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Rehabilitation Exercise Progression for
the Gluteus Medius Muscle With
Consideration for lliopsoas Tendinitis

An In Vivo Electromyography Study

Marc J. Philippon,*t* MD, Michael J. Decker,$ PhD, J. Erik Giphart, PhD, Michael R. Torry,! PhD,
Michael S. Wahoff,¥ PT, SCS, and Robert F. LaPrade, ¥ MD, PhD
Investigation performed at the Steadman Philippon Research Institute, Vail, Colorado

Background: It is common for hip arthroscopy patients to demonstrate significant gluteus medius muscle weakness and con-
current iliopsoas tendinitis. Restoration of gluteus medius muscle function is essential for normal hip function.

Hypothesis: A progression of hip rehabilitation exercises to strengthen the gluteus medius muscle could be identified that min-
imize concurrent iliopsoas muscle activation to reduce the risk of developing or aggravating hip flexor tendinitis

Study Design: Descriptive laboratory study.

Methods: Electromyography (EMG) signals of the gluteus medius and iliopsoas muscles were recorded from 10 healthy participants
during 13 hip rehabilitation exercises. The indwelling fine-wire EMG electrodes were inserted under ultrasound guidance. The aver-
age and peak EMG amplitudes, normalized by the peak EMG amplitude elicited during maximum voluntary contractions, were
determined and rank-ordered from low to high. The ratio of iliopsoas to gluteus medius muscle activity was calculated for each exer-
cise. Exercises were placed into respective time phases based on average gluteus medius EMG amplitude, except that exercises
involving hip rotation were avoided in phase | (phase |, initial 4 or 8 weeks; phase I, subsequent 4 weeks; phase lll, final 4 weeks).
Results: A continuum of hip rehabilitation exercises was identified. Resisted terminal knee extension, resisted knee flexion, and
double-leg bridges were identified as appropriate for phase | and resisted hip extension, stool hip rotations, and side-lying hip abduc-
tion with wall-sliding for phase Il. Hip clam exercises with neutral hips may be used with caution in patients with hip flexor tendinitis.
Prone heel squeezes, side-lying hip abduction with internal hip rotation, and single-leg bridges were identified for phase llI.

Conclusion/Clinical Relevance: This study identified the most appropriate hip rehabilitation exercises for each phase to
strengthen the gluteus medius muscle after hip arthroscopy and those to avoid when iliopsoas pain or tendinitis is a concern.

Keywords: hip rehabilitation; electromyography; gluteus medius muscle; iliopsoas muscle
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to strengthen the gluteus medius muscle, while reducing
activation of the iliopsoas muscle, is difficult because the
relative activation of these muscles during the perfor-
mance of hip rehabilitation exercises is currently
unknown. Therefore, our purpose was to investigate glu-
teus medius and iliopsoas muscle activity during hip reha-
bilitation exercises and design a continuum of gluteus
medius muscle exercises for progressive strengthening
that also recognizes iliopsoas muscle activation. Our
hypothesis was that a progression of hip rehabilitation
exercises to strengthen the gluteus medius muscle could
be identified that minimized concurrent iliopsoas muscle
activation.

METHODS

Participant Preparation

Ten healthy individuals (5 males, 5 females; age, 28.7 +
2.0 years; height, 1.72 *= 0.04 m; weight, 67.4 = 4.3 kg) par-
ticipated in this study. All participants provided written
consent before participation, in accordance with the Insti-
tutional Review Board at the Vail Valley Medical Center.

Muscle activation of the gluteus medius and iliopsoas
muscles was measured during the performance of 13 hip
rehabilitation exercises. With use of a sterile technique,
fine-wire electrodes (0.07-mm Teflon-coated, nickel-
chromium alloy wire, VIASYS Healthcare, Madison, Wiscon-
sin) were placed intramuscularly via a 25-gauge needle into
the muscle bellies of the gluteus medius and iliopsoas
muscles. The intramuscular electrodes were inserted under
ultrasound guidance to ensure correct placement into the
muscle and for patient safety. The gluteus medius electrodes
were inserted approximately 1 inch distal to the midpoint of
the iliac crest. The iliopsoas electrode was inserted 2 finger-
breadths lateral to the femoral artery and 1 fingerbreadth
below the inguinal ligament. A radiologist who was blinded
to the study confirmed the locations of the electrodes from
inspection of the digital ultrasound pictures. The electro-
myography (EMG) signals were collected at 1200 Hz and
preamplified at the skin surface (Bagnoli-8, DelSys, Boston,
Massachusetts; common mode rejection ration [CMRR] >84
dB; input impedance >10 MO).

Experimental Protocol

The testing session began with a series of 3 isometric max-
imum voluntary contractions (MVC) for each muscle. The
3-second maximum contractions were interspersed with 3
to 5 seconds of rest. The MVC for the gluteus medius was
measured with the participant standing with slight hip
external rotation and abducting the hip as hard as possi-
ble. The MVC for the iliopsoas was measured with the indi-
vidual sitting on the edge of a table with full hip and knee
flexion and flexing the hip as hard as possible. The exam-
iner provided manual resistance and the consistency of the
participant effort was measured with a hand-held force
transducer (MicroFET2, Hoggan Health Industries, West
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Jordan, Utah). The MVC trial was accepted if the 3 peak
forces fluctuated less than 5%.

The 13 exercises included the double-leg bridge, single-
leg bridge, prone heel squeeze, supine hip flexion, side-
lying hip abduction with internal rotation, side-lying hip
abduction with external rotation, side-lying hip abduction
against a wall, traditional hip clam, hip clam with hip in
neutral, resisted terminal knee extension, resisted hip
extension, resisted knee flexion, and stool hip rotation.
All exercises were completed in a slow, controlled manner
with the aid of a metronome to minimize EMG amplitude
variations attributable to differences in speed while per-
forming the exercises. The exercise order was randomly
selected for each individual, and each participant per-
formed 2 trials with 5 repetitions each.

The double-leg bridge began with the participant in the
supine position on an examination table with the feet flat
on the table and the knees and hips flexed to accommodate
the position of the feet. The participant extended the hips
and knees until the hips were in a neutral position and
the knees were flexed near 90° (Figure 1A). The partici-
pant then returned to the starting position by flexing at
the knees and hips.

The resisted terminal knee extension exercise started
with a bolster under the distal tibia and the knee flexed
to approximately 30°. The participant extended the knee by
contracting the knee extensor muscles while the examiner
provided resistance to the back of the knee (Figure 1B).
The examiner maintained resistance on the back of the
knee to flex the knee back to the starting position while the
participant resisted with the knee extensor muscles.

The resisted knee flexion exercise began with the leg
straight and resting on the examination table. The partic-
ipant flexed the knee by contracting the knee flexor
muscles while the examiner provided resistance to distal
end of the tibia (Figure 1C). The examiner maintained
resistance on the distal end of the tibia to extend the
knee back to the starting position while the participant
resisted with the knee flexor muscles.

The resisted hip extension exercise began with the knee
flexed to 90°, with the thigh resting on the examination
table. The participant extended the hip by contracting
the hip extensor muscles while the examiner provided
anterior resistance to the distal end of the posterior thigh
(Figure 2A). The examiner maintained resistance on the
distal end of the posterior thigh to flex the hip back to
the starting position while the participant resisted with
the hip extensor muscles.

The traditional hip clam exercise began from the side-
lying position with the non-test side on the examination
table with the hips and knees flexed to 45°. While the
inside of the heels remained in contact and in line with
the participant, the test leg performed hip abduction and
external rotation (Figure 2B). The participant returned
to the starting position by adducting and internally rotat-
ing the hip.

The hip clam with the hip in neutral began from the
side-lying position, with the non—test side on the examina-
tion table with the hips in neutral and the knees flexed to
90°, positioning the feet behind the participant. While the
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Figure 1. Exercises recommended for phase | rehabilitation
after hip arthroscopy: A, double-leg bridge; B, resisted termi-
nal knee extension; C, resisted knee flexion.

inside of the heels remained in contact, the test leg per-
formed hip abduction and external rotation (Figure 2C).
The participant returned to the starting position by
adducting and internally rotating the hip.

The stool hip rotation exercise was performed while
standing, and the knee of the test leg resting at 90° with
approximately 20% body weight on a rolling stool with
the hip externally rotated 30° (Figure 2D). The hip was

Rehabilitation Exercises for Gluteus Medius After Hip Arthroscopy 1779

internally rotated through a 60° range of motion ending
at 30° of internal rotation (Figure 2E). The participant
returned to the starting position by externally rotating
through a 60° range of motion and ending at 30° of external
hip rotation.

The prone heel squeeze was performed with the partici-
pant prone on an examination table with the hips slightly
abducted, the knees flexed to approximately 70°, and the
inside of the heels touching together. The participant
pressed the heels together and slightly lifted the knees
off the table (Figure 3A). The position was held for 3 sec-
onds and then the participant slowly returned to the start-
ing position.

The side-lying hip abduction with internal rotation
exercise began from the side-4 lying position with the
non—test side on the examination table, the lower back in
a neutral position, and the hip of the test leg internally
rotated approximately 15°. Maintaining hip internal rota-
tion, the participant performed 30° of hip abduction (Fig-
ure 3B) and then returned to the starting position by
lowering the leg (hip adduction) to the starting position.
The side-lying hip abduction with external rotation exer-
cise was performed identically to the leg raise with internal
rotation, except the hip of the test leg was externally
rotated approximately 15° (Figure 3C).

The side-lying hip abduction against a wall exercise
began from the side-lying position with the non-test side
on the examination table, with the lower back and hips
in a neutral position and the backside of the body adjacent
to a wall. Maintaining neutral lower back and hip posi-
tions, the participant performed 30° of hip abduction while
the heel was continuously pressed into the wall via hip
extension (Figure 3D) and then returned to the starting
position by lowering the leg (hip adduction) and maintain-
ing constant heel pressure against the wall.

The single-leg bridge was performed identical to the
double-leg bridge exercise, but the hip of the non—test leg
was in neutral and the knee was extended throughout
both phases of the exercise (Figure 3E). Care was taken
to visually ensure that the hips remained level throughout
the performance of the exercise.

The supine hip flexion exercise began with the partici-
pant supine on the examination table with both legs
extended and lying flat on the table (Figure 4A). The hip
and knee of the test leg flexed while the heel moved prox-
imally on the table (heel slide). When the hip and knee
attained approximately 45° of flexion (Figure 4B), the
heel was lifted off of the table while the hip continued to
flex to 90° of flexion (Figure 4C). The participant returned
to the starting position by extending the hip to 45° and
allowing the heel to contact the table. The heel moved dis-
tally along the table while the hip and knee extended to
neutral positions.

The resisted terminal knee extension exercise, hip exten-
sion exercise, and knee flexion resistance exercise were
each performed with the participant prone on the examina-
tion table. The examiner provided moderate resistance
throughout the range of motion of each exercise.

For the purpose of recording the motions and to sepa-
rate the EMG signal into the 5 repetitions per trial and
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Figure 2. Exercises recommended for phase Il rehabilitation
after hip arthroscopy: A, resisted hip extension; B, traditional
hip clam; C, hip clam with the hips in neutral; and D and E,
stool hip rotations (D, internal rotation end point; E, external
rotation end point).

into the concentric and eccentric phases of each exercise,
kinematics were concurrently collected of the performed
exercises. Fifty-three retro-reflective markers were
attached to select anatomic landmarks in a modified Helen
Hays marker set.!! A 10-camera motion analysis system
(Motion Analysis, Santa Rosa, California) captured 3-
dimensional marker trajectories. These marker trajecto-
ries were low-pass filtered at 10 Hz with a fourth-order
Butterworth filter and the marker that most appropriately
delineated the motion repetitions and phases was selected
for each exercise.

Analysis

All EMG data were processed with a 50-millisecond, root-
mean-square (RMS) moving window (1-millisecond incre-
ments) using custom software (MATLAB, The MathWorks,
Natick, Massachusetts). Maximum EMG reference values
that represented 100% MVC were calculated from the
MVC trials for each muscle by averaging the peak EMG
signal of the 3 MVC repetitions. The EMG data measured
during the rehabilitation exercises were analyzed to deter-
mine average and peak EMG amplitudes for each repeti-
tion and expressed as a percentage of the reference value
(% MVC). The peak EMG amplitude elicited from each

The American Journal of Sports Medicine

Figure 3. Exercises recommended for phase Il rehabilitation
after hip arthroscopy: A, prone heel squeeze; B, side-lying
hip abduction with internal rotation; C, side-lying hip abduc-
tion with external rotation; D, side-lying hip abduction against
the wall; and E, single-leg bridge.

rehabilitation exercise categorized the intensity of muscle
activation as minimal (0%-20% MVC), moderate (21%-
50% MVC), or high (>50% MVC).*

Descriptive statistics were calculated for peak and aver-
age EMG amplitudes for each phase of each exercise across
the 5 repetitions. These values were used to determine an
exercise continuum of gluteus medius muscle activation
and the activation ratio between the iliopsoas and the glu-
teus medius muscles. Exercise continuums were designed
for peak and average gluteus medius activation during
the concentric and eccentric phases.*® Within each contin-
uum, muscle activity was rank-ordered by exercise and
regression analysis determined whether a significant lin-
ear increase was present (P < .05). The 4 regression anal-
yses (peak and average gluteus medius activation,
concentric and eccentric phase) were then incorporated
into an overall continuum with equal weighting given to
average and peak EMG amplitudes, and to concentric
and eccentric phases. The exercise that consistently eli-
cited the greatest EMG activity for the gluteus medius
muscle represented the top-ranking exercise.

An activation ratio was calculated for each hip rehabil-
itation exercise by dividing peak iliopsoas EMG amplitude
(% MVC) by the peak gluteus medius EMG amplitude (%
MVC). The higher the ratio, the higher the iliopsoas mus-
cle activation was in relation to the gluteus medius activa-
tion. Ratios greater than 1.0 indicated that the iliopsoas
muscle was activated more than the gluteus medius mus-
cle. Exercises were placed into respective time phases
based upon average gluteus medius EMG amplitude,
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Figure 4. Supine hip flexion exercise: A, initial position; B,
intermediate position following the heel slide; and C, final
position.

except that exercises involving hip rotation were avoided
in phase I.

RESULTS

Group means and standard errors for average and peak
EMG amplitudes for the gluteus medius and iliopsoas

Rehabilitation Exercises for Gluteus Medius After Hip Arthroscopy 1781

muscles during the 13 hip rehabilitation exercises are
reported in Table 1. Peak gluteus medius muscle activity
ranged from 16% to 73% MVC and average gluteus medius
muscle activity from 3% to 35% MVC. The single-leg
bridge, the prone heel squeeze, and the side-lying hip abduc-
tion whether performed with internal hip rotation, against
a wall, or with external hip rotation were considered to
have high peak gluteus medius muscle activation (>50%
MVC). All other exercises demonstrated moderate gluteus
medius activation (21%-50% MVC) except the resisted
knee flexion and terminal knee extension exercises, which
demonstrated minimal activation (<20% MVC).

Peak iliopsoas muscle activity ranged from 3% to 48%
MVC, while average iliopsoas activity ranged from 1% to
18% MVC. Supine hip flexion, side-lying hip abduction per-
formed against the wall, side-lying hip abduction with
external rotation, and hip clam exercises demonstrated
moderate iliopsoas muscle activation (>20%). All other
exercises demonstrated minimal iliopsoas muscle activity.

All regression analyses demonstrated a significant
increase in gluteus medius activation among the rank-
ordered exercises (P < .05). The rank orders based on the
average and peak activations and the concentric and eccen-
tric phases were incorporated into an overall continuum
for gluteus medius muscle activity (Table 2). The side-lying
hip abduction performed with hip internal rotation and
prone heel squeeze had equal average rankings. The
higher rank was given to the side-lying hip abduction per-
formed with hip internal rotation because it had the great-
est peak gluteus medius EMG activity. Figure 5
demonstrates the peak and average muscle activation lev-
els for the gluteus medius for both the concentric and
eccentric phases of the exercises in the final rank-order.

The activation ratio for each exercise in final rank-order is
graphically illustrated in Figure 6. The activation ratio
ranged from 0.1 to 5.3. The prone heel squeeze, single-leg
bridge, and the side-lying hip abduction with internal rotation
had the lowest ratios of 0.1 (activation of the gluteus medius
muscle 10 times greater than the iliopsoas muscle). The
supine hip flexion exercise showed the greatest ratio (5.3).

DISCUSSION

A continuum of hip rehabilitation exercises was identified
based on in vivo gluteus medius muscle activation in healthy
individuals. In addition, supine hip flexion, side-lying hip
abduction with external hip rotation, and the hip clam exer-
cises were identified to also activate the iliopsoas muscle con-
siderably and should be avoided in the face of concurrent hip
flexor irritation. Therefore, the rank order for the remaining
exercises was found to be (from low activation to high activa-
tion): resisted terminal knee extension, resisted knee flexion,
stool hip rotations, hip clams with a neutral hip, double-leg
bridges, resisted hip extension, side-lying hip abduction
with heel against the wall, prone heel squeeze, side-lying
hip abduction with internal hip rotation, and single-leg
bridges. These exercises can be designated into a typical
phase I through IIT postoperative rehabilitation program.
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TABLE 1
Peak and Average (With Standard Error in Parentheses) EMG Amplitudes for the Gluteus Medius and Iliopsoas Muscles
During the Concentric and Eccentric Phases of 13 Hip Rehabilitation Exercises®

Concentric Phase Eccentric Phase
Exercise Muscle PA AA PA AA
Single-leg bridge GMD 72.5 (18.4) 35.1 (10.7) 51.1 (3.8) 24.0 (8.1)
ILI 6.3 (1.3) 2.5 (0.5) 6.0 (0.5) 2.1(0.4)
SL hip abduction—IR GMD 65.8 (16.8) 33.3 (8.6) 44.1 (3.1) 20.1 (4.8)
ILI 9.2 (2.7) 3.6 (1.0) 10.3 (1.7) 3.3 (1.3)
Prone heel squeeze GMD 55.2 (15.2) 27.2 (8.4) 54.7 (4.7) 30.9 (9.0)
ILI 8.6 (4.6) 2.3 (0.8) 2.9 (0.2) 1.4 (0.3)
SL hip abduction—wall GMD 58.1(12.9) 31.4(7.1) 43.3 (2.6) 20.5 (4.2)
ILI 21.1 (6.4) 7.8 (3.0) 15.2 (1.6) 6.3 (2.5)
SL hip abduction—-ER GMD 55.4 (14.1) 23.3 (5.6) 39.4 (3.6) 12.7 (2.9)
ILI 29.2 (8.0) 16.0 (5.6) 23.8 (2.4) 11.2 (2.9)
Resisted hip extension GMD 39.6 (6.3) 23.3 (3.3) 39.1 (1.7) 15.7 (2.4)
ILI 15.1 (4.8) 4.4 (1.1) 18.0 (2.3) 3.9 (1.0)
Traditional hip clam GMD 43.4 (13.0) 16.7 (4.3) 32.3 (3.4) 11.2 (2.9)
ILI 22.9 (4.4) 11.9 (2.6) 17.7 (1.0) 8.0 (2.2)
Double-leg bridge GMD 26.2 (7.7) 10.8 (2.8) 21.7 (1.7) 8.3 (2.0)
ILI 12.8 (5.0) 3.0 (1.0) 9.7 (1.0) 2.7 (0.8)
Hip clam-neutral GMD 28.4 (8.6) 12.5 (3.6) 17.9 (1.5) 6.3 (1.9)
ILI 18.0 (3.9) 7.8 (2.6) 14.3 (0.6) 4.8 (0.8)
Stool hip rotations GMD 22.9 (8.9) 6.7 (2.0) 21.7 (2.0) 7.9 (2.2)
ILI 12.4 (3.9) 3.4 (0.8) 11.7 (1.2) 3.5 (0.8)
Resisted knee flexion GMD 17.3 (4.3) 8.9 (2.4) 15.6 (1.2) 7.5(1.8)
ILI 10.7 (3.1) 4.1(1.2) 10.7 (1.0) 3.7(0.9)
Supine hip flexion GMD 23.8 (13.5) 3.3(0.8) 17.9 (2.9) 3.1(0.7)
ILI 45.1 (11.0) 17.5 (3.9) 48.4 (5.3) 14.6 (4.3)
Resisted knee extension GMD 19.7 (4.9) 7.1 (2.0) 15.5 (1.3) 5.2 (1.1)
ILI 9.6 (3.7) 3.5(1.2) 8.6 (1.2) 3.8 (1.7)

“EMG, electromyography; GMD, gluteus medius muscle; ILI, iliopsoas muscle; PA, peak amplitude; AA, average amplitude; SL, side-
lying; IR, internal rotation; ER, external rotation.

TABLE 2
EMG Amplitude Ranks and Final Rank Order for Gluteus Medius Muscle Activation and
Final Rehabilitation Phase Assignment®

Concentric Phase Eccentric Phase .
Rehabilitation

Final Rank Exercise PA AA PA AA Phase
1 Single-leg bridge 1 1 2 2 I11

2 SL hip abduction—IR 2 2 3 4 111

3 Prone heel squeeze 5 4 1 1 111

4 SL hip abduction—wall 3 3 4 3 II

5 SL hip abduction—-ER 4 5 5 6 I

6 Resisted hip extension 7 6 6 5 11

7 Traditional hip clam 6 7 7 7 11

8 Double-leg bridge 9 9 8 8 I

9 Hip clam—neutral 8 8 11 11 11

10 Stool hip rotations 11 12 9 9 11

11 Resisted knee flexion 13 10 12 10 I

12 Supine hip flexion 10 13 10 13 I

13 Resisted knee extension 12 11 13 12 I

“EMG, electromyography; PA, peak amplitude; AA, average amplitude; SL, side-lying; IR, internal rotation; ER, external rotation.

The rank-ordered exercises are discussed here in the ensure mobility of the joint and to minimize general mus-
context of hip rehabilitation following hip arthroscopy. cle atrophy, while also protecting the integrity of the
The goals of phase I of postoperative rehabilitation are to repaired structures of the joint. The goals of phase I were
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Concentric  m Eccentric

Figure 5. Peak (A) and average (B) electromyography (EMG)
amplitude (Y%emaximum voluntary contractions [MVC]) and stan-
dard errors recorded from the gluteus medius muscle during
the concentric and eccentric phases for 13 hip rehabilitation
exercises in the rank order of increasing activity. ER, external
rotation; ext, extension; IR, internal rotation; SL, sidelying.

early gluteus medius muscle reactivation and avoidance of
hip external rotation past 45° to protect capsular repair or
plication. Phase I ranges from the first 4 weeks after sur-
gery up to 8 weeks for a concurrent microfracture proce-
dure. During this phase, exercises to facilitate muscle
activity initially include isometrics, resisted terminal
knee extensions, and resisted knee flexion. These exercises
activate the gluteus medius minimally according to our
data. Exercises can be progressed by adding double-leg
bridges because of their controlled motion, moderate acti-
vation of the gluteus medius, and low iliopsoas activation.
After hip arthroscopy, hip extension and hip external rota-
tion are typically restricted during this phase and patients
are on crutches or partially weightbearing; therefore, exer-
cises that require these motions or weightbearing are
avoided during this phase.

In phase II (typically starting at week 5 or 9 after sur-
gery), the focus is on muscular stabilization of the hip

Rehabilitation Exercises for Gluteus Medius After Hip Arthroscopy 1783

Figure 6. Activation ratio for the 13 hip rehabilitation exer-
cises calculated by dividing the iliopsoas peak activation by
the gluteus medius peak activation for each exercise. A
higher activation ratio indicates relatively increased iliopsoas
activation. ER, external rotation; ext, extension; IR, internal
rotation; SL, sidelying.

under relatively controlled conditions. The goals of phase
IT were the addition of hip rotation exercises (short exter-
nal rotators) and to further develop gluteus medius muscle
strengthening to aid with activities of daily living. Stool
hip rotations can be initiated, because the patients are
now fully weightbearing. Hip clams either with neutral
or flexed hips and resisted hip extension are now started
to generate more gluteus medius muscle activation,
because hip external rotation and hip extension are
allowed starting in phase II. However, caution should be
exercised in cases where hip flexor tendinitis is present.
Increased gluteus medius activation may be provided by
side-lying hip abduction exercises with wall sliding.

Phase III exercises are designed to fully regain strength
in the hip joint musculature and to work on global lower
extremity strength. The goals of phase III were to work
on a full return of gluteus medius muscle functioning
with a plan to return to full sports or labor activities and
normalize cocontraction of the hip abductors and adductors
to avoid imbalance. Prone heel squeezes, side-lying hip
abduction with internal rotation, and single-leg bridges
can be started to activate the gluteus medius highly while
minimally activating the iliopsoas muscle. During this
phase, closed chain exercises such as various forms of
squatting, leg presses, and lunges are initiated to
strengthen the entire lower extremity.

One of most common exercises for strengthening the
gluteus medius muscle is hip abduction, either standing,
side-lying, or with some other variation.?®'%1% The varia-
tions to the side-lying hip abduction exercise in the current
study with hip internal rotation, hip external rotation, or
sliding along a wall demonstrated high EMG activation
(>50% MVC of peak activation), supporting that these
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are all good exercises to exercise the gluteus medius. The
variations of internal or external hip rotation may change
the mechanical advantage of the hip abductor muscles. The
gluteus medius muscle is made up of 3 parts of nearly
equal volume with 3 distinct muscle fiber directions and
separate innervations.”® Thus, by rotating the hip, at least
1 portion of this muscle will have a mechanical advantage
to perform hip abduction. However, during external hip
rotation while performing hip abduction, the iliopsoas is
much more activated and therefore this exercise should
be avoided when flexor tendinitis is present.

The stool hip rotation exercise stimulated moderate glu-
teus medius muscle activity during both internal and
external hip rotation. With the pelvis stabilized and the
hip in neutral, the anterior and posterior portions of the
gluteus medius muscle internally and externally rotate
the femur relative to a stationary pelvis.® Conversely, the
gluteus medius muscle can also rotate the pelvis about
a transverse axis relative to a fixed femur.??° Both of these
scenarios function to produce hip internal or external rota-
tion. However, the production of these rotary hip motions
when the pelvis is stationary would likely require lower
gluteus medius muscle activation because the mass of the
leg is considerably less than the upper body, and may
explain why the stool hip rotation exercise only demon-
strated gluteus medius muscle activity of 22% MVC. In
addition, the smaller hip rotator muscles should be active
during this exercise as well. This exercise may be the
most appropriate at the beginning stages of rehabilitation
when strengthening exercises are initiated.

Gluteus medius muscle activation was consistently the
lowest during the supine hip flexion exercise. This exercise
was performed in the sagittal plane with the patient
supine and was primarily controlled by the hip flexors.
The heel-sliding component required slight pressure of
the heel into the examination table and consequently eli-
cited moderate levels of gluteus medius muscle activation.
Core stabilization concurrent with hip flexion is the focus
of this exercise and large gluteus medius muscle activation
was not expected. This exercise provided a good reference
for the activation levels of the iliopsoas during the gluteus
medius exercises. For instance, the average iliopsoas activ-
ity during the side-lying hip abduction with the hip exter-
nally rotated was almost the same as during the supine hip
flexion exercise (16% vs 18% MVC, respectively, for the
concentric phase), while most other exercises were half
that activation or less.

This study also determined that iliopsoas activation was
increased for some hip strengthening exercises during the
early phase of rehabilitation, and therefore may poten-
tially aggravate any concurrent hip flexor tendinitis.
Supine hip flexion, the side-lying hip abduction performed
with external rotation, hip clams, and the side-lying hip
abduction performed against the wall demonstrated mod-
erate iliopsoas activation. Iliopsoas muscle activation was
elicited because these exercises either required hip flexion
or hip external rotation. It is unlikely that the performance
of these exercises after hip arthroscopy will cause hip
flexor tendinitis; rather, it is more probable that this clin-
ical issue would be present before surgery from the altered
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movement patterns used to compensate for hip pain or
mechanical range of motion constraints.!*13

In this study, the rehabilitation exercises were pre-
sented in the context of hip arthroscopy. However, these
data may also provide useful information for nonoperative
treatment or rehabilitation after other hip surgical proce-
dures. These other procedures may impose different func-
tional limitations and timing restriction (eg, different
restrictions on weightbearing) and, therefore, the exercises
may be assigned to other phases of the rehabilitation pro-
gram. However, the progression of muscle activation
remains applicable to the exercises as described. Another
limitation of this study is that the data were collected
using healthy individuals, who may or may not exhibit
the same muscle activation patterns as the patients under-
going the rehabilitation protocol after arthroscopy. It is
possible, particularly in early rehabilitation, that activa-
tion patterns may be altered. However, especially in the
later rehabilitation phases, the patients’ function is nearly
normal and activation patterns should become normal as
well. A study in patients postoperatively would elucidate
this issue and is recommended for future study.

SUMMARY

We identified a continuum of gluteus medius muscle acti-
vation for 13 common hip rehabilitation exercises and eval-
uated concurrent iliopsoas activation in light of iliopsoas
tendinitis, which is often present after hip arthroscopy.
Based on these data, we identified resisted terminal knee
extension and resisted knee flexion for early phase I and
double-leg bridges for later in phase I. For early phase II,
resisted hip extension and stool hip rotations, and later
the side-lying hip abduction exercise with wall sliding,
were identified as appropriate exercises. Hip clam exer-
cises with hip extension can be used with caution in case
of hip flexor tendinitis. Prone heel squeezes, side-lying
hip abduction with internal hip rotation, and single-leg
bridges are recommended for phase III.

ACKNOWLEDGMENT

We thank Tyler Anstett, Jacob Krong, and Daniel Peterson
for their invaluable assistance with this project.

REFERENCES

1. Bolgla LA, Malone TR, Umberger BR, Uhl TL. Hip strength and hip
and knee kinematics during stair descent in females with and without
patellofemoral pain syndrome. J Orthop Sports Phys Ther.
2008;38(1):12-18.

2. Bolgla LA, Uhl TL. Electromyographic analysis of hip rehabilitation
exercises in a group of healthy subjects. J Orthop Sports Phys
Ther. 2005;35(8):487-494.

3. Boling MC, Bolgla LA, Mattacola CG, Uhl TL, Hosey RG. Outcomes
of a weight-bearing rehabilitation program for patients diagnosed
with patellofemoral pain syndrome. Arch Phys Med Rehabil.
2006;87(11):1428-1435.

Downloaded from ajs.sagepub.com at Bobst Library, New York University on January 16, 2012


http://ajs.sagepub.com/

Vol. 39, No. 8, 2011

10.

11.

12.

18.

14.

. Decker MJ, Hintermeister RA, Faber KJ, Hawkins RJ. Serratus ante-

rior muscle activity during selected rehabilitation exercises. Am J
Sports Med. 1999;27(6):784-791.

. Decker MJ, Tokish JM, Ellis HB, Torry MR, Hawkins RJ. Subscapu-

laris muscle activity during selected rehabilitation exercises. Am J
Sports Med. 2003;31(1):126-134.

. Delp SL, Hess WE, Hungerford DS, Jones LC. Variation of rotation

moment arms with hip flexion. J Biomech. 1999;32(5):493-501.

. Dostal WF, Soderberg GL, Andrews JG. Actions of hip muscles. Phys

Ther. 1986;66(3):351-361.

. Fredericson M, Cookingham CL, Chaudhari AM, et al. Hip abductor

weakness in distance runners with iliotibial band syndrome. Clin J
Sport Med. 2000;10(3):169-175.

. Gottschalk F, Kourosh S, Leveau B. The functional anatomy of tensor fas-

ciae latae and gluteus medius and minimus. J Anat. 1989;166:179-189.
Hertel J, Earl JE, Tsang KK, Miller SJ. Combining isometric knee
extension exercises with hip adduction or abduction does not increase
quadriceps EMG activity. Br J Sports Med. 2004;38(2):210-213.
Kadaba MP, Ramakrishnan HK, Wootten ME, et al. Repeatability of
kinematic, kinetic, and electromyographic data in normal adult gait.
J Orthop Res. 1989;7(6):849-860.

Kennedy MJ, Lamontagne M, Beaule PE. Femoroacetabular
impingement alters hip and pelvic biomechanics during gait: walking
biomechanics of FAI. Gait Posture. 2009;30(1):41-44.

Lamontagne M, Kennedy MJ, Beaule PE. The effect of cam FAI on
hip and pelvic motion during maximum squat. Clin Orthop Relat
Res. 2009;467(3):645-650.

Lephart SM, Smoliga JM, Myers JB, Sell TC, Tsai YS. An eight-week
golf-specific exercise program improves physical characteristics,

15.

16.

17.

18.

19.

20.

21.

22.

23.

Rehabilitation Exercises for Gluteus Medius After Hip Arthroscopy 1785

swing mechanics, and golf performance in recreational golfers. J
Strength Cond Res. 2007;21(3):860-869.

Mascal CL, Landel R, Powers C. Management of patellofemoral pain
targeting hip, pelvis, and trunk muscle function: 2 case reports. J
Orthop Sports Phys Ther. 2003;33(11):647-660.

Nakagawa TH, Muniz TB, Baldon Rde M, et al. The effect of addi-
tional strengthening of hip abductor and lateral rotator muscles in
patellofemoral pain syndrome: a randomized controlled pilot study.
Clin Rehabil. 2008;22(12):1051-1060.

Nelson-Wong E, Gregory DE, Winter DA, Callaghan JP. Gluteus med-
ius muscle activation patterns as a predictor of low back pain during
standing. Clin Biomech (Bristol, Avon). 2008;23(5):545-553.

Niemuth PE, Johnson RJ, Myers MJ, Thieman TJ. Hip muscle weak-
ness and overuse injuries in recreational runners. Clin J Sport Med.
2005;15(1):14-21.

Reiman MP, Bolgla LA, Lorenz D. Hip functions influence on knee
dysfunction: a proximal link to a distal problem. J Sport Rehabil.
2009;18(1):33-46.

Schmitz RJ, Rieman BL, Thompson T. Gluteus medius activity during
isometric closed-chain hip rotation. J Sport Rehabil. 2002;11:
179-188.

Stalzer S, Wahoff M, Scanlan M. Rehabilitation following hip arthros-
copy. Clin Sports Med. 2006;25(2):337-357, x.

Ward SR, Eng CM, Smallwood LH, Lieber RL. Are current measure-
ments of lower extremity muscle architecture accurate? Clin Orthop
Relat Res. 2009;467(4):1074-1082.

Zeller BL, McCrory JL, Kibler WB, Uhl TL. Differences in kinematics
and electromyographic activity between men and women during
the single-legged squat. Am J Sports Med. 2003;31(3):449-456.

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

Downloaded from ajs.sagepub.com at Bobst Library, New York University on January 16, 2012


http://ajs.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /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
    /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
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /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 2400
  /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


