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Spasticity following spinal cord injury

Summary

Background. Up to 70 % of patients with
spinal cord injuries develop spasticity.
The main aim of the paper is to provide
an overview of spasticity management,
primarily in patients with spinal cord
injuries.

Method. The article is based on litera-
ture searches in PubMed using the key-
phrases «spasticity» and «spasticity
AND spinal cord injury», and own clin-
ical experience and research.

Results. Spasticity may be general,
regional or localised. Factors such as
an over-filled bladder, obstipation,
acute infections, syringomyelia or bone
fractures may substantially influence
the degree of spasticity and must be
determined. An assessment of the clin-
ical and functional consequences for
the patient is decisive before manage-
ment. Active exercise, physiotherapy
and peroral drugs are the simplest and
cheapest options. Baclofen is the only
centrally acting spasmolytic registered
in Norway and is the first choice for
peroral treatment. Benzodiazepines
can also be used. The effect of the
tablets is generally limited and there
are often pronounced side effects.
Local spasticity can be treated with
botulinum toxin injections. The effect is
time-limited and the treatment must be
repeated. International guidelines
recommend a combination of botuli-
num toxin injections and physiotherapy.
In cases of regional spasticity, particu-
larly in the lower limbs, intrathecal
baclofen administered via a programm-
able pump may provide a continuous
spasm-reducing effect. Orthopaedic
surgery or neurosurgery may be an
option for selected patients with
intractable spasticity.

Interpretation. Spasticity following a
spinal cord injury must be assessed
regularly. The treatment strategy
depends on the degree of functional
failure caused by the spasticity and its
location.
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Spasticity is a relatively common phenome-
non in patients with a disease or injury of the
central nervous system, and is a sign of dam-
age to upper motor neurons. Up to 70 % of
patients with spinal cord injuries develop
spasticity that may cause considerable dis-
ability (1-4). How the spasticity develops
and the degree of spasticity depend on the
location and extent of the injury (whether
the injury is complete or incomplete). Spas-
ticity may develop months or years after the
acute injury and lead to increased loss of
function and hospitalisation (3).

W. Lance defined spasticity as «a motor
disorder characterised by a velocity-depend-
ent increase in tonic stretch reflexes (muscle
tone) with exaggerated tendon jerks, resul-
ting from hyperexcitability of the stretch re-
flex» (5). The European working group EU-
SPASM has defined spasticity as «disorde-
red sensorimotor control resulting from an
upper motor neurone lesion, presenting as in-
termittent or sustained involuntary activation
of muscles» (6). Upper motor neuron injury
additionally causes paresis, impaired fine
motor skills and control of movements and
increased fatigue due to movements (6, 7).

The main aim of the article is to provide
an overview of the pathophysiology, clinical
picture and treatment of spasticity, primarily
in patients with spinal cord injuries. The art-
icle may help doctors who are involved in
the treatment of spasticity in patients with
spinal cord injuries.

Method.

The paper is based on literature searches in
PubMed using the keyphrases «spasticity»
and «spasticity AND spinal cord injury»,
with the emphasis on clinical studies. Our as-
sessments also rest on our own clinical expe-
rience and research at the Spasticity Manage-
ment Clinic, Haukeland University Hospital.

Pathophysiology

The pathogenesis of spasticity in patients
with SCI is multifactorial. A change in the
excitability of various supraspinal inhibitory
nerve paths used to be regarded as the main
explanation. More recent research has shown
a change in excitability in the actual motor
neurons and interneurons as well (8). Spasti-
city may be general, regional or localised and
associated with tetraparesis, hemiparesis, pa-
raparesis or monoparesis. Spasticity may be
caused by cerebral or spinal injuries (9).
Spasticity is not a static phenomenon, and
when untreated it can lead to secondary reor-
ganisation of both the nervous system and
the musculature (7). With serious spinal cord
injury, paresis occurs which leads to adaptive
shortening of muscles that change afferent
input to the spinal cord. This exacerbates the
spasticity and causes the development of
contractures, abnormal positioning and
further loss of function. This development
can be influenced by early physical activity
and medication (10, 11).

Light to moderate spasticity may have a
positive effect on function. Among other
things, spasticity may make it possible for
patients with lower limb paresis to attain
a standing function and more ease of move-
ment, for example transfer from bed to chair
(12). Light to moderate spasticity contribu-
tes to better circulation in the legs, thereby
avoiding oedema and reducing the risk
of development of deep vein thrombosis
(13, 14).

Pronounced spasticity may contribute to
increased functional failure, contractures,
incorrect posture, ulcers and pain. To avoid
such negative developments, treatment
should start as soon as possible (15).

Main points

m Spasticity is a frequent complication
after a spinal cord injury and may con-
tribute to further functional impair-
ment.

m Indications for treatment are based
on assessment and measurement of
patients’ loss of function and on clinical
examination

m The most widely used medicinal treat-
ment options are peroral or intrathecal
baclofen and repeated intramuscular
injections with botulinum toxin
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Clinical assessment
When assessing spasticity, it is essential to
have a thorough description of the extent and
degree of the spasticity, plus its effect on the
patient’s day-to-day functioning and quality
of life (16). Spasticity can prevent transfer,
affect the placing of legs in wheelchairs or
cars, make manual hygiene difficult, cause
problems with catheterisation and cause pain.
If the patient cannot give a personal account
of his or her problems, information should be
obtained from those who know the patient
best. When assessing different treatment
options, an assessment of what it might be
possible to achieve should also be included.
In the clinical examination it is important to
assess the range of active and passive move-
ments combined with any complications such
as pain and/or abnormal limb positions. The
most widely used assessment scales are the
Ashworth Scale and the modified Ashworth
Scale (17). With the Ashworth Scale, the
resistance in the limb to passive movements is
measured (18). This score says little about the
loss of function that is related to spasticity and
it is therefore not suitable for assessing the
effect of treatment. There are a number of
other scales, but they measure loss of function
to only a limited degree and are therefore of
limited clinical value (19-22). Individual
assessment, preferably with the aid of video
clips from before and after treatment, may be
useful for assessing effectiveness. One im-
portant parameter will always be whether the
aims of the treatment were fulfilled.
Electromyography (EMG) can be used to

identify spastic muscles, but cannot be used
to assess degree of spasticity or to determine
an indication for treatment (8, 15).

Treatment
Spasticity can be influenced by a number of
factors. Patients with SCI have a partial or
complete loss of sensibility below the injury
level. Increasing spasticity may be a reaction
to disease or injury below the injury level. The
first step is therefore to assess and treat all
conditions that may lead to an exacerbation of
the spasticity (exacerbating factors), such as
urinary tract infection, pneumonia, obstipa-
tion, menstrual pain, ingrown nails, pressure
ulcers etc. Acute, serious infections and syrin-
gomyelia may cause both increased spasticity
and a sudden absence of spasticity (Fig. 1).
Spasticity is counteracted by systematic
motor stimulation. The patient’s own phys-
ical activity and treatment involving stret-
ching and bending as well as standing exer-
cises may therefore modulate spasticity.
This should be started immediately with all
patients with SCI and spasticity (23).

Peroral medication

Spasticity can be treated medicinally, and
peroral medication is the first-line choice for
general, regional and local spasticity (Fig. 1).
Peroral medication has a limited effect, but is
simple to administer. Baclofen tablets are the
most widely used medication, and the only
pure spasmolytic drug registered in Norway.
Baclofen is a GABA analogue and inhibits
monosynaptic and polysynaptic spinal re-
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flexes. Baclofen binds to GABAj receptors
that are linked to potassium and calcium
channels both pre- and post-synaptically (24).
The effect on spasticity was demonstrated
in a controlled study of patients with SCI,
while another study failed to show this effect
(25, 26). The limited effect of baclofen is
due to the fact that only a small portion of
the active substance penetrates the blood-
brain barrier (24). There are frequently side
effects, with sedation, nausea, dizziness and
difficulty in breathing as the most common
(24). Side effects can be avoided to some ex-
tent by a slow stepwise increase of the dose.
Epileptic seizures, psychosis and hyperther-
mia have been described in connection with
sudden termination of the drug (27).
Another drug that may affect spasticity is
tizanidine. This drug is not registered in Nor-
way, and is therefore used only when baclo-
fen is not effective. Tizanidine is an imidazole
derivative and a central ?-adrenergic agonist
which inhibits the release of excitatory amino
acids in spinal interneurons (24). A study de-
monstrated a pronounced muscle relaxant ef-
fect and suppression of polysynaptic reflexes
in cases of complete SCI (28). Tizanidine has
proved to be effective in placebo-controlled
studies of patients with SCI (29, 30). Tizani-
dine and baclofen can be combined, but the
drugs have the same potential side effects,
and these may be more pronounced when the
drugs are used in combination.
Benzodiazepines may be effective for re-
ducing spasticity (24). The effect is a result
of the GABA , receptor system being affec-
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Figure 1 Spasticity management, by degree and extent
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Figure 2 Implanted baclofen pump

ted. Sedation and cognitive modulation are
common side effects. When used concur-
rently with baclofen, benzodiazepines have
an additive effect on spasticity, but must be
administered in small doses because of simi-
lar side effects that may be more pronounced
than with monotherapy (24). Benzodiaze-
pines are often used in acute cases where
a rapid effect is desired and side effects are
a secondary consideration.

Clonidine and gabapentin may have the
effect of reducing spasticity. Their use as
spasmolytics in clinical practice is limited,
and clinical studies of patients with SCI
have not been performed (24, 30).

Cannabis products have been tested as
medication for pain and spasticity, but the
results of the studies have been conflicting.
These products are not recommended for
treating spasticity because of the narrow
therapeutic range and risk of side effects and
dependence (31).

Local injections with botulinum toxin

If spasticity is restricted to a few muscles or
a delimited muscle group, injection with bo-
tulinum toxin may be a treatment option.
Botulinum toxin is a product of Clostridium
botulinum and blocks presynaptic release of
acetyl choline from nerve terminals so that
the connection between nerve terminal and
muscle fibre is cut off for a period. Botuli-
num toxin weakens muscle tone, and paresis
may thus become more pronounced. Seven
immunologically distinct toxins are known
(types A—QG). Treatment with type A is most
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common (Botox, Xeomin, Dysport), but
type B (Neurobloc) can also be used. A pre-
requisite for successful treatment is that a
precise analysis and description of function
is made in advance and an assessment made
of what can be achieved by means of injec-
tion into particular muscles.

It must also be ensured that the injections
are given into the correct muscles. The mus-
cles can be identified by means of a one-
channel EMG system, stimulator or ultra-
sound (8). The effect develops gradually in
the course of 1-3 days after the injection,
and maximum effect can be seen after 5—14
days. The effect wanes gradually after
12—16 weeks (24). Because of the risk of
antibody development, the treatment can be
repeated after three months at the earliest.
Treatment with botulinum toxin must be
limited to a few muscles, and no more than
50 units of Botox or Xeomin (150 units of
Dysport) should be injected in the same
place (33). The total dose per treatment
should not exceed 500 units of Botox or
Xeomin (1500 units of Dysport). The best
effect is obtained by combining botulinum
toxin treatment with physiotherapy (34, 35).
Botulinum toxin treatment has a stable and
predictable effect (36) which has been de-
monstrated in patients with SCI and a num-
ber of other conditions (36, 37). However,
there are no randomised studies of the effect
of botulinum toxin on persons with SCI.
Randomised studies are beset by ethical
challenges, because they would mean many
injections of placebo into muscles.

Intrathecal infusion of baclofen

In cases of regional spasticity, particularly in
the lower limbs, treatment with intrathecal
infusion of baclofen via a programmable
pump will be more effective than treatment
with peroral medicines (8) (Fig. 2). Baclofen
is pumped directly into the subarachnoid
space by means of a programmable pump
via a catheter system. Systemic effects are
thereby reduced, and the risk of side effects
is considerably lower (24). Before the bac-
lofen pump can be implanted, the effect of
intrathecal baclofen must be tested by admi-
nistering a bolus dose to the patient via a
normal spinal puncture needle, alternatively
continuous infusion via an external pump.
After implantation, the dose can be adjusted
by a programmer, and the pump reservoir
must be refilled with baclofen at regular
intervals. The treatment can be administered
over a long period, and the effect is sustained
(38, 39). There is no absolute upper limit for
the dosing. Daily doses of over 500 ng may
cause side effects, first and foremost in the
form of sedation.

In cases of extensive spasticity in all ex-
tremities, the effect of intrathecal baclofen
on the upper limbs has proved to be only
about 25 % of the effect on the legs (40). In
cases of spasticity in both upper and lower
limbs, combination treatment with a baclo-
fen pump for spasticity in the lower limbs
and botulinum injections for spasticity in the
upper limbs may be a good alternative. In
order to preserve the walking function,
a combination of a low dose of intrathecal
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baclofen and botulinum toxin can be tried in
some muscles in the lower limbs. Spasticity
can thereby be dampened in a more targeted
way so that the patient gains better control
over musculature and movement and there-
by preserves walking function.

Surgical treatment of spasticity

Surgical treatment of spasticity entails irre-
versible changes and can often be avoided if
other steps are taken at an early stage. Ortho-
paedic interventions can be used either as a
sole measure or in combination with physio-
therapy and botulinum toxin injections in
cases of local spasticity (41). Tendon exten-
sion, tendon plasty or osteotomy can be con-
sidered for selected patients with intractable
local spasticity with joint deformation, as in
equinus contracture. In cases of pronounced
regional spasticity, posterior selective rhizo-
tomy may be an option (43). This treatment
is most suitable for patients with non-pro-
gressive conditions.

Practical management

Spasticity is not a static phenomenon and
should be followed up both during and after
stays in hospital. All patients with spasticity
should be urged to exercise. If this is not suf-
ficiently effective, the patient should have
physiotherapy with guidelines for exercises
that counteract the spasticity.

Peroral drugs can be prescribed by the pri-
mary doctor. For treatment with botulinum
toxin the patient should be referred to the
nearest specialist who can offer this treat-
ment. Assessment, testing and implantation
of baclofen pumps are carried out by uni-
versity clinics. Observation and problem
description by the patient’s primary doctor
and physiotherapist and information about
the patient’s other illnesses and conditions
are important for enabling the correct treat-
ment strategy to be chosen. The use of war-
farin and conditions that result in a higher
risk of haemorrhaging may be a relative con-
traindication that should be considered be-
fore botulinum toxin is used or intrathecal
baclofen is tried. Refilling and other adjust-
ment of pumps are carried out at a number of
hospitals in Norway. The patient should re-
ceive an offer from the closest hospital to
avoid having to travel far. All other measu-
res should be attempted before orthopaedic
or neurosurgical intervention is considered.

Tiina Rekand (born 1960)

PhD and specialist in neurology. Senior Consul-
tant for the Spinal Cord Unit in the Neurology
Department, Haukeland University Hospital.
She is a member of the board of the Norwegian
Spinal Cord Injury Registry. She has been
attached to the Spasticity Management Clinic at
the Neurology Department, Haukeland Univer-
sity Hospital, since 2003.

Conflicts of interest: She has attended con-
gresses sponsored by Desitin and Allergan.

Tidsskr Nor Legeforen nr. 8, 2012; 132

Ellen Merete Hagen (born 1962)
Specialist in neurology and in social medicine.

Junior Registrar at the Section for Clinical Neu-

rophysiology, Neurology Department, Hauke-
land University Hospital. She has a PhD in epi-
demiology of traumatic spinal cord injury from
the University of Bergen and is a post-doctoral
fellow at the same institution.

Conflicts of interest: None declared

Marit Grgnning (born 1955)

PhD and specialist in neurology. Senior Consul-

tant at the Neurology Department, Haukeland
University Hospital and Professor at the Insti-
tute of Clinical Medicine, University of Bergen.

Conflicts of interest: None declared

References

1.

20.

Johnson RL, Gerhart KA, McCray J et al. Second-
ary conditions following spinal cord injury in

a population-based sample. Spinal Cord 1998; 36:
45-50.

Noreau L, Proulx P, Gagnon L et al. Secondary
impairments after spinal cord injury: a population-
based study. Am J Phys Med Rehabil 2000; 79:
526-35.

Levi R, Hultling C, Nash MS et al. The Stockholm
spinal cord injury study: 1. Medical problems in

a regional SCI population. Paraplegia 1995; 33:
308-15. .

Skéld C, Levi R, Seiger A. Spasticity after traumatic
spinal cord injury: nature, severity, and location.
Arch Phys Med Rehabil 1999; 80: 1548-57.

Lance JW. The control of muscle tone, reflexes,
and movement: Robert Wartenberg Lecture.
Neurology 1980; 30: 1303-13.

Stevenson VL. Rehabilitation in practice: Spasticity
management. Clin Rehabil 2010; 24: 293-304.
Ward AB. Spasticity treatment with botulinum
toxins. J Neural Transm 2008; 115: 607-16.
Elbasiouny SM, Moroz D, Bakr MM et al. Manage-
ment of spasticity after spinal cord injury: current
techniques and future directions. Neurorehabil
Neural Repair 2010; 24: 23-33.

Saval A, Chiodo AE. Intrathecal baclofen for
spasticity management: a comparative analysis
of spasticity of spinal vs cortical origin. J Spinal
Cord Med 2010; 33: 16-21.

. Gracies J-M. Pathophysiology of spastic paresis.

|: Paresis and soft tissue changes. Muscle Nerve
2005; 31: 535-51.

. Gracies J-M. Pathophysiology of spastic paresis.

II: Emergence of muscle overactivity. Muscle
Nerve 2005; 31: 552-71.

. Adams MM, Hicks AL. Spasticity after spinal cord

injury. Spinal Cord 2005; 43: 577-86.

. Green D, Hartwig D, Chen D et al. Spinal Cord

Injury Risk Assessment for Thromboembolism
[SPIRATE Study). Am J Phys Med Rehabil 2003; 82:
950-6.

. Murphy NA. Deep venous thrombosis as a result

of hypotonia secondary to intrathecal baclofen
therapy: a case report. Arch Phys Med Rehabil
2002; 83: 1311-2.

. Yelnik AP, Simon O, Parratte B et al. How to clini-

cally assess and treat muscle overactivity in spas-
tic paresis. J Rehabil Med 2010; 42: 801-7.

. Lechner HE, Frotzler A, Eser P. Relationship

between self- and clinically rated spasticity in
spinal cord injury. Arch Phys Med Rehabil 2006;
87:15-9.

. Ashworth B. Preliminary trial of carisopodol in

multiple sclerosis. Practitioner 1964; 192: 540-2.

. Fleuren JF, Voerman GE, Erren-Wolters CV et al.

Stop using the Ashworth Scale for the assessment
of spasticity. J Neurol Neurosurg Psychiatry 2010;
81: 46-52.

. Tardieu G, Shentoub S, Delarue R. A la recherché

d’une technique de mesure de la spasticité. Rev
Neurol 1954; 91: 143-4.

Mehrholz J, Wagner K, Meissner D et al. Reliability
of the Modified Tardieu Scale and the Modified
Ashworth Scale in adult patients with severe brain

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

REVIEW ARTICLE

injury: a comparison study. Clin Rehabil 2005; 19:
751-9.

. Penn RD, Savoy SM, Corcos D et al. Intrathecal

baclofen for severe spinal spasticity. N Engl J Med
1989; 320: 1517-21.

Priebe MM, Sherwood AM, Thornby JI et al. Clin-
ical assessment of spasticity in spinal cord injury:
a multidimensional problem. Arch Phys Med
Rehabil 1996; 77: 713-6.

Gracies JM. Pathophysiology of impairment in
patients with spasticity and use of stretch as

a treatment of spastic hypertonia. Phys Med
Rehabil Clin N Am 2001; 12: 747-68.

Kita M, Goodkin DE. Drugs used to treat spasticity.
Drugs 2000; 59: 487-95.

Hinderer SR, Lehmann JF, Price R et al. Spasticity
in spinal cord injured persons: quantitative effects
of baclofen and placebo treatments. Am J Phys
Med Rehabil 1990; 69:311-7

Burke D, Gillies JD, Lance JW. An objective
assessment of a gamma aminobutyric acid deriva-
tive in the control of spasticity. Proc Aust Assoc
Neurol 1971; 8: 131-4.

Dario A, Tomei G. A benefit-risk assessment of
baclofen in severe spinal spasticity. Drug Saf 2004;
27:799-818.

Milanov |, Georgiev D. Mechanisms of tizanidine
action on spasticity. Acta Neurol Scand 1994; 89:
274-9.

Nance PW, Bugaresti J, Shellenberger K et al. Effi-
cacy and safety of tizanidine in the treatment of
spasticity in patients with spinal cord injury.
Neurology 1994; 44 (suppl 9): S44-51.

Taricco M, Pagliacci MC, Telaro E et al. Pharmaco-
logical interventions for spasticity following spinal
cord injury: results of a Cochrane systematic
review. Eura Medicophys 2006; 42: 5-15.

. Karst M, Wippermann S, Ahrens J. Role of canna-

binoids in the treatment of pain and (painful) spas-
ticity. Drugs 2010; 70: 2409-38.

Miiller K, Mix E, Adib Saberi F et al. Prevalence

of neutralising antibodies in patients treated with
botulinum toxin type A for spasticity. J Neural
Transm 2009; 116: 579-85.

Wissel J, Ward AB, Erztgaard P et al. European
consensus table on the use of botulinum toxin type
A'in adult spasticity. J Rehabil Med 2009; 41:
13-25.

Giovannelli M, Borriello G, Castri P et al. Early
physiotherapy after injection of botulinum toxin
increases the beneficial effects on spasticity in
patients with multiple sclerosis. Clin Rehabil 2007;
21:331-7.

Smedal T, Gjelsvik B, Lygren H et al. Botulinum
toksin A- effekt pa spastisitet. Tidsskr Nor Laege-
foren 2001; 121: 3277-80.

Naumann M, Albanese A, Heinen F et al. Safety
and efficacy of botulinum toxin type A following
long-term use. Eur J Neurol 2006; 13 (suppl 4):
35-40.

Marciniak C, Rader L, Gagnon C. The use of botuli-
num toxin for spasticity after spinal cord injury.
Am J Phys Med Rehabil 2008; 87: 312-7, quiz
318-20, 329.

Coffey JR, Cahill D, Steers W et al. Intrathecal
baclofen for intractable spasticity of spinal origin:
results of a long-term multicenter study. J Neuro-
surg 1993; 78: 226-32.

Koulousakis A, Kuchta J. Intrathecal antispastic
drug application with implantable pumps: results
of a 10 years follow-up study. Acta Neurochir
Suppl (Wien) 2007; 97: 181-4.

Guillaume D, Van Havenbergh A, Vloeberghs M et
al. A clinical study of intrathecal baclofen using

a programmable pump for intractable spasticity.
Arch Phys Med Rehabil 2005; 86: 2165-71.

. Lynn AK, Turner M, Chambers HG. Surgical

management of spasticity in persons with cerebral
palsy. PM R 2009; 1: 834-8.

Smyth MD, Peacock WJ. The surgical treatment

of spasticity. Muscle Nerve 2000; 23: 153-63.
Grgnning M, Svendsen F, Skeidsvoll H et al. Spasti-
sitet behandlet med selektiv bakre rhizotomi. Tids-
skr Nor Laegeforen 2002; 122: 1190-1.

Received 18 August 2010, first revision submitted
18 April 2011, approved 3 November 2011. Medical
editor Siri Lunde.

973




<<
  /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 /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 150
  /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 150
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile 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


