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Background/aim: This study aimed to examine the relationships between severity of stenosis, pain, functional limitation, disability, and
quality of life in patients with cervical spondylotic radiculopathy.

Materials and methods: Patients (45 female, 19 male) with radiculopathy due to spondylotic changes in the cervical spine were included
in this study. Stenosis severity (thecal sac cross-sectional area (CSA)), numbness, neck and arm pain severity, functional limitation
(Cervical Radiculopathy Impact Scale), disability, and quality of life (EQ-5D-3L General Quality of Life Scale) were evaluated. The study
was registered at ClinicalTrials.gov as NCT06001359.

Results: According to CSA values, 28 (43.75%) patients had severe stenosis and 36 (56.25%) had moderate stenosis, and the average
CSA was 81.65 + 10.08 mm?. Positive correlations were found between both neck and arm pain and neck disability (r = 0.597, r =
0.359), and negative correlations were found for the General Quality of Life Scale index score and EQ-5D-3L visual analog scale (r =
-0.787, r = -0.518). There were significant positive correlations between Cervical Radiculopathy Impact Scale subscales and severity
of stenosis, neck and arm pain, numbness, and disability (p < 0.05 for all). A significant negative correlation was observed between
Cervical Radiculopathy Impact Scale subscales and quality of life (p < 0.01). Stenosis severity was correlated with pain, neck disability,
and quality of life (p < 0.01 for all).

Conclusion: There are direct relationships between cervical spondylotic radiculopathy and neck and arm pain, numbness, disability,

and quality of life. Additionally, an increase in the severity of cervical stenosis is associated with an increase in pain and disability.

Key words: Cervical radiculopathy, spinal stenosis, functional limitation, cross-sectional area, pain, disability

1. Introduction

Cervical spinal stenosis (CSS) describes symptomatic cases
involving an anatomic reduction in the size of the spinal
canal. Degenerative changes in the spinal elements cause
CSS. These changes, together with the neural foramina,
narrow the cervical spinal canal and result in cervical
spondylotic radiculopathy (CSR) [1-3]. Therefore, pain is
the first symptom. If the discomfort extends to the arm
and shoulder and is accompanied by any sensory problems
or motor impairment, cervical radiculopathy should be
considered [3,4].

Cervical stenosis due to spondylotic changes causes
spinal cord compression, which causes radicular pain in
turn [3]. However, patients with a narrowed canal without
showing any symptoms have also been reported [5].
Therefore, the relationship between stenosis and radicular
symptoms is unclear. Various measurements of dural sac
diameters or cross-sectional areas (CSAs) have generally
been used to assess stenosis severity [5,6]. However, the
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relationship between imaging results and the patient’s
symptoms is unclear. It is noted that many patients
with minimal findings on imaging have significant
clinical results and vice versa. Therefore, a correlation of
appropriate clinical and radiological findings is necessary
for better interpretation of treatment [5,7]. Additionally,
studies generally include imaging studies in lumbar spinal
stenosis (LSS) [5,6]. Stenotic radiculopathy arising from
CSS also causes symptoms in patients [3,6]. However, the
lack of a relationship between radiological imaging and
clinical symptoms in CSS is noteworthy.

The pain experienced by patients with radiculopathy
may spread to the neck and extremities, leading to
decreased quality of life and functional limitation [8,9].
In radiculopathy, pain and limitations in upper extremity
functions can lead to disability [10]. Neck and arm pain
may be moderate to severe in patients with radicular
symptoms due to disc herniation and this may increase the
level of disability [9]. However, the relationships between
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decreased functionality and increased pain, disability, and
quality of life with aging have not been clearly defined in
patients with radiculopathy due to stenosis. It is also stated
that pain and disability may be related to the severity of
stenosis [7]. However, this relationship has not been
examined for the cervical region. Examining patients’
disability levels and quality of life and determining their
relationships with stenosis severity is essential for optimal
treatment processes [9,11,12].

Pain radiating to the neck and arms caused by cervical
radiculopathy may result in an increase in the severity of
disability [10,11]. However, evaluations of the limitation
caused by radiculopathy have generally been insufficient
because these evaluations have considered the disability
associated with neck pain and not the arm/extremity pain
caused by radiculopathy [10]. The Cervical Radiculopathy
Impact Scale (CRIS), which measures the symptoms and
limitations of patients with cervical radiculopathy due to
pain, tingling sensation, and loss of sensation in the neck
and arms, provides more impartial data for assessments
[10]. It has been stated that the CRIS reveals the functional
limitations of individuals more clearly in patients with
radicular symptoms caused by a cervical disc [11].

Studies in the literature have evaluated pain, quality
of life, and disability in patients with radiculopathy due
to neck pain [8,9]. However, there is a lack of sufficient
research on the correlation between pain caused by CSR
due to stenosis and its impacts on functional limitation,
disability, and quality of life in these patients. Data on the
relationships between these parameters and the severity of
cervical stenosis are also limited. Furthermore, the absence
of a comprehensive outcome scale for assessing functional
limitation caused by radicular pain has contributed to
deficiencies in evaluating such limitations. In this context,
the newly developed CRIS evaluates functional limitation
associated with radicular pain. The present study aims
to investigate the relationships between stenosis severity,
pain, functional limitation, disability, and quality of life in
patients with CSR.

2. Materials and methods

2.1. Participants

This study was planned as observational cross-sectional
research and was carried out between December 2023 and
March 2024. Patients (n = 66) who presented to Karabiik
University Training and Research Hospital’s Neurosurgery
Clinic and were diagnosed with radiculopathy due to
spondylotic changes in the cervical spine were included
in the study. Inclusion criteria for the patients were as
follows: age of >45 years, stenosis in the cervical region
confirmed with magnetic resonance imaging (MRI),
and presence of root symptoms such as pain, numbness,
and weakness in the extremities consistent with MRI
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and computed tomography results. Patients with severe
neurological deficits, spinal malignancies, or a history of
cervical surgery in the last 12 months were excluded.

All procedures were in accordance with the ethical
standards of the responsible committee on human
experimentation (institutional and national) and with
the 1975 Declaration of Helsinki, as revised in 2008. The
study was approved by the university’s ethics committee
(2023/1605) and informed consent was obtained from all
participants. The study was registered at ClinicalTrials.gov
as NCT06001359.

2.2. Study design

After the neurosurgeons examination, the patients
were asked to answer the questionnaire one-on-one.
Demographic information was recorded. Three different
numerical rating scale (NRS) scores were used for pain
assessment: NRS Neck, NRS Arm, and NRS Numbness.
The CRIS was used to evaluate radiculopathy, the Neck
Disability Index (NDI) was utilized to evaluate the effects
of neck pain on activities of daily living, and the EuroQol
Five-Dimensions-3-Level (EQ-5D-3L) General Quality of
Life Scale was applied to assess quality of life. Subsequently,
MRI images were examined and the severity of stenosis
was determined.

2.3. Outcome measures

2.3.1. Magnetic resonance imaging measurements

All patients underwent a noncontrast cervical spinal
MRI scan. The MRI scans included sagittal and axial T1-
and T2-weighted images between the first cervical and
first thoracic spinal segments. The anteroposterior (AP)
diameter of the spinal canal and thecal sac CSA were
measured using sagittal and axial sections of all cervical
intervertebral levels. The smallest diameter measured
among all levels was recorded. An AP diameter of the
cervical canal of less than 10 mm was considered absolute
stenosis, 10-13 mm was considered relative stenosis, and
more than 13 mm was considered normal [6]. Thecal sac
CSA of less than 75 mm? was considered severe stenosis,
75-100 mm? was considered moderate stenosis, and more
than 100 mm? was considered normal [5,6].

2.3.2. Pain severity and numbness

NRS scores were used to measure pain intensity. They
ranged from 0 (no pain/numbness) to 10 (worst pain/
numbness imaginable). Patients were asked to mark their
pain on a scale between 0 and 10 points. Neck pain, pain
radiating to the arm, and pain and numbness in the fingers,
hand, or arm were evaluated [12].

2.3.3. Functional limitation

The Turkish version of the CRIS was used to determine
functional limitation. This scale includes 21 questions
within three categories. The first is symptoms, consisting
of a total of nine items and assessing pain in the neck,
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shoulders, and arms/hands/fingers, as well as neck
tingling, loss of strength, and stiffness. Second, energy and
stances are assessed with 6 items, and the third category
includes 6 items that evaluate how pain and discomfort
have limited one’s ability to perform certain behaviors and
activities [10,12].

2.3.4. Neck disability

The NDI was used to evaluate the impact of disability
caused by neck pain on functions. This scale consists of
10 items, including the severity of pain, headache, lifting,
reading, concentration, personal care, work life, driving,
sleep, and leisure activities. There are 6 possible answers
for each item, ranging from 0 points to 5 points. As scores
increase, disability increases. The Turkish validity and
reliability of the scale were evaluated by Aslan et al. [13].

2.3.5. Quality of life

The EQ-5D-3L scale was used to investigate quality of life.
The first main section of this scale is the EQ-5D index
scale. It comprises five dimensions: movement, self-care,
usual activities, pain/discomfort, and anxiety/depression.
These are scored with 1 (“no problem”) to 3 (“extreme
problem”) points. An index score between -0.59 and 1
is calculated from the five dimensions of the scale. An
index score of 1 indicates perfect health, while 0 points
indicate death and negative scores reflect a state “worse
than death” Index scores were calculated according to
Dolan et al. [14]. The second main section of the scale is
the EQ-5D-3L visual analog scale (VAS). It entails a VAS
that includes values between 0 and 100, and individuals
evaluate themselves according to their perceived health on
the day of the evaluation [14].

2.4. Statistical analysis

Power analysis was performed using the G*Power program.
For a moderate correlation between pain and disability (r
= 0.417), it was calculated that at least 57 people should
participate in the study for a 95% confidence interval
and 95% power, taking a previous study as a reference
in determining the sample size [15]. Considering the

Table 1. Demographic and physical characteristics of the patients.

possibility of data loss in the study, a minimum of 63
people were asked to participate for the 10% cutoff point.

The compliance of the data to normal distribution
was evaluated with the Shapiro-Wilk test and histogram
graphics. Descriptive analyses were shown with number
and percentage values for categorical variables, mean
and standard deviation, and median, minimum, and
maximum values for numerical variables. Relationships
between data were obtained with the Spearman correlation
test. Correlation coeflicients of r > 0.7 were considered to
reflect strong correlations, 0.3-0.7 moderate correlations,
and 0-0.3 weak correlations [16]. The level of statistical
significance was set at p < 0.05.

3. Results

Sixty-six patients with CSR were screened and two were
excluded from the study. One of those patients had
undergone cervical spine surgery 6 months previously
and one declined to participate in the study. The study was
completed with a total of 64 patients. Of those 64 patients,
45 (70.30%) were female, 19 (29.70%) were male, and the
mean age was 65.98 + 3.77 years (Table 1).

The median duration of symptoms due to cervical
radiculopathy was 21.48 months. Physical and
demographic information about the patients is provided
in Table 1. According to the NRS results, the patients had
moderate pain in the neck and arm (5.51 + 1.82 and 4.97
* 1.65, respectively), and the mean NRS score was 4.20
£ 0.97 for numbness in the arm, hand, or fingers (Table
2). According to AP diameters, 44 (68.75%) patients had
absolute stenosis, 20 (31.25%) had relative stenosis, and
the average AP diameter was 9.36 + 1.90 mm. In addition,
according to thecal sac CSA, 28 (43.75%) patients had
severe stenosis, 36 (56.25%) had moderate stenosis, and
the average CSA was 81.65 = 10.08 mm?* Data from the
evaluations of the patients regarding severity of stenosis,
neck and arm pain, CRIS subscales, neck disability, and
health-related quality of life are provided in Table 2.

Variables Total samples (n=64)
Age (years) (X+SD) 65.98+3.77
Height (cm) (Median (min-max)) 162.36 (150.00-182.00)
Weight (kg) (X+SD) 77.73+13.75
Body mass index (kg/m?) (X+SD) 29.54+5.18
Disease duration (month) (Median (min-max)) 21.48 (3.00-72.00)

n %
Sex
Female 45 70.30
Male 19 29.70
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Table 1. (Continued.)

Smoking status

Current smoker 20 31.30
Ex-smoker 13 20.30
Nonsmoker 31 48.40
Dominant hand (%)

Right 55 85.90
Left 9 14.10
Comorbidities

No diseases 32 50.00
Diabetes 3 4.68
Hypertension 19 29.68
Heart diseases 6.25
More than one 6 9.37
Affected side (n, %)

Right 22 34.40
Left 26 40.60
Bilateral 16 25.00

Table 2. Severity of stenosis, pain, numbness, functional limitation, disability, and quality of life scores of the patients.

Variables Mean + SD Median (min-max)
A-P diameter, mm 9.36+1.90 9.50 (4.65-12.98)
Thecal sac CSA, mm? 81.65+10.08 79.33 (64.48-97.85)
NRS-neck 5.51+1.82 5.75 (2.00-9.00)
NRS-arm 4.97+1.65 5.00 (2.00-8.00)
NRS-numbness 4.20+0.97 4.00 (2.00-7.00)
CRIS

Symptoms subscale 59.85+18.60 59.72 (16.67-100.00)
Energy and postures subscale 61.97+24.32 66.66 (12.50-100.00)
Actions and activities subscale 26.56+26.24 18.75 (0.00-95.83)
NDI 19.78+8.34 18.00 (4.00-42.00)
EQ-5D-3L index score 0.60+0.21 0.68 (0.09-0.86)
EQ-VAS 54.76+16.50 50.00 (10.00-90.00)

A-P: anteroposterior, CSA: cross-sectional area, NRS: numeric rating scale, CRIS: Cervical Radiculopathy Impact Scale, EQ-5D-3L:

EuroQol five-dimensions - 3-level, VAS: visual analog scale.

Correlation analysis revealed significant positive
correlations between CRIS subscales and neck and arm
pain, numbness, and disability (p < 0.05 for all). Significant
negative correlations were observed between the CRIS
subscales and both thecal sac CSA and health-related
quality of life (p < 0.01 for both). The associations between
CRIS subscales and other parameters are shown in Table 3.

Moderate positive correlations were found between
both neck and arm pain and neck disability (r = 0.597, r
=0.359), and negative correlations were found for the EQ-
5D-3L index score and EQ-VAS (r = -0.787, r = —-0.518).
There were moderate negative relationships between
stenosis severity and pain, disability, and quality of life (p
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< 0.05 for all). The relationships between pain, numbness,
disability, and quality of life are presented in Table 4.

4. Discussion
This study has shown that patients with CSR had moderate
pain and numbness in their arms and neck. Functional
limitation due to radiculopathy is associated with
pain, disability, and quality of life. Additionally, it was
determined that increased stenosis severity was associated
with increased pain, functional limitation, and decreased
quality of life.

CSR is a disease that generally progresses insidiously.
Cervical spondylotic degeneration can be asymptomatic,
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Table 3. The associations between the cervical radiculopathy impact subscales with severity of stenosis, numeric rating scale, disability,

and quality of life.
Variables Symptoms subscale Energy and postures subscale | Actions and activities subscale
r p r p r p
A-P diameter, mm -0.305* 0.014 -0.302* 0.015 -0.258* 0.039
Thecal sac CSA, mm? -0.262% 0.037 -0.333** <0.01 —-0.343** <0.01
NRS-neck 0.442** <0.01 0,542** <0.01 0,503** <0.01
NRS-arm 0.471** <0.01 0.370** <0.01 0.396** <0.01
NRS-numbness 0.419* 0.41 0.391** <0.01 0.323** <0.01
NDI 0.618** <0.01 0.524** <0.01 0.460** <0.01
EQ-5D-3L index score -0.541** <0.01 -0.496** <0.01 -0.341** <0.01
EQ-VAS -0.502** <0.01 -0.526** <0.01 -0.488** <0.01

A-P: Anteroposterior, CSA: cross-sectional area, NRS: numeric rating scale, CRIS: Cervical Radiculopathy Impact Scale, EQ-5D-3L:
EuroQol Five-Dimensions - 3-level, VAS: visual analog scale, r: Spearman correlation coefficient (*p < 0.05; **p < 0.01).

Table 4. The associations between severity of stenosis, pain, numbness, disability, and quality of life.

Variables 1 2 3 4 5 6 7
1
A-P diameter, mm L
p
Thecal sac CSA, |r |0.647** 1
mm? p |<0.01
r |-0.257* -0.438** 1
NRS-neck
p |0.040 <0.01
r |-0.181 -0.350** 0.643** 1
NRS-arm
p |0.152 <0.01 <0.01
r |-0.216 -0.243 0.482** 0.711** 1
NRS-numbness
p |0.086 0.053 <0.01 <0.01
NDI r |-0573** -0.569** 0.597** 0.359%* 0.318* 1
p |<0.01 <0.01 <0.01 <0.01 0.011
EQ-5D-3Lindex |r |0.409** 0.325** -0.787** -0.518** -0.400** -0.701** 1
score p |<0.01 <0.01 <0.01 <0.01 <0.01 <0.01
r |0.487** 0.593** -0.431** -0.271* -0.337** -0.741** 0.541**
EQ-VAS
p |<0.01 <0.01 <0.01 0.030 <0.01 <0.01 <0.01

A-P: Anteroposterior, CSA: Cross-sectional area, NRS: Numeric rating scale, CRIS: Cervical Radiculopathy Impact Scale, EQ-5D-3L:
EuroQol Five-Dimensions - 3-level, VAS: visual analog scale, r: Spearman correlation coefficient (*p < 0.05; **p < 0.01).

although imaging methods show it clearly. Patients may
complain of neck pain and numbness in their fingers and
toes [3,15]. Most patients can adapt to the first signs of the
disease over time. However, as the severity increases, the
symptoms may manifest more [19]. The age group most
affected by the disease is =55 years. More than 50% of
the middle-aged population has radiological findings of
cervical deterioration [18].

The natural course of CSR usually manifests itself in one
of three ways. Up to 70% of patients show a slow worsening
over time. The worsening period is followed by a relatively
stable period; over time, repeated and slowly worsening
attacks occur. This situation may continue cyclically and
progressively [19]. Clearer progressive worsening is seen

in 20% of patients, while a small group of 5% of patients
show rapid deterioration. In 80% of cases, patients may
remain stable for 3 years after diagnosis. Although some
patients remain clinically stable in long-term follow-up,
the majority will worsen clinically if untreated. Since CSR
results from a degenerative process that increases with
aging, its severity increases over time [19-21]. This may be
associated with clinical symptoms.

Relationships between radiological images and clinical
symptoms regarding the severity of stenosis have been
investigated in the literature. However, these studies have
generally focused on LSS [5,6]. It has been stated that
significant clinical consequences may be observed with
minimal findings in radiological images and vice versa
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[5]. Compared to patients with severe central stenosis,
individuals with moderate central stenosis experienced
more leg pain and had shorter maximal walking
distances [5]. In another study of patients with LSS, no
significant correlation was found between radiologically
demonstrated anatomical LSS and disability scores [6].
Therefore, the results in the literature are contradictory.
Furthermore, the relationships between CSS-related
radiological imaging and clinical symptoms have not been
adequately investigated. One study stated that arm and
neck pain was related to the severity of stenosis in patients
with foraminal stenosis in the cervical region. However,
no relationship was shown between stenosis severity and
NDI [22]. Similarly, in the present study, it was observed
that there was a linear relationship between the severity
of stenosis and arm and neck pain according to thecal
sac CSA. In contrast to Lee et al. [22], this study found an
association between stenosis severity and neck disability.
The inclusion of individuals with central stenosis in this
study may explain that result. Additionally, the severity
of stenosis increases with age [19-21]. The older ages of
the patients in this study may explain the relationships
observed between severity and clinical symptoms. In
addition, with flexion and extension movements in the
neck, a narrowing of the spinal canal of up to 2 mm in
diameter may occur under physiological conditions. In
this case, the dynamic process may increase the pressure
on the spinal canal [21]. More use and movement of the
neck compared to the low back area in daily life will cause
radicular symptoms to increase due to compression [3,17].
Therefore, unlike LSS, a relationship may arise between the
severity of stenosis in the cervical region and the patient’s
symptoms. Deterioration in cervical alignment in the
cervical region, which is less stable than the lumbar region
because of stenosis, may also cause this finding.
Functional scales are important in determining the
prognosis of CSR [10]. There needs to be a clear consensus
on which test is adequate and useful in predicting
prognosis. In previous studies, the NDI, the Nurick scale,
and the 30-m walking test were used to follow patients
and determine prognosis. Additionally, studies have noted
the importance of the quality-of-life index in comparing
treatment strategies for patients with CSR and evaluating
the pre- and postoperative periods. Quality-of-life data and
NDIvalues are valid and sensitive in evaluating and grading
CSR patients [23]. However, the results obtained from the
CRIS may give clearer information about these patients.
There is a lack of research evaluating the relationships
between pain caused by cervical radiculopathy due to
stenosis and the limitations it causes [24]. The lack of an
outcome scale that allows a comprehensive evaluation
of the functional limitation caused by radicular pain has
resulted in a deficiency in evaluating that limitation [25].

732

The results obtained from the CRIS in our study showed
that patients with stenotic radiculopathy had moderate
limitation. In a study evaluating functional limitation due
to discogenic radiculopathy, lower scores were obtained
compared to our study [9]. In another study, in contrast
to the present study, it was stated that patients CRIS
scores were close to each other but lower. In addition, a
moderate relationship between functional limitation and
disability was established [11], as in the present study.
Stenotic changes increase with age and affect the functions
of patients more. In this study, the patients’ higher levels of
functional limitation may have been due to older age and,
therefore, more stenotic problems.

This study also found that patients with stenotic
radiculopathy had moderate shoulder and arm pain and
moderate numbness in the arms. Similarly, a previous
study showed that patients with cervical foraminal stenosis
experienced moderate neck and arm pain [22]. Cervical
spondylosis is caused by aging and it is a degenerative
disease that can also affect the cervical vertebrae, facet
joints and surrounding joints, and their associated soft
tissues [23,24]. These changes lead to an increase in pain
with an increase in pressure on the nerves. This explains
why patients have moderate pain.

Evaluation methods are important in the management
of radiculopathy for determining effective treatment and
identifying whether the problems are due to radiculopathy
[26]. The literature reports that patients with radiculopathy
experience limitations due to increased pain intensity
and disability symptoms [10,12]. However, since the
evaluations consider the disability associated with neck
pain rather than arm and extremity pain caused by
radiculopathy, they are insufficient for evaluating the
limitation caused by radiculopathy [10]. In the present
study, significant positive correlations were determined
between CRIS subscales and neck and arm pain,
numbness, and disability. Significant negative correlations
were also observed between CRIS subscales and health-
related quality of life. The relationship between cervical
stenosis severity and functional limitation has not been
demonstrated before. This study revealed that an increase
in functional limitation was associated with an increase in
the severity of cervical stenosis. Therefore, evaluating the
severity of functional limitation and stenosis in patients
during clinical follow-up is essential.

Quality of life reflects the health status perceived by
patients. It is also helpful in assessing the impact that
dysfunctions resulting from disease or injury have on activities
[27]. This study found moderate positive correlations
between neck and arm pain and neck disability, and negative
correlations were found for the EQ-5D-3L index score
and EQ-VAS. A previous study showed that patients with
discogenic radiculopathy had better quality of life and level
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of disability related to upper extremity function. Accordingly,
disability may result from neck pain and deficiencies in
upper extremity functions [27] and this situation may affect
quality of life [15,27]. Conversely, decreased stenosis severity
is associated with increased quality of life. The decrease in
pain and disability may explain this [27]. Considering these
results, quality of life is related to the severity of stenosis,
functional limitation, pain, and disability.

This study has several limitations. First, it is possible
that the radiological assessment of stenosis was inadequate
because the MRI scans were obtained with patients in the
supine position. In stenotic patients, symptoms typically
worsen in the upright position [3,17]. Furthermore, the
study was conducted in a single center. Multicenter studies
are needed to generalize the results. Another limitation is that
this study was cross-sectional. Studies aimed at treatment
according to the degree of CSS could provide better results in
confirming symptomatic levels.

5. Conclusion
This study has shown direct correlations between CSR
and pain, numbness, disability, and quality of life. There
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