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Summary: Twenty-one cervical spines were collected from fresh cadavers (12
male, nine female), their ages ranging from 10 to 90 years (mean 49.47). After
removing muscle debris from the spines, they were mounted and tested on a
device to passively reproduce the main movements of the spine. The degree of
motion in flexion—extension and lateral bending significantly decreased from
group A (ages 10-49 years) to group B (51-90 years) (p < 0.005) and was directly
correlated with the amount of cervical spine degenerative alterations. The inci-
dence of these alterations, classified according to Lysell (1969), was highest at
C5-6. On the testing machine, dynamic angiography of the vertebral artery
showed an impingement with extrinsic compression of the vessels in four of 28
successful injections. The histologic serial sections of the uncus showed a charac-
teristic pattern of ossification-deformation: a newly formed cartilaginous tissue
tipping the apex of the uncus, forming a double protruding contour of the apex,

rapidly ossifying, and appearing to deform outward together with the disk degen-
eration and consequently decreasing in height. Key Words: Uncus—Vertebral

artery impingement—Cartilage.

Degenerative alterations of the neurocentral (or un-
covertebral) joints, which were studied in detail by
Luschka (20), are one of the very early changes in
cervical spondylosis. Moreover, these changes are of
marked clinical relevance because they may be respon-
sible for syndromes caused by vertebral artery com-
pression and/or irritation, nerve root compression, or
both (17,18,22,27).

Address correspondence and reprint requests io Francesco Ben-
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Degeneration of the cervical spine units, including
these processes, is common in the general population,
even if frequently asymptomatic (10). This degenera-
tion is mainly due to the wide range of motion of the
cervical spine, given its anatomic conformation, and
mainly by the apophyseal joints. Moreover, the unci
preserve and support the spine’s pattern of motion
(especially rotation; 12), and protect the disk (23)ina
form of functional adaptation (24). This role exposes
the unci to early degeneration, as noted in anatomic
studies on large series of spines from cadavers (13).
However, the process of uncus deformation and its
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FIG. 1. Race and sex distribution: Men and balcks were prevalent.

role in causing progressive arterial and/or neural
compression has not yet been completely clarified.

The aim of this article is to specifically investigate
this pathologic process from the morphologic point of
view and to study the characteristics of vertebral ar-
tery compression with dynamic angiography in a se-
ries of spines obtained from cadavers.

MATERIALS AND METHODS

Twenty-one cervical spines (C1-C7) were collected
from fresh cadavers at the Service of Pathologic Anat-
omy of the Hospital Sao Paulo, Escola Paulista de
Medicina, Sao Paulo, Brazil. Twelve were male and
nine female. Race and age distribution is shown in
Figs. 1 and 2. The mean age was 49.47 years (49.41 for
males, 50.22 for females).

Death was caused by infectious diseases (pneumo-
nia, meningitis, hepatitis) in younger subjects; by
heart disease (also with pulmonary complications) in
middle aged and old females and males; and by cirrho-
sis of the liver and pancreatitis in middle aged males.
The subjects visibly affected by acquired immunodefi-
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ciency disease were excluded, as were those whose
death was caused by traumatic events.

Withdrawal Technique

The spines were removed via the anterior ap-
proach. Subclavian arteries were isolated after abla-
tion of the esophagus and trachea, and the vertebral
arteries were resected with part of the former vessels.
C7 and D1 were divided with an osteotome inserted
into the disk space; all muscle tissue was removed
from the vertebral bodies up to the lateral masses of
C1. The osteotome was then inserted from each side
above the arch of C1, and the occipital condyles were
detached from the base of the skull.

Radiographic and Dynamic Investigations

The spines were immediately cleaned ofany muscu-
lar debris, and the vertebral arteries were washed with
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FIG. 2. Age distribution: Decades between 31 and 70 yr were the
most represented.
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FIG. 3. The specially built device (A) allows a manual progressive
motion of the fresh cervical spines in different directions by pulling
with a graduated winch a pin inserted through the body of C2in the
sagittal plane for flexion and extension, and in the frontal plane for
lateral bending; dynamic angiography of the vertebral arteries was
realized in these phases (B).

saline solution. Standard radiographs were taken in
anteroposterior (AP) and lateral views. Each spine
was then tested on a specially designed device that
reproduced flexion-extension and lateral bending
(Fig. 3A and B). Each movement was started from the
neutral position naturally assumed by the spine when
unloaded and deprived of muscles and was realized
with the maximum intensity allowed by the device.
The maximum force that was allowed by the device
before breaking of the reflexion girdles was 220 N; we
obtained our range of motion of the cervical spine
with a couple of 8 Nm. This force was applied in the
three directions (flexion, extension, and inclination).
The spine was photographed in each different posi-
tion; the range of motion was measured in vivo and
on the films.

Using the same device, the vertebral arteries were
injected with contrast medium (Iopamiro), which was
retained by clamping the arteries at the base of the
spine before their entrance in the intertransverse
space, and radiographs were taken in AP views with
left and right inclination to visualize the vertebral ar-

teries and any possible impingement caused by de-
formed unci. After completion of the dynamic and
radiographic studies on fresh spines, the specimens
were fixed by immersion in buffered formol (10%).

The degree of degenerative changes was assessed
radiographically based on the classification adopted
by Lysell (21) (Table 1) (which assigned a score from O
10 3 for normal to severely degenerated spines) to cal-
culate the range of motion in the presence of’ arthrotic
changes and to correlate the two aforementioned
parameters.

TABLE 1. Radiographic changes

0 Normal height. no osteophytes

1 Slight reduction of the disk level

Minimal to small osteophytes

Pronounced reduction of disk level

Moderate osteophytes

Slight subcondral sclerosis

3 Pronounced to total reduction of the disk level
Large osteophytes

~
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TABLE 2. Mean motion of 21 spines (C2-C6)

TABLE 4. Mean motion, group B® (C2-C6)

Flexion 1548 = 1.61°

36.91
Extension 21.43+2.016°
Inclination (R) 12.05 + 1.372°

22.10

Inclination (L) 10.52 = 0.812°

Flexion 11.5 = 1.50°

275
Extension 16.0 =2.77°
Inclination (R) 10.30 = 1.19°

16.3
Inclination (L) 90 =091°

Macroscopic and Histologic Investigations

After fixation, each spine was cut with a bone saw
in the sagittal plane through the center of the bodies,
and the two halves were examined and photographed
to observe disk degeneration. A frontal cut passing
through the unci also was made. These specimens
were also observed and photographed. Some of these
specimens were decalcified and included in paraffin,
and some were included in resin without decalcifica-
tion. These specimens were abraded with a grinding
Exakta device down to a thickness of ~10 pm. Four
unci from each spine were observed (C3, C4, C5, C6).
Serial slices were collected and stained with hematox-
ylin and eosin, alcian blue, safranin orange, and von
Kossa.

RESULTS
Dynamic Investigations

Degrees of spinal motion are shown in Tables 2
(mean motion of 21 spines), 3 (group A, ages 10-49
years, 11 subjects), and 4 (group B, ages 50-90, 10
subjects). The difference in range of motion (flexion
and extension) between groups A and B is signifi-
cantly different from a statistic point of view (Stu-
dent’s 7 test) (p < 0.005).

Degenerative changes are shown in Figs. 4 (21
spines), 5 (group A), and 6 (group B). Most of the
degenerative changes were found in disk space C5-6
in all groups considered. This interspace was involved

TABLE 3. Mean motion, group A° (C2-C6)

Flexion 19.09 £ 2.32°

45.45
Extension 26.36 = 2.02°
Inclination (R) 13.64 +2.34°

25.26
Inclination (L) 11.64 = 1.26°

< Patients in group A were 12-49 years of age.
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4 Patients in group B were 50-90 years of age.

in 100% of older subjects, with various degrees of
degeneration.

Radiographic Investigations

Dynamic angiography was performed in 28 verte-
bral arteries (in six cases monolaterally). In the re-
maining 14, angiography was not successful due to
technical difficulties in the withdrawal of the vertebral
arteries, occlusion due to atheromas, or unknown
reasons.

Results are reported in Table 5. Deviation and im-
pingement due to uncus deformation was found in
four cases (14%): at C5-6 on the right side in one
subject (66 years of age) (Fig. 7), at C4-5 in the other
cases (in one subject bilaterally, 57 years of age; in the
other subject on the right side, 70 years of age).

Impingement was markedly increased in dynamic
passive maneuvers at C5-6 and the increase was less
evident at C4-5 in the 57-year-old subject.

Microscopic Investigations

Histologic examination of the unci was systemati-
cally conducted on all serial slices of each specimen,
presenting as normal to severely altered uncal
processes.

The normal unci differed in height according to the
disk level and level of section in the frontal plane (they
appear higher in the lower cervical spine and at the
posterior edge of the vertebral body). The general ar-
chitecture was similar: the lateral side of the disk was
interposed between the apex of each uncus and the
opposite “echancrure” of the upper vertebral body.
The disk was not contained by true anterior and poste-
rior intervertebral ligaments.

We found many longitudinal, multiple clefts ex-
tending medially to laterally that were probably re-
sponsible for an early decrease in thickness of the lat-
eral portion of the disk, which can mostly be indepen-
dent from that of the central part (Fig. 8A and B). The
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FIG. 4. Degenerative alteration of the spines ac- 12
cording to Lysell (1969). (0 = black) All cases. 9
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most lateral portions of the disk bulged outward from
the narrowed uncovertebral joint and above the apex
of the uncus, mainly because of the above-mentioned
lack of a true intervertebral ligament.

The apex of each uncus showed a cartilaginous tip,
probably of the same nature of the vertebral plate,
usually of small dimensions (Fig. 9A). This island of
cartilage clearly appeared to be stimulated with clon-
ing and production of new, rapidly ossifying matrix,
together with the above-described alterations of the
lateral disk. This newly formed tissue formed a double
protruding contour of the apex of the uncus, whose
bony shape did not change in this first phase but in-
creased in height (Fig. 9B and C). This neo-uncus ap-
peared to progressively deform itself outward (Fig. 9D).

In some cases, fusion of the fibrocartilaginous front
with the protruded disk was observed, creating a bulg-
ing tissue first composed of cartilaginous, and then
calcified, islands, thus creating the deformed osteo-
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phytelike uncus. In many cases, the already deformed
uncus appeared to be still covered by fibrocartilagi-
nous tissue. Therefore, its size is probably greater than
that calculated on radiographs (Fig. 9E).

Abnormality of the bony trabeculae of the uncus in
the later stages, in the form of microfractures and
reabsorption with formation of geodeticlike cavities,
was also observed (Fig. 10A and B).

DISCUSSION

Many investigations on degenerative changes of the
cervical spine due to aging and spondilouncoarthrosis
have been performed. The purpose of this article was
to focus attention on the deformation of the uncus,
furnishing additional information to many previously
published data (3-7)- The device used for the dy-
namic trials was specially designed to investigate the
vertebral arteries during motion, thus simulating the

FIG. 5. Degenerative alteration of the spines.
Group A: 12-49 years of age.

Ca-C4 (0.09) C4-C5 (0.18) C5-CS (0.72) C8-C7 (0.18)
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biomechanical conditions occurring in vivo and re-
producing compression of the arteries in the presence
of uncus deformation.

In the 28 vertebral arteries investigated with this
technique, we observed many anomalies, such as hy-
poplasia, anomaly of entrance, and tortuosity with a
loop into the vertebral bodies, as well as pathologic
conditions such as intrinsic atherosclerotic narrow-
ing. Deviation with impingement of the vertebral ar-
tery was demonstrated in four cases (14.3%). Passive
motion increased the degree of compression, with a
filling defect of the vessels. This impingement can
cause clinical symptoms (cervicocephalic syndrome;
18). This percentage (14.3%) can be considered high;
no other comparable data were available. In any case,
the degree of spondylosis of our specimens (Figs. 4-6)
was similar to that described in a normal asymptom-
atic population in the age range 20-65 years by Gore
et al. (10). However, information on possible clinical
symptomatology in our subjects, when alive, was not
available.

Furthermore, the device also calculated the passive
motion in flexion, extension, and lateral inclination

TABLE 5. Angiographic results

No. of cases
Normal pathv-ay; normal diameter 12
Normal pathway; hypoplasia or small diameter 6
Deviation and impingement (extrinsic) 4
1

Tortuosity with normal diameter
Tortuosity with irregular diameter
(intrinsic narrowing) due to arteriopathy 3
Normal pathway with irregular lumen
(narrowing) due to arteriopathy
Anomaly of entrance

-
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FIG. 6. Degenerative alteration of the spines.
Group B: 50-90 years of age.

R

cs-C7 (1)

of the segment C2-C6. Some degree of rotation has
been associated with lateral flexion (9.23,25). How-
ever, technical reasons impeded calculation of rota-
tion in our specimens; therefore, inclination was cal-
culated as a pure movement. Measurements began
from the neutral position (Eigenform; 8), assumed by
the specimens when unloaded and deprived of the
muscles. The purpose of these measurements was
only to establish whether increasing age created a dif-
ference in the amount of motion. Our studies showed
a range of motion similar to those found by Lysell (21)
and much lower than that reported by other investiga-
tors (1,14,15). However, our flexibility and stiffness
coefficients (data not presented in thisarticle) are simi-
lar to those reported by White and Panjaby (26).
These differences could be due to technical reasons
(different measurement techniques and/or intrinsic
defects of the machine) and to intrinsic differences of
the specimens. However, we were able to demonstrate
a statistically significant reduction in mobility with
increasing age (Tables 3 and 4 and Figs. 5 and 6),
according to the findings of Ball and Mejiers (1), Blan-
chard and Kottke (2), and Jones (16), but contrary to
the findings of Fielding (9), Hadley (11), and Lysell
(21). We wish to underline that a lack of full motion
in vivo, caused by degenerative changes, actually de-
creases the possibility of true impingement of the ver-
tebral arteries, even if deviated by uncus deformity.
In our specimens, we found wide fissurations of the
lateral portion of the disk interposed between the apex
of the uncus and the opposite vertebral body (Fig. 8A
and B). These fissurations were also present in the
youngest subjects and are due to the high stress forces
applied by inclination and rotation movements in
this area together with the areolar synovial-like tissue
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that penetrates from the outer portion of the vertebral
bodies (13,19).

The changes and the deformation of the uncus ap-
pear in the first phases (youngest subjects) to be inde-
pendent from the narrowing of the central portion of
the disk space, whereas the lateral portion of the inter-
vertebral disk interposed between the uncus and the
upper vertebral body shows large fissures and clefts (as
also demonstrated by Lysell; 21), resulting in a de-
creased buffering action of the forces created by incli-
nation and rotation. Two normal cervical vertebrae
show a pattern of motion of concentric gliding in lat-
eral bending; therefore, the moments applied to the
unci must be calculated from the geometric center of
rotation of the vertebral body. In a degenerated verte-
bra, the moment of the uncus should be calculated at
the opposite edge because the gliding motion is substi-

FIG. 7. The dynamic angiography shows a clear extrinsic impinge-
ment of the vertebral artery at C5-6 in a 66-year-old subject
(arrows).

FIG. 8. After the radiographic investigations, the spines were pre-
pared for histology. The frontal cut was made at the level of the
anterior wall of the vertebral artery. The serial histologic slices
included the full area of contiguity between the uncus and the
vessel. The presence of large clefts in the lateral portion of the
disks was constantly seen both macroscopically (A) and histologi-
cally (B) (hematoxylin and eosin, original magnification %3)
(arrows).

tuted by a hinge motion, which implies a considerably
higher reaction force due to the lengthening of the
lever arm (26). However, we should remember that
“there are at the present no convincing estimates of
the instantaneous axial rotation center for lateral
bending in the cervical spine” (26).

From the histologic point of view, the chondroid
tissue tipping the apex appears to react by prolifera-
tion and with formation of a second, higher cartilagi-
nous uncus (chondrophyte), presenting growing is-

J Spinal Disord Vol. 7. No. 2, 1994
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FIG. 9. The cartilaginous islands (Cl) tipping the apex of the normal unci (dot) (A) can proliferate with production of progressively ossifying
cartilage spurs (arrows), which increase the size of the unci (dots) (B and C). The degeneration of the disks and the consequent decrease in
its thickness cause the outward deformation of the ossifying neo-uncus (NU) (D). Fragments of the disk (FD) may accompany the outward
deformation of the uncus, further increasing the size of the spur, possibly causing functional impingement of the vertebral artery (VA; wall
of the vessel) (E) (A, B, D, E, hematoxylin and eosin; C, safranin-orange).

lands of ossification. The presence of fibrocartilagi-
nous tissue covering the progressively deforming
uncus suggests that its size is larger than that calcu-
lated on radiographs; consequently, it can impinge
the vertebral artery before complete deformation and
ossification (Fig. 9E). Bony mechanical failure can fi-
nally explain the geodeticlike cavities of the deformed
uncus.

CONCLUSIONS

In this series, vertebral artery impingement was
demonstrated in four cases (14.3%), whereas uncus
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deformation was much more common with increas-
ing age range (group B, Fig. 6). Uncus modifications
begin with a deformed chondrophyte (not visible on
radiographics), which rapidly ossifies and protrudes
outward as the thickness of the central portion of the
disk decreases. The bulging connective tissue over-
whelming the deformed uncus may increase the possi-
bility and the degree of arterial compression. Bony
failure in the form of geodeticlike cavities in the final
stage of the progressive alterations of the uncus region
is a consequence of the exertion forces acting on the
lateral edges of the vertebral bodies.
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FIG. 10. The computed tomogra-
phy scans, realized in eight cervi-
cal spines (data not presented
here) were able to show geode-
ticlike lytic areas at the base of
the unci, as well as at the edge of
the upper vertebral bodies (A, ar-
rows). Histologically, these areas
show lack of the bone trabeculae
(B) (hematoxylin and eosin, origi-
nal magnification x3). Compres-
sion of the vertebral artery ap-
pears to be caused by the de-
formed uncus (dot) together with
the edge of the above vertebra,

and by soft tissue interposed.

Further investigations with sialoprotein are in pro-

gress in order to clarify this particular process of bone
formation.
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