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Background: Numerous studies have compared patellar tendon (PT) and hamstring tendon (HS) anterior cruciate ligament (ACL)
reconstructions in the short to midterm, but fewer long-term results have been published.

Hypothesis: There will be no difference in functional outcome between ACL reconstruction performed with PT and HS grafts, but
PT grafts will have more donor site morbidity.

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: Sixty-five patients undergoing ACL reconstruction were randomized to receive either a PT graft or a 4-strand HS graft.
Early results were reported at 4, 8, 12, 24, and 36 months. Forty-seven patients (22 of 31 PT and 25 of 34 HS) were reviewed at
a mean of 15.3 years.

Results: Four graft ruptures (1 PT, 3 HS) and 6 contralateral ACL injuries (4 PT, 2 HS) occurred in the group that was reviewed.
There was no statistically significant difference between the groups for any of the variables measured. There was a similar inci-
dence of anterior knee pain and kneeling pain in both groups. The previously observed increased extension deficit in the PT group
at 3 years was not present at 15 years, and there was no significant between-group difference in knee laxity. A higher proportion
of patients in the PT group were participating in sport on a weekly basis (73% PT, 48% HS; P = .05). There was no difference in
the degree of osteoarthritis between the groups.

Conclusion: This randomized controlled trial showed that HS and PT ACL reconstructions have comparable results at an average
15-year follow-up. Contrary to the study hypothesis, some of the graft differences seen at earlier review were not present at 15
years, and patients with PT grafts were more active in sport participation. Overall, both graft types provided good long-term sub-
jective and objective outcomes.
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The choice of whether to use a patellar tendon (PT) or ham-
string tendon (HS) graft for primary anterior cruciate liga-
ment (ACL) reconstruction has been one of the most
debated topics in the orthopaedic literature. Since the
mid-1990s, numerous randomized controlled trials have
been initiated to determine which graft offered a superior
outcome. Recent years have seen many attempts at

combining the results of these trials, and a variety of reviews
and meta-analyses have been published.6,7,9-11,25,30,32 Unfor-
tunately, the methodology used in these review studies var-
ied, and as a consequence, there are not only discrepancies
in the findings but also contradictory recommendations.

To overcome some of the methodological limitations of the
previous reviews, Mohtadi and colleagues19 published
a Cochrane review in 2011. Results of this review showed
greater static knee stability but a loss of extension and
increased anterior knee and kneeling pain with the use of
PT grafts. HS grafts were associated with a loss of flexion
range of motion and knee flexor strength. One important
aspect highlighted by this review is the lack of long-term
data. Indeed, of the 19 studies in the Cochrane review, only
7 (including 1 with 2 follow-up papers) reported longer
term outcomes in their randomized cohorts, with follow-up
ranging from 7 to 14 years.1,4,5,12,18,24,27,31
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The present study is a randomized 15-year follow-up
study designed to compare the outcome of PT and HS pri-
mary ACL reconstruction. It is a follow-up of our previous
3-year study, which showed a greater incidence of kneeling
pain and loss of extension in the PT group.8 Our hypothesis
was that these donor site differences would persist but sim-
ilar results would otherwise be seen in the long term
between the 2 graft types.

METHODS

From May 1996 to February 1998, a total of 65 patients
who underwent primary ACL reconstruction by a single
orthopaedic surgeon were randomized to receive either
a central-third bone–PT–bone autograft (n = 31) or a dou-
bled semitendinosus and gracilis tendon autograft (n = 34).

Inclusion criteria for the randomized trial were as fol-
lows: age 18 to 40 years, ACL rupture occurring .3 weeks
but\12 months previously, no previous surgery performed
on the affected knee, no previous cruciate ligament damage
sustained in the affected or contralateral knee, no concur-
rent or residual collateral ligament injury of grade .2
severity, and no evidence of osteoarthritis on plain radio-
graphs at the time of reconstruction. Patients were
excluded if either (1) a chondral lesion of a severity greater
than Noyes grade 2A22 or (2) Noyes grade 2A lesions .1cm
in diameter was seen at the arthroscopic examination per-
formed at the commencement of the ACL reconstruction
surgery. Patients were not excluded if a meniscal injury
was found, so long as its treatment was such that it would
not alter their rehabilitation.

For the current study at 15 years after surgery, we
attempted to contact all patients; 47 of the original 65
were successfully contacted and agreed to participate.
Local institutional board approval was given by a human
ethics committee (application No. 11-083), and all patients
signed consent forms.

Surgical Technique

Patients underwent an arthroscopically assisted single-
incision ACL reconstruction. The PT grafts were harvested
via an anterior longitudinal incision over the junction of
the middle and lateral thirds of the PT, and the HS grafts
were harvested via an oblique anteromedial incision over
the distal attachment of the hamstring tendons. After iden-
tification of a suitable target point on the lateral wall of the
intercondylar notch of the femur—at the 2- or 10-o’clock
position per a clock face analogy—the femoral tunnel was
drilled with a transtibial approach, consistent with com-
mon practice at the time that the study had commenced.
Proximal fixation was by means of an EndoButton (Smith
& Nephew Endoscopy) attached to the graft with a doubled
3-mm polyester tape. In the HS group, the distal 18 cm of
each tendon was doubled, and the ends of each tendon were
sutured over a distance of 3 cm with use of a No. 5 Ethi-
bond (Ethicon Inc) whipstitch. No additional braiding of
the tendons was used. The distal bone block of the PT graft
was controlled with a No. 5 Ticron (Sherwood Medical)

suture. The graft constructs were statically pretensioned
at 89 N (20 lb) for at least 5 minutes before insertion. A
mark was made on the PT grafts 35 mm proximal to the
upper end of the distal bone block and the femoral tunnel
drilled and the graft construct adjusted to align this
mark with the aperture of the femoral tunnel. For the
HS grafts, a mark was made 30 mm distal to the proximal
end of the graft, and this mark was aligned with the artic-
ular margin of the femoral tunnel. Thus, there was a con-
stant 30 mm of HS graft in the femoral tunnel but
a variable length of PT graft. Tunnels were drilled to the
same diameter as the respective ends of the graft.

The grafts were inserted through the tibial tunnel. After
proximal fixation had been secured, manual tension was
applied to the distal end of the graft and the knee taken
through a full range of movement. The distal end of both
graft types was fixed with the knee in 70� of flexion with
firm manual tension being applied to the graft. The PT
grafts were fixed with a cannulated metallic interference
Silk screw (Smith & Nephew Endoscopy) inserted over
a guide wire to prevent divergence. The HS grafts were
fixed by tying the whiptstitched ends to an Acufex fixation
post (Smith & Nephew Endoscopy). In the PT group, the
PT defect was loosely closed with interrupted absorbable
sutures. The donor sites on the patella and tibial tubercle
were not formally bone grafted, although bone fragments
from trimming of the graft were placed in the tibial tuber-
cle defect. In both groups, low suction drains were inserted
into the joint and into the subcutaneous layer. Patients
were discharged from hospital within 48 hours of surgery.

Evaluation

Follow-up evaluations were performed at 4 months, 8
months, 1 year, 2 years, and 3 years postoperatively, and
the results from these were published.8 For the current
15-year follow-up, a single independent orthopaedic surgi-
cal fellow evaluated the patients using the same protocols
previously described.8

Examination consisted of using the bulge test to catego-
rize the presence of a knee joint effusion as none, small,
moderate, or large. Passive knee flexion of both knees
was recorded with a goniometer, with the patient in the
lateral decubitus position. For comparative purposes, the
deficit (in degrees) of the operated limb was used. Exten-
sion deficits were recorded via the method described by
Sachs et al.26 In this technique, the patient is positioned
prone, and the difference in heel height is converted to
an extension deficit in degrees by a formula based on the
difference in heel height and the patient’s height. This
method records the deficit relative to the normal hyperex-
tension of the contralateral limb rather than relative to an
arbitrary 0�. Measurements of side-to-side differences in
anterior tibial displacement were made with a KT-1000
arthrometer (MEDmetric Corp) at 134 N.

Patient-reported outcomes included the presence (yes/
no) and severity (10-cm visual analog scale) of anterior
knee pain and pain on kneeling. As for earlier evaluations,
patients completed the Cincinnati knee score21 and Cincin-
nati Sports Activity Scale.20 The International Knee
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Documentation Committee (IKDC) subjective knee score13

and the Veterans RAND 12-Item Health Survey (VR-12)
were added to the 15-year follow-up. The VR-12 is a measure
of health-related quality of life from which a physical and
a mental component summary score can be calculated (it
is similar to the SF-12 but in the public domain, unlike
the SF-12, which requires a user license).14,15

Posteroanterior and lateral plain radiographs were taken
of the reconstructed knee. The posteroanterior radiograph
was taken with the patient standing with the knee in 15�
of flexion, and the lateral view was with the knee in
full extension with the foot supported on a bolster. The
Kellgren-Lawrence16 classification for osteoarthritis was
used, and gradings were made by both the senior orthopae-
dic surgeon and the orthopaedic fellow. Definite radio-
graphic osteoarthritic changes were classified as Kellgren-
Lawrence grade �2.

Data Management and Statistical Analysis

Patients who sustained a graft rupture were excluded from
group analyses for the following outcomes: pain (anterior
knee pain and kneeling pain), range of motion, laxity, effu-
sion, and radiographic change (Figure 1). Patients who
sustained a contralateral ACL injury were excluded from
range of motion and laxity analysis, as these outcomes
are designed to compare the reconstructed knee with
a healthy contralateral knee. For other patient-reported
outcomes (subjective IKDC, Cincinnati knee score, VR-12,
and sports activity) the data were analyzed both for the
entire cohort and with patients who sustained further
ACL injury removed. A power calculation determined
that there was 80% power to detect large effect sizes (d �
0.85) with alpha set to 0.05. This meant that the minimum
differences that could be detected between the groups were
as follows: a 10-point difference (SD, 612) for the IKDC
subjective and Cincinnati knee scores, a 5� difference in
flexion (SD, 65�), a 2� (SD, 62�) difference in extension
deficit, a 1.3-mm (SD, 61.4 mm) side-to-side difference in
anterior knee laxity, and a 5-point (SD, 65) difference in
the VR-12 subscales.

Data were analyzed with the Student t test or the
Mann-Whitney U test to compare the 2 groups at follow-
up. Contingency tables were used to calculate significant
differences in the number of patients in each category,
based on presence of anterior knee pain, presence of pain
on kneeling, effusion, Cincinnati sports activity level, and
radiographic change. Significance was set at P \ .05.

RESULTS

Follow-up and Further Surgery

Rates of follow-up throughout the entire trial are shown in
Figure 2. Forty-seven of the initial 65 (72%) patients were
followed up at a mean of 15.3 years (range, 14-17 years).
One patient had died, and the remaining patients were
not able to be contacted. The demographics of the reviewed
patients are shown in Table 1. There was 1 early (6 months)

graft rupture in the PT group, which occurred in the setting
of significant trauma, but no other ACL injuries in the ini-
tial 3-year period. Between 3 and 15 years, 3 patients in
the HS group ruptured their ACL grafts, and there were 6
contralateral ACL injuries (4 PT, 2 HS). One PT patient
who sustained a contralateral ACL injury also went on to
rerupture the graft in the contralateral knee.

Pain

Incidence of anterior knee pain throughout the trial is
shown in Figure 3A. At 15 years, there was no difference
between the 2 groups, and results were similar to the find-
ings at 3 years. In those who reported anterior knee pain at
15 years, the severity of the pain was low (mean 6 SD: HS,
2.3 6 1.9 [range, 0.5-6]; PT, 2.6 6 2.6 [range, 0.5-6]; 95% CI
of mean difference, –3.2 to 2.7). Incidence of kneeling pain
throughout the trial is shown in Figure 3B. At 15 years, the
incidence of kneeling pain was similar between the groups,
which was a change from earlier time points that had
shown a significantly higher incidence in the PT group.
In those who reported kneeling pain at 15 years, the sever-
ity of pain was low (HS, 2.3 6 2.7 [range, 0.5-7]; PT, 3.0 6

1.8 [range, 1-6]; 95% CI of mean difference, –2.8 to 1.4).

Range of Motion and Effusion

Extension deficits had been significantly greater for the PT
group during the initial 3-year follow-up, but at 15 years,
there was no difference between the groups, and any defi-
cits had resolved (Figure 4). There had been no between-

Randomized (N = 65) 

Hamstring Group 
Allocated to interven�on (n = 34) 
- Received allocated interven�on

(n = 34)

Patellar Tendon Group 
Allocated to interven�on (n = 31) 
- Received allocated interven�on

(n = 31)

15-year follow-up (n = 25)
- Lost to follow-up (n = 9)

15-year follow-up (n = 22)
- Lost to follow-up (n = 8) 
- Death (n = 1)

Analyzed
- IKDC subjec�ve/Cincinna� Knee 

Score/VR-12/Cincinna� Sports 
Ac�vity Level (n = 25)   

- Pain/effusion 
(n= 23, gra� ruptures removed)  

- Range of mo�on/laxity
(n = 20, gra� ruptures and 
contralateral ACL injury removed)   

- Radiographs
(n = 19, ruptures removed)

Analyzed
-  IKDC subjec�ve/Cincinna� Knee 

Score/VR-12/Cincinna� Sports 
Ac�vity Level (n = 22)  

-  Pain/effusion
(n = 21, gra� ruptures removed)

-  Range of mo�on/laxity 
(n = 17, gra� ruptures and 
contralateral ACL injury removed)   

-  Radiographs
(n = 19, ruptures removed)

Figure 1. Participant randomization and analysis. ACL, ante-
rior cruciate ligament; IKDC, International Knee Documenta-
tion Committee; VR-12, Veterans RAND 12-Item Health
Survey.
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group differences for passive knee flexion deficit at any
earlier follow-up, and this remained the case at 15 years
(mean 6 SD: HS, 4.4� 6 5.3� [range, –5� to 15�]; PT, 2.9�
6 3.7� [range, –2� to 10�]; 95% CI of mean difference
21.7� to 4.6�). Mild effusions were present in more patients
in the HS group than the PT group (42% vs 24%), but the
difference was not statistically significant.

Anterior Knee Laxity

The PT group had smaller mean side-to-side differences in
anterior knee laxity as compared with the HS group at
every follow-up, but this was not significant at 15 years

(mean 6 SD: HS, 1.2 6 1.3 [range, –1 to 4]; PT, 0.6 6 1.5
[range, –2 to 4]; 95% CI of mean difference, –0.5 to 1.5)
(Figure 5). Overall, both groups had stable knees, with
average side-to-side differences \2 mm. At 15 years, 90%
of patients in the HS group and 93% of patients in the
PT group had a side-to-side difference �2 mm (P = .6).
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Figure 2. Percentage of patients followed up throughout the
study. *1 patellar tendon graft rupture.

TABLE 1
Characteristics of the Study Cohort at 15-Year Follow-upa

Characteristic
HS Group
(n = 25)

PT Group
(n = 22)

Sex, male:female 20:5 16:6
Age, y

At operation 26.1 6 5.9 26.6 6 6.7
At follow-up 41.3 6 6.0 41.9 6 6.7

Time from surgery to follow-up, y 15.2 6 0.6 15.3 6 0.4
Lesions at index surgery

Chondral
Patella 2 2
Trochlear groove 0 0
Medial femoral condyle 0 2
Medial tibial plateau 0 0
Lateral femoral condyle 0 0
Lateral tibial plateau 0 0

Medial meniscal injury and treatment
Stable tear: no treatment 3 4
Partial meniscectomy 3 4
Repair 3 4

Lateral meniscal injury and treatment
Stable tear: no treatment 0 2
Partial meniscectomy 6 5
Repair 0 1

aValues for continuous data are reported as mean 6 SD; all
other values are presented as No. of patients. HS, hamstring ten-
don; PT, patellar tendon.
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Figure 3. Incidence (%) of (A) anterior knee pain and (B)
kneeling pain throughout the trial. HS, hamstring tendon
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Radiographs

Radiographic changes of osteoarthritis were present in 50%
(19 of 38) of patients, but of those with changes, 79% (15 of
19) were mild. We grouped patients according to those who
had definite changes or not, and there was no difference
between them (Table 2). None of the 3 HS patients with
graft ruptures had radiographic changes, and the 1 PT
patient who sustained an early graft rupture had grade 2
changes (these patients are not included in Table 2).

Cincinnati Knee Scores, IKDC Subjective
Knee Scores, and Quality of Life

There were no differences between the 2 grafts in terms of
Cincinnati or IKDC subjective scores at 15 years (Table 3).
Health-related quality of life was also similar between the
2 grafts for physical and mental component summary
scores (Table 3). Results were similar between the analysis
that included the whole cohort who were reviewed at 15
years and a reduced cohort that excluded patients who sus-
tained further ACL injury (either knee) during the study.

Sports Activity

Sports activity levels (based on frequency of participation) are
shown in Table 4. At 15 years, a higher proportion of patients

in the PT group were participating in sport on a weekly basis
(level 1 or 2 frequency). This difference approached signifi-
cance for the analysis that included all patients who were fol-
lowed up (HS, 48%; PT, 73%; x2[1] = 3.81, P = .05). Two of the
4 patients who sustained a graft rupture (both HS) and 5 of
the 6 patients (4 PT, 1 HS) who sustained a contralateral
injury were still participating in sport at 15 years. For those
patients who were still playing sport, the type of sport in
which they participated is also shown in Table 4.

DISCUSSION

The aim of this study was to compare the long-term results
(15-year follow-up) from a randomized controlled trial of
PT and HS ACL reconstructions. Overall there were no sig-
nificant differences between the 2 graft types for a range of
outcomes, and both showed successful long-term results.
Differences that were apparent between the 2 grafts at
an earlier, 3-year follow-up were no longer apparent at
15 years, and our hypothesis that there would be greater
donor site morbidity in the PT group was not supported.

The Cochrane review (in which only 32% of the studies
had .3-year follow-up) reported a loss of extension range
of motion for PT grafts.19 We also previously showed
a loss of extension range of motion in our PT group at up
to 3-year follow-up.8 This deficit had, however, all but
resolved at the 15-year follow-up. Although the mechanism
is unclear, this finding is consistent with those of other
longer-term randomized controlled trials1,4,18,27,31 but is
contrary to the report by Leys et al.17 Their 15-year
follow-up of a prospective but nonrandomized trial found
a significantly greater extension deficit rate in the PT
group (21% PT vs 6% HS). The clinical relevance of any
loss of range of motion has not been fully determined,
and Leys et al17 did not find any correlation between loss
of extension and other clinical outcomes, even though it
has been suggested that a reduced range of movement
may combine with other risk factors for the development
of osteoarthritis.28,29 It is also worth noting that in this
study, extension deficits were relatively small (\3�)
throughout the study period and that larger deficits may
not resolve to the same extent.

Pain on kneeling has also shown consistent differences
between the 2 graft types and has generally been more
problematic for PT grafts. Our current findings show the
incidence and severity of kneeling pain to be similar
between the groups at 15 years, and this is again a change
from earlier reviews in which the incidence of kneeling
pain was significantly greater in the PT group. Overall,
the results of studies that reported kneeling pain at long-
term follow-up are mixed, with some showing no differ-
ence12,18,27 and others reporting persistent problems for
PT grafts.4,31 It is worth noting that even in studies that
reported no difference between the 2 grafts, the overall
incidence of kneeling pain is relatively high. For example,
in the current study, it was around 50% for both graft
types. Sajovic et al27 reported a 30% and 48% incidence
of pain with either strenuous or kneeling activities in their
HS and PT groups, respectively, at an 11-year follow-up.
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TABLE 2
Percentage of Patients With and Without Definite

Radiographic Changes of Osteoarthritis
at 15-Year Follow-upa

K-L Grade HS Group (n = 19) PT Group (n = 19)

0-1 68 74
2-3 32 26

aHS, hamstring tendon; K-L, Kellgren-Lawrence; PT, patellar
tendon.
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While the incidence of kneeling pain may be relatively
high, the severity of the pain may be more modest. In the
current study, the mean severity was only 2.3 and 3 on
a 10-point scale (or 23 and 30 on a 100-point scale) for
HS and PT groups, respectively. This is similar to what
we reported at the 3-year follow-up and to the severity
reported by Holm et al12 of 29 and 39 (on a 100-point scale).
It is therefore unlikely that these levels of pain would limit
activity, but this has not been specifically reported.

Differences in knee laxity had also resolved at the 15-
year follow-up in the current study. This is consistent
with all other studies reporting long-term laxity in both
randomized and nonrandomized trials. Most of these stud-
ies, like ours, did report slightly increased laxity with the
use of hamstring tendon grafts but failed to achieve statis-
tical significance, and the small differences that are pres-
ent are unlikely to be clinically relevant.1,12,24,27

Returning to sport after ACL reconstruction has been
a topic of recent attention and follows from reviews that
showed somewhat modest rates of return in this patient
group.2,3 In the current study, we used the Cincinnati
Sports Activity Scale, in which sport participation is deter-
mined by the frequency of participation and type of sporting

movements. Overall, 68% to 82% of patients were partici-
pating in some form of sport at 15 years, and there was
a trend for the PT group to be participating more frequently
than the HS group and to engage more in sports that
involve cutting and pivoting. It is difficult to compare these
results with those of other long-term follow-up studies, as
sports activity has been measured in a number of ways. In
a nonrandomized 15-year follow-up, a significantly higher
proportion of HS patients reported undertaking strenuous
activities.17 However, in randomized controlled trials simi-
lar to ours, no between-group differences have been
reported. Holm et al12 reported that at 10-year follow-up,
46% of the HS group and 54% of the PT group had returned
to their preinjury sport and that both groups had partici-
pated in this sport for approximately 5 years. Sajovic
et al27 reported that 81% of HS and 72% of PT patients
were still at their preinjury levels at 11 years (70% and
64%, respectively, had played level 1 cutting/pivoting sports
before injury). All long-term studies utilizing the Tegner
sports activity scale show no difference between HS and
PT groups.4,12,18,31 Overall, it is likely that the subtle differ-
ences that have been reported may relate more to differen-
ces in patients’ sporting desires rather than graft choice.

TABLE 3
Cincinnati Knee Scores, IKDC Subjective Knee Scores, and VR-12 Component Summary Scores at Follow-upa

All Patients
Followed Up at 15 y

Patients With Graft Rupture/
Contralateral ACL Injury Excluded

Score HS Group (n = 25) PT Group (n = 22) 95% CI HS Group (n = 20) PT Group (n = 17) 95% CI

Cincinnati knee 85.3 6 15.1 88.7 6 11.6 213.7 to 2.8 84.0 6 15.5 88.2 6 11.6 213.5 to 5.1
IKDC subjective 84.4 6 13.5 88.1 6 12.3 213.3 to 3.1 83.7 6 14.6 86.8 6 13.1 12.5 to 6.2
VR-12 component

Physical 54.7 6 3.8 53.2 6 6.6 21.6 to 5.1 54.5 6 4.0 52.4 6 7.2 21.7 to 6.0
Mental 55.6 6 5.9 53.1 6 9.1 23.1 to 4.1 56.0 6 6.0 55.0 6 6.0 23.0 to 5.0

aValues are presented as mean 6 SD and 95% CI of mean difference. ACL, anterior cruciate ligament; HS, hamstring tendon; IKDC, Inter-
national Knee Documentation Committee; PT, patellar tendon; VR-12, Veterans RAND 12-Item Health Survey.

TABLE 4
Sports Activity Levels by Frequency and Typea

All Patients
Followed Up at 15 y

Patients With Graft Rupture/
Contralateral ACL Injury Excluded

Levelb HS Group (n = 25) PT Group (n = 22) HS Group (n = 20) PT Group (n = 17)

Frequency
1 (4-7 d/wk) 20 5 20 6
2 (1-3 d/wk) 28 68 30 70
3 (1-3 times/mo) 20 9 20 6
4 (no sport) 32 18 25 18

Type of sportc

1 (jumping, hard pivoting) 18 44.5 14 50
2 (running, twisting) 59 44.5 64 43
3 (no running) 23 11 22 7

aValues are reported as percentage of patients. ACL, anterior cruciate ligament; HS, hamstring tendon; PT, patellar tendon.
bLevels defined according to Noyes et al.20

cOnly patients who reported playing sport were included in the analysis by type of sport.
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Similar to most authors of long-term randomized trials,
we found no difference in the prevalence of tibiofemoral
osteoarthritis between HS and PT groups.1,5,12,24,31 This
does, however, contrast with the randomized trial of Sajovic
et al,27 which reported a significantly higher prevalence of
osteoarthritis in the PT group at 11 years. In addition, in
a nonrandomized trial, Leys et al17 showed a significantly
higher prevalence of osteoarthritis in their PT group at 15
years. The long-term results are therefore mixed.

In the current study, the rates of osteoarthritis were
notably low in both groups, this despite our inclusion of
all meniscal injuries (provided treatment did not interfere
with rehabilitation). This is perhaps surprising given that
Barenius et al5 found meniscal resection to be a strong risk
factor for osteoarthritis in their randomized trial and that
the association between meniscal resection and osteoar-
thritis has been well documented in the wider literature.23

Our low rate of osteoarthritis may therefore be in part due
to the strict inclusion criteria used in terms of the articular
surface (ie, no changes .50% in depth).

A number of limitations need to be considered. Patient
follow-up was incomplete, and the overall follow-up rate
at 15 years was \80% (72%). The rates of follow-up were,
however, similar for both graft types. The sample size is
relatively small but was planned to be sufficient to identify
differences between the groups with a large effect size. We
believe that the differences that the study was powered to
detect were of a sufficient magnitude to reflect clinical
importance. Nonetheless, differences of a moderate to
small effect size may have been present but not detected,
leading to type 2 errors. In this context, it is relevant to
note that most of the outcome variables had only small dif-
ferences between the group means. Power calculations
showed that the sample sizes needed to detect statistically
significant differences—which would have been small in
magnitude and potentially not clinically meaningful—
would have needed to be between 300 to 500 patients.
This is far greater than any similar randomized trial that
has been published to date.

Two different tibial fixations were used. Ideally, the same
tibial fixation would have been used for both graft types.
However, at the time that the study commenced, interference
screw fixation of HS grafts was a relatively new concept and
not supported by the published literature. With a tibial fixa-
tion post in the HS group, suspensory fixation was used at
both ends of the graft, compared with only 1 end in the PT
group. Whether the increased graft laxity seen in the HS
group up to 3 years was related to the fixation method or
the intrinsic properties of the HS grafts is unclear. There
were also few female participants in the patient cohort, which
reduces the overall external validity of the study. Strengths of
the study are the randomized design, strict inclusion/
exclusion criteria to minimize variables that might confound
the results, and the multiple and long-term follow-ups.

CONCLUSION

Long-term follow-up of our randomized controlled trial
showed little differences between HS and PT grafts at 15

years for a variety of clinical outcome and patient-reported
variables. Differences in donor site morbidity that were
identified at earlier follow-up were not present at 15 years,
and patients in the PT group tended to participate more
frequently in sports. The results of the current study sub-
stantiate previous reports showing that excellent results
may be obtained with either PT or HS grafts for the major-
ity of patients.

REFERENCES

1. Ahldén M, Kartus J, Ejerhed L, Karlsson J, Sernert N. Knee laxity

measurements after anterior cruciate ligament reconstruction, using

either bone-patellar-tendon-bone or hamstring tendon autografts,

with special emphasis on comparison over time. Knee Surg Sports

Traumatol Arthrosc. 2009;17(9):1117-1124.

2. Ardern CL, Taylor NF, Feller JA, Webster KE. Fifty-five per cent return

to competitive sport following anterior cruciate ligament reconstruc-

tion surgery: an updated systematic review and meta-analysis inclu-

ing aspects of physcial functioning and contextual factors. Br J

Sports Med. 2014;48(21):1543-1552.

3. Ardern CL, Webster KE, Taylor NF, Feller JA. Return to sport follow-

ing anterior cruciate ligament reconstruction surgery: a systematic

review and meta-analysis of the state of play. Br J Sports Med.

2011;45(7):596-606.

4. Barenius B, Nordlander M, Ponzer S, Tidermark J, Eriksson K. Quality

of life and clinical outcome after anterior cruciate ligament recon-

struction using patellar tendon graft or quadrupled semitendinosus

graft: an 8-year follow-up of a randomized controlled trial. Am J

Sports Med. 2010;38(8):1533-1541.

5. Barenius B, Ponzer S, Shalabi A, Bujak R, Norlén L, Eriksson K.

Increased risk of osteoarthritis after anterior cruciate ligament recon-

struction: a 14-year follow-up study of a randomized controlled trial.

Am J Sports Med. 2014;42(5):1049-1057.

6. Biau D, Katsahian S, Nizard R. Hamstring tendon autograft better than

bone-patellar tendon-bone autograft in ACL reconstruction - a cumula-

tive meta-analysis and clinically relevant sensitivity analysis applied to

a previously published analysis. Acta Orthop. 2007;78(5):705-707.

7. Biau D, Tournoux C, Katsahian S, Schranz P, Nizard R. Bone-patellar

tendon-bone autografts versus hamstring autografts for reconstruc-

tion of anterior cruciate ligament: meta-analysis. BMJ. 2006;332

(7548):995-1001.

8. Feller JA, Webster KE. A randomized comparison of patellar tendon

and hamstring tendon anterior cruciate ligament reconstruction. Am

J Sports Med. 2003;31:564-573.

9. Forster MC, Forster IW. Patellar tendon or four-strand hamstring? A

systematic review of autografts for anterior cruciate ligament recon-

struction. Knee. 2005;12(3):225-230.

10. Freedman KB, D’Amato MJ, Nedeff DD, Kaz A, Bach BR Jr. Arthro-

scopic anterior cruciate ligament reconstruction: a metaanalysis

comparing patellar tendon and hamstring tendon autografts. Am J

Sports Med. 2003;31(1):2-11.

11. Goldblatt JP, Fitzsimmons SE, Balk E, Richmond JC. Reconstruction

of the anterior cruciate ligament: meta-analysis of patellar tendon

versus hamstring tendon autograft. Arthroscopy. 2005;21(7):791-803.

12. Holm I, Oiestad BE, Risberg MA, Gunderson R, Aune AK. No differ-

ences in prevalence of osteoarthritis or function after open versus

endoscopic technique for anterior cruciate ligament reconstruction:

12-year follow-up report of a randomized controlled trial. Am J

Sports Med. 2012;40(11):2492-2498.

13. Irrgang JJ, Anderson AF, Boland AL, et al. Development and valida-

tion of the International Knee Documentation Committee Subjective

Knee Form. Am J Sports Med. 2001;29(5):600-613.

14. Jones D, Kazis L, Lee A, et al. Health status assessments using the

Veterans SF-12 and SF-36: methods for evaluating outcomes in the

Veterans Health Administration. J Ambulatory Care Management.

2001;24(3):68-86.

AJSM Vol. 44, No. 1, 2016 Hamstring vs Patellar Tendon ACLR 89



15. Kazis LE, Selim A, Rogers W, Ren XS, Lee A, Miller DR. Dissemina-

tion of methods and results from the Veterans Health Study: final

comments and implications for future monitoring strategies within

and outside the veterans health care system. J Ambulatory Care

Management. 2006;29(4):310-319.

16. Kellgren J, Lawrence J. Radiological assessment of osteo-arthrosis.

Ann Rheum Dis. 1957;16(4):494-502.

17. Leys T, Salmon LJ, Waller A, Linklater J, Pinczewski LA. Clinical

results and risk factors for reinjury 15 years after anterior cruciate lig-

ament reconstruction: A prospective study of hamstring and patellar

tendon grafts. Am J Sports Med. 2012;40(3):595-605.

18. Lidén M, Ejerhed L, Sernert N, Laxdal G, Kartus J. Patellar tendon or

semitendinosus tendon autografts for anterior cruciate ligament

reconstruction: a prospective, randomized study with a 7-year

follow-up. Am J Sports Med. 2007;35(5):740-748.

19. Mohtadi NG, Chan DS, Dainty KN, Whelan DB. Patellar tendon ver-

sus hamstring tendon autograft for anterior cruciate ligament rupture

in adults. Cochrane Database Syst Rev. 2011;9:CD005960.

20. Noyes FR, Barber SD, Mooar LA. A rationale for assessing sports

activity levels and limitations in knee disorders. Clin Orthop. 1989;

246:238-249.

21. Noyes FR, McGinniss GH, Mooar LA. Functional disability in the

anterior cruciate insufficient knee syndrome: review of knee rating

systems and projected risk factors in determining treatment. Sports

Med. 1984;1(4):278-302.

22. Noyes FR, Stabler CL. A system for grading articular cartilage lesions

at arthroscopy. Am J Sports Med. 1989;17(4):505-513.

23. Øiestad BE, Engebretsen L, Storheim K, Risberg MA. Knee osteoar-

thritis after anterior cruciate ligament injury: a systematic review. Am

J Sports Med. 2009;37(7):1434-1443.

24. O’Neill D. Arthroscopically assisted reconstruction of the anterior

cruciate ligament: a follow-up report. J Bone Joint Surg Am.

2001;83(9):1329-1332.

25. Prodromos CC, Joyce BT, Shi K, Keller BL. A meta-analysis of stabil-

ity after anterior cruciate ligament reconstruction as a function of

hamstring versus patellar tendon graft and fixation type. Arthroscopy.

2005;21(10):1202.

26. Sachs RA, Daniel DM, Stone ML, Garfein RF. Patellofemoral prob-

lems after anterior cruciate ligament reconstruction. Am J Sports

Med. 1989;17(6):760-765.

27. Sajovic M, Strahovnik A, Dernovsek MZ, Skaza K. Quality of life and

clinical outcome comparison of semitendinosus and gracilis tendon

versus patellar tendon autografts for anterior cruciate ligament

reconstruction: an 11-year follow-up of a randomized controlled trial.

Am J Sports Med. 2011;39(10):2161-2169.

28. Shelbourne KD, Gray T. Minimum 10-year results after anterior

cruciate ligament reconstruction: how the loss of normal knee

motion compounds other factors related to the development

of osteoarthritis after surgery. Am J Sports Med. 2009;37(3):471-

480.

29. Shelbourne KD, Urch SE, Gray T, Freeman H. Loss of normal knee

motion after anterior cruciate ligament reconstruction is associated

with radiographic arthritic changes after surgery. Am J Sports Med.

2012;40(1):108-113.

30. Spindler KP, Kuhn JE, Freedman KB, Matthews CE, Dittus RS,

Harrell FEJ. Anterior cruciate ligament reconstruction autograft

choice: bone-tendon-bone versus hamstring: does it really mat-

ter? A systematic review. Am J Sports Med. 2004;32(8):1986-

1995.

31. Wipfler B, Donner S, Zechmann CM, Springer J, Siebold R, Paessler

HH. Anterior cruciate ligament reconstruction using patellar tendon

versus hamstring tendon: a prospective comparative study with

9-year follow-up. Arthroscopy. 2011;27(5):653-665.

32. Yunes M, Richmond JC, Engels EA, Pinczewski LA. Patellar versus

hamstring tendons in anterior cruciate ligament reconstruction:

a meta-analysis. Arthroscopy. 2001;17(3):248-257.

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

90 Webster 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


