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Abstract 

Background:  A retrospective study investigated the degeneration trend of uncovertebral joints in a healthy popula-
tion based on CT assessment.

Methods:  A total of 200 males and 160 females, aged 21–79 years old (50.82 ± 17.06), who underwent CT examina-
tion in our hospital from September 2020 to March 2021 were enrolled. Sixty patients were included in each age 
group. According to the Kellgren and Lawrence classification and CT was used to evaluate the uncovertebral joints 
degeneration in different groups.

Results:  With the increase of age, the degeneration of each segment was gradually aggravated. The uncovertebral 
joints started degenerating in the 20 s, and the C5–6 is the most degenerative segment, followed by the C4–5 and 
C6–7. Significant degeneration occurred in each segment between the 40 s and 60 s and became more severe after 
the 70 s.

Conclusions:  The modified Kellgren and Lawrence classification based on CT scan could provide a quantitative 
assessment of uncovertebral joints degeneration in a healthy population and could provide more details for artificial 
cervical arthroplasty.
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Introduction
The biomechanical function of the cervical uncoverte-
bral joints is to limit lateral flexion. The studies demon-
strated that the uncovertebral joints are posterolateral 
in the lower cervical spine, and the base width of the 
uncinate process gradually increases. The uncovertebral 
joints closed to the upper vertebral body face more stress 
than other parts of the vertebral body which could stimu-
late degeneration [1, 2]. Meanwhile, the uncovertebral 
joint capsule is thin, and it is easy to degenerate if there 
is excessive activity, strain and bad posture, although the 
uncovertebral joint degeneration is a slow process [3–5]. 
Sun et al. [6] first reported a quantitative classification of 

uncovertebral joint degeneration and correlation with the 
severity of the heterotopic ossification after cervical arti-
ficial disc replacement, using the X-rays. However, there 
is still no unified standard for quantifying the uncoverte-
bral joint degeneration. X-rays could be affected by many 
factors such as imaging techniques, machines or individ-
ual differences. Although MRI has a good display effect 
on the joint degeneration, its coronal plane reconstruc-
tion is not ideal [6–8]. As a non-invasive examination, 
CT assessment could provide three-dimensional images, 
which is great value for evaluating the degeneration. 
Based on CT examination, the study aimed to observe 
the trend of the degeneration of the uncovertebral joints 
in a healthy population.
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Methods
This study was approved by the Institutional Review 
Board of The First Affiliated Hospital of Chongqing 
Medical University and was conducted according to the 
principles of the Declaration of Helsinki. All the patients 
provided their written informed consent to participate in 
our study before the storage of their data in the hospital 
database. Inclusion criteria: aged 20–79  years had neck 
pain and completed cervical CT three-dimensional (3D) 
reconstruction in the physical examination center from 
September 2020 to March 2021 were randomly selected. 
Exclusion criteria: cervical fracture, primary cervical 
tumors or metastatic cervical tumors, cervical tuberculo-
sis, or cervical infection.

Outcome assessment
All patients underwent CT scan (Siemens, Germany) 
and a PACS image system was used for 3D reconstruc-
tion. The scan range was selected from C1 to T2 and 
the thickness of the layer was 0.5  mm. The modified 

Kellgren and Lawrence classification [9] was assessed 
for uncovertebral joints degeneration: Grade 0: the 
joints were normal, bilateral, and symmetrical. Grade 1: 
mild space narrowing or osteophyte formation. Grade 
2: joint space narrowing or osteophyte formation with 
osteophytes not exceeding the intervertebral level. 
Grade 3: joint space definite narrowing or osteophyte 
formation with osteophyte formation exceeding the 
intervertebral level. Grade 4: osteophyte articulation or 
uncinate joint fusion (Figs. 1, 2).

Statistical analysis
The statistic analysis system software (SAS Institute, 
Inc., Cary, NC, USA) was used for analyzing the data. 
Quantitative variables are expressed as the mean  ±  SD. 
The Chi-squared test was used for the categorical 
variables. The P  < 0.05 was considered statistically 
significant.

Fig. 1  Modified classification

Fig. 2  The uncovertebral joints were observed fully on CT
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Results
A total of 360 patients were included, includ-
ing 200 males and 160 females, aged 21–79  years 
(50.82 ± 17.06). Sixty patients were included in each 
age group. With the increase of age, the degeneration 
of each segment was gradually aggravated (Table  1; 
Figs. 3,  4). In the group of 20 s, the most severe degen-
eration was the C4–5 segment, but in other groups, 
the most severe degeneration was at the C5–6 seg-
ment, followed by the C4–5. In the C2–3 and C3–4 
segments, there was little change trend of degenera-
tion with the increase of age. However, after the 70  s, 

the degeneration was significantly more aggravated 
than before. In the C4–5 segment, with the increase of 
age, the degeneration accelerated in the 50 s and 70 s, 
but it degenerated at a slow process in the 60  s. The 
C5–6 segment starts rapid degeneration from the age 
of 20  s, while the degeneration trend is relatively sta-
ble between 30 and 50 s, while the degeneration trend 
increases after the 50 s. The degeneration trend of the 
C6–7 segment is also rapid after the 20  s, while the 
degeneration trend is relatively slow between the 40  s 
and 60  s. However, the degeneration is significantly 
worse after the 70 s.

Table 1  The uncovertebral joints degeneration in different groups of age

20- 30- 40- 50- 60- 70-

C2–3 1.10 ± 1.00 1.13 ± 0.46 1.28 ± 0.51 1.50 ± 0.75 1.55 ± 0.50 1.83 ± 0.55

C3–4 1.00 ± 0.82 1.40 ± 0.63 1.43 ± 0.59 1.63 ± 0.70 1.73 ± 0.60 2.10 ± 0.48

C4–5 1.25 ± 0.67 1.48 ± 0.68 1.65 ± 0.62 1.90 ± 0.44 1.90 ± 0.55 2.28 ± 0.60

C5–6 1.13 ± 0.65 1.85 ± 0.58 2.05 ± 0.68 2.10 ± 0.67 2.40 ± 0.59 2.83 ± 0.78

C6–7 1.08 ± 0.76 1.43 ± 0.55 1.73 ± 0.68 1.85 ± 0.74 2.10 ± 0.71 2.63 ± 0.98

Fig. 3  The uncovertebral joints degeneration trend of each segment in different ages
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Discussion
The studies have shown the presence of fibrous cartilage 
in the uncovertebral joints of the cervical spine, sug-
gesting that the uncovertebral joints as the synovium 
joint which are closely related to the range of motion. 
From the perspective of biomechanics, the uncoverte-
bral joints are mainly responsible for the anterior and 
posterior movement of the vertebral body and the limi-
tation of lateral motion [1–3]. The surgeons are aware 
of the morphology and adjacent relationship of the 
uncovertebral joints and its borders the lateral line of 
the intervertebral disc. The degenerative changes or 
osteophytes may also occur in uncovertebral joints with 
the increase of age, resulting in radiculopathy, myelopa-
thy and vertebral vascular insufficiency due to their 
anatomical relationship with the spinal nerve roots, 
vertebral artery and spinal cord. The studies reported 
that the intervertebral disc degeneration included the 
osteophytes formation and intervertebral space steno-
sis, and the decrease in height of intervertebral space 
will directly affect the height of uncovertebral joints. 
Therefore, it could be concluded the intervertebral disc 
degeneration is serious while the degeneration of unci-
nate vertebral joint could be also more severe [4–6].

Few studies focus on the assessment of uncovertebral 
joints degeneration. Sun et al. [6] firstly quantified the 
degeneration of uncovertebral joints on X-ray and pro-
posed that there was a positive correlation between the 
severity of heterotopic ossification (HO) after artificial 
cervical arthroplasty (ACR) and the severity of preop-
erative uncovertebral joints degeneration. However, 
there is still no unified standard for the quantification 
of uncovertebral joints degeneration. The technique 
factors of X-ray or individual differences or the imag-
ing experience could affect the judgment of uncoverte-
bral joints degeneration while patients with short necks 
may fail to judge the degeneration of uncovertebral 
joints. Although MRI shows the images more clearly 
and intuitively, its coronal reconstruction is not ideal or 
the quality of reconstruction images is poor. As a non-
invasive scan, CT scan provides 3D images, which is 
great of value in judging the degeneration of uncover-
tebral joints. The CT coronal and axial reconstruction 
at the same time can not only display one level, but also 
observe the whole structure of uncovertebral joints, 
and also observe the degeneration of bilateral joints. CT 
scan is popular in many primary hospitals, and it is eas-
ily applied. Sun et al. [6] proposed a method to divide 

Fig. 4  The uncovertebral joints degeneration trend of age in different segments
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the uncinate joint into three equal parts. However, one 
of the main biomechanic functions of the uncovertebral 
joints is to limit the lateral movement of the cervical 
spine, and the degeneration often starts from the lateral 
part of the joint [7, 8]. We fully observed the degenera-
tion of cervical uncovertebral joints referred to Kell-
gren and Lawrence classification and other researches 
relevant degeneration classification, based on the CT 
images, proposed a new classification method of evalu-
ating the degeneration of cervical uncovertebral joints, 
which has strong reliability, easy implementation, good 
repeatability, and consistency.

It was reported that cervical disc degeneration 
begins in the 20 s, and the severity of disc degeneration 
increases with age, among which the C56 disc degenera-
tion is the most serious [9–13]. Our study showed that 
the uncovertebral joints also started the degeneration in 
the 20 s and the C5–6 was also most the degenerated seg-
ment, followed by the C4–5 and C6–7. Significant degen-
eration occurred in each segment between the 40 and 
60  years and aggravated rapidly after the 70  years. The 
trend of uncovertebral joints degeneration was consistent 
with the trend of cervical disc degeneration. Anatomi-
cally, the uncovertebral joints restrict lateral motion, and 
the intervertebral disc degeneration results in changes 
in intervertebral height which could accelerate uncover-
tebral joints degeneration. Therefore, the patients with 
severe intervertebral disc degeneration also have severe 
uncovertebral joints degeneration which could lead to 
symptoms [14–16]. Preoperative evaluation grade of 
the uncovertebral joints of the patients provides more 
details and references for surgical decision-making and 
planning.

However, our study had some limitations. First, the 
study was performed in single-center related with bias. 
Second, the quantification of uncovertebral joints degen-
eration is still controversial. In the future, prospective, 
randomized, multicenter researches with long-term fol-
low-up periods are needed.

Conclusions
The modified Kellgren and Lawrence classification based 
on CT scan could provide a quantitative assessment of 
uncovertebral joints degeneration in a healthy popula-
tion and could provide more details for artificial cervical 
arthroplasty.
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