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Abstract

Background: Cervical intervertebral disc degeneration (CIDD) is a common cause of neck pain and functional disability. Increasing sedentary
lifestyles, prolonged screen use, and poor posture have contributed to its growing prevalence across all age groups. Magnetic resonance imaging
(MRI) provides a reliable method for assessing the severity of disc degeneration. The objective is to evaluate cervical intervertebral disc
degeneration according to age and sex using the Modified Pfirrmann grading system on MRI and to determine its association with clinical
symptoms. Material and Methods: A hospital-based comparative cross-sectional observational study was conducted on 100 adults who
underwent cervical spine MRI between January 2024 and January 2026. Cervical discs from C2—-C3 to C6-C7 were graded using the Modified
Pfirrmann classification. Participants were grouped by age (20-29, 30-39, 40-49, 50-59, and >60 years) and sex. Associations between
degeneration grade, demographic variables, disc level, and clinical symptoms were analyzed using Chi-square, Fisher's exact, and ANOVA
tests, with p<0.05 considered significant. Results: Increasing age showed a strong positive association with higher degeneration grades (r=0.72,
p<0.001). The C5-C6 level was most frequently affected, followed by C4-C5. Grade 1l degeneration was the commonest finding. Radiating
pain, bilateral symptoms, symptom duration exceeding six weeks, and restricted neck movements were significantly associated with advanced
degeneration (p<0.002). No significant association was observed between degeneration severity and sex (p=0.214). Conclusion: Cervical disc
degeneration progresses with age and predominantly affects the lower cervical spine, particularly the C5-C6 level. MRI with the Modified
Pfirrmann grading system offers a dependable method for evaluating degeneration severity and correlating imaging findings with clinical
presentation, thereby supporting timely diagnosis and appropriate patient management.
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INTRODUCTION

Cervical intervertebral disc degeneration (CIDD) is one of  structures. Although aging is the strongest risk factor,

the leading causes of chronic neck pain and disability,
affecting millions of people worldwide. Once considered a
problem primarily associated with old age, it is now being
increasingly diagnosed in younger adults due to changing
lifestyles.™

Long working hours, prolonged use of computers and
smartphones, poor posture, and reduced physical activity
particularly during and after the COVID - 19 pandemic, have
accelerated the burden of cervical spine disorders. As neck
pain complaint is becoming more common in everyday
clinical practice, understanding the underlying degenerative
changes has become increasingly important.[?!

The cervical intervertebral disc plays a vital role in
maintaining spinal stability while allowing the neck its
remarkable range of motion.[®! However, with advancing age
and repeated mechanical stress, the disc gradually loses its
water content and elasticity, leading to structural changes
such as disc bulging, reduced disc height, osteophyte
formation, and, in advanced cases, compression of neural

degeneration is also influenced by gender, occupation, genetics,
obesity, smoking, and lifestyle habits.[*

It has been seen that Magnetic resonance imaging (MRI) is the
most reliable imaging modality for detecting these changes
because it provides excellent visualization of both early and
advanced disc pathology.’] Despite the growing burden of
cervical disc degeneration, Indian data describing its age and
gender related patterns remain limited.[®

The present study was therefore undertaken to evaluate cervical
disc degeneration using MRI across different age groups and
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between sexes, with the aim of generating evidence that may
support earlier diagnosis, better risk assessment, and more
effective preventive and therapeutic strategies.

MATERIALS AND METHODS

Study Sample and Setting: This hospital based comparative
cross-sectional observational study was conducted in the
Departments of Anatomy and Radiodiagnosis, Baba Raghav
Das Medical College, Gorakhpur, India, from January 2024
to January 2026. After obtaining Institutional Ethics
Committee approval and written informed consent, 100
consecutive adults undergoing cervical spine MRI for non-
traumatic indications were enrolled. Participants were
categorized into five age groups (20 - 29, 30 - 39, 40 - 49, 50
- 59, and > 60 years) to evaluate age and gender related
variations in diffuse cervical disc bulge.
Inclusion and Exclusion Criteria
Adults with complete and interpretable cervical spine MRI
examinations extending from C2 - C3 to C6 - C7 were
eligible for inclusion. Individuals with previous cervical
spine surgery, traumatic cervical injuries, congenital spinal
anomalies, spinal infections, poor-quality MRI scans, or
contraindications to MRI were excluded from the study.
MRI Parameters: MRI examinations were performed using
a 1.5 - Tesla scanner with a dedicated cervical spine coil.
Each cervical intervertebral disc from C2 - C3 to C6 - C7 was
evaluated on sagittal and axial magnetic resonance imaging
(MRYI). Diffuse disc bulge was defined as a circumferential
extension of disc tissue beyond the margins of the adjacent
vertebral body involving more than 25% of the disc
circumference while maintaining an intact annulus fibrosus.
The following parameters were recorded for each participant:
All MRI scans were independently reviewed by two
experienced radiologists who were blinded to the
participants' demographic and clinical details.
The parameters recorded were :
1. Age group (20 - 29, 30 - 39, 40 - 49, 50 - 59, and > 60

years).
2. Sex (male or female).
3. Cervical intervertebral disc level involved (C2 - C3 to
C6-C7).
Pattern of disc involvement (single level or multilevel).
Modified Pfirrmann grade (Grades 1-V) for each cervical
intervertebral disc.
6. Clinical characteristics, including:

a) Type of pain (radiating or non-radiating).

b) Pain laterality (unilateral or bilateral).

¢) Duration of symptoms (<6 weeks or >6 weeks).

d) Neck movement (normal or restricted).
Assessment of Disc Degeneration
The severity of cervical intervertebral disc degeneration was
evaluated using the Modified Pfirrmann Grading System8 on
mid sagittal T2 weighted MRI images. Grading was based on
four morphological parameters:
1. Disc signal intensity.
2. Distinction between the nucleus pulposus and annulus

fibrosus.
3. Intervertebral disc height.

o>

4. Overall disc morphology (structural changes).

Based on these imaging characteristics, each disc was classified

into one of five grades:

1. Grade I: Normal, well-hydrated disc with homogeneous
hyperintense signal, clear nucleus-annulus distinction, and
normal disc height.

2. Grade Il: Mild degeneration with slight inhomogeneity of
signal and preserved disc height.

3. Grade |Ill: Moderate degeneration characterized by
intermediate signal intensity, indistinct nucleus-annulus
differentiation, and mild reduction in disc height.

4. Grade 1V: Advanced degeneration with hypointense signal,
loss of normal disc architecture, and moderate reduction in
disc height.

5. Grade V: End-stage degeneration with marked hypo
intensity, collapse of disc height, and severe structural
changes.

Statistical Analysis: Data were entered into Microsoft Excel and

analyzed using IBM SPSS Statistics version 30.0. Categorical

variables were expressed as frequencies and percentages.

Associations between Modified Pfirrmann grade of cervical disc

degeneration and age group and sex were analyzed using the Chi-

square test or Fisher's exact test, as appropriate. A p-value of
<0.05 was considered statistically significant.
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Figure 1: Sagittal T2-weighted cervical MR imaging of a 64 year old
patient patient. Pfirrmann classifications of the cervical discs were
as follows: C2 -3 is Grade 2, C3-4is Grade 3, C4 -5 is Grade 3, C5
-6is4,C6-7is Grade 5
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Figure 2: Grade 1 Pfirmann Degeneration

Figure 4: Grade 3 Pfirmann Degeneration

Figure 3: Grade 2 Pfirmann Degeneration

Figure 5: Grade 4/5 Pfirmann Degeneration Degeneration.

Table 1: Gender wise distribution of the study participants.

Age Group (years) Male Female Total Mean Age (years = SD)
20-29 10 5 15 248+2.1

30-39 18 10 28 35.1+34

40-49 17 8 25 442 +£3.1

50-59 13 6 19 54.6 £4.0

>60 6 7 13 65.8+3.8

Total 64 36 100 —

Table 2: Distribution of clinical symptoms among subjects

Sl. No. Clinical Symptom Category Number of Cases (n) Percentage (%)
1. Pain Radiating pain 76 76%
Non - radiating pain 24 24%
2. Pain Laterality Bilateral 59 59%
Unilateral 41 41%
3. Duration of Symptoms > 6 weeks 72 72%
< 6 weeks 28 28%
4. Neck Movement Restricted 20 20%
Normal 80 80%
Table 3: Distribution of cervical disc degeneration
Disc Level Grade | Grade Il Grade Il Grade IV/IV Total (n)
C2-C3 12 10 4 2 28
C3-C4 10 12 8 5 35
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C4-C5 8 13 12 6 39

C5-C6 5 10 18 10 43

C6-C7 3 6 16 9 34

Total 38 51 58 32 179 Discs*

Table 4: Age and gender wise distribution of cervical disc degeneration according to Pfirrmann grades (I - V)

Age Group (years) Gender Grade | Grade Il Grade 111 Grade IVIV Total (n)

20-29 Male 6 4 0 0 10
Female 3 2 0 0 5

30-39 Male 5 8 5 0 18
Female 3 5 2 0 10

40-49 Male 1 4 7 5 17
Female 0 2 5 1 8

50-59 Male 0 2 7 4 13
Female 0 1 3 2 6

> 60 Male 0 0 3 3 6
Female 0 0 4 3 7

Total 18 28 36 18 100

Table 5: Relationship between clinical symptoms and Pfirrmann grades in cervical disc degeneration

No. Symptom Category p-value Statistical significance
1. Pain Radiating pain <0.001 Highly significant

2. Pain laterality Bilateral <0.001 Highly significant

3. Duration > 6 weeks 0.002 Significant

4 Neck movement Restricted 0.001 Significant

Table 6: Relationship of age, gender, level of disc involved with Pfirrmann grades in cervical disc degeneration

Comparison Test Used p-value Significance
Age group ANOVA <0.001 Highly significant
Age () 0.72 Highly Significant
Gender Chi-square 0.214 Not significant
Level of disc involvement Chi-square 0.031 Significant
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Figure 6: Gender wise distribution of the study participants.
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Figure 7: Bar Distribution of cervical disc degeneration
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Figure 8: Bar Distribution of age and gender wise distribution of
cervical disc degeneration according to Pfirrmann grades (I - V)
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Discussion

The present study evaluated cervical intervertebral disc
degeneration in 100 symptomatic patients using the Modified
Pfirrmann grading system and demonstrated that degeneration
severity was significantly associated with advancing age (r =
0.72, p < 0.001), cervical disc level (p = 0.031), and clinical
presentation, whereas no significant association was observed
with gender (p = 0.214). These findings support the concept that
cervical disc degeneration is a progressive age-related process
with a characteristic distribution in the lower cervical spine.
Age was the strongest determinant of cervical disc degeneration
in the present study. Lower Pfirrmann grades predominated in
younger individuals, while Grades Il and IV/V were
increasingly observed with advancing age. Similar observations
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were reported by Suzuki et al,’® who evaluated 1,059
symptomatic  patients (6,354 cervical discs) and
demonstrated a significant positive correlation between age
and cervical disc degeneration (R = 0.603, P < 0.01), with the
average number of degenerated levels increasing from 0.7 in
patients in their twenties to 3.5 in those in their seventies.
Likewise, Matsumoto et al,®! reported age related
progression of degeneration in 497 asymptomatic subjects,
with disc degeneration increasing from 17% in men and 12%
in women in their twenties to 86% and 89%, respectively, in
individuals over 60 years of age. Similarly, Xiao - Rong
Wang et al,[* observed that 98.1% of 422 elderly subjects
exhibited at least one cervical degenerative change,
confirming that degeneration continues to increase even in
advanced age.

The present study identified 179 degenerated cervical discs,
with C5 - C6 (43 discs) being the most frequently involved
level, followed by C4 - C5 (39 discs), C3 - C4 (35 discs), C6
- C7 (34 discs), and C2—-C3 (28 discs). Grade 111 degeneration
was the most common finding (58 discs), followed by Grade
Il (51 discs), Grade | (38 discs), and Grade IV/V (32 discs).
This lower cervical predominance is comparable with Suzuki
et al,[1 who found C5 - C6 to be the most frequently affected
level (51.2%) followed by C4 - C5 (19.8%) and C6 - C7
(16.7%), with degeneration predominantly occurring in
contiguous segments. Matsumoto et al9. and Xiao - Rong
Wang et al,*! also identified C5 - C6 as the level most
susceptible to degenerative changes, reflecting the greater
biomechanical stress and mobility of the lower cervical
spine.

Although males constituted 64% of the study population,
gender was not significantly associated with degeneration
severity (p = 0.214). In contrast, Xiao - Rong Wang et al10.
reported that degenerative changes were generally more
prevalent and severe among elderly females, while Karki et
al,*" observed that disc degeneration and disc bulge
occurred more frequently in patients older than 40 years,
irrespective of sex, emphasizing the dominant influence of
ageing on cervical degeneration.

Clinical symptoms correlated significantly with MRI
findings in the present study. Radiating pain (76%), bilateral
symptoms (59%), symptom duration >6 weeks (72%), and
restricted neck movement (20%) were significantly
associated with higher Modified Pfirrmann grades. These
findings agree with Maurya RK et al., who demonstrated a
close relationship between MRI detected degeneration and
symptom severity, and with Karki et al,** who reviewed 750
cervical MRI examinations and found cervical degenerative
pathology in 571 patients (76.13%), with disc degeneration
and disc bulge being the most common abnormalities and
increasing in frequency after the age of 40 years.

Overall, the present study confirms that cervical
intervertebral disc degeneration progresses with advancing
age, predominantly affects the C5 - C6 level, and is closely
associated with clinical symptoms. The Modified Pfirrmann
grading system provided a reliable MRI based method for
assessing degeneration severity and may be useful for
correlating radiological findings with clinical presentation
and guiding patient management.

CoNcLusIoN

Cervical intervertebral disc degeneration is a multifactorial,
progressive process that increases with advancing age and
predominantly involves the lower cervical spine, especially the
C5-C6 level. The present study demonstrates a strong
association between degeneration severity and age, cervical
level, and clinical symptoms, while gender showed no significant
influence. MRI, combined with the Modified Pfirrmann grading
system, reliably identified degenerative, morphometric, and
ligamentous changes, enabling meaningful clinicoradiological
correlation. These findings emphasize the pivotal role of MRI in
the early detection, objective assessment, and appropriate
management of cervical degenerative disc disease, ultimately
contributing to improved patient care and a better understanding
of cervical spine degeneration.
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