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Objective: To analyze the frequency of hyoid bone and thyroid cartilage fractures caused by suicidal hanging in Thai people
and compare the different methods of visualizing the those fractures. Results could be used for forensic purposes.

Material and Method: A prospective study of hyoid bone and thyroid cartilage fractures in Thai people who died from
suicidal hanging between November 2008 and August 2009. The authors confirmed suicides, based on history, crime scene
investigation, autopsy reports, and other police information, visual and palpatory examination, and stereomicroscopy with or
without 1% Toluidine. Neck dissection was performed following the protocol of Prinsloo and Gordon. Results and data
analysis were performed via SPSS version 16.

Results: Twenty male cases of suicidal hanging were reviewed. Fractures of the hyoid bone and/or thyroid cartilage were
Jfound in five cases (25%). Two cases of the hyoid bone fracture, two cases of thyroid cartilage fracture, and one case was both
bone fractures. Mean age of all cases, non-fracture, and fracture cases were 42.40, 35.93, and 61.80 years, respectively. The
knot was at the back of the neck in most cases (12 cases, 60%) and at the left, front, and right in four, two, and two cases,
respectively. However, there was no relation between location of the knot at the neck and fractures of hyoid bone and thyroid
cartilage (p=1). Incomplete and complete hanging were found in 11 and nine cases. Five cases with fractures of the hyoid bone
and/or thyroid cartilage were incomplete hanging. The visual and palpatory examination did not detect the fracture of hyoid
bone in all 20 cases but stereomicroscopy and stereomicroscopy with Toluidine blue stain detected fracture in three cases. For
detecting thyroid cartilage fractures, all three methods had the same result.

Conclusion: Fractures of the hyoid bone and thyroid cartilage in 25% of Thais who died of suicidal hanging were related with
older ages and incomplete hanging but not related with location of the knot. The stereomicroscopic method is fast and effective
in detecting fractures of the hyoid bone and thyroid cartilage.
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Hanging is a form of ligature strangulation in
which the force applied to the neck is derived from the
gravitational drag of the body weight"-”. Most
hangings are suicides, while only a few are accidents
or homicides"?. As a method of suicide, hanging is
found as frequently as drug use or poisoning®!%-13),
The position of the knot of hanging is very important
because it can cause unequal pressure to the neck and
result in different injuries to the organs'¥. The type of
hanging can be divided by pressure into two groups,
complete and incomplete hanging. Complete hanging
is a hanging in which the full body weight acts
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upon the ligature and places pressure on the neck,
Incomplete hanging is a hanging in which some
organs touch the floor, using only part of the body
weight to load and cause pressure to the neck!*?.
Fractures of the hyoid bone and thyroid cartilage
are important pathogenesis to forensic science,
especially when death is caused by neck pressure,
manual strangulation, or ligature strangulation
from homicide!-38%13 as it can be found in suicidal
hanging. However, information ranges from 0%-
76.6%G-61529 depending on study methods and
diagnosis procedures of the fractures. For these
reasons, the present study analyzed the frequency of
the hyoid bone and thyroid cartilage fractures in Thai
people caused by suicidal hanging. It also compared
and diagnosed those fractures by different methods
and uses these results for forensic purposes.
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Material and Method

The present study was a pilot study
conducted as a prospective study of the fractures of
the hyoid bone and thyroid cartilage in Thai people
who died from by suicidal hanging. It was conducted
at the Department of Forensic Medicine, Faculty of
Medicine, Chiang Mai University, over a 10-month
period between November 2008 and August 2009. The
authors only used bodies from confirmed suicides,
based on history, crime scene investigation, autopsy
reports and other police information, to conduct a study
of the relation of factors related to the fractures. The
data collected included age, sex, location of the knot,
and type of suspension. In the present study, facture
means an ante-mortem fracture in which hemorrhage
was detected at the fracture site via stereomicroscopic.
The location of the knot was divided into left, right,
front, and back. Neck dissection was performed after
evisceration of the other body organs, following the
protocol of Prinsloo and Gordon"®. Hyoid bone and
thyroid cartilage fractures were detected using visual
and palpatory examination before examining the bones
with a stereomicroscope. Next, 1% Toluidine blue
solution was applied to both pieces of bone, left for
15 seconds and cleaned off with pure water. The bones
were re-examined with a stereomicroscope and the
results were recorded in order to compare the efficiency
of hyoid bone and thyroid cartilage fractures detection.
Cases were omitted from the present study if death
occurred more than 24 hours prior, if there were
congenital anomalies of the hyoid bone and/or thyroid
cartilage or if the manner of death was unknown.
Results and data analysis were performed via SPSS
version 16 using Chi-Square Test, Fisher’s Exact Test,
Independent t-test, Kolmogorov-Smirnov Test and
Phi Coefficient.

The whole study was supervised according
to the ethical standards by a Research Ethics
Committee 3 on human experimentation (reference
No.395/2008).

Results

During the 10 months of present study, there
were 20 cases of suicidal hanging, all male. Of these,
fractures of the hyoid bone and/or thyroid cartilage
were found in five cases (25%) (Fig. 1). Only hyoid
bone fracture was found in two cases (10%), only
thyroid cartilage fracture was found in two cases (10%),
and both bone fractures were found in one case (5%).
Hyoid bone fracture was found at the greater horn in
one case and at the lesser horn in two cases. Thyroid
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Table 1. Frequency of fracture sites of hyoid bone and

thyroid cartilage
Hyoid bone Thyroid cartilage
Fracture site Frequency  Fracture site Frequency
Greater horn 1 Superior horn 3
Lesser horn 2 Inferior horn 0
Body 0 Body 0
Total 3 Total 3

cartilage fracture was found at the superior horn in
three cases (Table 1). In the case with both fractures,
they were found at the lesser horn of the hyoid
bone and the superior horn of the thyroid cartilage
(Table 2).

Age

There were 20 cases aged 20-78 years with a
mean age of 42.40 years. The mean age of the group in
which fractures of hyoid bone or thyroid cartilage were
not detected (15 cases) was 35.93 years, and the mean
age of the group in which bone fracture was detected
(5 cases) was 61.80 years. The group in which bones
fractures were detected had a higher mean age and the
difference was statistically significant (t-test=-4.152,
p=0.001).

Location of the knot

The knot was at the back of the neck in most
cases (12 cases, 60%). It was on the left in four cases
(20%), on the front in two cases (10%) and on the right
in two cases (10%). Of the case with fractures of the
hyoid bone or thyroid cartilage, four cases were hung
with the knot on the back of the neck, and one case
was hung with the knot on the left (Fig. 2). However,
there was no relation between location of the knot at
the neck and fractures of hyoid bone and thyroid
cartilage (p=1).
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Fig. 1 Fracture frequency
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Fig. 2 Location of the knot and fractures distribution

Type of suspension

Incomplete hanging was found slightly
more than complete hanging, 11 cases (55%), and nine
cases (45%) respectively. Five cases with fractures of
hyoid bone and/or thyroid cartilage were incomplete
hanging (Fig. 3). Therefore, it is not surprising to find
that type of suspension relates with fractures of the
hyoid bone and thyroid cartilage with statistical
significance (p = 0.038) and moderate relation level
(Phi=0.522).

Table 2. Summary of cases in which fractures were detected

18 -

10 Fracture
5 — B No fracture
0

Complete Incomplete

Fig. 3 Suspension and fractures distribution

Effectiveness of different methods

The result of three different methods to
detect hyoid bone fracture are 1) visual and palpatory
examination did not detect the fracture of hyoid
bone in all 20 cases, 2) stereomicroscopy, and
3) stereomicroscopy with Toluidine blue stain each
detected fracture of the hyoid bone in three cases
and did not detect the fractures in 17 cases (Table 3).
For detecting thyroid cartilage fractures, all three
methods have the same result, they detected fractures

Age Gender Knot Suspension Fracture

78 Male Left Incomplete Left lesser hyoid horn, Left superior thyroid horn
68 Male Back Incomplete Left lesser hyoid horn

47 Male Back Incomplete Both superior thyroid horns

48 Male Back Incomplete Right superior thyroid horn

68 Male Back Incomplete Right greater hyoid horn

Table 3. Detection results of hyoid bone fracture with each method

Hyoid bone Visual & Palpate Stereomicroscopy Stereomicroscopy + Toluidine
No fracture 20 17 17
Fracture 0 3 3

Table 4. Detection results of thyroid cartilage fracture with each method

Thyroidcartilage Visual & Palpate Stereomicroscopy Stereomicroscopy + Toluidine
No fracture 17 17 17
Fracture 3 3 3
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of thyroid cartilage in three cases and did not detect
them in 17 cases (Table 4).

Discussion

Fractures of the hyoid bone and/or thyroid
cartilage were detected in 25% of the suicidal hanging
cases: 10% of hyoid bone fractures, 10% of thyroid
cartilage fractures, and 5% of both bone fractures. Green
et al (2000) did a prospective study of 40 cases of
suicidal hanging in Australia and detected hyoid bone
and/or thyroid cartilage fractures in 47.5%"7. Paparo
and Siegel (1984) studied cases of suicidal hanging in
both retrospective and prospective studies. They
found fractures of the hyoid bone and thyroid cartilage
in 20% and 46% in a prospective study'®. However,
many studies were considered retrospective studies
and had a high frequency of bone fractures such as
45-68%*61220 Moreover, defining fractures only as
ante-mortem fractures can cause the present study to
have a lower frequency of fractures than studies that
do not rule out postmortem fractures.

In the present study, fractures of the hyoid
bone and thyroid cartilage were detected equally.
This differs from most studies, which detected thyroid
cartilage more frequently*'”?". However, those
studies diagnosed fractures via visual and palpatory
examination. The anatomical location of the hyoid
bone is located deeper along the mandible bone and
part of the horn down to the back, which can make
detection difficult. Fractures of the hyoid bone were
detected only at the lesser horn in two cases and at the
greater horn in one case. There were three cases of
superior horn of thyroid cartilage fracture and agrees
with the result of Betz and Eisenmenger®”. It may be
caused by size and shape of the horn that sticks out from
the body, so that fractures can occur more frequently.

Regarding fractures of the superior horn of
thyroid cartilage, ligature marks are mostly narrow and
often located higher than thyroid notch and causes
more pressure than the position of the body or the
inferior horn of the thyroid. Moreover, another
possible mechanism is the ligature pressure that
causes stretching of the thyrohyoid membrane. On
the other hand, Sharma et al (2008) found that the
fractures of the horn and body of the hyoid bone were
equal and were found more frequently at the body than
at the horn of thyroid cartilage in India. This could be
because the material used for hanging was a sari or
a chunni, which is soft material and broad ligature,
placing more pressure on the body of the thyroid than
in other studies®?.
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Age

Mean age of the group in which bone
fractures were detected was higher than the undetected
group with statistical significance (p =0.001) and has
relation with both bone fracture. In the present study,
the youngest person in whom bone fractures were
found was 47 years old, and almost all the bone
fractures that were not detected were less than 47 years
old. In previous studies, bone fractures can be detected
in persons older than 30 years*®!7:2022 while Paparo
and Siegel (1984) and Simonsen (1988) noted that
fractures were found in all age groups above 19
and 25 years of age, respectively!®!”. Advanced
ossification of the hyoid bone and thyroid cartilage is
responsible for the increased frequency of fractures
in Older people(l-4,13,14,17,20,22).

Gender

Since all 20 cases were male, gender cannot
be studied as a factor. Previous studies have found
more fractures in males"’-', more fractures in women'®,
and no gender association in fractures®2!22,

Location of the knot

In previous studies, the knot was on the back
of the neck in 60% of the cases, on the side in 30%
(20% on the left and 10% on the right) and on the
front or under the chin in 10%-+*131920 n the present
study, the knot was most frequently on the back of
the neck in bone fractures (33%, 4 of 12 cases). It
was on the left in 25% of bone fractures. Statistical
comparison showed no relation between knot
location and fractures of the hyoid bone and thyroid
cartilage (p = 1). This was similar to studies by
Nikolic®® and Suarez-Penaranda®.

Type of suspension

Incomplete hanging was slightly more
frequent than complete hanging at 55% and 45% 72,
It is interesting that all fractures of the hyoid bone
and thyroid cartilage were in the incomplete hanging
group, while the present study found no fracture in
the complete hanging group. In contrast, the study
of Sharma et al (2008) found fractures in complete
hanging more frequent®. However, in the present
study, incomplete hanging related with fractures of the
hyoid bone and thyroid cartilage to a statistically
significant degree (p = 0.038). The possible explanation
is that there is less pressure on the neck, which leads
to cerebral hypoxia and gradually causes a longer
convulsion phase.

J Med Assoc Thai Vol. 93 No. 10 2010



Effectiveness of different methods

It was found that visual and palpatory
examination could not detect fractures of the hyoid
bone, but that all three methods are equally effective
in detecting thyroid cartilage fractures. This can be
explained by the anatomical position of the hyoid
bone, which is taller and deeper in the neck, smaller
size of the lesser horn, and greater horn that entwine in
the back of the neck to make visualizing fractures and
hemorrhages more difficult. Moreover, the ligaments
tend to stick, meaning there is no displacement to
detect. Stereomicroscopy with Toluidine blue stain
has the same results as the stereomicroscopic method.
It was also found that dying with 1% of Toluidine
blue is quite complicated. Moreover, it can be difficult
to see the difference between the blue-green of
the fracture position and the purple blue of the
surrounding tissue. In short, the stereomicroscopic
method may be adequate. In cases where problems
remain difficult to detect, the authors should use other
methods such as radiography or complete preparation
with stereomicroscopy. Khokhlov (1997) found that
these methods were much more effective than visual
and palpatory examination'?.

Conclusion

The present study found fractures of the
hyoid bone and thyroid cartilage in 25% of Thais who
died due to suicidal hanging. The factors that related
with the fractures to a statistically significant degree
were older ages and incomplete hanging. Location of
the knot at the neck had no relation with the fractures.

Visual and palpatory examination may give
false negative results in detecting fractures of the
hyoid bone. Stereomicroscopy with Toluidine blue
stain, meanwhile, is complicated and no more
effective than the stereomicroscopic method.
Therefore, the authors highly recommend using the
“stereomicroscopic method” as it is convenient, fast,
and effective in detecting fractures of the hyoid bone
and thyroid cartilage.

References

1. Hunvichit U. Hanging. In: Ingkatanuwat M,
Hunvichit U, Wathanakhajorn T, editors. Forensic
medicine 1. Faculty of Medicine, Chulalongkorn
University. Bangkok: Chulalongkorn University;
1999: 194-9.

2. Saukko P, Knight B. Fatal pressure on the neck. In:
Saukko P, Knight B, editors. Knight’s forensic
pathology. 3" ed. London: Edward Arnold; 2004:

J Med Assoc Thai Vol. 93 No. 10 2010

10.

11

12.

13.

14.

15.

16.

17.

18.

368-94.

Dimaio VJM, Dimaio D. Hanging. In: Dimaio VIM,
Dimaio D, editors. Forensic pathology. 2™ ed.
Florida: CRC Press; 2001: 180, 247-56.

Nikolic S, Micic J, Atanasijevic T, Djokic V, Djonic
D. Analysis of neck injuries in hanging. Am J
Forensic Med Pathol 2003; 24: 179-82.
Suarez-Penaranda JM, Alvarez T, Miguens X,
Rodriguez-Calvo MS, de Abajo BL, Cortesao M,
et al. Characterization of lesions in hanging
deaths. J Forensic Sci 2008; 53: 720-3.

Uzun I, Buyuk Y, Gurpinar K. Suicidal hanging:
fatalities in Istanbul retrospective analysis of
761 autopsy cases. J Forensic Leg Med 2007; 14:
406-9.

Kumar V. Hanging without knot in the noose. J
Forensic Leg Med 2007; 14: 35-8.

Huiprasert L. Asphyxia. In: Huiprasert L, editor.
Forensic medicine. 2™ rev. ed. Bangkok: Royal
Police Cadet Academy; 2000: 151-67.

Purdue BN. Hanging. In: Mason JK, Purdue BN,
editors. The pathology of trauma. 3™ ed. London:
Edward Arnold; 2000: 244-7.

Burns A, Goodall E, Moore T. A study of suicides
in Londonderry, Northern Ireland, for the year
period spanning 2000-2005. J Forensic Leg Med
2008; 15: 148-57.

Havasi B, Magori K, Toth A, Kiss L. Fatal suicide
cases from 1991 to 2000 in Szeged, Hungary.
Forensic Sci Int 2005; 147(Suppl): S25-8.
Mohanty S, Sahu G, Mohanty MK, Patnaik M.
Suicide in India: a four year retrospective study.
J Forensic Leg Med 2007; 14: 185-9.

Spitz WU. Hanging. In: Spitz WU, editor. Spitz and
Fisher’s medicolegal investigation of death. 4% ed.
Springfield: Charles C Thomas; 1993: 784-806.
Aiongpraparn W. Asphyxia. In: Aiongpraparn
W, editor. Forensic medicine. 4* ed. Bangkok:
Numkungkarnpim; 1987: 338-42.

Khokhlov VD. Injuries to the hyoid bone and
laryngeal cartilages: effectiveness of different
methods of medico-legal investigation. Forensic
Sci Int 1997; 88: 173-83.

Prinsloo I, Gordon I. Post-mortem dissection
artifacts of the neck; their differentiation from
ante-mortem bruises. S Afr Med J 1951;25: 358-61.
Green H, James RA, Gilbert JD, Byard RW.
Fractures of the hyoid bone and laryngeal
cartilages in suicidal hanging. J Clin Forensic
Med 2000; 7: 123-6.

Paparo GP, Siegel H. Neck markings and fractures

1215



in suicidal hangings. Forensic Sci Int 1984; 24: in hanging. Am J Forensic Med Pathol 1999; 20:

27-35. 128-30.

19. Simonsen J. Patho-anatomic findings in neck 22. SharmaBR, Harish D, Sharma A, Sharma S, Singh
structures in asphyxiation due to hanging: a survey H. Injuries to neck structures in deaths due to
of 80 cases. Forensic Sci Int 1988; 38: 83-91. constriction of neck, with a special reference to

20. Betz P, Eisenmenger W. Frequency of throat- hanging. J Forensic Leg Med 2008; 15: 298-305.
skeleton fractures in hanging. Am J Forensic 23. Polson CJ. Hanging. In: Polson CJ, Gee DJ,
Med Pathol 1996; 17: 191-3. Knight B, editors. The essential of forensic

21. Feigin G. Frequency of neck organ fractures medicine. 4" ed. London: Pergamon; 1985: 357-88.

nszanlaassauasnszanaaulnsagALANn TUANNUYILABRFISE
funur agaums, Iwyse aseade, andnd aamlagiag

Sngilszaca ladnmzimaunnvinaesnszgnlaessmuaznszgneasnsess luauneiusauneiaznssg
waziFeuifinyiinsitasuisane 9 wiedslumuluuifnamans

TAAUASIBNIT: nsAnsnssgnleesauasnizgneeunseeminiiiunsAnsuun Us1emu 12mang
IABUNGAANIELY WA, 2551 DN IABUANMIAN W.A. 2552 n1s3iadtauIuReiienFam e iaseAtLlss i
mmm%muﬁ'ﬁmmg N17ATIATUGATHANAN mmm@mm”mﬂﬁu”ﬁms N2AOLATUIDIAIINTFI99
uaznasAzaanaenaesaneiielulasalay ﬁ"wﬁm’;ﬁm’;m@f@;ﬂm?gfﬂﬂan DANIALDA

HAMISANE: NsuTIUABITER TR EEIINe 20 A uasuTuwATEianen wuinssgnlsesss uazvite
nszgnesulnsesmindaiuan 5 An dwsuegaanTasAmaxe Andiudinssgniin uasAmiiinszgminAe
42.4, 35.9 uaz 61.8 i mIWAAL muﬂmmm@nmmuﬂ@%@ﬂ'ﬁ;vw@m@mnwm 789A9KLINB AT IE
u,mY;um/mwumnmwamwuﬂmﬁmmmnm FnmauznsusIuAeuUL IuaNy 7ol u@vmmmmvmu
InawAeariu Ao 11 An uaz 9 An 4 5 Aw AdnsuAineenszgneslaegemile wie Meaeedy
Wunisugaumeuuyluasy ol n1sguaznisas luainisaidasunisuanseensegnlaesss lniag
ummmm@mamm@if@?ﬂﬂm?m/ it ludluasdnaseanding leauatunsomsaansegnloeesnuaninla
Fuau 3 An uaniIasaaddadenszgnesulnsesauaninduie 3 35 a1w1samsaaNLUNTZNUANYT
Ing/ludanaumnangri

ag1l: msuanyineansegnlseesmuaznizgnoeulnresanus uausesaz: 25 vesAulneizdanie
Ingnsuzauns %’\717?7'3’IJ\IZVVJJWVUﬁrﬂVU@’IF;qILtﬂzﬂvﬂwm;’ﬂ’l?LL‘ZIQ%F)@LLUU‘ZN,@JJ%/?mr uaz lduus U U
veurludeniilsugaune nisasaaaaeisainesleuinsalauluisinsaalaesemmia uazillssaninm
lunsmzaanisuaninsesnssgnloesss uazvse nizgnoeuinsess

1216 J Med Assoc Thai Vol. 93 No. 10 2010




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


