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Although the early postural reconstructions of the Neandertals as
incompletely erect were rejected half a century ago, recent studies
of Neandertal vertebral remains have inferred a hypolordotic, flat
lower back and spinal imbalance for them, including the La Chapelle-
aux-Saints 1 skeleton. These studies form part of a persistent trend to
view the Neandertals as less “human” than ourselves despite growing
evidence for little if any differences in basic functional anatomy and
behavioral capabilities. We have therefore reassessed the spinal pos-
ture of La Chapelle-aux-Saints 1 using a new pelvic reconstruction to
infer lumbar lordosis, interarticulation of lower lumbar (L4-S1) and cer-
vical (C4-T2) vertebrae, and consideration of his widespread age-related
osteoarthritis. La Chapelle-aux-Saints 1 exhibits a pelvic incidence (and
hence lumbar lordosis) similar to modern humans, articulation of lum-
bar and cervical vertebrae indicating pronounced lordosis, and
Baastrup disease as a product of his advanced age, osteoarthritis,
and lordosis. Our findings challenge the view of generally small
spinal curvatures in Neandertals. Setting aside the developmentally
abnormal Kebara 2 vertebral column, La Chapelle-aux-Saints 1 is
joined by other Neandertals with sufficient vertebral remains in pro-
viding them with a fully upright (and human) axial posture.

human evolution | Late Pleistocene Homo | lumbar lordosis | spino-pelvic
morphology | paleopathology

ate 19th and early 20th century postural reconstructions of

Neandertals (1, 2), and particularly the extensive one of the
La Chapelle-aux-Saints 1 Neandertal skeleton by Boule (2),
created persistent images of these late archaic humans as primitive
and incompletely erect. Neandertals were inferred to lack modern
human lumbar and cervical lordosis, along with a faint thoracic
kyphosis, habitually bent hips and knees, and divergent halluces.
Combined with their perceived combination of ancestral and
uniquely derived features (2), plus their temporal proximity to
early modern humans, this postural reconstruction served to dis-
tance ourselves from these Late Pleistocene humans.

Through the mid-20th century, a series of reassessments (3-5)
highlighted the errors of earlier reconstructions, with one (5)
focusing attention on the osteoarthritic nature of the La Chapelle-
aux-Saints remains. Together, these and later analyses (6-9) pro-
vided Neandertals with a fully erect (human) posture with normal
spinal curvatures. However, a series of recent papers (10-16) have
argued that the Neandertals, including La Chapelle-aux-Saints 1,
possessed lumbar vertebrae and pelvic incidence angles indicating
reduced lumbar lordosis, flatter cervical lordosis and thoracic ky-
phosis than modern humans, and little of the pelvic tilt associated
with bipedal posture (and lumbar lordosis) in recent humans. Such
a flat spinal curve in recent humans is associated with an anterior
shift of the line of gravity and instability leading to chronic back pain
(17), raising questions about its appropriateness for the Neandertals.

The aim here is therefore to reassess the pathology and the
posture of one of the key specimens in these considerations, the
“vieillard” from La Chapelle-aux-Saints. The focus is initially on
his pelvic incidence determined from a pelvic reconstruction, to
provide a measure of lumbar lordosis before the development of

WWww.pnas.org/cgi/doi/10.,1073/pnas.1820745116

his extensive spinal osteoarthritis. It is combined with an evalu-
ation of his pelvic tilt based on the distribution of degenerative
changes in the hip joint. The alignment of the cervical and lumbar
vertebrae based on their osteoarthritic changes is then employed
as an alternative means to deduce spinal curvature in his later life.
These assessments have implications for both the upright posture
of Neandertals and for our perceptions of behavior in these
nonmodern humans in their Late Pleistocene context.

Results

Pelvic Incidence and Posture. The virtual reconstruction of the La
Chapelle-aux-Saints 1 pelvis (SI Appendix, Fig. S2) shows that
the nonpathological portions of the two sides are entirely sym-
metrical. The pelvic incidence angle (the angle in the sagittal
plane between a ray from the hip joint center to the superior
sacral surface and the perpendicular to the sacral surface; ref. 18)
is not affected by the left acetabular degenerations, given the
symmetrical matching of the equivalent left and right acetabular
portions and hence an accurate location of the femoral head cen-
troid. The resultant pelvis displays a pelvic incidence angle of 56°
(Fig. 1), which is trivially above the mean (52.4° + 11°,n = 131) of a
modern human sample and well within its range of 27°-82° (18).
The left acetabulum exhibits a series of degenerative changes
reflecting advanced osteoarthritis. There is a massive periarticular
growth along the dorsal acetabular margin and new bone formation

Significance

Fully upright and balanced posture is one of the hallmarks of
humanity, and it has long been seen as present among all
members of the genus Homo. However, recent considerations
of Neandertal vertebrae have concluded that these late archaic
humans, who were both behaviorally and phylogenetically
close to ourselves, lacked fully developed spinal curvatures and
must therefore have had precarious postures. Reassessment
and virtual reconstruction of the La Chapelle-aux-Saints 1 Ne-
andertal skeletal remains provides direct anatomical evidence
that he, and by extension other Neandertals, possessed the
usual human lower back and neck curvature (lordosis). It is
therefore time to move beyond making Neandertals less hu-
man and focus on the subtle shifts in Late Pleistocene human
biology and behavior.
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on the lunate articular surface, but most importantly, there is a strip
of eburnation 10-12 mm wide extending from the area of the an-
terior inferior iliac spine (AIIS) to the middorsal border (Fig. 2), or
from sectors ~2-5 following the division of the lunate surface of the
acetabulum into seven anatomically defined sectors (19) (SI Ap-
pendix, Fig. S5). The extent of this degeneration provides a mid-
point of 3.5, which is close to the median (3.25) of a recent human
cadaver sample and well within its range (2.75-3.75, n = 81). The
more restricted but distinct depression in the right superior ace-
tabulum (Fig. 2) extends from just dorsal of the AIIS to the mid-
dorsal margin, or 2.5-4.5, providing a midpoint of 3.5. All of these
fossil and recent human values indicate a midpoint for weight-
bearing joint reaction force through the hip joint near or mod-
estly dorsal of the AIIS, the area in which acetabular pressures are
greatest during static or dynamic loading in normal human upright
posture and locomotion (e.g., refs. 20-24; SI Appendix, section V).

Fig. 1. Left lateral view of the La Chapelle-aux-Saints 1 left acetabulum,
medial view of the right hip bone and midsagittal section of the sacrum.
(Scale bar, 3 cm.) The pelvic incidence angle (Pl) = 56°. Pink: the portions of
the right hip bone reconstructed in plaster by Boule (11-13). Note that the
reconstructed sacral promontory projects the S1 body more superiorly than
the preserved portion; the reconstruction is therefore conservative, because
the preserved portion alone would provide a higher PI.

4924 ' | www.pnas.org/cgi/doi/10.1073/pnas. 1820745116

Fig. 2. Views of the La Chapelle-aux-Saints 1 right (A) and left (B) acetabula,
oriented approximately anatomically. The depressed weight-bearing area is
evident on the right one, and the broad band of eburnated articular bone in
the weight-bearing area is evident on the left.

It is therefore apparent that La Chapelle-aux-Saints 1 had an
overall pelvic posture well within the range of variation of
modern humans through his life span. In addition, the orienta-
tion of the S1 cranial surface, which would have been established
during development, was indistinguishable from those of recent
humans.

Spinal Curvature and Vertebral Osteoarthritis. The pelvic incidence
of La Chapelle-aux-Saints 1 predicts a well-developed lumbar
lordosis angle of 52° with a 95% CI of 35° — 69°, following the
regression equation of (15). A recent human sample (18) pro-
vides a mean of 55.6° (+11.2°, n = 131). The pattern and extent
of his vertebral osteoarthritis reinforces this predicted normal
human spinal curvature.

There are marked changes particularly in the lower cervical to
upper thoracic spine, as well as the mid-to-lower thoracic region,
comprising eburnation and telescoping facet joint subluxations
(SI Appendix, Fig. S1; see also ref. 25). However, including minor
changes indicates that all preserved facet joints were affected by
osteoarthritis. In the cervical region, the tip of the C6 spinous
process was flattened and a slight depression on its left inferior
aspect matches the tip of the C7 spinous process, suggesting bony
remodeling due to Baastrup disease (Fig. 3). Articulation of the
cervical vertebrae also suggests reduced intervertebral disk
spaces and close contact between the C4/C5 and C5/C6 spinous
processes, but clear signs of osteophytic remodeling could not be
observed. The articulation of the cervical vertebrae (Fig. 3) also
provides a distinct C4 to T1 lordosis, also evident in the La Ferrassie
1 and Krapina 107 and 106/108-110 cervical vertebrae (26, 27).

Facet joint subluxation was also observed at L4/L5 and L5/S1,
where it was associated with moderate osteoarthritic changes of
the facets. These subluxations led to the formation of extra joints
on the inferior sides of the bases of the right costal processes of
L4 and L5 that articulated with notch-like nearthroses at the
right superior articular processes of L5 and S1, respectively (Fig.
4). Moreover, the spinous processes of L4, L5, and S1 displayed
signs of Baastrup disease with extensive osteophytic remodeling.
Articulation of the lower lumbar vertebrae (Fig. 4) shows that
the LA4/LS intervertebral space was markedly reduced, thus
bringing the corresponding spinous processes into habitually
close contact. The inferior L5 spinous process is eroded, but a
small point of contact is present between the spinous processes
of LS and S1. A typical consequence of the asymmetric sublux-
ations with nearthroses on the right side of L4, L5, and S1 is a
right-convex degenerative scoliotic misalignment of these verte-
brae (28, 29), which is to a lesser degree also present in the
cervical spine.

Haeusler et al.
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Fig. 3. The articulated cervical and upper thoracic series C4-T3 of La
Chapelle-aux- Saints 1, surface-scanner generated models. (A) dorsal view,
(B) lateral view. Note Baastrup disease of the spinous processes C6-C7 (ar-
row) and the mild degenerative scoliotic misalignment.

The segmental lordosis angle of his 14 to S1 (55.5° + 2.3°)
predicts a very high mean lumbar lordosis angle of 73° — 79°
based on his articulated vertebrae (SEest = 3.4°, r = 0.721; SI
Appendix, Fig. S4). In combination with the lordosis angle pre-
dicted from his pelvic incidence, these considerations confirm
the presence of a distinctly human lumbar lordosis for La
Chapelle-aux-Saints 1.

Articulation of the lower lumbar vertebrae also demonstrates
that the facet joint subluxations with the resulting nearthroses at
LA/LS and L5/S1, in combination with Baastrup disease of these
vertebrae, must have led to a lordotically fixed and virtually
immobile lower lumbar spine, incapable of extension and with a
very limited capacity for flexion and lateral bending to the left
side. It is likely that this lumbar rigidity led to the previously
noted (25) lesser degree of lumbar facet degeneration compared
with the marked cervical and thoracic changes.

Discussion

La Chapelle-aux Saints 1 has played a prominent role in discus-
sions of the Neandertal posture since its initial analysis by Boule
(2). Our assessment corroborates the presence of well-developed
cervical and lumbar lordosis in this individual, as suggested pre-
viously (3, 5, 8, 9). It challenges recent reconstructions inferring
limited Neandertal spinal curvature (10-16). We base our finding
on two lines of evidence, (i) a pelvic incidence, associated with a
normal human pelvic posture, close to the mean of modern hu-
mans, and (i) the articulation of the cervical and the lower lumbar
vertebrae. Additional inferences from the La Chapelle-aux-Saints 1
basicranium and other Neandertal vertebrae (SI Appendix, section
IV) corroborate this conclusion.

Pelvic Incidence and Posture. La Chapelle-aux-Saints 1 provides
the only sufficiently complete Neandertal pelvis that is both
undistorted and nonpathological in the relevant portions. It
therefore allows an accurate determination of his pelvic incidence.
That incidence is not only fully modern, it is also significantly larger
than the pelvic incidences of 34° reported for the Kebara 2 (15) and
the 28° in the Atapuerca-Sima de los Huesos (AT-SH) pelvis 1 (11).

However, the Kebara 2 posterior ilia and sacrum were crushed
and needed extensive reconstruction (30), and the L2 to L5 sus-
tained a suite of developmental spinal dysraphism malformations
and (probably secondary) degenerative abnormalities (31, 32).
The AT-SH pelvis 1 individual also suffered from spinal dysra-
phism malformation of I'S leading to developmental dysplastic

Haeusler et al.

spondylolisthesis, and had an extensive suite of osteoarthritic de-
generative changes (11). The resulting dome-shaped superior sa-
cral surface of AT-SH pelvis 1 precludes proper measurement of
its pelvic incidence. In addition, both the Kebara 2 and AT-SH
pelvis 1 sacra exhibit lumbosacral transitional anomalies; lumbo-
sacral transitional vertebrae are known to lead to erroneously
small pelvic incidence angles and thus incorrect estimations of
lumbar lordosis (18, 33, 34).

The Kebara and Atapuerca pelves are therefore inappropriate
for assessing the pelvic incidence, and by correlation lumbar
curvature, of the broader Neandertal (or Middle Pleistocene)
populations. The pelvis of La Chapelle-aux-Saints 1 provides at
least one Neandertal with a fully normal human configuration, in
posture, angulation and implied lumbar curvature.

Additional support comes from the locations of milder de-
generation in other Neandertal hip bones that parallel the lo-
cation of the La Chapelle-aux-Saints 1 acetabular osteoarthritis.
The Feldhofer 1, Kebara 2, and Krapina 208 and 209 acetabula
have the midpoint of surface degeneration at sector 3, La Fer-
rassie 1 at 3.25, and Krapina 207 at 3.5 (27). All of these mid-
points for weight-bearing degeneration are distinctly dorsal of
the AIIS, indicating that the pelvic posture of the Neandertals
generally was the same as that of recent humans.

Baastrup Disease and Osteoarthritis. Another important guide for
the reconstruction of spinal posture is the presence of Baastrup
disease in La Chapelle-aux-Saints 1 (see also ref. 35). It is pre-
sent at C6/C7, L4/LS5, and L5/S1. Baastrup disease (“kissing
spines”; ref. 36) is caused by the contact of adjacent spinous
processes during upright posture and repeated strains on the
interspinous ligament. Initially, this leads to interspinous bursae
and, with prolonged stress, to osteophytically enlarged spinous
process tips. They become flattened and sclerotic, and nearthroses
develop between them (37-39). Clinically it may be associated
with tenderness in the midline and back pain during upright
posture that worsens with spinal extension and subsides with
flexion. L4/L5 is most often affected, but in more severe cases also
L3/L4 (not preserved in La Chapelle-aux-Saints 1) and L5/S1, and
the entire lumbar spine as well as the cervical vertebrae might be
involved (39, 40). Often (in up to 50% of the patients with ad-
vanced Baastrup disease; ref. 37), a degenerative scoliotic mis-
alignment of the lumbar spine can be observed, as the spinous
processes try to swerve the strains. Such a scoliotic misalignment is
implied by the unilateral nearthroses between L4/L5 and L5/S1 of
La Chapelle-aux-Saints 1 and to a lesser degree it appears to have
been present in the cervical spine.

Fig. 4. Articulated lower lumber spine and sacrum of La Chapelle-aux-
Saints 1, (A) dorsal view, (B) lateral view. Note the notch-shaped nearthroses
between L4 and L5 as well as between L5 and S1 (circles) leading to de-
generative scoliotic misalignment and Baastrup disease between the spinous
processes of L4-L5 and L5-S1 (arrows; the inferior aspect of the L5 spinous
process is eroded).
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Risk factors for Baastrup disease include large spinous pro-
cesses, increased lordosis (e.g., as compensation for increased
thoracic kyphosis during advanced age), reduced intervertebral
space, and other degenerative changes in the aging spine (37—
41). In La Chapelle-aux-Saints 1, the L5 spinous process is not
exceptionally large, and the degree of thoracic kyphosis cannot
be assessed. However, reduced intervertebral spaces are evinced
by the telescoping subluxation of the cervical and lower lumbar
vertebrae. Moreover, articulation of the lower lumbar vertebrae
with the sacrum suggests that the lordosis angle is in the upper
range of modern humans if the nearthroses between the spinous
processes and those at the bases of the costal processes are taken
into account. In addition, La Chapelle-aux-Saints 1 is one of the
oldest of the known Late Pleistocene specimens, both Nean-
dertals and early modern humans.

Age-at-Death and Pathology. A reassessment of the age-at-death
of La Chapelle-aux-Saints using the best preserved age indicator
(the right iliac auricular surface) provides an age in the sixth or
even seventh decade (SI Appendix, section II). It is therefore
likely that the extensive osteoarthritic changes in his vertebral
column, as well as those evident in his sternoclavicular, gleno-
humeral, cubital, radiocarpal, coxal, and pedal interphalangeal
articulations (8), are related to the accumulated effects of age and to
a lesser degree his Pleistocene foraging existence (42, 43). The ver-
tebral degenerations can therefore be employed as the products of
normal age-related processes in the evaluation of his spinal posture.

Conclusions

After more than a century of alternative views, it should be ap-
parent that there is nothing in Neandertal pelvic or vertebral
morphology that rejects their possession of spinal curvatures well
within the ranges of variation of healthy recent humans. The La
Chapelle-aux-Saints 1 pelvic remains provide a pelvic incidence
angle and posture indicating normal human configurations and,
by extension, a well-developed lumbar lordosis in upright pos-
ture. The latter is reinforced by the articulation of his L4 to S1
vertebrae, which provide an elevated lordosis angle, due in part
to facet subluxation, nearthroses, and Baastrup disease. The
articulation of C4 to T3 provides evidence for a well-developed
cervical lordosis. The osteoarthritic changes in his vertebrae and
hip support this pelvic and vertebral posture, as they reflect nor-
mal human age-related degenerations. Other, nonpathological,
Neandertal pelvic and vertebral remains reinforce the pattern
evident in La Chapelle-aux-Saints 1.

This reconsideration of the La Chapelle-aux-Saints 1 remains,
as related to vertebral posture and pathology, should emphasize
what was accepted half-a-century ago but has been questioned as
the relationship between the Neandertals and modern humans
(44, 45) has become (uncomfortably to some) close. Despite the
evident morphological contrasts, there is little, paleontologically
or archeologically, to indicate differences in basic functional
anatomy and behavioral capabilities between them and their Late
Pleistocene modern human neighbors (46, 47). It is therefore hoped
that this reassessment will substantiate what has long been evident.
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Materials and Methods

The analysis is based primarily on the original La Chapelle-aux-Saints 1 partial
skeleton (2, 48) (SI Appendix, section I). The right ilium is missing, and a cast
[verified against measurements of the original; (49)] was employed. It rep-
resents an older male, with an age-at-death in the sixth or seventh decade
(SI Appendix, section II).

The pelvic remains are undistorted. The sacrum includes the partial first
and second sacral bodies, the right ala, and a displaced lamina. The left hip
bone preserves the inferior ilium, the ischium, and the posterior half of the
osteoarthritic acetabulum. The right hip bone retains most of the ilium with
the auricular surface and the iliac acetabulum. Its missing portions were
reconstructed in plaster on the original (2), and articulation with the sacrum
indicates appropriate ischiopubic dimensions (49). Nineteen variably com-
plete presacral vertebrae remain (50). They include C1 and C2, C4 to T2
(identified as C5 to T3 in ref. 2), two fragmentary upper thoracic vertebrae
(T3 or T4 and T6 or T7), T8 to T12, L1, and L3 to S2 (S/ Appendix, Fig. S1).
Most vertebral bodies lack their ventral margins, but their dorsal bodies and
neural arches are largely intact. C4 to T2 are intact with only minor damage.

High-resolution 3D surface scans of the vertebral and pelvic remains were
acquired with a PT-M4c scanner (Polymetric). The scanner delivers 3D models
with a maximum depth resolution of 0.006 mm at a scan field of 62 x 62 mm.

A virtual reconstruction of the pelvis (Fig. 1 and S/ Appendix, Fig. S2) was
performed using Geomagic Design X (3dsystems.com) and Amira 6.7 (fei.
com). The sacrum was mirror imaged, and the reconstruction of the contour
of the anterior portion of the superior sacral surface was guided by the
outline of the preserved parts and checked against the dimensions of the L5
body. The eroded anterior sacral body with the promontory was fixed using
the surface model of a modern human hemi-S1, which was warped onto the
S1 body of La Chapelle-aux-Saints 1 using 167 landmark points; there was no
warping of the fossil S1. The displaced lamina and median sacral crest were
reduced. The missing caudal portion of the sacrum was not reconstructed.
Mirror imaging the two hip bones allowed reassembly of the pelvis. The virtual
reconstruction was assisted by a manual reconstruction of the pelvis using 3D
prints of the elements. Based on the virtual reconstruction of the pelvis, we
measured the pelvic incidence angle and estimated the lumbar lordosis fol-
lowing a regression equation that had been previously described (15).

To predict the spinal shape of La Chapelle-aux-Saints, its vertebral remains
were digitally articulated using Rhinoceros 5.4 (rhino3d.com) so that the
surfaces of adjacent facets showed maximal congruency while taking into
account telescoping subluxations of the facet joints. Manual articulation of
3D prints of the vertebrae was used to assist the digital reconstruction.

The articulated L4 and L5 and the sacrum were used to estimate the lumbar
lordosis angle (18) based on a least squares regression of the L4-S1 lordosis
angle against the L1-S1 lordosis angle in 63 modern human upright standing
lateral lumbar radiographs from the Balgrist University Hospital, Zurich (S/
Appendix, Fig. S4). The lumbar radiographs were obtained according to
standard protocols (51) (Ethics Committee of the Canton of Zurich Approval
KEK-ZH-No. 2014-0309). The 95% prediction intervals were calculated as
previously described (52).

The osteoarthritic changes were scored (following refs. 53 and 54) into
absent, discrete-mild, moderate, and severe with eburnation. The distribu-
tion of the degenerative changes of the acetabula was scored according to
the lunate surface divisions into seven sectors (19), in which the anterior and
posterior extents of the degeneration are scored relative to the designated
lines (2.5 centered on the AlIS) and the midpoint between these extents
employed to reflect the primary area of the habitual joint reaction force.

ACKNOWLEDGMENTS. We thank D. Grimaud-Hervé, A. Fort, L. Huet,
V. Laborde, and A. Balzeau (Musée de 'Homme, Muséum Nationale d'His-
toire Naturelle, Paris) for access to the La Chapelle-aux-Saints fossil remains.
Financial support was provided by the Swiss National Science Foundation
Grant Nos. 31003A_156299 and 31003A_176319 as well as the Maxi Foundation,
Switzerland.

00

. Trinkaus E (1985) Pathology and the posture of the La Chapelle-aux-Saints Nean-
dertal. Am J Phys Anthropol 67:19-41.

. Cleuvenot E (1999) Courbures sagittales de la colonne vertébrale déterminées par la
morphologie des vertébres. Développement d’une nouvelle méthodologie et appli-
cation chez Homo sapiens. PhD thesis. (Université Bordeaux |, Bordeaux, France).

10. Weber J, Pusch CM (2008) The lumbar spine in Neanderthals shows natural kyphosis.
Eur Spine J 17:5327-5330.

. Bonmati A, et al. (2010) Middle Pleistocene lower back and pelvis from an aged
human individual from the Sima de los Huesos site, Spain. Proc Nat/ Acad Sci USA 107:
18386-18391.

12. Gémez-Olivencia A, Arlegi M, Barash A, Stock JT, Been E (2017) The Neandertal

vertebral column 2: The lumbar spine. J Hum Evol 106:84-101.

o

=

Haeusler et al.

www.manaraa.com


https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1820745116/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1820745116/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1820745116/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1820745116/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1820745116/-/DCSupplemental
http://3dsystems.com
http://fei.com
http://fei.com
http://rhino3d.com
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1820745116/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1820745116/-/DCSupplemental
https://www.pnas.org/cgi/doi/10.1073/pnas.1820745116

L T

/

1\

=y

Downloaded at Palestinian Territory, occupied on December 6, 2021

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

32.

. Been E, Peleg S, Marom A, Barash A (2010) Morphology and function of the lumbar

spine of the Kebara 2 Neandertal. Am J Phys Anthropol 142:549-557.

. Been E, Gomez-Olivencia A, Kramer PA (2012) Lumbar lordosis of extinct hominins.

Am J Phys Anthropol 147:64-77.

. Been E, Gémez-Olivencia A, Kramer PA (2014) Brief communication: Lumbar lordosis

in extinct hominins: Implications of the pelvic incidence. Am J Phys Anthropol 154:
307-314.

. Been E, Gomez-Olivencia A, Kramer PA, Barash A (2017) 3D reconstruction of spinal

posture of the Kebara 2 Neanderthal. Human Paleontology and Prehistory, eds
Marom A, Hovers E (Springer, Berlin), pp 239-251.

. Chaléat-Valayer E, et al. (2011) Sagittal spino-pelvic alignment in chronic low back

pain. Eur Spine J 20:634-640.

. Tardieu C, Hasegawa K, Haeusler M (2017) How did the pelvis and vertebral column

become a functional unit during the transition from occasional to permanent bi-
pedalism? Anat Rec 300:912-931.

. Hammond AS, Plavcan JM, Ward CV (2013) Precision and accuracy of acetabular size

measures in fragmentary hominin pelves obtained using sphere-fitting techniques.
Am J Phys Anthropol 150:565-578.

. Hodge WA, et al. (1989) Contact pressures from an instrumented hip endoprosthesis.

J Bone Joint Surg Am 71:1378-1386.

Krebs DE, Robbins CE, Lavine L, Mann RW (1998) Hip biomechanics during gait.
J Orthop Sports Phys Ther 28:51-59.

von Eisenhart R, Adam C, Steinlechner M, Muller-Gerbl M, Eckstein F (1999) Quanti-
tative determination of joint incongruity and pressure distribution during simulated
gait and cartilage thickness in the human hip joint. J Orthop Res 17:532-539.
Yoshida H, et al. (2006) Three-dimensional dynamic hip contact area and pressure
distribution during activities of daily living. J Biomech 39:1996-2004.

Allen BC, Peters CL, Brown NA, Anderson AE (2010) Acetabular cartilage thickness:
Accuracy of three-dimensional reconstructions from multidetector CT arthrograms in
a cadaver study. Radiology 255:544-552.

Dawson JE, Trinkaus E (1997) Vertebral osteoarthritis of the La Chapelle-aux-Saints 1
Neanderthal. J Archaeol Sci 24:1015-1021.

Heim JL (1976) Les hommes fossiles de La Ferrassie I: Le gisement. Les squelettes
adultes (crane et squelette du tronc). Arch Inst Paléontol Hum 35:1-331.

Trinkaus E (2016) The Krapina Human Postcranial Remains-Morphology, Morphometrics
and Paleopathology (FF Press, Zagreb, Croatia).

Haeusler M, Schiess R, Boeni T (2013) Evidence for juvenile disc herniation in a Homo
erectus boy skeleton. Spine 38:E123-E128.

Schiess R, Boeni T, Ruhli F, Haeusler M (2014) Revisiting scoliosis in the KNM-WT 15000
Homo erectus skeleton. J Hum Evol 67:48-59.

Rak Y (1991) The pelvis. Le squelette Moustérien de Kébara 2, eds Bar Yosef O,
Vandermeersch B (CNRS, Paris), pp 147-156.

. Duday H, Arensburg B (1991) La pathologie. Le Squelette Moustérien de Kébara 2,

eds Bar-Yosef O, Vandermeersch B (CNRS, Paris), pp 179-193.
Trinkaus E (2018) An abundance of developmental anomalies and abnormalities in
Pleistocene people. Proc Nat/ Acad Sci USA 115:11941-11946.

Haeusler et al.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Dominguez D, Faundez A, Demezon H, Cogniet A, Le Huec JC (2016) Normative values
for the L5 incidence in a subgroup of transitional anomalies extracted from 147
asymptomatic subjects. Eur Spine J 25:3602-3607.

Price R, Okamoto M, Le Huec JC, Hasegawa K (2016) Normative spino-pelvic param-
eters in patients with the lumbarization of S1 compared to a normal asymptomatic
population. Eur Spine J 25:3694-3698.

Ogilvie MD, Hilton CE, Ogilvie CD (1998) Lumbar anomalies in the Shanidar 3 Nean-
dertal. J Hum Evol 35:597-610.

Baastrup Cl (1933) On the spinous processes of the lumbar vertebrae and the soft
tissues between them, and on pathological changes in that region. Acta Radiol 14:
52-55.

Bachmann R (1956) Uber die osteoarthrotischen Formveradnderungen an den
Dornfortsétzen der Lendenwirbelséule. Arch Orthop Unfallchir 48:171-179.
Bywaters EGL, Evans S (1982) The lumbar interspinous bursae and Baastrup’s syn-
drome. An autopsy study. Rheumatol Int 2:87-96.

Lerch H, Wurm H (1964) Schmerzzustidnde an den Dornfortsatzen der Wirbelsiule
und anderen Knochenprominenzen des Riickens. Arch Orthop Unfallchir 56:108-122.
Kwong Y, Rao N, Latief K (2011) MDCT findings in Baastrup disease: Disease or normal
feature of the aging spine? AJR Am J Roentgenol 196:1156-1159.

Filippiadis DK, et al. (2015) Baastrup’s disease (kissing spines syndrome): A pictorial
review. Insights Imaging 6:123-128.

Bridges PS (1991) Degenerative joint disease in hunter-gatherers and agriculturalists
from the Southeastern United States. Am J Phys Anthropol 85:379-391.

Weiss E, Jurmain R (2007) Osteoarthritis revisited: A contemporary review of aetiol-
ogy. Int J Osteoarchaeol 17:437-450.

Trinkaus E (2007) European early modern humans and the fate of the Neandertals.
Proc Natl Acad Sci USA 104:7367-7372.

Fu Q, et al. (2016) The genetic history of Ice Age Europe. Nature 534:200-205.
Trinkaus E (2013) The paleobiology of modern human emergence. The Origins of
Modern Humans: Biology Reconsidered, eds Smith FH, Ahern JCM (Wiley, Hoboken,
NJ), pp 393-434.

Roebroeks W, Soressi M (2016) Neandertals revised. Proc Nat/ Acad Sci USA 113:
6372-6379.

Rendu W, et al. (2014) Evidence supporting an intentional Neandertal burial at La
Chapelle-aux-Saints. Proc Nat/ Acad Sci USA 111:81-86.

Trinkaus E (2011) The postcranial dimensions of the La Chapelle-aux-saints 1 Nean-
dertal. Am J Phys Anthropol 145:461-468.

Gomez-Olivencia A (2013) Back to the old man’s back: Reassessment of the ana-
tomical determination of the vertebrae of the Neandertal individual of La Chapelle-
aux-Saints. Ann Paleontol 99:43-65.

Nowak HP (2011) Kompendium Réntgen Einstelltechnik Orthopédie, Traumatologie,
Péadiatrie: vernetztes interaktives Lehrmittel (ixray.ch, Rothenthurm), 2nd Ed.

Sokal RR, Rohlf FJ (2003) Biometry (Freeman, New York), 4th Ed.

Nathan H (1962) Osteophytes of the vertebral column-An anatomical study of their
development according to age, race, and sex with considerations as to their etiology
and significance. J Bone Joint Surg 44A:243-268.

Bridges PS (1994) Vertebral arthritis and physical activities in the prehistoric south-
eastern United States. Am J Phys Anthropol 93:83-93.

PNAS | March 12,2019 | vol. 116 | no. 11 | 4927

www.manaraa.com

ANTHROPOLOGY



