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ABSTRACT

Introduction. In the vast literature concerning the development of the intervertebral discs controversies exist as
to the period of differentiation and structure of the nucleus pulposus and annulus fibrosus. These controversies
result from different determination of age of the investigated embryos.

Aim. Using embryos from departmental collection age of which was established according to international
Carnegie staging and expressed in postfertilizational days, the differentiation of the intervertebral discs was
traced.

Material and methods. Study was performed on 34 embryos at developmental stages 13-23 (32-56 days).
Embryos were serially sectioned in sagittal, frontal and horizontal planes. Sections were stained with various
histological methods and impregnated with silver.

Results. Division of sclerotomes into loose cranial and dense caudal zones (sclerotomites) was observed in
embryos aged 32 days (stage 13). The intervertebral disc developed from the dense zone of sclerotome and was
well recognized in embryos aged 33 days (stage 14). At the end of fifth week (embryos at stage 15, 36 days) the
annulus fibrosus and the nucleus pulposus were seen. The annulus fibrosus differentiated into lateral and medial
zones. Within the lateral zone cells were arranged into circular rows. These rows were considered as the first stage
of laminar structure. In further developmental stages the laminae occupied both zones of the annulus fibrosus.
Conclusions. The intervertebral discs develop from the dense zone of the sclerotome which is evident in
embryos at stage 13 (32 days). Discs differentiate in embryos aged 33 days, when the nucleus pulposus and
annulus fibrosus are recognized. In embryos aged 36 days in the annulus fibrosus circular rows forming laminar
arrangement are seen.
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Introduction

The intervertebral disc is a moderately movable joint
that separates the vertebrae of the vertebral column
[1]. The disc was first recognized as an anatomical enti-
ty by Vesalius and together with its subjacent vertebral
bodies and associated ligaments it constitutes the ver-
tebral unit [2].

The adult intervertebral disc is an avascular fibro-
cartilage tissue with a small population of cells that
obtain nutrients from the capillaries at the vertebral-
disc body interface [3].

Nutrients diffuse from capillaries to the disc cells
and metabolities produced then diffuse from the cells
through the matrix to the blood supply [4].

The disc is composed of a nucleus pulposus, which
occupies the center of the disc, and an outer zone,
annulus fibrosus consisting of a series of lamellae of
collagenous bundles, which are arranged spirally.

The disc vertebral-interface of cartilage endplate is
considered by some authors as a separate third struc-
ture of the intervertebral disc [5, 6].
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Each of these tissues has a different function and con-
sists of a specific matrix structure that is maintained by
distinct cell populations [1].

The nucleus pulposus is hydrated semigelatinous tis-
sue which contains fine bundles of collagenous fibers,
type Il connective tissue cells, and chondrocyte-like
cells, embedded in amorphous intercellular matrix con-
taining hydrophilic proteoglycans which retain water
and provide strength and spongy features to the disc
[2]. It is predominantly made up of water (70-90%
depending on the age). Collagenous fibers constite ca.
20% of dry weight and proteoglycans ca. 50% of dry
weight [7]. However, tissue of nucleus pulposus is dif-
ferent from hyaline cartilage due to the ratio between
proteoglycan and collagen. This ratio within the nucle-
us pulposus is 27:1, whereas in cartilaginous endplate
itis 2:1 1, 8].

The annulus fibrosus is organized in fibrous ring-like
lamellae and it surrounds the nucleus pulposus. It may
be divided into inner and outer zones and is attached
to the vertebrae at the superior and inferior surfaces
as well as is also connected to anterior and posterior
longitudinal ligaments. The thickness of the lamellae
increases from the outer to inner layers [9].

The annulus fibrosus is composed principally of
water (60-80%, depending on the region and age), col-
lagen (50-70% of dry weight), aggregating and nonag-
gregating proteoglycans (10-20% of dry weight) and
noncollagenous proteins (ca. 25% of dry weight) [1].

Within each lamella collagen fibers are lying paral-
lel [9]. In addition to the collagen network, a network
of elastin fibers is present between the lamellae [10].

The cartilaginous endplate is composed of an
osseous and a cartilaginous part. The main compo-
nent of the endplate is water (80% after birth, and
70% after 15 years age), followed by type Il collag-
enous fibers and proteoglycans [1]. The thickness of
the human endplate is 0.5-1 mm at the periphery and
diminishes toward the center. It has a semi-permeable
barrier and load-bearing functions [1].

The development of the intervertebral disc in human
has been investigated by many authors [11-15].

There are many controversies in literature as to the
contribution of loose and dense zones of sclerotomes
and perinotochordal sheath to the development of the
intervertebral disc. Different opinions also exist con-
sidering early differentiation of the annulus fibrosus
and nucleus pulposus. It seems not amiss, therefore, to
present the development of the intervertebral disc in
staged human embryos with particular consideration
of the annulus fibrosus.
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Knowledge of the embryonic development of the
intervertebral disc is important in understanding the
adult regeneration of the disc. Such developmental
studies are also needed to elucidate problems of chron-
ic back pains connected with disc degeneration.

Material and methods

Study was made on 34 serially sectioned human embry-
os of developmental stages 13-23 from the Collection
of the Department of Anatomy, Poznan University of
Medical Sciences. Age of embryos was established
according to 23 international stages and was expressed
in postfertilizational days (Table 1). Embryos were cut
in sagittal, frontal and horizontal planes.

Serial sections of 5 or 10 micrometers thickness
were stained according to following methods: 1) hema-
toxylin and eosin, 2) Nissl’s toluidine blue or cresyl vio-
let, 3) Mallory’s trichrome, 4) Bodian’s protargol.

In each developmental stage the graphic recon-
structions, based on sections, were made.

Results

In embryos at stage 13 (32 days) the notochord is
a continuous, unconstructed rod and forms the central
axis for the developing vertebral column. The num-
ber of somites is 36 and they differentiate into scle-
rotomes, myotomes and dermatomes. The division of
sclerotomes into loose, cranial and dense, caudal zones
commences. These zones are also called sclerotomites.
Intrasclerotomic fissures are distinctly seen and the
loose cranial sclerotomite is traversed by the interseg-
mental artery and spinal nerve (Figure 1). Spinal gan-
glia which develop from the neural crest are seen and
they are in contact with the neural crest. Ventral and
dorsal roots of spinal nerves appear and the spinal
nerves develop (Figure 2). The notochord is in the cen-
ters of sclerotomes and it possesses perinotochordal
sheath formed by cells spreading out from the sclero-
tomes.

In embryos at stage 14 (33 days) caudal sclerotomites
are more condensed than their cranial counterparts.
The perinotochordal sheath consists of two layers and
in this cellular sheath the dense and loose zones appear
(Figure 3). The loose, cranial zone is the primordium of
the vertebral centrum which is the precursor of the ver-
tebral body. Intrasclerotomic fissures are present. Cau-
dal sclerotomites are more condensed and they form
intervertebral discs (Figure 4) and neural arches as
well as their processes. The notochord presents a con-



Table 1. Crown-rump length, development al stage and age in days of investigated embryos

Catalogue number ~ Crown-rump lenght inmm  Developmental stage ~ Ageindays  Plane of section
B 171 40 13 32 Frontal
B 202 40 13 32 Horizontal
B 203 5.0 13 32 Sagittal
B 206 55 13 32 Horizontal
A13 70 14 33 Sagittal
A19 70 14 32 Horizontal
PIK 20 70 15 36 Frontal
PIK 18 9.0 15 36 Frontal
B 69 9.0 15 36 Sagittal
B 181 10.0 16 39 Horizontal
v 10.0 16 39 Sagittal
B 216 1.0 16 39 Frontal
B 67 12.5 17 41 Sagittal
B 64 135 17 41 Frontal
B 68 14.0 17 41 Horizontal
B 128 15.0 18 44 Sagittal
B 208 15.0 18 44 Frontal
Bt 4 15.0 18 44 Horizontal
B 100 16.0 18 44 Sagittal
B 66 16.5 19 46 Horizontal
Z13 170 19 46 Frontal
B 123 175 19 46 Sagittal
A10 18.0 19 46 Horizontal
KA3 19.0 19 46 Sagittal
B3 200 20 49 Sagittal
719 210 20 49 Horizontal
A 215 20 49 Frontal
B 127 235 21 51 Sagittal
A4 235 21 51 Frontal
72 25.0 22 53 Horizontal
B 114 270 23 56 Sagittal
Kub 2 28.0 23 56 Frontal
B 177 28.5 23 56 Horizontal
Bt 11 29.0 23 56 Frontal

tinuous, unconstricted rod surrounded by the perino-
tochordal sheath. It is widest in the lower cervical and
upper thoracic parts.

It has to be pointed out that the term centrum is
used for the central part of the vertebra and it ossifies
from the primary center. The body of adult vertebra
includes the centrum and a small part of the neural
arch which unites at the neurocentral joint. The neural
arch then is more extensive than adult vertebral arch.
During stages 13 and 14 the vertical diameter of both
sclerotomites is equal.

In embryos at stage 15 (36 days) and 16 (39 days)
intrasclerotomic fissures disappear. Dense and loose

zones of sclerotomes are well demarcated. This marked
distinction between cranial and caudal sclerotomites
is seen particularly in the cervical and thoracic parts
(Figure 5). The notochord is not of uniform diameter
throughout and is thicker in future discs. The perichord-
al centra surrounded by loosly distributed cells form
the primordium of the vertebral body (Figure 6). In
these centra cell density increases laterally in the vicin-
ity of the spinal nerve. This is particularly evident in
embryos at stage 17 (41 days), (Figure 7). In embryos
at stage 15 in the annulus fibrosus of the intervertebral
disc two zones may be distinguished. The medial zone,
larger and close to the nucleus pulposus is formed of
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Figure 1. Sagittal section of human embryo at stage 13. Bodian's pro- Figure 2. Horizontal section of embryo at stage 13. H+E, x 100. a - spi-

targol, x 100. a - dense zone of sclerotome, b - loose zone of sclero- nal ganglion, b - spinal cord, ¢ - ventral root, d - dorsal root, e - spinal
tome, ¢ - dorsal aorta, d - intersegmental artery, e — spinal ganglion, nerve, f - notochord with perinotochordal sheath, g - dorsal aorta, h
f - neural crest - mesonephros

Figure 3. Sagittal section of embryo at stage 14. Bodian's protargol, x 300. a - spinal cord, b - primary meninx, ¢ - notochord,
d - dense zone of perinotochordal sheath, e - loose zone of perinotochordal sheath
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Figure 4. Horizontal section of embryo at stage 14. Cresyl violet, x 100. a - spinal cord, b - spinal gangion, ¢ - spinal nerve, d - intervertebral disc,
e - notochord, f - dorsal aorta, g - mesonephros
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Figure 5. Sagittal section of embryo at stage 15. H+E, x 40. a - heart, b - centrum of vertebra, ¢ - intervertebral disc, e - notochord, f - spinal cord
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Figure 6. Horizontal section of embryo at stage 15. Bodian's protargol, x 100. a - spinal cord, b - spinal ganglion, c - spinal nerve, d - notochord,
e - centrum of vertebra

Figure 7. Horizontal section of embryo at stage 17. H+E, x 100. a - spinal nerve, b - spinal ganglion, ¢ - spinal nerve, d - centrum of vertebra, e -
suprarenal gland, f - aorta
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Figure 8. Horizontal section of embryo at stage 15. Cresyl violet, x 100. a - annulus fibrosus, b - nucleus pulposus around the notochord, ¢ - spinal
nerve, d - upper limb

Figure 9. Horizontal section of embryo at stage 19. Cresyl violet, x 100. a - spinal cord, b - neural arch, ¢ - annulus fibrosus, d - head of rib
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Figure 10. Sagittal section of embryo at stage 19. Cresyl violet, x 400.
a - spinal cord, b - annulus fibrosus, c - vertebral body

densely packed cells. In the lateral zone, which is small-
er, cells are more loosely packed and arranged in cir-
cular rows. These rows are particularly evident in the
lateral margins of the annulus fibrosus (Figure 8). Such
arrangement is considered as the initial stage of lamel-
lar structure of the annulus fibrosus. It may be conclud-
ed then that the laminar structure of the intervertebral
disc begins in embryos at stage 15 in the cervical and
thoracic parts. The height of the intervertebral disc dif-
fers in its posterior and anterior parts. The disc is of
the same vertical diameter as the vertebral body in the
posterior part and decreases toward the anterior part
where it measures 40% of the whole vertebral unit.
With advancement of embryonic development this
lamellar arrangement of the annulus fibrosus proceeds
from periphery of the disc toward nucleus pulposus
and in embryos of stage 19 (46 days) it is distinct in
the whole annulus fibrosus (Figures 9, 10). In sagittal
section of the vertebral column in embryos of stage 19
the intervertebral discs are narrow as compared to ver-
tebral bodies and they are bulging anteriorly and pos-
teriorly (Figure 11). The vertical diameter of the inter-
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Figure 11. Sagittal section of embryo at stage 19. Mallory stain, x 25.
a - vertebral body, b - intervertebral disc, ¢ - heart,d - lung, e - spinal
cord, f - liver

vertebral disc in the cervical, thoracic and lumbar parts
of the vertebral column constitutes one third of the
height of the vertebral body. At the level of the inter-
vertebral disc the notochord presents cellular aggrega-
tions. By the end of the embryonic period the nucleus
pulposus shifts dorsally.

Discussion

The development of the vertebral column is preceded
by that of the somites and the notochord [17]. The
development of the individual vertebrae begins with a
Shh-mediated induction by the notochord cells on the
somite in order to form the sclerotome. Other signaling
pathways which participate in formation of vertebrae
include the BMP, WNT, Pax1 and HOX signaling sys-
tems [3, 18, 19]. Pax1 gene plays an important role
and it is continuously expressed during the develop-
ment of the intervertebral disc in embryogenesis. This
gene encodes transcriptional factors that regulate and
take part in vertebrae formation. It is believed that Pax
1 and the subsequent formation of the intervertebral



disc is an important factor in maintaining the segmen-
tal character of the vertebral column [20-22].

Several investigators have described the contribu-
tion of the loose and dense zones of sclerotomes to
formation of the vertebrae and intervertebral discs.
Bardeen [23] concluded that the vertebral body and
intervertebral disc develop from both sclerotomites. In
Prader’s theory of vertebral resegmentation, condensed
caudal and loose cranial sclerotomites are formed and
both differentiate into vertebral body and disc [11, 12].
This theory was also supported by Sensenig [13] and
Peacock [15].

More recently the theory of resegmentation of scle-
rotomes has been denied [14, 17, 24] and it is postulat-
ed that the dense zones give rise to the intervertebral
discs and take part in the formation of ribs and neural
arches, whereas the loose zones and perinotochordal
sheath form vertebral body.

The key structure in the development of the inter-
vertebral disc is the notochord, which provides the
template for the development of the disc [15, 25, 26].
This rod-like axial structure induces differentiation of
mesoderm into sclerotomes.

In the present study it was shown that in the
early stages (13 and 14) the notochord is a continu-
ous structure of the same diameter in the loose and
dense zones of sclerotomes. Beginning from stage 15
(36 days) the notochord is progressively thicker in the
dense sclerotomite which gives origin to intervertebral
disc. The period of formation of laminae in the annulus
fibrosus during development markedly differs among
investigators.

Peacock [15] who expressed age of embryos and
fetuses basing on length observed intervertebral
expansions of the notochord in embryos at 21 mm
what corresponds to Carnegie stage 21 (51 days). The
concentric arrangement of cells in the annulus fibrosus
he observed in embryos at 10 mm what corresponds to
Carnegie stage 16 (39 days).

It has to be stressed that the lamellar arrangement
of the annulus fibrosus is accompanied by expansions
of the notochord in the intervertebral disc. Such expan-
sions we observed in the present study in embryos of
stage 15 (36 days).

O'Rahilly and Meyer [14] noted that the interver-
tebral discs were evident peripherally as the annuli
fibrosi during embryonic period but they do not give
precise stage during which differentiate laminae in the
annulus fibrosus.

Lohse et al [27] wrote that the annulus fibrosus and
nucleus pulposus of the intervertebral disc were identi-

fied by 6 months of age and were similar in structure
to those of the adult.

The present study performed on staged human
embryos with precisely determined age proved that
the laminar structure of the annulus fibrosus begins
early in the sixth week of embryonic development.

With completion of growth, the vertical diameter
of the intervertebral discs diminishes. It was shown by
Popova-Latkina [28]. She found that to the end of sixth
week the intervertebral disc is one third the height of
the adjacent vertebral body. At the beginning of the
third month the disc is only one sixth the height of the
vertebral body.

In the present investigations in embryos of seventh
week the intervertebral disc was one third the height of
the vertebral body.

Brandner [29] investigated values of the vertebral
body and intervertebral disc index in newborns and
adolescents. He found that an index between the disc
and the next lower vertebral body height decreases
significantly after the first month and is almost stable
until 12 years when it decreases once more.
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