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Abstract

Human remains, some as recent as 15 thousand years, from Liang Bua (LB) on the Indonesian island of Flores have been
attributed to a new species, Homo floresiensis. The definition includes a mosaic of features, some like modern humans
(hence derived: genus Homo), some like modern apes and australopithecines (hence primitive: not species sapiens), and
some unique (hence new species: floresiensis). Conversely, because only modern humans (H. sapiens) are known in this
region in the last 40 thousand years, these individuals have also been suggested to be genetic human dwarfs. Such dwarfs
resemble small humans and do not show the mosaic combination of the most complete individuals, LB1 and LB6, so this
idea has been largely dismissed. We have previously shown that some features of the cranium of hypothyroid cretins are like
those of LB1. Here we examine cretin postcrania to see if they show anatomical mosaics like H. floresiensis. We find that
hypothyroid cretins share at least 10 postcranial features with Homo floresiensis and unaffected humans not found in apes
(or australopithecines when materials permit). They share with H. floresiensis, modern apes and australopithecines at least 11
postcranial features not found in unaffected humans. They share with H. floresiensis, at least 8 features not found in apes,
australopithecines or unaffected humans. Sixteen features can be rendered metrically and multivariate analyses
demonstrate that H. floresiensis co-locates with cretins, both being markedly separate from humans and chimpanzees
(P,0.001: from analysis of similarity (ANOSIM) over all variables, ANOSIM, global R.0.999). We therefore conclude that LB1
and LB6, at least, are, most likely, endemic cretins from a population of unaffected Homo sapiens. This is consistent with
recent hypothyroid endemic cretinism throughout Indonesia, including the nearby island of Bali.
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Introduction

Earlier studies of the bones from Liang Bua (LB) on the

Indonesian island of Flores suggested that they could be: Homo but

separate from modern humans, possibly showing island dwarfing,

and possibly derived from H. erectus (hence the new species H.

floresiensis [1,2] ). Other workers implied that they could be modern

H. sapiens but displaying a genetic dwarfism [3] such as Laron

syndrome [4] but these hypotheses of genetic pathologies have

been strongly challenged [5,6]. Our earlier studies of the crania of

hypothyroid endemic cretins, including morphometric analyses of

quantitative data [7] suggested that they showed many features

similar to those reported in the original diagnosis of the LB1 skull.

New and more extensive studies of the upper and lower limbs

[8,9,10] together with new studies of the cranium [6,11] show that

the Liang Bua remains display a curious mosaic of (a) derived

characters as in modern humans, (b) primitive characters as in

apes and australopithecines, and (c) unique characters. The

derived features would suggest that these remains are of the genus

Homo, the many primitive and unique features indicate that it is

not H. sapiens, hence H. floresiensis.

The aim of this study is primarily to examine the postcranial

skeletons of hypothyroid cretins (Table S1) in order to see if they

have an anatomical mosaic like that of H. floresiensis. We use the

terms ‘cretinism’ and ‘cretin’ for individuals born with congenital

hypothyroidism and in whom the consequences of hypothyroidism

are manifest in subsequent development (see, for example, a recent

review by Chen and Hetzel [12], and the Comprehensive Handbook of

Iodine [13] for examples of this usage). In current clinical practice

these terms are not used, and are replaced by the term ‘congenital

hypothyroidism’, because the condition is reversible by treatment

with thyroxine, and to avoid any stigmatization of affected

individuals. Hypothyroid cretins are characterized by a high level

of hypothyroidism, and consequent extreme dwarfism, arising

from a lack of a functioning thyroid gland. Congenital hypothy-

roidism may arise from genetic mutations, or may be caused by

environmental factors, most important of which is maternal iodine

deficiency. Hypothyroid endemic cretins, also termed myxoede-

matous endemic cretins or in the latest International Diseases

Classification (ICD-10) as ‘congenital iodine-deficiency disease

syndrome, myxoedematous type’ [14] are distinguished from

neurological endemic cretins who may not have experienced post-

natal hypothyroidism but whose central nervous systems are

damaged in utero [12,15]). In museum collections some individual

skeletons of less reduced stature are labeled as cretins, and may

indicate individuals of low intelligence who may have suffered
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hypothyroidism pre-natally but not through post-natal develop-

ment, and do not show characteristic features of hypothyroid

cretinism.

We find that hypothyroid endemic cretins display a similar post-

cranial anatomical mosaic to that described for H. floresiensis. The

features, in which the cretins are similar to the primitive characters

of apes and australopithecines, are, in cretins, spurious similarities

resulting from the growth disturbances. The features in which

cretins are similar to unaffected humans are those not affected by

the growth reductions and indicate that they are human. The

features that are unique are variously due to differential aspects of

the growth deficiencies in cretins. One example of such a

differential is that lengths of bones are differently affected than

widths and cortical thicknesses because of the differences between

greater reductions of interstitial growth of epiphyseal cartilage

(lengths) compared with lesser reductions of subperiosteal and

subendosteal appositional addition or removal of bone (widths and

cortical thicknesses).

Our results, therefore, are consistent with the cretinism

hypothesis. The similarity of the cretin mosaics to those of LB1

and LB6 (where remains exist) imply that these individuals were

affected by hypothyroidism or a hypothyroid-like growth disorder,

and therefore suggest that it is unlikely that they represent a new

species. Other individuals found at Liang Bua are represented by

extremely limited material, including a single tooth. This makes it

difficult to determine whether they are healthy individuals,

children or pathological individuals. In the absence of primitive

DNA at Liang Bua, there is no reason to attribute remains to a

primitive species at a time well after H. sapiens has appeared in the

region. Because, in LB1 and LB6, some of the cretin features are

not yet found, not yet described, or hidden by damage, our results

also supply a series of predictive tests that could be applied to

further finds.

Results

The post-cranial anatomical mosaic
Some aspects of the anatomy of the H. floresiensis upper limb

[16,17] do seem to show primitive features not found in H.

sapiens. Thus, the scapula has a rounded lower angle, the clavicle

is short in relation to its width, humeral head torsion is 120

degrees, and there are high long bone width/length ratios. These

are all primitive features found in chimpanzees, gorillas and

australopithecines, but not in modern humans. We have found,

however, that these are also features of some endemic

hypothyroid cretins where slowed and pathological bone growth

produces similar effects on the form of bone shafts and epiphyses,

on bone lengths relative to widths, and on bone torsions (Tables 1,

2, 3, 4 and 5).

In contrast, other features of upper limb anatomy of H.

floresiensis are only found in humans, not in apes (or australopith-

ecines where evidence is available), and might be described as

derived. One example is the angle of the glenoid cavity on the

scapula (gleno-axillary angle: 135 degrees in Liang Bua, 134–149

in cretins and 137–149 in normal humans, as contrasted with 112–

119 in apes (and one australopithecine, see Figure S1). Another is

the longitudinal twist of the clavicle (estimated as close to zero in

Liang Bua and cretins, 5–15 degrees in normal humans, but 50–57

degrees in chimpanzees). In unaffected humans and cretins these

features relate to weaker arms that hang mainly by the side and

are not involved in body weight-bearing in contrast with their

position in apes (and possibly australopithecines) where the

shoulders are oriented more cranially and powerful upper limbs

are involved in weight bearing locomotion.

The wrist bones also provide information. Tocheri et al. ([18])

describe the available wrist bones (attributed to LB1), particularly

the trapezoid, as ape-like. This similarity is partly because the

trapezoid is shown at a different magnification (125% larger) than

the capitate. When the magnification is corrected then the

trapezoid is too small to fit with the capitate. This is confirmed

by the new published dorso-palmar measure of the LB1 trapezoid

(7.6 mm) which is indeed small relative to the capitate (14.1 mm),

ratio, 0.54, although described as complete [9]. A trapezoid like

this, that is small relative to the capitate, is not found in Ardipithecus

ramidus [19], or any ape or any normal human, but trapezoids are

generally not described for early hominins [20]. Small trapezoids

do, however, sometimes occur in adult human cretins because

there may be delayed ossification of the ventral portion of the bone

in younger cretins, or failure of fusion of the two parts of the bone

with loss of the smaller ventral portion after death [7] [21]. A

young adult cretin (Basle, specimen 84, male) shows exactly such

an incomplete trapezoid lacking a ventral tip adjacent to a normal

capitate. The trapezoid/capitate ratio of that cretin is 10.1/

16.1 = 0.63 and similar ratios have been measured in other young

adult cretins (our unpublished data). In the old cretins that we have

examined, of age 67–80 years, in whom growth has continued

long into adulthood, the ratio is, as in unaffected humans, 0.9–1.0.

The small LB1 trapezoid, further, will not fit in the strongly curved

dorsal curvature of the carpal row of a chimpanzee but does

articulate well in the shallow dorsal curve of the human carpal

tunnel (Figure S2). Radiography [22] and examination (BMNH 20

year old female) of young adult cretin wrists confirm that even in

adulthood there may be fewer and smaller bony carpals as a result

of delayed ossification. In conclusion, although the LB1 trapezoid

is described as complete (in the sense that it does not show any

evidence of a piece broken off it), it does appear to be incomplete.

This is confirmed by the unusually small dorso-palmar measure of

trapezoid compared to capitate and is similar to the small ratios

found in younger adult cretins with incompletely ossified

trapezoids.

The new studies of the lower limb [8,10] also seem to show

primitive features in H. floresiensis. These include a high upper

limb/lower limb ratio (86% compared to as much as 97–124% in

chimpanzees). This ratio is much less in unaffected humans (and

microcephalic dwarfs) at 63–69%. Cretins, however, at 78–84%,

are close to H. floresiensis.

H. floresiensis has a marked medial inclination of the femoral

head upon the femoral neck as in apes and australopithecines. In

unaffected humans the femoral heads and necks reach up towards

the acetabulum and are strongly cranially oriented. In young adult

cretins, however, femoral heads and necks are more medially

inclined. In old cretins this medial orientation has degenerated

into severe pathology with marked deformation of the femoral

head. The medial orientation of young cretins is evident in apes

(and australopithecines). Of course, in apes, it is associated with the

hip joint being aligned for a degree of quadrupedal locomotion.

The foot of LB1 has a series of features that are of interest. Thus

it has a long foot relative to leg length (76%) and lower limb length

(44%) and in these measures it is similar to apes (80–92% and 46–

47%, respectively) but completely different from unaffected

humans (53% and 31%, respectively). Though cretins have

absolutely small feet, they have even shorter limbs so that the

ratios of foot length to leg length and lower limb length have

values (76–84% and 35–43%) similar to apes. Further, LB1 has

ape-like metatarsal and phalangeal ratios, and ape-like morphol-

ogy of individual tarsal bones. Again, these same features are also

found in cretins (Tables 1, 2). We have found that addition of

cretin data to the published plot of phalangeal/metatarsal ratios

Cretinism and H. floresiensis
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shows human cretins locating close to H. floresiensis (Figure 1A).

Likewise, in another published plot of metatarsal/tarsal ratios,

LB1 is located outside of modern humans and towards

chimpanzees but, when cretins are added, they, too, are located

near LB1 (Figure 1B). Further to the foot data, although it is noted

[10] that the talus has one feature in which it is like apes (reduced

head torsion at 2–4 standard deviation units below the human

mean), 7 other features of the talus are reported as human-like to

such a degree that ‘‘LB1/15 is similar to modern humans in

overall morphology’’ [10].

Some other features of the H. floresiensis limb bones are uniquely

different from any other species, extant or fossil, ape or human. For

example, there is ‘‘no detectable spiral/radial groove on the posterior

aspect of the shaft’’ of the humerus [9]. This groove is an obvious

feature of humans and is especially strong in apes. It is, however,

(together with many other muscular markings throughout the

skeleton) very weak or absent in cretins. Again, though the bend in

the radius (LB1/62) is described as an old healed fracture the overall

form of the figured radiograph shows no evidence of a remodelled

callus [9] and the photograph of the radius (fitting the radiograph) is

similar to the bends that can also be found in individual bones of

cretins (e.g. humerus and ulna, Figure S3). Finally, though not

mentioned in the above references, the ratio of the height of a

lumbar vertebral body of LB compared with its dorso-ventral

dimension (at 53% measured on a photograph) is totally different

from unaffected humans. The lowest value in unaffected humans is

70.5% in the 5th lumbar vertebra and the lowest value in

chimpanzees is even higher). The values for four lumbar vertebrae

in a cretin range from 55% to 62%, very similar to Liang Bua. The

reduced ratio in cretins is because the vertebral epiphyses remain

cartilage thus reducing the vertical dimension of the body.

In summary (refer Tables 1, 2 and 3), the limbs of cretins show

post-cranial anatomical mosaics similar to H. floresiensis.

Multivariate Analysis
In order to summarize the data and show the location of cretins

in relation to chimpanzees, unaffected humans and H. floresiensis,

we have undertaken principal components analyses (PCA) using

Table 1. Apparent primitive post-cranial features of cretins compared to these features in Homo floresiensis and unaffected Homo
sapiens.

Feature
H. sapiens cretins
(age 20–30 years)

H. sapiens cretins
(age 67–80 years) H. flores-iensis

Apes (and Australo-
pithecines where
available)

H. sapiens
(healthy)

H. sapiens Micro-
cephalic dwarf

Iliac blade orientation lateral lateral lateral lateral antero-lateral antero-lateral

Relative clavicle length 39–42 55–60* 37* 37–42 46–50 ?

Long bone widths relative
to lengths

high high high2 high low very low

Medial orientation of
humeral head

yes damaged by
pathology*

missing yes no no

Medial orientation of
femoral head

yes damaged by
pathology*

yes yes no no

Hand relative to both
forearm and upper limb
lengths

large large not available:
parts missing

yes small v. small and
delicate

Foot large relative to tibia 76–80 77–84 76 80–92 53 delicate: no
measure

Foot large relative to
lower limb

39–43 35–39 44 46–47 31 delicate: no
measure

Bold type indicates features that are similar to cretins. Asterisks indicate differences between young adult and older cretins (which latter may have severe pathologies).
Question marks indicate indeterminable features due unavailability (microcephalics). Additional data are provided in Tables 4 and 5, including all variables used in the
PCA.
doi:10.1371/journal.pone.0013018.t001

Table 2. Apparent derived (modern) post-cranial features of cretins compared to these features in Homo floresiensis and
unaffected Homo sapiens.

Feature
H. sapiens cretins
(age 20–30 years)

H. sapiens cretins
(age 67–80 years) H. flores-iensis

Apes (and Australo-
pithecines where
available)

H. sapiens
(healthy)

H. sapiens
Micro-cephalic
dwarf

Clavicle Twist near zero near zero near zero high 50–57 low: 5–15 low

Gleno/axillary angle 145–149 134–135* 135 est. 112–119 137 134–149

Many muscle markings
(compared with apes)

very weak very weak very weak strong weak very weak

7 out of 8 human-like
features of talus

present present present absent present not known

Bold type indicates features that are similar to cretins. Asterisks indicate differences between young adult and older cretins (which latter may have severe pathologies).
Additional data are provided in Tables 4 and 5, including all variables used in the PCA.
doi:10.1371/journal.pone.0013018.t002

Cretinism and H. floresiensis
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the available metrical variables (Tables 4, 5). Because there were

missing values for some individual cretins, it was possible to carry

out the analyses either: on a reduced number of variables with

larger numbers of specimens (but this might be seen as cherry

picking variables) or the full number of variables with reduced

numbers of specimens (which involves having fewer specimens

than variables). The maximum number of available variables, 16,

was larger than the maximum number of individuals with a full set

of values for those variables, 13. No particular problem arises from

this in PCA when the goal is to compare specimens and not to test

statistical significance (unlike, for example, discriminant analysis or

canonical correlation) because the covariance matrix can be

singular, leading to some eigenvalues being zero and ignored (see

Rencher [23] for a discussion of this). In order to represent all

data, and to check the effect of decreased variables in relation to

more individuals, we have repeated the PCAs with reduced sets of

variables and increased numbers of individuals thus providing

analyses with more specimens than variables.

In each case (Figure 2 A, Figure 3 A, B), the PCAs show that the

hypothyroid cretins locate close to H. floresiensis (composite of LB1

and LB6); both are far distantly located from humans and

chimpanzees. The first principal component (PC1) clearly

separates, without overlap, three groups: all humans at one

extreme, all chimpanzees at the other, and all cretins together with

H. floresiensis intermediate. The second, PC2, provides further

marked separation of cretins and H. floresiensis from both humans

Figure 1. Intrinsic foot proportions in cretins and Homo floresiensis as published in [10] with data from 3 cretins (frame A) and four
cretins and 2 Pan troglodytes (frame B) added. A. Length of proximal phalanx relative to length of metatarsal for digit II is plotted against similar
ratio for digit V. After ref. [10] with cretin data added from Basle cretins. B. Ratio of metatarsal I length to tarsal length is plotted against the ratio of
metatarsal II length to tarsal length. After ref. [10] with cretin data from Basle and two chimpanzees (Pan troglodytes) added, and with the same
definition of tarsal length, that is from the back of the talus forward not, as usually, from the posterior limit of the calcaneus.
doi:10.1371/journal.pone.0013018.g001

Cretinism and H. floresiensis
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and chimpanzees so that the true relationship of the cretin/H.

floresiensis group to humans and chimpanzees is triangular not

simply intermediate. As expected from these clear separations in

the PCAs, Analysis of Similarity (ANOSIM) confirms that the

group of H. floresiensis and cretins is separate from the groups of

humans and of chimpanzees at a very high level of confidence in

each case (global ANOSIM R.0.999, P,0.001).

Non-metric Multi-Dimensional Scaling (MDS), a method with a

different statistical base to PCA, is shown in Figure 2 B and this

confirms the close grouping of H. floresiensis with the hypothyroid

cretins, and the clear separation of this group from both modern

humans and from chimpanzees.

Discussion

It is clear that human cretins share some post-cranial features

with Pan, Gorilla, and even Pongo among living species, and

australopithecines, (and even, in some few available features, H.

erectus) among the fossils. They share other features with unaffected

humans where these are different from apes and fossil hominins

Table 3. Unique post-cranial features of cretins compared to these features in Homo floresiensis and unaffected Homo sapiens.

Feature
H. sapiens cretins
(age 20–30 years)

H. sapiens cretins
(age 67–80 years) H. flores- iensis

Apes (and Australo-
pithecines where
available)

H. sapiens
(healthy)

H. sapiens Micro-
cephalic dwarf

Pelvic components unfused or
partly fused

fused - with
epiphyseal lines
present

damaged?
repaired?
unfused?

fused fused fused

Bone twists humerus,femur femur humerus no no ?

Bone bends humerus, ulna ? radius no no no

Spiral groove
on humerus

no no no yes yes ?

Reduced trapezoid yes no yes (7.6–13.1) no no ?

Intermembral index 78–84 (3) 78–83 (3) 86 est. 97–124 65–69 66 (1)

Sternebrae fusion separate, partial
or complete

partial or
complete

partial ? separate
or partial

fused in adult fused in adult

Lumbar vertebral
height/depth

low: 55%–62% low: no value
available

low 53% lowest
value: 80%

lowest
value: 70%

not available

Vertebral epiphyses some unfused some unfused ? fused fused fused

Sacrum incompletely fused incompletely fused ? fused fused fused

Ribs missing last 1 or 2 last 1 or 2 ? normal normal normal

Bold type indicates features that are similar to cretins. Question marks indicate indeterminable features due to loss, damage or absence (H. floresiensis) or unavailability
(microcephalics). Additional data are provided in Tables 4 and 5, including all variables used in the PCA.
doi:10.1371/journal.pone.0013018.t003

Table 4. Assembled upper limb quantitative data and intermembral (IM) indices for cretins of three different age groups, Homo
floresiensis and other species.

Species (data source)

Clavicle/humerus
length ratio
(6100) (clav/hum)

Gleno-axillary
angle (deg.)
(GA angle)

Humerus W/L
ratio (6100)
(hum W/L)

Radius W/L
ratio (6100)
(rad W/L)

Clavicle W/L
ratio (6100)
(clav W/L)

Twist of clavicle
(deg.) (clav twist)

Upper/lower limb
length ratio (6100)
(IM index)

Homo sapiens
(cretin 20–30 yrs) (1)

39, 41, 42 140, 145, 149 7.3, 7.1 7.8, 7.2 11, 7.9 5.0, 7.8, 10.8 76, 80

Homo sapiens
(cretin 40 yrs) (1)

52 140 8.5 7.9 7.0 7.5 70

Homo sapiens
(cretin 67–80 yrs) (1)

48, 52, 57 134,135,137 9.7, 8.8 7.7, 7.5 9.5, 9.0 4.0, 8.0, 10.0 71, 76, 80

Homo floresiensis (2,3,4) 37 138, 140, 142 7.2 6.9 9.3 3.5 est. 78

Homo sapiens (5,6,8) mean 49, sd, 5.2 mean 137
(n = 66), sd. 3.6

6.5, 6.2,
6.0, 6.3, 6.0

5.9, 5.9, 6.2.
6.0, 6.0

7.6, 7.7,
7.7, 7.3, 7.3

mean 7.3,
(n = 66), sd 5.6

64, 64, 65, 65, 71

Australo-pithecus (5,6,8) No data 103 ? ? ? 57 95–100 est.

Pan troglo-dytes (5,6,7,8) 37, 37, 41, 42 mean 113,
(n = 57) sd, 6.8

10.3,10.6,
10.0, 10.1

5.9, 5.9,
5.8, 5.7

8.0, 8.2,
8.1, 8.3

mean 49, (n = 57),
sd 9.8

105, 106, 109,
110 range of sample
(n = 27), 101–114

Individual values are provided except where sample sizes are large enough to give mean and standard deviations. Abbreviation for each variable is provided for vector
diagrams in Figures 2, 3. Data sourced from (1) this study, Basle Museum of Natural History, (2) ref. [9], (3) ref. [9], (4) ref. [10], (5) refs. [35–36] (6) ref. [37] (7) data gifted to
CEO by A.H.Schultz, (8) materials at UWA and CEO.
doi:10.1371/journal.pone.0013018.t004
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(Tables 1, 2 and 3). Cretins have yet other features that are not

found in adults of apes or modern humans (i.e. they appear

unique). In cretins these features are mainly because they

sometimes appear absent due to being still cartilage well into

adulthood, whilst in adults of all unaffected species (humans and

apes alike) they are present as bone. These cretin mosaics (slightly

different from one cretin to another) should be seen alongside the

mosaic of primitive (ape-like), derived (human-like) and unique

morphologies in H. floresiensis [8,9,16] which are, thus, incorrectly

described as mosaics that are a ‘‘combination … never found in …

pathological modern humans’’ e.g. [9].

The PCA and MDS show a very clear and robust result,

confirmed by ANOSIM, which, for these variables, the H.

floresiensis post-cranial mosaic replicates those of hypothyroid

cretins. Taken with the similar result previously reported for their

cranial morphologies [7], the conclusion is inescapable that the H.

floresiensis individuals show general anatomical features similar to

those caused by congenital hypothyroidism.

The best estimate dates for LB6 (15 ka B.P.) and LB1 (18 ka

B.P.) are much later than the 42 ka B.P. presence of modern

humans on the then almost contiguous island of Timor [24]. This

renders the assignment of these remains to a species other than H.

sapiens very unlikely. An exposed sediment layer containing stone

artefacts on Flores has been dated to 1.0 ma, implying that

another hominin species had reached Flores [25], and if this is

confirmed, it is possible that the LB remains represent descendants

of that species. If this is the case, and this would need to be

confirmed by ancient DNA to be certain, then our data would

imply that at least some individuals of that descendant species were

affected by hypothyroidism.

It is also remotely possible that these individuals are rare

sporadic (that is, genetic) cretins. However, as at least two

individuals with some of these features are present at Liang Bua

and separated by several thousand years, it seems more likely that

they are myxoedematous (hypothyroid) endemic cretins. Endemic

cretinism has been observed at high prevalence (up to about 10%

of individuals affected) in some small human populations and has

especially been common in this region in recent times.

Hypothyroid endemic cretinism arises when environmental

factors, including iodine deficiency, selenium deficiency, and

raised serum thiocyanate, result in the destruction of thyroid

cells in utero. Evidence for these environmental factors obtaining

in a population of inland hunter-gatherers on Flores has been

presented [7]. One published criticism of the cretinism

hypothesis is an assertion that extreme iodine deficiency was

unlikely on such a small island as Flores because of presumed

access to marine foods [26], but we now note that high rates of

visible goitre and hypothyroid cretinism have been widely

observed on the nearby, even smaller and geologically similar

island of Bali [27], and large numbers of confirmed cases are

reported on Java, Sumatra and Borneo [7]. As soil iodine levels

can fall markedly even as little as 18 km from the coast [28],

and if the other factors (thiocyanate excess, and selenium

deficiency) are present, endemic cretinism may be found in

populations at this distance from a marine coast.

There are also cranial features that should be considered. Thus,

the sella turcica, enlarged in some cretins, is described as not

enlarged (about 8 mm) in LB1 [5]. In our cretin skulls (Table S1)

the entrance to the sella turcica (Figure S4, Figure S5) ranges from

about 8 mm (with a large ballooned space about 13 mm long

inside the bone) to about 13 mm (with a smaller internal space of

only 8 mm). This is consistent with the variability described in

Chinese hypothyroid cretins [29] whose sella turcica mean size of

14 mm had a standard deviation 3.1 (n = 58). This implies that

many of the Chinese cretins are as small as 8 mm - 2 standard

deviations less than the mean. In the LB1 endocast the concave

sella appears as a raised convexity which we estimate as about 8–

9 mm long. The projecting openings of the sella appear as two

deep pits and these are about 12–13 mm apart. Although the

detailed morphology and size remain undescribed, and the extent

of damage is unclear, the LB1 sella is entirely compatible with the

variations to be found in hypothyroid cretinism.

Table 5. Assembled lower limb quantitative data for cretins of three different age groups, Homo floresiensis and other species.

Species (data
source)

Foot/tibia
length ratio
(6100) (foot/
tibia)

Foot/lower
limb length
ratio (6100)
(foot/leg)

Navi-cular
LL/ML
(6100)
(navic)

Meta-tarsal I/
Meta-tarsal II
length ratio
(6100) (mtI/
mtII)

Meta-tarsal I/
meta-tarsal III
length ratio
(6100) (mtI/
mtIII)

Proximal
phalanx II/
meta-tarsal II
length ratio
(6100) (ppII/
mtII)

Proximal
phalanx V/
meta-tarsal V
length ratio
(6100) (ppV/
mtV)

Femur W/L
ratio (6100)
(fem W/L)

Tibia W/L
ratio
(6100)
(tibia W/
L)

Homo sapiens
(cretin 20–30 yrs) (1)

76, 80 3, 39 44, 54, 55 76, 78 81, 82, 41 36 7.2, 9.6 8.3, 7.6

Homo sapiens
(cretin 40 yrs) (1)

No data No data No data No data No data No data No data 7.9, 7.1 7.1

Homo sapiens
(cretin 67–80 yrs) (1)

76, 80 39, 43 52, 61, 64 80, 82 83, 88 41, 41 43, 45 8, 7.6, 7.6 8.3, 8.7

Homo floresie-nsis
(2,3,4)

76 44 49, 50,
(each side)

75 78 43 43 7.6 10.6

Homo sapiens
(5,6,8)

50, 51, 51,
54, 55

27, 28,
30, 33, 34

85, 87, 87,
90, 99

28, 31,
33, 37, 40

80, 82, 85,
90, 95

31, 33,
36, 36, 40

28, 34,
34, 38, 40

6.7, 6.6,
5.4, 5.7, 5.5

5.6, 5.5, 6.0,
5.9, 5.9

Australo-pithecus
(5,6,8)

No data No data 51 No data No data No data No data ? ?

Pan troglo-dytes
(5,6,7,8)

76, 80,
86, 88

43, 44,
46, 48

40, 44,
45, 45

77, 78.
84, 88

67, 67,
68, 69

43, 44,
55, 60

42, 47,
54, 60

8.1, 8.9,
8.3, 8.5

7.3, 7.3, 7.4,
7.0

Individual values are provided except where sample sizes are large enough to give mean and standard deviations. Abbreviation for each variable is provided for vector
diagrams in Figures 2,3. Data sourced from (1) this study, Basle Museum of Natural History, (2) ref. [9], (3) ref. [9], (4) ref. [10], (5) refs. [35–36] (6) ref. [37] (7) data gifted to
CEO by A.H.Schultz, (8) materials at UWA and CEO.
doi:10.1371/journal.pone.0013018.t005
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There is also the question of brain size. At 417 ml the

reconstructed endocranial volume of LB1 is totally excluded from

being a normal human but is characteristic of present day apes and

australopithecines (and also of three of the smallest of the genetic

microcephalics [3]). Cranial volumes in cretins, though indeed

small compared with unaffected humans, are bigger than this,

ranging from 670–1,150 ml (n = 5). This range is, however, for

cretins of European ethnic origin (mean of 1,300 ml in unaffected

individuals). A parent population that was much smaller than

European would give rise to proportionally smaller cretins. Thus,

normal South East Asian pygmoid crania of 800–1000 ml have

been recorded (refs in [7]) and estimated [30]). On this basis,

cretins from such populations could have brain sizes as small as

400–500 ml, based on scaling of height and brain size found

among European endemic cretins [7].

A recent review has called for evidence that falsifies the new

species hypothesis [31]. The best test of an evolutionary diagnosis

for the LB remains would be determination of mitochondrial DNA

sequences of these individuals. The demonstration of ancient DNA

would falsify all hypotheses that these are pathological H. sapiens.

The demonstration of H. sapiens DNA has the potential to falsify

the new species hypothesis. ‘‘So far, however, only modern human

DNA sequences have been found, consistent with handling of the

specimens by multiple individuals prior to sampling’’ (personal

communication, Alan Cooper). These unpublished results may,

however, also be consistent with the presence of genuine, non-

contaminant, modern human (hence H. sapiens) sequences, as the

sequences of indigenous modern human Floresians of 15–18 ka

BP would be largely indistinguishable from those of many present

day inhabitants of Flores and other Indonesian islands. Consid-

Figure 2. Multivariate analyses of quantitative features of Homo floresiensis in relation to cretins, unaffected humans and
chimpanzees. Individuals are represented for each specimen by the coloured symbols above: H. floresiensis, young adult cretins, older cretins, H.
sapiens, and P. troglodytes. Vectors are shown for each variable, abbreviated as in Tables 4, 5. The direction of each vector indicates the association
with each axis and the length indicates the strength of the association. A. Principal Components Analysis (PCA) of all variables (16, from Tables 4, 5),
13 individuals, including 1 young adult cretin, 2 older cretins. PC1 and PC2 together explain 85.8% of variability. Two pairs of nearly coincident vectors
(ppII/mtII, ppV/mtV and femur W/L, foot/leg) have similar directions and lengths. Three groups are clearly defined in 2 dimensions and confirmed
over all dimensions (ANOSIM global R.0.999, P,.001). The group of LB and cretins is separate from H. sapiens (ANOSIM R.0.999, P,0.01) and Pan
(R.0.999, P = 0.03). B. Multi-Dimensional Scaling (MDS) with individuals and variables as in a). Two Dimensional stress was 0.01 indicating that the
plotted values give a very good indication of the rank Euclidean distance between individuals.
doi:10.1371/journal.pone.0013018.g002
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ering the scientific importance of this question, and the availability

of in situ teeth of two individuals, it is surprising to us that the status

of the DNA has not been resolved.

Lacking such a conclusive test, we suggest that cretin anatomy

provides many predictions for further testing the status of H. floresiensis.

We predict that if LB1 were a young adult cretin then the

sternum would show either evidence of recent fusion of sternebrae

or even some separate sternebrae. The sternum has not been

described but a poor photograph suggests that fused but

distinguishable sternebrae may be present [32]. Delayed ossifica-

tion of the sternum of adult cretins (age 17 to 30) means that some

show separate sternebrae (as in children) and others show fused

but distinguishable sternebrae. It is only in some of the very oldest

cretins (circa 70 years) that, like most unaffected humans, the

sternum shows no sign of individual sternebrae. Of course, in

cretins this feature mimics the primitive state, separate sternebrae

or fused but distinguishable sternebrae being characteristic of adult

apes (Figure S6).

We predict that some of the epiphyses in the Liang Bua

materials will be confirmed as missing, unfused, or only partially

fused (as in adult cretins but not adult apes or humans). This is so

far not certain because many of these regions are reported as

damaged. Searches for separated epiphyses and small missing

pieces might be useful.

Figure 3. Additional multivariate analyses of quantitative features of Homo floresiensis in relation to cretins, unaffected humans and
chimpanzees. A. PCA using 14 variables and 14 individuals, as in a) but with 2 young adult cretins. PC1 and PC2 together explain 85.3% of
variability. Three groups are clearly defined (ANOSIM global R.0.999, P,.001). The group of LB and cretins is separate from H. sapiens (ANOSIM
R.0.999, P,0.01) and Pan (ANOSIM R.0.999, P,0.01). B. PCA using 9 variables, and 15 individuals, as in b) with additional 40 year old cretin. PC1
and PC2 together explain 79.9% of variability. ANOSIM global R = 0.949, P,.001. Group of LB and cretins is separate from H. sapiens (ANOSIM
R = 0.843, P,0.01) and Pan (ANOSIM R.0.999, P,0.01).
doi:10.1371/journal.pone.0013018.g003
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We predict that further evidence of the growth deficit of cretins

may be found in the LB carpals and tarsals. As described above, one

wrist bone, the trapezoid, is small compared with its neighbor; it is

evident that another, the lunate, is incomplete; one tarsal bone, the

navicular is distorted. These three features are common in cretins.

Are such reductions in LB due to damage, loss or deficit?

We likewise predict that if the hands of LB1 are found, they will

be large relative to upper limb length, because, with the relatively

large feet of cretins go relatively large hands. These, again,

resemble the primitive state - apes also have relatively large feet

and hands, but in different locomotor contexts. So far not enough

of the hands of LB1 are known to predict their size relative to the

other upper limb bones.

We predict that more careful examination of both LB patellae

may indicate that their curious shape, with two lunar shaped

deficits on each supero-lateral aspect, is very similar to that of

patellae with unfused epiphyses found both in unaffected human

children and in growth-delayed 20–30 year old adult cretins

(Figure S7).

We predict that if more vertebral bodies are found for LB1 they

will appear to be cranio-caudally flattened. Unaffected humans

have cranio-caudal/dorso-ventral vertebral body ratios ranging

from a maximum of 105% for the first thoracic to a minimum of

70.5% for the last lumbar vertebra. Chimpanzees have even larger

ratios. One cretin that we can measure has, in contrast, ratios of

55%–62% in each of four lumbar vertebrae. This reduction is

partly because, even in some younger adults, the vertebral

epiphyses remain cartilage and are not preserved thus reducing

the vertical dimension. A single lumbar vertebral body is known

for LB and it shares with the cretins a ratio of 53% [33].

We predict that examination of other vertebrae and sacra (if

found LB1) will show evidence of partially or fully open sutures.

This is certainly true of some cretin vertebrae and sacra (especially

younger adults, Figure S8).

We predict the possibility that the separation of some parts of

the H. floresiensis pelvis and cranium could be due to non-fusion,

but testing of this will be difficult due to missing parts, taphonomic

damage and laboratory reconstruction. Certainly some younger

adult cretins have separate innominate components, and partially

or even completely open spheno-occipital synchondroses, and

inter-sphenoid and inter-occipital sutures.

In conclusion, as a result of the changes due to hypothyroidism,

individual cretins show, throughout the entire skeleton, mixtures of

features, some like unaffected humans, some like apes, and some

unique, that, despite assertions to the contrary, are rather like the

character mosaic described for the Liang Bua remains. Therefore

these remains are most likely to be endemic cretins of species H.

sapiens, a species known to be present in the region from at least

42 ka B.P. and not a new species. That they may be endemic

cretins of another hominin species is acknowledged but is a more

remote possibility.

Materials and Methods

Mounted skeletons of hypothyroid cretins, many with autopsy

data, were examined at the Basle Museum of Natural History, as

well as other specimens (Table S1). Some observations and data on

cretins are taken from the literature as indicated. Human and ape

data, where not included in plots from the literature, were taken

from specimens available to CEO. Most LB observations and

measurements are as published, but some were taken from

enlargements of published images.

Principal components analysis (PCA) was correlation based, and

non-metric multi-dimensional scaling (MDS) and analysis of

similarity (ANOSIM) were based on Euclidean distances. These

analyses were conducted using the software Primer 6 [34]. For the

PCA, all variables were first normalized by subtraction of mean

and division by standard deviation. P values in the ANOSIM

analysis were calculated for 999 random changes of labeling of

groups.

Supporting Information

Table S1 Skeletons and isolated skulls examined and
measured.

Found at: doi:10.1371/journal.pone.0013018.s001 (0.05 MB

DOC)

Figure S1 Gleno-axillary angles of scapulae of hypothy-
roid cretin, Homo floresiensis and other species. The left

two frames show the scapulae of an ape and an australopithecine

(the specimen originally known as Plesianthropus transvaalensis and

figured by John Robinson before the specimen became damaged:

ref. [38]). These have gleno-axillary angles of about 90 degrees.

The right three frames show the scapulae of LB 6/4, a cretin

(Basle specimen 66, aged 28), and a modern human, and these all

have a much larger angle. From ref. [39].

Found at: doi:10.1371/journal.pone.0013018.s002 (0.09 MB

DOC)

Figure S2 Upper frames: carpal rows in chimpanzee
and human with capitate and trapezoid shaded; lower
frames: articulation of capitate and trapezoid from H.
floresiensis showing dorsal carpal curvature that is
produced. The lower left figure shows that the H. floresiensis

(LB1) trapezoid (dorso-palmar length 7.6 mm) is too small to

articulate fully with the capitate (dorso-palmar length 14.1 mm)

and that its articulation produces a flat dorsal carpal surface unlike

that in the chimpanzee above it. The lower right figure shows that

the LB1 trapezoid does fit into the shallow carpal tunnel of

humans with the proposed deficit (arising from incomplete

ossification due to delayed development) of the trapezoid shown

as dotted lines. From ref. [39].

Found at: doi:10.1371/journal.pone.0013018.s003 (0.08 MB

DOC)

Figure S3 Torsions and bends of long bones in hypo-
thyroid cretins. Torsions of humerus (left) and femur (middle) in

cretins (Basle # 65 and # 64) with photograph of an adult cretin

(right) showing such torsions in the thigh in the living (from image

published in Der Endemische Kretinismus, 1936 [40], attributed to Dr

L. D. Eerland, see reference [41] for context). Note also the

relatively large hands and feet in the cretin individual. Bends in the

humerus and ulna in cretins shown in reference [42] can be

compared with the bend of radius in Homo floresiensis (LB 6/2).

Found at: doi:10.1371/journal.pone.0013018.s004 (0.08 MB

DOC)

Figure S4 Extremes of sella turcica in cretins. a) Sagittal

section showing narrow opening and ballooned interior of Basle

specimen 85. b) Dorsal view showing wide opening and reduced

interior of Basle specimen 65 (dashed arrows of this specimen

indicate lost (unossified) epiphyses of tips of clinoid processes).

Found at: doi:10.1371/journal.pone.0013018.s005 (0.47 MB

DOC)

Figure S5 Variations in pituitary fossa form and
measurement in normal and cretin humans. The left

diagram shows a saggital section of the region of the pituitary fossa

in a non-affected human. The mouth and pit of the pituitary fossa

are approximately the same width. The right diagrams show
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variations in pituitary fossa forms in cretins. The upper one shows

a ballooned internal pituitary fossa (containing the enlarged gland)

with a normal mouth. The lower one shows a small pituitary fossa

with a wide mouth allowing for a pituitary gland to extend well

beyond the confines of the bony fossa. From reference [39].

Found at: doi:10.1371/journal.pone.0013018.s006 (0.10 MB

DOC)

Figure S6 Sternal form in apes, humans and human
cretins. Left side, line drawings show typical sternal form in

orang utans (upper row), chimpanzees (second row), gorillas (third

row) and humans (final row). The apes show mostly separate

sternebrae, but with some partially fused sternebrae, and one with

evidence of vertical fusion of the two sternal halves. Middle

photographs, upper and lower, show en face sternums with some

separate, some partially fused and some completely fused

sternebrae in adult (17–30 year old) cretins. These can be

compared to images of saggital sections of sternums with

completely separate sternebrae in immature cretins in reference

[42]. Right side, three photographs show increased fusion of

sternebrae in cretins including one cretin in which the sternum is

entirely like a normal human, and one cretin showing a vertical

line of fusion (perhaps from the original two halves of the

developing sternum) in three cretins aged 67–80 years. En face

photographs from Basle specimens, 64, 65, 66, 84 and 85.

Found at: doi:10.1371/journal.pone.0013018.s007 (0.09 MB

DOC)

Figure S7 Patella of LB1 compared to developing
unaffected humans and young adult cretin. The right

patella of LB1 is shown in anterior view (a) and posterior view (d).

Radiographic views of right patellae of a 15 year old (b) and of 8

year old humans (e). Anterior views of right patellae of 28 year old

cretin, Basle specimen 66 (c) and 40 year old cretin, Basle

specimen 578, f). Short white arrows show limits of concave facets

for articulation of epiphyses (when present); red arrows show line

of fusion of epiphyses when present.

Found at: doi:10.1371/journal.pone.0013018.s008 (0.73 MB

DOC)

Figure S8 Sacra of hypothyroid cretin compared to
unaffected human and chimpanzee. Non-fusion of the many

parts of the cretin sacrum (middle) is clear. Normal human (left)

and chimpanzee (right) show the fused adult state.

Found at: doi:10.1371/journal.pone.0013018.s009 (0.08 MB

DOC)

Acknowledgments

The authors thank Gerhard Hotz for access to specimens at the Basle

Museum of Natural History, Ruliang Pan for translating a Chinese

language article, and John K. Dennison for translations of German

language texts.

Author Contributions

Conceived and designed the experiments: CEO PJO. Analyzed the data:

BJK. Contributed reagents/materials/analysis tools: CEO PJO BJK.

Wrote the paper: CEO PJO BJK. Shared paper writing but initial versions

and final versions prepared by: CEO. Shared paper writing: PJO BJK.

References

1. Brown P, Sutikna T, Morwood MJ, Soejono RP, Jatmiko, et al. (2004) A new

small-bodied hominin from the Late Pleistocene of Flores, Indonesia. Nature
431: 1055–1061.

2. Morwood MJ, Brown P, Jatmiko, Wahyu Saptomo E, Westaway KE, et al.

(2005) Further evidence for small-bodied hominins from the Late Pleistocene of
Flores, Indonesia. Nature 437: 1012–1017.

3. Martin RD, MacLarnon AM, Phillips JL, Dobyns WB (2006) Flores Hominid:

New Species or Microcephalic Dwarf? Anatomical Record 288A: 1123–1145.

4. Hershkovitz I, Kornreich L, Laron Z (2007) Comparative skeletal features

between Homo floresiensis and patients with primary growth hormone

insensitivity (Laron Syndrome). Am J Phys Anth 134: 198–208.

5. Falk D, Hildebolt C, K. S, Jungers W, Larson S, et al. (2009) The type specimen

(LB1) of Homo floresiensis did not have Laron Syndrome. Am J Phys Anth 140:

52–63.

6. Falk D, Hildebolt C, Smith K, Morwood MJ, Sutikna T, et al. (2009) LB1’s

virtual endocast, microcephaly, and hominin brain evolution. J Hum Evol 57:
597–607.

7. Obendorf PJ, Oxnard CE, Kefford BJ (2008) Are the small human-like fossils

found on Flores human endemic cretins? Proc R Soc B 275: 1287–1296.

8. Jungers WL, Larson SG, Harcourt-Smith W, Morwood MJ, Sutikna T, et al.
(2009) Descriptions of the lower limb skeleton of Homo floresiensis. J Hum Evol

57: 538–554.

9. Larson SG, Jungers WL, Tocheri MW, Orr CM, Morwood MJ, et al. (2008)
Descriptions of the upper limb skeleton of Homo floresiensis. J Hum Evol 57:

555–570.

10. Jungers WL, Harcourt-Smith WEH, Wunderlich RE, Tocheri MW, Larson SG,

et al. (2009) The foot of Homo floresiensis. Nature 459: 81–84.

11. Argue D, Donlon D, Groves C, Wright R (2006) Homo floresiensis:
Microcephalic, pygmoid, Australopithecus or Homo? J Hum Evol 51: 360–374.

12. Chen Z, Hetzel BS (2010) Cretinism revisited. Best Practice & Research Clinical

Endocrinology & Metabolism 24: 39–50.

13. Preedy VR, Burrow GN, Watson R eds ( 2009) Comprehensive Handbook of

Iodine : Nutritional, Biochemical, Pathological and Therapeutic Aspects.

Amsterdam: Elsevier.

14. Organization WH( 2010).

15. Boyages SC, Halpern JP, Maberly GF, Eastman CJ, Morris J, et al. (1988) A

comparative study of neurological and myxedematous endemic cretinism in
western China. J Clin Endocrinol Metab 67: 1262–1271.

16. Larson SG, Jungers WL, Morwood MJ, Sutkina T, Jatmiko, et al. (2007) Homo

floresiensis and the evolution of the human shoulder. J Hum Evol 53: 718–731.

17. Larson SG, Jungers WL, Tocheri MW, Orr CM, Morwood MJ, et al. (2009)

Descriptions of the upper limb skeleton of Homo floresiensis. J Hum Evol 57:

555–570.

18. Tocheri MW, Orr CM, Larson SG, Sutikna T, Jatmiko, et al. (2007) The

primitive wrist of Homo floresiensis and its implications for hominin evolution.

Science 317: 1743–1745.

19. Lovejoy CO, Simpson SW, White TD, Asfaw B, Suwa G (2009) Careful

Climbing in the Miocene: The Forelimbs of Ardipithecus ramidus and Humans

Are Primitive. Science 326: 70e71–70e78.

20. Tocheri MW, Orr CM, Jacofsky MC, Marzke MW (2008) The evolutionary

history of the hominin hand since the last common ancestor of Pan and Homo.

Journal of Anatomy 212: 544–562.

21. Wilkins L (1941) Epiphyseal dysgenesis associated with hypothyroidism. Am J Dis

Child 61: 13–34.

22. Hill WCO (1936) Two examples of infantilism. Ceylon J Sci (D) IV: 71–118,

Plates II–IX.

23. Rencher AC (2002) Methods of Multivariate Analysis. New York: Wiley-

Interscience.

24. O’Connor S (2007) New evidence from East Timor contributes to our

understanding of earliest modern human colonisation east of the Sunda. Shelf

Antiquity 81: 523–535.

25. Brumm A, Jensen GM, van den Bergh GD, Morwood MJ, Kurniawan I, et al.

(2010) Hominins on Flores, Indonesia, by one million years ago. Nature 464:

748–752.

26. Lyras GA, Dermitzakis MD, Van der Geer AAE, Van der Geer SB, De Vos J

(2009) The origin of Homo floresiensis and its relation to evolutionary processes

under isolation. Anthropological Science 117: 33–43.

27. Noosten D (1935) Krop op Bali. Geneesk Tijdschr Ned-Ind 75: 1420–1445.

28. Fuge R (2005) Soils and Iodine deficiency. In: Selinus O, Alloway B, Cen-

teno JA, Finkelman RB, Fuge R, et al. (2005) Essentials of medical geology:

impacts of the natural environment on public health. Amsterdam: Elsevier. pp

417–432.

29. He TY (1984) X-ray manifestations of bone in myxedematous endemic

cretinism. Zhonghua Fang She Xue Za Zhi 18: 279–282, 251.

30. Berger LR, Churchill SE, De Klerk B, Quinn RL (2008) Small-Bodied Humans

from Palau, Micronesia. PLoS ONE 3: e1780.

31. Aiello LC (2010) Five years of Homo floresiensis. Am J Phys Anth 142: 167–179.

32. Jungers W, Baab K (2009) The geometry of hobbits: Homo floresiensis and

human evolution. Significance 6: 159–164.

33. Jacob T, Indriati E, Soejono RP, Hsü K, Frayer DW, et al. (2006) Pygmoid

Australomelanesian Homo sapiens skeletal remains from Liang Bua, Flores:

Population affinities and pathological abnormalities. Proc Nat Acad Sci 103:

13421–13426.

34. Clarke KR, Gorley RN (2006) PRIMER v6: User Manual/Tutorial. Plymouth,

U. K.: Primer-E Ltd.

Cretinism and H. floresiensis

PLoS ONE | www.plosone.org 10 September 2010 | Volume 5 | Issue 9 | e13018



35. Oxnard CE (1968) A note on the Olduvai clavicular fragment. Am J Phys

Anthrop 29: 429–432.
36. Oxnard CE (1968) A note on the fragmentary Sterkfontein scapula. Am J Phys

Anthrop 28: 213–218.

37. Oxnard CE (1983/4) The Order of Man: a Biomathematical Anatomy of the
Primates. Hong KongNew Haven: University of Hong Kong Press, Yale

University Press.
38. Broom R, Robinson JT, Schepers GWH, Sterkfontein ape-man Plesianthropus

(1950) Sterkfontein ape-man Plesianthropus. Transvaal Museum Memoirs 4.

39. Oxnard CE (2008) Ghostly muscles, wrinkled brains, heresies and hobbits.

Singapore: World Scientific.

40. De Quervain F, Wegelin C (1936) Der Endemische Kretinismus. Berlin and

Vienna: Julius Springer.

41. Eerland LD (1932) Het Krovragstuk in de residentie Kediri. Voordrachten over

gezwellen. Geneesk Tijdschr Ned-Ind 72: 1299–1302.

42. Ortner DJ (1993) Bone growth and palaeopathology. In: Hall BK, ed. Bone

growth. Baton RougeFlorida: CRC Press.

Cretinism and H. floresiensis

PLoS ONE | www.plosone.org 11 September 2010 | Volume 5 | Issue 9 | e13018



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


