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SUMMARY: AIMS. Anterior cervical discectomy and fusion is a surgery indicated to remove a herniated or
degenerative disc in the neck. Numerous graft extenders are available on the market as alternatives to the
patient’s own autograft bone. Among all, calcium phosphate salts such as hydroxyapatite and β-tricalcium
phosphate can be inserted in cages and allow vertebral fusion. Aim of the present study was to evaluate the
safety and efficacy of a new generation biomimetic hydroxyapatite enriched with magnesium ions inserted in
cages for spinal fusion. 
MATERIALS AND METHODS. A series of consecutive patients undergoing anterior cervical discectomy was
selected to be treated with the use of an magnesium-doped ydroxyapatite bone graft material inserted in cage.
Clinical and radiologic data were collected immediately after surgery, then up to 2 year after surgery. The
primary endpoint (i.e. safety) was considered as lack of any adverse event leading to revision surgery or re-
hospitalization during the follow-up period. The secondary endpoint (i.e. performance or evidence of fusion)
was considered as lack of cage mobilizations recorded during the follow-up period.
RESULTS. Seventy-five patients underwent interbody spinal fusion for the treatment of anterior cervical
discectomy. A minimum 2-year follow-up was recorded for all the patients. Radiographic images showed the
stability of the implant, as result of successful surgery. No adverse events (cage mobilization, infection, etc.)
were recorded. 
CONCLUSIONS. Mg-hydroxyapatite bioceramics show osteoconductive properties and a safety profile when
employed in anterior cervical discectomy procedures. 
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INTRODUCTION

Spondylosis is the general degeneration of the spine

that can occur in joints, discs, and bones of the spine

as we age. Conservative management, such as anti-

inflammatories or physical therapy, is the preferred

and often only required intervention. In unresponsive

patients, surgery is indicated(8). Anterior cervical

discectomy and fusion is a surgery indicated to

remove a herniated or degenerative disc in the neck.
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This surgical procedure allows removing the

damaged disc from the front (anterior) of the spine

through the throat area. After the disc is removed, the

space between the bony vertebrae is empty and a

spacer bone graft is inserted to fill the open disc space

and prevent the vertebrae from collapsing. The graft

serves as a bridge between the two vertebrae to create

a spinal fusion. The system “bone graft-vertebrae”

are fixed in place with metal plates and screws. The

instrumentation and fusion work together and, after 3

to 6 months, the bone graft should join the two

vertebrae and form one solid piece of bone. 

Bone grafts available to be used in ACDF can come

from different sources. Typically, autologous bone is

considered the “gold standard” choice, because of the

osteogenic, osteoinductive and osteoconductive pro per -

ties, which allow new bone formation(8,9,13,14), few in -

cidences of graft complication and biocompati    bi lity, no

risk of disease transmission or immunogenic reac -

tions(12). However, drawbacks such as risk of har vest

site morbidity, infection, hematoma, pelvic frac ture,

limitations with supply and others, can limit its use(14).

Among the possible graft alternatives available,

synthetic bone grafts such as calcium phosphate

derivatives and ceramics have been widely employed

in fusion procedures, because of their biocompa-

tibility, no risk of infection, the unlimited supply and,

most important, the lack of donor site morbidity(7,13). 

Based upon the natural occurring calcium salts and

hydroxyapatite found in human bone, ceramics have

been widely investigated for use in the cervical spine

as well, showing good results in terms of fusion

performance and clinical outcomes(6,15,29). 

In the last decades, new generations HA-based

biomaterials have been developed with superior

properties, strongly influenced by the nature of

components, the composition and the morphology.

Calcium ions, phosphate ions, and hydroxyl groups

can be replaced by other ions, and studies in animal

models have demonstrated that HA-substituted ions

enable the crystal cell structure of ceramic derivatives

to become unstable and more biologically active,

thereby promoting rapid cell-mediated material

resorption, new bone formation and remodeling(23). 

Magnesium is certainly one of the most important

bivalent ions associated with biological apatite: it is

one of the most abundant minerals in the human body

and approximately 50% of Mg2+ is naturally present

in the composition of bone tissue. Mg2+ enables the

HA crystal cell structure to become unstable and

more biologically active, promoting rapid cell-

mediated material resorption, new bone formation

and remodeling by cross-talking with progenitor cells

at the molecular level(10,16,17). Conversely, Mg2+

depletion affects all stages of skeletal metabolism,

causing cessation of bone growth, decrease in

osteoblastic activities, osteopenia and bone fragility.

For all these reasons, Mg-HA has become of great

interest in the development of effective bone

substitutes(10,17). In vitro experiments revealed an

active interaction between Mg-HA biomaterials and

human mesenchymal stem cells with an increase of

cell metabolic activity(3,18), whereas preclinical studies

in large animal models(5,24,27) demonstrated good osteo-

integration and the deposition of new bone tissue in

spinal procedures. 

In this panorama, an Mg-doped HA-based bone graft

material (SintLife, FinCeramica Faenza, S.p.A.) has

been employed in our institute for interbody spinal

fusion procedures. In vivo animal models to assess

spinal fusion with the device have shown that Mg-HA

led to the deposition of new bone tissue without

qualitative and quantitative differences as compared to

newly bone formation with the use of autograft bone5. 

Due to the conspicuous casuistry of patients treated at

our Institution with the above-mentioned biomaterial,

the present retrospective case series aims to

demonstrate the safety and efficacy at 2 years follow-up

of the Mg-HA doped SintLife as bone graft substitute

inserted in cages for cervical interbody fusion. 

AIMS

Aim of the present study was to evaluate the safety

and efficacy of a new generation biomimetic

hydroxyapatite enriched with magnesium ions

inserted in cages for spinal fusion. 

MATERIALS AND METHODS

■ PATIENT POPULATION. This is a retrospective case

series of patients undergoing ACDF with the use of
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an Mg-doped HA bone graft material inserted in cage

at the Department of Neurosurgery, “Santa Maria

delle Grazie” Hospital in Pozzuoli, Naples, Italy,

between 2017 and 2019. Data were gathered through

the review of patients’ case notes and relevant data

records. Patients were evaluated preoperatively:

baseline characteristics (age, gender, BMI), smoking

habits, and previous surgical procedures undertaken)

were recorded before surgery. No inclusion or

exclusion criteria were selected. 

■ THE DEVICE DESCRIPTION. SINTlife is a Class III,

new generation biomimetic hydroxyapatite enriched

with magnesium (Mg2+) ions and with a chemical and

physical composition equivalent to the mineral

constituent of human bones. Thanks to the specific

biomimetic chemical composition and the micro -

structural properties, SINTlife promotes new bone

formation, high osteointegration kinetics and resor -

bable properties. The device, in form of putty, can be

easily handled and stabilized in bone cavity sites.

SintLife remains in situ for the time required for bone

growth and maturation and, while sustaining osteo -

progenitor cells remodeling, it resorbs over a physio -

logically appropriate period (6 to 18 months). As such,

fast osteointegration kinetics of magnesium-enriched

hydroxyapatite lead to a faster bone formation. 

■ SURGICAL PROCEDURE. All surgical procedures

were performed by the same senior surgeon using

open anterior approach to the cervical spine. Patients

were preoperatively treated with intravenous anti -

biotic treatment. All patients underwent decom pres -

sion and spinal stabilization with the use of instru -

mented fixation supports (pedicle screws/rods) in

addition to bone graft material (SintLife, Fin-
Ceramica Faenza S.p.A., Faenza, Italy). 

SintLife was placed in titanium cage prior to its

placement. The cage was then placed in the interbody

space to allow bony fusion. In all the cases, the cage

was compressed, in order to reproduce the normal

inward lordotic curvature of the spine column. The

wound was sutured in three layers over two suction

drainage tubes. The patients were intravenously treated

with prophylactic antibiotic therapy immediately after

surgery and mobilized 2 to 3 days after surgery. 

■ RESULTS ASSESSMENT. Clinical and radiologic data

were collected immediately after surgery, then up to

2 year after surgery. The primary endpoint (i.e.

safety) was considered as lack of any adverse event

leading to revision surgery or re-hospitalization

during the follow-up period. The secondary endpoint

(i.e. performance or evidence of fusion) was con -

sidered as lack of cage mobilizations recorded during

the follow-up period. The secondary endpoint (i.e.

evidence of fusion) was considered achieved if,

during the follow up period, no mobilization of cages

was reported, which is possible only in case of bone

graft performing fusion. 

■ STATISTICAL ANALYSIS. Values are presented as

mean values, minimum and maximum ranges, ratios or

percentages, as appropriate. Analysis was performed

with the use of the Friedman ANOVA test for

comparisons among the two treatment groups. The

level of statistical significance was set at P < 0.05.

Data were analyzed with the use of Statistica 6

software (StatSoft Inc, Tulsa, Oklahoma, USA).

RESULTS

Between 2017 and 2019, 75 patients underwent

interbody spinal fusion for the treatment of

degenerative disc diseases at the Department of

Neurosurgery, the Santa Maria delle Grazie Hospital

in Pozzuoli, Naples, Italy. A minimum 2-year follow-

up was recorded for all the patients. There were 45

male and 30 female (ratio 1,5:1), mean age 54 years

(age range 28-79). Main aetiology was degenerative

(74/75 cases, 98.7%) and only was case was treated

because of traumatic causes. None of the subjects had

smoking habits. Patients were operated for ACDF, all

the patients received a Mg-HA based graft material

inserted in cage.  The majority of patients (40, 53%)

underwent 1 level of fusion, 26 underwent 2 levels of

fusion, 9 patients had 3 fusion levels. 

At follow-up period, radiographic images showed the

stability of the implant, as result of successful surgery

and fusion processes taking place. No adverse events

(cage mobilization, infection, etc.) were recorded.

DISCUSSION

The purpose of a spinal fusion (arthrodesis) is to link

or weld bones together. Many spinal conditions cause

instability and/or pain (e.g., degenerative disc

disease, scoliosis, trauma, infection and neoplasia)

and require treatment with a spinal fusion(21). Among

the different possible approaches, interbody fusion is

an established treatment aimed at removing a disc

that is the source of back or leg pain, and fuse spinal

vertebrae with the addition of bone grafts. Anterior

cervical discectomy and fusion is a type of neck
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surgery that involves removing a damaged disc to

relieve spinal cord or nerve root pressure and

alleviate corresponding pain, weakness, numbness,

and tingling. A fusion surgery is performed at the

same time as the discectomy operation in order to

stabilize the cervical segment. The fusion procedure

involves placing bone graft and/or implants where the

disc originally was in order to provide stability and

strength to the area. 

Bone grafts can be divided into three main categories

(autologous bone, allograft bone, synthetic bone

grafts) based on where they are obtained (the

patient’s own bone, bone obtained from cadavers and

sterilized for use, synthetic products that either assist

or replace the need for autograft or allograft bone in

a spine fusion, respectively). The choice of which

type of bone graft to use is largely dependent upon

where the fusion is done in the spine (in the cervical,

thoracic, or lumbar spine), the surgical approach to

the fusion (anterior or posterior) and the availability

materials. Autograft bone (usually harvested from the

iliac crest) is considered the “gold standard” material

to provide fusion. In ACDF, a mean arthrodesis rate

of 77% is reported(31). In one-level non-instrumented

procedures, autograft fusion rates are a reported 83-

99%(26), but decreases with number of levels fused.

Autologous bone shows relatively few incidences of

graft complication, such as graft collapse or migra -

tion, and it is biocompatible, posing no risk of disease

transmission or immunogenic reactions. Nonetheless,

drawbacks related to the harvesting procedures are

reported. In a retrospective study of one-level ACDF,

Silber and colleagues found 26.1% of patients

suffering from persistent pain and 15.7% experienced

numbness at the harvest site28. Functional assessment

revealed impairment in ambulation (12.7%) and other

daily activities. A 30% of donor site pain is also

reported25, which caused patients to have longer

hospital stay. Finally, the limited supply can affect its

use, on behalf of synthetic materials, which unlimited

quantity and evolution during decades (to provide

safety profiles) has allowed their ordinary use in

common clinical practice of spinal procedures. Among

the synthetic bone grafts (also known as “bone graft

substitutes”), ceramic derivatives like calcium

phosphate and hydroxyapatite have been employed in

ACDF. Kim et al.(15) reported good clinical results and

solid fusion at 1 year follow up in a patient population

of 70 subjects operated for ACDF with a 30% porous

HA graft. No graft collapse was reported, encasement

of the implant and formation of union were observed.

Bruneau and col leagues(6) showed complete fusion

occurred in 98% of one-level and 100% of two-level

procedures in a clinical study employing HA in ACDF.

Thalgott et al. reviewed 26 patients who received

coralline HA with rigid plating for ACF(30), showing no

graft complications and 100% of grafts incorporation

at 36 months follow-up. Coralline HA inserted in

carbon fiber cages showed complete fusion at 12

months with no complications, in one- or two-level

procedures(1). A prospective randomi zed trial by

McConnell et al., which compared coralline HA with

autograft, showed significant clinical im provement

and similar fusion rates (HA 78%, autograft 79%) at 24

months follow-up(20). 

In the present study, we show the performance of a

Mg-doped HA (named SintLife) to achieve bony

fusion, as manifested by radiographic images.

Previous in vitro experiments demonstrate chemotactic

activities(3,18), new bone formation and good osteointe-

grative properties in spinal procedures(5,24,27), supporting

its use in clinical practice.  

In the present study we also show the safety profile of

SintLife employed in ACDF procedures, confirmed

by the lack of adverse events (i.e. inflammatory

reactions or infections, cages mobilization, patients’

morbidity) recorded in the follow-up period (2 year),

as previously reported in literature by others(2). 

According to current literature(11,19), bone graft

substitutes with strong bioactive features may give

rise to inflammatory reactions. Mokawem et al.22

reported a 9.7% complication rate with the use of a

Si-doped CaP bone graft packed in spinal fusion

procedures, with some cases requiring revision

surgery. Worst results were provided by Bolger(4),

which reported a 30% complication rate with the use

of Si-CaP in PLF procedures. 7% of the events were

related to the device and required revision surgery,

suggesting that some ions-doped bioceramics shall

give rise to complications, as compared to CaP-based

materials without ions augmentation. 

In the present work, we show no inflammatory

reactions following the use of Mg-HA in ACDF,

highlighting the safety profile of the device when

used in conjunction with cages. 

CONCLUSIONS

SintLife, an hydroxyapatite bioceramic enriched in

magnesium, has shown osteoconductive properties and

a safety profile when employed in ACDF procedures. 

- 40 -

Anterior cervical fusion using magnesium-enriched hydroxyapatite V. Canella



REFERENCES

1. Agrillo U, Mastronardi L, Puzzilli F. Anterior cervical

fusion with carbon fiber cage containing coralline

hydroxyapatite: preliminary observations in 45 consecutive

cases of soft-disc herniation. J Neurosurg 2002; 96 (3

Suppl.): 273-276. doi: 10.3171/spi.2002.96.3.0273

2. Barbanti Brodano  g., Griffoni C, Zanotti B, et al. A post-

market surveillance analysis of the safety of

hydroxyapatite-derived products as bone graft extenders

or substitutes for spine fusion. Eur Rev Med Pharmacol

Sci 2015; 19 (19): 3548-3555.

3. Barbanti Brodano G, Mazzoni E, Tognon M, Griffoni C,

Manfrini M. Human mesenchymal stem cells and

biomaterials interaction: a promising synergy to improve

spine fusion. Eur Spine J 2012; 21 (Suppl. 1): 3-9. doi:

10.1007/s00586-012-2233-z

4. Bolger C, Jones D, Czop S. Evaluation of an increased

strut porosity silicate-substituted calcium phosphate,

SiCaP EP, as a synthetic bone graft substitute in spinal

fusion surgery: a prospective, open-label study. Eur Spine

J Off Publ Eur Spine Soc Eur Spinal Deform Soc Eur Sect

Cerv Spine Res Soc 2019; 28 (7): 1733-1742. doi:

10.1007/s00586-019-05926-1

5. Bròdano GB, Giavaresi G, Lolli F et al. Hydroxyapatite-

based biomaterials versus autologous bone graft in spinal

fusion: an in vivo animal study. Spine 2014; 39 (11):

E661-E668. doi: 10.1097/BRS.0000000000000311

6. Bruneau M, Nisolle JF, Gilliard C, Gustin T. Anterior

cervical interbody fusion with hydroxyapatite graft and

plate system. Neurosurg Focus 2001; 10 (4): E8. doi:

10.3171/foc.2001.10.4.9

7. Chang KY, Hsu WK. Spinal biologics in minimally

invasive lumbar surgery. Minim Invasive Surg 2018;

5230350. doi: 10.1155/2018/5230350

8. Chau AMT, Mobbs RJ. Bone graft substitutes in anterior

cervical discectomy and fusion. Eur Spine J 2009; 18 (4):

449-464. doi: 10.1007/s00586-008-0878-4

9. Chau AMT, Xu LL, Wong JH-Y, Mobbs RJ. Current

status of bone graft options for anterior interbody fusion

of the cervical and lumbar spine. Neurosurg Rev 2014; 37

(1): 23-37. doi: 10.1007/s10143-013-0483-9

10. Ciocca L, Donati D, Fantini M et al. CAD-CAM-generated

hydroxyapatite scaffold to replace the mandibular condyle

in sheep: preliminary results. J Biomater Appl 2013; 28 (2):

207-218. doi: 10.1177/0885328212443296

11. Coseo NM, Saldua N, Harrop J. Current use of biologic

graft extenders for spinal fusion. J Neurosurg Sci 2012;

56 (3): 203-207.

12. D’Souza M, Macdonald NA, Gendreau JL, Duddleston

PJ, Feng AY, Ho AL. Graft materials and biologics for

spinal interbody fusion. Biomedicines 2019; 7 (4): 75 doi:

10.3390/biomedicines7040075

13. Dutta SR, Passi D, Singh P, Bhuibhar A. Ceramic and

non-ceramic hydroxyapatite as a bone graft material: a

brief review. Ir J Med Sci 2015; 184 (1): 101-106. doi:

10.1007/s11845-014-1199-8

14. Gupta A, Kukkar N, Sharif K, Main BJ, Albers CE, El-

Amin III SF. Bone graft substitutes for spine fusion: a brief

review. World J Orthop 2015; 6 (6): 449-456. doi:

10.5312/wjo.v6.i6.449

15. Kim P, Wakai S, Matsuo S, Moriyama T, Kirino T.

Bisegmental cervical interbody fusion using hydroxy -

apatite implants: surgical results and long-term ob -

servation in 70 cases. J Neurosurg 1998; 88 (1): 21-27.

doi: 10.3171/jns.1998.88.1.0021

16. Kurien T, Pearson RG, Scammell BE. Bone graft

substitutes currently available in orthopaedic practice: the

evidence for their use. Bone Jt J 2013; 95-B (5): 583-597.

doi: 10.1302/0301-620X.95B5.30286

17. Landi E, Logroscino G, Proietti L, Tampieri A, Sandri M,

Sprio S. Biomimetic Mg-substituted hydroxyapatite:

from synthesis to in vivo behaviour. J Mater Sci Mater

Med 2008; 19 (1): 239-247. doi: 10.1007/s10856-006-

0032-y

18. Manfrini M, Di Bona C, Canella A, et al. Mesenchymal

stem cells from patients to assay bone graft substitutes. J

Cell Physiol 2013; 228 (6): 1229-1237. doi: 10.1002/

jcp.24276

19. Mashhadinezhad H, Samini F, Zare R. Comparison of

outcomes and safety of using hydroxyapatite granules as

a substitute for autograft in cervical cages for anterior

cervical discectomy and interbody fusion. Arch Bone Jt

Surg 2014; 2 (1): 37-42.

20. McConnell JR, Freeman BJC, Debnath UK, Grevitt MP,

Prince HG, Webb JK. A prospective randomized

comparison of coralline hydroxyapatite with autograft in

cervical interbody fusion. Spine 2003; 28 (4): 317-323.

doi: 10.1097/01.BRS.0000048503.51956.E1

21. Mobbs RJ, Phan K, Malham G, Seex K, Rao PJ. Lumbar

interbody fusion: techniques, indications and comparison

of interbody fusion options including PLIF, TLIF, MI-

TLIF, OLIF/ATP, LLIF and ALIF. J Spine Surg 2015; 1

(1): 2-18. doi: 10.3978/j.issn.2414-469X.2015.10.05

22. Mokawem M, Katzouraki G, Harman CL, Lee R. Lumbar

interbody fusion rates with 3D-printed lamellar titanium

cages using a silicate-substituted calcium phosphate bone

graft. J Clin Neurosci Off J Neurosurg Soc Australas

2019; 68: 134-139. doi: 10.1016/j.jocn.2019.07.011

23. Nandi SK, Roy S, Mukherjee P, Kundu B, De DK, Basu

D. Orthopaedic applications of bone graft & graft

substitutes: a review. Indian J Med Res  2010; 132: 15-30.

24. Pola E, Nasto LA, Tampieri A, et al. Bioplasty for

vertebral fractures: preliminary results of a pre-clinical

study on goats using autologous modified skin

fibroblasts. Int J Immunopathol Pharmacol 2011; 24 (1

Suppl. 2): 139.

25. Rawlinson JN. Morbidity after anterior cervical

- 41 -

Progress in Neuroscience Vol.6, N. 1-4, 2021



decompression and fusion. The influence of the donor site

on recovery, and the results of a trial of surgibone

compared to autologous bone. Acta Neurochir 1994; 131

(1-2): 106-118. doi: 10.1007/BF01401460

26. Samartzis D, Shen FH, Goldberg EJ, An HS. Is autograft

the gold standard in achieving radiographic fusion in one-

level anterior cervical discectomy and fusion with rigid

anterior plate fixation? Spine 2005; 30 (15): 1756-1761.

doi: 10.1097/01.brs.0000172148.86756.ce

27. Sartori M, Giavaresi G, Tschon M, et al. Long-term in vivo

experimental investigations on magnesium doped

hydroxyapatite bone substitutes. J Mater Sci Mater Med

2014; 25 (6): 1495-1504. doi: 10.1007/s10856-014-5177-5

28. Silber JS, Anderson DG, Daffner SD, et al. Donor site

morbidity after anterior iliac crest bone harvest for single-

level anterior cervical discectomy and fusion. Spine 2003;

28 (2): 134-139. doi: 10.1097/01.BRS.0000041587.

55176.67

29. Suetsuna F, Yokoyama T, Kenuka E, Harata S. Anterior

cervical fusion using porous hydroxyapatite ceramics for

cervical disc herniation. a two-year follow-up. Spine J

Off J North Am Spine Soc 2001; 1 (5): 348-357. doi:

10.1016/s1529-9430(01)00057-2

30. Thalgott JS, Giuffre JM, Klezl Z, Timlin M. Anterior

lumbar interbody fusion with titanium mesh cages,

coralline hydroxyapatite, and demineralized bone matrix

as part of a circumferential fusion. Spine J Off J North

Am Spine Soc 2002; 2 (1): 63-69.

31. Wigfield CC, Nelson RJ. Nonautologous interbody fusion

materials in cervical spine surgery: how strong is the

evidence to justify their use? Spine 2001; 26 (6): 687-694.

doi: 10.1097/00007632-200103150-00027

DISCLOSURE. A. Nataloni and V. Canella are fully employed
at Fin-Ceramica Faenza S.p.A. M. Sandri is fully employed
at CNR-ISTEC, Faenza. The other Authors declare they
have no financial or other conflict of interests in relation to
this research and its publication. 

- 42 -

Anterior cervical fusion using magnesium-enriched hydroxyapatite V. Canella



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


