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Abstract

Purpose Aim of this study is to compare late degenerative
MRI changes in a subset of patients operated on with
ACDF to a second subset of patients presenting indication
to ACDF but never operated on.

Methods Patients from both subgroups received surgical
indication according to the same criteria. Both subgroups
underwent a cervical spine MRI in 2004-2005 and
10 years later in 2015. These MRI scans were retrospec-
tively evaluated with a cervical spine ageing scale.
Results Comparing the two subset of patients both suf-
fering from clinically relevant single-level disease returns
no statistically significant difference in the degenerative
condition of posterior ligaments, presence of degenerative
spondylolisthesis, foraminal stenosis, diameter of the spinal
canal, Modic alteration, and intervertebral discs degener-
ation at 10-year follow-up.
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Conclusions The adjacent segment degeneration repre-
sents, in the present cohort, a result of the natural history of
cervical spondylosis rather than a consequence of fusion.
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Abbreviations
ACDF  Anterior cervical discectomy and fusion
CS Cervical spine

C-SDD  Cervical spine degenerative disease
C-DDD Cervical degenerative disc disease
ASD Adjacent segment degeneration
FSU Functional spinal unit

MRI Magnetic resonance imaging
Introduction

Background and rationale

Cervical spondylosis appears as an elusive entity since it is
strictly related to physiological phenomena: the develop-
ment of degenerative changes in the ageing spine [1, 2].
Many papers in literature compare radiological and clinical
results of different treatments; however, many of these
papers lack a rigorous methodology and thus conclusions
suffer from major bias. In a previous work, we proposed a
new evaluation score of the degenerative changes in the
cervical spine (CS) linked with ageing [3], capable of
standardizing populations for research in CS surgery. On
the ground of this scale, we retrospectively investigated a
rigorously standardized population of patients suffering
from cervical spine degenerative disease (C-SDD), com-
paring a subset of patients who underwent fusion surgery
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(ACDF) versus a non-surgical subset of patients in search
of remarks about one of the major concerns in CS surgery:
the adjacent segment degeneration (ASD).

Objectives

Aim of this paper is to investigate the long-term effects
of fusion on the elements composing the functional
spinal unit (FSU) and its adjacent levels (one and two
FSUs above and below), in order to describe what really
occurs to the CS after fusion surgery over a span of
10 years.

Materials and methods
Study design and setting

The final cohort is composed of 71 patients suffering from
single-level cervical degenerative disc disease (C-DDD),
surgically treated or listed for surgical treatment between
January 2004 and December 2005, at the Neurosurgical
Divisions of Rome Army Hospital “Celio” and
“Sant’ Andrea” University Hospitals of “Sapienza”.

Participants and eligibility

All the patients included in the final cohort were diag-
nosed with a single-level C-DDD with a 1.5-T MRI scan
with Tlw and T2w axial and sagittal without
gadolinium.

In relation to clinical history and neurological findings,
all these C-DDD were referred to surgical treatment. Sur-
gical indication criteria used at that time were:

1. Signs of cervical myelopathy and/or radiculopathy,

2. Symptoms of pain in the neck and radiating to the
upper limbs, refractory to conservative treatment and
severely disabling lasting more than 2 months.

All the patients included suffered from a single-level
pathology. We selected the patients in order to minimize
the influence of sagittal balance, age, sex, and level
involved as follows:

1. Sagittal cervical balance was evaluated with the aid of
Risser—Ferguson method. In the final cohort were
included only patients with a value of such angle
between 10° and 15°. We preferred to consider sagittal
alignment evaluated according to Risser—Ferguson
method to the evaluation of the intervertebral angles
because of its demonstrated effect on degeneration of
the whole cervical spine (as widely expressed in
discussion paragraph). Furthermore, intervertebral
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angles, considered as a “segmental alignment”, appear
to be the expression of the degenerative conditions of a
single intervertebral disc, rather than an anatomical
“native” condition [3].

2. All the patients included in the final cohort were
between 45 and 60 years old. As previously demon-
strated [3], chronological age is not necessary related
to biological ageing of the CS.

3. All the patients included in the final cohort suffered
from a C5-C6 FSU disease.

4. In order to minimize the influence of the individual
differences in C5-C6 FSU degeneration, according to
the previously mentioned score we included only
patients with intervertebral discs scored at least 4 and
with a cumulative C5-C6 FSU score between 9 and 15
(Table 1).

The final cohort is composed of two subgroups. In the
first subgroup, patients underwent ACDF. Interbody fusion
was realized with PEEK cages. No plating was performed.
In first or second post-operative day, all the patients
underwent a standard CS X-Ray film to verify the proper
cage positioning. We still perform the first MRI scan at
30 days from surgery, exception done for cases in which a
surgical or neurological complication forces us to antici-
pate the scan.

The second subgroup was composed of patients suffer-
ing from single-level C5-C6 C-SDD with surgical indica-
tion to ACDF according to the same aforementioned
criteria. These patients due to several different reasons
(Fig. 1b) never underwent ACDF.

Patients from both subgroups met the following exclu-
sion criteria:

1. Other surgical procedure in cervical region.
Inflammatory, neoplastic, traumatic of the CS, and
spinal cord.

3. Unavailable or low-quality preoperative MRI, incom-
plete surgical or clinical records.

4. Patients operated on (in ACDF subgroup) presenting
surgical complication such as subsidence, misplace-
ment of the cage, pseudoarthrosis, and neurological
post-operative worsening.

5. Did not accept re-evaluation.

Further details are shown in Fig. 1. The final cohort was
never meant to be representative of the initial cohort,
because it derives from an intentional process of ultra-se-
lection of patients to enrol in the study. This strong
selection was guided by the rationale that all the con-
founding variables, such as age, level of surgery, sagittal
alignment, and surgical complications, had to be strictly
controlled because of their potential confounding impact
on the final radiological outcome of an ACDF surgery.
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eT\?alLl;t}OnSIs)::r;Teaﬁlegleiail S 1. Intervertebral discs (C2-T1 = 6) scores between 6 and 30
score) Normal disc (isointense to CSF on T2-weighted MR images) 1
Dehydrated disc (hypointense to CSF on T2-weighted MR images) 2
Black disc 3
Disc material extrusion and/or anterior and/or posterior osteophytosis 4
The presence of osteophytic bridges 5
2. Ligaments (C2-T1 = 6) scores between 6 and 18
Normal 1
Hypertrophic/with calcification 2
Leaving posterior impression on the canal 3
3. Vertebral bodies (C2—-C7 = 6) scores between 6 and 18
Normointense 1
Signal alterations (T1 and/or T2) 2
The presence of Modic changes 3
4. Segmental alignment (C2-T1 = 6) scores between 6 and 12
Normal 1
Misaligned 2
5. Connecting foramina (C2-T1 = 12) scores between 0 and 12
Normal 0
Presenting stenosis 1
6. Diameter of the canal of the worst level scores between 1 and 8
Normal 1
Less than 25% 2
Between 25 and 50% 3
Between 50 and 75% 4
Over 75% 5
Hyperintense spinal cord at one level 6
Hyperintense spinal cord over several levels 7
Spinal cord atrophy 8

Total scores between 25 and 98

Variables and data sources

Patients from both subgroups were contacted by phone to
undergo a standard CS 1.5-T MRI scan. To minimize the
influence of follow-up length, all the patients included in
the study received surgical indication and/or underwent
ACDF procedure in the period between January 2004 and
December 2005 and were re-evaluated between January
and December 2015. MRI scans were subsequently eval-
uated with the CS score [3].

This work is similar to our previous paper [3], and it is
of radiological evaluation of the degenerative changes in
the CS after ACDF. The CS score interrater bias when
analysing the MRI images has been assessed in the previ-
ous study [3]: it was as high as .891 and extremely sig-
nificant from a statistical point of view. This is a
radiological study, and therefore, clinical data are inten-
tionally missing, exception done for what previously
mentioned. In order to avoid any kind of bias, the authors,
never consulted the clinical records of 10 years ago, and

consequently, were completely blind towards the neuro-
logical outcomes of the patients. When we gathered the
first database we believed that is an effect of fusion sur-
gery, yet we found no difference between operated and
non-operated patients. Therefore, the final database is
unspoiled from any bias in data collection or prejudice.

Statistical methods, missing data, and potential
sources of bias

The study size is given by selection of the inclusion criteria.
As previously stated, we addressed no missing data since
incomplete records were exclusion criteria. On the post hoc
estimated power tests, the size of the sample was found to be
excellent (1—p) = .912 (for « .05, effect size .8).

As previously mentioned, we included an analysis of the
interobserver correlation as high as .891 in the previous
study [3]. In order to assess the reliability of the CS score,
we analysed the scores collected from all the different
researchers and submitted to a Cronbach’s alpha reliability
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Fig. 1 a flow chart depicting
the details of the exclusion a
criteria, b details of the non-
surgical cohort
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analysis that returned an interobserver correlation as high
as .794, confirming once again, as in our previous study
[3], that CS score is stable and no coarse interobserver bias
is expected.

Statistical methods

The entire cohort was analysed with SPSS version 18.
ANOVA analysis was used to compare means of the FSUs
scores between the subgroups. Paired samples 7-tests were
used to compare means of scores between first and follow-
up MRI scans, bivariate correlation was used for continu-
ous variables (according to Pearson method), and univari-
ate ANOVA and repeated measures ANOVA were used to
compare means between the two subgroups and between
first MRI scan and follow-up.

Ethical and legal issues

All the patients of the surgical subgroup expressed con-
sent to the surgical procedure after appropriate informa-
tion. All the patients gave informed explicit consent to
undergo the follow-up MRI; before performing the MRI
they were elucidated about the purpose of the study. The
local ethic committees of our institutions had a favourable
pronunciation about ethical issues of the study because of
its retrospective nature, because no treatment-randomiza-
tion was performed, and because MRI is of no harm
towards the individuals included in the final cohort.
Moreover, data reported have been completely anon-
ymized. This study is perfectly consistent, in any of its
aspect, with  WMA Helsinki Declaration of Human
Rights.

The platform of study protocol approval relied on the
following considerations:

1. MRI scans do not deviate from current normally
accepted clinical practice about radiological investiga-
tion for cervical spondylosis.

2. CS MRI scans were performed after written explicit
informed consent of all the patients included in the
final cohort.

3. CS MRI scans were performed for free, patients did
not undergo any additional fee, they were completely
informed about their radiological and neurological
conditions after any follow-up MRI scan, and they
were not exposed to any kind of biological or
psychological risks of harm.

4. All the patients received a clear benefit from a free
consultation from experienced spine surgeons after the
MRI scan.

5. The benefits for society and for future patients rely on
the purpose of the study, about gaining important

conclusions about the effectiveness of ACDF in
treating degenerative conditions of the cervical spine.

Results
Participants

In the period between January 2004 and December 2005, a
total of 70 ACDF surgeries were performed at Rome Army
Hospital “Celio” and “Sant’Andrea” University Hospital.
Among these patients, 33 were included in the final cohort.
In the same period, in the outpatient services of the same
hospitals were evaluated a total of 118 patients suffering
from single-level C-SDD with indication to perform
ACDF. Among these patients, 38 were included in the final
cohort. All the details are shown in the flow chart (Fig. 1a,
b).

None of the 33 patients included in the final cohort have
been reoperated after first fusion at 10-year follow-up, and
none of the 38 patients of the non-surgical subgroup have
been operated during the 10-year follow-up between our
first evaluation and indication and the end of the 10 years.

Descriptive data

The final cohort was thus composed a total of 71 patients
divided into two subgroups of 33 and 38 patients, respec-
tively (ACDF vs. no surgery), which were contacted by
phone call, from 10 to 10.5 years later, during 2015, and
accepted to be re-evaluated with a CS MRI scan. Forty-one
patients were females and 30 males (average age
49.1 £ 3.64 years). 2004-2005’s and 2015’s CS MRI were
evaluated according to the same score [3] (Table 2).

Statistical inference: outcome data and main results

ACDF patients compared to non-surgical subgroup showed
no differences at follow-up for what intervertebral disc
degeneration is concerned. The overall sum of C2—-C7 disc
scores, C4—C5, C6-C7, C3—C4, and C7-T1 intervertebral
discs showed no statistical difference between the sub-
groups (ANOVA, respectively, p = .210, .836, .355, .058,
.329; Fig. 2a, b).

Ten years later, the surgical subgroup showed statisti-
cally significant lower scores in respect of non-surgical for
what concerns: posterior ligament complex score at C5—C6
(ANOVA p = .004), foraminal stenosis at C5-C6
(ANOVA p < .001), and vertebral canal diameter at C5—
C6 (ANOVA p < .001). These differences between the two
subgroups were not statistically significant evaluating the
scores of the first MRI scan, in 2005. These data outline the
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Table 2 Details of the final cohort

Total no. of patients 71
Sex

Women 41 (57.7%)

Men 30 (42.2%)
Age 49.1y £ 3.64
Descriptive statistics Mean SD
C5-C6—2015 4.6000 .50262
C6-C7—2004-2005 2.1500 1.18210
C6-C7—2015 3.1500 1.03999
C4-C5—2004-2005 2.2500 1.40955
C4-C5—2015 3.4000 94032
Ligament C5-C6 in 2004-2005 1.9500 .82558
Ligament C5-C6 in 2015 2.0000 .85840
Foramina C5-C6 in 2004-2005 1.5000 .60698
Foramina C5-C6 in 2015 1.1500 93330
Canal diameter 2004-2005 1.7500 1.40955
Canal diameter 2015 .8500 1.08942
Listhesis C5-C6 in 2004-2005 1.1500 .36635
Listhesis C5-C6 in 2015 1.1000 .30779
Total C5-C6 FSU in 2004-2005 12.1000 2.38195
Total C5-C6 FSU in 2015 11.9000 3.17722
Total C4-C5 FSU in 2004-2005 6.4000 2.28035
Total C4-C5 FSU in 2015 9.5500 3.01706
Total C6-~C7 FSU in 2004-2005 6.5500 2.30503
Total C6—~C7 FSU in 2015 9.1000 2.65370
Total C3—-C4 FSU in 2004-2005 5.7000 2.10513
Total C3-C4 FSU in 2015 7.3500 2.73909
Total C7-T1 FSU in 2004-2005 5.1875 2.04022
Total C7-T1 FSU in 2015 6.4375 2.44864
Sum of discs C7-T1 2004-2005 13.9500 3.05175
Sum of discs C7-T1 2015 19.2500 2.98901
Overall scores 2004-2005 40.5500 5.33583
Overall scores 2015 50.1500 8.43723

effectiveness of ACDF surgery in slowing the degenerative
cascade of the CS.

Sex did not affect significantly CS degeneration.

Paired samples T test outlined statistically significant
differences between the average scores of the following
variables in 2004-2005 versus follow-up: intervertebral
disc degeneration at C6—C7 (Mean—1.0 p < .001), at C4—
C5 (Mean—1.15 p < .001), overall score of the same FSUs
(respectively, Mean—3.15 p < .001 and—2.55 p < .001).
C4-C5 and C6—C7 had averagely higher scores in respect
of C3-C4 and C7-T1 at follow-up (respectively, Mean—
2.20 p = .006 and—2.67 p = .009), thus indicating that
not only the adjacent discs but the entire FSUs (upper and
lower) tend to acquire an higher quantity of degenerative
changes in respect of others.
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Fig. 2 ANOVA analysis showing no statistically significant differ-
ence between surgical versus non-surgical subgroup in degenerative
changes at 10-year follow-up for what concerns the intervertebral
discs of the level a C6—C7 and b C4-CS5. Note that the scores reported
on the left (“Y” axis) refer to the score of the C4-C5 and C5-C6
intervertebral discs only (see CS score in Table 1 for details about the
evaluation of the intervertebral discs)

C4-C5 and C6-C7 intervertebral discs degeneration
scores were found to be different only in ACDF group
(Paired samples T test p = .004), in our cohort the
adjacent space degeneration (present in both subgroups)
was most severe at the level above the non-functional
FSU in respect of the one below, while in non-surgical
subgroup this statistical significance was not present
(p = .106).

In this cohort, no treatment-related differences have
been outlined, at 10-year follow-up between C4-C5 and
C6-C7 as far as concerns spinal canal diameter (p = .652),
state of posterior ligaments (p = .074), Modic changes in
the soma (p = .658), the presence of foraminal stenosis
(p = .873).
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Ligaments, foramina, Modic changes in the soma, spinal
canal diameter, and as previously stated intervertebral discs
showed an obvious statistically significant different
degeneration between the first MRI and follow-up re-
evaluation consistently with our previous work.

As predictable on the ground of our previous study, age
is correlated both before and after 10 years with all the
investigated features. Moreover, C3-C4 to C7-T1 inter-
vertebral discs scores in 2004-2005 were correlated with
their conditions in 2015 (bivariate correlation r = .473;
p = .002) and same statistical interactions were revisable
for what the others features are concerned.

Other analyses

Univariate ANOVA analysis was performed, highlighting
no statistically significant difference among the two sub-
groups for what concerns C5-C6 versus C4-C5 and C6-C7
overall FSU score at follow-up (p = 484 and .732,
respectively). Similar results derived from C4-C5 versus
C6-C7, C4-CS5 versus C3—C4, C6—C7 versus C7-T1, C3—-
C4 versus C7-T1 overall FSU average scores comparison
(p = .379, .889, .094, .745, respectively). To sum up, in the
present cohort no evidence was found of increased
degeneration rate of ACDF patients if they are compared to
non-operated patients.

Repeated measures ANOVA was performed to outline
statistically relevant differences among the two subgroups
at 10 years for C4-C5, C6-C7, overall FSU scores out-
lining no significant differences between the subgroups
(p = .833, .927, .093). Nevertheless, the differences
between the aforementioned FSU anatomical components
were significant regardless if surgical treatment was per-
formed (p = .002, < .001, < .001; Fig. 3a, b).

Discussion

Cervical spondylosis is a common spine disorder, regarded
as the most common cause of myelopathy and radiculopathy
in the adult [1, 4]; its impact on quality of life can be extre-
mely variable [5], since many patients remain completely
asymptomatic despite major radiological findings.

Over the past 60 years, ACDF has gained wide accep-
tance among spine surgeons as the gold standard for the
treatment of CS degenerative disorders with a rate of relief
of myeloradiculopathic signs as high as 90% [6, 7].

As early enthusiasm concerning the favourable effects
of ACDF increased, so did the awareness of the main
complication of fusion surgery: the adjacent space degen-
eration (ASD). Hilibrand et al. [8] classified degeneration
of adjacent segments as “degeneration” and “disease”,
outlining the difference between a radiological and a
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Fig. 3 ANOVA repeated measures analysis showed statistically
significant difference between the overall FSU scores of a C6-C7
and b C4-C5, respectively, in 2004-2005 and 2015. No significant
treatment-related difference between the two subgroups was outlined;
the difference between 2004-2005 and 2015 evaluation was signif-
icant. Note that the scores reported on the left (“Y” axis) refer to the
score of the C4—C5 and C5-C6, not only the intervertebral discs but
the algebraic sum of the scores assigned to 1. the degeneration of
intervertebral discs, 2. the degeneration of yellow ligaments, 3. the
degeneration of vertebral bodies, 4. the possible presence of
spondylolisthesis, 5. the presence or absence of foraminal stenosis,
and 6. the diameter of the spinal canal. (a single FSU
score =1+2+3+4+ 5+ 6 for that level, see CS score in
Table 1 for details.) Estimated marginal means refer to the afore-
mentioned variables used for this analysis

clinical aspects of this syndrome since radiological changes
in CS do not necessarily correlate with a neurological
impairment [1, 4, 9].
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It is estimated that radiological ASD prevalence from 5
to 20 years after fusion surgery can be as high as 37.4%
while ASD syndrome’s prevalence amounts to 2.5-4.0%
[10]; the annual incidence is estimated 3—4% and to 25.6%
of cumulative incidence at 10 years [11, 12]. Most variable
factors have been advocated as causative of ASD, among
which: raised intradiscal pressure caused by adjacent
fusion [13], compensatory increase in range of motion of
levels adjacent to a previously fused one [14], C5-C6 and
C6—C7 levels [11], surgical effects on the anatomy of the
CS [15], sagittal alignment [15, 16], or even acidosis [10].

Key results and interpretation

The rationale behind the study design of the present paper
was to make “constant”, the vast majority of the previously
identified risk factors for ASD development. We gathered a
highly selected cohort of patients standardized according to
a previously published evaluation scale; age range was
reduced; for both surgical and non-surgical groups, follow-
up duration was fixed at 10 years.

Our idea was that ASD is an effect of fusion surgery, yet
we found no difference between operated and non-operated
patients. Instead, a significant difference in global degen-
erative conditions of the CS was notable between
2004-2005 and 2015 MRI scans for both groups, while a
higher degree of degenerative conditions in 2004-2005
predicted the worse degeneration in 2015 with no impact of
surgery.

Matsumoto et al. [17] compared a cohort of patients who
underwent ACDF to healthy controls. ACDF patients
showed a higher rate of disc degeneration, but this con-
clusion suffers from two major bias. The first is that ACDF
patients were averagely 6.2 years older than controls. The
second is that control group was made of healthy individ-
uals and therefore not comparable to patients suffering
from C-SDD and operated on.

To date, it is not clear whether degenerative changes at
the adjacent levels are effect of fusion, or the natural his-
tory of cervical spondylosis and no incontrovertible evi-
dence supporting “fusion theory” versus ‘“natural
progression theory” is currently available [1, 11, 18].

The data we obtained brought us to support the idea that
adjacent segments degenerate in response to other rules
than just increased biomechanical stress after fusion.

It is common to find that an entire FSU located within an
abnormal sagittal alignment (mostly C5-C6 and C6-C7)
suffers from a load that causes accelerated degeneration
[11, 19, 20]. In such conditions, intervertebral disc, over a
reduced span of years progressively fails in expressing its
“articular” function, becomes naturally fused and thus
reaches the endpoint of the CS degeneration cascade [21].
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In our samples, overall FSU score of C4-C5 and C6-C7
did not differ between subgroups, while in both subgroups
the same FSUs had a statistically significant higher degree
of degenerative changes in respect of C3—C4 and C7-T1.

According to these concepts, it is no longer a surprise
that arthroplasty failed in many trials in demonstrating its
superiority in respect of ACDF for both clinical and radi-
ological ASD incidence [1, 10, 22, 23]. Consistently,
Lunsford reported an annual incidence of 2.5% of new
ASD after anterior cervical discectomy without differences
between ACDF and simple discectomy patients [24].
Moreover, Goffin [19] reported a lower incidence of ASD
in the subgroup of young patients undergoing ACDF due to
CS trauma in respect of patients suffering from C-SDD.

Limitations and generalizability

The main limitation of this study lies in the exiguity of the
sample. Though a great effort has been made towards a
rigorous methodology in patients eligibility, conclusions
may suffer from underrepresentation bias. However, the
impact of many factors has been completely excluded.
Moreover, with the aid of the evaluation score, CS
degenerative  conditions  have  been  rigorously
homogenized.

Conclusions

Comparing a subset of ACDF to a subset of non-operated
but surgically indicated patients suffering from single-level
C-DDD returns no statistically significant difference in the
degenerative conditions of the CS degeneration at 10-year
follow-up. According to our data, ASD is a part of the
natural history of cervical spondylosis rather than a com-
plication of ACDF.
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