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Abstract: Human fetal cervical vertebrae are characterized by the large zygapophysial joint (Z]) extending posteriorly. During
our recent studies on regional differences in the shape, extent, and surrounding tissue of the fetal Z], we incidentally found
a cervical-specific structure of synovial tissues. This study aimed to provide a detailed evaluation of the synovial structure
using sagittal and horizontal sections of 20 near-term fetuses. The cervical Z] consistently had a large cavity with multiple
recesses at the margins and, especially at the anterior end, the recess interdigitated with or were located close to tree-like
tributaries of the veins of the external vertebral plexus. In contrast to the flat and thin synovial cell lining of the recess, the
venous tributary had cuboidal endothelial cells. No or few elastic fibers were identified around the ZJ. The venous-synovial
complex seems to be a transient morphology at and around birth, and it may play a role in the stabilization of the growing
cervical Z] against frequent spontaneous dislocation reported radiologically in infants. The venous-synovial complex in the
cervical region should be lost and replaced by elastic fibers in childhood or adolescence. However, the delayed development
of the ligament flavum is also likely to occur in the lumbar ZJ in spite of no evidence of a transient venous-synovial structure.
The cuboidal venous endothelium may simply represent the high proliferation rate for the growing complex.
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Introduction processes that extends almost horizontally in the cervical
region, frontally in the thoracic region, and sagittally in

The human zygapophysial joint (Z]) exhibits regional dif-  the lumbar region [1, 2]. However, radiologic evidence has
ferences; it has a joint plane between the adjacent articular ~ shown that the cervical Z] is situated frontally rather than
horizontally in infants and children [3]. Therefore, the lower

vertebral element is located antero-inferiorly to the upper
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observations of the Z] have not been included in imaging
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studies of human fetuses [8-10].

In our recent study of the cervical vertebrae [11-13], we
found that the morphology of the fetal cervical Z]J is mark-
edly different than that of the adult cervical ZJ. The joint
cavity is very large as it extends posteromedially along the
vertebral lamina beyond the articular process. Such posterior
extension of the Z] was not observed during our previous
studies on the thoracolumbar vertebrae in mid- and late-
stage fetuses [11, 14], and it has not been reported in studies
on the thoracolumbar vertebrae conducted by other groups
[15, 16]. A disruption while observing the Z] seems to be the
sectional plane; the frontal sections are likely to make dis-
crimination between the lamina and articular process diffi-
cult. Therefore, this study aimed examine the morphology of
the potentially large cervical Z] and the associated synovial
tissue. We also examined the sagittal and horizontal sections
of near-term fetuses.

Materials and Methods

This study was conducted in accordance with the Dec-
laration of Helsinki 1995 (as revised in 2013) and was ap-
proved by the Ethics Committee of Complutense University
(B08/374). We examined paraffin-embedded histological
sections from 20 near-term fetuses (gestational age, approxi-
mately 30-38 weeks; crown-rump length [CRL], 250-315
mm). All fetuses were part of the large collection kept at the
Department of Anatomy of Complutense University in Ma-
drid, Spain; they were the results of miscarriages and ectopic
pregnancies obtained by the Department of Obstetrics of
Complutense University. To demonstrate elastic fibers, most
sections were stained with hematoxylin and eosin (H&E);
however, other sections were stained with elastica-Masson
(a variation of Masson-Goldner staining) [17, 18]. All sec-
tions were prepared with a 50-pm or 100-um interval, and
sectional planes were sagittal (15 planes) or horizontal (5
planes). Most of the sagittal sections overlapped materials
used for our recent studies [11, 12]. The specimens were not
available for immunohistochemistry of the smooth muscle
actin, which was necessary for the identification of myofi-
broblasts, due to the lengthy amount of time spent preserved
in an acidic formalin solution. An Eclipse 80 microscope
(Nikon, Tokyo, Japan) was used to observe and photograph
the specimens.

https://doi.org/10.5115/acb.20.265

Kei Kitamura, et al

Results

Sagittal sections showed that in the cervical Z] between
the third and seventh vertebrae, the joint cavity of the Z]
extended posteriorly along the vertebral lamina to reach the
base of the spinous process (Figs. 1-3). The space between
the vertebrae appeared narrow in the anterolateral site (i.e.,
between the articular processes) (Fig. 1A), but it became
wider in the posteromedial sites (i.e., between the laminae)
(Fig. 1B). Finally, the space was widest between the bases of
the spinous processes because the joint cavity extended along
the supero-inferior axis in a wide space between the spinous
processes (Fig. 1C). The term “joint” was not suitable for the
most posterior part because the cavity does not have bone
articulation. Figs. 1A and 3A show the joint cavity between
the laminae of the vertebrae and the Z] between the articular
processes of the sixth and seventh vertebrae.

The cervical Z] consistently had a primitive synovial tis-
sue containing multiple recesses of the joint cavity at the
anterior and posterior ends (Figs. 1A, 2A). The deepest or
longest recess extended superiorly along the upper adjacent
vertebra at the anterior end of the ZJ (Figs. 2C, 3D), whereas
the next deepest recess was typically found at the posterior
end, where it extended along the lower adjacent vertebra
(Figs. 1E, 2E). These deep recesses had a smooth synovial cell
lining (Figs. 2C, 3C) and often gave off daughter recesses;
the daughter recesses were short and thin. Furthermore, the
daughter recess tended to carry rough surfaces because of
tiny “capes and gulfs” (Figs. 1D, 2C), and the cuboidal cell
lining (Figs. 3C, 4E). In horizontal sections, a deep recess
along the upper adjacent vertebra (Fig. 4A, left) indicated the
anterior end of the cavity, as seen in sagittal sections. Hori-
zontal sections showed some of the daughter recesses pen-
etrting the thick synovial tissue to reach the lower adjacent
vertebral element (Fig. 4B, C). Therefore, the recesses of the
joint cavity were likely to create a three-dimensional tree-like
configuration in the anterior synovial tissue.

Synovial folds were often seen between the bases of the
spinous processes (Fig. 1E) and between the lower cervical
vertebrae (Figs. 2E, 3A). A thick periosteum comprising col-
lagen fiber bundles was present at the end of the joint cavity
(Fig. 3D, E). No elastic fibers were identified around the joint
cavity (Figs. 3C, 4E), with a few exceptions (Fig. 3I); however,
the internal elastic lamina of the muscular arteries was well-
developed in the same specimen (Figs. 3H, 4H). When com-
pared with the arterial wall, rare elastic fibers around the Z]J
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Fig. 1. Sagittal sections of the cervical vertebrae from a fetus with a crown-rump length of 280 mm. Hematoxylin and eosin staining. Joints

between the second and seventh vertebrae are included; numbers 2-7 indicate the vertebral level. The joints between the articular processes,

laminae, and bases of the spinous processes are shown in (A-C), respectively. (D, E) exhibit higher-magnification views of the square in (A, C),

respectively. The joint cavity creates a thin recess at the anterior and posterior ends (arrows in A). Arrowheads in (D) indicate daughter recesses
of the cavity between the fourth and fifth vertebrae. (A-C) and (D, E) were prepared at the same magnification, respectively. Scale bars in (A, D)=1

mm. DRG, dorsal root ganglion.

were not mature because of the sparse distribution of straight
fibers.

Abundant veins or a part of the external vertebral plexus
surrounded the Z]. These veins often had a high, cuboidal
endothelium and no or few elastic fibers (Fig. 3F). The ve-
nous plexus surrounded the spinal nerve root and ganglion

www.acbjournal.org

(Figs. 1B, 2A). Notably, at and near the anterior end of the
joint cavity, veins created multiple “recesses” or slit-like
tributaries to those inserted deeply in the primitive synovial
tissue (Fig. 2B, F); they ramified to create a gulf-like appear-
ance similar to that of the joint cavity recess. A cross-section
of the venous recesses was often seen at the anterior of the
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Fig. 2. Sagittal sections of the cervical vertebrae from a fetus with a crown-rump length of 302 mm. Hematoxylin and eosin staining. Joints
between the laminae from the first to the seventh vertebrae (A); numbers 1-7 indicate the vertebral level. (B—F) display higher-magnification
views of the squares in (A). (B-D) display the anterior end of the joints in levels between the second and third, third and fourth, and fifth and
sixth vertebrae, respectively. (B) shows venous tributaries (arrows). (D) shows a cross-section of a vein in the synovial tissue. € shows a synovial
fold at the posterior end of the joint between the third and fourth vertebrae. (F) exhibits slit-like or recess-like venous tributaries in the anterior
synovial tissue (arrows). Arrowheads in (C, F) indicate a thin daughter recess with a rough surface. Scale bars=1 mm in (A, F); 0.1 mm in (B-E).
DRG, dorsal root ganglion; VA, vertebral artery.

joint cavity (Fig. 2D). It exhibited an impressive morphol-  not perform three-dimensional reconstruction.

ogy similar to that of the arteriovenous anastomosis or a

sphincter of the intestine; however, there was no evidence of  Discussion

the presence of smooth muscles and nerves. At the anterior

margins, the joint cavity recesses were located close to, or The present study demonstrated a specific synovial tis-
even interdigitated with, specific venous tributaries. We did  sue containing complicated cavity recesses that were inter-
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Fig. 3. Sagittal sections of the cervical vertebrae from a fetus with a crown-rump length of 285 mm. Elastica-Masson staining. Joints between the
laminae from the second to the sixth vertebrae and a single joint between the articular processes of the sixth and seventh vertebrae (A); numbers
2-7 indicate the vertebral level. (B, D, and G) display higher-magnification views of the squares in (A). (C, E, F, and I) are higher-magnification
views of the squares at the anterior end of the joints in (B, C, D, and G), respectively. (B) contains a thin recess of the joint cavity. (C) shows no
elastic fibers. (D) exhibits recesses of the joint cavity and a vein at the anterior end of the joint between the fourth and fifth vertebrae. In this
area, neither the periosteum (E) nor the vein (F) contains or accompanies elastic fibers. (G) shows recesses of the joint cavity between the fifth
and sixth vertebrae; the sixth vertebrae has a few elastic fibers (arrows in I). (H) (same magnification as I) shows the internal elastic lamina of an

artery outside of (A). Scale bars=1 mm in (A, D); 0.1 mm in (B, C, E-G, and I). DRG, dorsal root ganglion.

digitated with or closely located to venous tributaries of the  cal region [13]. The venous-synovial complex was usually
external vertebral plexus (Fig. 5). According to our previous  seen at the anterior end of the cervical ZJ, and it seemed to
study, it had been specifically found in the subaxial cervi-  be a transient morphology in late-stage fetuses and, pos-
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Fig. 4. Horizontal sections of the mid-cervical vertebrae from a fetus with a crown-rump length of 310 mm. Hematoxylin and eosin staining (A-
D) and elastica-Masson staining (E-H). A shows the topographical anatomy of a joint between the fourth and fifth vertebrae (4, 5); at the joint
(right), the lower vertebral element is located anterior to the upper adjacent vertebra. (B) is a higher-magnification view of a joint on the left side
of (A). (B, C) exhibit planes 0.2 and 0.4 mm, respectively, below (A). A recess of the joint cavity originates in (B) (arrowhead) and extends infero-
anteriorly in (B, C). (E) shows a higher-magnification view of the square in (C). (F, G) are higher-magnification views of squares in (A). There are
no evident elastic fibers around the recesses of the joint cavity (E, F). (G) displays a venous plexus in synovial tissue on the medial side of the joint.
(H) exhibits highly wavy elastic fibers in a wall of the vertebral artery (VA). The thick bundle just below the VA corresponds to the internal
lamina, whereas the other thin bundles are embedded in the future smooth muscle layer. Scale bars=2 mm in (A); 1 mm in (B-D); 0.1 mm in (E-
H). DRG, dorsal root ganglion; VA, vertebral artery.

https://doi.org/10.5115/acb.20.265 www.acbjournal.org



Fetal cervical zygapophysial joint

Fig. 5. Hand-finger model showing the topographical relationship

between the venous tributaries and joint cavity of the cervical zyga-
pophysial joints. Venous tributaries (vein) intercalate with recesses of
the joint cavity, especially at the anterior margin of the latter.

sibly, in infants. Based on radiologic evidence, Cattell and
Filtzer [3] reported frequent anterior dislocation of the cervi-
cal vertebrae in infants and children. The venous-synovial
complex might have a critical role in the stabilization of the
Z] in infants until establishment of the ligamentum flavum.
Blood in the synovial tributaries of veins likely pushed the
joint cavity in the posterior direction. A cross-section of a
specific vein in the synovial tissue exhibited an appearance
similar to that of arteriovenous anastomosis, which should
contain smooth muscles, elastic fibers, arterial branches,
and nerves [19-21]. However, we did not find elastic fibers or
arterial branches around the synovial vein. The spinal nerve
root and ganglion were surrounded by the vertebral venous
plexus and, therein, the veins were likely to reduce mechani-
cal stress from the joint movement. Likewise, to avoid injury
by the suggested dislocation in infants, a complex of venous
tributaries seemed to provide a cushion to the deep recess.

A capsule of the Z] contained abundant elastic fibers in
adults [22]. In the head and neck, until 30 weeks of gestation,
elastic fibers appeared in the larynx, pharynx, middle ear,
pharyngotympanic tube, and auricle [23], as well as in the
ligamentum nuchae behind the cervical vertebrae [11]. To
create the ligamentum flavum, elastic fibers should occupy
later posterior large parts of the Z] between the cervical ver-
tebral laminae. Therefore, replacement of the joint cavity by
elastic fibers most likely occurs between the cervical laminae
in childhood or adolescence. We have previously reported
analogies of such a replacement by elastic fibers in aged cri-
cothyroid joints [24] and fetal incudopetrosal joints [25, 26].
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The cricothyroid joint is often closed by elastic fibers with
aging, whereas the incudopetrosal joint between the incus
and petrosal part of the temporal bone changes into the pos-
terior ligament of incus, possibly after birth. These two joints
should resist against vibration because collagen fibers are not
suitable for the maintenance of joint stability under vibration
[27]. Therefore, instead of vibration, a specific “cue” seems
necessary for the suggested delayed synthesis of elastic fibers
in the cervical ligamentum flavum. Postnatal growth of the
uncinated process and Luschka joint stabilizes the anterior
part of the cervical vertebral column [28] and it seemed to
rescue spontaneous dislocation of the cervical Z]. Accord-
ingly, the venous-synovial complex seemed to become un-
necessary.

Unfortunately, we were not able to identify myofibro-
blasts, which have a critical role in the production and de-
generation of elastic fibers in the ligamentum flavum, near
and around the large cervical Z] using immunohistochem-
istry [29]. No or few elastic fibers around the ZJ near term
suggested that ligament development occurs after birth. In
the adult ligament flavum, there are several pathologies such
as hypertrophy [30] and disorganization and replacement
by collagen fibers [31]. With these pathologies, transform-
ing growth factor-beta production by the vascular endothe-
lium regulates the synthesis of elastic fibers by fibroblasts.
Conversely, mechanical stresses induce the production of
angiopoietin-like protein by fibroblasts; this protein activates
transforming growth factor-beta signaling, which results in
ligament hypertrophy and/or degeneration [32]. Neverthe-
less, to assist the vertebral column extension, the ligament
flavum exists not only in the cervical region [2] but also in
the lumbar region [33, 34]. Therefore, the cervical-specific
venous-synovial complex seemed not to play a role of the
mother substrate and/or stimulator of the elastic fiber pro-
duction.

A cuboidal cell lining was seen in veins as well as synovial
recesses in the complex: such synovial cells had been de-
scribed as cytoplasm-rich cells in fetal synovial tissues of the
knee and elbow, but the role is unknown [35-37]. In contrast,
as a site of the lymphocyte recruitment, a cuboidal endothe-
lial lining is known well in the postcapillary high endothelial
venule of lymph nodes [2]. However, in both of the synovium
and veins, the present cuboidal cell lining might simply rep-
resent a high activity of proliferation for the growing venous-
synovial complex.

https://doi.org/10.5115/acb.20.265
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