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Stature estimation from bones of

South African whites

Manisha R. Dayala* , Maryna Steyn’ and Kevin L. Kuykendall’

Stature reconstruction from skeletal remains forms part of the
forensic anthropological analysis for the purpose of identification
of the individual. The aim of this study was to derive regression
formulae for the estimation of total skeletal height, and thereafter to
predict stature in South African whites using long bone lengths. The
sample comprised 98 white male and 71 white female skeletons
from the Raymond A. Dart Collection of Human Skeletons and the
Pretoria Bone Collection. For each individual, total skeletal heights
and maximum long bone lengths were measured and used to produce
univariate regression formulae, with resulting correlations (r) ranging
between 0.56 and 0.96. The lowest standard error of estimate (1.75
for females, 1.92 for males) was obtained when the lumbar spine,
femur and tibia were used in combination, while the highest SEE
(5.21 for females, 5.54 for males) was found when the lumbar spine
was used on its own. Recently published corrections for soft tissue
additions to obtain living height from total skeletal height make
these kinds of formulae more usable, and will reduce the problem of
underestimation. The derived formulae are population specific and
are designed for use in forensic skeletal analyses of South African
whites, but are also generally relevant to theoretical and practical
issues in forensic anthropology.

Introduction

Forensic anthropology encompasses the examination of skeletal
remains for the purposes of identification. It is a sub-field of
physical anthropology that has medico-legal implications. The
traditional goal of forensic anthropology is to identify human
remains once they have been skeletonized, although the forensic
anthropologist may be confronted with burned remains, hair
samples, footprints, fingerprints, blood or any other tissue sample
for blood typing and DNA profiling.'” Included in the typical
forensic anthropological analysis is the determination of age,
sex, race and ante-mortem stature of the unknown individual.

Stature is usually estimated by employing either the anatomical
or the mathematical method. The anatomical method estimates
total skeletal height, and was initially introduced by Dwight in
1894 (cited in Lundy*). In 1956 Fully® reintroduced the method
with slight variation and it became known as Fully’s procedure.
This method is based on the summed heights of skeletal elements
that contribute to stature in humans. The skeletal elements
measured in this method are the cranium, vertebrae, femur,
tibia, talus and calcaneus. These represent the elements that
contribute to stature,*® and their measurements are summed to
calculate total skeletal height. To calculate the living stature of an
individual using the anatomical method, correction factors that
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compensate for soft tissue also need to be added.** The main
disadvantage of the anatomical method is that a nearly complete
skeleton is needed for stature estimation.

The mathematical method, on the other hand, makes use of
one or more bone lengths to estimate the stature of the individual.
This method employs bone length and stature tables, and
regression formulae to estimate total skeletal height or living
stature from long bone lengths. Initial research was carried out
by many investigators from the 1700s like Sue (1755), Orfila
(1821), Beck (1823), Rollet (1888), and Manouvrier (1893) (cited
in Stewart'). In 1899, Karl Pearson developed the first formal
stature regression formulae.”

To use the mathematical method, the bone length measurement
is substituted into a regression equation. The outcome of the
equation calculated gives either the total skeletal height or the
living stature. This depends upon the equation(s) employed
and whether the soft tissue and ageing correction factors were
included into the equation. The obvious advantage of this
method is that a single bone can be used to estimate the stature of
an individual. The main disadvantage of the mathematical
method is that different regression formulae are required for
different populations, for each different bone and also separately
for each sex. This is because variation in body proportions exists,
making these formulae population and sex specific.” *"*

Regression formulae derived from the major long bones are
generally considered to be more accurate than those utilizing
otherbones such as the skull>” or hand and foot bones."™ Long
bones that make up the greatest proportion of stature, thatis, the
femur and tibia, are also more accurate than the humerus and
ulna.’ Other skeletal elements that have been used to estimate
stature include the clavicle.”

The stature regression formulae derived so far and that are
commonly used for South Africans of European extraction have
been based on either American®*"' or European'™"” populations.
As mentioned above, regression formulae are population and
sex specific due to genetic differences, isolation, differences in
bio-cultural history, and other factors.”*"" Stature estimation
studies that have been carried out on South African populations
include those of Lundy,” Lundy and Feldesman,’” Bidmos and
Asala,” and Ryan and Bidmos.” These regressions were developed
for South African blacks, and stature estimation from skeletal
remains representing South African whites is thus not available.
Currently, the only study carried out on South African whites
uses calcaneal® and tibial measurements.” In addition, the white
populations from South Africa are historically of European
descent, primarily from the Netherlands, but also from France,
Germany, Great Britain and Portugal. Recent studies indicate
that South African whites have become osteologically distin-
guishable from white or Caucasoid populations in Europe and
North America,*? most likely due to factors such as temporal
change, founder effect, and admixture.

The aim of this study was to collect data and calculate regres-
sion formulae for total skeletal height from long bones of South
African whites, as represented in the Raymond A. Dart Collection
of Human Skeletons and the Pretoria Bone Collection. The total
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Table 1. Definition and technique of measurements (after Martin & Knussmann®).
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Measurement Definition

Technique

Basi-bregmatic height* The linear distance from the lowest point on
the anterior edge of the foramen magnum

(basion) to bregma.

Anterior height of the vertebral
bodies from C2 to S2**

From the superior margin to the inferior
margin of the vertebral bodies in the
anterior midline.

Distance from the head of the femur to a
horizontal line touching the distal ends of
both condyles.

Bicondylar (oblique, physiological)
length of the femur**

The distance from the articular surface of
the lateral condyle to the tip of the medial
malleolus.

Total length of the tibia***

Articulated height of the talus and
calcaneus™*

Distance from the superior articular surface
of the talus to a horizontal line touching the
inferior surface of the calcaneus.

Maximum length of the fibula*** Distance from the apex of the fibular head to

the furthest point of the lateral malleolus.

Hkk

Maximum length of the humerus Straight-line distance from the head of the
humerus to the furthest point of the troch-
lea.

*hk

Maximum length of the ulna Straight-line distance from the olecranon to

the furthest point of the styloid process.
Maximum length of the radius*** Maximum distance from the most proximal
margin of the radial head to the tip of the
styloid process.

Carrying out this measurement requires that the skull be situated in a stable
position that allows efficient use of the spreading caliper. A skull stand was cut
from a rectangular slot of hard foam (sponge) with a hole cut through the middle
large enough so that the posterior aspect of the skull would not touch the bottom
surface and thus allow the face to project upwards. The skull-cap (calvarium) in
many specimens had been separated from the cranium for removal of the brain.
These elements were held together with masking tape. The basi-bregmatic height
was then taken using a spreading caliper.

The measurement is taken by placing the stable end of the sliding caliper on the
anterior superior margin of the vetebra and sliding the movable end to touch the
anterior inferior margin of the vertebra, in the vertical plane. The axis [cervical
vertebra two (C2)] is measured from the most superior point on the odontoid
process to the inferior margin of the anterior portion of the corpus.

This measurement is taken by positioning both condyles to the stable vertical
panel of the osteometric board, with the posterior aspect of the bone facing down-
wards, and taking the length by applying the movable panel to the head of the
femur.

The tibial intercondylar tubercles (spines) are fitted into a depression in the
movable panel of the osteometric board so that the tibial intercondylar tubercles
are excluded from the measurement. The tip of the medial malleolus is placed
against the stable panel so that this measurement includes the length of the
medial malleolus.

The two bones are articulated and placed on the board with the talus at the stable
panel and the calcaneus at the movable panel. No adhesive material is used to
maintain articulation. The talus and calcaneus are placed in a position so that the
calcaneal inclination angle is in the normal range between 18° and 30°.** This is
the ‘angle formed by the intersection of the plane of support and the calcaneal
inclination axis’ (ref. 29, p.73).

The head of the fibula is placed against the stable panel of the osteometric board
with the long axis of the bone parallel to the board.

The head of the humerus is placed against the stable panel of the osteometric
board with the long axis of the bone parallel to the board.
The olecranon is placed against the stable panel of the osteometric board. The

long axis of the bone does not have to be parallel to the board.

The radial head is placed against the stable panel of the osteometric board. The
long axis of the bone does not have to be parallel to the board.

*Spreading caliper, **sliding caliper,***osteometric board.

skeletal height was then used to estimate the living stature once
values for soft tissue are added.

Materials and methods

Skeletons from the Raymond A. Dart Collection of Human
Skeletons (School of Anatomical Sciences, University of the
Witwatersrand) and the Pretoria Bone Collection (Department
of Anatomy, University of Pretoria) were used to collect metric
data in this study. Both the Dart collection and the Pretoria
collection are still growing and skeletons are being added
continuously. A total of 169 skeletons of known individuals were
measured, including 98 white males and 71 white females
between the stated ages of 25 and 70 years at death. By conven-
tion, the left bones in each skeleton were measured, although
the right bones were substituted when the left was abnormal or
missing. Any skeleton that showed features that would affect the
measurements, such as pathology, surgical procedures, or any
skeletal abnormality or deformity was not used in this study as
this may influence the measurements (for example, a fractured
bone may have healed badly and became shorter).

The initial step of the study was to calculate “total skeletal

height’ of each skeleton using Fully’s anatomical method.** This
was necessary because the living statures for the skeletal sample
arenotrecorded, and notall cadavers had recorded lengths. This
thus allows for regressing long bone lengths against total skeletal
height following the method by Lundy.® These measurements
included the basi-bregmatic height of the cranium, the anterior
body heights from the second cervical vertebra (C2) to the fifth
lumbar vertebra (L5), the anterior body height of the first sacral
vertebra (S1), the oblique/physiological length of the femur,
maximum length of the tibia (including the malleolus), and the
articulated height of the talus and calcaneus. In addition to the
lower limb long bones, four other long bone measurements were
taken to derive regression formulae for total skeletal height.
These included the maximum length of the humerus, radius,
ulna and fibula. All measurements were taken as defined by
Martin & Knufmann,” and using standard anthropometric
techniques. Table 1 gives a list of the measurements, definitions
and also the techniques used when measuring these bones.
Descriptive statistics were produced on all data using the Statis-
tical Package for Social Scientists (SPSS Inc., Chicago, IL), and
significance of the differences between the sexes calculated by
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Table 2. Male and female descriptive statistics for long bones (measurements in centimetres)

Males Females
n Mean s.d. Range n Mean s.d. Range P-value F-value
Femur 98 46.47 2.66 38.9-52.9 71 43.08 2.19 37.2-48.9 *0.000 **4.79
Tibia 98 38.25 2.36 32.2-44.0 71 35.21 1.99 29.7-39.2 *0.000 2.69
Fibula 96 37.80 2.19 32.2-43.0 70 34.65 1.86 30.0-39.1 *0.000 2.31
Humerus 97 33.48 1.79 29.4-36.8 71 30.47 1.74 25.7-34.3 *0.000 0.59
Ulna 97 26.54 1.55 22.9-30.0 71 23.93 1.41 20.9-28.0 *0.000 0.65
Radius 98 24.80 1.46 21.4-27.7 71 22.27 1.40 19.2-26.2 *0.000 0.45

*Male/female means significantly different (at P < 0.05).
**Viariance unequal.

Table 3. Regression equations for estimating total skeletal height in South African white males. Total skeletal height = intercept + [bone length (cm) x

slope] + standard error of estimate (SEE).

n  Bone Intercept Slope Standard error r r P-value
of estimate
98  Lumbar spine + femur + tibia 40.47 1.19 1.92 0.96 0.92 0.00
98  Lumbar spine + femur 39.92 1.95 217 0.95 0.90 0.00
98  Femur + tibia 50.67 1.27 2.49 0.93 0.86 0.00
98  Femur 51.17 2.30 2.64 0.92 0.85 0.00
98  Tibia 62.92 2.49 3.16 0.88 0.78 0.00
96  Fibula 58.00 2.65 3.35 0.87 0.75 0.00
98  Radius 62.25 3.87 3.58 0.85 0.72 0.00
97  Humerus 54.34 3.10 3.76 0.83 0.69 0.00
97 Ulna 63.85 3.56 3.79 0.83 0.68 0.00
98  Lumbar spine 109.47 3.47 5.54 0.56 0.32 0.00

Living stature = 1.009 x total skeletal height — 0.0426 x age + 12.1 or Living stature = 0.996 x total skeletal height + 11.7.

means of an independent sample ¢-test. The F-ratio for Levene’s
test was also added to test for equality of variance. Univariate
analyses using the long bone lengths were regressed against the
total skeletal heights. Analyses included regressions from single
bones as well as combinations from various bones, such as the
lumbar spine (sum of lumbar vertebrae from L1 to L5), femur
and tibia. All were calculated using the simple linear regression
based on the least-squares method. These were regressed
against the total skeletal heights that were calculated using
Fully’s method.

To calculate the living stature, soft tissue correction factors
need to be added and ageing factors need to be subtracted from
the total skeletal height. Fully’s correction factors were used in
previous studies (e.g. Lundy & Feldesman’), but it has been
suggested that these correction factors may underestimate the
reconstructed heights.’* Recently, Raxter ef al.” confirmed this
and provided new correction factors, which are adopted in this
study. These correction factors are:

Living stature = 1.009 X total skeletal height — 0.0426 X age + 12.1

or

Living stature = 0.996 X total skeletal height + 11.7.

The ageing factor is included because it has been shown that
stature decreases with advancing age, mostly due to compression
of the vertebrae.** The formula which includes correction for
age should thusbe used inindividuals over the age of 30 years.

Results

Table 2 presents the descriptive statistics of the long bones. As
might be expected, the mean long bone lengths of males are
significantly longer (P = 0.05) than the mean values for the
females. The standard deviations of the mean for male and
female variables demonstrate comparable ranges from 1.46 cm
for the radius to 2.66 cm for the femur in males, and from 1.40 cm
for the radius to 2.19 cm for the femur in females. Except for the
femur length all other bone measurements showed equal
variance (F-ratio = 4.79).

Linear regression formulae in the form of y = ¢ + mx =
standard error of estimate, to estimate total skeletal height from
single bones, are presented. Tables 3 and 4 present the univariate
regression formulae for single bones and bones in combination
for South African white males and females, respectively.

Femur measurements demonstrate the highest correlations

Table 4. Regression equations for estimating total skeletal height in South African white females. Total skeletal height = intercept + [bone length (cm) x

slope] + standard error of estimate.

n Bone Intercept Slope Standard error r r P-value
of estimate
71 Lumbar spine + femur + tibia 23.75 1.35 1.75 0.96 0.92 0.00
71 Femur + tibia 35.42 1.44 2.13 0.94 0.89 0.00
71 Lumbar spine + femur 19.79 2.25 2.13 0.94 0.89 0.00
71 Femur 34.69 2.64 2.40 0.93 0.86 0.00
71 Tibia 47.52 2.86 2.59 0.91 0.83 0.00
70  Fibula 42.36 3.06 2.75 0.90 0.81 0.00
71 Radius 64.45 3.77 3.38 0.84 0.71 0.00
71 Humerus 55.58 3.05 3.38 0.84 0.71 0.00
71 Ulna 60.58 3.67 3.54 0.83 0.69 0.00
71 Lumbar spine 84.18 4.59 5.21 0.56 0.32 0.00

Living stature = 1.009 x skeletal height — 0.0426 x age + 12.1 or Living stature = 0.996 x skeletal height + 11.7.
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with total skeletal height. All correlations involving the femur
are 0.92 or above in males, while those in females are 0.93 or
above. All lower limb bone correlations for the females are also
higher than those of the males, but this is not true for the upper
limb bones.

The most accurate regression equation is indicated by the
formula that contains the lowest standard error of estimate.’
Thus, in both males and females in this study a combination of
the lumbar spine, femur and tibia should be used for calculation
of the total skeletal height whenever these elements are avail-
able. The correlations tend to be greater where combinations of
bones rather than a single long bone length were used, indicat-
ing that it is preferable to estimate total skeletal height using
more than one bone where possible.® This holds true for both
males and females.

The standard error of estimates for the lumbar vertebrae
consistently shows the largest value in males and females, and
indeed, the correlation with total skeletal height is very poor.
The formula for the lumbar vertebrae would thus only be
considered when just the lumbar vertebrae are available for
stature estimation.

Discussion

During identification of skeletal remains, general demographic
characteristics are determined first. These characteristics include
the age, sex and race of the individual. To narrow the number of
possibilities further, and thus increase the possibility of identifi-
cation, factors of individualization are determined, which
include stature. For many years the formulae of Trotter &
Gleser' have been used most frequently for stature estimation.
However, many researchers®”'" have cautioned that formulae
used to estimate stature should be specifically derived for each
different population. It was with this in mind that this study was
carried out for a South African white population, and estimated
living stature was calculated from a single bone or a combination
of bones, as would pertain to a forensic case. Thus, the regression
formulae presented are applicable in a practical sense specifically
to the South African population, but their use and comparison
with other such regionally-derived results are relevant to general
practical and theoretical issues in forensic anthropology and
human biology.

When estimating stature it has been accepted for a long time
that Fully’s anatomical method can be used on any population
with the soft tissue correction factors being common for all
populations.” These values for soft tissue have also been used by
Lundy and Feldesman’ in their formulae for stature estimates in
South African blacks. However, even during the course of the
present study before the paper by Raxter et al.,” it was evident
that the actual living stature was underestimated. This same
objection was raised by other researchers.”” The revised values
for soft tissue correctional factors™ therefore are of great value,
and will contribute towards better estimates using the formulae
proposed in this study.

The stature estimates obtained using the formulae derived
from the present study are the most appropriate formulae avail-
able for South African white skeletal remains. They now also
need to be tested on skeletal samples from other parts of the
country. The regression formulae using combinations of bone
lengths show much better correlation with total skeletal height
than those using single bones, as has been shown in previous
studies.*” This finding reaffirms that stature estimation is more
accurate when using more than one bone. The correlations of
the combinations of the lumbar vertebrae (‘lumbar spine’),
femur and tibia illustrate this by having the highest correlation
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values. The correlation of the lumbar spine, on its own, is very
poor and should only be used in cases where the long limb
bones are not available. Since the lower limb bones are a direct
anatomical component of ‘stature’, they provide a more accu-
rate basis for total skeletal height estimation compared to the
upper limb bones.

The usefulness of regression equations is generally assessed on
the basis of their standard error of estimates. A comparison of the
standard error of estimates for the different bones used in stature
estimation indicates that the long bones provide more accurate
estimates. In this study, the standard error of estimates ranged
from 2.40 to 3.79 cm for the long bones, while other studies of
long bones show standard errors of estimates that are comparable
or slightly higher; for example, the study by Trotter and Gleser"
display values of 2.99 to 4.45 cm for whites, 2.25 to 3.09 cm by
Dupertuis and Hadden,® and 2.77 to 3.83 cm by Lundy and
Feldesman.’ The results from other studies using the other bones
of the body include standard errors of estimates of 5.89 to 7.28 cm
for the skull,” 5.30 to 5.49 cm for the vertebral column,® 5.10 to
8.14 cm for metacarpals,'" 4.65 to 7.60 cm for metatarsals,” and
4.13 to 6.07 cm for the talus and calcaneus.'** This indicates that
the long limb bones produce the lowest error of estimates (from
single elements) and therefore should be used as the first prefer-
ence to estimate stature whenever possible. The standard error
of estimates reported here (for our study) is low because it
applies to total skeletal height whereas the other studies proba-
bly mention the standard error of estimate for derived living
stature, although this is not always clear from the published
results.

Asecular trend for an increase in stature has been noted world-
wide, and has also been discussed for South African popula-
tions.®”* A recent report on stature in South Africans” also
indicated a possible weak secular trend. It is therefore important
that these regression formulae should be revised continuously.
The skeletons used in this study cover a wide range of birth
dates, but many of the skeletons used were derived from human
skeletal collections (the Raymond A. Dart Collection of Human
Skeletons and the Pretoria Bone Collection), which are continu-
ously adding skeletons to the collection, thus also including the
most recent skeletons of South African whites available in the
country.

In this study, we used Fully’s method to estimate total skeletal
height and thereafter to derive formulae for use in skeletal
samples of South African whites, where only some skeletal
elements, and particularly the longlimb bones, are available. Itis
recommended that these formulae be used for stature recon-
structions of South African whites, while that of Lundy &
Feldesman’ are still the most applicable for South African blacks.
However, the revised values to compensate for soft tissue®
should also be applied after the skeletal height has been calcu-
lated using the Lundy & Feldesman formulae for South African
blacks.
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