
Introduction

Low back pain is one of the most common causes of
disability. It is estimated that 80% of the population will
experience back pain to a significant extent at some time
during their lives [1]. The pain is generally thought to be
the result of nerve root compression, but several clinical
studies have showed that merely less than 30% of low
back pain can be ascribed to nerve root compression
[11]. Mooney [17] has placed this figure as low as 1%.
Recent studies have found that the discogenic pain
which is caused by annular disruption is the most
common cause of chronic low back pain [11].

The treatment of discogenic low back pain is one of
the most challenging clinical problems to the spinal sur-
geon. Undoubtedly, nonoperative treatment, including

bed rest, exercise, traction, drug therapy, transcutaneous
electrical nerve stimulation, manipulation, etc. may be
effective for some patients. However, a substantial
number of patients experience no improvement with
these therapeutic attempts [25]. For these patients, sur-
gical management may be necessary because of their
poor response and functional limitations. A novel, valid,
and minimally invasive method of management for dis-
cogenic low back pain is therefore desirable.

The pathogenesis of discogenic low back pain is
extremely complicated and poorly understood. Our
previous study discovered that the distinct pathological
characteristic of the painful discs was the formation of a
zone of vascularized granulation tissue with extensive
innervation extending from the outer layer of the
annulus fibrosus into the nucleus pulposus along a torn

Baogan Peng

Yingmin Zhang

Shuxun Hou

Wenwen Wu

Xiaobing Fu

Intradiscal methylene blue injection
for the treatment of chronic discogenic
low back pain

Received: 21 July 2005
Revised: 31 December 2005
Accepted: 16 January 2006
Published online: 22 February 2006
� Springer-Verlag 2006

Abstract This article was a pre-
liminary report of prospective clini-
cal trial of a group of patients with
chronic discogenic low back pain
who met the criteria for lumbar
interbody fusion surgery but were
treated instead with an intradiscal
injection of methylene blue (MB) for
the pain relief. Twenty-four patients
with chronic discogenic low back
pain underwent diagnostic discog-
raphy with intradiscal injection of
MB. The principal criteria to judge
the effectiveness included alleviation
of pain, assessed by visual analog
scale (VAS), and improvement in
disability, as assessed with the
Oswestry Disability Index (ODI) for
functional recovery. The mean fol-
low-up period was 18.2 months
(range 12–23 months). Of the 24

patients, 21 (87%) reported a dis-
appearance or marked alleviation of
low back pain, and experienced a
definite improvement in physical
function. A statistically significant
and clinically meaningful improve-
ment in the changes in the ODI and
the VAS scores were obtained in the
patients with chronic discogenic low
back pain (P=0.0001) after the
treatment. The study suggests that
the injection of MB into the painful
disc may be a very effective alterna-
tive for the surgical treatment of
chronic discogenic low back pain.
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fissure as shown on CT discography [21]. Our findings
suggested that the zone of granulation tissue may be the
culprit responsible for causing the discogenic low back
pain. With this assumption in mind, it is presumed that
if the nerve fibers and nerve endings growing into the
disc along the tear could be devitalized, discogenic pain
would be alleviated or abated.

Ever since methylene blue (MB) was first synthesized
in 1876, it has been used in many different areas of
clinical medicine [31]. Its neurotropic effect enables it to
block nerve conduction or destroy nerve endings;
therefore, the local injection of it has been used for the
treatment of various painful ailments and idiopathic
pruritus ani [3, 5, 15, 24]. Having recognizance of its
neurotropic action, we attempt to use intradiscal MB
injection for the treatment of discogenic low back pain.
This article is a summary of prospective clinical trial of a
group of patients with discogenic low back pain, who
met the criteria for interbody fusion surgery, but were
treated instead with an intradiscal MB injection.

Patients and methods

Patient selection

From September, 2003 to October, 2004, we selected 52
consecutive patients with chronic low back pain and no
radiculopathy who were preliminarily diagnosed as
discogenic low back pain. Depending upon their histo-
ries, clinical examinations, and imaging, lumbar disc
herniation, lumbar canal stenosis, neurologic disease,
tumor, or infection were excluded. All patients poorly
responded to various conservative therapies of more
than 6 months including physical therapy and nonste-
roidal anti-inflammatory drugs. In addition, these
patients had no previous lumbar surgery, and showed a
normal or slightly decreased height of the disc space on
lateral plain X-ray film. Therefore, these patients were
considered eligible as candidates for lumbar interbody
fusion. Before patients underwent routine discography,
the alternative treatment modalities were discussed with
them, inquiring them whether or not they would consent
for intradiscal injection of MB instead of lumbar inter-
body fusion should there be positive provocation of pain
during discography. Of the 52 patients, 47 accepted for
intradiscal MB injection, and five preferred to lumbar
fusion surgery if the diagnosis of discogenic low back
pain should be confirmed.

Lumbar discography

All discography was performed under guidance of
fluoroscopy, using a standard posterolateral approach

and a double-needle technique [11]. The original plan was
to conduct the discography on each patient for the discs
L3–L4, L4–L5, and L5–S1. In practice, it was not nec-
essary to take images of all these discs. In some patients,
L2–L3 disc was punctured when the discography was
negative for the three lower ones. At least two discs were
studied in each patient. The discographic needles were
inserted on the contralateral side of painful area. Once
the needle was accurately inserted into the center of the
disc, nonionic contrast medium Isovist was instilled
slowly into the nucleus (Fig. 1). A positive discography
was defined if the patient experienced exact reproduction
of his or her usual pain response pattern, and the pos-
terior annular disruption was shown to extend into the
outer annulus or beyond the confines of the outer
annulus by the contrast medium. The diagnosis should be
further affirmed by fulfilling the following criteria for
discogenic low back pain: (1) pain was reproduced on
provocative discography and (2) revelation of a posterior
tear or fissure reaching the outer layer of the annulus
fibrosus on discogram [30].

Intradiscal MB injection

Out of 47 patients with chronic low back pain, 24 were
proved to be suffering from discogenic pain, and con-
sented for intradiscal MB injection treatment. Through
the discographic needle 1 ml of 1% MB (10 mg, Suj-
ichuan Pharmaceutical Ltd, Jiangsu, China) was injected
into the diseased disc proved by discogram, and fol-
lowed by 1 ml of 2% Lidocaine hydrochloride was used
for relieving pain postoperatively. After treatment, the
patients were confined to bed for 24 h, and asked to
avoid strenuous exercise for 3 weeks.

Among 24 patients who accepted intradiscal MB
injection, there were 15 men and 9 women, with a mean
age of 43.4 years (22–67). The mean duration of low
back pain was 64 months (6–144). Eighteen of them
were suffering of discogenic pain at a single level (L3/4:
2, L4/5: 6, L5/S1: 10), and 6 at two levels (L4/5 and L5/
S1).

Outcome measures

An 11-point (0–10) visual analog scale (VAS) was used
to measure the intensity of low back pain. The Oswestry
Disability Index (ODI, 0–100) was used to evaluate the
functional disability according to the Oswestry Low
Back Pain Questionnaire [4], which describes back-re-
lated disability as a combination of physical and social
restriction through ten questions covering different
dimensions of daily living. A sum is calculated and
presented as a percentage, where 0% represents no dis-
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ability and 100% the worst possible disability. Scores of
pre-treatment and post-treatment were tabulated and
compared. A t test was used to determine whether the
average difference between scores before and after
treatment was statistically significant.

Results

The mean follow-up period for the patients who ac-
cepted intradiscal MB injection was 18.2 months (12–
23 months, minimum follow-up was 12 months). On the
basis of a minimum two-point change between pre- and

post-treatment VAS scores [28], among the 24 patients,
one obtained modest improvement but pain relapsed
three months after the treatment, two showed no evident
improvement (a reduction in VAS of less than 2 points).
Among the rest (21, 87%), five patients declared com-
plete relief, six dramatic improvement (VAS less than 2
points), and ten clinical important improvement (a
reduction in VAS of at least 2 points compared with pre-
treatment). Their median VAS was reduced from 7.52 to
2.18, with a mean reduction of 5.34 (P=0.000). On the
ODI, in 21 (87%) of 24 patients there was significant
improvement in function. A median improvement of
68% in disability was obtained (P=0.000). When the
VAS and the ODI at 3 months were compared with
those at 12 months (or more), no significant difference
was found (VAS: P=0.642, t=)0.563; ODI: P=0.626,
t=)0.481). The results indicated that the effectiveness of
intradiscal MB injection for the treatment of discogenic
low back pain was long lasting (Table 1).

The treatment efficacy of patients with a single level
discogenic pain was compared with that of two levels.
According to a minimum two-point change between pre-
and post-treatment VAS scores, of the 24 patients trea-
ted with intradiscal MB injection, a successful result was
achieved in 17 (94%) of 18 patients treated at a single
level and four (67%) of six patients treated at two levels.
The VAS scores in patients injected at a single level were
improved by a mean reduction of 5.65 (t=12.511,
P=0.000), and in patients injected at two levels by a
mean reduction of 4.40 (t=4.439, P=0.007). The ODI
changes in patients injected at single level was improved
by a mean reduction of 35.72 (t=12.265, P=0.000), and
in patients injected at two levels it was improved by a
mean reduction of 24.50 (t=3.246, P=0.029) (Table 2).

In all 24 patients treated with intradiscal MB injec-
tion, no patients complained of symptoms of nerve root
injury or back pain aggravation after the treatment. No
side effects or complications occurred in these patients.

Discussion

The diagnosis and treatment of chronic low back pain is
a very difficult clinical problem. Intractable low back
pain that has lasted for 6 months and unresponsive to
nonoperative interventions has a low probability of
spontaneous resolution [28]. The current study reported
the clinical outcome in a group of patients with chronic
discogenic low back pain proved by discography who
showed no response to various nonoperative treatments
and met the criteria for interbody fusion surgery, were
treated instead with an intradiscal MB injection. The
preliminary results indicated that the result of intradiscal
MB injection for the treatment of discogenic low back
pain was relatively encouraging.

Fig. 1 A 36-year-old man with a 3-year history of severe low back
pain. a Sagittal T2 weighted magnetic resonance imaging scan
showed L5/S1 disc degeneration, with no disc herniation. b
Discography showed L5/S1 disc disruption with concordant pain
reproduction. Note the contrast media leaking out of posterior
annulus through a tear. After discography, 10 mg MB was injected
into disc through discographic needle. Three days after injection,
low back pain was totally relieved. No recrudescence was observed
at a 23-month follow-up interval after treatment
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In recent decades, surgical fusion of the lumbar spine
has been increasingly applied for chronic low back pain.
However, the reported results vary considerably in dif-
ferent studies, and the complication rate after fusion
surgery in the lumbar spine is not negligible [7–9, 14, 18,
22]. As an alternative treatment, intradiscal electro-
thermal annuloplasty (IDET) has recently been advo-
cated [13, 19, 26–28]. This procedure involves the
introduction of a flexible electrode into the disc to
encircle the nucleus pulposus around the lateral and
posterior annulus. Electric current is passed through the
electrode to produce heat to coagulate collagen and
nociceptive nerve fibers. However, the mechanism of
relieving pain has been denied by a recent experimental
study [6], though a successful outcome of IDET has been
reported in 40–80% of patients [13, 19, 26–28].

The treatment results achieved in the current study
were similar or superior to those obtained by fusion
surgery or IDET [7–10, 14, 22], as shown by the differ-
ence between pre- and post-treatment VAS scores [7–10,
13, 14, 19, 22, 26–28]. In addition, based on the ODI,
marked improvement was observed in 87% of the pa-
tients. Although the follow-up time in the current study
was short, there was no difference in the VAS and the
ODI scores between 3 months and those of 12 months
(or more) after the treatment for all the patients. This
observation suggests that the therapeutic efficacy of
intradiscal MB injection is stable and credible.

The pathology responsible for chronic discogenic low
back pain is within the disc property itself. The only
feature of these painful discs that is distinctive from
other asymptomatic degenerated discs is the positive
pain response during discography [2, 10, 12, 16, 23, 29].
Mooney [17] maintained that the disc should be the
primary structure responsible in producing low back
pain. Our previous study found [21] that the pathologic

features of discs obtained from the patients with disco-
genic low back pain were the formation of a zone of
vascularized granulation tissue with extensive innerva-
tion in fissures extending from the outer part of the
annulus into the nucleus pulposus. The study clearly
demonstrated that in the zone of vascularized granula-
tion tissue there were abundant SP-immunoreactive
nerve fibers which had been thought to be nociceptive.
Most likely the nociceptors within the granulation tissue
could be excited by local inflammation to produce a
painful response. Thus, the sharp painful sensation
elicited during injection of contrast medium should be
attributed to the innervation into the fissures within the
disc structure. The sharp increase of intradiscal pressure
following the injection of the contrast medium doubt-
lessly produces an abrupt irritation of the nociceptive
nerve elements, hence excruciating pain, as evidenced by
immediate subsidence of pain when pressure declines as
the contrast medium leaks out of the disc from the tears
[21].

According to the results of our previous study [21],
theoretically, if a drug or chemical compound could
destroy the nerve endings or nociceptors ingrown into
the painful disc along the tear, the rational treatment of
discogenic low back pain should be aimed at disrupting
the pathway of nerve conduction. Intradermal MB
injection has been shown by electron microscopy to be
able to destroy dermal nerve endings [3, 5]. It led us to
think that it is reasonable to use intradiscal MB injection
for alleviating discogenic low back pain. A successful
outcome has finally been achieved in relieving pain and
improving disability. This result may indicate that MB
indeed has devitalized the nerve endings or nociceptors
in the painful discs. Theoretically, devitalized nerve fi-
bers or nerve endings are able to regenerate under cer-
tain conditions, and consequently leading to the

Table 1 VAS and the ODI in patients who underwent intradiscal MB injection (n=24, mean±SD)

Pre-treatment Post-treatment
(3 months)

Post-treatment
(6 months)

Post-treatment
(‡12 months)

VAS (0–10) 7.52±1.31 2.50±2.09* 2.37±2.06* 2.18±1.79*
ODI (0–100) 48.71±5.28 17.42±14.76# 16.79±15.02# 15.38±13.63#

VAS visual analog scale, ODI Oswestry Disability Index
P*<0.001P#<0.001

Table 2 Comparisons of efficacy between pain at single level and two levels (mean±SD)

VAS ODI

Pre-treatment Post-treatment Pre-treatment Post-treatment

Single level (n=18) 7.83±1.06 2.18±1.58* 49.83±5.02 13.56±12.55*
Two level (n=6) 6.58±1.65 2.18±2.53# 45.33±4.93 20.83±16.47#

VAS visual analog scale, ODI Oswestry Disability Index
P*<0.001P#<0.05
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recurrence of symptoms. Practically, our observation
revealed that the pain relief of intradiscal MB injection is
long lasting. The underlying mechanisms of a prolonged
effect may include that MB destroys nerve endings or
nociceptors within discs, sustains action ascribed to the
absence of blood vessels in the disc, and alleviates
inflammatory response by inhibition of vasodilatation
[20, 30]. Further evidences are required to clarify the
accurate mechanisms of efficacy of intradiscal MB
injection.

Although MB might leak into the spinal canal
through annular tears, no side effects or complications
were discovered in the group of patients treated with
intradiscal MB injection. We presumed that MB may act
only on nerve endings or nociceptors, because no evi-
dence of nerve root injury was found. The exact mech-
anisms of the effect of intradiscal MB injection are not
yet clearly understood. Because of high incidence and

high disability rate of chronic discogenic low back pain,
further clinical and experimental studies appear ex-
tremely necessary.

Our preliminary outcomes are encouraging. In the
current study, we have tried an effective and minimally
invasive method for the treatment of intractable and
incapacitating discogenic low back pain, and its result
seems to be superior to interbody fusion surgery or
IDET [7–10, 14, 22, 26–28], in that it is less traumatic,
lower cost, as well as it can be done immediately fol-
lowing discography. Doubtlessly, an interbody fusion
surgery remains optional for the patients who do not
respond to intradiscal MB injection.
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a b s t r a c t

A preliminary report of clinical study revealed that chronic discogenic low back pain could be treated by
intradiscal methylene blue (MB) injection. We investigated the effect of intradiscal MB injection for the
treatment of chronic discogenic low back pain in a randomized placebo-controlled trial. We recruited 136
patients who were found potentially eligible after clinical examination and 72 became eligible after dis-
cography. All the patients had discogenic low back pain lasting longer than 6 months, with no comorbid-
ity. Thirty-six were allocated to intradiscal MB injection and 36 to placebo treatment. The principal
criteria to judge the effectiveness included alleviation of pain, assessed by a 101-point numerical rating
scale (NRS-101), and improvement in disability, as assessed with the Oswestry Disability Index (ODI) for
functional recovery. At the 24-month follow-up, both the groups differed substantially with respect to
the primary outcomes. The patients in MB injection group showed a mean reduction in pain measured
by NRS of 52.50, a mean reduction in Oswestry disability scores of 35.58, and satisfaction rates of
91.6%, compared with 0.70%, 1.68%, and 14.3%, respectively, in placebo treatment group (p < 0.001,
p < 0.001, and p < 0.001, respectively). No adverse effects or complications were found in the group of
patients treated with intradiscal MB injection. The current clinical trial indicates that the injection of
methylene blue into the painful disc is a safe, effective and minimally invasive method for the treatment
of intractable and incapacitating discogenic low back pain.

� 2010 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
1. Introduction

Chronic low back pain is one of the most important socioeco-
nomic problems in the orthopaedic field [1]. Among a variety of
etiologies, discogenic low back pain has been recognized as an
important cause of low back pain. It has been estimated that disco-
genic low back pain accounts for 28–43% of the patients with low
back pain [40,45]. Current treatment options range from medicinal
anti-inflammation strategy to invasive procedures including spine
fusion and recently spinal arthroplasty [2,3]. Unfortunately, all the
current available approaches are limited to treating the symptoms
of the degenerative process but not the underlying pathologic
alterations of the disc. Given the prevalence of this problem and
the limited treatment options, the development of any alternative
treatment method should be welcome.
for the Study of Pain. Published by

Spinal Surgery, Institute of
tal of Armed Police Force, 69
10 88276611; fax: +86 10
Discogenic back pain may be attributable to any cause that of-
fends the sensory nerve endings of the disc. Pain is thought to be
caused by mechanical and chemical mediations of nociceptors
within the anulus. Recently our study found [31–33] that the path-
ologic features of discs obtained from the patients with discogenic
low back pain were the formation of the zones of vascularized
granulation tissue, with extensive innervation in fissures extend-
ing from the outer part of the annulus into the nucleus pulposus.
Our study clearly demonstrated that in the zones of vascularized
granulation tissue there were abundant SP-immunoreactive nerve
fibres which had been thought to be nociceptive. Most likely the
nociceptors within the granulation tissue could be excited by local
inflammation to produce a painful response. With this assumption
in mind, it is presumed that if the nerve fibres and nerve endings
growing into the disc along the tear could be destroyed, discogenic
pain would be alleviated or abated. Sheng et al. [41] used a mixture
of procaine and methylene blue (MB) injection into the pelvic frac-
ture site for the management of fracture pain, and found that the
pain was greatly alleviated. This analgesic effect lasted about
3 weeks with a single injection. Subsequently solid bony union
was observed in all cases within 4–6 weeks. Intradermal MB
Elsevier B.V. All rights reserved.
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injection has been shown by electron microscopy to be able to de-
stroy dermal nerve endings [13,15]. It led us to use intradiscal MB
injection in an attempt to alleviate the discogenic pain in these pa-
tients. Recently, a minimally invasive method, intradiscal MB
injection for the treatment of discogenic low back pain, has been
reported [34]. Preliminary results of clinical studies are encourag-
ing. Based on our pilot study of patients with discogenic low back
pain, this study was a prospective, randomized, double-blind clin-
ical trial to assess the efficacy of intradiscal MB injection for the
treatment of discogenic low back pain.
2. Methods

2.1. Patients

From December 1, 2003 to December 1, 2004, 136 consecutive
patients with chronic low back pain without radiculopathy but
with evidence of lumbar disc degeneration on magnetic resonance
scan were enrolled, with the preliminarily diagnosis of discogenic
low back pain. The age ranged from 20 to 65 years. According to
their history, clinical examinations, and imaging, patients with
lumbar disc herniation, spinal instability, lumbar canal stenosis,
spondylolysis, spondylolisthesis (isthmic or degenerative), disc
degeneration with endplate Modic changes, neurologic disease,
inflammatory arthritis, tumor, and infection were excluded. The
patients who had psychological problems, such as the presence
of depression or taking antidepressants or anxiolytic drugs for
the treatment of depression were excluded. All the patients were
previously treated conservatively with physical therapy and non-
steroidal anti-inflammatory drugs or opioid medications without
relief of their symptoms for more than 6 months. In addition, these
patients had no previous lumbar surgery, and showed a normal or
slight decrease in height of the disc space on lateral plain X-ray
film. Therefore, these patients were primarily considered eligible
as candidates for lumbar interbody fusion. Informed signed con-
sent was obtained from the enrolled patients before discography,
and the protocol was approved by the Ethics Committees of joint
hospitals. All the patients underwent routine discography. Of the
136 patients with chronic low back pain, 72 were proved to be suf-
fering from discogenic pain. Randomization took place from the
patients with discogenic low back pain who were injected with
either intradiscal MB injection or a placebo treatment after discog-
raphy immediately. The assignment scheme was generated from a
table of random numbers. The random assignments were stratified
in each study center. The study adopted a 1:1 (MB injection:pla-
cebo) randomization schedule. From the total of 72 subjects who
had positive discography, 36 were randomized to MB injection
and 36 to placebo.

2.2. Lumbar discography and intradiscal MB injection

All discography was performed under fluoroscopy, using a stan-
dard posterolateral approach and a double-needle technique
[22,40]. The original plan was to conduct the discography of the
discs L3–L4, L4–L5, and L5–S1 in every patient. In practice, it was
not necessary to take discography of all these discs. In some
patients, L2–L3 disc was punctured when the discography was
negative for the three lower ones. At least two discs were studied
in each patient. The discographic needles were inserted on the
contralateral side of a painful area. Once the needle was accurately
inserted into the center of the disc, nonionic contrast medium
Isovist (Schering Ltd., Germany) was instilled slowly into the nu-
cleus under low pressure. A positive discography was defined if
the patient experienced exact reproduction of his or her usual pain
response pattern, and the posterior annular disruption was shown
to extend into the outer annulus or beyond the confines of the out-
er annulus by the contrast medium. In addition, at least one control
disc adjacent to painful disc was negative.

MB injection or placebo treatment was subsequently completed
according to which treatment the patient had been allocated,
which was specified in a sealed envelope to ascertain the random-
ization schedule. No one knows the information about the assign-
ment of the next patient. Both patient and surgeon who were
responsible for the follow-up examination were blinded to the in-
jected material. Because MB injectate is obviously blue in colour,
the surgeon who completed discography and intradiscal injection
did not participate in the follow-up of the patients. One ml of 1%
MB (10 mg, Sujichuan Pharmaceutical Ltd., Jiangsu, China) was in-
jected into the discogram-proven diseased disc, followed by injec-
tion of 1 ml of 2% lidocaine hydrochloride for alleviating pain due
to insertion of the discographic needle. The placebo treatment in-
cluded an injection of 1 ml of isotonic saline and 1 ml of 2% lido-
caine hydrochloride into the painful disc. After treatment, the
patient was never in contact with anyone privy to the randomiza-
tion assignment. After the treatment, all the patients were put to
bed for 24 h, and asked to avoid strenuous exercise for 3 weeks.
Blinding was satisfactory. Within 2 years after treatment, patients
did not know what treatment they had accepted.

2.3. Follow-up and outcome measures

All the patients were reevaluated 6, 12, and 24 months after
randomization, respectively. The data were obtained by a surgeon
or investigator blinded to the both group patients to minimize
investigator bias. The main objective of the study was to compare
the degree of alleviation of pain and improvement in physical func-
tion between two groups. The primary outcome was chiefly as-
sessed by the change in the degree of pain with a self assessment
of pain by a 101-point numerical rating scale (NRS-101) pain scales
and the Oswestry Disability Index (ODI, version 1.0, 0–100) [14].
The secondary outcomes included analysis of posttreatment pa-
tient satisfaction, medication usage, and complications induced
by the treatment. Patient satisfaction was rated as follows: 1, com-
pletely satisfied (no back pain at all time and no restriction of
activities); 2, satisfied (slight pain that requires no medication
and mild restriction of activities); 3, unsatisfied (moderate to se-
vere pain that requires medication and moderate to severe restric-
tion of activities). Medication usage (nonsteroidal anti-
inflammatory drugs or opioid medications) was rated as follows:
1, none; 2, occasional; 3, regular.

Any event which might potentially be life threatening, or liable
to produce disability or deformity would be taken as an indication
to terminate the study. The possible complications (adverse
events) relevant to the discography in both groups are disc space
infection and nerve root stab injury. As for MB injection-related
complications, there was a possibility of neurologic defect or new
radiculopathy due to leakage of MB, thus producing injury to the
spinal nerve root during and after the procedure. Any patient in
either of the two groups who reported back pain aggravation, fever,
chill, and sweats would receive MR imaging and screening labora-
tory examinations including leukocyte count, erythrocyte sedi-
mentation rate, and C reactive protein levels. Any patient in MB
injection group who reported numbness, dysesthesia or radiating
leg pain and weakness in lower extremity would receive a detailed
neurologic examination, MR imaging, and electromyography
examination.

2.4. Statistical analysis

The sample size was determined on the basis of previous pilot
study [34], considering the expected differences, as expressed by



Fig. 1. Flow diagram for trial.
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their mean scores on NRS three months after the treatment. The
mean expected difference was 20 points (SD 20.92) for the treat-
ment group. For a power of 90% and l level of statistical significance
of 5%, the minimum sample size was estimated to be 48 patients
between the randomized groups for the primary outcome. We
planned to recruit 48 patients in total in 2-year time. When 48 pa-
tients were recruited, it was less than 2-year time. So, we decided
to increase patients until the end time of the recruitment. The ac-
tual sample size of 72 patients at the end of the recruitment period
provided much more power to detect this effect.

The data were entered and the analysis was carried out by SPSS
for windows 13.0. Scores of pretreatment and posttreatment were
tabulated and compared. Chi-square test, Levene’s test of homoge-
neity of variances, Fisher’s exact test, and t test were used to test
the differences between groups. General linear model for repeated
measure data was used to identify the changing trend of NRS and
ODI between the two groups. Independent sample test was used
to determine the efficacy of intradiscal MB injection and that of
placebo treatment with different pain scores and different degrees
of disability at different follow-up time points. The significance le-
vel was 0.05.

3. Results

Altogether 72 patients with discogenic low back pain were en-
rolled in the study, with 36 patients in the intradiscal MB injection
group and 36 in the placebo treatment group. The baseline charac-
teristics were similar in the two groups (Table 1). A total of 71
patients completed the three follow-up visits. One patient in the
placebo treatment group failed to return because of a new serious
disease (Fig. 1).

Six months after the randomization, the primary outcomes dif-
fered substantially between two groups. The mean NRS in the MB
injection group was 72.33 at baseline and 24.94 at 6 months. The
mean NRS in the placebo treatment group was 67.28 at baseline
and 63.51 at 6 months. There was a significant difference between
the MB injection group and the placebo treatment group in the NRS
scores (P < 0.01). The mean ODI in the MB injection group was
48.47 at baseline and 16.00 at 6 months. The mean ODI in the pla-
cebo treatment group was 49.37 and 48.40 at 6 months. There was
a significant difference between the MB injection group and the
placebo treatment group in the ODI scores (P < 0.01) (Table 2). Of
the 36 patients in the MB injection group, 7 patients (19%) claimed
to have complete relief (NRS = 0–10), 10 (28%) dramatic improve-
Table 1
Baseline characteristics of 72 patients randomly assigned to undergo intradiscal MB injec

Characteristics MB injection group (n = 36)

n

Age (years) 42.06 ± 13.74
Male 21
Female 15
Duration of pain (years) 3.5 ± 1.6

Level of painful disc
L3–L4 1
L4–L5 12
L5–S1 17
L3–L4, L4–L5 1
L3–L4, L5–S1 1
L4–L5, L5–S1 4

NRS (0–100) 72.33 ± 12.35
ODI (0–100) 48.47 ± 5.12

There were no statistically significant differences between the two groups in the dem
differences in baseline values of the outcome measures (t test).
NRS, numerical rating scale; ODI, Oswestry Disability Index.
* Plus–minus values are means ± SD.
ment (NRS less than 20 points), and 15 (42%) with obvious
improvement (a reduction in NRS of at least 20 points). As com-
pared with the baseline values, their mean improvement in NRS
was 47.39 in the MB injection group (P < 0.01), and the ODI im-
proved by a mean value of 32.47 (P < 0.01) (Table 2). In contrast,
when the results after treatment were compared with baseline val-
ues in the placebo treatment group, their mean improvement in
NRS was 3.77 (P = 0.65), and the ODI improved by a mean value
of 0.97 (P = 0.99). As a group, these patients showed no improve-
ment in their pain scores and physical function (Table 2).

The results at 12 months and at 24 months were very similar to
those at 6 months in both groups (Table 2). The good result was
maintained in the patients in MB injection group. There were no
statistically significant differences in the evaluation scores at 6,
12, and 24 months. The results indicated that the efficacy of intra-
discal MB injection for the treatment of discogenic low back pain
was long lasting. In the present study, 23 of 35 patients (66%) in
placebo treatment group obtained pain relief and function
improvement over a period of two years, but these improvements
had no statistical significance. The NRS and the ODI scores at
24 months were about the same to those at baseline, as no signif-
icant difference was found in the NRS and the ODI (P = 0.15 and
0.97, respectively).

Regarding patient satisfaction, 33 (91.6%) patients were com-
pletely satisfied or satisfied in MB injection group at the 24-month
follow-up, but only 5 (14.3%) were satisfied in placebo treatment
group (Table 3). Medication usage, including nonsteroidal
tion or placebo treatment*.

Placebo treatment group (n = 36)

% n %

41.28 ± 12.84
58 20 56
42 16 44

3.2 ± 1.7

3 0 0
33 14 39
47 15 42
3 1 3
3 2 5
11 4 11

67.31 ± 11.62
49.51 ± 6.72

ographic and clinical features (Fisher exact tests). Nor were there any significant



Table 2
Main outcomes of patients who underwent intradiscal MB injection or placebo treatment (mean ± SD).

Outcome measure MB injection (n = 36) Placebo treatment (n = 35) Mean difference 95% CI P value

NRS (0–100)
Baseline 72.33 ± 12.35 67.28 ± 11.45 �5.02 �10.70 to 0.66 0.082
6 months 24.94 ± 17.38 63.51 ± 11.66 38.57 31.54–45.60 <0.001
12 months 21.58 ± 17.93 62.40 ± 12.05 40.82 33.56–48.07 <0.001
24 months 19.83 ± 16.03 60.37 ± 14.10 40.54 33.38–47.69 <0.001

ODI (0–100)
Baseline 48.47 ± 5.12 49.37 ± 6.79 0.90 �1.96 to 3.76 0.532
6 months 16.00 ± 11.91 48.40 ± 7.77 32.40 27.62–37.18 <0.001
12 months 14.39 ± 12.87 49.09 ± 10.20 34.70 29.19–40.20 <0.001
24 months 12.89 ± 11.95 47.69 ± 10.92 34.80 29.37–40.22 <0.001

NRS, numerical rating scale; ODI, Oswestry Disability Index; CI, confidence interval of the difference.
Scores of baseline and posttreatment at 6, 12, 24 months were compared between two groups with Independent samples t test.
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anti-inflammatory drugs (NSAIDs) or opioid medications, was de-
creased significantly compared with that of pretreatment period
in MB injection group. Usually, when there was no obvious
improvement these patients would take NSAIDs regularly. If pain
was still not alleviated, they would take narcotics simultaneously
or both opioid medications and NSAIDs. When the scores of NRS
and ODI were assessed at any follow-up point, the patients who
took NSAIDs or opioid medications were in the condition of not
taking medication for at least 24 h. Thirty patients (83.3%) in MB
injection group reported that they took no medication for their
low back pain, 3 (8.3%) reported occasional use of NSAIDs or opioid
medications, and 3 (8.3%) reported regular use of NSAIDs or opioid
medications. Of the 35 patients in the placebo treatment group,
only 2 patients (5.7%) reported that they took no medication for
their low back pain, 18 (51.4%) patients took NSAIDs or opioid
medications occasionally, and 15 (42.9%) took NSAIDs or opioid
medications regularly (Table 4).

In all 36 patients treated with intradiscal MB injection, no pa-
tients complained of symptoms of nerve root injury or back pain
aggravation after the treatment. No disc space infection and nerve
root stab injury were found in both group patients during 2-year
follow-up.

4. Discussion

Discogenic low back pain is a common cause of disability. Its
treatment has traditionally been limited to either conservative
management or surgical fusion [6,25]. During recent decades, sur-
gical fusion of the lumbar spine has been performed in increasing
number on patients with chronic low back pain [12]. However, the
reported results vary considerably in different studies, and the
complication rate after fusion surgery in the lumbar spine is not
negligible [18–20,25,28]. Consequently, artificial disc replacement
has been proposed as a substitute for spinal fusion with the aim of
treating back pain while preserving vertebral motion at the oper-
ated levels and protecting adjacent levels from undergoing degen-
erative changes, but so far, only few studies have been reported on
the results of lumbar disc prosthesis [2,3]. The results with longer
follow-up need to be observed further. As alternative treatments,
percutaneous treatments directed at altering the internal mechan-
ics or innervation of the disc by heat (intradiscal electrothermal
annuloplasty, IDET) or radiofrequency energy have recently been
Table 3
Patient satisfaction 24 months after the randomization (%).

Completely satisfied Satisfied Unsatisfied

MB injection (n = 36) 7 (19.4%) 26 (72.2%) 3 (8.4%)
Placebo treatment (n = 35) 0 (0%) 5 (14.3%) 30 (85.7%)

Chi-square test, v2 = 43.311, P < 0.001.
advocated [24,29,30,37,38], but data supporting their use are lack-
ing [17]. Recent randomized trials have shown either no effect or
benefit in only a small number of highly selected subjects [16,42].

In the present study, patients treated with intradiscal injections
of methylene blue achieved a mean reduction in pain of 52.5, as
measured by the NRS, a mean reduction in Oswestry disability
scores of 35.58, and a satisfaction rate of 91.6% at 24 months after
treatment. Statistically, all primary outcome measures were signif-
icantly in favour of intradiscal injection of MB, when compared
with placebo treatment. The outcomes achieved were similar to,
or exceeded, those obtained by fusion surgery or artificial disc
replacement [2,3,18–20,23,25,28].

In any study of treatment of back pain a theoretical concern is
the influence of natural history. For discogenic back pain, the liter-
ature on natural history is limited to one study [36]. That study re-
ported that, at five years after diagnosis, 24% of patients continued
to be disabled; a further 68% were said to have improved, but the
magnitude of improvement was not quantified; and no patient be-
came free of pain [36]. In the present study, having a group of pa-
tients who underwent sham treatment controlled for natural
history. Their outcomes are compatible with the reported natural
history of discogenic low back pain [36]. Of the 35 patients treated
with placebo, 23 (66%) reported gradually decreasing scores for
pain and disability in two years, but these improvements did not
reach statistical significance. The low response-rate to placebo
treatment is not dissonant with the low rates reported in other
placebo-controlled studies of discogenic pain [16,30].

In the present study, the indication for the treatment was disco-
genic pain. This is not synonymous with disc degeneration. Many
discs with degeneration or anular tears are not painful, either be-
cause the pathology has not affected the innervated portions of
the disc, or because nerves have not reached the affected portion
of the disc [33]. Therefore, medical imaging alone is not a sufficient
diagnostic test for discogenic pain. Provocation discography is the
only available means by which a painful disc can be identified, and
for this reason discography was used to select patients for the pres-
ent study. Reproduction of pain on discography correlates strongly
with the presence of radial fissures that extend into the outer re-
gion of the anulus fibrosus [4,21,27,31,32,35,39]. These fissures
are accompanied by granulation tissue and nerve fibres [33]. Irrita-
tion of these nerve fibres by contrast medium provides an explana-
tion for the pain evoked by discography.
Table 4
Medication usage 24 months after the randomization (%).

None Occasional Regular

MB injection group (n = 36) 30 (83.3%) 3 (8.3%) 3 (8.3%)
Placebo treatment group (n = 35) 2 (5.7%) 18 (51.4%) 15 (42.9%)

Chi-square test, v2 = 43.209, P < 0.001.
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Some investigators have questioned the validity of discography
as a diagnostic test [7–9], arguing that it can be positive in asymp-
tomatic individuals and in patients with other sources of pain. Oth-
ers have shown that false-positive responses can be minimized by
testing control discs at adjacent segments and by keeping injection
pressures low [5,10,11]. If anatomic and manometric controls are
observed, the false-positive rate of discography is less than 10%
[44]. Therefore, the risk that inappropriate patients were selected
for the treatment in the present study is low.

Since it was first synthesised in 1876, methylene blue has been
used in many different areas of medicine [43]. Among other prop-
erties, methylene blue is neurolytic, and has been used successfully
to treat pruritus ani and the pain of acute fractures [13,15,26,41].
This neurolytic effect provides a rationale for its use to treat disco-
genic pain. This rationale is corroborated by our recent study in
which lesions were induced in the anterior anulus of a rat-tail
model [unpublished data]. Injection of methylene blue denervated
the lesion without otherwise damaging the disc. In the present
study, denervation of radial fissures would appear to be the likely
mechanism of relief of pain. When injected into the nucleus pulpo-
sus, methylene blue spreads peripherally into radial fissures where
it can destroy the accompanying nerve fibres. Patients who re-
spond to treatment typically obtain relief within 24 h, which is
compatible with gradual denervation of the disc. This denervation
appears to be enduring, for once established, the relief persists for
two years.

Intradiscal injection of methylene blue is a novel treatment for
discogenic back pain. Its efficacy appears to be quite remarkable. It
is imperative that others evaluate this treatment to determine if
the results of the present study can be replicated and, thereby,
confirmed.

5. Conflict of interest

All authors declare that they have no conflict of interest.

Acknowledgments

Supported in part by a grant for scientific research of great pro-
ject of clinical new technique from 304th Hospital. Also supported
in part by the foundation of capital medical development, Beijing,
China. The funding sources had no involvement or influence in the
preparation of the manuscript.
References

[1] Andersson GBJ. Epidemiologic features of chronic low-back pain. Lancet
1999;354:581–5.

[2] Bertagnoli R, Yue JJ, Shah RV, Nanieva R, Pfeiffer F, Fenk-Mayer A, Kershaw T,
Husted DS. The treatment of disabling multilevel lumbar discogenic low back
pain with total disc arthroplasty utilizing the ProDisc prosthesis: a prospective
study with 2-year minimum follow-up. Spine 2005;30:2192–9.

[3] Bertagnoli R, Yue JJ, Shah RV, Nanieva R, Pfeiffer F, Fenk-Mayer A, Kershaw T,
Husted DS. The treatment of disabling single lumbar discogenic low back pain
with total disc arthroplasty utilizing the ProDisc prosthesis: a prospective
study with 2-year minimum follow-up. Spine 2005;30:2230–6.

[4] Birski G, Silberstein M. The symptomatic lumbar disc in patients with low-back
pain: magnetic resonance imaging appearances in both a symptomatic and
control population. Spine 1993;18:1808–11.

[5] Buenaventure RM, Shah RV, Patel V, Benyamin R, Singh V. Systematic review of
discography as a diagnostic test for spinal pain: an update. Pain Physician
2007;10:147–64.

[6] Carragee EJ. Persistent low back pain. N Engl J Med 2005;352:1891–8.
[7] Carragee EJ, Alamin TF, Carragee JM. Low-pressure positive discography in

subjects asymptomatic of significant low back pain illness. Spine
2006;31:505–9.

[8] Carragee EJ, Alamin TF, Miller JL, Grafe M. Provocative discography in volunteer
subjects with mild persistent low back pain. Spine J 2002;2:25–34.

[9] Carragee EJ, Lincoln T, Parmar VS, Alamin T. A gold standard evaluation of the
‘‘discogenic pain” diagnosis as determined by provocative discography. Spine
2006;31:2115–23.
[10] Derby R, Howard MW, Grant JM, Lettice JJ, Van Peteghem PK, Ryan DP. The
ability of pressure-controlled discography to predict surgical and nonsurgical
outcomes. Spine 1999;24:364–71.

[11] Derby R, Lee SH, Kim BJ, Chen Y, Aprill C, Bogduk N. Pressure-controlled
lumbar discography in volunteers without low back symptoms. Pain Med
2005;6:213–21.

[12] Deyo RA, Weinstein JN. Low back pain. N Engl J Med 2001;344:363–70.
[13] Eusebio EB, Graham J, Mody N. Treatment of intractable pruritus ani. Dis Colon

Rectum 1990;33:770–2.
[14] Fairbank JC, Couper J, Davies JB, O’Brien JP. The Oswestry low back pain

disability questionnaire. Physiotherapy 1980;66:271–3.
[15] Farouk R, Lee WR. Intradermal methylene blue injection for the treatment of

intractable idiopathic pruritus ani. Br J Surg 1997;84:670.
[16] Freeman BJ, Fraser RD, Cain CM, Hall DJ, Chapple DC. A randomized,

double-blind, controlled trial: intradiscal electrothermal therapy versus
placebo for the treatment of chronic discogenic low back pain. Spine 2005;
30:2367–77.

[17] Freeman BJ, Walters RM, Moore RJ, Fraser RD. Does intradiscal electrothermal
therapy denervate and repair experimentally induced posterolateral annular
tears in an animal model? Spine 2003;28:2602–8.

[18] Fritzell P, Hagg O, Wessberg P, Nordwall A, The Swedish Lumbar Spine Study
Group. Chronic low back pain and fusion: a comparison of three surgical
techniques. Spine 2002;27:1131–41.

[19] Fritzell P, Hagg O, Wessberg P, Nordwall A, The Swedish Lumbar Spine Study
Group. Volve award winner in clinical studies: Lumbar fusion versus
nonsurgical treatment for chronic low back pain. A multicenter randomized
controlled trial from the Swedish Lumbar Spine Study Group. Spine
2001;23:2521–34.

[20] Hanley EN, David SM. Lumbar arthrodesis for the treatment of back pain. J
Bone Joint Surg (Am) 1999;81:716–30.

[21] Horton WC, Daftari TK. Which disc as visualized by magnetic resonance
imaging is actually a source of pain? A correlation between magnetic
resonance imaging and discography. Spine 1992;17:S164–171.

[22] Ito M, Incorvaia KM, Yu SF, Fredrickson BE, Yuan HA, Rosenbaum AE. Predictive
signs of discogenic lumbar pain on magnetic resonance imaging with
discography correlation. Spine 1998;23:1252–60.

[23] Jensen MC, Brant-Zawadzki MN, Obuchowski N, Modic MT, Malkasian D, Ross
JS. Magnetic resonance imaging of the lumbar spine in people without back
pain. N Engl J Med 1994;331:69–73.

[24] Kachael K, Bogduk N. Twelve-month follow-up of a controlled trial of
intradiscal thermal anuloplasty for back pain due to internal disc disruption.
Spine 2000;25:2601–7.

[25] Lee CK, Vessa P, Lee JY. Chronic disabling low back pain syndrome caused by
internal disc derangements. The results of disc excision and posterior lumbar
interbody fusion. Spine 1995;20:356–61.

[26] Mentes BB, Akin M, Leventoglu S, Gultekin FA, Oguz M. Intradermal methylene
blue injection for the treatment of intractable idiopathic pruritus ani: results
of 30 cases. Tech Coloproctol 2004;8:11–4.

[27] Moneta GB, Videman T, Kaivanto K, Aprill C, Spivey M, Vanharanta H, Sachs BL,
Guyer RD, Hochschuler SH, Raschbaum RF. Reported pain during lumbar
discography as a function of anular ruptures and disc degeneration: a re-
analysis of 833 discograms. Spine 1994;19:1968–74.

[28] Moore KR, Pinto MR, Butler LM. Degenerative disc disease treated with
combined anterior and posterior arthrodesis and posterior instrumentation.
Spine 2002;27:1680–6.

[29] Oh WS, Shim JC. A randomized controlled trial of radiofrequency denervation
of the ramus communicans nerve for chronic discogenic low back pain. Clin J
Pain 2004;20:55–60.

[30] Pauza KJ, Howell S, Dreyfuss P, Peloza JH, Dawson K, Bogduk N. A randomized,
placebo-controlled trial of intradiscal electrothermal therapy for the treatment
of discogenic low back pain. Spine J 2004;4:27–35.

[31] Peng B, Hao J, Hou S, Wu W, Jiang D, Fu X, Yang Y. Possible pathogenesis of
painful interverterbral disc degeneration. Spine 2006;31:560–6.

[32] Peng B, Hou S, Wu W, Zhang C, Yang Y. The pathogenesis and clinical
significance of high-intensity zone (HIZ) of lumbar intervertebral disc on MR
imaging in the patient with discogenic low back pain. Eur Spine J
2006;15:583–7.

[33] Peng B, Wu W, Hou S, Li P, Zhang C, Yang Y. The pathogenesis of discogenic low
back pain. J Bone Joint Surg Br 2005;87:62–7.

[34] Peng B, Zhang Y, Hou S, Wu W, Fu X. Intradiscal methylene blue injection
for the treatment of chronic discogenic low back pain. Eur Spine J
2007;16:33–8.

[35] Powell MC, Wilson M, Szypryt S, Symonds EM. Prevalence of lumbar disc
degeneration observed by magnetic resonance in symptomless women. Lancet
1986;2:1366–7.

[36] Rhyne AL, Smith SE, Wood KE, Darden BV. Outcome of unoperated discogram-
positive low back pain. Spine 1995;20:1997–2001.

[37] Saal JA, Saal JS. Intradiscal electrothermal treatment for chronic discogenic low
back pain: prospective outcome study with a minimum 1-year follow-up.
Spine 2000;25:2622–7.

[38] Saal JA, Saal JS. Intradiscal electrothermal treatment for chronic discogenic low
back pain: prospective outcome study with a minimum 2-year follow-up.
Spine 2002;27:966–74.

[39] Saifuddin A, Braithwaite I, White J, Taylor BA, Renton P. The value of lumbar
spine magnetic resonance imaging in the demonstration of anular tears. Spine
1998;23:453–7.



B. Peng et al. / PAIN
�

149 (2010) 124–129 129
[40] Schwarzer AC, Aprill CN, Derby R, Fortin J, Kine G, Bogduk N. The prevalence
and clinical features of internal disc disruption in patients with chronic low
back pain. Spine 1995;20:1873–8.

[41] Sheng ZY. Medical support in the Tangshan earthquake: a review of the
management of mass casualties and certain major injuries. J Trauma
1987;27:1130–5.

[42] Singh K, Ledet E, Carl A. Intradiscal therapy: a review of current treatment
modalities. Spine 2005;30:S20–26.
[43] Wainwright M, Crossley KB. Methylene blue – a therapeutic dye for all
seasons? J Chemother 2002;14:431–43.

[44] Wolffer LR, Derby R, Lee JE, Lee SH. Systematic review of lumbar provocation
discography in asymptomatic subjects with meta-analysis of false-positive
rates. Pain Physician 2008;11:513–38.

[45] Zhou YL, Abdi S. Diagnosis and minimally invasive treatment of lumbar
discogenic pain – a review of the literature. Clin J Pain 2006;22:
468–81.


	Sec1
	Sec2
	Sec3
	Sec4
	Sec5
	Sec6
	Sec7
	Sec8
	Fig1
	Tab1
	Tab2
	Ack
	Bib
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29
	CR30
	CR31
	o-controlled trial of intradiscal methylene blue injection for the treatment of chronic discogenic low back pain. Pain 2010 .pdf
	A randomized placebo-controlled trial of intradiscal methylene blue injection for the treatment of chronic discogenic low back pain
	Introduction
	Methods
	Patients
	Lumbar discography and intradiscal MB injection
	Follow-up and outcome measures
	Statistical analysis

	Results
	Discussion
	Conflict of interest
	Acknowledgments
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


