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Background: Posterior and posteroinferior capsules in the shoulder joints of throwing athletes have been reported to be thicker in
throwing than nonthrowing shoulders, and this has a relationship to glenohumeral internal rotation deficit (GIRD). However, the
stiffness of these thickened capsules has not been reported. Shear-wave ultrasound elastography is a new technology that
can measure tissue elasticity quantitatively.

Hypothesis: The posterior and posteroinferior capsules are stiffer as well as thicker in the throwing shoulders of baseball players
than in their nonthrowing shoulders. The thickness and elasticity of these capsules are inversely correlated with glenohumeral
internal rotation.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: Forty-five male college baseball players were examined. The thickness and elasticity of the posterior capsule beneath
the infraspinatus and the posteroinferior capsule beneath the teres minor were measured using an ultrasonic device equipped
with shear-wave elastographic technology. Glenohumeral internal rotation at 90� of shoulder abduction and humeral retrotorsion
were also measured.

Results: The mean thickness and elasticity of the posterior capsule were significantly greater for the throwing compared with the
nonthrowing shoulder (thickness: 1.34 vs 1.04 mm, respectively; elasticity: 40.0 vs 32.2 kPa, respectively; P \ .001 for both). The
mean thickness and elasticity of the posteroinferior capsule were also significantly greater in the throwing compared with the non-
throwing shoulder (thickness: 1.40 vs 1.04 mm, respectively; elasticity: 39.4 vs 31.6 kPa, respectively; P \ .001 for both). After
correcting the range of motion for bilateral differences in retrotorsion, correlation coefficients showed that posterior capsule thick-
ness and elasticity (Pearson r = –0.43 and –0.56, respectively; P \ .001 for both) and posteroinferior capsule thickness and elas-
ticity (Pearson r = –0.51 and –0.52, respectively; P \ .001 for both) were negatively correlated with the corrected glenohumeral
internal rotation. Bilateral differences in posterior and posteroinferior capsule elasticity correlated with bilateral differences in the
corrected glenohumeral internal rotation (Pearson r = 0.46 [P = .0015] and 0.48 [P \ .001], respectively), whereas bilateral differ-
ences in posterior and posteroinferior capsule thickness did not (Pearson r = –0.13 [P = .38] and 0.17 [P = .28], respectively).

Conclusion: The posterior and posteroinferior capsules were stiffer as well as thicker in the throwing shoulder of college baseball
players compared with the nonthrowing shoulder. Posterior capsule elasticity appeared to have a greater effect on GIRD than did
posterior capsule thickness. This technology could be used as a noninvasive screening method for throwing athletes to identify
players at potential risk of shoulder injuries.

Keywords: shoulder; baseball; glenohumeral internal rotation deficit (GIRD); posterior capsule of the shoulder; ultrasound
elastography

During the follow-through phase of pitching a baseball, the
posterior part of the deltoid, the posterior rotator cuff, and
the posteroinferior capsule endure significant distraction
forces.5,8 These forces have been reported to be approxi-
mately 90% to 150% of the pitcher’s body weight.9,30,31
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Repetitive microtraumas due to overhead throwing and
subsequent tissue healing are thought to thicken the poste-
rior aspect of the shoulder capsule.24 Some researchers
performing ultrasonography have reported thicker poste-
rior capsules in throwing shoulders compared with non-
throwing shoulders.24,25 Thomas et al24 reported that
a negative correlation existed between hypertrophy of pos-
terior capsules and loss of glenohumeral internal rotation
(IR).

Burkhart et al5 described an acquired loss of IR caused
by posteroinferior capsular contracture as the essential
lesion causing throwing injuries. Tuite et al27 reported
that overhead-throwing athletes who have internal
impingements and IR deficits tend to have thicker poster-
oinferior capsules compared with athletes who do not
throw overhead. However, the stiffness of the thickened
posterior capsule and its relationship to glenohumeral IR
are unknown.

Shear-wave ultrasound elastography is a relatively
new, real-time diagnostic imaging technique that uses
the following principles: the acoustic radiation force gener-
ated by a transducer creates shear waves; the velocity of
the shear waves is measured as they travel through tissue;
and from this velocity, the tissue’s elasticity (Young modu-
lus) is calculated.2 This imaging method provides a quanti-
tative assessment and is quite different from conventional
axial-strain sonoelastography, which requires manual
cyclic compression forces and evaluates tissue strain. The
ability of shear-wave ultrasound elastography to measure
quantitative values of elasticity has been evaluated using
phantoms, calibrated for different elasticities, and showed
reliable results.12

The purpose of this study was to investigate (1) the
thickness and elasticity of the posterior and posteroinferior
capsules of the shoulder joint and (2) the relationship of
these capsules to glenohumeral IR in college baseball play-
ers using shear-wave ultrasound elastography.

METHODS

This study was performed as a part of medical checkups
and was approved by our institutional review board. Before
starting the study, written informed consent to participate
in the study was obtained from all participants.

Forty-five male college baseball players with a mean
(6SD) age of 19.7 6 0.96 years, a mean height of 172.2 6

4.1 cm, and a mean weight of 70.8 6 6.8 kg were examined
during the off-season. Thirteen players were pitchers, and
32 were fielders. Thirty-six players were right-handed, and
9 were left-handed. The mean career length of the baseball
players was 10.4 years (range, 6-14 years). Participants
were excluded if they had a history of significant shoulder
injuries or surgeries, such as fractures or dislocations, or

presented with significant injuries at the time of examina-
tion. Of 46 players recruited for medical checkups, only 1
player was excluded from the data analysis because he
had a history of shoulder dislocations.

Ultrasound Measurements of the Posterior
Capsule Beneath the Infraspinatus

Measurements were made with participants seated
upright in a chair with their shoulders in the same neutral
position used by other ultrasound researchers, that is, with
arms at their side, with 0� of abduction and adduction, and
with forearms resting on the thighs.24 In addition, we
asked participants to rotate their shoulders 30� internally
and relax so that all participants were measured in the
same posture and without their muscles causing tension
in the capsules. A single orthopaedic surgeon carried out
all sonography using an Aixplorer ultrasound diagnostic
device and a SuperLinear SL10-2 linear-array transducer
(SuperSonic Imagine), which obtains measurements with
an accuracy of less than 0.2 mm. This device was equipped
with shear-wave elastographic technology and enabled the
operator to measure tissue elasticity quantitatively with-
out probe compression.

The linear-array transducer was placed on the posterior
aspect of the shoulder, and a long-axis scan of the infraspi-
natus was obtained (Figure 1). The location of the trans-
ducer was then adjusted to clearly visualize the humeral
head, glenoid rim, labrum, and infraspinatus, and the
thickness and elasticity of the posterior capsule (PCT and
PCE, respectively) beneath the infraspinatus were mea-
sured 5 mm lateral to the edge of the labrum (Figure 2).

Figure 1. Position of participants during ultrasound exami-
nation of the posterior capsule.
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Ultrasound Measurements of the Posteroinferior
Capsule Beneath the Teres Minor

The participants remained seated and were asked to flex their
shoulder by 90� while maintaining the same IR angle. They
were asked to place their arms on a table and relax. The
same operator placed the transducer on the posteroinferior
aspect of the participants’ shoulder to visualize the posteroin-
ferior capsule beneath the teres minor (Figure 3). First, the
teres minor overlying the lateral border of the scapula was
identified using a short-axis scan (Figure 4A). Second, the
transducer was turned through 90� to visualize the long
axis of the teres minor (Figure 4B; Supplementary Video).
Third, the location of the transducer was adjusted to clearly
visualize the humeral head, glenoid rim, labrum, and teres
minor, and the thickness and elasticity of the posteroinferior
capsule (PICT and PICE, respectively) were measured in the
same manner as measurements of the posterior capsule, that
is, at a location 5 mm lateral to the edge of the labrum.

Measurements of Glenohumeral Range of Motion

Passive glenohumeral range of motion (ROM) for both IR
and external rotation at 90� of shoulder abduction was
measured using a goniometer with participants in a supine
position. Glenohumeral IR at 90� of shoulder abduction has
frequently been measured to evaluate posterior shoulder
tightness.4,5,13,28 While the measurement was obtained,
the operator restrained the participants’ scapula with his

hand so that the scapulothoracic joint was immobilized
and the extent of the isolated motion of the glenohumeral
joint was maximized.

Measurements of Humeral Retrotorsion

Many authors have reported differences in the humeral retro-
torsion angle between throwing and nonthrowing shoulders

Figure 2. Ultrasound images of the posterior aspect of the shoulder joint for (A) a nonthrowing shoulder and (B) a throwing shoul-
der. In each figure, the upper panel shows the ultrasound elastogram, and the lower panel shows the same field in B-mode. The
colored region in A represents the shear elasticity map, with the scale to the right of the figure. The thickness and elasticity of the
posterior capsule were measured 5 mm lateral to the edge of the labrum (between yellow arrows in B). The thickness was mea-
sured vertically to the posterior capsule. The elasticity was automatically calculated by software when the circle (Q-Box, set at
a 1-mm diameter in this study) was placed on the capsule. The mean, minimum, and maximum tissue elasticity (Young modulus)
in the Q-Box are displayed in the right-hand column. The mean value was recorded. HH, humeral head; ISP, infraspinatus; D =
glenoid rim; * = labrum.

Figure 3. Position of participants during ultrasound exami-
nation of the posteroinferior capsule.

AJSM Vol. 43, No. 12, 2015 Elasticity of Posterior Shoulder Capsules 2937



in baseball players, which affect the bilateral difference in gle-
nohumeral ROM.7,18,19 Therefore, measuring humeral retro-
torsion was essential to the investigation of the relationship
between capsular elasticities and glenohumeral ROM.

Ultrasound scans for humeral retroversion were
obtained using an 18-MHz linear transducer and a compact
ultrasound system (MyLab25; Esaote). The humeral retro-
torsion measurements were performed as described by
Myers et al.14 Although this ultrasonic technique was an
indirect measure of humeral retrotorsion, a strong rela-
tionship was reported between the humeral torsion data
obtained using ultrasound measurements with computed
tomography–obtained humeral torsion data.14 Each opera-
tor measuring capsular thickness and elasticity, gleno-
humeral ROM, or humeral retrotorsion was unaware of
the other parameters measured.

Statistical Analysis

The assessment of intrarater and interrater reliabilities for
the ultrasound measurements of the capsules used 30 healthy
shoulders. Intrarater reliability was assessed for a single
rater (rater 1) measuring the thickness and elasticity of the
posterior and posteroinferior capsules on 2 separate occa-
sions. Because at least 2 weeks separated the 2 measurement
sessions, we made the assumption that rater 1 was effectively
blinded to the original values during the second grading ses-
sion. Interrater reliability was assessed using measurements
by a second rater (rater 2), who was blinded to the thickness
and elasticity values obtained by rater 1. The intrarater and
interrater reliabilities were evaluated using intraclass corre-
lation coefficients (ICCs) with 95% CIs in a 2-way random
model with absolute agreement using single measurements.
Intrarater and interrater reliabilities were also investigated
for measurements of humeral retrotorsion and glenohumeral
ROM in the same way as ultrasonic capsular measurements.
Minimum detectable changes were calculated to evaluate the
accuracy for all measurements.

Paired t tests were used to evaluate the differences
between the throwing and nonthrowing shoulder for each
measurement of the thickness and elasticity of the capsu-
les, ROM, and humeral retrotorsion. The Cohen d was
also calculated to evaluate the results. The Pearson corre-
lation coefficient was used to analyze the relationship
between the thickness and elasticity of the posterior and
posteroinferior capsules and ROM. When calculating the
Pearson correlation coefficient, we corrected the ROM in
throwing shoulders for differences in the bilateral humeral
retrotorsion angle. The corrected IR for the throwing
shoulder was calculated by adding the difference in the
humeral retrotorsion angle to the original IR angle. The
corrected external rotation for the throwing shoulder was
calculated by subtracting the difference in the humeral ret-
rotorsion angle from the original external rotation angle.
The total rotational arc was the same for the original and
corrected ROMs in the throwing shoulder. Each value of
ROM in the nonthrowing shoulder remained as original
values.

To confirm the capsular contributions to glenohumeral
internal rotation deficit (GIRD), bilateral differences
were calculated for each capsular parameter and gleno-
humeral IR, and correlation analyses were performed
using the Pearson correlation coefficient. Bilateral differ-
ences in IR (DIR) were calculated by subtracting the cor-
rected IR of the throwing shoulder from the IR of the
nonthrowing shoulder. Bilateral differences in the PCT
(DPCT), PCE (DPCE), PICT (DPICT), and PICE (DPICE)
were calculated by subtracting each value for the non-
throwing shoulder from that of the throwing shoulder.

The statistical program R (R package; http://www.r-project
.org/) was used for data analysis. P\ .05 was considered to be
statistically significant.

RESULTS

ICC values with 95% CIs for intrarater and interrater reli-
abilities and the minimum detectable change for ultra-
sound measurements of the capsules are shown in Table
1. They showed that the measurements were obtained
with a high level of reliability. ICC values with 95% CIs
for intrarater and interrater reliabilities and the minimum
detectable change for glenohumeral ROM and humeral ret-
rotorsion are shown in Table 2. They showed almost per-
fect reliability. Table 3 shows the means 6 SDs for all
the measurements collected. Paired t tests showed that
the posterior capsule, which lies beneath the infraspinatus,
had significantly greater thickness and elasticity in the
throwing shoulder than in the nonthrowing shoulder
(P \ .001) (Table 3). The posteroinferior capsule, which
lies beneath the teres minor, was also significantly thicker
and stiffer in the throwing shoulder than in the nonthrow-
ing shoulder (P \ .001) (Table 3).

Glenohumeral ROM at 90� of shoulder abduction was
significantly greater in terms of external rotation and sig-
nificantly smaller in terms of IR and the total rotational
arc for the throwing shoulder than for the nonthrowing
shoulder (Table 3). There was also a significant difference

Figure 4. Ultrasound images of the posteroinferior aspect of
the shoulder joint. (A) Short-axis scan of the teres minor. The
transducer was adjusted to centralize the intramuscular ten-
don of the teres minor. (B) Long-axis scan of the teres minor.
The transducer was turned 90�, including the intramuscular
tendon of the teres minor in the scan. H = lateral border of
the scapula. HH, humeral head; TM, teres minor.
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in humeral retrotorsion between the throwing and non-
throwing shoulder (Table 3). Shoulder ROMs corrected
for humeral retrotorsion differences are shown in Table
4. When we compared ROM again, after applying the cor-
rection for bilateral differences in humeral torsion, there
were significant differences in IR and the total rotational
arc between bilateral shoulders. However, no significant
difference was found in external rotation between throw-
ing and nonthrowing shoulders. Pearson correlation coeffi-
cients showed significant correlations between the PCT
and PCE and the corrected glenohumeral IR (Table 5).
The PICT and PICE were also significantly correlated
with the corrected glenohumeral IR (Table 5).

With regard to bilateral differences, the mean DIR was
16.3� 6 14.6�, the mean DPCT was 0.29 6 0.16 mm, the
mean DPCE was 7.8 6 6.8 kPa, the mean DPICT was
0.36 6 0.23 mm, and the mean DPICE was 7.8 6

9.6 kPa. The Pearson correlation coefficients between
DIR and each capsular parameter are shown in Table 6.
Both DPCE and DPICE were correlated with DIR, but nei-
ther DPCT nor DPICT showed any correlation.

DISCUSSION

Differences in elasticity are very important to distinguish
pathological changes from normal conditions. Shear-wave
ultrasound elastography has been reported to be a better
technology than axial-strain sonoelastography in terms of
reproducibility and quantification.17 This technology has
been applied to musculoskeletal tissues2,6,11,15,29,33 as
well as other parts of the body such as the thyroid, breast,
and abdominal organs.3,21,23 Therefore, we applied shear-
wave ultrasound elastography to the measurement of elas-
ticity in the posterior shoulder capsules of college baseball
players as a novel approach to analyzing GIRD, one of the
leading causes of throwing-related shoulder injuries. The
intrarater and interrater reliabilities of our measurements
of capsular elasticity were high and in common with a pre-
vious shear-wave ultrasound elastography study.33 The
minimum detectable change for intrarater reliability was
smaller than the bilateral differences in the PCE and
PICE, which were measured by a single examiner. There-
fore, there were significant differences in the PCE and
PICE, although these differences were subtle. This is the
first study demonstrating that posterior and posteroinfe-
rior capsules were stiffer in throwing shoulders than non-
throwing shoulders and that the PCE and PICE negatively
correlated with glenohumeral IR angles, which was an
intuitively sensible observation. Of course, the PCT and
PICT also negatively correlated with glenohumeral IR
angles as previously reported.24 However, the capsular
elasticity was thought to more strongly affect GIRD than
the capsular thickness because bilateral differences in cap-
sular elasticity correlated with bilateral differences in
glenohumeral IR and bilateral differences in capsular
thickness did not correlate with bilateral differences in gle-
nohumeral IR (Table 6). This technology could be used as
a noninvasive screening method for throwing athletes to
identify the players at potential risk of shoulder injuries.

Another novel finding of this study was demonstrating
the ultrasonic diagnostic technique to visualize the poster-
oinferior capsule of the shoulder joint. Tuite et al27 mea-
sured the PICT using magnetic resonance arthrography.
However, this approach is too expensive and time-

TABLE 1
Reliability and Precision of Ultrasonic Measurements of the Shoulder Capsulesa

Posterior Capsule Posteroinferior Capsule

Thickness Elasticity Thickness Elasticity

Interrater reliability
ICC (2,1) 0.783 0.788 0.813 0.761
95% CI 0.519-0.900 0.605-0.893 0.532-0.919 0.556-0.879
MDCb 0.19 7.4 0.24 8.7

Intrarater reliability
ICC (1,1) 0.901 0.936 0.928 0.934
95% CI 0.799-0.952 0.869-0.969 0.855-0.965 0.866-0.968
MDCb 0.13 4.1 0.11 5.2

aICC, intraclass correlation coefficient; MDC, minimum detectable change.
bValues in millimeters (mm) for thickness and kilopascals (kPa) for elasticity.

TABLE 2
Reliability and Precision of Range of Motion
and Humeral Retrotorsion Measurementsa

Range of Motion

Internal
Rotation

External
Rotation

Humeral
Retrotorsion

Interrater reliability
ICC (2,1) 0.968 0.920 0.974
95% CI 0.935-0.985 0.840-0.961 0.894-0.990
MDCb 5.53 5.00 3.40

Intrarater reliability
ICC (1,1) 0.990 0.988 0.996
95% CI 0.954-0.997 0.885-0.996 0.966-0.999
MDCb 3.16 2.47 2.50

aICC, intraclass correlation coefficient; MDC, minimum detect-
able change.

bValues in degrees.
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consuming to be utilized as a screening method or at med-
ical checkups. Thomas et al24 measured the PCT with the
participant’s arm at the side and shoulders at 0� of abduc-
tion and adduction. However, the posteroinferior capsule
around the posteroinferior glenohumeral ligament, which
is the more important area of interest in throwing inju-
ries,5 could not be visualized with participants in that posi-
tion, as the ultrasound beam could not reach the
posteroinferior area vertically. Therefore, we asked partic-
ipants to flex their shoulders to 90� for scans of the poster-
oinferior capsule so that the region of interest could be
more clearly visualized. Arai et al1 described the location
of the rotator cuff using clockface positions in the right
shoulder as 7:43 to 10:27 for the infraspinatus and as
6:21 to 7:43 for the teres minor. Therefore, we measured
the posteroinferior capsule, which lies beneath the teres
minor. The posteroinferior capsule lay beneath the teres

minor regardless of the shoulder position, as the teres
minor tendon and muscle fibers have been reported to
attach directly to the posteroinferior capsule.10,20,32 It
was difficult initially to identify the teres minor using
a long-axis scan. However, in short-axis scans, it was
easy to identify the teres minor, as it has a characteristic
appearance in echograms, as shown in Figure 4A. The
ICCs for interobserver and intraobserver reliabilities for
our measurements of the PICT were also high, as has
been the case in other ultrasound studies.24,25 The mini-
mum detectable change for intrarater reliability was also
smaller than the bilateral differences in the PCT and
PICT, which were measured by a single examiner,
although these differences were subtle.

TABLE 3
Comparison of Parameters for Throwing and Nonthrowing Shouldersa

Throwing Shoulder Nonthrowing Shoulder P Value Cohen d

Posterior capsule
Thickness, mm 1.34 6 0.20 1.04 6 0.09 \.001 1.934
Elasticity, kPa 40.0 6 5.5 32.2 6 5.7 \.001 1.393

Posteroinferior capsule
Thickness, mm 1.40 6 0.20 1.04 6 0.13 \.001 2.134
Elasticity, kPa 39.4 6 7.4 31.6 6 5.4 \.001 1.204

Internal rotation, deg 41.7 6 11.7 67.6 6 9.0 \.001 2.481
External rotation, deg 105.6 6 8.1 95.0 6 7.7 \.001 1.341
Total rotational arc, deg 147.2 6 14.3 162.6 6 10.9 \.001 1.211
Humeral retrotorsion, deg 78.8 6 5.6 69.2 6 5.9 \.001 1.669

aResults are reported as mean 6 SD.

TABLE 4
Range of Motion of Throwing and Nonthrowing Shoulders Corrected for Differences in Humeral Retrotorsiona

Throwing Shoulder Nonthrowing Shoulder P Value Cohen d

Internal rotation, deg 51.2 6 12.0b 67.6 6 9.0 \.001 1.546
External rotation, deg 96.0 6 8.5b 95.0 6 7.7 .416 0.123
Total rotational arc, deg 147.2 6 14.3 162.6 6 10.9 \.001 1.211

aResults are reported as mean 6 SD.
bRange of motion corrected for bilateral humeral retrotorsion differences.

TABLE 5
Pearson Correlation Coefficients for Each Capsule
Parameter and Corrected Internal Rotation Angles

Posterior Capsule Posteroinferior Capsule

Thickness Elasticity Thickness Elasticity

Pearson correlation
coefficient

–0.43 –0.56 –0.51 –0.52

P value \.001 \.001 \.001 \.001

TABLE 6
Pearson Correlation Coefficients for Bilateral

Differences in Internal Rotation (DIR)
and Each Capsule Parametera

Posterior Capsule Posteroinferior Capsule

DPCT DPCE DPICT DPICE

Pearson correlation
coefficient

–0.13 0.46 0.17 0.48

P value .38 .0015 .28 .00077

aPCE, posterior capsule elasticity; PCT, posterior capsule thick-
ness; PICE, posteroinferior capsule elasticity; PICT, posteroinfe-
rior capsule thickness.
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We decided to measure the thickness and elasticity of
the capsules at a site 5 mm lateral to the edge of the
labrum because judgments about the location of the bor-
derline between the labrum and capsule can vary between
operators. At this location, isolated posterior and poster-
oinferior capsules, which were medial to the confluence of
the capsule and intramuscular tendon, were identified in
all participants.

The mean PCT and PICT ranged from 1.04 to 1.40 mm
in our study, which were somewhat thinner than the aver-
age PCT reported by Thomas et al24 of 2.03 mm in the dom-
inant arm and 1.65 mm in the nondominant arm. Although
the participants were college baseball players in both stud-
ies, their weights and heights were much greater in the
Thomas et al cohort than in ours. Other differences, such
as the ultrasonographic devices used or the location at
which the thickness measurements were obtained, might
also have affected the results. On the other hand, Burkhart
et al5 reported that the posteroinferior capsule was
�6 mm thick in patients who underwent arthroscopic
selective posteroinferior capsulotomy, which was much
thicker than has been reported in ultrasound studies,24,25

including ours. Most of the patients in the Burkhart
et al5 study were older elite pitchers who had been throw-
ing for many years, and this report also noted that most
college pitchers responded to stretching and rarely
required selective posteroinferior capsulotomy. In our
study, most of the players were asymptomatic because
our data were collected as part of a medical checkup.
Such subtle side-to-side differences of capsular thickness
and elasticity shown in this study might be adaptive
changes found in skeletally mature baseball players with
over 10 years’ experience. Therefore, further research is
needed to investigate patients who have had longer careers
as baseball players and are suffering from throwing disor-
ders. Such research may be able to distinguish pathological
conditions that require treatment from predominantly
adaptive changes.

This study has some limitations that should be acknowl-
edged. First, the thickness and elasticity of the posterior
and posteroinferior capsules were only measured in one
plane. However, target organs should be evaluated in echo-
grams in which they are most clearly visualized. When we
tried to measure the posterior capsules at several different
locations, some of the echograms were too poor to evaluate.

Second, although we examined all participants in
approximately the same shoulder position, actual tension
on the capsule will vary with the amount of humeral tor-
sion. This is a potential confounder as the association
between capsular thickness/stiffness and rotational range
could be potentially affected by torsion, with which they
are also correlated.25

Third, we did not investigate muscular elasticity in this
study. GIRD has been thought to be affected by many fac-
tors, including soft tissues and humeral retrotorsion.16,22,26

We do, of course, expect muscular structures to affect pos-
terior tightness and doubt that all shoulder movement can
be fully explained by the capsules alone. However, as
a report on the relationship between hypertrophied poste-
rior capsules and GIRD had already been published,24 we

started by measuring the elasticity of these thickened pos-
terior capsules in this study. Investigating the elasticity of
the musculature will be the subject of a future study.
Finally, this study lacked a control group, and comparison
with a nonthrowing cohort is another future direction for
this research.

CONCLUSION

The posterior and posteroinferior capsules were stiffer as
well as thicker in the throwing shoulder than in the non-
throwing shoulder in college baseball players with a mean
career length of 10 years. Both the elasticity and thickness
of the posterior and posteroinferior capsules were negatively
correlated with the corrected glenohumeral IR, adjusted for
bilateral differences in humeral retrotorsion, which indi-
cated posterior tightness. Correlation analysis of bilateral
differences showed that capsular elasticity could more
strongly affect GIRD than capsular thickness.
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ment of normal soft-tissue elasticity using shear-wave ultrasound

elastography. AJR Am J Roentgenol. 2011;23:532-536.

3. Athanasiou A, Tardivon A, Tanter M, et al. Breast lesions: quantitative

elastography with supersonic shear imaging. Preliminary results.

Radiology. 2010;256:297-303.

4. Bigliani LU, Codd TP, Connor PM, Levine WN, Littlefield MA, Hershon

SJ. Shoulder motion and laxity in the professional baseball player.

Am J Sports Med. 1997;25:609-613.

5. Burkhart SS, Morgan CD, Kibler WB. The disabled throwing shoulder:

spectrum of pathology. Part I: pathoanatomy and biomechanics.

Arthroscopy. 2003;19:404-420.

6. Chen XM, Cui LG, He P, Shen WW, Qian YJ, Wang JR. Shear wave

elastographic characterization of normal and torn Achilles tendons:

a pilot study. J Ultrasound Med. 2013;32:449-455.

7. Crockett HC, Gross LB, Wilk KE, et al. Osseous adaptation and range

of motion at the glenohumeral joint in professional baseball pitchers.

Am J Sports Med. 2002;30:20-26.

8. DiGiovine NM, Jobe FW, Pink M, Perry J. An electromyographic anal-

ysis of the upper extremity in pitching. J Shoulder Elbow Surg.

1992;1:15-25.

AJSM Vol. 43, No. 12, 2015 Elasticity of Posterior Shoulder Capsules 2941



9. Dillman CJ, Fleisig GS, Andrews JR. Biomechanics of pitching with

emphasis upon shoulder kinematics. J Orthop Sports Phys Ther.

1993;18:402-408.

10. Hayashi N, Tuiki T. Connection form of posterior rotator cuff (infraspi-

natus and teres minor) and articular capsule of the shoulder. Rigakur-

youhougaku. 1996;23:522-527.

11. Kot BC, Zhang ZJ, Lee AW, Leung VY, Fu SN. Elastic modulus of

muscle and tendon with shear wave ultrasound elastography: varia-

tions with different technical settings. PLoS One. 2012;7:e44348.

12. Madsen EL, Hobson MA, Frank GR, et al. Anthropomorphic breast

phantoms for testing elastography systems. Ultrasound Med Biol.

2006;32:857-874.

13. Myers JB, Laudner KG, Pasquale MR, Bradley JP, Lephart SM. Gle-

nohumeral range of motion deficits and posterior shoulder tightness

in throwers with pathologic internal impingement. Am J Sports Med.

2006;34:385-391.

14. Myers JB, Oyama S, Clarke JP. Ultrasonographic assessment of

humeral retrotorsion in baseball players: a validation study. Am J

Sports Med. 2012;40:1154-1160.

15. Nakamura M, Ikezoe T, Kobayashi T, et al. Acute effects of static

stretching on muscle hardness of the medial gastrocnemius muscle

belly in humans: an ultrasonic shear-wave elastography study. Ultra-

sound Med Biol. 2014;40:1991-1997.

16. Noonan TJ, Shanley E, Bailey LB, et al. Professional pitchers with

glenohumeral internal rotation deficit (GIRD) display greater humeral

retrotorsion than pitchers without GIRD. Am J Sports Med.

2015;43:1448-1454.

17. Ooi CC, Malliaras P, Schneider ME, Connell DA. ‘‘Soft, hard, or just

right?’’ Applications and limitations of axial-strain sonoelastography

and shear-wave elastography in the assessment of tendon injuries.

Skeletal Radiol. 2014;43:1-12.

18. Osbahr DC, Cannon DL, Speer KP. Retroversion of the humerus in

the throwing shoulder of college baseball pitchers. Am J Sports

Med. 2002;30:347-353.

19. Reagan KM, Meister K, Horodyski MB, Werner DW, Carruthers C,

Wilk K. Humeral retroversion and its relationship to glenohumeral

rotation in the shoulder of college baseball players. Am J Sports

Med. 2002;30:354-360.

20. Romanes GJ. Cunningham’s Textbook of Anatomy. 12th ed. London:

Oxford University Press; 1981:318-320.

21. Sebag F, Vaillant-Lombard J, Berbis J, et al. Shear wave elastogra-

phy: a new ultrasound imaging mode for the differential diagnosis

of benign and malignant thyroid nodules. J Clin Endocrinol Metab.

2010;95:5281-5288.

22. Shanley E, Thigpen CA, Clark JC, et al. Changes in passive range of

motion and development of glenohumeral internal rotation deficit

(GIRD) in the professional pitching shoulder between spring training

in two consecutive years. J Shoulder Elbow Surg. 2012;21:1605-

1612.

23. Sporea I, Bota S, Jurchis A, et al. Acoustic radiation force impulse

and supersonic shear imaging versus transient elastography for liver

fibrosis assessment. Ultrasound Med Biol. 2013;39:1933-1941.

24. Thomas SJ, Swanik CB, Higginson JS, et al. A bilateral comparison

of posterior capsule thickness and its correlation with glenohumeral

range of motion and scapular upward rotation in collegiate baseball

players. J Shoulder Elbow Surg. 2011;20:708-716.

25. Thomas SJ, Swanik CB, Kaminski TW, et al. Humeral retroversion

and its association with posterior capsule thickness in collegiate

baseball players. J Shoulder Elbow Surg. 2012;21:910-916.

26. Tokish JM. Acquired and adaptive changes in the throwing athlete:

implications on the disabled throwing shoulder. Sports Med Arthrosc

Rev. 2014;22:88-93.

27. Tuite MJ, Petersen BD, Wise SM, Fine JP, Kaplan LD, Orwin JF.

Shoulder MR arthrography of the posterior labrocapsular complex

in overhead throwers with pathologic internal impingement and inter-

nal rotation deficit. Skeletal Radiol. 2007;36:495-502.

28. Tyler TF, Nicholas SJ, Roy T, Gleim GW. Quantification of posterior

capsule tightness and motion loss in patients with shoulder impinge-

ment. Am J Sports Med. 2000;28:668-673.

29. Vergari C, Rouch P, Dubois G, et al. Non-invasive biomechanical

characterization of intervertebral discs by shear wave ultrasound

elastography: a feasibility study. Eur Radiol. 2014;24:3210-3216.

30. Werner SL, Gill TJ, Murray TA, Cook TD, Hawkins RJ. Relationship

between throwing mechanics and shoulder distraction in profes-

sional baseball pitchers. Am J Sports Med. 2001;29:354-358.

31. Wilk EK, Andrews JR, Arrigo CA, Keirns MA, Erber DJ. The strength

characteristics of internal and external rotator muscles in profes-

sional baseball pitchers. Am J Sports Med. 1993;21:61-66.

32. Williams PL, Warwick R, Dyson M. Gray’s Anatomy. 36th ed. New

York: Churchill Livingstone; 1980:570-571.

33. Yoshitake Y, Takai Y, Kanehisa H, Shinohara M. Muscle shear mod-

ulus measured with ultrasound shear-wave elastography across

a wide range of contraction intensity. Muscle Nerve. 2014;50:103-

113.

For reprints and permission queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav

2942 Takenaga et al The American Journal of Sports Medicine



<<
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeCorpID-Acrobat
    /AdobeCorpID-Adobe
    /AdobeCorpID-Bullet
    /AdobeCorpID-MinionBd
    /AdobeCorpID-MinionBdIt
    /AdobeCorpID-MinionRg
    /AdobeCorpID-MinionRgIt
    /AdobeCorpID-MinionSb
    /AdobeCorpID-MinionSbIt
    /AdobeCorpID-MyriadBd
    /AdobeCorpID-MyriadBdIt
    /AdobeCorpID-MyriadBdScn
    /AdobeCorpID-MyriadBdScnIt
    /AdobeCorpID-MyriadBl
    /AdobeCorpID-MyriadBlIt
    /AdobeCorpID-MyriadLt
    /AdobeCorpID-MyriadLtIt
    /AdobeCorpID-MyriadPkg
    /AdobeCorpID-MyriadRg
    /AdobeCorpID-MyriadRgIt
    /AdobeCorpID-MyriadRgScn
    /AdobeCorpID-MyriadRgScnIt
    /AdobeCorpID-MyriadSb
    /AdobeCorpID-MyriadSbIt
    /AdobeCorpID-MyriadSbScn
    /AdobeCorpID-MyriadSbScnIt
    /AdobeCorpID-PScript
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldEx
    /AkzidenzGroteskBE-BoldExIt
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-Ex
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightEx
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdEx
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-ItalicOsF
    /Aldus-Roman
    /Aldus-RomanSC
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmericanTypewriter-Bold
    /AmericanTypewriter-BoldA
    /AmericanTypewriter-BoldCond
    /AmericanTypewriter-BoldCondA
    /AmericanTypewriter-Cond
    /AmericanTypewriter-CondA
    /AmericanTypewriter-Light
    /AmericanTypewriter-LightA
    /AmericanTypewriter-LightCond
    /AmericanTypewriter-LightCondA
    /AmericanTypewriter-Medium
    /AmericanTypewriter-MediumA
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AssemblyLightSSK
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AuroraOpti-Condensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Book
    /Avenir-BookOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Light
    /Avenir-LightOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BaileySansITC-Bold
    /BaileySansITC-BoldItalic
    /BaileySansITC-Book
    /BaileySansITC-BookItalic
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Baskerville-Normal-Italic
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-BoldItalicOsF
    /BauerBodoni-BoldOsF
    /BauerBodoni-Italic
    /BauerBodoni-ItalicOsF
    /BauerBodoni-Roman
    /BauerBodoni-RomanSC
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Benguiat-Bold
    /Benguiat-BoldItalic
    /Benguiat-Book
    /Benguiat-BookItalic
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /Benguiat-Medium
    /Benguiat-MediumItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BlockBE-Condensed
    /BlockBE-ExtraCn
    /BlockBE-ExtraCnIt
    /BlockBE-Heavy
    /BlockBE-Italic
    /BlockBE-Regular
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /BroadwayBT-Regular
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Caliban
    /CarminaBT-Bold
    /CarminaBT-BoldItalic
    /CarminaBT-Light
    /CarminaBT-LightItalic
    /CarminaBT-Medium
    /CarminaBT-MediumItalic
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOpenFace
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /CaxtonBT-Bold
    /CaxtonBT-BoldItalic
    /CaxtonBT-Book
    /CaxtonBT-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /Century-HandtooledBold
    /Century-HandtooledBoldItalic
    /Century-Light
    /Century-LightItalic
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Roman
    /Century-Ultra
    /Century-UltraItalic
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Cheltenham-HandtooledBdIt
    /Cheltenham-HandtooledBold
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMR10
    /CMR8
    /CMSY10
    /CMSY8
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Della-RobbiaItalicBT
    /Della-RobbiaSCaps
    /Del-NormalSmallCaps
    /Delphin-IA
    /Delphin-IIA
    /Delta-Bold
    /Delta-BoldItalic
    /Delta-Book
    /Delta-BookItalic
    /Delta-Light
    /Delta-LightItalic
    /Delta-Medium
    /Delta-MediumItalic
    /Delta-Outline
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /DomCasual
    /DomCasual-Bold
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ELANGO-IB-A03
    /ELANGO-IB-A75
    /ELANGO-IB-A99
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /ElGreco
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /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
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /EurostileLTStd-Demi
    /EurostileLTStd-DemiOblique
    /Eurostile-Oblique
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /FairfieldLH-Bold
    /FairfieldLH-BoldItalic
    /FairfieldLH-BoldSC
    /FairfieldLH-CaptionBold
    /FairfieldLH-CaptionHeavy
    /FairfieldLH-CaptionLight
    /FairfieldLH-CaptionMedium
    /FairfieldLH-Heavy
    /FairfieldLH-HeavyItalic
    /FairfieldLH-HeavySC
    /FairfieldLH-Light
    /FairfieldLH-LightItalic
    /FairfieldLH-LightSC
    /FairfieldLH-Medium
    /FairfieldLH-MediumItalic
    /FairfieldLH-MediumSC
    /FairfieldLH-SwBoldItalicOsF
    /FairfieldLH-SwHeavyItalicOsF
    /FairfieldLH-SwLightItalicOsF
    /FairfieldLH-SwMediumItalicOsF
    /Fences
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Flood
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDAaOsF
    /FontanaNDAaOsF-Italic
    /FontanaNDCcOsF-Semibold
    /FontanaNDCcOsF-SemiboldIta
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Bold
    /FontanaNDEeOsF-BoldItalic
    /FontanaNDEeOsF-Light
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /ForteMT
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /Freeform721BT-Bold
    /Freeform721BT-BoldItalic
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /FreestyleScrD
    /FreestyleScript
    /Freestylescript
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /Futura-Thin
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Garamond-Antiqua
    /GaramondBE-Bold
    /GaramondBE-BoldExpert
    /GaramondBE-BoldOsF
    /GaramondBE-CnExpert
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-ItalicExpert
    /GaramondBE-ItalicOsF
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnExpert
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumExpert
    /GaramondBE-MediumItalic
    /GaramondBE-MediumItalicExpert
    /GaramondBE-MediumItalicOsF
    /GaramondBE-MediumSC
    /GaramondBE-Regular
    /GaramondBE-RegularExpert
    /GaramondBE-RegularSC
    /GaramondBE-SwashItalic
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Halbfett
    /Garamond-HandtooledBold
    /Garamond-HandtooledBoldItalic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-BookNarrow
    /GaramondITCbyBT-BookNarrowItal
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /GaramondThreeSMSIISpl-Italic
    /GaramondThreeSMSitalicSpl-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Gothic-Thirteen
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /GoudyCatalogueBT-Regular
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Black
    /GoudySans-BlackItalic
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySans-Book
    /GoudySans-BookItalic
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /HelvExtCompressed
    /HelvLight
    /HelvUltCompressed
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackCondensedB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldCondensedB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ExtraBlackB
    /Humanist777BT-ExtraBlackCondB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightCondensedB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist777BT-RomanCondensedB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /Iglesia-Light
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Light
    /Imago-LightItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /ITCGaramondMM
    /ITCGaramondMM-It
    /JAKEOpti-Regular
    /JansonText-Bold
    /JansonText-BoldItalic
    /JansonText-Italic
    /JansonText-Roman
    /JansonText-RomanSC
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Juniper
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /KeplMM-Or2
    /KisBT-Italic
    /KisBT-Roman
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Linotext
    /Lithos-Black
    /LithosBold
    /Lithos-Bold
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaHandwritingItalic
    /LucidaMath-Symbol
    /LucidaSansTypewriter
    /LucidaSansTypewriter-Bd
    /LucidaSansTypewriter-BdObl
    /LucidaSansTypewriter-Obl
    /LucidaTypewriter
    /LucidaTypewriter-Bold
    /LucidaTypewriter-BoldObl
    /LucidaTypewriter-Obl
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Machine
    /Machine-Bold
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatrixScriptBold
    /MatrixScriptBoldLin
    /MatrixScriptBook
    /MatrixScriptBookLin
    /MatrixScriptRegular
    /MatrixScriptRegularLin
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Bold
    /Meridien-BoldItalic
    /Meridien-Italic
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MrsEavesAllPetiteCaps
    /MrsEavesAllSmallCaps
    /MrsEavesBold
    /MrsEavesFractions
    /MrsEavesItalic
    /MrsEavesPetiteCaps
    /MrsEavesRoman
    /MrsEavesRomanLining
    /MrsEavesSmallCaps
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadMM
    /MyriadMM-It
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
    /NeuzeitS-BookHeavy
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewBaskervilleITCbyBT-Italic
    /NewBaskervilleITCbyBT-Roman
    /NewBaskerville-Roman
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothic-Oblique
    /New-Symbol
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /Nueva-BoldExtended
    /Nueva-Roman
    /NuptialScript
    /OceanSansMM
    /OceanSansMM-It
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-BoldOblique
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Italic
    /Optima-Oblique
    /OSPIRE-Plain
    /OttaIA
    /Otta-wa
    /Ottawa-BoldA
    /OttawaPSMT
    /Oxford
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Parisian
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PhotinaMT
    /PhotinaMT-Bold
    /PhotinaMT-BoldItalic
    /PhotinaMT-Italic
    /PhotinaMT-SemiBold
    /PhotinaMT-SemiBoldItalic
    /PhotinaMT-UltraBold
    /PhotinaMT-UltraBoldItalic
    /Plantin
    /Plantin-Bold
    /Plantin-BoldItalic
    /Plantin-Italic
    /Plantin-Light
    /Plantin-LightItalic
    /Plantin-Semibold
    /Plantin-SemiboldItalic
    /Poetica-ChanceryI
    /Poetica-SuppLowercaseEndI
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /ProseAntique-Bold
    /ProseAntique-Normal
    /QuaySansEF-Black
    /QuaySansEF-BlackItalic
    /QuaySansEF-Book
    /QuaySansEF-BookItalic
    /QuaySansEF-Medium
    /QuaySansEF-MediumItalic
    /Quorum-Black
    /Quorum-Bold
    /Quorum-Book
    /Quorum-Light
    /Quorum-Medium
    /Raleigh
    /Raleigh-Bold
    /Raleigh-DemiBold
    /Raleigh-Medium
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /RMTMI
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /RotisSansSerif
    /RotisSansSerif-Bold
    /RotisSansSerif-ExtraBold
    /RotisSansSerif-Italic
    /RotisSansSerif-Light
    /RotisSansSerif-LightItalic
    /RotisSemiSans
    /RotisSemiSans-Bold
    /RotisSemiSans-ExtraBold
    /RotisSemiSans-Italic
    /RotisSemiSans-Light
    /RotisSemiSans-LightItalic
    /RotisSemiSerif
    /RotisSemiSerif-Bold
    /RotisSerif
    /RotisSerif-Bold
    /RotisSerif-Italic
    /RunicMT-Condensed
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-Italic
    /Sabon-Roman
    /SackersGothicLight
    /SackersGothicLightAlt
    /SackersItalianScript
    /SackersItalianScriptAlt
    /Sam
    /Sanvito-Light
    /SanvitoMM
    /Sanvito-Roman
    /Semitica
    /Semitica-Italic
    /SIVAMATH
    /Siva-Special
    /SMS-SPELA
    /Souvenir-Demi
    /Souvenir-DemiItalic
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /Souvenir-LightItalic
    /SpecialAA
    /Special-Gali
    /Sp-Sym
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-PhoneticAlternate
    /StoneSans-PhoneticIPA
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Italic
    /StoneSerif-PhoneticAlternate
    /StoneSerif-PhoneticIPA
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss921BT-RegularA
    /Symbol
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Tekton
    /Times-Bold
    /Times-BoldA
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Italic
    /Times-NewRoman
    /Times-NewRomanBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSmallCaps
    /Times-Sc
    /Times-SCB
    /Times-special
    /TimesTenGreekP-Upright
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldCondTwenty
    /TradeGothic-BoldCondTwentyObl
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-CondEighteen
    /TradeGothic-CondEighteenObl
    /TradeGothicLH-BoldExtended
    /TradeGothicLH-Extended
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothic-Oblique
    /Trajan-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trajan-Regular
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /Transitional551BT-MediumB
    /Transitional551BT-MediumItalicB
    /Univers
    /Universal-GreekwithMathPi
    /Universal-NewswithCommPi
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-Light
    /Univers-LightOblique
    /UniversLTStd-Black
    /UniversLTStd-BlackObl
    /Univers-Oblique
    /Utopia-Black
    /Utopia-BlackOsF
    /Utopia-Bold
    /Utopia-BoldItalic
    /Utopia-Italic
    /Utopia-Ornaments
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Viva-BoldExtraExtended
    /Viva-Regular
    /Weidemann-Black
    /Weidemann-BlackItalic
    /Weidemann-Bold
    /Weidemann-BoldItalic
    /Weidemann-Book
    /Weidemann-BookItalic
    /Weidemann-Medium
    /Weidemann-MediumItalic
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Roman
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /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 false
  /GrayImageMinResolution 150
  /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 false
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /DAN <>
    /DEU <>
    /ENU (Use these settings for creating PDF files for submission to The Sheridan Press. These settings configured for Acrobat v6.0 08/06/03.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /NLD <>
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


