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Abstract
Background: Cervical pillar hyperplasia (CPH) is a recently described phenomenon of unknown
aetiology. Its clinical importance is poorly understood at the present time; therefore, the objective
of this study was to determine (1) the inter-examiner reliability of detecting CPH and (2) if there
is a clinically important correlation (r > 0.4) between the number of cervical spine levels showing
signs of degenerative joint disease (DJD) and CPH.

Methods: The sample consisted of 320 radiographs of human male and female subjects who
ranged from 40 to 79 years of age. The inter-examiner reliability of assessing the presence/absence
of pillar hyperplasia was evaluated on 50 neutral lateral radiographs by two examiners using line
drawings and it was quantified using the kappa coefficient of concordance. To determine the
presence/absence of hyperplastic pillars as well as the presence/absence of DJD at each
intervertebral disc and zygapophysial joint, 320 AP open mouth, AP lower cervical and neutral
lateral radiographs were then examined. The unpaired t-test at the 5% level of significance was
performed to test for a statistically significant difference between the number of levels affected by
DJD in patients with and without hyperplasia. The Spearman's rho at the 5% level of significance
was performed to quantify the correlation between DJD and age.

Results: The inter-examiner reliability of detecting cervical pillar hyperplasia was moderate with a
kappa coefficient of 0.51. The unpaired t-test indicated that there was no statistically significant
difference (p > 0.05) between the presence/absence of cervical pillar hyperplasia and the number
of levels affected by DJD in an age-matched population, regardless of whether all elements were
considered together, or the discs and facets were analyzed separately. A Spearman correlation rank
of 0.67 (p < 0.05) suggested a moderately strong correlation between the number of elements (i.e.
discs/facets) affected, and the age of the individual.

Conclusion: Cervical pillar hyperplasia is a reasonable concept that requires further research. Its
evaluation is easy to learn and acceptably reliable. Previous research has suggested that CPH may
affect the cervical lordosis, and therefore, alter biomechanics which may result in premature DJD.
This current study, however, indicates that, globally, CPH does not appear to be related to the
development of DJD.
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Background
Several authors recently proposed the concept of cervical
pillar hyperplasia [1-4]. Hyperplasia is identified on the
neutral lateral cervical radiograph as parallel or posterior
divergent lines drawn along the superior and inferior
articular pillars (Figure 1b). The "usual" lordotic cervical
curve requires these lines to converge posteriorly (Figure
1a) [2,3]. The straightening effect of hyperplastic articular
pillars on the cervical lordosis was suggested by Peterson
and Wei [2] in 1987 and confirmed in 1999 [3]. These two
studies were criticized by Harrison et al [5,6] regarding the
way pillar hyperplasia was determined, cervical lordosis
was measured, and on a few other issues that were based
on a misinterpretation of Peterson et al's article. In con-
trast to those critiques, Haas et al [7] reported that the
measurement of each segment to determine the cervical
lordosis, as suggested by Harrison et al would increase
measurement errors. Furthermore, Peterson et al used
Chamberlain's line to eliminate the effect of anterior head
carriage in both the hyperplastic and the non-hyperplastic
pillar populations. Flexion/extension studies were not
necessary to define cervical pillar hyperplasia since it was
detectable on the radiographic films most commonly
used by primary physicians, the neutral lateral radio-
graphs [3]. Therefore, to this point, both the concept of
cervical pillar hyperplasia and its effect on the cervical lor-
dosis seem reasonable [8]. This condition is of unknown
aetiology and it may have clinical consequences that need
to be determined.

Degenerative joint disease is a common, age-related [9-
12], multi-factorial condition with several theorized aeti-
ologies including metabolic, mechanical, inflammatory,
and genetic components [11,13-16]. It affects all joints,
particularly those that experience chronic biomechanical
stresses such as frequent repetitive use and strain, and con-
stant weight-bearing.

The cervical/neck region is the human spine's most
actively mobile part [17]. It has to support the permanent
load of the head; therefore, progressive degenerative proc-
esses frequently affect it. This means that the interverte-
bral disc can become narrowed, develop osteophytes and
have surrounding subchondral sclerosis in the condition
called "degenerative disc disease" [12,18]. It has been
shown that there is a higher incidence of the development
of disc space narrowing with the presence of anterior oste-
ophytes on initial films, while posterior osteophytes are
more commonly associated with the presence of an
already narrowed disc space [19].

Both facet and uncovertebral joints can hypertrophy, scle-
rose and develop osteophytic spurs, in conditions
described as facet arthrosis and uncovertebral arthrosis,
respectively [12,18]. Several grading systems have been

developed to determine the degree of degeneration radio-
graphically, using signs of subchondral sclerosis, joint
space irregularity, decreased joint space and anterior and/
or posterior osteophyte formation [9,11,12,20-22]. The
degenerative condition that involves degenerative disc
disease, facet arthrosis and/or uncovertebral arthrosis is
defined as "degenerative joint disease (DJD)," osteoar-
throsis, or cervical spondylosis (Figure 2 and 3). Such
degenerative processes may have various clinical implica-
tions: they may cause limitation of head and neck mobil-
ity, with or without pain; occasionally, they can cause
intervertebral foramen encroachment and central canal
stenosis, which can result in nerve root or spinal cord
compression (radiculopathy and myelopathy respec-
tively) [11,23-26], and less commonly, extensive anterior
osteophytosis can lead to dysphagia or even vocal fold
paralysis [27].

The presence of osteoarthrosis is often confirmed using
plain film radiographic findings, with the lateral view
being the most informative [11]. Magnetic resonance
imaging (MRI) and computed tomography (CT) are also
useful diagnostic tools and can be used to determine the
extent of soft tissue and bony involvement respectively.
Although CT is the gold standard for detecting degenera-
tive changes, plain film radiography is less expensive and
more commonly used in primary contact clinical settings
[11,28].

There is some controversy in the literature over whether
radiological findings are related, to a clinically important
degree, to the patient's symptoms. In a recent long-term
follow-up study, Gore [10] found that there might be a
correlation between the patient's symptoms and radio-
graphic findings. The subjects of his study who showed
earlier degenerative changes at a particular level (C6-C7)
were 4 times more likely to experience pain 10 years later
compared to those without degenerative changes [10].
Most other authors, however, tend to dispute this finding
[11,29-31]. A recent cross-sectional study of United King-
dom patients found that there is no statistically significant
difference in pain or disability levels, between patients
with and without radiographic evidence of degeneration
in the cervical spine [32].

It is currently not known whether the architecture of the
articular pillars has any effect on regional biomechanics
and subsequent degeneration. The hypothesis that was
tested with our study was whether pillar hyperplasia accel-
erates the development of DJD, particularly in the
intervertebral disc (IVD). The orientation of the facet joint
in relation to the horizontal plane principally influences
the axis around which flexion/extension occurs [33-35]. A
more horizontal facet compared to the plane of the supe-
rior endplate of the vertebral body will shift the
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instantaneous center of rotation anteriorly, resulting in an
increased load on the IVD [36-38]. It has also been shown
that a flattened superior facet increases the risk of
anterolisthesis (i.e. stress on the disc) [39]. Studies have
shown that cervical pillar hyperplasia has an effect on the
cervical curve [2,3]. A straightening of the cervical curve

results in a redistribution of the loads, favouring the facet
joints, and therefore increasing the load on the IVD. An
increase of the stress-load on the disc locally may enhance
the degenerative process in the intervertebral compart-
ment [40]. The presence of cervical pillar hyperplasia
should consequently theoretically accelerate the degener-

A Cervical Articular Pillar (a) and Cervical Pillar Hyperplasia (b)Figure 1
A Cervical Articular Pillar (a) and Cervical Pillar Hyperplasia (b)
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Degenerative disc disease with disc space narrowing and anterior osteophyte formation at C5-6 (arrow)Figure 2
Degenerative disc disease with disc space narrowing and anterior osteophyte formation at C5-6 (arrow).
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Severe facet arthrosis affecting C3-6 bilaterally (arrows)Figure 3
Severe facet arthrosis affecting C3-6 bilaterally (arrows).
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ative processes of the IVD. We assumed that the degener-
ative processes would be a result of the cervical pillar
hyperplasia and not the opposite, since cervical pillar
hyperplasia has been observed at all ages.

No one has yet studied the prevalence of DJD in individ-
uals with hyperplasia in comparison to those without. The
purpose of this paper, therefore, was:

(1) to determine the inter-examiner reliability of detecting
hyperplasia of the cervical articular pillars; and (2) to
determine if there is a difference in the number of cervical
spine levels showing signs of degenerative joint disease
(DJD) in an age-matched sample with and without hyper-
plasia of the articular pillars at one or more levels, and
hence, what the relationship is between cervical pillar
hyperplasia and spinal DJD.

Methods
Radiograph Case Selection
Ethics approval to access the radiographs which were
selected from the H.K. Lee radiology facility files at the
Canadian Memorial Chiropractic College in Toronto was
obtained from the CMCC Institutional Research Board.
The inclusion criteria for the radiographs were:

a) the radiograph had to be of good radiological quality
(collimation, penetration, absence of artifacts);

b) the radiograph had to be of a patient whose age ranged
from 40 to 79 yrs;

c) the radiograph could not show evidence of a pathologic
condition or abnormality other than signs of
osteoarthrosis;

d) the file had to consist of at least three views: an antero-
posterior open mouth (APOM), AP lower cervical and a
neutral lateral.

The investigators selecting the cases were blinded with
regard to the clinical status of the cases.

Inter-examiner Reliability Study
Sample Size Justification
A sample size estimate was performed according to the
method of Donner and Eliasziw [41], and revealed that at
an anticipated moderate agreement of kappa = 0.4 – 0.6
[42], and using the 5% level of significance, a power level
of 80%, and 2 measurements per spinal level, a minimum
of 50 radiographs would be required.

Assessment Protocol
The methodology was the same as that used by Peterson
[2,3]. Two previously trained 4th year chiropractic students

independently evaluated the articular pillars of C3
through C6 (typical cervical facets) by drawing lines along
the superior and inferior articular surfaces of each pillar.
Lines converging posteriorly designated 'normal' pillar
architecture. Parallel or posteriorly diverging lines desig-
nated what has been defined as 'pillar hyperplasia'. The
data were categorical (binary) because each pillar set was
assigned a label of either 'normal' or 'hyperplastic'. The
articular pillars of C7 were not evaluated because of their
normally 'notched' appearance [43].

Data Analysis
For each cervical segment, inter-examiner reliability was
assessed via the kappa coefficient of concordance (k) [44].

Relationship Between CPH and Spinal DJD Study
Assessment Protocol
For the second part of the study, radiographs were evalu-
ated until a total of 320 sets of films, 160 sets with pillar
hyperplasia and 160 sets without pillar hyperplasia, were
age and gender matched. Presence of hyperplasia at a sin-
gle level was sufficient to categorize the cervical spine as
'hyperplastic'. Age was recorded as eight 5-yr categories.
Radiographs were read until each age and gender sub-cat-
egory contained 10 sets of films. Therefore, two options
for the presence/absence of cervical pillar hyperplasia
multiplied by two options for gender and eight age cate-
gories created 32 final subgroups each containing 10 radi-
ograph sets. The same 320 radiographs were then read a
second time to assess for degenerative changes. Eleven ele-
ments were assessed (namely C1-C2 facets, C2-C7 discs
and facets).

APOM and AP lower cervical views were used to assess the
zygapophysial joints. Signs of DJD affecting the zygapo-
physial joint included joint sclerosis, thinning of the joint
space or bony hypertrophy [12], which results in a disrup-
tion of the normally smooth lateral sine curve formed by
the external aspect of the articular pillars [45].

Neutral lateral cervical films were used to assess the disc
spaces and the presence or absence of anterior or posterior
osteophytes. The uncinate processes were not taken into
consideration, given that their degenerative changes paral-
lel those of the intervertebral disc [12]. Each radiograph
was evaluated at six levels (from the C1-C2 level to the C6-
C7 level) by one of the trained 4th year chiropractic stu-
dents. All radiographs were then re-evaluated by a chiro-
practic radiologist to assure accuracy of the diagnosis.

The reliability of this method of assessing the presence of
DJD in the cervical spine has been shown to be substantial
[46]. These data were categorical (binary), because each
articulation was labelled as either 'normal' or 'showing
signs of DJD'.
Page 6 of 10
(page number not for citation purposes)



BMC Musculoskeletal Disorders 2003, 4 http://www.biomedcentral.com/1471-2474/4/28
Data Analysis
First, we determined whether a clinically and statistically
significant difference existed for the average number of
levels affected by DJD between patients with and without
pillar hyperplasia. For the latter (statistical significance
testing), we used the unpaired t-test and Mann-Whitney U
test (depending on whether the data were normally dis-
tributed or not) at the 5% level of significance. It was
planned to perform a logistic regression analysis to quan-
tify the relationship between DJD and CPH, if the differ-
ence was clinically important and statistically significant.
The data were also stratified by age and gender. The Spear-
man's rho at the 5% level of significance was performed to
quantify the correlation between DJD and age.

Results
Inter-examiner Reliability Study
Both examiners assessed the first set of 50 films independ-
ently. The results are summarized in Table 1. The kappa
value quantifying the overall inter-examiner reliability/
agreement was 0.51, which is considered moderately
strong, and was judged to be sufficiently acceptable to
enable engaging in the next study assessing the relation-
ship between CPH and spinal DJD, using only one exam-
iner to assess each set of radiographs for the presence/
absence of hyperplasia.

Relationship Between CPH and Spinal DJD Study
Radiographs were read until each age and gender sub-cat-
egory contained 10 sets of films. Some radiographs had to
be discarded in the process of achieving these numbers,
most commonly due to the concomitant presence of dif-
fuse idiopathic skeletal hyperostosis or fusion, as well as
poor film quality. The Mann-Whitney U test showed no
statistically significant difference between genders in the
number of elements affected by DJD, not taking into
account the age or the presence or absence of cervical pil-
lar hyperplasia (with 160 sets of radiographs in each sub-
group). A Spearman's correlation coefficient of 0.67 (p <
0.05) suggested a fairly strong and clinically important
linear correlation between the number of elements (i.e.
discs/facets) affected and the age of the individual.

Because gender did not appear to affect the development
of DJD, we analyzed the possible effect of cervical pillar
hyperplasia on the development of DJD, stratifying only
by age category. The unpaired t-test was used for this pur-
pose because the data were normally distributed. Table 2
shows that no statistically or clinically significant differ-
ences were found between the presence versus absence for
cervical pillar hyperplasia groups and the number of levels
affected by DJD in an age-matched population, regardless
of whether all elements were considered together (n = 11),
or the discs (n = 5) and facets (n = 6) were analyzed sepa-
rately. Since no difference was found between the pres-
ence/absence of cervical pillar hyperplasia and the
number of levels affected by DJD, logistic regression anal-
ysis was not performed.

Discussion
Cervical pillar hyperplasia is a recently described phe-
nomenon of unknown aetiology. To date, the only prom-
ising data on the clinical relevance of hyperplasia is its
possible effect on cervical spine lordosis [2,3]. Having lit-
tle information on cervical pillar hyperplasia allows for
much speculation on the effect it may potentially have on
cervical spine biomechanics; furthermore, it is important
to determine whether this effect may or may not be of
clinical significance. Theoretically, altered biomechanics
of the spine could lead to degenerative changes and possi-
ble clinical consequences. It is currently not known to
what degree, if any, cervical pillar hyperplasia contributes
to the development of degenerative joint disease.

Our study found moderately strong agreement between
two examiners in assessing cervical pillar hyperplasia. The
moderate inter-examiner reliability achieved by the nov-
ices in this study coincided with the acceptable-to-good
reliability (0.4–0.61) attained previously by Peterson [3].
It shows that the assessment of hyperplasia is an uncom-
plicated evaluation method, and therefore does not
require expert skills. It should be noted, however, that in
the study by Peterson, cervical pillar hyperplasia was
assessed segmentally, and not globally; nevertheless, the
fact that novice examiners performed the assessments of
cervical pillar hyperplasia, and acceptable agreement was
achieved, lends further credibility to the acceptability of
the reliability of this diagnostic test.

Our study suggests that there is no clinically important
difference between those with or without cervical pillar
hyperplasia with respect to the prevalence of degenerative
joint disease. This study also suggests that DJD is affected
by age but not by gender, which concurs with previous
studies [9-12,47]. Other known contributors to the devel-
opment of DJD that were not tested in this study include
trauma, genetic, metabolic, and inflammatory processes
[11,13-16]. These results imply that cervical pillar hyper-

Table 1: This contingency table used to calculate the kappa 
coefficient of 0.51.

Examiner 1

Yes No

Examiner 2 Yes 26 (52%) 0
No 12 (24%) 12 (24%)
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plasia is congenital, and allows the body to compensate
for changes resulting from slightly aberrant biomechanics.

It should be noted that this study only looked at the pres-
ence/absence of DJD, and not its severity; thus there may
indeed be a difference in the two groups if severity had
been considered, but this has yet to be determined.

In our study, due to feasibility constraints, pillar hyperpla-
sia was assessed globally in the cervical spine and consid-
ered to be present if even one cervical segment from C3 to
C6 had a hyperplastic pillar. This definition may have
resulted in more positive inter-examiner reliability than if
segment-specific pillar hyperplasia had been assessed.
Cervical pillar hyperplasia, as defined here, may possibly
affect the biomechanics of the whole cervical spine; there-
fore, DJD was also assessed globally from C1 to C7.

Follow-up research should evaluate the segment-specific
contribution of pillar hyperplasia to the development of
DJD. Severity of DJD should perhaps also be considered.
One of the limitations encountered when assessing films
for cervical pillar hyperplasia was that the evaluation of
C2-3 was not always adequate due to poor visualization.
The same problem occurred at C1-2 while assessing for
DJD. Another limitation of the study is using amateur
examiners to detect cervical pillar hyperplasia and DJD;

however, having a radiology expert re-evaluate each set of
films likely minimized these problems.

Conclusions
Cervical pillar hyperplasia has shown evidence of being a
credible phenomenon that requires further research. Its
diagnosis appears to be easy to learn and reliable. This
study indicated that, globally, cervical pillar hyperplasia
does not appear to have an effect on the development of
degenerative joint disease; however, because previous
research suggests that cervical pillar hyperplasia affects the
cervical lordosis, it is recommended that further research
explore any segment-specific contribution of pillar hyper-
plasia to the development and severity of DJD.
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Table 2: Statistical analysis of the correlation between cervical pillar hyperplasia and degenerative joint disease in an age-matched 
sample (n = 320). Abbreviations defined: hyp = hyperplasia; IVD levels = number of intervertebral disc levels involved; facet levels = 
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Age Category (years)

40–44 45–49 50–54 55–59

Statistics # of 
levels

IVD 
levels

Facet 
levels

# of 
levels

IVD 
levels

Facet 
levels

# of 
levels

IVD 
levels

Facet 
levels

# of 
levels

IVD 
levels

Facet 
levels

χ hyp 2.5 1.1 1.4 2.75 1.3 1.45 3.35 1.85 1.5 5.15 2.2 2.95
χ nonhyp 2.4 1.2 1.2 2.8 1.45 1.35 3.05 1.55 1.5 4.95 2.15 2.8
t-statistic 0.1738 -0.3121 0.4595 -0.0741 -0.4088 0.2038 0.4204 0.7457 0 -0.3012 -0.1151 -0.3266
p-value 0.863 0.757 0.648 0.941 0.685 0.84 0.677 0.46 1 0.765 0.909 0.746

Age Category (years)

60–64 65–69 70–74 over 75

Statistics # of 
levels

IVD 
levels

Facet 
levels

# of 
levels

IVD 
levels

Facet 
levels

# of 
levels

IVD 
levels

Facet 
levels

# of 
levels

IVD 
levels

Facet 
levels

χ hyp* 4.25 1.75 2.5 5.8 2.25 3.55 6.9 2.7 4.2 7.15 2.65 4.5
χ nonhyp 5.9 2.45 3.45 5.45 2.2 3.25 7.7 3.05 4.65 8.15 3.3 4.85
t-statistic -2.4139 -1.9553 -1.9975 0.4537 0.1111 0.5828 -1.4356 -0.9358 -1.2695 1.9015 1.7786 1.2147
p-value 0.021 0.058 0.053 0.653 0.912 0.563 0.159 0.355 0.212 0.065 0.083 0.232
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