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Abstract To better understand the role of facet joint
degeneration in chronic neck and back pain epidemiolog-
ical and morphological data are needed. For the cervical
spine, however, such data are rare. Therefore, the aim of
this study was to determine the degree of cartilage
degeneration of cervical facet joints with respect to spinal
level and age, to investigate whether any region of the joint
surface is more often affected by degeneration and to
determine the localisation of osteophytes. A total of 128
left-sided facet surfaces from 15 fresh frozen cervical spine
specimens (59-92 years) including in maximum C2-C7
were inspected in a way to ensure a direct comparability to
data reported for the lumbar spine. First, the macroscopic
degree of cartilage degeneration was determined and cor-
related to spinal level and age. Then, each facet surface
was divided into five regions (anterior, posterior, lateral,
medial and central) to check whether cartilage degenera-
tion occurs more often in any of these regions. Finally, the
localisation of osteophytes was determined. The results
showed that the mean degree of cartilage degeneration was
2.8 (x0.6) on a scale from Grade 1 (no degeneration) to 4
(severe degeneration). None of all 128 facet surfaces was
classified as Grade 1. All spinal levels had about the same
degree of degeneration (in mean 2.5-3.0). The youngest
age group (<70 years) had a somewhat lower degree of
degeneration (2.6) than the oldest (=90 years) (3.1). Car-
tilage defects were found all over the joint surfaces, none
of the five regions was more often affected than the others.
Least osteophytes were found on the medial border of the
facet joints. In conclusion, the prevalence of cervical facet
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joint degeneration is probably very high in individuals aged
50 years and more, with a tendency to increase in severity
with age. All levels of the middle and lower cervical spine
were affected to almost the same degree, whereas in the
lumbar spine an increase in degeneration towards the lower
levels was reported. Also, in the cervical spine in most
cases the cartilage was evenly degenerated all over the
joint surface while in the lumbar spine certain regions were
reported to be affected predominantly.
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Introduction

There is still a controversial discussion on the role of facet
joint degeneration in chronic neck and back pain. Yet, re-
cently, implants have been developed to replace the pos-
terior elements [17]. As a rationale for the treatment with
such implants, and to better understand the role of facet
joint degeneration in chronic neck and back pain epide-
miological and morphological data are needed. In the past,
the morphology of lumbar facet joint degeneration has
been described by means of macroscopic inspection [11,
12, 18], histology [4] and clinical imaging techniques such
as conventional tomography, computed tomography,
magnetic resonance imaging or plain radiography [1, 7, 9,
15]. In these studies, the pathological changes attributed to
facet joint degeneration are articular cartilage thinning,
sclerosis of the subchondral bone, osteophyte formation or
hypertrophy. Most recently, for the lumbar spine it was
shown that the mean degree of facet joint degeneration in
the population aged 50 years and more lies between 2.8 in
the upper and 3.7 in the lower lumbar spine on a scale from
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1 (no degeneration) to 4 (severe degeneration) [13]. From
these results it was concluded that the prevalence of lumbar
facet joint degeneration in the population aged 50 years
and more is relatively high. In contrast, for the cervical
spine only few morphological and epidemiological studies
exist [6, 7, 10]. Furthermore, how the degenerative changes
described in these studies correlate with age or spinal level
and how these data are compared with the lumbar spine is
sill unknown.

The aim of this study therefore was to determine the
degree of cartilage degeneration of cervical facet joints
with respect to spinal level and age, to investigate whether
any region of the joint surface is more often degenerated
than the others and to determine the localisation of osteo-
phyte formation. Finally, the results will be compared with
the data reported for the lumbar spine.

Materials and methods

A total of 128 left- and 127 right-sided facet surfaces from
15 fresh frozen cervical spine specimens (59-92 years)
including in maximum C2-C7 were inspected (Table 1).
None of these specimens showed radiographic signs of
injuries or spinal diseases other than degeneration. The
segments CO-1 and C1-2 were excluded from this study
since their anatomical characteristics strongly differ from
those of the middle and lower cervical segments.

After thawing the specimens at room temperature, the
facet joints were exarticulated. Digital photographs of the
joint surfaces were taken and evaluated on the computer

monitor. The whole evaluation process was adapted to the
study by Tischer et al. [13] on lumbar facet joint degen-
eration in order to allow a direct comparison with the
lumbar spine. Also, similar to Tischer et al., two observers
were asked to evaluate the joints surfaces together and to
find a consensus in each case. The evaluation consisted of
three parts.

First, the degree of cartilage degeneration of each single
joint surface was determined using the classification sys-
tem proposed by Wang et al. [14]. This system is based on
a macroscopic inspection of the cartilaginous surface of the
facet joints and assigns one of the Grades 1-4 to each
surface (Fig. 1).

Grade 1: Uniform thickness of cartilage with a smooth
surface covering the articular surface completely.
2: Cartilage covers the entire articular surface but
contains erosions or regions of irregularity.

3: Cartilage incompletely covers the articular
surface, with the underlying bone exposed to the
joint space and the cartilage present often irregular
and discoloured.

4: Either complete absence of cartilage or only

traces of cartilage evident on the articular surfaces.

Grade

Grade

Grade

Second, each facet surface was divided into five regions
(antero-superior called anterior, posterio-inferior called
posterior, lateral, medial, central) to check whether or not
cartilage degeneration is distributed evenly all over the
facet surface. This evaluation was adapted to Tischer et al.
[13] and did not take into account the degree but only the
presence or absence of cartilage degeneration.

Table 1 Specimens inspected

in this study sorted by age for No. of specimens Sex Age (years) n left side n right side
females and males 1 £ 7 6

2 f 75 8

3 f 79 10 9

4 f 81 8 8

5 f 86 10 10

6 f 87 7 7

7 f 87 8

8 f 87 10

) ] 9 f 91 10 10

n num.bc.sr of left- and right-sided 10 £ 90 3 3
facet joint surfaces per
specimen. The left-sided 11 m 59 10 10
surfaces were finally evaluated. 12 m 67 8 8
Thei.r number var.ied frqm 13 m 7 10 10
specimen to specimen since the 4 7 g 8
length of the specimens differed ! m
and single facet surfaces were 15 m 92 8 8
damaged during harvesting and 10 f:5 m Mean = 80; SD = 10; Sum = 128 Sum = 127

could therefore not be included
into the evaluation. SD standard

median = 81;
min = 59; max = 92

deviation
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Grade 1

cranial, left facet C2
male, 72 years

Grade 2

caudal, right facet C2
female, 81 years

anterior= - _

Grade 4

cranial, left facet C5
male, 67 years

Grade 3

cranial, left facet C4
female, 79 years

¥ anterior:

posterior .,

posternior

Fig. 1 Representative cervical facet joint surfaces with increasing cartilage degeneration in Grade 1 (no degeneration) to 4 (severe degeneration)
according to Wang et al. Note that the example for Grade 1 is a superior facet of C2 which was not included in this study

Third, each joint was screened for osteophytes. Similar
to Tischer et al. [13], their localisation was determined
(medial, lateral, anterior, posterior) while the length of the
osteophytes was not considered. Osteophytes were defined
as local (but not generalised) bony apposition. Thus, facet
hypertrophy was not included in this evaluation.

The Wilcoxon signed rank test was used to check
whether the degree of degeneration of the left-sided facet
joints significantly differed from those on the right side. If
not, one of the two sides would be excluded from evalua-
tion. In order to statistically compare the overall degrees of
degeneration of the different age ranges with each other the
Kruskal-Wallis test was used followed by the Wilcoxon
rank sum test for pair-wise comparisons if necessary. These
statistical tests were explorative and were not meant to
prove a certain hypothesis. Therefore, the P values were
not corrected for multiple comparisons.

Results

None of all the 128 left- and 127 right-sided facet joint
surfaces (caudal facets of C2 to cranial facets of C7) had a
degeneration Grade 1 according to Wang et al. [14], i.e. all
inspected surfaces had at least some cartilage erosions or
surface irregularities.

The degree of cartilage degeneration of all left-sided
facet joints only slightly differed from those on the right
side (P > 0.05). The difference between left and right side
was in mean 0.0 (0.7 standard deviation). Therefore, only
one of the two sides—the left side—was included into the
following evaluations.

The degree of degeneration at different spinal levels
from the caudal facets of C2 to the cranial facets of C7 was
very similar (Fig. 2). The mean values varied between 2.5
and 3.0 on Wang’s scale from 1 (no degeneration) to 4
(severe degeneration). Due to these similarities statistical

tests were not carried out. Instead, one single mean degree
of degeneration was calculated for all 128 surfaces. This
value was 2.8 (x0.6).

With increasing age the degree of cartilage degenera-
tion tended to increase (Fig. 3). Yet, already for the

C3 cranial ; n=12
C3 caudal . : in=13
C4 cranial i } n=14
C4 caudal n=15
C5 caudal : : - n=15
C6 cranial "—l— n=14
C6 caudal . n=9
C7 cranial =: n=9
% 2 3 4

Grade (according to Wang et al. 1989)

Fig. 2 Grade of facet joint degeneration according to Wang et al.
with respect to spinal level. Mean values with standard deviation.
Left-sided facet joints only. n number of joint surfaces per spinal level

@ i
3 <70 i n=18 (2)
> !
< 70-79  n=41(5)
< 1
g 80-89 | n=43(5)
]
:'%’n >=90  n=26 (3)
1 2 3 4

Grade (according to Wang et al. 1989)

Fig. 3 Grade of facet joint degeneration according to Wang et al.
with respect to age. Mean values with standard deviation. All spinal
levels of the left-sided facets were put together. n number of facet
joint surfaces (number of donors in parentheses) per age range
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youngest age-group <70 years the mean degree of
degeneration was 2.6. For the oldest age group =90 years
this value was 3.1. The Kruskal-Wallis test indicated
some differences between the four age groups. Therefore,
pair-wise comparisons were carried out, which revealed
the lowest P values for the oldest compared to each of the
three younger age groups (P below or only little above
0.05).

Cartilage defects were found all over the joint surfaces.
None of the five regions was more often affected than the
others at any spinal level (Fig. 4). However, while most
facets had defects all over their surface, few had larger
defects centrally and few had larger defects in the periph-
ery (Fig. 5).

Least osteophytes were found on the medial border of
the facet joints (Fig. 6).

Fig. 4 Percentage of all facet
joint surfaces with cartilage
defects in the respective region:

8=

anterior, posterior, lateral, al

medial and central. Left-sided

 tral

Discussion

In this study, the morphology of cervical facet joint
degeneration was investigated and correlated to spinal level
and age in a way that allowed direct comparison to data
reported for the lumbar spine.

The prevalence of cervical facet joint degeneration in
the sample inspected in this study was 100%. All 128 left-
and 127 right-sided facet surfaces had at least degeneration
Grade 2 (mild degeneration) according to Wang et al. but
none a Grade 1 (no degeneration). The description of
Fletcher et al. [2] of how the facet joint surfaces look like
in specimens under 20 years of age matches well with
Grade 1. Thus, Grade 1 can probably only be seen in
younger individuals. Even though, in the present study, the
number of specimens was only 15, this finding indicates
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Fig. 6 Percentage of all left- & AnE
tejor

sided facet joint surfaces with
osteophytes at the respective
localisation: anterior, posterior,
lateral and medial. » number of
joint surfaces (number of donors
in parentheses)

that the prevalence of cervical facet joint degeneration in
individuals older than 57 years is probably high. A similar
trend was also reported for the lumbar spine [13]. In view
of this probably high prevalence of cartilage thinning and
erosions in the elderly population it could be suspected that
these changes should not be considered pathologic but ra-
ther reflect the normal ageing process.

In the youngest age range investigated in this study
(<70 years), the mean degree of degeneration was already
2.6. This value slightly increased towards the oldest age
range (=90 years), which indicates that facet joint degen-
eration tends to increase in severity. This finding is sup-
ported by Fletcher et al. [2] who studied the cervical facet
joints of 20 cadavers with magnetic resonance imaging,
computed tomography, cryomicrotomy and histologic
sections to determine the anatomic changes that occur with
age. Their results showed that the articular processes of
individuals under 20 years of age were covered by a layer
of glistening homogeneous ivory-white cartilage while
individuals older than 37 had less articular cartilage. In
contrast, for the lumbar spine, Tischer et al. [13] could not
detect any age-dependent increase of the severity of
degeneration even though a very similar age range (Tischer
et al.: 52-97 years; present study: 59-92 years) was
investigated. This could be explained by the higher overall
degree of degeneration reported for the lumbar compared
to the cervical spine. Already in the youngest age range
Tischer et al. reported in mean Grade 3.1 for males and 2.8
for females, while in the present study this value was 2.6
for males and females together. Whether the facet joints of
the lumbar spine really tend to be more severely degener-
ated than those of the cervical spine at one and the same
age is difficult to answer since lumbar and cervical spine
were rated by different observers. Unfortunately, the inte-
robserver reliability of the system of Wang et al. [14] is
unknown but at least part of the difference between lumbar
and cervical spine are probably attributable to this source
of error. Also, the specimens used by Tischer et al. were
fixed with formalin whereas the specimens inspected in the
present study were fresh frozen. Formalin fixation is known
to change the colours of the tissue and therefore could have
influenced the grading.

all cranial facets C3-C7
n=64 (15)

all caudal facets C2-C6
n=64 (15)

There was almost no difference in the mean degree of
degeneration between the middle and lower cervical spine
while for the lumbar spine an increase in degeneration
towards the lower lumbar levels was described [13]. Thus,
even though intervertebral disc degeneration is known to
affect the segments of the lower cervical spine more
often than those of the middle cervical spine [3], this is
not the case for the facet joints. This observation again
raises the question whether disc degeneration is really
one of the main causes of facet joint degeneration or
whether facet joint degeneration may also occur inde-
pendently from disc degeneration as suspected in litera-
ture [4, 11].

Another difference between the lumbar and cervical
spine is the type of distribution of the cartilage defects on
the joints surface. In the cervical spine the facet joints tend
to degenerate evenly all over their surface while in the
lumbar spine the superior region of the cranial facets and
the inferior region of the caudal facets are reported to be
more often affected [13]. Other authors also showed that
the cartilage of the lumbar facet joints tends to degenerate
locally rather than evenly [11, 12]. This difference between
the lumbar and cervical spine could be explained by dif-
ferences in facet orientation and shape. While in the lumbar
spine the facets are oriented almost in cranio-caudal
direction and are convex (caudal facets) respectively con-
cave (cranial facets) in shape, the facets of the cervical
spine are oriented obliquely from antero-superior to pos-
tero-inferior and are almost plane [8]. These morphological
characteristics of the cervical facets together with the larger
range of motion compared to the lumbar spine [16] could
be responsible for an almost even stress distribution all
over the facet surface. However, as soon as the facets are
not completely plane, but somewhat convex or concave,
the stresses might mainly act in the middle or in the
periphery of the surfaces as seen in few of the facets in-
spected in this study (Fig. 5). In contrast, for the lumbar
spine, Tischer et al. [13] hypothesised that during flexion/
extension movements only certain regions of the surfaces
have to bear maximum load since the caudal facets slide
upwards and tilt anteriorly relative to the cranial facets.
These are all assumptions, but they could be correct since
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an influence of facet joint angle on facet joint degeneration
was already shown [5].

Osteophytes were found all around the cervical facet
joints, however, least were detected medially. This was
reported to be the same in the lumbar spine [13]. It is
difficult to answer why this is the case, yet as an advantage
the neuroforamen become less narrowed. In this study the
assessment of osteophytes proved to be difficult since the
contour of the facet joints can physiologically be irregular.
An irregular contour can therefore not generally be con-
sidered as a sign of osteophyte formation. Also, it has to be
considered that hypertrophy was not included into this
evaluation. Thus, the percentages given in Fig. 6 just show
where definite, local osteophytes were found. In cases
where no osteophytes were found there could still be a
hypertrophy. However, hypertrophy as well is difficult to
quantify since the border between normal and hypertrophic
is not always clear especially in cases where a comparison
with a “‘healthy’’ facet is not possible.

Conclusions

In conclusion, the prevalence of cervical facet joint
degeneration in individuals aged 50 years and more is
probably high, with a tendency to increase in severity with
age. Compared to the lumbar spine similarities and dif-
ferences were found. For example, in both the cervical and
lumbar spine, least osteophytes were found on the medial
rim of the joint surfaces. Furthermore, the overall degree of
degeneration was only little higher in the lumbar (2.8-3.7
for the different levels) than in the cervical spine (2.5-3.0),
a difference, which should not be overestimated as dis-
cussed above. On the other hand, in the cervical spine all
levels of the middle and lower cervical spine were affected
to almost the same degree whereas in the lumbar spine an
increase in degeneration towards the lower segments was
reported. Also, in the cervical spine in most cases the
cartilage was evenly degenerated all over the joint surface
while in the lumbar spine most defects of the cranial facets
were reported to be present in the superior region and most
defects of the caudal facets in the inferior region.
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