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Abstract

Purpose This article aims at presenting a scale that,
through the analysis of MRI images, clearly charts the
various degenerative stages of the cervical spine and
establishes its biological age. We have created this scale by
summing together various scores linked to a selection of
parameters according to which MRI images are analyzed.
Method We examined 423 cervical spine MRI scans,
belonging to patients who had been admitted to the Med-
ical Imaging Service of the Military Hospital of Rome
between January 2010 and July 2011. We selected 6
parameters for the analysis of the MRI scans of the cervical
spine: (1) the degeneration of the intervertebral discs, (2)
the degeneration of the yellow ligaments, (3) the degen-
eration of the vertebral bodies, (4) the possible presence of
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spondylolistheses, (5) the presence or absence of foraminal
stenosis, and (6) the diameter of the spinal canal. We
assigned to each parameter a score system based on a
graduated scale. The cervical spine physiological age can
be determined by summing up the scores obtained for each
parameter.

Results We submitted the data obtained from the study to
a statistical enquiry. The results of the enquiry confirmed
the suitability of the parameters selected for the evaluation
of the aging process of the cervical spine.

Conclusions The effectiveness of the various treatments
for cervical spine degenerative disorders is influenced by the
overall anatomical conditions of the cervical spine. Up until
now there has been no objective criterion for the evaluation
of these anatomical conditions. We believe that this scale
will be a useful tool to homogenize retrospective studies and
to correctly set up prospective studies on the degenerative
conditions of the cervical spine and relative treatments.

Keywords Biological aging - Cervical spine - Spinal
disease - MRI - Intervertebral disc - Myelopathy

Introduction

Many scientific papers [1-4] have shown that degenerative
cervical spine disorders are closely linked to aging. Life-
style, hereditary factors, posture, sports, and work-related
activities can, however, influence the course of degenera-
tive disorders [5—7]; moreover, in a number of cases, the
cervical spine biological age does not match the person’s
chronological age. In short, aging of the spine appears to be
a complex and inhomogeneous process.

In our daily clinical practice, it is not unusual to find
individuals whose cervical spine scans show a much
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different result than what would normally be expected
taking into account the subjects’ chronological age
(Fig. 1). In the literature, so far, there are no tools to
measure the degree of degeneration of the cervical spine.
A scale such as the one presented in this article might
prove essential to standardize studies on degenerative
pathologies and relative treatments. So far such stan-
dardization has not been possible. There is a distinct lack
of homogeneity in treatment guidelines, so much so that
selection of appropriate treatment is often wholly lead by
the preference of the physician; moreover, population
samples in clinical studies have been formed mainly
according to chronological age [8-11]. As previously
mentioned, our study shows that chronological age alone
is not a comprehensive and satisfactory parameter when it
comes to researching degenerative disorders of the cer-
vical spine.

The decision on whether a patient should be treated
surgically or otherwise, and, in the case of surgery, on
which type of intervention should be carried out, is taken
on the basis of many parameters, such as medical history,
the general and neurological conditions of the patient, the
presence of osteoporosis and/or osteopenia, as well as the
presence or absence of clear signs of myeloradicular
compression caused by degenerative pathology of the
spine. Given such premise, it is, however, necessary to
recognize that the general condition of the cervical spine is
an element that influences the effectiveness of treatments
and since such condition can greatly vary from person to
person even within the same age group, it is not accurate
nor helpful to carry out studies that compare tout court
groups of patients homogeneous only because sharing the
same age range.

This article aims at presenting a scale for the analysis of
MRI images that, by clearly charting the various degen-
erative stages of the cervical spine, can establish with
precision the overall state of degeneration of any given
cervical spine, or as we prefer to call it, the spine’s bio-
logical age. The evaluation system created complies with

the following requirements: objectivity, comparability, and
replicability.

The cervical spine biological age is determined by
summing together various scores linked to a selection of
parameters according to which MRI images are analyzed.

Materials and methods

For this article, we have examined the MRI scans of the cer-
vical spine belonging to all the patients who were admitted to
the Medical Imaging Service of the Military Hospital of Rome
between January 2010 and July 2011, for a total of 508 scans.
The exclusion criteria applied to this sample were:

Patients aged under 20,

MRI scans performed due to recent trauma to the spine,
MRI scans performed due to neoplastic growths,

MRI scans performed after surgery to the cervical tract,
and

e MRI scans performed due to inflammatory/infectious
diseases of the cervical tract.

Following these criteria, our sample was narrowed down
to 423 scans.

The MRI scans were performed using a 2010 Release
2.1.5.5 Philips Achieva with gradients between 33 mT/m
and 1 slew rate of 150 T/ms; T1 SE sagittal sequences with
400 ms repetition time (TR), 7.4 ms echo time (TE), 90°
flip angle with a thickness of 3 mm and 3. 43" scanning
time as well as T2 FFE sagittal sequences with 3500 ms
TR, 120 ms TE, 90° flip angle with a 3 mm thickness and
3. 44" scanning time; axial sequences on T2 FFE 3D,
50 ms TR, 12 ms TE, 7° flip angle, 0.5 mm thickness, 3’
scanning time.

For our study, all images were re-elaborated with Osirix
software.

The scans were reviewed by two independent teams.
Each team included a neuroradiologist with over 15 years
of experience, a senior neurosurgeon with over 15 years of

Fig. 1 a MRI of a 46 years old man and b MRI of an 80 years old man: it seems the opposite

@ Springer



Eur Spine J (2015) 24:2763-2770

2765

experience in the field of cervical spine and a junior neu-
rosurgeon with less than 15 years of experience.

On the grounds of literature and of our experience, we
selected six parameters by which to analyze the sample
MRI scans. We assigned to each parameter a score system
based on a graduated scale. The cervical spine biological
age could then be determined by summing up the scores
obtained for each parameter.

The following six parameters were:

The degeneration of intervertebral discs,

The degeneration of yellow ligaments,

The degeneration of vertebral bodies,

The possible presence of spondylolistheses,

The presence or absence of foraminal stenosis, and
The diameter of the spinal canal.

N

All these factors were evaluated through the use of
graduated ordinal scales with incremental scores, whereby
each score denoted the state of one of the selected elements
as it appeared on the MRI image. Each of these factors was
analyzed per single subaxial cervical spine level (C2-D1)
as extensively shown by Table 1.

Results
Statistical analysis

Initially, the results obtained by the two examining teams
underwent the Pearson’s test to assess inter-operator
dependency: the correlation coefficient equal to 0.891%*
showed that this scale is not dependent on the operator’s
subjective view.

We then submitted the data obtained from the study to a
statistical enquiry with SPSS v. 18 software.

We first carried out a descriptive statistics analysis; the
results of which are displayed in Table 2.

The following variables were added to the six parame-
ters selected:

e Scale total (sum of the individual scores per parameter),
e Chronological age of the subject of the MRI scan,
e The difference between these last two variables.

As it is easily deduced from the table, the average value
and standard deviation (SD) of the two variables scale total
and chronological age is very similar, indicating a signifi-
cant super imposability of the two diagrams. The difference
of the averages between these two variables is below one
point (N = 423, m = —0.929), while the SD of the dif-
ference is once again similar to the SD of the two variables,
thus indicating similarity between the dispersion indexes.
The Compare Means Test confirmed this observation.

Table 1 The scale

Biological age scale
(A) Disc (C2-D1 = 6)

Normal disc (isointense to CSF on T2-
weighted MR images)

Dehydrated disc (hypointense to CSF on T2-

weighted MR images)
Black disc

Disc material extrusion and/or anterior and/or

posterior osteophytosis
Presence of osteophytic bridges
(B) Ligaments (C2-D1 = 6)

Normal

Hypertrophic/with calcification

Leaving posterior impression on the canal
(C) Vertebral bodies (C2-C7 = 6)

Normointense
Signal alterations (T1 and/or T2)
Presence of Modic changes

(D) Segmental alignment (C2-D1 = 6)

Normal
Misaligned
(E) Connecting foramina (C2-D1 = 12)

Normal
Presenting stenosis

(F) Diameter of the canal of the worst level

Normal

Less than 25 %
Between 25 and 50 %
Between 50 and 75 %
Over 75 %

Hyperintense spinal chord at one level

Hyperintense spinal chord over several levels

Spinal chord atrophy
Total

Scores between 6
and 30

5

Scores between 6
and 18

1
2
3

Scores between 6
and 18

1
2
3

Scores between 6
and 12

1
2

Scores between 0
and 12

0
1

Scores between 1
and 8

[l e Y R S

Scores between 25
and 98

We then carried out on the sample two types of infer-
ential statistics study: Pearson’s product-moment correla-
tion coefficient (Table 3) and Factor analysis (Table 4).

The Pearson’s product-moment correlation coefficient

between the variables, ‘chronological age’ and ‘scale total’,
was found to be statistically high (r = 0.726, p < 0.01); as
was also the case for all the other scale parameters used as
variables, since they too presented a significant positive
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Table 2 Descriptive statistics analysis results

N Minimum Maximum Mean SD
Interv. disc 423 6.00 29.00 16.5768  4.19525
L. Flavum 423 6.00 18.00 10.0473  3.06759
Soma 423 6.00 17.00 9.1844  2.78010
Listhesis 423 6.00 13.00 6.5768  0.99674
Foramina 423 0.00 10.00 2.6927 2.32850
Canal diameter 423 1.00 8.00 2.2411 1.11793
Total scores 423 26.00 86.00 473191 11.39031
Age 423 16.00 90.00 48.2482  12.94748
Variance(age/ 423 —29.00 27.00 — 9.12653
tot) 0.9291
Valid N (list 423

wise)

correlation with the chronological age of the sample sub-
jects (p < 0.01).

We then submitted the sample to a Factor analysis
(Table 4): a single statistical factor (Fig. 2) was able to
determine, in our sample, 56.26 % of variance in the scores
obtained using the scale. We hypothesized this factor to be

aging.

Discussion

To create our scale we used parameters suggested by the
relevant literature on the subject. We examined age in
correlation with the following anatomical structures of the
cervical spine:

1.

Score of 1.

Score of 2.
Score of 3.

@ Springer

Vertebral bodies. In 1988, Modic et al. [12]
published the renowned work on MRI scans
showing the degeneration of vertebral bodies’
bone marrow and of the adjacent endplates.
From then on numerous studies were carried
out on the subject. We have simplified the
analysis of the degeneration of vertebral
bodies using a scale with only three base
measuring units or degrees:

Absence of non-homogeneity of signal on T1
and T2-weighed images of the vertebral body.
Presence of non-homogeneity.

Presence of any kind of degeneration classi-
fied according to the Modic scale.
Intervertebral discs. The progressive disc
degeneration caused by aging can easily be
verified by MRI scan examination. In 2001,
Pfirrmann proposed a measuring system for
lumbar disc degeneration [13]. For the cervi-
cal spine we adopted a similar system with
five base measuring units or degrees:

Score of 1.

Score of 2.
Score of 3.
Score of 4.
Score of 5.

Disc that is hyper or isointense to the
cerebrospinal fluid (CSF) on T2-weighted
MR images.

Hypointense disc.

Black disc.

Protruded or extruded disc from any side.
Absence of disc space/presence of osteophytic
bridges between vertebrae.

Intervertebral ligaments. The degeneration of
the ligaments is due to changes in the collagen
fibers and in calcium content. Numerous
articles [14—17] highlight how, with aging,
the cervical spine ligaments present a marked
tendency toward calcification, in particular
toward OPLL (ossification of the posterior
longitudinal ligament). We have selected the
degeneration of the posterior ligamentous
complex (yellow ligament/interspinous liga-
ment), while discounting the remaining liga-
mentous compartment as it was already
included in other parameters (disc, interver-
tebral foramina, presence of spondylolisthesis,
and canal). For this parameter, we established
three base measuring units or degrees of
progressive degeneration: healthy (score of 1),
calcified (score of 2), and projecting into the
canal (score of 3).

Intervertebral foramina. We can evaluate the
degenerative process of the zygapophysial
joints and the facet joints by examining the
deterioration of connecting foramina [18]. To
achieve this, we used the axial sequences for
the vertebral bodies studied and the T2-
weighed sagittal sequences. On the levels that
were not clear, we used 2D reconstruction
with Osirix software, thus obtaining the
images of the foramina on an orthogonal
plane compared to the axis of the foramen in
consideration [19]. For each foramen, we
established the following base measuring
units or degrees: score of O if healthy, score
of 1 if it presented any form of deterioration
[20].

Spinal Canal. The degenerative processes of
the spine caused by aging provoke a progres-
sive narrowing of the spinal canal with
myelopathic signal manifestations in MRI
scans [21, 22]. For this reason, we included
a parameter to evaluate the AP diameter at the
worst level. We adopted the following scale
system:

Score of 1. Normal diameter.
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Table 3 Pearson’s correlation between criteria
Int. disk L. Flavum  Soma Listhesis ~ Foramina  Canal diameter = Total scores  Age Variance
(age/tot)
Int. disk
Pearson’s 1 0.616%* 0.539%*  (.444%* 0.677%* 0.486%* 0.8917%* 0.644%* 0.199%*
correlation
Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
N 423 423 423 423 423 423 423 423 423
L. Flavum
Pearson’s 0.616%* 1 0.518**  (.347%* 0.558%#* 0.4197%* 0.8087%* 0.605%* 0.150%*
correlation
Sig. (2-tailed)  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002
N 423 423 423 423 423 423 423 423 423
Soma
Pearson’s 0.539*%*  (0.518%** 1 0.3487%* 0.5127% 0.258% 0.7427% 0.549%* 0.147%%*
correlation
Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002
N 423 423 423 423 423 423 423 423 423
Listhesis
Pearson’s 0.444%%  (.347%** 0.348** ] 0.44 1% 0.355%: 0.554% 0.412%* 0.108(*)
correlation
Sig. (2-tailed)  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.027
N 423 423 423 423 423 423 423 423 423
Foramina
Pearson’s 0.677**  0.558%* 0.512%%  0.441%* 1 0.5007%* 0.8177%* 0.574%* 0.205%*
correlation
Sig. (2-tailed)  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
N 423 423 423 423 423 423 423 423 423
Canal Diameter
Pearson’s 0.486**  0.419%* 0.258**  (.355%* 0.5007%* 1 0.586% 0.390%* 0.178%*
correlation
Sig. (2-tailed)  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
N 423 423 423 423 423 423 423 423 423
Total score
Pearson’s 0.891**  0.808** 0.742%*  0.554** 0.817%** 0.586%** 1 0.726** 0.218%%*
correlation
Sig. (2-tailed)  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
N 423 423 423 423 423 423 423 423 423
Age
Pearson’s 0.644**  0.605%* 0.549*%*  0.412%* 0.574%%* 0.390%* 0.726%** 1 —0.513**
correlation
Sig. (2-tailed)  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
N 423 423 423 423 423 423 423 423 423
Variance (Age/Tot)
Pearson’s 0.199**  0.150%* 0.147**  0.108* 0.205%* 0.178%* 0.218%%* —0.513**% 1
correlation
Sig. (2-tailed)  0.000 0.002 0.002 0.027 0.000 0.000 0.000 0.000
N 423 423 423 423 423 423 423 423 423
Asterisks indicate significant correlations
Score of 2.  Reduction up to 25 % compared Score of 4. Reduction between 50 and 75 %.
to a normal adjacent space. Score of 5. Reduction above 75 %.
Score of 3.  Reduction between 25 and 50 %.
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Table 4 Factor analysis

Component  Initial eigenvalues

Extraction sums of squared loadings

Total

% of variance

Cumulative % Total % of variance Cumulative %

3.376
0.767
0.679
0.442
0.424
0.313

56.262
12.778
11.310
7.371
7.061
5.218

A LN AW N =

56.262
69.041
80.350
87.721
94.782
100.000

3376  56.262 56.262

Scree Plot

Eigenvalue
N
)

T [ ] T T T T
1 2 3 4 5 6
Component Number

Fig. 2 A single statistical factor was able to determine, in our
sample, 56.26 % of variance in the scores obtained using the scale

Score of 6. Presence of myelopathic signal
on T2 at single level.

Score of 7. Presence of myelopathic signal
over more levels.

Score of 8. Presence of spinal cord atrophy.

The last three degrees do not refer to the diameter of the
spinal canal, but to pathologies of the spinal cord that occur
in very serious anatomical conditions; in these instances,
the walls of the spinal canal no longer represent the ele-
ment that contains and protects the spinal cord, but they
actually become the cause for pathologies of the nervous
tissue.

6. Alignment or misalignment between two vertebrae.
Degenerative spondylolistheses, which has long been
known in the lumbar region, has been studied at
cervical level only since 1986 [23]. Its presence
increases with aging and it has been found to be high
in people over 50 [24]. This is why we chose to include
this parameter in our scale by simply acknowledging
its absence (score of 0) or presence (score of 1) for
each vertebral unit under consideration.

We have not included osteoporosis among the parame-
ters under observation, even though it is an element that

@ Springer

needs to always be kept in mind for the selection of
treatment for the spine, because osteoporosis represents a
very clear pathology of the bone, which is not derived from
the degenerative process [25-27].

The results of the statistical analysis show that to eval-
uate the cervical spine aging process, the choice of the
aforementioned parameters has been correct. Since the
degeneration caused by aging is not in itself a pathology
but an unavoidable physiological occurrence for everyone
without exception, whether symptoms are present or not
[28], we did not consider it necessary to gather data from a
“healthy” sample. Any spine expert is aware that the
radiological appearance of the spine does not always cor-
relate with the clinical picture; thus, a patient with spine
degeneration may not show any symptoms and, therefore,
not require treatment.

The effectiveness of the various medical, physiatrical,
and surgical treatments for cervical spine degenerative
disorders is influenced by the overall anatomical conditions
of the cervical spine. Up until now there has been no
objective criterion for the evaluation of these conditions.
Moreover, as already stated, the aging processes of the
spine are not always homogeneous per age band. These
factors contribute to the extreme difficulty in achieving any
sort of objective comparison among therapeutic strategies.
We believe that this scale will be useful to homogenize
retrospective studies and to correctly set up prospective
studies on the degenerative disorders of the cervical spine
and the relative treatments; it is effective and simple tool
for the objective classification and staging of degenerative
processes and for the measurement of the cervical spine’s
biological age; our team has been using it for over a year
and found it extremely helpful to determine the appropriate
therapy for each patient. In fact, recently, we have begun a
prospective study on the choice, in relation to patients’ age,
of either the artificial disc or the cage as prosthesis during
anterior surgery of myeloradiculopathy caused by disk
herniation or by cervical spondylosis. This study involves
two groups of patients. The choice of prosthesis for the first
group will rely solely on the subjects’ chronological age,
which is currently common practice; while for the other
group, the choice will be based on the spine’s biological
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age, calculated according to our scale. Early data shows
that all the patients who were given a disc prosthesis
having scored 50 or below on our scale, irrespective of
their actual age, even after two years have had no signs of
prosthesis’ fusion and the consequent lessening of mobil-
ity; whereas the only two patients who were given an
artificial disk because younger than 50 years old, but
whose score was above 50, both showed an early prosthesis
fusion process.

In conclusion, our work means to contribute, through
a statistical model, to the standardization and simplifi-
cation of the complex phenomenon that is cervical spine
aging, and thus it offers a tool for the greater homoge-
nization of studies concerning the treatments of pathol-
ogies linked to spinal degeneration. The sample we
chose to build the scale from is statistically sufficient
[29, 30]; however, the topic we chose is so varied, vast,
and complex that it certainly deserves a larger sample as
well as a different approach to the research. In conclu-
sion, we consider ours a pilot study that may lead to a
larger multicenter study.
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