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Background: Although studies have shown that nicotine leads to disc degeneration, there is still a need for clinical and ra-
diological studies. This study aimed to evaluate the effects of a smoking history of less than 10 years and of
more than 10 years, compared with no smoking history, on cervical intervertebral disc degeneration at the
C4-C5, C5-C6, and C6-C7 levels in 293 adult patients with documented degenerative changes, using magnetic
resonance imaging (MRI) and the modified Pfirrmann grading system.

Material/Methods: A total of 293 adult patients with degenerative changes at C4-C5, C5-C6, and C6-C7 disc levels were included
in this study. Patients were divided into 3 groups based on smoking duration: non-smokers (n=119), <10 years
(n=93), and >10 years (n=81). Cervical disc degeneration was assessed using the modified Pfirrmann grading
system, based on MRI findings. Each level was graded separately. Data were statistically analyzed to assess the
relationship between smoking duration and disc degeneration.

Results: Cervical disc degeneration at the C4-C5, C5-C6, and C6-C7 levels was significantly higher in both smoking groups
(<10 years and >10 years) than in the non-smoking group (P=0.023-<0.001). However, no statistically signifi-
cant difference was observed between the <10-year and >10-year smoking groups at any level (P=0.250-0.989).
Age and sex distributions were statistically similar across all groups (P>0.05).

Conclusions: This study provides radiological evidence that smoking accelerates cervical disc degeneration and highlights
the clinical importance of smoking cessation in patients with cervical spine disorders.
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Introduction

Degenerative disc disease of the cervical spine generally devel-
ops equally in both sexes in the aging population. The preva-
lence of cervical degenerative disc disease increases with age,
regardless of the patient’s symptomatology [1]. In a study
conducted in Japan involving 497 asymptomatic individuals,
Matsumoto et al demonstrated that abnormal findings were
present in nearly 90% of patients over the age of 60 years, ir-
respective of sex. In contrast, abnormalities were observed in
17% of men and 12% of women in their twenties [2].

Nicotine has been shown to reduce the proliferation rate of disc
cells and the biosynthesis of glycosaminoglycans. Moreover,
tobacco smoking leads to constriction of the vascular network
surrounding the disc, thereby impairing the exchange of nu-
trients and anabolic agents from blood vessels to the disc [3].
Nicotine is the primary agent implicated in the association
between cigarette smoke and cervical disc degeneration. The
mechanisms by which chemicals in tobacco smoke contrib-
ute to degeneration involve the upregulation or downregu-
lation of specific genes that could be critical for maintaining
spinal integrity [4]. The cervical intervertebral disc has long
been recognized as a common cause of neck pain. The pro-
gression of cervical disc degeneration into cervical disc dis-
ease and the surgeries performed as a result are routine in
spinal surgery. Patients most commonly present with pain.
Surgical intervention can be required for pain or other neuro-
logical symptoms [5].

The etiology and pathophysiology of degenerative disc dis-
ease, which is believed to result from the interaction of bio-
logical and biomechanical factors, remain controversial. While
the initiating factor is not fully known, a decrease in aggre-
can, the main proteoglycan of the nucleus pulposus, is not-
ed as a characteristic of the early stages of the disease [6,7].
Biochemically, the decrease in proteoglycan content disrupts
the balance of normal anabolic and catabolic functions in nu-
cleus pulposus cells, reducing synthesis or increasing degra-
dation. The gradual reduction in content leads to dehydration,
due to impairment of hydrostatic and biomechanical proper-
ties [7]. Smoking reduces aggrecan, a key proteoglycan in the
disc matrix, and increases its degradation, impairing the disc’s
ability to resist compressive forces; it also upregulates proin-
flammatory stress responses and catabolic enzymes (MMPs)
and cytokines (IL-1B), leading to a shift toward a catabolic
disc environment [8]. Smoking is one of the most prevalent
public health issues concerning cancer and other diseases [9].

The modified Pfirrmann grading system was initially developed
by Griffith et al to assess intervertebral disc degeneration us-
ing magnetic resonance imaging (MRI) for lumbar discs [10],
and is shown in Table 1. Subsequently, its applicability, validity,
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and interobserver reliability for cervical discs were demonstrat-
ed by Xu et al [11].

While several studies have reported significant effects of smok-
ing on disc degeneration and herniation, others have found no
such relationship [6,12-14]. In the literature, no specific stud-
ies were found investigating the effect of smoking on cervi-
cal disc degeneration. This retrospective study aims to evalu-
ate the effects of a smoking history of less than 10 years and
of more than 10 years, compared with no smoking history, on
cervical intervertebral disc degeneration at the C4-C5, C5-C6,
and C6-C7 levels in 293 adult patients with documented de-
generative changes, using MRI and the modified Pfirrmann
grading system.

Material and Methods

Ethical Considerations

Participants were given an explanation of the study’s goal, and
the anonymity of the data gathered was guaranteed. An in-
formed consent form was signed by each patient who consent-
ed to take part in the trial. Ethical approval for this retrospec-
tive study was obtained from the Ethics Committee of istinye
University in October 2024, with decision number 24-227.

Study Design

This retrospective study was based on the evaluation of cervi-
cal MRI scans obtained between 2022 and 2024.

Study Population

A total of 293 adult patients (aged 19-78 years, mean age
47.94 years) who presented to the neurosurgery outpatient
clinic with symptoms of neck, shoulder, scapular, or arm pain
and underwent cervical MRI were included. Exclusion crite-
ria were as follows: presence of systemic diseases or ongoing
systemic treatments; occupations requiring prolonged forward
flexion of the head (eg, furniture or automobile repair work,
certain factory jobs); history of cervical spine or neck surgery;
prior cervical or severe head trauma; body mass index (BMI)
>30 kg/m?; first-degree relatives with a history of cervical disc
herniation; and age under 18 years.

Data Collection

Informed consent was obtained from all participants either by
phone or during outpatient follow-up visits. A structured data
form was used to collect information on sociodemographic
characteristics, duration of symptoms, smoking status and du-
ration, age, height, weight, BMI, occupation, education level,
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Table 1. Modified Pfirrmann grading system [10,11].

Signal from nucleus and inner fibers of

annulus*

CLINICAL RESEARCH

Distinction between inner and outer fibers of

Uniformly hyperintense, equal to
cerebrospinal fluid

Hyperintense (>presacral fat and
2 <cerebrospinal fluid) +hypointense
intranuclear cleft

3 Hyperintense though <presacral fat
Mildly hyperintense (slightly >outer
4 .
fibers of anulus)
5 Hypointense (=outer fibers of anulus)
6 Hypointense
7 Hypointense
8 Hypointense

N " Height of disc
anulus at posterior aspect of disc '8 !
Distinct Normal
Distinct Normal
Distinct Normal
Indistinct Normal
Indistinct Normal
Indistinct <30% reduction
Indistinct 30-60% reduction
Indistinct >60% reduction

* Grades 1, 2, and 3 are based on the signal intensity of the nucleus and inner fibers of anulus. For grade 4, the margins between the
inner and other fibers of the anulus at the posterior margin of the disc are indistinct. For grade 5, the disc is uniformly hypointense,
although there is no loss of disc space height. For grades, 6, 7, and 8, there is progressive loss of disc space height. These could be
broadly classified as mild, moderate, to severe loss of disc space height. Very occasionally, although obvious disc collapse is present,
hyperintense signal from the nucleus and inner fibers of the anulus is preserved. This is referred to by a double entry, eg 4/7, with the

former reporting the disc signal and the latter the degree of collapse.

surgical history, history of cervical or head trauma, systemic
diseases, and family history of cervical disc pathology.

Smoking Classification

Patients were categorized into 3 groups according to smok-
ing history: no smoking (n=119), smoking less than or equal
to 10 years (n=93), and smoking more than 10 years (n=81).
The smoking criteria included individuals who smoked at
least 1 pack per day, corresponding to >1 pack-year of expo-
sure annually.

MRI Evaluation

Cervical MRIs were analyzed using the modified Pfirrmann
grading system, to quantitatively assess intervertebral disc
degeneration. A representative example of the grading scale
derived from the patient population in our study is shown
in Figure 1. This grading system evaluates each disc on an
8-point scale based on 4 criteria: disc structure, signal inten-
sity, distinction between the nucleus pulposus and annulus fi-
brosus, and intervertebral disc height. Disc structure is cate-
gorized as homogeneous or inhomogeneous; signal intensity
decreases progressively with degeneration; the nucleus-annu-
lus border can be clearly defined, indistinct, or completely ab-
sent; and disc height can range from normal to severely re-
duced. Higher scores indicate more advanced degeneration.

All images were independently assessed by 2 experienced ra-
diologists who were blinded to clinical data. In cases of dis-
crepancy, the images were jointly re-evaluated, and a consen-
sus grade was assigned.

Statistical Method

Statistical analyses were performed using SPSS software
(Version 22.0, IBM Corp, Armonk, NY, USA; license: Hitit
University). Descriptive statistics were reported as numbers and
percentages for categorical variables and as mean+standard de-
viation for numerical variables, based on data distribution. Data
normality was evaluated using the Kolmogorov-Smirnov test.

One-way ANOVA was used to compare numerical measurements
among more than 2 independent research groups, depending
on the data distribution. For ANOVA tests showing statistically
significant differences, post hoc tests, such as Tukey or Games-
Howell, were used to identify the specific groups responsible
for the differences, depending on the homogeneity of vari-
ances. A P value <0.05 was considered statistically significant.

Results

The average age and sex distribution were statistically similar
across groups. Descriptive statistics are presented in Table 2.
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Grade 1 Grade 2 Grade3 Grade 4

4

Grade 5 Grade 6 Grade 7 Grade 8

Figure 1. Modified Pfirrmann grading system based on cervical MRI derived from our patient cohort.

Table 2. Mean age and sex distribution among groups.

No smoking Smoking 1-10 years Smoking >10 years
(n=119) (n=93) (n=81)
Age 47.45+15.83 47.46%13.7 49.20+£12.62 0.648*
Male 57 (47.9%) 51 (54.8%) 41 (50.6%)
S X o 0.604*
Female 62 (52.1%) 42 (45.2%) 40 (49.4%)

* One-way ANOVA; ** Chi-square test.

Table 3. Disc degeneration by smoking groups.

n Mean Std. deviation 4 Post hoc P

None 119 3.74 1.586 1-2: 0.023**
45 1l0yeas 03 as 2124 ©001* 13: <0.001
>loyears T Y 1983 23:0250%
 None e 38 661 1-2: <0001
-6 1doyeas 03 496 1916 0001 13: <0001
>loyears g1 505 10 23:0934
- None e 375 673 | 1-2: €0.001*
67  1loyeas 03 a5 1786 ©001* 1-3: €0.001
>loyears &1 42 1614 23:0989%

* One-way ANOVA; ** Games-Howell post hoc tests; *** Tukey post hoc tests
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Figure 2. The relationship between cervical disc degeneration and smoking group is shown with a box plot graph.

The cervical disc degeneration in all evaluated levels, C4-C5,
C5-C6, and C6-C7, was statistically significantly higher in the
smoking groups than in the non-smoking group. No signifi-
cant difference was observed between the groups smoking for
more than 10 (>10) years and those smoking for less than or
equal to 10 (<10) years. Cervical disc degeneration by smok-
ing status is shown in Table 3.

At the C4-C5 level, the score of the group smoking <10 years
was statistically significantly higher than that of the non-smok-
ing group (post hoc P=0.023b). The score of the group smok-
ing >10 years was also statistically significantly higher than the
non-smoking group (post hoc P<0.001b). However, there was
no statistically significant difference between the scores of the
groups smoking <10 years and >10 years (post hoc P=0.250b).

At the C5-C6 level, the score of the group smoking <10 years
was statistically significantly higher than the non-smoking
group (post hoc P<0.001c). The score of the group smoking
>10 years was also statistically significantly higher than the
non-smoking group (post hoc P<0.001c). There was no statis-
tically significant difference between the scores of the groups
smoking <10 years and >10 years (post hoc P=0.934c).

At the C6-C7 level, the score of the group smoking <10 years
was statistically significantly higher than the non-smoking
group (post hoc P<0.001c). The score of the group smoking

>10 years was also statistically significantly higher than the
non-smoking group (post hoc P<0.001c). However, there was
no statistically significant difference between the scores of the
groups smoking <10 years and >10 years (post hoc P=0.989c).

The relationship between cervical disc degenerations and smok-
ing groups is shown with a box plot graph (Figure 2).

Discussion

In this study, we found that smoking is associated with increased
cervical disc degeneration at the C4-C5, C5-C6, and C6-C7 lev-
els. Cervical disc degeneration was evaluated using the modi-
fied Pfirrmann grading system, a classification system used to
assess the severity of lumbar disc degeneration for clinical or
research purposes [10]. Although it was initially developed to
evaluate lumbar disc degeneration, the Pfirrmann classification
is also used to classify cervical disc degeneration. In 2017, the
Suzuki classification system was introduced as a system spe-
cifically designed to evaluate cervical disc degeneration [15].
Since the Suzuki classification system is newer than the mod-
ified Pfirrmann grading system, there are fewer reports of its
use in the literature. Both classification systems are applicable
options for grading cervical disc degeneration. While the modi-
fied Pfirrmann grading system was not specifically designed for
cervical disc degeneration, it is a more reliable and widely used
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option for grading cervical disc degeneration [16]. The modified
Pfirrmann grading system was originally suggested for grading
degeneration in older individuals, but over time, its use has been
reported in the literature across all age groups. Since it is more
widely used and more reliable than other classification systems,
and allows for precise statistical measurements, we preferred
this system for our study. However, we believe the Suzuki clas-
sification system is also highly successful, and if we had used it
in our study, we believe we would have obtained similar results.

Several histopathological studies have shown that exposure
to smoking leads to a reduction in aggrecan production and
other biochemical changes that contribute to disc degenera-
tion [17-20]. In our study, the level of degeneration in the C4-C5,
C5-C6, and C6-C7 segments was statistically significantly low-
er in non-smokers than in smokers. Our results are consistent
with the aforementioned histological studies.

A systematic review provided strong evidence suggesting that
smoking does not correlate with the progression of interverte-
bral disc degeneration [21]. Conversely, a study examining the
relationship between smoking and cervical disc degeneration —
similar to our findings — reported that smoking increased cer-
vical disc degeneration [22]. Since the 1990s, the relationship
between smoking and disc degeneration has been debated,
with conflicting viewpoints. While recent studies predominantly
support the idea that smoking accelerates disc degeneration,
the topic remains controversial. Our study contributes to the
literature and helps clarify this still-debated issue.

Disc tissue is nourished by diffusion from the cartilaginous end-
plates, and like all cells, it requires oxygen and glucose [23]. It
is believed that one of the primary causes of disc degenera-
tion is insufficient nutrition to the disc. When nutrition is im-
paired, the pH in the nucleus decreases due to increased lactic
acid. Experimental studies have shown that low oxygen levels
and acidic pH concentrations lead to rapid cell death [24-26].
Smoking impairs oxygen transport through the formation of
carboxyhemoglobin [27], causes vasoconstriction [28], leads
to atherosclerosis [29], and disrupts fibrinolytic activity. As a
result, decreased blood flow negatively impacts intervertebral
disc nutrition [30]. Reduced blood flow leads to lower oxygen
levels and reduced proteoglycan and collagen synthesis, and
accelerates disc degeneration [31].

Nicotine has been shown to penetrate the capillaries of the in-
tervertebral disc, diffuse into the nucleus pulposus [32], affect
vertebral chondrocytes [33], reduce bone mineral density [34],
inhibit collagen synthesis [35], and negatively impact cell pro-
liferation by reducing DNA synthesis [36-39]. Additionally, nic-
otine has been reported to cause intervertebral disc degen-
eration by reducing the viscoelastic properties of the nucleus
pulposus [40].
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Despite these studies, the idea that smoking accelerates disc
degeneration is not universally accepted by clinicians. In prac-
tice, clinicians do not routinely advise patients with cervical
disc degeneration to quit smoking, at least not in our country,
Turkey. This may be due to the limited number of clinical and
radiological studies or the lack of awareness on this issue. Our
study is valuable as it demonstrates radiologically that smok-
ing contributes to disc degeneration.

Age is an important factor influencing disc degeneration, with
degeneration significantly increasing as age advances [41]. In our
study, the average age and sex distribution were statistically sim-
ilar between the research groups formed according to smoking
status, which ensured that the results were not influenced by age.

There are studies showing that physical activity affects disc
degeneration [42,43]. Occupational or sports-related physical
activities can also have a negative impact on disc degenera-
tion [44]. Workers involved in jobs that require prolonged flex-
ion of the head, such as furniture or car repairmen and certain
factory workers, were excluded from our study to eliminate
the influence of physical activities that could cause cervical
disc degeneration.

Studies have shown that individuals with a family history of
disc degeneration tend to experience greater degrees of disc
degeneration [45], and there is strong evidence that genetic
factors play a significant role in its development [46]. In our
study, patients with a family history of cervical disc herniation
were excluded to minimize the potential effect of this variable
on the outcomes. One of the main strengths of our study is the
broad exclusion criteria, which allowed us to eliminate other
contributing factors to cervical disc degeneration and there-
by specifically examine the relationship between smoking and
cervical disc degeneration. However, some limitations must be
acknowledged. Despite excluding patients with a family histo-
ry, other important etiological factors, such as genetic predis-
position and loss of cervical lordosis, could not be fully ruled
out. More meaningful and conclusive results might be obtained
by conducting a similar study in a population without cervical
lordosis loss. Another limitation of our study is the relative-
ly small sample size, as it was conducted with only 293 pa-
tients. Therefore, further studies with larger populations are
warranted to validate our findings.

Conclusions

In this study, after excluding risk factors such as systemic dis-
eases, systemic treatments, occupations requiring prolonged
posture (eg, furniture makers, car repairmen, certain factory
workers), previous cervical disc surgeries, cervical trauma or
severe head trauma history, body mass index >30 kg/m?, and
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family history of cervical disc hernia surgeries, we found that
smoking increases cervical disc degeneration. While the role
of smoking in cervical disc degeneration is still not fully clear,
this study supports the existing evidence for recommending
smoking cessation in patients with cervical disc degeneration.

Institutional Review Board Statement
The study was conducted in accordance with the Declaration
of Helsinki. Ethical approval for this study was obtained from

the Ethics Committee of istinye University in October 2024,
with decision number 24-227
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