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Predicting memory performance in normal
ageing using different measures
of hippocampal size

Abstract A number of different
methods have been employed to
correct hippocampal volumes for in-
dividual variation in head size.
Researchers have previously used
qualitative visual inspection to gauge
hippocampal atrophy. The purpose of
this study was to determine the best
measure(s) of hippocampal size for
predicting memory functioning in 102
community-dwelling individuals over
80 years of age. Hippocampal size was
estimated using magnetic resonance
imaging (MRI) volumetry and quali-
tative visual assessment. Right and left
hippocampal volumes were adjusted
by three different estimates of head
size: total intracranial volume (TICV),

whole-brain volume including ventri-
cles (WB+V) and a more refined
measure of whole-brain volume with
ventricles extracted (WB). We com-
pared the relative efficacy of these
three volumetric adjustment methods
and visual ratings of hippocampal size
in predicting memory performance
using linear regression. All four mea-
sures of hippocampal size were
significant predictors of memory per-
formance. TICV-adjusted volumes
performed most poorly in accounting
for variance in memory scores.
Hippocampal volumes adjusted by
either measure of whole-brain volume
performed equally well, although
qualitative visual ratings of the hip-
pocampus were at least as effective as
the volumetric measures in predicting
memory performance in community-
dwelling individuals in the ninth or
tenth decade of life.

Keywords Memory . Normal .
Aging . Hippocampus . Magnetic
resonance imaging

Introduction

Increased research effort has been directed toward inves-
tigating the relationship between the hippocampus and
memory performance in recent decades. Support for this
association has come from case reports [1–3], animal stud-
ies [4], neuroimaging investigations of young adults [5],
normal ageing [6–8], mild cognitive impairment [9, 10],
Alzheimer’s disease (AD) [11, 12], organic amnesia [13],
temporal lobe epilepsy [14], and head injury [15, 16].

There is appreciable variation in the size of brain struc-
tures in both normal individuals and those with underlying
disease. For example, men tend to have larger absolute
head size and brain size than women [17, 18] and, in ab-
solute terms, the size of the hippocampus in males is gen-
erally larger than in females [19].

Various methods have been applied to correct for in-
dividual variation in absolute hippocampal size. Common-
ly employed methods of adjustment in imaging analyses
include dividing hippocampal volume by total intracra-
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nial volume (TICV) [12, 17, 20–23], whole-brain volume
[19, 24, 25] or by a measure of cerebral area [26–28].
Researchers have also adjusted by TICV using a covari-
ance approach [29–34]. As such, there is no universally
accepted method for estimating head size. Furthermore,
estimates have been derived from magnetic resonance im-
aging (MRI) sequences performed in the sagittal [20, 35,
36], axial [23, 37] and coronal planes [17, 21, 38, 39]. The
number of slices used to estimate head size has also varied
significantly [12, 39, 40], and the definition of TICV has
been inconsistent across studies [35, 41].

Traditionally, studies investigating normal ageing and
AD have used TICV-adjusted hippocampal volumes [6, 12,
21, 22, 33, 41]. In contrast, research efforts investigating
temporal lobe epilepsy [25, 42], depression [40] or schizo-
phrenia [43] have been more likely to use whole-brain
adjustment. Given that TICV-adjusted volumes consider
hippocampal size relative to “peak” brain size, use of TICV
in older groups is potentially an effective means of cor-
recting for premorbid brain size, which may provide a better
indication of the degree of hippocampal shrinkage from
premorbid levels.

Little research effort has been directed toward compar-
ing different methods of correcting hippocampal volumes
for head size. The available literature is complicated by
definitional variations and inconsistent methodologies that
preclude comparison of findings from different studies.
Studies comparing visual and volumetric measures of the
hippocampus have predominantly addressed the diagnostic
accuracy of these measures without exploring the relative
utility of these methods in predicting memory performance.
Investigating the relationship between hippocampal size
and memory is an important research pursuit because mem-
ory decline is a common cognitive complaint in normal
ageing; therefore, it is crucial to consider whether changes
in hippocampal volume might be the mechanism under-
lying this complaint.

As part of a broader project addressing the relationship
between hippocampal size and memory in normal ageing
[7], the purpose of this study was to identify the most ef-
fective measure of hippocampal size for predicting memory
performance in older community dwellers: hippocampal
volume relative to current brain volume, hippocampal
volume relative to peak brain size (TICV) or visual esti-
mation of hippocampal atrophy. Comparison of these quan-
titative and qualitative measurement techniques is of
considerable clinical relevance as volumetric hippocampal
measures have traditionally been accepted as the gold stan-
dard, but are difficult to apply in routine clinical exam-
inations. If the simpler and less technically demanding
visual estimation method proves to be as effective as volu-
metric measurement, this finding will support the utility of
visual inspection as a more cost-efficient method of mea-
suring hippocampal size in the clinical setting.

Methods

Participants

The participants were recruited from an established random
population sample of older people living in central Sydney,
Australia (Sydney Older Persons Study). The initial sam-
ple consisted of 630 participants aged between 75 and 96
years, with approximately equal numbers of males and fe-
males. The method of sample selection has been described
in detail elsewhere [44, 45]. At 6-year follow-up, all sur-
viving participants who were living independently in the
community and capable of giving informed consent were
invited to take part in an MRI study [7]. Individuals with
either metallic inclusions or claustrophobia were excluded
on technical grounds. Individuals were not excluded on the
basis of pre-existing illnesses that commonly affect this age
group, although the nature of any medical condition was
documented. A particular strength of this study was that
efforts were made to avoid applying strict exclusion criteria
that would result in an artificially healthy sample of older
persons which would not accurately reflect normal ageing.
Rather, we hoped to gain insight into the relationship be-
tween hippocampal size and memory function in a pop-
ulation-based group of very old individuals who continue
to live and function independently in the community setting.

Of 123 individuals recruited for the study, 5 did not
undergo MRI scanning because of claustrophobia and 16
scans could not be analysed due to poor scan quality or
missing sequences, resulting in a final sample of 102 par-
ticipants (54 males and 48 females). All participants gave
informed written consent to participate in the study. The
relevant ethics review committees approved the study.
The demographic characteristics of the participants are
presented in Table 1.

Procedure

Participants were evaluated on a variety of clinical and
experimental instruments, including a comprehensive neuro-
psychological test battery. All participants underwent neuro-
logical examination and cerebral MRI scanning. An extensive

Table 1 Demographic data on the study group (CDR Clinical
Dementia Rating, MMSE Mini Mental State Examination)

Variable Mean SD Range

Age 85.25 2.87 81–94
Education (years) 10.30 2.10 7–19
Estimated full scale IQ 108.98 9.94 83–128
MMSE total score 26.95 2.59 13–30
Informant CDR rating 0.36 0.64 0–3



medical history was obtained from informants to confirm
details of each participant’s functional ability.

Memory measure: logical memory percent retention

Logical Memory from the Wechsler Memory Scale–
Revised [46] was chosen as the “gold standard” test of
memory functioning and used as the dependent variable.
Additional analyses were performed using other widely
used memory measures: Visual Reproduction [46] percent
retention, and total learning and percent retention scores on
the California Verbal Learning Test (CVLT) [47]. An asso-
ciation between hippocampal atrophy and impaired delayed
verbal retention has been reported previously [48–50].
More specifically, a robust positive correlation between
percent retention on Logical Memory and (left) hippo-
campal volumes has been documented [25, 51]. Logical
Memory percent retention scores have been shown to be
very sensitive to memory impairment and discriminate be-
tween healthy older individuals and AD patients even when
in the mild or preclinical stages of the disease [52, 53].
Retention scores on Logical Memory have been reported to
be relatively impervious to the effects of education, IQ and
advancing chronological age, especially after age 60 years
[52, 54].

Magnetic resonance imaging

MRI scanning was performed on a 1.5-T scanner (Signa,
General Electric Medical Systems, Milwaukee, Wis.).
Volumetric measurements of the hippocampus and brain
measures were derived from a T1-weighted three-dimen-
sional fast spoiled gradient echo sequence performed in the
coronal plane. This technique generated 124 contiguous
1.5-mm thick slices, using a repetition time of 12 ms, echo
time of 3.5 ms, a 22-cm field of view, 30° flip angle and a
matrix size of 256×256.

Volumetric estimation

The volumetric measurements were performed using the
ANALYZE PC AVW version 3.0 software package (Bio-
medical Imaging Resource, Mayo Foundation, Rochester,
Minn.). Trained raters who were blind to all clinical data
undertook image processing.

Three methods of adjusting hippocampal measures for
variation in head size were employed in this study:

1. Hippocampal volume as a percentage of TICV
2. Hippocampal volume as a percentage of whole-brain

volume including the ventricular system and brain
stem (WB+V)

3. Hippocampal volume as a percentage of whole-brain
volume with the ventricles extracted and the brain stem
cut just below the medulla (WB)

The covariate approach was not the preferred method of
adjustment to use in the current study on the grounds that it
is limited in terms of generalizability. Hippocampal volume
measures corrected via this method are not comparable
across studies as the gradient of the regression line and the
group mean for the relevant cerebral measure are specific to
the particular group investigated and would not be con-
sistent across studies. Given that a major impetus for this
study was to address the fact that there is no universally
accepted method of adjusting for head size, the techniques
employed in the current study were chosen on the basis that
they are unambiguous correction methods that could be
consistently applied across studies. However, in view of
the fact that the covariate method has been widely used in
the literature, analyses were also conducted using the co-
variate technique for completeness.

Volume measurement

The hippocampus was defined using an established tracing
protocol [55]. The posterior boundary of the hippocampus
was defined as the slice with the greatest length of fornix.
Mesially, the open end of the hippocampal fissure was the
limit of the hippocampus in the posterior and middle
sections, while the uncal fissure became the limit once the
intralimbic gyrus became visible anteriorly. Lateral and
inferior boundaries were defined by the grey matter/white
matter interface. In the most anterior region, the alveus was
used to define the boundary between the hippocampus and
the amygdala. The uncus, alveus, fimbria and choroid plex-
us were included in measures of the hippocampal region,
since exclusion can be difficult and may be a source of error.
The fornix itself was excluded from the posterior slices
when it could be identified as a discrete structure.

Thresholding was used to enhance the grey matter/white
matter interface. The hippocampal boundaries were man-
ually outlined on 35 to 40 sequential slices. All hippocam-
pal volumetrics were performed by the same trained rater
(T.C.L.). Intrarater reliability (intraclass correlation coeffi-
cient) for repeated tracing in 19 participants was 0.98 for the
left and 0.96 for the right hippocampus.

TICV was calculated by tracing the inner table of the
skull on every fifth slice of the 124 coronal slices using a
semiautomated technique. A preliminary analysis indicated
that this technique maintained accuracy and reliability. All
intracranial volume measures were performed by a single
rater (O.P.). An intrarater reliability coefficient of 0.99 was
calculated by repeating five TICV measures. However, the
low number of repeated measures used to calculate this
reproducibility estimate is a potential limiting factor.



Whole-brain volumes were derived using a semiauto-
mated technique that relied upon thresholding to enhance
boundary definition. Tracings were performed by one of
two trained raters, who each performed 50% of these
ratings. A test–retest reliability coefficient of 0.97 was
calculated by tracing 32 brains a second time. Because
whole-brain size was considered to be more prone to vari-
ability than the smoother contours of the skull, every third
coronal slice was traced for the two whole-brain measures.
The gross measure of whole-brain volume (WB+V) was
obtained by separating the cerebrum from the overlying
dura, cerebrospinal fluid and skull, and included the ven-
tricular system and brain stem. A more precise estimate of
whole-brain volume (WB) was then obtained by extracting
the lateral and third ventricles and excluding portions of the
brain stem below the medulla.

The method of expressing hippocampal volumes as a
percentage of the relevant head size estimate yielded very
small values (e.g., the average participant’s left hippo-
campus was only 0.24% of TICV). Therefore, to simplify
communication of results, adjusted hippocampal volumes
were rescaled and expressed in such a manner that one unit
would represent one-hundredth of 1% of the volume of the
head size estimate. This was achieved by multiplying the
numbers produced by 100 (i.e., 0.24% became 24 units).

Visual ratings

Visual ratings of hippocampal size were undertaken by a
single radiologist (L.J.R.) who was not involved in the
volumetric measurements, without consideration of the
participants’ demographic and cognitive characteristics. In
order to maximize the clinical relevance and applicability
of our findings, the radiologist who performed the visual

ratings was a general service provider predominantly in-
volved in a clinical, rather than a research, capacity.

Before performing the visual ratings of the hippocam-
pus, the radiologist was given 2 to 3 h of training by an
experienced neuropathologist (J.J.K.) to familiarize him
with the anatomy of the hippocampus and the range of
atrophy seen in normal ageing. He also reviewed a number

Table 2 Descriptive statistics
for the visual and volumetric
hippocampal measures (LH left
hippocampus, RH right hippo-
campus, TICV total intracranial
volume, WBV whole-brain vol-
ume, WB+V whole-brain volume
including ventricles and brain
stem)

aFor all measures, higher scores
represent larger volumes
bThe mean values for the left
and right hippocampi using the
covariate method of adjustment
are identical to the unadjusted
means because the covariate
was mean-corrected

Predictora Mean SD Range

LH unadjusted 3316.13 428.76 2102.59–4401.25
RH unadjusted 3402.06 456.80 2092.62–4363.54
LH/TICV 24.11 3.12 14.77–32.73
RH/TICV 24.70 3.08 12.99–33.40
LH/WB+V 29.18 3.69 18.94–37.06
RH/WB+V 29.90 3.67 16.79–37.14
LH/WB 30.12 3.86 19.94–39.19
RH/WB 30.87 3.83 17.34–38.77
LH visual rating 2.67 0.96 1.00–4.00
RH visual rating 2.69 1.00 1.00–4.00
Covariate method predictorsb

LH adjusted by TICV 3316.13 389.53 2154.84–4184.44
RH adjusted by TICV 3402.06 397.79 1767.79–4069.54
LH adjusted by WB+V 3316.13 394.02 2231.05–4298.39
RH adjusted by WB+V 3402.06 401.22 1883.80–4208.57
LH adjusted by WB 3316.13 395.20 2183.53–4333.01
RH adjusted by WB 3402.06 404.62 1887.96–4254.40

Table 3 Contributions of the hippocampal measures to performance
on Logical Memory (LH left hippocampus, RH right hippocampus,
TICV total intracranial volume, WB whole-brain volume, WB+V
whole-brain volume including ventricles and brain stem)

Predictor Logical Memory percent retention

R2 Estimatea P valueb

LH unadjusted 0.077 0.015 0.005
RH unadjusted 0.050 0.011 0.024
LH/TICV 0.082 2.148 0.004
RH/TICV 0.068 1.981 0.008
LH/WB+V 0.138 2.357 0.000
RH/WB+V 0.116 2.173 0.001
LH/WB 0.143 2.293 0.000
RH/WB 0.121 2.126 0.000
LH visual rating 0.179 10.280 0.000
RH visual rating 0.149 9.035 0.000
Covariate method predictors
LH adjusted by TICV 0.102 0.019 0.001
RH adjusted by TICV 0.075 0.016 0.005
LH adjusted by WB+V 0.126 0.021 0.000
RH adjusted by WB+V 0.103 0.019 0.001
LH adjusted by WB 0.129 0.021 0.000
RH adjusted by WB 0.106 0.019 0.001
aEstimate refers to the estimate of the regression coefficient
bP values of 0.000 indicate P<0.0005



of study scans to assist in developing a rating scale. Only
minimal training was undertaken to ensure that this tech-
nique could be widely applied in clinical settings that do
not have access to specialist neuroradiologists with exten-
sive training in this area. Intrarater reliability coefficients of
0.81 were calculated for visual ratings of both the left and
right hippocampi by assessing seven scans on a second
occasion, although these estimates were possibly limited
by the small number of repeated measures performed.

The visual ratings were completed over a 2-day period.
After brief review of the full data set, every third slice
through the length of the hippocampus from the coronal
sequence was displayed on a 21-inch monitor in a manner
resembling a typical radiological film with 12 images. The
hippocampus was rated on a four-point scale in a manner
consistent with the volumetric measures, with a higher
number indicating a larger hippocampus (1 severe at-
rophy, 2 moderate atrophy, 3 mild atrophy, and 4 normal
hippocampus).

Statistical methods

The independent effect of the predictors on memory per-
formance was explored using linear regression. Each model

was fitted with a single predictor. This was performed for
each of the predictor variables (i.e., hippocampal volumes
adjusted by TICV, WB+V and WB, and the visual ratings)
and results were compared to identify the best predictor of
memory performance. The dependent variable was Logical
Memory percent retention scores, although the analyses
were later repeated using Visual Reproduction percent re-
tention and total learning and percent retention scores on
CVLT as the dependent variable. A statistical significance
level of 0.05 was used for all analyses.

Results

The descriptive statistics for unadjusted hippocampal vol-
umes and primary predictor variables are presented in the
top panel of Table 2. While not central to this study, the
descriptive statistics for the various measures using the co-
variate method are presented in the lower panel of Table 2.
The table shows the broad ranges for unadjusted hippo-
campal volumes, with the largest hippocampal size being
more than twice that of the smallest. On average, the right
hippocampus was larger than the left hippocampus in the
study group.

Table 4 Contributions of the
hippocampal measures to per-
formance on other memory
tasks (CVLT California Verbal
Learning Test, LH left hippo-
campus, RH right hippocampus,
TICV total intracranial volume,
WB whole-brain volume, WB+V
whole-brain volume including
ventricles and brain stem)

aEstimate refers to the estimate
of the regression coefficient
bP values of 0.000 indicate
P<0.0005

Measure R2 Estimatea P valueb

Visual Reproduction percent retention
LH adjusted by TICV 0.03 1.62 0.070
RH adjusted by TICV 0.01 0.87 0.338
LH adjusted by WB+V 0.05 1.71 0.023
RH adjusted by WB+V 0.02 1.04 0.174
LH adjusted by WB 0.06 1.76 0.014
RH adjusted by WB 0.02 1.13 0.121
LH visual rating 0.11 9.83 0.001
RH visual rating 0.11 9.21 0.001

CVLT total learning on trials 1 to 5
LH adjusted by TICV 0.03 0.59 0.092
RH adjusted by TICV 0.02 0.48 0.180
LH adjusted by WB+V 0.05 0.64 0.029
RH adjusted by WB+V 0.03 0.55 0.066
LH adjusted by WB 0.04 0.58 0.039
RH adjusted by WB 0.03 0.49 0.086
LH visual rating 0.24 5.56 0.000
RH visual rating 0.21 5.00 0.000

CVLT percent retention
LH adjusted by TICV 0.01 0.81 0.405
RH adjusted by TICV 0.00 0.66 0.502
LH adjusted by WB+V 0.02 1.25 0.124
RH adjusted by WB+V 0.02 1.11 0.178
LH adjusted by WB 0.03 1.35 0.083
RH adjusted by WB 0.02 1.22 0.120
LH visual rating 0.28 16.58 0.000
RH visual rating 0.22 14.24 0.000



The mean Logical Memory percent retention score was
69.9 (SD 23.4). This falls within the published mean range
of performance (i.e., 65–77% retention) for Americans
aged 80–90 years [56]. A score of 100% was fixed as the
maximum obtainable score, even when a participant re-
called more information after a delay than on immediate
recall. This was done to avoid high percentages influencing
any association that may exist between memory perfor-
mance and hippocampal size, as a score greater than 100%
is not really meaningful in this context. Five participants
attained a score of 100%, while three individuals were
unable to recall any elements of the stories after a delay.

The results of the regression analyses are presented in
Table 3. The upper panel of Table 3 includes the partial
regression coefficients for each primary predictor (i.e., each
measure of hippocampal size) as well as the variance (R2)
in memory performance on Logical Memory percent re-
tention explained independently by each predictor. For
example, a one-unit increase in TICV-adjusted left hippo-
campal volume (i.e., in this case, an increase in hippocam-
pal size equal to one-hundredth of 1% of TICV) increased
Logical Memory percent retention score by 2.15% and
accounted for 8% of the variance in memory performance.
For the visual ratings of the left hippocampus, a one-unit
increase (as reflected by a shift to a category suggestive of
less hippocampal atrophy) was reflected by a 10.28%
improvement in Logical Memory percent retention score
and explained 18% of the variance in memory performance.
The results of the regression analyses using the covariate
method are presented in the lower panel of Table 3.

All adjusted volumes and visual measures reached sig-
nificance. The unadjusted hippocampal volumes were less
effective predictors than the adjusted volumes. All pre-
dictors were oriented in the same direction (i.e., higher
value represented a larger hippocampus). These results re-
veal that visual ratings were the best predictors of memory
performance.

Analyses were also performed on other commonly used
memory measures: Visual Reproduction percent retention,
and total learning score and percent retention scores on the
CVLT (Table 4).

There were fewer significant associations identified with
these memory measures than with Logical Memory per-
cent retention. The left hippocampal volumes adjusted by
WB+V and WB were significant predictors of both Visual
Reproduction percent retention and CVLT total learning
scores. The visual ratings significantly predicted memory
performance on all three tasks. The large regression co-
efficients reflect the robustness of the associations (e.g.,
shifting to a category suggestive of less hippocampal at-
rophy is associated with a 16.58% improvement in CVLT
percent retention). TICV-adjusted hippocampal volumes
did not significantly affect performance on any of these
memory measures.

Discussion

The mean volume of the right hippocampus was found to
exceed that of the left hippocampus. This finding is in line
with published results in healthy adults of all ages [21, 25,
26, 33, 51, 57, 58]. The mean hippocampal volumes were
comparable in size to other reported estimates for healthy
older adults [26, 28]; however, other studies have reported
smaller volumes [33]. This discrepancy may reflect dif-
ferences in tracing protocols, scanner specifications or the
marked variation in hippocampal size seen in healthy 80-
and 90-year-olds.

The analyses revealed robust, significant associations
between all predictors and Logical Memory percent re-
tention scores. In keeping with previous reports, all asso-
ciations were in the expected direction such that increasing
hippocampal size was reflected as improved memory per-
formance [25]. While one study failed to find a significant
relationship between Logical Memory and visual ratings of
temporal lobe atrophy [59], the use of patients with AD and
Logical Memory free recall rather than percent retention
may account for the variations in findings.

The associations between the hippocampal measures
and the other memory measures (Visual Reproduction per-
cent retention, and total learning and percent retention on
CVLT) provided further support for the conclusions drawn
from the initial analyses using Logical Memory percent
retention. While there were fewer significant associations
with these memory measures, the pattern of results was
similar. These findings reinforce the notion that Logical
Memory percent retention is a sensitive measure of the
integrity of the hippocampal region [25, 51, 52], and pro-
vide further justification for the selection of this task as the
gold standard for measuring the aspects of memory that are
subserved by the hippocampus.

Comparison of the R
2
values enabled identification of

the best method for explaining variance in memory per-
formance on Logical Memory. These results indicated that
the TICV-adjusted volumes performed most poorly in this
regard. Hippocampal volumes adjusted by both WB+Vand
WB performed equally well, but the visual ratings were at
least as effective as volumetry in predicting memory per-
formance. The analyses using hippocampal volumes ad-
justed by TICV, WB+V and WB by way of the covariate
method revealed the same pattern of results. On the basis of
these findings, visual ratings appeared to be the best mea-
sure of hippocampal size for predicting memory function-
ing in this group of community-dwelling older individuals.

Few studies have systematically compared methods of
adjusting hippocampal volumes for variation in head size.
Free et al. [17] examined six different structures as possible
correction factors in young adults including four area mea-
sures (corpus callosum, cranial, parenchymal excluding
corpus callosum and brain stem) and two volumes (cranial



and cerebral). Hippocampal volumes were most strongly
related to cerebral volume. However, covariance correction
via cranial volume resulted in the most consistent reduction
in variance for the hippocampal volumes.

Laakso and colleagues [60] compared three methods of
volume normalization in distinguishing between AD pa-
tients and patients without dementia: dividing hippocampal
volumes by one of two estimates of TICV or multiplying
hippocampal volumes by brain area divided by cranial area.
They concluded that the latter method resulted in the high-
est sensitivity and correct classification rate, although all
normalized volumes resulted in high sensitivity and spec-
ificity and discriminated well between groups.

The current findings suggest that hippocampal volume
adjustment by TICV may not be the most appropriate
technique to apply in very old individuals. Although Free
et al. [17] found that correction via TICV best reduced
variance in hippocampal volumes, they did not compare
the efficacy of such methods in predicting memory per-
formance. In our study, TICV-adjusted volumes were the
least-effective predictors of current memory function and
were only marginally better than the unadjusted volumes in
accounting for variance in memory performance. Based on
these results, it appears that the relationship between hip-
pocampal volume and current brain size (as indexed by
either measure of whole-brain volume) is more crucial in
predicting memory function than the association between
hippocampal volume and peak brain size. This implies that
a hippocampus that is disproportionately atrophic relative
to whole-brain volume exerts a deleterious impact on mem-
ory performance, regardless of whether the brain itself has
undergone appreciable atrophy from its peak or optimal size.

Qualitative visual ratings of hippocampal atrophy have
been compared to volumetric measures in several studies,
particularly with respect to lesion localization and later-
alization in temporal lobe epilepsy [61]. The diagnostic
accuracy of visual inspection has been reported to be
equivalent to, or slightly better than, volumetric assessment
in identifying hippocampal sclerosis [62]. Visual ratings
provide some advantage over volume measures in terms of
simplicity and cost-effectiveness, but this method may fail
to detect hippocampal atrophy that is mild or equivalent
bilaterally. Volumetric measures permit quantitative assess-
ment of volume loss, enabling more effective comparison
of hippocampal size across different individuals [42] and
greater sensitivity to subtle volume loss. This is particularly
pertinent in non-epilepsy research when the investigation
focuses on hippocampal volumes in absolute rather than
relative terms.

Considerably less research effort has been directed toward
comparing visual and volumetric measures in non-epileptic
populations. A recent study compared the diagnostic value
of visual inspection and volumetry in identifying medial
temporal lobe atrophy in dementia [38]. Both visual and
volumetric techniques successfully discriminated between
AD patients and patients without dementia. When com-

bined with Mini Mental State Examination (MMSE) [63]
scores, visual inspection effectively discriminated between
AD patients and controls (sensitivity 95%), while volu-
metric methods demonstrated no significant diagnostic
gain over and above the use of the MMSE score alone.
Wahlund et al. [38] suggested that visual examination may
have afforded a higher rate of correct classification by al-
lowing more lateral portions of the structure to be con-
sidered. Similar findings were reported by Desmond et al.
[24]. Volumetry correctly identified AD patients and con-
trols with 85% accuracy, but visual assessment marginally
out-performed volumetrics in predicting the diagnosis of
AD or control. A notable limitation of both studies is that
the participants were relatively young (in their 60s, on
average) and, therefore, these findings may not be gen-
eralized to older individuals, particularly considering that
discriminating between AD patients and controls becomes
more difficult in individuals of advanced age [59, 64].

The results of the current study support the sensitivity of
visual inspection in gauging the extent of hippocampal
atrophy [62, 64, 65] and are in broad agreement with
studies reporting the superiority of visual hippocampal
ratings over quantitative volumetric methods in distin-
guishing between individuals with and without dementia
[24, 38]. In keeping with the theories of Wahlund et al.[38],
visual assessment may be the best predictor of memory
performance because it allows for consideration of periph-
eral structures in addition to the hippocampus itself. In spite
of attempts to consider specifically the nominated hippo-
campal area in the current study, visual inspection in-
advertently provides information about both hippocampal
size and perihippocampal space. The latter will reflect at-
rophy of both the hippocampus and surrounding structures.
Therefore, additional information relating to the integrity
of the medial temporal lobe may be gained from inspecting
adjacent brain structures that also have a role in memory
processing. In contrast, the hippocampal volumes involved
quantifying the size of the hippocampus itself, irrespective
of the size of surrounding structures.

These findings raise the question of the importance of
medial temporal areas surrounding the hippocampus to
memory processing. In view of accumulating evidence in-
dicating that the perirhinal and parahippocampal cortices
play a role in human memory function [66–69], the rela-
tionship between Logical Memory and these extrahippo-
campal medial temporal subregions should be explored in
future research in order to clarify whether any such rela-
tionships might also contribute to the superior performance
of the visual ratings in predicting memory performance on
Logical Memory in the current study.

There are a number of ways to define “normal”, and the
current sample was defined as normal on the grounds that
the participants were living independently in the commu-
nity. This definition was employed in a deliberate effort to
provide an accurate reflection of “normal ageing” in elderly
community dwellers, as opposed to applying strict exclu-



sion criteria (e.g., MMSE cut-off score) that might result in
an artificially healthy sample of older persons. However, as
a result, the current participants ranged in terms of their
level of cognitive functioning (MMSE range 13–30) and,
therefore, we appreciate that some of these individuals may
have fulfilled other criteria for dementia which could have
impacted our findings. Hence, another avenue for future
research would be to investigate whether these findings in
normal ageing can be generalized to clinical populations
such as patients with AD.

In addition, the ongoing study of these participants in the
Sydney Older Persons Study will help to clarify whether
volumetric and visual measures of hippocampal size can be
utilized to predict memory decline in a longitudinal con-
text, which would have important implications for the
transition between normal ageing and neurodegenerative
disease.

Conclusion

Visual ratings of the hippocampus appeared to have the
largest impact on memory performance in the group under
study. In terms of the volumetric measures, the TICV-
adjusted volumes were the poorest independent predictors
of memory function. The WB+V-adjusted and WB-ad-
justed volumes explained similar degrees of variance in
memory performance, which is likely attributed to the fact

that volumes yielded from these adjustment methods were
very highly correlated (r=0.96). The current study expands
previous findings by documenting that the size of the hip-
pocampus relative to current brain size is a more crucial
determinant of memory function in this group than the size
of the hippocampus relative to peak brain size. Further-
more, this study demonstrates that visual inspection of the
hippocampus is at least as effective as volumetric assess-
ment in predicting memory function in community dwell-
ers over 80 years of age. This is a particularly valuable
finding given that visual assessment is faster, more cost-
effective and more readily available in a clinical setting
than volumetric techniques. Importantly, the clinical utility
of this finding also extends to diagnostic decision-making
in geriatrics, as the current results suggest that visual
assessment of the hippocampus potentially offers an ef-
fective and accessible adjunct to existing neurological and
neuropsychological assessment techniques in the diagnosis
of neurodegenerative diseases such as AD.

Acknowledgements We gratefully acknowledge Simon Vogrin and
Mark Cook for their expertise and assistance with the technical
aspects of the hippocampal tracing protocol. We also thank Jo Millar
for her contribution to neuropsychological data collection. This
research was supported in part by a grant from the National Health
and Medical Research Council of Australia, an Infrastructure Stream
C grant from the New South Wales Department of Health, Australia
and by the Ageing and Alzheimer’s Research Foundation.

References
1. Scoville WB, Milner B (1957) Loss of

recent memory after bilateral hippo-
campal lesions. J Neurol Neurosurg
Psychiatry 20:11–21

2. Vargha-Khadem F, Gadian DG,
Watkins KE, Connelly A, Van
Paesschen W, Mishkin M (1997) Dif-
ferential effects of early hippocampal
pathology on episodic and semantic
memory. Science 277:376–380

3. Wilson BA, Baddeley AD, Kapur N
(1995) Dense amnesia in a professional
musician following herpes simplex
virus encephalitis. J Clin Exp
Neuropsychol 17:668–681

4. Bunsey M, Eichenbaum H (1996)
Conservation of hippocampal memory
function in rats and humans. Nature
379:255–257

5. Strange BA, Fletcher PC, Henson
RNA, Friston KJ, Dolan RJ (1999)
Segregating the functions of the human
hippocampus. Proc Natl Acad Sci
U S A 96:4034–4039

6. Golomb J, Kluger A, de Leon MJ,
Ferris SH (1996) Hippocampal forma-
tion size predicts declining memory
performance in normal aging.
Neurology 47:810–813

7. Lye TC, Piguet O, Grayson DA,
Creasey H, Ridley LJ, Bennett HP,
Broe GA (2004) Hippocampal size and
memory function in the ninth and tenth
decades of life: The Sydney Older
Persons Study. J Neurol Neurosurg
Psychiatry 75:548–554

8. Rosen AC, Prull MW, Gabrieli JD,
Stoub T, O’Hara R, Friedman L,
Yesavage JA, de Toledo-Morrell L
(2003) Differential associations be-
tween entorhinal and hippocampal
volumes and memory performance in
older adults. Behav Neurosci
117:1150–1160

9. Grundman M, Jack CR Jr, Petersen
RC, Kim HT, Taylor C, Datvian M,
Weiner MF, DeCarli C, DeKosky ST,
van Dyck C, Darvesh S, Yaffe K, Kaye
J, Ferris SH, Thomas RG, Thal LJ
(2003) Hippocampal volume is asso-
ciated with memory but not nonmem-
ory cognitive performance in patients
with mild cognitive impairment. J Mol
Neurosci 20:241–248

10. Grundman M, Sencakova D, Jack CR
Jr, Petersen RC, Kim HT, Schultz A,
Weiner MF, DeCarli C, DeKosky ST,
van Dyck C, Thomas RG, Thal LJ
(2002) Brain MRI hippocampal vol-
ume and prediction of clinical status in
a mild cognitive impairment trial.
J Mol Neurosci 19:23–27



11. Cahn DA, Sullivan EV, Shear PK,
Marsh L, Fama R, Lim KO, Yesavage
JA, Tinklenberg JR, Pfefferbaum A
(1998) Structural MRI correlates of
recognition memory in Alzheimer’s
disease. J Int Neuropsychol Soc
4:106–114

12. Deweer B, Lehéricy S, Pillon B, Baulac
M, Chiras J, Marsault C, Agid Y,
Dubois B (1995) Memory disorders in
probable Alzheimer’s disease: the role
of hippocampal atrophy as shown with
MRI. J Neurol Neurosurg Psychiatry
58:590–597

13. Kopelman MD, Lasserson D, Kingsley
D, Bello F, Rush C, Stanhope N,
Stevens T, Goodman G, Heilpern G,
Kendall B, Colchester A (2001) Struc-
tural MRI volumetric analysis in patients
with organic amnesia, 2: correlations
with anterograde memory and executive
tests in 40 patients. J Neurol Neurosurg
Psychiatry 71:23–28

14. Wood AG, Saling MM, O’Shea MF,
Berkovic SF, Jackson GD (2000)
Components of verbal learning and
hippocampal damage assessed by T2
relaxometry. J Int Neuropsychol Soc
6:529–538

15. Bigler ED, Johnson SC, Anderson CV,
Blatter DD, Gale SD, Russo AA, Ryser
DK, Macnamara SE, Abildskov TJ
(1996) Traumatic brain injury and mem-
ory: The role of hippocampal atrophy.
Neuropsychology 10:333–342

16. Bigler ED, Anderson CV, Blatter DD
(2002) Temporal lobe morphology in
normal aging and traumatic brain injury.
Am J Neuroradiol 23:255–266

17. Free SL, Bergin PS, Fish DR, Cook
MJ, Shorvon SD, Stevens JM (1995)
Methods for normalization of hippo-
campal volumes measured with MR.
AJNR Am J Neuroradiol 16:637–643

18. Gur RC, Mozley PD, Resnick SM,
Gottlieb GL, Kohn M, Zimmerman R,
Herman G, Atlas S, Grossman R,
Berretta D, Erwin R, Gur RE (1991)
Gender differences in age effect on
brain atrophy measured by magnetic
resonance imaging. Proc Natl Acad Sci
U S A 88:2845–2849

19. Bhatia S, Bookheimer SY, Gaillard
WD, Theodore WH (1993) Measure-
ment of whole temporal lobe and
hippocampus for MR volumetry: nor-
mative data. Neurology 43:2006–2010

20. Fujioka M, Nishio K, Miyamoto S,
Hiramatsu K-I, Sakaki T, Okuchi K,
Taoka T, Fujioka S (2000) Hippocam-
pal damage in the human brain after
cardiac arrest. Cerebrovasc Dis 10:2–7

21. Laakso MP, Hallikainen M, Hänninen
T, Partanen K, Soininen H (2000)
Diagnosis of Alzheimer’s disease: MRI
of the hippocampus vs delayed recall.
Neuropsychologia 38:579–584

22. Petersen RC, Jack CR Jr, Xu YC,
Waring SC, O’Brien PC, Smith GE,
Ivnik RJ, Tangalos EG, Boeve BF,
Kokmen E (2000) Memory and MRI-
based hippocampal volumes in aging
and AD. Neurology 54:581–587

23. Wu CC, Mungas D, Petkov CI, Eberling
JL, Zrelak PA, Buonocore MH,
Brunberg JA, Haan MN, Jagust WJ
(2002) Brain structure and cognition in a
community sample of elderly Latinos.
Neurology 59:383–391

24. Desmond PM, O’Brien JT, Tress BM,
Ames DJ, Clement JG, Clement P,
Schweitzer I, Tuckwell V, Robinson GS
(1994) Volumetric and visual assess-
ment of the mesial temporal structures
in Alzheimer’s disease. Aust N Z J Med
24:547–553

25. Martin RC, Hugg JW, Roth DL, Bilir E,
Gilliam FG, Faught E, Kuzniecky RI
(1999) MRI extrahippocampal volumes
and visual memory: correlations inde-
pendent of MRI hippocampal volumes
in temporal lobe epilepsy patients. J Int
Neuropsychol Soc 5:540–548

26. Laakso MP, Soininen H, Partanen K,
Helkala E-L, Hartikainen P, Vainio P,
Hallikainen M, Hänninen T, Riekkinen
PJ Sr (1995) Volumes of hippocampus,
amygdala, and frontal lobes in the
MRI-based diagnosis of early Alzhei-
mer’s disease: correlation with memory
functions. J Neural Transm 9:73–86

27. Lehtovirta M, Laakso MP, Soininen H,
Helisalmi S, Mannermaa A, Helkala
E-L, Partanen K, Ryynänen M, Vainio
P, Hartikainen P, Riekkinen PJ Sr
(1995) Volumes of hippocampus,
amygdala and frontal lobe in Alzheimer
patients with different apolipoprotein E
genotypes. Neuroscience 67:65–72

28. Soininen H, Partanen K, Pitkanen A,
Vainio P, Hänninen T, Hallikainen M,
Koivisto K, Riekkinen PJ Sr (1994)
Volumetric MRI analysis of the amyg-
dala and the hippocampus in subjects
with age-associated memory impair-
ment: correlation to visual and verbal
memory. Neurology 44:1660–1668

29. Free SL, Li LM, Fish DR, Shorvon SD,
Stevens JM (1996) Bilateral hippo-
campal volume loss in patients with a
history of encephalitis or meningitis.
Epilepsia 37:400–405

30. Jack CR, Twomey CK, Zinsmeister
AR, Sharborough FW, Petersen R,
Cascino GD (1989) Anterior temporal
lobes and hippocampal formations:
normative volumetric measurements
from MR images in young adults.
Radiology 172:549–554

31. Jackson GD, McIntosh AM, Briellmann
RS, Berkovic SF (1998) Hippocampal
sclerosis studied in identical twins.
Neurology 51:78–84

32. Hashimoto M, Yasuda M, Tanimukai S,
Matsui M, Hirono N, Kazui H, Mori E
(2001) Apolipoprotein E epsilon 4 and
the pattern of regional brain atrophy in
Alzheimer’s disease. Neurology
57:1461–1466

33. Mori E, Yoneda Y, Yamashita H,
Hirono N, Ikeda M, Yamadori A (1997)
Medial temporal structures relate to
memory impairment in Alzheimer’s
disease: an MRI volumetric study.
J Neurol Neurosurg Psychiatry
63:214–221

34. Watson C, Jack CR Jr, Cendes F (1997)
Volumetric magnetic resonance imag-
ing. Clinical applications and contribu-
tions to the understanding of temporal
lobe epilepsy. Arch Neurol
54:1521–1531

35. Jack CR Jr, Petersen RC, Xu YC,
O’Brien PC, Smith GE, Ivnik RJ,
Boeve BF, Waring SC, Tangalos EG,
Kokmen E (1999) Prediction of AD
with MRI-based hippocampal volume
in mild cognitive impairment.
Neurology 52:1397–1403

36. Martin RC, Sawrie SM, Knowlton RC,
Bilir E, Gilliam FG, Faught E,
Morawetz RB, Kuzniecky R (2001)
Bilateral hippocampal atrophy: conse-
quences to verbal memory following
temporal lobectomy. Neurology
57:597–604

37. Zipursky RB, Marsh L, Lim KO,
DeMent S, Shear PK, Sullivan EV,
Murphy GM, Csernansky JG,
Pfefferbaum A (1994) Volumetric MRI
assessment of temporal lobe structures in
schizophrenia. Biol Psychiatry
35:501–516

38. Wahlund LO, Julin P, Johansson S-E,
Scheltens P (2000) Visual rating and
volumetry of the medial temporal lobe
on magnetic resonance imaging in
dementia: a comparative study.
J Neurol Neurosurg Psychiatry
69:630–635

39. Visser PJ, Verhey FRJ, Hofman PAM,
Scheltens P, Jolles J (2002) Medial
temporal lobe atrophy predicts Alzhei-
mer’s disease in patients with minor
cognitive impairment. J Neurol
Neurosurg Psychiatry 72:491–497

40. Mervaala E, Fohr J, Kononen M,
Valkonen-Korhonen M, Vainio P,
Partanen K, Partanen J, Tiihonen J,
Viinamaki H, Karjalainen A-K,
Lehtonen J (2000) Quantitative MRI of
the hippocampus and amygdala in
severe depression. Psychol Med
30:117–125



41. Pantel J, Schroder J, Schad LR,
Friedlinger M, Knopp MV, Schmitt R,
Geissler M, Bluml S, Essig M, Sauer H
(1997) Quantitative magnetic reso-
nance imaging and neuropsychological
functions in dementia of the Alzheimer
type. Psychol Med 27:221–229

42. Cendes F, Leproux F, Melanson D,
Ethier R, Evans A, Peters T, Andermann
F (1993) MRI of the amygdala and
hippocampus in temporal lobe epilepsy.
J Comput Assist Tomogr 17:206–210

43. Rossi A, Stratta P, Mancini F, Gallucci
M, Mattei P, Core L, Di Michele V,
Casacchia M (1994) Magnetic reso-
nance imaging findings of amygdala-
anterior hippocampus shrinkage in
male patients with schizophrenia.
Psychiatry Res 52:43–53

44. Waite LM, Broe GA, Grayson DA,
Creasey H (2001) The incidence of
dementia in an Australian community
population: the Sydney Older Persons
Study. Int J Geriatr Psychiatry
16:680–689

45. Waite LM, Broe GA, Grayson DA,
Creasey H (2001) Preclinical syndromes
predict dementia: the Sydney Older
Persons Study. J Neurol Neurosurg
Psychiatry 71:296–302

46. Wechsler D (1987) WMS-R Manual.
The Psychological Corporation, San
Antonio, TX

47. Delis DC, Kramer JH, Kaplan E, Ober
BA (1987) California Verbal Learning
Test: adult version manual. San
Antonio, TX

48. de Leon MJ, George AE, Golomb J,
Tarshish C, Convit A, Kluger A, De
Santi S, McRae T, Ferris SH, Reisberg
B, Ince C, Rusinek H, Bobinski M,
Quinn B, Miller DC, Wisniewski HM
(1997) Frequency of hippocampal for-
mation atrophy in normal aging and
Alzheimer’s disease. Neurobiol Aging
18:1–11

49. Golomb J, de Leon MJ, Kluger A,
George AE, Tarshish C, Ferris SH
(1993) Hippocampal atrophy in normal
aging: an association with recent
memory impairment. Arch Neurol
50:967–973

50. Golomb J, Kluger A, de Leon MJ,
Ferris SH, Convit A, Mittelman MS,
Cohen J, Rusinek H, De Santi S,
George AE (1994) Hippocampal for-
mation size in normal human aging: a
correlate of delayed secondary memory
performance. Learn Mem 1:45–54

51. Lencz T, McCarthy G, Bronen RA, Scott
TM, Inserni JA, Sass KJ, Novelly RA,
Kim JH, Spencer DD (1992) Quantitative
magnetic resonance imaging in temporal
lobe epilepsy: relationship to neuropa-
thology and neuropsychological function.
Ann Neurol 31:629–637

52. Troster AI, Butters N, Salmon DP,
Cullum CM, Jacobs DM, Brandt J,
White RF (1993) The diagnostic utility
of savings scores: differentiating Alz-
heimer’s and Huntington’s diseases
with the logical memory and visual
reproduction tests. J Clin Exp
Neuropsychol 15:773–788

53. Linn RT, Wolf PA, Bachman DL,
Knoefel JE, Cobb JL, Belanger AJ,
Kaplan EF, D’Agostino RB (1995) The
‘preclinical phase’ of probable Alzhei-
mer’s disease. Arch Neurol 52:485–490

54. Ivnik RJ, Smith GE, Tangalos EG,
Petersen RC, Kokmen E, Kurland LT
(1991) Wechsler memory scale: IQ-
dependent norms for persons aged 65 to
97 years. Psychol Assess 3:156–161

55. Cook MJ, Fish DR, Shorvon SD,
Straughan K, Stevens JM (1992) Hip-
pocampal volumetric and morpho-
metric studies in frontal and temporal
lobe epilepsy. Brain 115:1001–1015

56. Ivnik RJ, Malec JF, Smith GE, Tangalos
EG, Petersen RC, Kokmen E, Kurland
LT (1992) Mayo’s Older Americans
Normative Studies: WMS-R norms for
ages 56 to 94. Clin Neuropsychol 6:
49–82

57. Bilir E, Craven W, Hugg J, Gilliam F,
Martin R, Faught E, Kuzniecky R
(1998) Volumetric MRI of the limbic
system: anatomic determinants.
Neuroradiology 40:138–144

58. Pruessner JC, Li LM, Series W,
Pruessner M, Collins DL, Kabani N,
Lupien S, Evans AC (2000) Volumetry
of hippocampus and amygdala with
high-resolution MRI and three-dimen-
sional analysis software: minimizing
the discrepancies between laboratories.
Cereb Cortex 10:433–442

59. Scheltens P, Leys D, Barkhof F, Huglo
D, Weinstein HC, Vermersch P, Kuiper
M, Steinling M, Wolters ECh, Valk J
(1992) Atrophy of medial temporal
lobes on MRI in “probable” Alzhei-
mer’s disease and normal ageing: di-
agnostic value and neuropsychological
correlates. J Neurol Neurosurg
Psychiatry 55:967–972

60. Laakso MP, Soininen H, Partanen K,
Lehtovirta M, Hallikainen M, Hänninen
T, Helkala E-L, Vainio P, Riekkinen PJ
Sr (1998) MRI of the hippocampus in
Alzheimer’s disease: sensitivity, speci-
ficity, and analysis of the incorrectly
classified subjects. Neurobiol Aging
19:23–31

61. Kuzniecky RI, Bilir E, Gilliam FG,
Faught E, Palmer C, Morawetz R,
Jackson G (1997) Multimodality MRI
in mesial temporal sclerosis: relative
sensitivity and specificity. Neurology
49:774–778

62. Cheon J-E, Chang K-H, Kim HD, Han
ML, Hong SH, Seong SO, Kim I-O,
Lee SG, Hwang YS, Kim H-J (1998)
MR of hippocampal sclerosis: compar-
ison of qualitative and quantitative
assessments. AJNR Am J Neuroradiol
19:465–468

63. Folstein MF, Folstein SE, McHugh PR
(1975) Mini-mental State: a practical
method for grading the cognitive state
of patients for the clinician. J Psychiatr
Res 12:189–198

64. Horn R, Ostertun B, Fric M, Solymosi
L, Steudel A, Möller H-J (1996) Atro-
phy of hippocampus in patients with
Alzheimer’s disease and other diseases
with memory impairment. Dementia
7:182–186

65. Scheltens P, Launer LJ, Barkhof F,
Weinstein HC, Jonker C (1997) The
diagnostic value of magnetic resonance
imaging and technetium 99m-HMPAO
single-photon-emission computed
tomography for the diagnosis of Alz-
heimer’s disease in a community-
dwelling elderly population. Alzheimer
Dis Assoc Disord 11:63–70

66. Bohbot VD, Kalina M, Stepankova K,
Spackova N, Petrides M, Nadel L
(1998) Spatial memory deficits in
patients with lesions to the right hip-
pocampus and to the right parahippo-
campal cortex. Neuropsychologia
36:1217–1238

67. Davachi L, Mitchell JP, Wagner AD
(2003) Multiple routes to memory:
distinct medial temporal lobe processes
build item and source memories. Proc
Natl Acad Sci U S A 100:2157–2162

68. Pihlajamäki M, Tanila H, Hänninen T,
Kononen M, Mikkonen M, Jalkanen V,
Partanen K, Aronen HJ, Soininen H
(2003) Encoding of novel picture pairs
activates the perirhinal cortex: an fMRI
study. Hippocampus 13:67–80

69. Strange BA, Otten LJ, Josephs O, Rugg
MD, Dolan RJ (2002) Dissociable
human perirhinal, hippocampal, and
parahippocampal roles during verbal
encoding. J Neurosci 22:523–528


	Predicting memory performance in normal ageing using different measures of hippocampal size
	Abstract
	Introduction
	Methods
	Participants
	Procedure
	Memory measure: logical memory percent retention
	Magnetic resonance imaging
	Volumetric estimation
	Volume measurement
	Visual ratings
	Statistical methods

	Results
	Discussion
	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SPSFont4Medium
    /SpsFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /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 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


