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Objective. To study the effect of arthroplasty and anterior interbody fusion in the cervical spine on degenerative changes in the adjacent 

intervertebral joints.

Material and Methods. A retrospective cohort study included 46 patients (22 with cervical total disc arthroplasy – CTDA, and 24 with an-

terior cervical discectomy and fusion – ACDF) with symptoms of cervical spondylogenic compression myelopathy and/or radiculopathy. 

The degree of degeneration of facet joints adjacent to the operated segments was evaluated 12 months after surgical treatment. Degenera-

tive changes in the cervical spine were assessed using CT according to the Okamoto classification. Vidar Dicom Viewer 3.2 software was 

used to view images and evaluate intervertebral joints. Statistical processing was performed using IBM SPSS Statistics 23. Data were 

presented as median and 25th and 75th percentiles – Me [Q1; Q3].

Results. The mean age of patients in both groups was 47 [39; 52] years (Mann – Whitney U-test, p = 0.047). In the ACDF group it was 

48 [42; 55] years and in the CTDA group – 42 [36; 52] years. Comparison of degenerative changes in the ACDF group before and after 

treatment (Wilcoxon analysis) showed a statistically significant difference in the cranial (p = 0.023), and  caudal (p = 0.001) joints, with 

the progression of degeneration degree. In the CTDA group, no difference between pre- and post-treatment degeneration degree (Wil-

coxon analysis) was found in either cranial joints (p = 0.157) or caudal joints (p = 0.161).

Conclusion. Surgeries to stabilize spinal segments in degenerative diseases undeniably affect the development of the adjacent level syn-

drome. However, the use of endoprosthetic technology makes it possible to aggravate the degree of degenerative changes in the interver-

tebral joints of adjacent segments to a lesser extent.

Key Words: spondyloarthrosis classification, facet joint, cervical arthroplasty, anterior cervical interbody fusion, ACDF, CTDA.

Please cite this paper as: Eliseev AS, Bokov AE, Mlyavykh SG.  Degenerative changes in the intervertebral joints of the cervical spine after anterior interbody 

fusion and intervertebral disc arthroplasty. Khirurgia Pozvonochnika (Russian Journal of Spine Surgery). 2023;20(3):72–78. In Russian.

DOI: http://dx.doi.org/10.14531/ss2023.3.72-78.

Degenerative changes  
in the intervertebral joints of the cervical 

spine after anterior interbody fusion  
and intervertebral disc arthroplasty

A.S. Eliseev1, A.E. Bokov1, S.G. Mlyavykh1, 2

1Privolzhsky Research Medical University, Nizhny Novgorod, Russia 
2JSC Ilyinskaya Hospital, Glukhovo, Russia

An adjacent-level syndrome is one of 
the reasons for the repeated surgery in 
patients who underwent anterior cer-
vical discectomy and fusion (ACDF). 
This is a degenerative disease of the seg-
ment adjacent to previously fixed spinal 
motion segment (adjacent segment di-
sease – ASD). It is manifested by neck 
pain, possible radiculopathy and/or 
myelopathy, and a pronounced com-
pression of neural structures [1, 2]. 

The etiology of the adjacent seg-
ment disease is  multivariate and 
includes age and gender of patients, as 
well as the presence of natural degen-
erative changes in the intervertebral 
disc, the type of fixation of the adja-
cent segment with dynamic or rigid 

implants, the extension of spinal fusion, 
the presence of a fixing plate, and the 
effect of radiological parameters of 
the cervical spine balance [3–7]. It is 
known that the frequency of repeated 
surgeries for adjacent segment disease 
after endoprosthetics (arthroplasty) of 
the intervertebral disc of the cervical 
spine (cervical total disc arthroplas-
ty – CTDA) is less than after discec-
tomy with spinal fusion [3, 4, 8, 9]. It 
should be noted that published papers 
paid insufficient attention to the grade 
of degenerative changes in the inter-
vertebral joints that may differ from 
the grade of degeneration of the inter-
vertebral disc, affect the mobility of the 

segment and be the reason of pain [10, 
11].

Intervertebral joints have been identi-
fied as a possible source of neck pain [12, 
13]. However, the assessment of degen-
eration of facet joints is not widespread 
in clinical practice due to the lack of a 
significant correlation with the sever-
ity of symptoms of radiculopathy and 
myelopathy, as well as due to the lack 
of a generally accepted classification 
of changes. Nevertheless, morpho-
metric parameters of intervertebral 
joints can show changes before the 
manifestation of clinically significant 
symptoms. Thus, we have decided to 
conduct a study to compare degen-
erative changes in the intervertebral 
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(facet) joints after performing CTDA 
and ACDF according to the Okamoto 
classification [10]. The classification 
features lie in its ease of application, 
since it is based on CT identification 
of the cervical spine according to 
explicitly prescribed evaluation cri-
teria. The classification showed good 
consistency of application among 
spinal neurosurgeons [10].

The objective is to analyze the 
effect of arthroplasty and anterior 
interbody fusion in the cervical spine 
on degenerative changes in the adja-
cent intervertebral joints.

Material and Methods

The study comprised 46 patients with 
cervical spondylogenic compression 
myelopathy and/or radiculopathy (22 
underwent CTDA and 24 – ACDF). 
Surgery on one or two spinal motion 
segments was performed in patients 
with degenerative diseases of the cer-
vical spine, with clinical manifesta-
tions of cervical myelopathy and/or 
radiculopathy who had no results 
after non-surgical treatment for at 
least 6 weeks. The grade of facet joint 
degeneration adjacent to the operat-
ed segment was assessed 12 months 
after surgery. 

According to the Okamoto classi-
fication, degenerative changes of the 
cervical spine were assessed using CT 
of the spine [10]. There are 6 grades, 
yet the authors classify the latter 
into two subtypes: 5A and 5B, since 
the last stage of degeneration of the 
intervertebral joint may result in 
both instability and stabilization via 
ankylosis. The Vidar Dicom Viewer 
3.2 software was used to view images 
and assess intervertebral joints. 

Stat ist ical  processing was per-
formed using IBM SPSS Statistics 23. 
The data were presented as the medi-
an of both the 25th and 75th per-
centiles, Me [Q1; Q3]. Shapiro – Wilk 
test was used to evaluate the distri-
bution of the samples; nonparamet-
ric analysis test (Mann – Whitney U 
test, Wilcoxon signed-rank test) were 
used for distribution other than normal 

(p ≤ 0.017). The null hypothesis was not 
discarded at p ≥ 0.05. 

Results

The mean age of patients in both groups 
was 47 [39; 52] years (Mann-Whitney U 
test; p = 0.047). It was 48 [42; 55] years 
in the ACDF group and 42 [36; 52] years 
in the CTDA group. 

The diagrams present data on the 
severity of degenerative changes in the 
intervertebral joints of the cranial and 
caudal adjacent segments (Fig. 1–4). 
There were no patients with grade 4 
degeneration of the intervertebral joints. 
Grade 5A degeneration was registered in 
one case.

There was no statistical difference in 
the grade of degeneration between ACDF 
and CTDA groups (Mann – Whitney U 
test) before surgery in both cranial facet 
joints (p = 0.297) and caudal ones (p = 
0.585).

A comparison of degenerative chang-
es in the ACDF group before and after 
treatment (Wilcoxon signed-rank test) 
showed a statistically significant differ-
ence in cranial (p = 0.023) and caudal 
(p = 0.001) joints with the progression of 
the grade of degenerative changes. There 
was no difference in the CTDA group 
before and after treatment (Wilcoxon 
signed-rank test) in either cranial joints 
(p = 0.157) or caudal joints (p = 0.161).

Case history. Patient D., 41 years old, 
complained of neck pain with irradiation 
in the right arm (5–7 points according to 
VAS), numbness and weakness in the IV 
and V fingers of the right hand.

Complaints has been registered since 
October 2020. Non-surgical treatment 
has been performed for 6 months. The 
pain slightly decreased during the treat-
ment, but in the last month the patient 
began to suffer from pronounced weak-
ness in the right arm.

On examination: deficit of active and 
passive movements in the cervical spine, 
reduction of muscle strength in the right 
hand up to 4 points (active movements 
are preserved, resistance against a light 
external retroaction), reduction of pain 
and temperature sense in the area of the 
little finger on the right hand.

According to MRI and CT findings, 
compression of cerebrospinal nerves 
was verified at the level of the C5–C6, 
C6–C7 segments. The patient underwent 
anterior microsurgical decompression of 
spinal roots, interbody fusion with osteo-
conductive cages and anterior fixation 
with a plate at the C5–C6, C6–C7 levels.

A positive outcome was achieved 12 
months after surgery: complete disap-
pearance of neurologic impairment and 
absence of pain syndrome in neck and 
arm (Fig. 5–7).

Discussion

In cervical spine surgery the disappear-
ance of neurologic deficit and improve-
ment in quality of life of patients were 
achieved due to anterior discectomy with 
interbody fusion that made this treat-
ment option the gold standard. Never-
theless, quality of life is a subjective crite-
rion that is influenced by a large number 
of factors, including repeated spinal sur-
geries. Adjacent segment disease is a com-
mon reason for repeated surgeries during 
several years after ACDF. The search for 
the reason for its development has result-
ed in a better understanding of the cervi-
cal spine biomechanics [14]. One of the 
reasons for ASD was considered to be 
the spinal fusion of a previously oper-
ated adjacent segment. This assumption 
formed the foundation for the creation 
of dynamic implants, including endo-
prostheses of intervertebral discs of the 
cervical spine.

The effect of segment mobility on 
the grade of degeneration of interverte-
bral discs has been proven [15, 16]. This 
means that the same changes should 
occur in the intervertebral joints. It is 
somewhat difficult to identify changes in 
the joints by MRI due to the peculiarities 
of the anatomocal structure, in contrast 
to CT which allows to study their condi-
tion in details. In addition, the correla-
tion between the determination of the 
grade of degeneration in the joints by CT 
and the severity of neurological disorders 
is recognized [10].

In the course of the study we used 
the Okamoto classification [10] to assess 
degenerative changes in the interverte-
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bral joints of the cervical spine. The data 
obtained show an aggravation of the 
severity of degeneration in the cranial 
and caudal adjacent intervertebral joints 
after ACDF. There was no statistically 
significant deterioration in the grade of 
degeneration in the adjacent joints after 
CTDA. Nevertheless, it is clear from CTDA 
diagrams that the number of patients 
with grades 2 and 3 were increased after 
treatment.

The study proves the effect of spinal 
fusion on degenerative changes in the 
intervertebral joints. Nevertheless, as far 
as we know, this is the first study where 
the Okamoto classification is applied and 
there are no other outcomes to compare 
the obtained data with.

The Okamoto classification is a new 
scientific contribution representing a dif-
ferent approach to the classification of 
degenerative abnormalities of interver-
tebral joints of the cervical spine using 
CT findings. This differentiates it from 
current classifications and adds new 
aspects to the understanding of degen-
erative changes in the facet joints of the 
cervical spine. The classification is based 
on a visual evaluation of degenerative 
changes in the facet joints by means of 
CT imaging and considers not only the 
presence or absence of degenerative 
changes in the facet joints but also their 
features (the amount of narrowing of 
the intra-articular gap, the formation of 
osteophytes and periarticular cysts). Nev-
ertheless, this approach may lead to sub-
jectivity and variability in the interpreta-
tion of the outcomes between different 
observers. There is a necessity for a more 
standardized and objective approach 
that could be an important complement 
to this classification. Despite the fact that 
in the original Okamoto study the clas-
sification concerned the clinical assess-
ment of the myelopathy severity, its clin-
ical significance remains questionable. 
The simplicity of the assessment criteria 
renders the classification available. None-
theless, the limitation with the CT study 
alone, without specifying kinematic data 
on the condition of the facet joints, does 
not provide a complete understanding 
of the effect of degeneration in the fac-
et joints on the cervical spine function 

and potential consequences for patients. 
Additional studies with long follow-up 
period and identification of the corre-
lation between classification and treat-
ment outcomes may contribute to more 

precise determination of the clinical 
applicability and prognostic value of the 
classification. Kinematics analysis can be 
helpful for a fundamental understand-
ing of the effect of degenerative changes 
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Fig. 1
Degenerative changes in the adjacent cranial facet joints before and after spinal fusion 
(p = 0.023)

Fig. 2
Degenerative changes in the adjacent cranial facet joints before and after arthroplasty 
(p = 0.157)
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in facet joints on the development of 
spondylogenic cervical myelopathy and 
radiculopathy.

Generally, the Okamoto classification 
presents a new approach to assessment 

of the degeneration of the facet joints in 
the cervical spine. Nevertheless, despite 
its novelty, further trials and improve-
ments are required for a more standard-
ized and complete assessment of degen-

erative changes in facet joints and their 
clinical significance in degenerative 
spondylogenic cervical myelopathy.

Conclusion

Surgeries for stabilization of spinal seg-
ments in degenerative diseases have 
an unquestionable effect on the devel-
opment of the adjacent segment di-
sease. Nevertheless, the application of 
endoprosthesis replacement technique 
allows for less pronounced degenerative 
changes in the intervertebral joints of 
adjacent segments.

The study was performed under state assignment 

No. 121030100311-3 “Development of techniques 

to increase the efficiency of decompression and 

stabilization surgeries with the application of 

transpedicular fixation and bone grafting in 

patients with degenerative abnormalities and 

traumatic spinal injuries”.

The authors declare that they have no conflict of 

interest.

The study was approved by the local ethical 

committees of institutions.
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and preparation of the article, read and approved 

the final version before publication.
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Fig. 3
Degenerative changes in the adjacent caudal facet joints before and after spinal fusion 
(p = 0.001)

Fig. 4
Degenerative changes in the adjacent caudal segments before and after arthroplasty 
(p = 0.161)
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Fig. 5
MRI of the cervical spine of patient D.: a – axial view of the C5–C6 intervertebral disc; 
b – axial view of the C6–C7 intervertebral disc; c – sagittal view of the cervical spine

Fig. 6
CT of the cervical spine of patient D.: a – axial view of the C5–C6 segment; b – axial 
view of the C6–C7 segment; c – sagittal view of the cervical spine
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Fig. 7
Change in the grade of degeneration in the adjacent cranial facet joints in patient D. 
12 months after ACDF according to CT findings: a – sagittal view of the left facet joint 
before spinal fusion; b – axial view before spinal fusion; c – axial view of the left facet 
joint 12 months after spinal fusion; d – axial view 12 months after spinal fusion
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