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Study Design: Single-center cross-sectional study.
Purpose: The present study aimed to clarify the effects of central sensitivity syndrome (CSS) and psychological factors on the clinical 
features in patients with cervical degenerative disease (CDD).
Overview of Literature: The presence of CSS and psychological factors can influence the clinical features of patients with musculo-
skeletal disorders including CDD. However, the precise effects of CSS are unclear.
Methods: Patients admitted for surgical treatment of CDD were recruited. The following patient-reported outcome measures were 
recorded on the day before the surgery: the Numerical Rating Scale (NRS) for neck pain intensity, Neck Disability Index (NDI), EuroQol 
5-Dimensions (EQ-5D) survey, Central Sensitization Inventory (CSI), Pain Catastrophizing Scale, Tampa Scale for Kinesiophobia, and 
the Hospital Anxiety and Depression Scale were used. We performed three multiple regression analyses to investigate the effects of 
CSS and psychological factors on the clinical features.
Results: Multiple regression analysis revealed that CSI had a significant effect on NRS (β , 0.50; 95% confidence interval [CI], 0.29 
to 0.71), NDI (β , 0.64; 95% CI, 0.45 to 0.82), and EQ-5D (β , −0.55; 95% CI, −0.75 to −0.35). Multiple regression analysis revealed that 
psychological factors did not exert a significant effect on the clinical features.
Conclusions: Our results demonstrated that CSI was able to identify the clinical features in CDD patients, suggesting that CSS does 
affect the clinical features of such patients.
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Introduction

Cervical diseases are a class of common musculosk-

eletal disorders that are widely recognized as a major 
health problem [1]. Many people experience recurrent 
or chronic symptoms, resulting in increased health care 
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costs and social loss [2]. Among the cervical diseases, cer-
vical degenerative disease (CDD) affects the spinal cord 
and nerve roots, sometimes causing neuropathic pain. 
Although the efficacy of conservative therapy has been 
reported for mild cases [3], surgical treatment is often 
required for severe or progressive cases of CDD. However, 
even if surgery is performed properly and the pressure on 
the nerve is released, postoperative residual pain is often 
experienced [4]. The pathology of CDD is complex, and 
the underlying mechanisms that contribute to pain man-
agement and recovery are incompletely understood.

Recently, central sensitization (CS) has been suggested 
as a condition of chronic pain. The International Associa-
tion for the Study of Pain defines CS as increased respon-
siveness of nociceptive neurons in the central nervous 
system to their normal or subthreshold afferent input [5]. 
Multiple factors, including psychological factors, may 
cause dysregulation of bottom-up or top-down modula-
tion and cause CS [6]. Well-known psychological factors 
involved in CS include pain catastrophizing, depression, 
fear, anxiety, stress, and inadequate knowledge of the re-
spective disease. In support of this, previous studies have 
reported that negative emotion impairs the descending 
inhibitory pathways [7].

Many conditions of chronic pain, such as low back pain 
[8] as well as neck and shoulder pain [9] are characterized 
by hypersensitivity induced by CS. Yunus [10] proposed 
the idea of an overlapping and similar group of syn-
dromes bound by the common mechanisms of CS, called 
central sensitivity syndromes (CSS). Recent investigations 
have shown that CSS patients may also have the clinical 
features in lumbar disease [8]. Moreover, CSS patients are 
reported to have significantly lower values for catastrophic 
thinking, fear of exercise, and sleep effects than controls 
for patients with neck and shoulder pain [9].

A previous study has reported the effects of psychologi-
cal factors in the development of CDD [11-13]. However, 
to our knowledge, no studies have focused on the influ-
ence of CSS in terms of the development of CDD, and 
the precise effects of CSS are unclear. CSS may affect the 
clinical symptoms of CDD. The present study aimed to 
investigate the effects of CSS and the psychological factors 
on the clinical features of CDD patients.

Materials and Methods

1. Design

This single-center, cross-sectional study and all its proto-
cols were approved by the Ethics Committee of Sapporo 
Maruyama Orthopedic Hospital (approval no., #000028). 
Written informed consent was obtained from each par-
ticipant before initiation data collection.

2. Participants

All CDD patients who were referred to the Sapporo 
Maruyama Orthopedic Hospital (Sapporo, Japan) were 
invited to participate in this study. The inclusion criteria 
were as follows: (1) undergoing cervical spine surgery 
following medical diagnosis of cervical spondylotic my-
elopathy, cervical spondylotic radiculopathy, cervical disk 
herniation, or ossification of the posterior longitudinal 
ligamentum between May 2018 and March 2020; (2) age 
20–90 years; and (3) evaluable on the day before the sur-
gery. Exclusion criteria were as follows: (1) serious pathol-
ogies, such as cerebrovascular or cardiovascular disease; 
(2) history of mental disorder; (3) history of cervical spine 
surgery; and (4) difficulty in answering the question-
naires.

3. Procedures

The following patient-reported outcome measures 
(PROMs) were evaluated on the day before the surgery 
for all the participants: (1) Numerical Rating Scale (NRS) 
for neck pain intensity, (2) Neck Disability Index (NDI), 
(3) EuroQol 5-Dimensions (EQ-5D) survey of health-
related quality of life (HRQOL), (4) Central Sensitization 
Inventory (CSI) for CSS, (5) Pain Catastrophizing Scale 
(PCS), (6) Tampa Scale for Kinesiophobia (TSK), and (7) 
Hospital Anxiety and Depression Scale (HADS). Data 
regarding age, sex, height, weight, medical diagnosis, and 
symptom duration were collected from the patients’ medi-
cal records.

CSI was developed to identify patients who may have 
CSS [14]. Subsequently, the ability to identify CSS was 
verified [15]. All other questionnaires are highly reliable, 
with the reliability and validity of the Japanese version be-
ing confirmed. This questionnaire was selected because it 
is used internationally and can be used for comparing the 
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present findings with previous reports. The details are as 
follows.

4. Measures

1) Numerical Rating Scale for neck pain intensity
Pain intensity was measured using the 11-point NRS to 
determine average neck pain intensity on the day of the 
evaluation. A score of 0 indicates no pain, and a score of 
10 indicates the worst imaginable pain.

2) Neck Disability Index
Disability was measured using the Japanese version of the 
NDI [16]. The NDI includes 10 items, scored from 0 to 5. 
The total score is converted to a percentage, with a higher 
total score indicating greater disability. Previous studies 
have demonstrated the high internal consistency (Cron-
bach’s α of all items=0.89) of the Japanese version of the 
NDI [16].

3) EuroQol 5-Dimensions
We measured the HRQOL using the Japanese version of 
the EQ-5D [17]. The EQ-5D consists of 5 dimensions re-
lating to the state of health: mobility, self-care, usual activ-
ities, pain/discomfort, and anxiety/depression. A higher 
score indicates a better quality of life, with a maximum 
score of 1 [18].

4) Central Sensitization Inventory
The Japanese version of the CSI was used to assess CSS 
[19]. The CSI includes 25 items, scored from 0 to 4 (Table 
1) [14]. A higher total score indicates more severe CSS, 
with a total score of 40 being the cutoff [14]. Previous 
studies have demonstrated this system to exhibit good cri-
terion validity, construct validity, and test-retest reliability 
(intra-class correlation coefficient=0.85) [19].

5) Pain Catastrophizing Scale
Pain catastrophizing was measured using the Japanese ver-
sion of the PCS that includes 13 items, with scores ranging 
from 0 to 4 [20]. A higher total score indicates a greater 
degree of pain catastrophizing, and a total score of 30 is the 
cutoff point for clinically relevant level of catastrophizing 
[21]. Previous studies have demonstrated the construct 
validity and high internal consistency (Cronbach’s α of all 
items=0.89) of the Japanese version of the PCS [20].

6) Tampa Scale for Kinesiophobia
Kinesiophobia was measured using the Japanese version 
of the TSK [22]. The TSK includes 17 items, scored from 1 
to 4. A higher total score indicates greater kinesiophobia, 
and a total score of 37 is the cutoff point that relates to 
strong kinesiophobia [22]. Previous studies have dem-
onstrated the concurrent validity and high internal con-
sistency (Cronbach’s α of all items=0.85) of the Japanese 
version of the TSK [22].

7) Hospital Anxiety and Depression Scale
Anxiety or depression was measured using the Japanese 
version of the HADS [23]. The HADS includes 14 items, 
with scores ranging from 0 to 3. Odd number items are for 
depression, and the even number items are for anxiety. A 

Table 1. Central Sensitization Inventory [14]

Item no. Central Sensitization Inventory

1 I feel tired and unrefreshed when I wake from sleeping.

2 My muscles feel stiff and achy.

3 I have anxiety attacks.

4 I grind or clench my teeth.

5 I have problems with diarrhea and/or constipation.

6 I need help in performing my daily activities.

7 I am sensitive to bright lights.

8 I get tired very easily when I am physically active.

9 I feel pain all over my body.

10 I have headaches.

11 I feel discomfort in my bladder and/or burning when I urinate.

12 I do not sleep well.

13 I have difficulty concentrating.

14 I have skin problems such as dryness, itchiness, or rashes.

15 Stress makes my physical symptoms get worse.

16 I feel sad or depressed.

17 I have low energy.

18 I have muscle tension in my neck and shoulders.

19 I have pain in my jaw.

20 Ce rtain smells, such as perfumes, make me feel dizzy and nause-
ated.

21 I have to urinate frequently.

22 My  legs feel uncomfortable and restless when I am trying to go to 
sleep at night.

23 I have difficulty remembering things.

24 I suffered trauma as a child.

25 I have pain in my pelvic area.
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higher total score indicates greater anxiety or depression. 
In each subscale of anxiety or depression, a total score of 8 
is the cutoff point for the identification of suspicious cases 
for depression and anxiety [23]. Previous studies have 
demonstrated the construct validity of the Japanese ver-
sion of the HADS [23].

5. Statistical analyses

Missing values were imputed using the multiple impu-
tation with the chained equation method. Descriptive 
analyses were used to evaluate participant characteristics. 
Continuous data are expressed as the mean (standard 
deviation) values and categorical data as counts (percent-
ages). Correlations between CSI and psychological factors 
(pain catastrophizing, kinesiophobia, anxiety, depression) 
and clinical features were examined using Spearman’s 
rank correlation coefficient. Three multiple regression 
analyses were then performed to assess the value of CSI 
and PROMs for psychological factors to identify NRS, 
NDI, and EQ-5D. The CSI and psychological factors were 
entered as independent variables, along with potentially 
important variables, such as age and symptom duration, 
regardless of statistical significance. In the present study, 
r-values of ≤0.40, 0.40–0.75, or >0.75 were considered to 
indicate weak or no correlation, moderate correlation, 
and strong correlation, respectively [24]. Multiple impu-
tation was performed using R ver. 3.6 (The R Founda-
tion for Statistical Computing, Vienna, Austria; https://
www.r-project.org/), and other statistical analyses were 
performed using HAD ver. 16.1 (Hiroshi Shimizu, Nishi-
nomiya, Japan). A significance level of 0.05 was selected; 
however, we primarily focused on point estimates and 
95% confidence intervals (95% CI) to evaluate the signifi-
cance of the results.

Results

1. Participant characteristics

Seventy-two patients with CDD were included based on 
the aforementioned inclusion criteria. Of the study popu-
lation, 6.9% (5/72) had incomplete data, representing 2% 
of the 86 questions (121/6,002). These missing values were 
complemented with the multiple imputation method. In 
total, the data of 72 patients were analyzed. Of these, 42 
patients were treated for cervical spondylotic myelopathy, 

18 for cervical spondylotic radiculopathy, four for cervical 
disc herniation, and seven for ossification of the posterior 
longitudinal ligamentum. The characteristics of the study 
population are summarized in Table 2.

2. Correlation analysis

Table 3 presents the correlation between CSI and PROMs 
for psychological factors and clinical features. We found 
that CSI was significantly and moderately correlated with 
NRS (r=0.50, p<0.01), NDI (r=0.64, p<0.01), and EQ-5D 
(r=−0.55, p<0.01). Both TSK and HADS were significantly 
correlated with some clinical features.

3. Multiple regression analyses

Tables 4–6 present the results of multiple regression mod-
els with NRS, NDI, and EQ-5D as the dependent vari-
ables, respectively. The constructed model for the iden-
tification of NRS, NDI, and EQ-5D significantly fits the 
overall data (R2=0.25, adjusted R2=0.24, p<0.01; R2=0.40, 
adjusted R2=0.40, p<0.01; and R2=0.30, adjusted R2=0.29, 

Table 2. Characteristics of the study population (n=72)

Characteristic Value

Female gender      20 (28.0)

Age (yr)   64.2±11.0

Body mass index (kg/m2) 24.5±3.9

Duration of symptoms (mo)   27.8±46.1

Numerical Rating Scale for neck pain intensity (0–10)   3.0±2.7

Neck Disability Index   26.9±17.4

EuroQol 5-Dimensions (0.00–1.00) 0.65±0.11

Central Sensitization Inventory (0–100)  26.2±12.9

Cutoff score for Central Sensitization Inventory of ≥40      15 (20.1)

Pain Catastrophizing Scale (0–52)  28.0±11.1

Cutoff score for Pain Catastrophizing Scale of ≥30      32 (44.4)

Tampa Scale for Kinesiophobia (17–68) 41.5±6.2

Cutoff score for Tampa Scale for Kinesiophobia of ≥37      61 (85.0)

Hospital Anxiety and Depression Scale–anxiety subscale (0–21)   6.0±3.4

Cu toff score for Hospital Anxiety and Depression Scale–anxiety 
subscale of ≥8

     22 (30.6)

Ho spital Anxiety and Depression Scale–depression subscale 
(0–21)

 6.2±3.9

Cu toff score for Hospital Anxiety and Depression Scale–depres-
sion subscale of ≥8

     25 (35.0)

Values are presented as number (%) or mean±standard deviation.
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p<0.01), respectively. CSI has a significant effect on NRS 
(β, 0.50; 95% CI, 0.29 to 0.71), NDI (β, 0.64; 95% CI, 0.45 
to 0.82), and EQ-5D (β, −0.55; 95% CI, −0.75 to −0.35). 
The PROMs for psychological factors did not significantly 

affect the clinical features. There were no associations with 
multicollinearity (variance inflation factor <3.0), indicat-
ing that the results were reliable.

Discussion

This study revealed that CSI is a significant identifying 
factor for the clinical features, suggesting that CSS has a 
significant effect on the clinical features of CDD patients.

Previous studies have investigated the effects of CSS in 
lumbar disease; Bennett et al. [25] found that preopera-
tive CSI is associated with reduced HRQOL and increased 
length of hospital stay after lumbar spinal fusion. In par-
ticular, for every 10-point increase in the CSI score, the 
length of hospital stay increased by 6.4%. Neblett et al. [8] 
reported that the CSI score at the time of admission for 
chronic spinal pain is associated with pain intensity and 
that interdisciplinary biopsychosocial treatment can sig-
nificantly improve the CSI score.

Multiple regression analysis in the present study re-
vealed that the CSI score was significant for identifying 
the pain intensity, disability, and HRQOL. Therefore, after 
controlling for other confounding factors, we suggest that 
more severe CSS is associated with more severe clinical 
features in CDD patients. Our conclusions are consistent 
with previous studies in terms of the effects of CSS on the 
clinical features of patients with lumbar disease [8,25].

The present analysis of the correlations between psy-
chological factors and clinical features revealed that TSK 
and HADS were significantly correlated with some clinical 
features. However, these factors did not affect the clinical 

Table 3. Correlations between clinical features and evaluated variables

1 2 3 4 5 6 7 8

1. NRS - - - - - - - -

2. NDI 0.69** - - - - - - -

3. EQ-5D  −0.33*  −0.57** - - - - - -

4. CSI 0.50** 0.64** −0.55** - - - - -

5. PCS 0.30 0.18 −0.20 0.29* - - - -

6. TSK 0.14 0.26* −0.44** 0.47** 0.53** - - -

7. HADS-A 0.19 0.34** −0.38* 0.50* 0.51**   0.38* - -

8. HADS-D 0.13 0.27* −0.23** 0.47* 0.40** 0.23 0.70** -

NRS, Numerical Rating Scale for neck pain intensity; NDI, Neck Disability Index; EQ-5D, EuroQol 5-Dimensions; CSI, Central Sensitization Inventory; PCS, Pain Cata-
strophizing Scale; TSK, Tampa Scale for Kinesiophobia; HADS-A, Hospital Anxiety and Depression Scale for anxiety; HADS-D, Hospital Anxiety and Depression Scale 
for depression.
*p<0.05 and **p<0.01 (by Spearman’s rank correlation coefficient).

Table 4. Results of multiple regression analysis with pain intensity as the de-
pendent variable

B SE β T-value p-value 95% CI

CSI 0.10 0.02 0.50 4.83 <0.01 0.29–0.71

R 2=0.25; adjusted R 2=0.24.
B , partial regression coefficient; SE, standard error; β , standardized partial 
regression coefficient; 95% CI, 95% confidence interval of the estimated effect; 
CSI, Central Sensitization Inventory.

Table 5. Results of multiple regression analysis with disability as the depen-
dent variable

B SE β T-value p-value 95% CI

CSI 0.86 0.12 0.64 6.90 <0.01 0.45–0.82

R 2=0.40; adjusted R 2=0.40.
B , partial regression coefficient; SE, standard error; β , standardized partial 
regression coefficient; 95% CI, 95% confidence interval of the estimated effect; 
CSI, Central Sensitization Inventory.

Table 6. Results of multiple regression analysis with health-related quality of 
life as the dependent variable

B SE β T-value p-value 95% CI

CSI −0.01 0.001 −0.55 −5.52 <0.01 −0.75 to −0.35

R 2=0.30; adjusted R 2=0.29.
B , partial regression coefficient; SE, standard error; β , standardized partial 
regression coefficient; 95% CI, 95% confidence interval of the estimated effect; 
CSI, Central Sensitization Inventory.
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features when CSI and psychological factors were used si-
multaneously as independent variables in multiple regres-
sion analysis.

Previous studies have analyzed the effects of psycho-
logical factors on the clinical features of CDD patients. 
In their evaluation of depression using the Patient Health 
Questionnaire-9 following posterior cervical fusion, Al-
vin et al. [11] demonstrated, through multiple linear and 
logistic regression analyses, that more severe preoperative 
depression is associated with a worse EQ-5D score at 1 
year postoperatively. Archer et al. [12] reported that the 
preoperative symptoms of depression predict increased 
pain interference and disability and decreased HRQOL at 
6 months after the surgery for lumbar or cervical degen-
erative conditions. In contrast, Doi et al. [13] found that 
cervical spinal fusion is associated with significant im-
provement of HRQOL and sufficient levels of satisfaction 
after the surgery, regardless of the presence of preopera-
tive depression or anxiety in CDD patients.

Thus far, there is no consensus of the influence of psy-
chological factors on CDD development. The results of 
previous studies about the effects of psychological factors 
in CDD patients do not account for CSS. Several stud-
ies have reported that pain intensity could be associated 
with the CSI score as well as psychological factors [8,26]. 
Shigetoh et al. [27] found that CS mediates the relationship 
between pain intensity and psychological factors includ-
ing depression. Van Wilgen et al. [26] demonstrated the 
convergent validity of CSI score by evaluating the clinical 
features of CS and psychological factors. In addition to pri-
mary symptoms associated with CSS, the CSI also briefly 
assesses psychological factors, including anxiety, depres-
sion, and panic disorder. To our knowledge, no previous 
studies have simultaneously investigated the effects of CSS 
and psychosocial factors in CDD patients. The present 
study suggests that CSI may reflect clinical features to a 
better degree than PROMs for psychological factors.

For the clinical implication, treatment of CSS should 
focus on multidisciplinary biopsychosocial treatment and 
medications, such as dual reuptake inhibitors [8,14]. A 
high CSI score should not preclude surgical treatment; 
however, clinicians should select their patients carefully 
and follow different treatment policies as per need. Our 
findings highlight the utility of the CSI score for identify-
ing the severity of clinical features among such patients. 
The addition of CSI that comprehensively assesses psycho-
logical factors has the potential to help diagnose patients 

with CDD and develop an appropriate treatment plan.
The present study has certain limitations that need 

to be acknowledged. The first is that CSS was evaluated 
using the CSI score; the diagnosis of CSS could not be 
established using more objective evaluations. In fact, the 
PROM score might have been affected by age, cognition, 
and cultural aspects, such as the fact that the population 
was Japanese. Quantitative Sensory Testing (QST) has 
been used to assess CSS in order to quantify somatosen-
sory function [28]. Although a correlation between clini-
cal symptoms measured using QST and CSS has been 
reported [29], QST is often thought of as a direct indicator 
of CSS. Therefore, it may be more reliable to measure QST 
in this study. The second limitation is the relatively small 
sample size. Total 72 participants were selected; however, 
the number of participants was insufficient. Further large 
studies are needed in order to confirm our findings. Fi-
nally, this was a cross-sectional study; therefore, a causal 
relationship between CSI and clinical features cannot be 
confirmed. Prospective studies are required to validate the 
CSI score as a screening tool for cervical spine surgery. 
For example, it has been reported that preoperative CSI 
scores in people with lumbar disease had prolonged dis-
charge and lower HRQOL [25]. Therefore, it is necessary 
to examine how the preoperative CSI scores affect postop-
erative outcomes in cervical disease.

Conclusions

This study investigated the effects of CSS and psychologi-
cal factors on the clinical features of CDD patients with 
CDD. We found that CSI can help identify clinical fea-
tures, suggesting that CSS affects pain intensity, disability 
and HRQOL of CDD patients. Our findings may facilitate 
clinical decision making because they highlight the im-
portance of evaluating CSI in the clinic for identifying the 
severity of clinical features of CDD patients and plan ap-
propriate management strategies.
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