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Abstract. [Purpose] The purpose of the present study was to determine the effect of a 4-week course of
motorized spinal decompression delivered via SpineMED combined with physical therapy modalities on
the treatment of patients with cervical radiculopathy (CRP). [Subjects] A total of 10 patients with CRP
(mean age, 34.70 years; age range, 23—48 years) participated in the study. [Methods] A 4-week course of
spinal decompression delivered via SpineMED combined with physical therapy modalities was delivered
to the patients for 6 days per week for the first two weeks, and four times per week for two additional weeks.
The entire treatment consisted of 20 visits over 4-week period. Comparisons of changes in the visual
analogue scale (VAS) and neck disability index (NDI) at pre-intervention and at discharge were analyzed
using the paired t-test. [Results] There was a significant improvement in the outcome measures of VAS and
NDI after 20 sessions of spinal decompression combined with physical therapy modalities. The mean
values of discharge for VAS and NDI were reduced by 21% and 14% respectively, as compared with their
mean values at pre-intervention. [Conclusion] The results from the present study suggest that the use of
motorized spinal decompression delivered via SpineMED combined with physical therapy modalities
appears to be a safe and efficacious, noninvasive treatment modality for patients with CRP.

Key words: Cervical radiculopathy, Spinal decompression, Physical therapy

(This article was submitted Apr. 13, 2010, and was accepted May 20, 2010)

INTRODUCTION

Neck pain is considered a serious medical
problem, which affects approximately 13% to 18%
of the general population in industrialized
countries, and is second only to low back pain in
frequency'™). Prevalence of chronic neck pain
lasting longer than 6 months at one time also ranges
from 18.5% in females to 13.2% in males®.
Radiculopathy of the cervical spine is defined as a
clinical syndrome resulting from damage to the

dorsal or ventral nerve root, or both, that originates
in the cervical spine as a result of mechanical
compression and inflammation of nerve roots in
proximity to the intervertebral foramen”. The
estimated annual incidence of cervical
radiculopathy is approximately 85 per 100,000
people, and it is becoming a serious health problem
in industrialized countries® as it has been shown to
lead to a high level of morbidity due to its effect on
daily activities and quality of life® 2.

There are many problems that arise in the cervical
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spine which may lead to cervical radiculopathy,
including spondylosis, intraspinal or extraspinal
tumors, nerve root avulsion secondary to trauma,
meningeal or synovial cysts, arteritis, cerebral
palsy, vascular abnormalities, or disc herniation due
to disc degeneration'?. Disc herniation, the most
common cause of cervical radiculopathy, typically
presents as pain in the neck, shoulder, arm, or chest
and complaints of weakness, numbness/tingling,
paresthesis, and radicular pain depending on the
root or roots involved!¥). The most commonly
affected level of cervical disc herniation is C6-7,
followed by C5-6, and they encompass 90% of all
cases' 13,

Although surgery may be necessary in cases of
intractable pain or progression of neurologic
deficits in the most severe circumstances, the
treatment option for cervical intervetebral disc
herniation is essentially noninvasive!®). Many
noninvasive treatment options including cervical
traction, anti-inflammatory medication, physical
therapy, exercises, chiropractic manipulation and
mobilization, or acupuncture are used to reduce
neurological symptoms and neck pain related to
cervical herniation or to enhance disc physiology
and retard or reverse disc degeneration!®2D. One of
these treatment options is axial traction which has
been widely used not only by physical therapists but
also by neurosurgeons and orthopedists in a variety
of clinical settings in an attempt to relieve neck pain
by the herniated disc and irritated nerve roots?> 2%,
Cervical traction may be applied in various ways
such as motorized traction delivered via motorized
pulleys, manual traction delivered by a therapist,
and gravitational traction delivered through a
suspension apparatus>>).

Motorized cervical traction is more frequently
used by physical therapists, chiropractors,
neurosurgeons, and orthopedists in clinical practice
because of its greater standardization and
repeatability in trials?>) as compared with other
types of traction. There are several benefits for
using cervical traction to treat cervical disc
herniation. Previous studies?®) have reported
decrease of the pressure in the intervetebral disc,
unloading of the spinal structure, and relief of the
inflammatory reaction of nerve roots with cervical
traction due to improvements in circulation to the
tissues and reduction of swelling of the tissues, as
well as prevention of the formation of adhesions of
the dural sleeve®®2%),

When traction is applied, the pull force of traction
may elicit the body’s protective proprioceptive
response to distraction resulting in contraction of
the paravertebral muscle, causing reduction of the
distraction force??). Recently, several spinal
decompression systems such as the DRX9000
(Axiom Worldwide, Tampa, FL, USA), vertebral
axial decompression (VAX-D) (Vat-Tech, Inc,
Palm Harbor, FL, USA), and SpineMED (CERT
Health Sciences, LLC, Baltimore, MD, USA),
newly developed systems for noninvasive treatment
of discogenic neck pain (chronic or acute) have
been used in a variety of clinical settings.
Studies’3! have claimed that the new technologies
used by these spinal decompression systems can
decrease patients’ protective proprioceptive
responses to distraction allowing distraction of the
spinal segment, thereby reducing intradiscal
pressure and symptoms secondary to disc
herniation. Other reports’>=% have demonstrated
improvements in visual analogue scale and/or in
disability scales in patients with discogenic low
back pain (LBP) after treatment with spinal
decompression systems such as VAX-D and
DRX9000. Although previous studies have
reported that symptoms of acute and/or chronic
LBP secondary to disc herniation might be relieved
by intermittent axial decompression delivered via
DRX9000 and VAX-D3273%) to our knowledge
there is no published data available as to the
efficacy of motorized spinal decompression
delivered via SpineMED to individuals with neck
pain secondary to herniated intervetebral disc.
Therefore, the purpose of the present study was to
determine the effect of the spinal decompression
delivered via SpineMED combined with physical
therapy modalities such as superficial heat,
ultrasound, and interferential current (ICF) on the
treatment of patients with cervical radiculopathy.

SUBJECTS AND METHODS

A total of 10 patients with cervical radiculopathy
(mean age, 34.70 = 7.95 years; age range, 2348
years) volunteered to participate in this study. To
be included in this study the subjects met the
following criteria. 1) Subjects were required to be
between 18 and 60 years old with cervical
radiculopathy. 2) Subjects must have been
diagnosed with one of the following conditions:
herniated disc, bulging or protruding intervetebral



discs verified by magnetic resonance imaging
(MRI), computed tomography (CT), or
conventional radiograph of the lumbar spine and
clinical examination. 3) Subjects were required to
have imaging evidence of herniated disc or bulging
or protruding intervetebral discs at an involved
spinal joint consistent with current symptoms, since
structural imaging of herniated disc of MRI and/or
CT and symptoms are often poorly associated®* !,
4) Subjects must have reported more than mild
disability in activities of daily living due to neck
pain that constituted a score of 5 to 10 on neck
disability index (NDI)*?»). 5) Subjects must have
had symptoms of cervical disc herniation for less
than 2 months duration at presentation.

Participants were excluded if they had any of the
following conditions: 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, use of
prescription anticoagulants, corticosteroids, or
opiate-based pain medication. Participants were
also excluded if they were currently involved in a
workers’ compensation claim and a legal action
regarding their symptoms secondary to neck pain.

All subjects were recruited at a regional spine
care center where the current study was performed
and examined by a neurosurgeon and a physical
therapist with a collective 10 years of experience to
check inclusion/exclusion criteria, and to address
any questions regarding this study. All subjects
signed an informed consent form prior to
participating in the study and the local University
Institutional Review approved this study. Tables 1
and 2 summarize subject characteristics as well as
primary diagnoses and MRI findings of subjects.

The SpineMED spinal decompression system
consists of a table and a cervical restraint system
designed to comfortably capture the base of the
patient’s skull for controlled distraction. This
cervical restraint system eliminates the variability
and inconvenience of a traditional nylon cervical
harnesses, and is controlled by a computer to
provide cycling distractive forces along the axis of
the cervical spine. The SpineMED device also has
a disc angle pull adjustment system that is
electronically tilted to the angle required to
precisely target damaged cervical spine segments so
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Table 1. Subject characteristics
Characteristics Values
Age (years) 3470 £7.95
Sex (male/female) 3/7
Height (cm) 165.90 £ 9.03
Weight (kg) 60.80 + 8.57
Side involved: left/right (%) 30/70
Location of pain %
Pain in neck/scapular only 50
Pain below scapular, above elbow 30
Pain below elbow 20
Duration of symptoms (months) %
Less than 2 100
Previous history of NP (% yes) 0

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

Table 2. Primary diagnosis and MRI findings of

participants

Category Values (%)
Primary diagnosis

Herniated disc 40

Herniated disc and degenerative disc 60
Disc involved confirmed from MRI

C5-Cé6 70

Co—C7 30
Changes in disc confirmed from MRI

Protrusion and disc space narrowing 100

Note: MRI: magnetic resonance imaging.

that traction force can be applied to an isolated
spinal disc slowly and cycle between brief moments
of pulling and relaxing (oscillation) by employing a
motor pulley programmed by a computer. The
manufacturer claims that the features of this system
eliminate the unnecessary treatment of additional
segments and any resulting side effects, thus
allowing for more efficient treatment and improved
clinical results*?).

For treatment procedures, the cervical cradle unit
was first electronically tilted to the required angle to
target affected segments of the cervical spine. The
clinician then positioned the subject lying supine on
the SpineMED table with their head positioned in
the cervical cradle unit and with the hips and knees
flexed and the lower legs supported on a stool. The
pull angle setting was 28 degrees for the C5-C6
level and 30 degrees for the C6—C7 level. The
initial weight setting was 5—6 1bs for males and 4-5
Ibs for females. The pulling weight was increased
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by 1 Ibs per session as tolerated and the final pulling
weight never exceeded 15 Ibs for males and 12 Ibs
for females. The distraction and relaxation times
were set at 60 seconds and 30 seconds respectively,
and 50% of the pulling force used during the
distraction period was maintained during the
relaxation period. Each participant underwent
sessions 6 days per week for the first two weeks
followed by 4 sessions per week for two additional
weeks. The total number of visits totalled 20 times
over a 4-week course of therapy and treatment was
delivered for 30 minutes in each session.
Additionally, 15 minutes of superficial heating
(heat pack) were provided followed by 5 minutes of
ultrasound treatment (SM-250, Samson Med, Seoul,
Korea) using a 1 MHz with a 5-cm? sound head at
an intensity of 1.5 W/cm? in continuous mode and
15 minutes of IFC treatment (SM-850P, Samson
Med, Seoul, Korea) at an intensity of 25 mA prior to
treatment with SpineMED. Superficial heating,
ultrasound, and IFC were all delivered 6 days per
week for the first two weeks followed by 4 sessions
per week for two additional weeks for a total of 20
sessions.

Subjects who met the inclusion criteria completed
an outcome measure questionnaire before the start
of intervention. Outcome measures were also
surveyed at discharge from the therapy course.
Outcome measures were a visual analogue scale
(VAS)**) and NDI. Pain intensity in a typical day
due to neck pain was determined using an 11-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 been the most commonly used pain
scale for people with neck pain and has a test-retest
reliability of 0.60 to 0.70*®) and a concurrent
validity of 0.76 to 0.849. Reduced ability to
manage activities in everyday life due to neck pain
was estimated using the 60-point NDI*?. NDI score
was determined by the participant who rated 10
items; each item ranges from 0 (no back pain during
activity) to 5 (severe pain during activity). NDI has
a test-retest reliability coefficient of 0.89*?) and a
concurrent validity of 0.69 to 0.70%2).

The paired t-test was used to compare the VAS
and NDI of pre-intervention and discharge. A value
of p<0.05 was considered statistically significant.
The dependent variables were the VAS and NDI
scores. The independent variable was time at pre-
intervention and discharge. The software package
SPSS 14.0 KO (SPSS, Chicago, IL, USA) was used

Table 3. Overall mean (+ SD), mean difference (= SD) from
outcome measures of post-intervention as compared to pre-
intervention measures

Measure Pre-intervention  Post-intervention
VAS* 6.20 £0.63 490 £0.73
VAS score difference from PI -1.30 £0.94
NDI score* 13.80 +1.03 11.90 £1.19
NDI score difference from PI -1.90 £0.31

*Significant difference between pre-intervention and
discharge (p<0.01).

Note. Values are means + SD (standard deviations).

VAS score range: 0 (no pain) to 10 (worst possible neck pain).
NDI score range: 0 (none disability) to 100 (severe disability
due to neck pain). VAS: visual analogue scale; NDI: neck
disability index; PI: pre-intervention.

for statistical analyses.

RESULTS

All subjects enrolled in the study completed 20
treatment sessions of a combination of spinal
decompression therapy and physical therapy. All
subjects participating in the study were included in
the data analysis. No subjects reported adverse
events during the 4-week course of therapy.
Statistical analysis found significant differences in
the mean measures of VAS and NDI between pre-
intervention and discharge for subjects with
discogenic neck pain (p<0.01). A statistically
significant improvement was found for the mean
measure of VAS at discharge as compared with the
mean measure of VAS at pre-intervention (p<0.01).
The mean measure at discharge was decreased by
21% as compared with the mean measure of pre-
intervention (p<0.01). Furthermore, a significant
improvement was also noted for the mean measure
of NDI at discharge as compared with the mean
measure of NDI at pre-intervention (p<0.01). The
mean measure of discharge was reduced by 14% as
compared with the mean measure of pre-
intervention (p<0.01). Table 3 shows the details of
the outcomes after treatment for VAS and NDI.

DISCUSSION

No previous studies have examined the effects of
spinal decompression therapy delivered via
SpineMED combined with physical therapy
modalities for patients with cervical radiculopathy.



This study provides preliminary information on the
outcomes after a 4-week course of combined
treatment of spinal decompression and physical
therapy for patients who suffered from neck pain
secondary to disc hernination. Patients in the study
reported statistically significant improvements in
the mean measures of VAS and NDI after 20
sessions of treatment. Although there is no report in
the literature on the efficacy of the intervention of a
simultaneous combination of spinal decompression
therapy and physical therapy modalities for patients
with cervical radiculopathy, a combination of spinal
decompression therapy and other treatment
protocols has been shown to be beneficial for
patients with discogenic LBP3273%_ Patients with
discogenic LBP demonstrated a significant
improvement in VAS or disability scales such as the
Oswestry Disability Index and the Roland-Morris
Disability Questionaire after being treated with a
combination of spinal decompression therapy and
other treatment methods such as heat, cold, and
transcutaneous electrical nerve stimulation.

The most common cause of cervical
radiculopathy most likely arises from problems in
the intervetebral discs*”), and pain secondary to disc
herniation may be due to progressive posterior
anular fibrosus breakdown and tearing leading to
posterior herniation of the nuclear pulposus which
results in pain or damage to the internal disc
structure*”). Previous studies*®*%) have reported
that by significantly reducing intradiscal pressure, a
spinal decompression system may create a diffusion
gradient into the damaged discs allowing
nourishment to proceed, ultimately promoting disc
metabolism and restoration.

When pressure in the intervetebral disc is greater
than capillary pressure in the vertebral body,
oxygen diffusion to the disc is impeded, which, in
turn, may hinder the healing process of the damaged
disc®?, since intervetebral discs are avascular and
receive nourishment primarily by diffusion®"). A
previous study®" reported that pressures inside L4—
L5 intervertebral disc were significantly decreased
to —150 to —160 mm Hg when spinal decompression
via VAX-D was delivered to patients who had a
subligamentous herniation at L4-5 and were
candidates for percutaneous discectomy. That
study indicated that a threshold distraction tension
may be necessary to develop negative pressures in
the disc, thus the reduction of intradiscal pressure
might have therapeutic effects on the herniated disc.
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There were several limitations to the current
study. First, there was a relatively small sample of
patients with cervical pain and radiculopathy.
Second, no placebo group, that is, placebo cervical
traction, was included in the current study. Third,
this study sample consisted of a sample of patients
with cervical herniation; thus, our findings can be
correlated only with a similar group of patients.
Furthermore, in the current study no MRI and/or CT
imaging was performed to evaluate the changes in
the herniated disc after completing the 4-week
course of therapy.

In conclusion, combined treatment of spinal
decompression delivered via SpineMED and
physical therapy modalities over a 4-week course
significantly improved clinical outcome measures
of VAS and NDI in patients with cervical
radiculopathy. The results from the present study
suggest that the use of motorized spinal
decompression delivered via SpineMED combined
with physical therapy appear to be a safe and
efficacious noninvasive treatment modality for
patients with cervical pain and radiculopathy.
However, we acknowledge that there is a need for
randomized controlled trials using a larger patient
population to compare spinal decompression
therapy and combined therapy using a
multidisciplinary treatment approach to the
conventional traction treatment.

REFERENCES

1) Haneline MT: Chiropractic manipulation and acute
neck pain: a review of the evidence. J] Manipulative
Physiol Ther, 2005, 28: 520-525.

2) Nachemson A, Waddell G, Norlund Al: Epidemiology
of neck and back pain. In: Nachemson A, Jonsson E,
editors. Neck and back pain: the scientific evidence of
causes, diagnosis and treatment. Philadelphia:
Lippincott Williams and Wilkins, 2000.

3) Wolsko PM, Eisenberg DM, Davis RB, et al.: Patterns
and perceptions of care for treatment of back and neck
pain: results of a national survey. Spine, 2003, 28:
292-298.

4)  Webb R, Brammah T, Lunt M, et al.: Prevalence and
predictors of intense, chronic and disabling neck and
back pain in the UK general population. Spine, 2003,
28:1195-1202.

5) Cote P, Cassidy JD, Carroll L: The Saskatchewan
health and back pain survey: the prevalence of neck
pain and related disability. Spine, 1998, 23: 1689—
1698.

6) Guez M, Hildingsson C, Nilsson M, et al.: The



434 J. Phys. Ther. Sci. Vol. 22, No. 4, 2010

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

prevalence of neck pain. A population-based study
from northern Sweden. Acta Orthop Scand, 2002, 73:
455-459.

Abbed KM, Coumans JV: Cervical radiculopathy:
pathophysiology, presentation, and clinical evaluation.
Neurosurg, 2007, 60: S28—-S34.

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.

Hagberg M, Wegman DH: Prevalence rates and odds
ratios of shoulder-neck diseases in different
occupational groups. BrJ Ind Med, 1987, 44: 602—610.
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.

Daffner SD, Hilibrand AS, Anscom BS, et al.: Impact
of neck and arm pain on overall health status. Spine,
2003, 28: 2030-2035.

Takala EP, Viikari-Juntura E, Moneta GB, et al.:
Seasonal variation in neck and shoulder symptoms.
Scand ] Work Environ Health, 1992, 18: 257-261.
Ellenberg MR, Honet JC, Treanor WI: Cervical
radiculopathy. Arch Phys Med Rehabil, 1994, 75:
342-352.

Whalen WM: Resolution of cervical radiculopathy in a
woman after chiropractic manipulation. J Chiropr
Med, 2008, 7: 17-23.

Constantoyannis C, Konstantinou D, Kourtopoulos H,
et al.: Intermittent cervical traction for cervical
radiculopathy caused by large-volume herniated disks.
J Manipulative Physiol Ther, 2002, 25: 188-192.

Hale ME, Dvergsten C, Gimbel J: Efficacy and safety
of oxymorphone extended release in chronic low back
pain. Results of a randomized, double-blind, placebo-
and active-controlled phase III study. J Pain, 2005, 6:
21-28.

Shen FH, Samartzis D, Andersson GB: Nonsurgical
management of acute and chronic low back pain. J Am
Acad Orthop Surg, 2006, 14: 477-487.

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.

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.

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.

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

22)

23)

24)

25)

26)

27)

28)

29)

30)
31)

32)

33)

34)

35)

36)

37)

38)

evaluation. BMC Musculoskelet Disord, 2004, 5: 45.
Saal JS, Saal JA, Yurth EF: Non-operative
management of herniated cervical intervertebral disc
with radiculopathy. Spine, 1996, 21: 1877-1883.
Moeti P, Marchetti G: Clinical outcome from
mechanical intermittent cervical traction for the
treatment of cervical radiculopathy: a case series. J
Orthop Sports Phys Ther, 2001, 31: 207-213.
Valtonen E J, Kiuru E: Cervical traction as a
therapeutic tool. A clinical analysis based on 212
patients. Scand J Rehabil Med, 1970, 2: 29-36.

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.

Saunders DH: Use of spinal traction in the treatment of
neck and back conditions. Clin Orthop, 1983, 179: 31—
38.

Jackson R: Non-surgical therapeutic aims. In: Hirsch
C, Zotterman Y (eds). Proceedings of the International
Symposium, Stockholm, 1972.

Bland JH: Disorders of the cervical spine: Diagnosis
and medical management. Philadelphia, PA, WB
Saunders, 1994.

Tekeoglu I, Adak B, Bozkurt M, et al.: Distraction of
lumbar vertebrae in gravitational traction. Spine (Phila
Pa 1976), 1998, 23: 1061-1063; discussion 1064.

VAX-D, http: //www.vax-d.com (Accessed Mar. 10,
2010).
Tilaro F: An overview of vertebral axial

decompression. Can J Clin Med, 1998, 5: 2-8.

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.

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.

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.

Gionis TA, Groteke E: Spinal Decompression.
Orthopedic Technology Rev, 2003, 5: 36-39.

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.

Shealy CN, Koladia N, Wesemann M: Long-term
effect analysis of IDD therapy in low back pian: a
retrospective clinical pilot study. Am J Pain Manage,
2005, 15: 93-97.

Naguszewski WK, Naguszewski RK, Gose EE:
Dermatomal somatosensory evoked potential



39)

40)

41)

42)

43)

44)

demonstration of nerve root decompression after
VAX-D therapy. Neurol Res, 2001, 23: 706-714.
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.

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.

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.

Vernon H, Mior S: The Neck Disability Index: a study
of reliability and validity. J Manipulative Physiol Ther,
1991, 14: 409-415.

SpineMed. http: //www.spinemed.com (Accessed Mar.
17,2010).

Jensen M, Karoly P, Beaver S: The measurement of
clinical pain intensity: a comparison of six methods.
Pain, 1986, 27: 117-126.

45)

46)

47)

48)

49)

50)

51)

435

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.
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.

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.
Matsui Y, Maeda M, Nakagami W, et al.. The
involvement of matrix metalloproteinases and
inflammation in lumbar disc herniation. Spine, 1998,
23: 863-868.

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.

Frymoyer JW: The adult spine. Principles and practice.
New York: Raven Press, 1991.

Ramos G, Martin W: Effects of vertebral axial
decompression on intradiscal pressure. J Neurosurg,
1994, 81: 350-353.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


