warminster: Aris and Phillips.

Brewer DJ, Teeter E. 1999. Egypt and the Egyptians. Cam-
bridge: Cambridge University Press.

Brooks S, Suchey JM. 1990. Skeletal age determination based
on the os pubis: a comparison of the Acsadi-Nemeskeri and
Suchey-Brooks methods. Hum Evol 5:227–238.

Butzer KW. 1976. Early hydraulic civilization in Egypt: a study
in cultural ecology. Chicago: University of Chicago Press.

Castillos JJ. 1983. A study of the spatial distribution of large
and richly endowed tombs in Egyptian Predynastic and Early
Dynastic cemeteries. Toronto: Private Publication.

Chibba K, Bidmos MA. 2007. Using tibia fragments from South
Africans of European descent to estimate maximum tibia
length and stature. Forensic Sci Int 169:145–151.

Crichton JM. 1966. A multiple discriminant analysis of Egyptian
and African Negro crania. Papers of the Peabody Museum
of Archaeology and Ethnology LVII. Cambridge, MA: Peabody
Museum. p 45–67.

Derry DE. 1956. The dynastic race in Egypt. J Egypt Archaeol
42:80–85.

Dupertuis CW, Hadden JA. 1951. On the reconstruction of stat-
ure from long bones. Am J Phys Anthropol 9:15–54.

El Najjar MY, McWilliams KR. 1978. Forensic anthropology: the
structure, morphology, and variation of human bone and den-
tition. Springfield, IL: Thomas.

Eveleth PB, Tanner JM. 1976. Worldwide variation in human
growth. Cambridge: Cambridge University Press.

Fawcett CD, Lee A. 1902. A second study of the variation and
correlation of the human skull, with special reference to the
Naqada crania. Biometrika 1:408–467.

Feldesman MR, Lundy JK. 1988. Stature estimates for some
African Plio-Pleistocene fossil hominids. J Hum Evol 17:583–
596.

Formicola V, Franceschi M. 1996. Regression equations for esti-
mating stature from long bones of early Holocene European
samples. Am J Phys Anthropol 100:83–88.

Frayer DW. 1980. Sexual dimorphism and cultural evolution in
the late Pleistocene and Holocene of Europe. J Hum Evol
9:399–415.

Fully G. 1956. Une nouvelle méthode de détermination de la
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