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Effects of Cervical Stabilization Exercise in patients with 
Cervical Artificial Disc Replacement

Purpose: This study was to identify the effect of cervical stabilization exercise on pain and structure in patients with cervical 
artificial disc replacement.

Methods: Forty-four individuals with cervical artificial disc replacement volunteered to participate from FEB 2012 to MAR 2013 in 
this study. They were allocated to either Experimental Group (EG) or Control Group (CG), with 22 subjects in each group. Subjects 
from the EG performed cervical stabilization exercise program and subjects from the CG performed isometric exercise program. 
Assessment tools were made with the Visual Analogue Scale (VAS), Neck Disability Index (NDI), and Cervical Lordosis Angle (CLA).  

Results: In this study, in within-group and between-group comparison, the EG and CG showed significant differences in all 
parameters(p<0.05). But EG showed more improvement than CG at all parameters.

Conclusion: These findings suggest that cervical stabilization exercise may be favorably used to improve VAS, NDI and CLA in 
patients with cervical artificial disc replacement. Further studies with larger sample and long-term follow-up period need to 
generalize the results of this study.
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Ⅰ. Introduction

Conservative treatments such as drugs and physical therapy 

are primarily performed for cervical disc disease and can 

alleviate its symptoms in many cases; however, surgical 

treatments are required when conservative treatments are 

ineffective.1 There are two surgical approaches related to 

cervical disc disease, namely anterior and posterior. Either 

approach can be taken depending on whether patient 

symptoms occur due to neuromuscular compression, spinal 

cord compression and soft or hard disc herniation; whether 

the parts of the disc herniation are central or posterolateral; 

and the number of invasion segments, presence or absence 
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of spinal stenosis and severity of cervical curvature.2-5 

Of them, cervical artificial disc replacement is performed 

on a lesion localized within a single segment or two 

adjacent segments in the presence of continuing severe 

neuromuscular pain due to soft disc herniation despite 

intensive conservative therapy for more than 6 weeks. It has 

the advantage of fast recovery as compared to other surgical 

methods. However, there is a lack of postoperative studies 

investigating postoperative wear of the equipment, sagittal 

alignment, effects on the adjacent segments and voluntary 

union due to functional impairments.6 The cervical spine, 

which has the largest range of motion of all spinal sections, 

has relatively reduced mechanical stability.7 Therefore, of 

a variety of exercises to improve such spinal instability, 

stabilization exercise trains several structures consisting of 

spinal sections to maintain the neutral zone protected from 

micro-damages that result in wear and tear due to the force 

and load exerted by individual routine activities; additionally, 

it is an integrated exercise that improves flexibility, 
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coordination, endurance and muscular strength, thereby 

reconditioning the spinal stability muscles.8 Studies 

associated with cervical stabilization exercise reported that 

it was very effective for reducing chronic cervical pain and 

providing functional facilitation9 as well as an increase 

in activities near the core of the cervical spine so that it 

improves the patient’s ability to maintain a cervical standing 

posture and sound neutral posture in the treatment and 

management of patients with chronic cervical pain.10 

However, other studies have examined stabilization exercises 

for chronic cervical pain and lumbar vertebrae,9,11-16 

but sufficient studies relevant to cervical artificial disc 

replacement have not yet been performed. Against this 

backdrop, the objective of this study was to investigate the 

presence or absence of pain and structural alignment of the 

cervical vertebrae through cervical stabilization exercises 

after cervical artificial disc replacement.

II. Methods

1. Subjects

Of the 44 patients who were diagnosed with cervical disc 

disease by neurologists at G Hospital in Gyeong-gi Province 

and received cervical artificial disc replacement, 22 who 

performed cervical stabilization exercises (the experimental 

group, EG) and 22 patients who performed cervical isometric 

exercises (the control group, CG) participated in this study. 

The study participants did not have cervical fractures 

or other surgical histories associated with the cervical 

vertebrae. Subjects who did not understand the survey 

contents were excluded from this study. Those subjects who 

listened carefully to the explanation of the study contents 

and agreed to participate were selected. The characteristics 

of the study participants are outlined in (Table 1). 

2. Methods

In this study, Visual Analogue Scale(VAS), Korean Neck 

Disability Index (NDI), and Cervical Lordosis Angle (CLA) 

were measured in both groups 10 days after the cervical 

artificial disc replacement, while the exercise programs were 

performed 3 times a week for 8 weeks in 40 min sessions, 

after which the measurement was performed in the same 

manner as before the exercise.17 In accordance with exercise 

programs prepared for the two groups, respectively, the 

experimental and control groups performed cervical 

stabilization and cervical isometric exercises, respectively. 

The cervical stabilization exercise was implemented by 

using the sling system suggested by Kwon et al18, while the 

cervical isometric exercise consisted of exercises for the neck 

and shoulder that are generally recommended by physical 

therapists for cervical pain management.19 The exercise 

programs are shown in (Table 2). For assessment, cervical 

pain, cervical functional disability and CLA were measured 

by using the VAS,16 NDI,20 and cervical radiographs 

(Dong Kang ACC-630R, Seoul, Korea), respectively; the 

measurements were made based on the method suggested 

Characteristic EG(=22) CG(=22)

Age (y) 45 ± 7.57 46.27 ± 6.97

Sex (M/F) 15/7 15/7

Height (cm) 166 ± 7.40 165.22 ± 5.78

Weight (kg) 64.04 ± 9.73 63.50 ± 6.87

Table 1. Characteristics of study subjects                            

Values are presented as mean±standard deviation. 
EG=Experimental Group, CG=Control Group.

Figure1. Cervical Lordosis Angle.
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less.7 In particular, imbalances between muscles induce 

severe fatigue in the cervical flexors;22 when this pain 

continues, an individual’s posture, balance and control 

abilities are decreased, and proprioceptive receptors, 

vestibular organs and the visual postural control system 

in the body are changed, thereby causing functional 

impairment of the kinesthetic sense.23 Consequently, of the 

various related therapeutic approaches, exercise treatments 

are important.24 In particular, cervical stabilization exercise 

is reported to be effective in the treatment and management 

of patients with cervical pain.10 Therefore, this study aimed 

to elucidate the effects of cervical stabilization exercise 

on pain and structural recovery in patients after cervical 

artificial disc replacement.

Both groups in the current study manifested significant 

improvements in the cervical pain index and cervical 

disability index after an 8-week postoperative exercise 

intervention. In particular, the stabilization exercise group 

showed a 3×reduction in the cervical pain index -41.3% and 

a 2×improved cervical disability index -23.96% than the 

isometric exercise group. 

In a study on cervical pain index, Oh et al25 reported that 

isometric and flexible exercises both effectively increased 

by Jochumsen (Figure 1).21 The data were analyzed by using 

SPSS 18.0. The physical characteristics of the groups with 

respect to the exercise program are expressed as mean 

and standard deviation. Levene’s test was used to assess 

the equality of variances in the two groups, and Levene’s 

statistic was not significant (p>0.05), assuming equal 

variances between groups. Paired t-test was employed to 

confirm the differences before and after the exercise within 

groups. To compare differences in variances between both 

groups, an independent t-test was performed. Statistical 

significance was set at α= 0.05.

III. Results

The results of the stabilization exercise after cervical 

artificial disc replacement are shown in (Table 3). Both 

groups manifested significant outcomes between and within  

the groups (p<0.05). 

IV. Discussion

The cervical spine has the largest range of motion of all 

spinal areas, although its mechanical stability is relatively 
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Categories Cervical stabilization exercise Cervical isometric exercise Time

Warming up Aerobic exercise(Cycle, Treadmill) 10

Main exercise

Flexion-extension stabilization exercise
Rotation stabilization exercise

Retraction stabilization exercise
Lateral bending stabilization exercise (Sling using)

(Forward, Backward) resistive isometric exercise
Both lateral bending resistive isometric exercise

Both rotation resistive
isometric exercise 

20

Cool down Cervical stretching(Neck flexion, extension, rotation, lateral bending) 10

Categories
EG

Pa Δ %
CG

Pa Δ % Pb
Pre-test Post-test Pre-test Post-test

VAS (Score) 3.77 ± 1.26 1.50 ± 1.10 0.000* -60.21 3.86 ± 1.03 3.13 ± 1.39 0.005* -18.91 0.000*

NDI (Score) 8.72 ± 2.49 3.45 ± 1.22 0.000* -60.43 8.50 ± 2.66 5.40 ± 2.53 0.000* -36.47 0.001*

CLA (Deg) 0.31 ± 3.38 3.17 ± 2.77 0.000* 922.58 0.34 ± 2.45 1.37 ± 1.87 0.000* 302.94 0.000*

Table 2. Exercise programs

Table 3. Comparison of VAS, NDI and CLA

*Statistically significant. Pa: Within-group Comparison, Pb: Between-group Comparison. 
Δ %: Post-test - Pre-test / Pre-test X 100. EG: Experimental Group, CG: Control Group. 
VAS(Visual Analogue Scale), NDI(Neck Disability Index), CLA(Cervical Lordosis Angle).
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was provided by controlling the instability and abnormal 

movement of the cervical inter-body through an increase 

of muscular endurance in cervical stabilization instead of 

muscle strength, which is in agreement with the results of 

this study.

The limitations of this study are as follows. First, of 

the various available stabilization exercise programs, only 

exercise localized to the cervical vertebrae was performed 

to focus on patients after cervical artificial disc replacement 

surgery. Second, no comparative analysis was performed 

by using more objective assessment tools. Third, the 

number of subjects was small; therefore, further studies 

with a sufficient number of subjects are necessary to 

confirm the relationships among all the involved factors.

In conclusion, after an 8 week postoperative exercise 

intervention in patients with cervical artificial disc 

replacement, patients in both the stabilization exercise 

and the isometric exercise groups showed significant 

improvements. In particular, the stabilization exercise group 

demonstrated better cervical pain outcomes, disability 

index and structural relationships. However, further long-

term studies with various exercise programs and objective 

assessments are needed to confirm our findings.
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