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Eckhardt and Henneberg’s commentary contains sev-
eral omissions and misstatements. First, changes due to
postmortem distortion, erosion, and fracture of skeletal
elements from archeological contexts may be confused
with evidence of disease or trauma. The LB1 Homo flore-
siensis skeleton was recovered from a depth of �6 m, in
sector VII, from Liang Bua cave (Morwood et al., 2004).
The skull was found resting on its base, with the associ-
ated mandible disarticulated, rotated 1808 and pressing
against the right zygomatic arch. The bone was damp,
somewhat chalky and extremely soft, and the left fronto-
facial region and posterior frontal were damaged during
discovery. The skull was removed in a block of sediment
and taken to Jakarta (Brown et al., 2004). Cleaning,
reconstruction, and preliminary conservation of the skull
were undertaken by one of us (PB). On removing the sur-
rounding sediment, it was apparent that the right half of
the coronal suture had sprung open postmortem, the right
zygomatic arch was distorted, the cranial vault was full of
cracks, and the right parietal was slightly distorted (see
Fig. 1). In other words, taphonomic distortion partially
contributed to the asymmetry seen in LB1’s skull.
Eckhardt and Henneberg report that Jacob et al.

(2006) used the ‘‘standard clinical approach’’ of Peck and
Peck (1970) to obtain measurements that revealed patho-
logical asymmetry of LB1’s skull. However, Peck and
Peck used a method for assessing soft-tissue asymmetry
in which a mirror image was created based on the mid-
point of the interpupillary distance and the midpoint of
the upper lip. Standards evolve and, more recently, Peck
et al. used radiographic cephalograms to assess craniofa-
cial skeletal asymmetry; they concluded that ‘‘Three-
dimensional radiography by either computed tomo-
graphic (CT) scans or the digitized integration of sagittal
and posteroanterior cephalograms probably offers the
most promise today in the analysis of multiplane skele-
tal deformity, including asymmetry’’ (1991:45–46).
The asymmetry measurements of Jacob et al. (2006)

were collected from corresponding points for seven land-

marks located on opposite sides of a midline that was
defined as the vertical axis from vertex on the cranium
to gnathion on the (distorted) mandible in a 2D digital
photograph of LB1’s face. Elsewhere, we used 3D-CT
data from LB1’s neurocranium to demonstrate that visu-
ally assessing the degree of facial asymmetry based on
hypothetical midlines determined from 2D photographs
is scientifically unsound and acknowledged that ‘‘Per-
forming mirror imaging even with 3D images is problem-
atic; however. . .performing mirror imaging with 3D data
is far superior to performing mirror imaging with 2D
representations of a 3D object’’ (Falk et al., 2009b: 57,
Fig. 5). Small errors in alignments and assessments of
the midlines can lead to quite different mirror images.
In our 3D-CT reconstruction, the mandible of LB1 was
purposefully excluded from our measurements because it
evinced postmortem distortion and would not occlude
and articulate properly with the skull (Brown and
Maeda, 2009; Kaifu et al., 2009).
Jacob et al. quantified lateral deviations from their

questionable midline in a 2D photograph ‘‘in pixels
rather than absolute units (millimeters) to eliminate or
minimize differences in depth of field. . . .’’ (Jacob et al.,
2006: supporting information). The pixel data were
asymmetrical and favored mostly the right side, and the
authors claimed that they represented ‘‘Two or more
times the levels of asymmetry accepted as normal in an-
thropological and clinical contexts, as documented in the
text’’ (ibid). The text, however, summarized an older lit-
erature that addressed fluctuating asymmetries of neu-
rocranial measurements in millimeters, rather than pix-
els, and that were mostly recorded using mechanical
measurements directly from skulls. In two-dimensional
representations of three-dimensional objects, information
is lost, and measurements made from the mid-sagittal
planes are particularly problematic because landmarks
are located in different coronal planes (Varghese et al.,
2010). Further, it is not clear what the relationship is, if
any, between pixels and distances from a hypothetical
midline on a 2D photograph and how pixels could correct
for depth of field issues. There is no description of the
imaging parameters, so it is unclear whether film images
were obtained and digitized or if a digital camera was
used, nor is the resolution of the image used for making
measurements given.
Based on their undescribed conversion of pixels to

millimeters, the authors state that absolute difference
between sides was 2.14 mm, and claimed that this repre-
sents a difference two or more times the acceptable level
of asymmetry. In Peck et al. (1991), however, the mean
asymmetry was 3.54 mm with a 0–12 mm range, and in
Farkas and Cheung (1981), cited by Jacob et al. (2006),
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the mean asymmetry in normal children 6 to 18 years of
age was 3 mm. Eckhardt and Henneberg further state
that ‘‘Precision is important because differences of a few
percent distinguish normal from abnormal asymmetry,’’
although no precision estimate is provided for the mirror
imaging procedure by Jacob et al. (2006). We are well
aware of the importance of measurement precision and
present elsewhere in supporting online material our
measurement precision (Falk et al., 2005). The claim
that LB1 exhibited abnormal neurocranial asymmetry
remains an unsubstantiated assertion by Jacob et al.
(2006), as it is in this article.
Nevertheless, as shown in superior view Fig. 1c, LB1

has an asymmetric head (plagiocephaly) characterized
by left-sided flattening in the occipitoparietal region
(Brown et al., 2004; Falk et al., 2005, 2009a; Kaifu et al.,
2009). This is not due to lambdoid craniosynostosis
(Smartt et al., 2007) because the lambdoid sutures were
visible (endocranially) on the virtual endocast that was
processed from CT data collected from the original speci-
men (Falk et al., 2005: Fig. 3) and because LB1’s skull
lacks other diagnostic characteristics such as occipito-
mastoid bossing (Huang et al., 1998; Kaifu et al., 2009).
Although the location, morphology, and preservation of
LB1’s cranial flattening is consistent with positional pla-
giocephaly associated with the habit of placing infants in
supine sleeping positions (Argenta et al., 1996; Peitsch
et al., 2002; Robinson and Proctor, 2009; Brown, in
press) or feeding infants preferentially from one side by
breast or bottle (Boere-Boonekamp and van der Linden-
Kuiper, 2001), LB1 was an adult, and the extent to
which positional plagiocephaly existed and improved
spontaneously as individuals matured in the past is not
clear. The asymmetrical shape of LB1’s skull/endocast is
also consistent with normal human developmental skull/
brain shape asymmetries (petalias) that are associated
with brain lateralization and sexual dimorphism that
began during fetal life (Falk et al., 2005, 2009a; Kivile-

vitch et al., 2010) as well as with human genes that are
differentially expressed between the right and left hemi-
spheres (Sun et al., 2005).
Contrary to the assumption that is inherent in Eck-

hardt and Henneberg’s commentary as well as in the
clinical literature on plagiocephaly, asymmetrical skull/
brain shape is the norm for adult humans, with the pre-
dominant pattern combining a wider and more protuber-
ant frontal lobe on the right side with a wider and more
protuberant occipital lobe on the left, known as the
Yakovlevian torque (Galabruda et al., 1978; Chui and
Damasio, 1980; LeMay, 1984; Kivilevitch et al., 2010).
This torque is statistically correlated with right-handed-
ness, whereas its reverse (right occipital combined with
left frontal petalia) is associated with left-handedness
(LeMay, 1977; LeMay et al., 1982), especially in women
who are characterized by the most extreme reversed pet-
alias (Bear et al., 1986) as is the case for LB1 (Falk et
al., 2005, 2009a,b). (Eight of the nine individuals with
the most extreme petalia reversals in Bear et al.’s sam-
ple of 66 adults [30 men, 36 women] were women.) Pet-
alia patterns have been quantified for nonhuman prima-
tes and early hominins (LeMay et al., 1982), and the
particularly marked skewing of the brains/skulls of mod-
ern humans is believed to be the result of a prolonged
evolutionary trend for increased brain and behavioral
(e.g., handedness) lateralization (Kivilevitch et al., 2010;
Falk et al., 2009a).
Eckhardt and Henneberg also ignore published data

that refute prior claims of excessive asymmetry in the
postcranium. The paired femora, patellae, tibiae, fibulae,
and foot bones of LB1 are remarkably symmetrical by
any standard (Jungers et al., 2009; Auerbach and Ruff,
2006). CT-scans also reveal no pronounced asymmetry in
the amount and distribution of cortical bone (and in
overall cross-sectional shape) in the femora and tibiae of
LB1 (Jungers et al., 2010). In other words, asymmetry in
LB1 is limited to the skull and is explained parsimoni-

Fig. 1. Evidence of postmortem distortion in LB1 Homo floresiensis. a: View of right side showing open coronal suture, distorted
zygomatic arch, pressure cracks in the cranial vault, and postero-laterally distorted right parietal, (b) level of section shown in c,
(c) Section through a 3D volumetric reconstruction showing asymmetry in parietal shape and distortion of the right zygomatic
region. A color version of this figure can be found online. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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ously by petalias/plagiocephaly and some degree of
taphonomic distortion. LB1’s overall cranial asymmetry
is not extreme (Baab and McNulty, 2009) and certainly
does not signal a systemic, body-wide pathology. Although
research is needed to clarify the relationship between nor-
mal adult petalia patterns and positional plagiocephaly,
the asymmetries of LB1’s cranium ‘‘do not support the
claim that the individual suffered from severe developmen-
tal abnormalities, nor do they undermine the holotype sta-
tus of LB1’’ (Kaifu et al., 2009:184). Eckhardt and Henne-
berg also continue to assert without substantiation that
LB1 suffers from microcephaly despite the fact that ‘‘the
current evidence for pathologies in the form of microce-
phaly and disordered growth is not convincing’’ (Aiello,
2010:176; see also Falk et al., 2007a,b).
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