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Abstract. [Purpose] The aim of the present study was to determine whether a multimodal treatment approach using
spinal decompression via SpineMED and spinal mobilization as well as cervical stabilization exercises would benefit
patients with neck pain with radiculopathy. [Subjects] A total of 10 patients with cervical radiculopathy ranging in age
from 19 to 46 with an average age of 35.50 years participated in this study. [Methods] Patients received treatment in 85
minute sessions, 6 days per week for the first two weeks, and 4 days per week for two additional weeks. Treatment
protocol consisted of spinal decompression via SpineMED and flexion-distraction mobilization of the cervical spine as
well as cervical stabilization exercises. Physical therapy modalities including superficial heat, ultrasound, and
interferential current were also delivered prior to administration of SpineMED. Differences between patients’ preintervention and discharge outcome measures, pain on a visual analogue scale (VAS) and neck disability index (NDI),
were examined using a paired t-test. [Results] Mean measures of patients’ VAS and NDI demonstrated significant
improvement after being treated with 20 sessions of combined treatment. [Conclusion] Findings of the present study
provide significant evidence to support the efficacy of a multimodal treatment approach using spinal decompression via
SpineMED and spinal mobilization as well as cervical stabilization exercises. A multimodal approach might be an asset
in the management of cervical spine disorders.
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INTRODUCTION
Neck pain with radiculopathy is defined as an abnormal
condition of the nerve root that originates in the cervical
spine due to mechanical compression and inflammation of
the nerve root or roots in proximity to the intervertebral
foramen 1) . Approximately 13% to 18% of the general
population in industrialized countries are affected by neck
pain with radiculopathy 2) , and cervical radiculopathy
produces a high level of morbidity, affecting daily activities
of living and quality of life3–6).
Disc herniation is the most common cause of cervical
radiculopathy which typically presents with pain often
described as sharp, achy, or burning in the neck, shoulder,
arm, or chest, depending on the root or roots affected,
usually in a myotomal distribution 7) . Neck pain with
radiculopathy also presents with loss of motor function,

reflex changes, and sensory changes such as numbness/
tingling and paresthesia or dysesthesia7). C6–7 is the most
common level of disc herniation followed by C5–6, and
together they encompass 90% of all cases6,8).
Noninvasive treatment options for neck pain with disc
herniation of the cervical spine include cervical traction,
anti-inflammatory medication, physical therapy, exercises,
spinal manipulation and mobilization, or acupuncture in
order to reduce neurologic symptoms and neck pain9–14).
One of the treatment options is traction (axial traction) and
it has been widely used among clinicians attempting to
relieve neck pain by reducing the pressure within the
intervertebral disc and unloading the structures of the neck
soft tissues 15) . Intermittent traction is beneficial for
preventing the formation of adhesions of the dural sleeve
through gentle stretching and relaxation of the soft tissues of
the cervical spine16,17). There are several ways to apply force
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for cervical traction: motorized traction delivered via a
motorized pulley (motorized traction), manual traction
delivered manually by a therapist, and gravitational traction
delivered through a suspension apparatus18).
Several spinal decompression systems have been newly
developed for noninvasive treatment of neck pain with
radiculopathy. These include SpineMED (CERT Health
Sciences, LLC, Baltimore, MD, USA), DRX9000 (Axiom
Worldwide, Tampa, FL, USA), and vertebral axial
decompression (VAX-D) (Vat-Tech, Inc, Palm Harbor, FL,
USA). When conventional traction is applied, the pull force
of traction may elicit the body’s protective proprioceptive
response to distraction in which back muscles resist the
distraction, thereby reducing the distraction force19). It is the
manufacturers’ claim that the new technology adopted by
spinal decompression systems can decrease the patient’s
protective proprioceptive response to distraction in the
paravertebral muscles of the spine thus, allowing distraction
of the affected spinal unit, thereby reducing pressure within
the damaged disc and symptoms related to disc
herniation20,21).
Manual therapy techniques (spinal mobilization and
spinal manipulation) are also commonly used in therapeutic
regimes for patients with cervical radiculopathy. These
techniques are used to reduce pain by affecting the pain
processing system22) and reflex inhibition, and increasing
range of motion of the spinal segment 2 3 ) . Spinal
mobilization is defined as the application of manual force to
the spinal segments within the limit of passive range of joint
motion, and involves low-velocity (non-thrust) passive
motion within the patient’s control to stop 24). Flexiondistraction mobilization which uses specially designed
treatment tables is the one of the most common forms of
therapy for the treatment of neck pain with or without arm
pain and is beneficial for the treatment of acute neck pain25).
Conservative management of neck pain with cervical
radiculopathy also includes therapeutic exercises that target
the improvement of neck stability. Neck stabilization
exercises are commonly prescribed by clinicians to protect
damaged cervical structures from further injury, recurrent
pain episodes, and degenerative change, as well as reduce
the intensity of the pain and disability due to neck pain26–30).
Neck stabilization exercises incorporate various methods
such as stretching, isometric/static or dynamic
strengthening, and resistance or endurance training as well
as proprioceptive exercises. Previous studies31–34) have
provided strong evidence that exercise therapy for the
treatment of chronic/mechanical neck disorders is likely to
reduce pain as well as the disability it causes and increase
the neck’s range of motion.
Although cervical radiculopathy is a common problem in
the adult population in industrialized countries, its
management varies widely and there is insufficient evidence
to confirm the effectiveness of the various interventions
described above. Thus, the aim of the present study was to
determine whether a multimodal treatment approach using
spinal decompression via SpineMED and spinal
mobilization as well as cervical stabilization exercises
would benefit patients suffering from neck pain with

radiculopathy.
SUBJECTS AND METHODS
Patients who participated in the current investigation
were treated between August 2009 and January 2010. A
total of 10 patients with cervical radiculopathy ranging in
age from 19 to 46 with an average age of 35.50 ± 4.50 years
participated in this study; 70 % of the patients were female
and 30 % were male.
Inclusion criteria for patients in the current study were as
follows: 1) Subjects were included if they were between 18
and 60 years old and had cervical radiculopathy. 2) Subjects
must have been diagnosed with one of the following
conditions: herniated disc, bulging or protruding discs
confirmed by magnetic resonance imaging (MRI) or
computed tomography (CT) of the cervical spine. 3) Subjects
must have shown imaging evidence of herniated disc, or
bulging or protruding discs at an involved spinal joint
consistent with their symptoms, since structural imaging of
herniated disc of MRI and/or CT and symptoms are often
poorly correlated35,36). 4) Subjects must have demonstrated
at least mild disability in activities of daily living due to neck
pain, constituting a score of 5–10 on the neck disability index
(NDI)37). 5) Subjects must have had symptoms related to disc
herniation in the cervical spine for less than a 2-month
duration at presentation.
We excluded subjects who presented with a history of
cervical spine surgery, pregnancy, severe osteoporosis,
recent cervical vertebral compression fracture, local spinal
osteomyelitis, meningitis, aortic aneurysm, primary
malignant or metastatic spinal neoplasm, hemiplegia,
paraplegia, cognitive dysfunction, or disc pathology with
sequestration, or were using prescription anticoagulants,
corticosteroids, or opiate-based pain medication.
Additionally, we also excluded subjects who were currently
involved in a workers’ compensation claim or legal action
regarding their symptoms secondary to intervetebral disc
herniation of the cervical spine.
We recruited all subjects by referral from a neurosurgeon
working in a local spine care center where the current study
was performed. The subjects were screened by the same
neurosurgeon and a physical therapist who had a collective
10 years of experience to check inclusion/exclusion criteria,
and to address any questions regarding this study. Prior to
participating in the study all the participants gave their
written consent and our local University Institutional
Review approved the present study. Subject characteristics
and primary diagnosis as well as MRI findings of subjects
are summarized in Tables 1 and 2.
The SpineMED spinal decompression system consists of
a table and a cervical restraint system which captures the
base of the patient’s skull to provide cycling distractive
forces along the axis of the cervical spine. A disc angle pull
adjustment incorporated in the SpineMED device could be
tilted to the angle required to precisely target affected
cervical spine segments enabling the distractive force to be
applied to a single spinal disc.
For administration of the SpineMED device therapy, the
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Table 1. Subject characteristics
Characteristics
Age (years)
Sex (male/female)
Height (cm)
Weight (kg)
Side involved: left/right (%)
Location of pain
Pain in neck/scapular only
Pain below scapular, above elbow
Pain below elbow
Duration of symptoms (months)
Less than 2
Previous history of NP (% yes)

Values
35.5 ± 4.5
3/7
167.2 ± 7.1
63.5 ± 7.2
40/60
%
50
10
40
%
100
0

Note: Values are means ± SD (standard deviations); N = 10; NP:
Neck pain.

Table 2. Primary diagnosis and MRI findings of participants
Category
Primary diagnosis
Herniated disc
Herniated disc and degenerative disc
Disc involved confirmed from MRI
C5–C6
C6–C7
Changes in disc confirmed from MRI.
Protrusion and disc space narrowing

Values (%)
30
70
70
30
100

Note: MRI: magnetic resonance imaging.

cervical restraint system was first electronically tilted to the
angle indicated by the manufacturer to target the damaged
cervical spine segment. Then, the treating clinician
positioned the subject supine on the SpineMED table with
his or her head positioned in the restraint system and with
the hips and knees flexed and the lower legs supported on a
stool. The typical pull angle used was 28 degrees for the C5–
C6 level and 30 degrees for the C6–C7 level, and the initial
pulling force was set as 5–6 lbs for males and 4–5 lbs for
females. The pulling force for cervical distraction was
raised in increments of 1 lb per session as tolerated and the
final pulling force was 15 lbs for males and 12 lbs for
females. Additionally, the time for distraction and
relaxation was se t at 60 seconds and 30 seconds
respectively, and during the relaxation period half of pulling
force applied in the distraction period was maintained.
Treatment was delivered for 30 minutes, 6 days per week for
the first two weeks, and 4 days per week for two additional
weeks. Thus, the total number of visits was 20 times over a
4-week course of therapy. Heat pack therapy was delivered
for 15 minutes to provide superficial heating to the patients
followed by 5 minutes of ultrasound treatment (SM-250,
Samson Med, Seoul, Korea) using a 1 MHz, 5-cm2 sound
head at an intensity of 1.5 W/cm2 in continuous mode and
15 minutes of interferential current treatment (SM-850P,
Samson Med, Seoul, Korea) at an intensity of 25 mA before
administration of SpineMED.

All participants also received flexion-distraction
mobilization which was performed on a specially designed
treatment table (MF 90, Wellness System, Seoul, Korea)
with a moveable headpiece which allows the clinician to
manually move the patient through passive flexion and
extension of the cervical spine. The treating clinician
positioned the participant prone on the treatment table with
the cervical head piece, and then placed one hand over the
cervical region at the level of interest for stabilization,
applying a gentle and steady force through the contact hand
in the caudal direction and posterior to anterior direction,
while the clinician used the other hand on the handle of the
headpiece to control the desired range of motion. The total
treatment time of each session was 5 minutes, and treatment
took place 6 days per week for the first two weeks and 4
times per week for two additional weeks; the entire
treatment for mobilization of the cervical spine consisted of
20 sessions over a 4-week period.
All patients were additionally given some form of
adjunctive cervical stabilization exercises using a sling
device (Redcord, Staubo, Norway) designed to improve the
dynamic stability of the cervical spine through retraining of
the co-contraction pattern of the cervical muscles, and to
mobilize the damaged cervical spine segment. Each
participant was treated with cervical exercise 6 times per
week for the first two weeks, and 4 times per week for two
additional weeks. Thus, the entire cervical exercise session
totaled 20 sessions over a 4-week course of therapy and the
total treatment time of each session was 15 minutes.
Outcome measures, pain on a visual analogue scale
(VAS)38,39) and NDI, were evaluated before the initiation of
intervention and after discharge from intervention. All
subjects completed initial and post-treatment VAS and NDI
assessments. Numerical pain intensity on a typical day
secondary to neck pain was rated using a 10-point VAS with
a score of 0 (no neck pain during a typical day) to 10 (worst
possible neck pain during a typical day). VAS has a testretest reliability of 0.60 to 0.7040) and a concurrent validity
of 0.76 to 0.8440). Reduced ability to manage activities in
everyday life secondary to neck pain was estimated using
the 50-point NDI (0 being no overall neck pain and 50 being
the most severe neck pain) 3 7 ) . The NDI score was
determined by the patient who rated 10 items, each ranging
from 0 (no back pain during activity) to 5 (severe pain
during activity). NDI has a test-retest reliability coefficient
of 0.8937) and a concurrent validity of 0.69 to 0.7037).
The paired t-test was used to examine the differences
between pre-intervention and discharge VAS and NDI. A
p value less than 0.05 (p<0.05) was considered a
statistically significant. The dependent variables were
VAS and NDI scores. The independent variable was time
of the pre-intervention and discharge measurements. The
software package SPSS 14.0 KO (SPSS, Chicago, IL,
USA) was used for statistical analyses.
RESULTS
All subjects enrolled in the study received 20 sessions of
conservative treatment consisting of spinal decompression
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therapy, cervical flexion-distraction mobilization, and
cervical stabilization exercises. Data of all subjects was
used in the statistical analysis. There were no adverse events
reported during the 4-week course of therapy.
All patients who participated in this study reported a
clinically meaningful improvement in pain and function
(see Table 3) after being managed with a combination of
spinal decompression via SpineMED and spinal
mobilization, as well as cervical stabilization exercises.
Reduction in pain perception and disability index in
maintaining activities of daily living were found to be
statistically significant (p<0.01). There was statistically
significant difference in the measurement of VAS between
pre-intervention and discharge (p<0.01). The mean measure
of discharge was 49% of the mean measure of preintervention (see Table 3). Furthermore, there was also a
statistically significant difference in NDI between preintervention and discharge (p<0.01). The mean measure of
NDI at discharge was 76% of the mean measure of preintervention (see Table 3). More details concerning the
outcomes after treatment for VAS and NDI are provided in
Table 3.
DISCUSSION
Although spinal decompression devices such as
SpineMED or spinal mobilization or exercise have been
widely promoted for the treatment of neck pain and
radiculopathy secondary to disc herniation, studies on the
efficacy of these treatment modalities are lacking. We
believe that this study provides the first data pertaining to
the efficacy of a multimodal approach consisting of spinal
decompression via SpineMED and cervical spine
mobilization as well as cervical stabilization exercises for
the treatment of the cervical radiculopathy. In addition,
findings from this study may be used to estimate the average
number of treatments needed to reduce patient pain in the
management of herniated discs of the cervical spine.
In this study, the patients reported a significant
improvement in the mean measures of pain level and
functional activities after being treated in 20 sessions of
combined treatment. These findings correlate well with
those of Beattie et al.41) and Macario et al.42) as well as Gose
et al.43) who reported significant improvements in VAS and/
or a disability scale for patients with discogenic low back
pain (LBP) after being managed with spinal decompression
therapy in combination with other treatment modalities such
as heat, cold, and transcutaneous electrical nerve
stimulation. However, their study subjects were patients
with discogenic LBP, not cervical radiculopathy, and the
present study used a multimodal treatment approach as the
intervention instead of a single specific treatment for the
management of herniated disc.
One common cause of cervical radiculopathy is herniated
intervetebral discs44), which stimulate pain or damage to the
internal disc structure44). A previous study45) experimentally
demonstrated that an increase in pressure within the
intervertebral disc of a cadaver could cause annular rupture
and disk herniation. This finding suggests that reducing

Table 3. Overall mean (± SD) of outcome measures at
discharge compared with pre-intervention
measures
Measure

PI

VAS*
6.10 ± 0.73
VAS score difference from PI
NDI score*
13.90 ± 1.37
NDI score difference from PI

Discharge
3.00 ± 0.81
–3.10 ± 0.56
10.60 ± 1.71
–3.30 ± 0.67

*Significant difference between pre-intervention and discharge
(p<0.01).
Note. Values are mean ± SD (standard deviation). VAS score range:
0 (no pain) to 10 (worst possible neck pain). NDI score range: 0 (no
disability) to 50 (severe disability due to neck pain). VAS: visual
analogue scale; NDI: neck disability index; PI: pre-intervention.

intradiscal pressure may play an important role in relieving
pain related to disc herniation and promotion of healing in
damaged discs. When pressure within the disc is greater
than capillary pressure in the vertebral body as a result of a
herniated disc, oxygen diffusion to the disc is impeded,
which, in turn, may hinder the process of repairing the
damaged disc 46) , since discs have no blood supply and
mostly receive nutrients by diffusion 2 1 ) . Previous
experiments 47,48) showed that a spinal decompression
system may promote displacement of fluid to a damaged
disc by significantly lowering pressure within the disc using
an unique type of traction which produces distractive
tension to the affected spine without eliciting reflex
paravertebral muscle contractions 21) . Thus, the spinal
decompression system may allow the flow of nutrients into
the damaged discs, leading to rehydration of dried-out discs,
promotion of disc metabolism and restoration47,48).
In the present study, in addition to spinal decompression
and exercises, all of the patients received instrumentassisted flexion-distraction mobilization over a 4-week
period of therapy that addressed symptoms of neck pain
secondary to herniated disc. Improvements in VAS and NDI
scores were noted after application of this treatment
modality with other treatment protocols. Although studies
on cervical flexion-distraction treatment are lacking, several
possible explanations are suggested for the mechanical,
physiological, and anatomical effects of this technique on
the herniated disc. Flexion-distraction procedures
redistribute mechanical loads normally in the affected spinal
segment reducing irritation of associated joints 49) . As a
result of redistributing mechanical load in the spinal joint,
the process of healing of the damaged intervertebral disc is
facilitated in nociceptive pain generators with dissipation of
pathologic stress 49) . In addition, flexion-distraction
procedures have also been demonstrated to increase the
central canal diameter in the cervical spine50) and the lumbar
disc spaces as well as facet joints51) , and decrease disc
protrusion in the lumbar and/or cervical spine52,53) as well
as intradiscal pressure51,52). Furthermore, flexion-distraction
procedures can decrease hypertonicity of the multifidi
muscles that are assumed to play an important role in the
maintenance of dysfunction and pain related to the herniated
disc54).
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Patients were also prescribed a cervical stabilization
exercise program incorporating stretching, isometric/static
or dynamic strengthening, and endurance training exercises
using a sling device for the treatment of neck pain and
radiculopathy. The neck pain and disability index clearly
favored application of neck muscle training in combination
with SpineMED and spinal mobilization. Differences in preand post-intervention VAS and NDI score were statistically
significant. In the past, passive physical therapy and rest
were the mainstream management of chronic neck pain55).
Thus, stressful exercises such as strengthening and
endurance exercises or stretching exercises were avoided
since pain often accompanies the initiation of stressful
exercises, which was thought to worsen the condition of the
neck pain. Several studies have shown strong evidence that
neck strengthening training is beneficial for chronic neck
pain as well as the disability it causes when frequency and
intensity of training are applied appropriately 56–59) . In
addition, neck strength and range of motion can be
improved through resistance training31). The findings of the
current study as well as previous studies clearly suggest that
an exercise training program should be included in the
management of neck pain and radiculopathy.
This study had several limitations. There was a relatively
small sample of patients and no control group. Thus, it was
difficult to determine what changes in outcome measures
actually resulted from treatment, placebo effect or
spontaneous resolution. The study sample consisted of a
sample of patients with cervical pain and radiculopathy
secondary to herniated disc; thus, our findings can be
generalized only to a similar group of patients. It is not
known if the multimodal approach used in the current study
would also be effective for managing patients who have
different characteristics from our group of patients. No
follow-up information was collected, so it was not possible
to determine whether the observed improvements were
temporary or permanent. Furthermore, there were no MRI
and/or CT images taken post-treatment to evaluate the
changes in the herniated disc after completing the 4-week
course of therapy.
In conclusion, the findings of the present study provide
significant evidence in support of the efficacy of a
multimodal treatment approach using spinal decompression
via SpineMED and cervical spine mobilization as well as
cervical stabilization exercises over a 4-week period of
therapy for patients with neck pain and radiculopathy
secondary to herniated disc. The findings of this clinical trial
and those of previous studies support the use of spinal
decompression therapy, flexion-distraction mobilization of
the cervical spine, and an exercise training program for the
neck. Therefore, the multimodal treatment approach might
be an asset in the management of the cervical spine
disorders. It is our opinion that a well designed randomized
controlled trial using a larger patient population needs to be
performed to further enhance these conclusions regarding
effectiveness of multimodal treatment approaches for
discogenic neck disorders

REFERENCES
1) Abbed KM, Coumans JV: Cervical radiculopathy: pathophysiology,
presentation, and clinical evaluation. Neurosurg, 2007, 60: S28–S34.
2) Schliesser JS, Kruse R, Fallon LF: Cervical radiculopathy treated with
chiropractic flexion distraction manipulation: A retrospective study in a
private practice setting. J Manipulative Physiol Ther, 2003, 26: E19.
3) Hagberg M, Wegman DH: Prevalence rates and odds ratios of shoulder-neck
diseases in different occupational groups. Br J Ind Med, 1987, 44: 602–610.
4) Westgaard RH, Jenssen C, Hansen K: Individualized work-related risk
factors associated with symptoms of musculoskeletal complaints. Int Arch
Occup Environ Health, 1993, 64: 405–413.
5) Daffner SD, Hilibrand AS, Anscom BS, et al.: Impact of neck and arm pain
on overall health status. Spine, 2003, 28: 2030–2035.
6) Takala EP, Viikari-Juntura E, Moneta GB, et al.: Seasonal variation in neck
and shoulder symptoms. Scand J Work Environ Health, 1992, 18: 257-261.
7) Wayne M: Whalen: Resolution of cervical radiculopathy in a woman after
chiropractic manipulation. J Chiropr Med, 2008, 7: 17–23.
8) Ellenberg MR, Honet JC, Treanor WJ: Cervical radiculopathy. Arch Phys
Med Rehabil, 1994, 75: 342–352.
9) Hale ME, Dvergsten C, Gimbel J: Efficacy and safety of oxymorphone
extended release in chronic low back pain. Results of a randomized, doubleblind, placebo- and active controlled phase III study. J Pain, 2005, 6: 21–28.
10) Shen FH, Samartzis D, Andersson GB: Nonsurgical management of acute
and chronic low back pain. J Am Acad Orthop Surg, 2006, 14: 477–487.
11) Long A, Donelson R, Fung T: Does it matter which exercise? A randomized
control trial of exercise for low back pain. Spine, 2004, 29: 2593–2602.
12) Leibing E, Leonhardt U, Koster G, et al.: Acupuncture treatment of chronic
low-back pain-a randomized, blinded, placebo-controlled trial with 9-month
follow-up. Pain, 2002, 96: 189–196.
13) Gay RE, Bronfort G, Evans RL: Distraction manipulation of the lumbar
spine: a review of the literature. J Manipulative Physiol Ther, 2005, 28: 266–
273.
14) van der Roer N, van Tulder MW, Barendse JM, et al.: Cost-effectiveness of
an intensive group training protocol compared to physiotherapy guideline
care for sub-acute and chronic low back pain: design of a randomised
controlled trial with an economic evaluation. BMC Musculoskelet Disord,
2004, 5: 45.
15) Constantoyannis C, Konstantinou D, Kourtopoulos H: Intermittent cervical
traction for cervical radiculopathy caused by large-volume herniated disks. J
Manipulative. Physiol Ther, 2002, 25: 188–192.
16) Jackson R: Non-surgical therapeutic aims. In: Hirsch C, Zotterman Y,
editors. Proceedings of the International Symposium held in Wenner-Gren
Center, Stockholm, 1972.
17) Bland JH: Disorders of the cervical spine: Diagnosis and medical
management. WB WB Saunders, Philadelphia, 1994.
18) Harte AA, Baxter GD, Gracey JH: The efficacy of traction for back pain: a
systematic review of randomized controlled trials. Arch Phys Med Rehabil,
2003, 84: 1542–1553.
19) Tekeoglu I, Adak B, Bozkurt M, et al.: Distraction of lumbar vertebrae in
gravitational traction. Spine, 1998, 23: 1061–1063.
20) VAX-D. Available at: http://www.vax-d.com (Accessed Mar. 10, 2010)
21) Tilaro F: An overview of vertebral axial decompression. Can J Clin Med,
1998, 5: 2–8.
22) Weishaupt D, Zanetti M, Hodler J, et al.: MR imaging of the lumbar spine:
prevalence of intervertebral disk extrusion and sequestration, nerve root
compression, end plate abnormalities, and osteoarthritis of the facet joints in
asymptomatic volunteers. Radiology, 1998, 209: 661–666.
23) Magee DJ, Zachazewski JE, Quillen WS: Pathology and intervention in
musculoskeletal rehabilitation. Saunders, St. Louis, 2009.
24) DiFabio RP: Manipulation of the cervical spine: risks and benefits, Phys
Ther 1999, 79: 50–65.
25) Hurwitz EL, Aker PD, Adams AH, et al.: Manipulation and mobilization of
the cervical spine. A systematic review of the literature. Spine, 1996, 21:
1746–1759.
26) Richardson C, Jull G, Hides J, et al.: Therapeutic exercise for spinal
segmental stabilization in low back pain. Scientific basis and clinical
approach. Churchil Livingstone, Harcourt Brace and Company Limited,
London, 1999.
27) Koumantakis GA, Watson PJ, Oldham JA: Trunk muscle stabilization
training plus general exercise versus general exercise only: randomized
controlled trial of patients with recurrent low back pain. Phys Ther, 2005, 85:
209–225.
28) Niemisto L, Lahtinen-Suopanki T, Rissanen P, et al.: A randomized trial of
combined manipulation, stabilizing exercises, and physician consultation
compared to physician consultation alone for chronic low back pain. Spine,

6

J. Phys. Ther. Sci. Vol. 23, No. 1, 2011

2003, 28: 2185–2191.
29) Niemistö L, Rissanen P, Sarna S, et al.: Cost-effectiveness of combined
manipulation, stabilizing exercises, and physician consultation compared to
physician consultation alone for chronic low back pain: a prospective
randomized trial with 2-year follow-up. Spine, 2005, 30: 1109–1115.
30) Sung PS: Multifidi muscles median frequency before and after spinal
stabilization exercises. Arch Phys Med Rehabil, 2003, 84: 1313–1318.
31) Ylinen J, Takala EP, Nykänen M, et al.: Active neck muscle training in the
treatment of chronic neck pain in women: a randomized controlled trial.
JAMA, 2003, 289: 2509–2516.
32) Chiu TT, Hui-Chan CW, Chein G: A randomized clinical trial of TENS and
exercise for patients with chronic neck pain. Clin Rehabil, 2005, 19: 850–
860.
33) Dusunceli Y, Ozturk C, Atamaz F, et al.: Efficacy of neck stabilization
exercises for neck pain: A randomized controlled study. J Rehabil Med,
2009, 41: 626–631.
34) Ylinen J, Kautiainen H, Wirén K, et al.: Stretching exercises vs manual
therapy in treatment of chronic neck pain: a randomized, controlled crossover trial. J Rehabil Med, 2007, 39: 126–132.
35) Jensen MC, Brant-Zawadzki MN, Obuchowski N, et al.: Magnetic resonance
imaging of the lumbar spine in people without back pain. N Engl J Med,
1994, 331: 69–73.
36) Boden SD, Davis DO, Dina TS, et al.: Abnormal magnetic-resonance scans
of the lumbar spine in asymptomatic subjects: a prospective investigation. J
Bone Joint Surg Am, 1990, 72: 403–408.
37) Vernon H, Mior S: The Neck Disability Index: a study of reliability and
validity. J Manipulative Physiol Ther, 1991, 14: 409–415.
38) Jensen M, Karoly P, Beaver S: The measurement of clinical pain intensity: a
comparison of six methods. Pain, 1986, 27: 117–126.
39) Price D, McGrath P, Rafii A, et al.: The validation of visual analogue scales
as ratio scale measures for chronic and experimental pain. Pain, 1983, 17:
45–56.
40) Boonstra AM, Preuper HRS, Reneman MR, et al.: Reliability and validity of
the visual analogue scale for disability in patients with chronic
musculoskeletal pain. Int J Rehabil Res, 2008, 31, 165–169.
41) Beattie PF, Nelson RM, Michener LA, et al.: Outcomes after a prone lumbar
traction protocol for patients with activity-limiting low back pain: a
prospective case series study. Arch Phys Med Rehabil, 2008, 89: 269–274.
42) Macario A, Richmond C, Auster M, et al.: Treatment of 94 outpatients with
chronic discogenic low back pain with the DRX9000: a retrospective chart
review. Pain Pract, 2008, 8: 11–17.
43) Gose EE, Naguszewski WK, Naguszewski RK: Vertebral axial
decompression therapy for pain associated with herniated or degenerated

discs or facet syndrome: an outcome study. Neurol Res, 1998, 20: 186–190.
44) Lee J, Hobden E, Stiell I, et al.: Clinically important change in the visual
analog scale after adequate pain control. Acad Emerg Med, 2003, 10: 1128–
1130.
45) Iencean SM. Lumbar intervertebral disc herniation following experimental
intradiscal pressure increase. Acta Neurochir, 2000, 142: 669–676.
46) Frymoyer JW: The adult spine. Principles and practice. Raven Press, New
York, 1991.
47) Matsui Y, Maeda M, Nakagami W, et al.: The involvement of matrix
metalloproteinases and inflammation in lumbar disc herniation. Spine, 1998,
23: 863–868.
48) Fujita K, Nakagawa T, Hirabayashi K, et al.: Neutral proteinases in human
intervertebral disc. Role in degeneration and probable origin. Spine, 1993,
18: 1766–1773.
49) Aspegren D, Enebo BA, Miller M, et al.: Functional scores and subjective
responses of injured workers with back or neck pain treated with chiropractic
care in an integrative program: a retrospective analysis of 100 cases. J
Manipulative Physiol Ther, 2009, 32: 765–371.
50) Chen IH, Vasavada A, Panjabi MM: Kinematics of the cervical spine canal:
changes with sagittal plane loads. J Spinal Disord, 1994, 7: 93–101.
51) Gudavalli MR: Biomechanics research on flexion-distraction procedure. In:
Cox JM, editor. Low back pain: mechanisms, diagnosis and treatment (6th
ed). Lippincot Williams & Wilkins, Philadelphia, 1999.
52) BenEliyahu DJ: Magnetic resonance imaging and clinical follow-up: study
of 27 patients receiving chiropractic care for cervical and lumbar disc
herniations. J Manipulative Physiol Ther, 1996, 19, 597–606.
53) Neault CC: Conservative management of an L4-L5 left nuclear disk prolapse
with a sequestrated segment. J Manipulative Physiol Ther, 1992, 15: 318–
322.
54) Schneider MJ: The traction methods of Cox and Leander: the neglected role
of the multifidus muscle in low back pain. Chiropr Tech, 1991, 3: 109–115.
55) Ylinen J: Physical exercises and functional rehabilitation for the
management of chronic neck pain. Eura Medicophys, 2007, 43: 119–132.
56) Berg HE, Berggren G, Tesch PA: Dynamic neck strength training effect on
pain and function. Arch Phys Med Rehabil, 1994, 75, 661–665.
57) Highland TR, Dreisinger TE, Vie LL, et al.: Changes in isometric strength
and range of motion of the isolated cervical spine after eight weeks of
clinical rehabilitation. Spine, 1992, 17: S77–S82.
58) Randløv A, Ostergaard M, Manniche C, et al.: Intensive dynamic training for
females with chronic neck/shoulder pain. A randomized controlled trial. Clin
Rehabil, 1998, 12: 200–210.
59) Ylinen J, Ruuska J: Clinical use of neck isometric strength measurement in
rehabilitation. Arch Phys Med Rehabil, 1994, 75: 465–469.

