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Background: Knee osteoarthritis after anterior cruciate ligament (ACL) injury has previously been reported. However, there has
been no meta-analysis reporting the development and progression of osteoarthritis.

Purpose: We present the first meta-analysis reporting on the development and progression of osteoarthritis after ACL injury at
a minimum mean follow-up of 10 years, using a single and widely accepted radiologic classification, the Kellgren & Lawrence
classification.

Study Design: Meta-analysis.

Method: Articles were included for systematic review if they reported radiologic findings of ACL-injured knees and controls using
the Kellgren & Lawrence classification at a minimum mean follow-up period of 10 years. Appropriate studies were then included
for meta-analysis.

Results: Nine studies were included for systematic review, of which 6 studies were further included for meta-analysis. One hun-
dred twenty-one of 596 (20.3%) ACL-injured knees had moderate or severe radiologic changes (Kellgren & Lawrence grade III or
IV) compared with 23 of 465 (4.9%) uninjured ACL-intact contralateral knees. After ACL injury, irrespective of whether the patients
were treated operatively or nonoperatively, the relative risk (RR) of developing even minimal osteoarthritis was 3.89 (P \ .00001),
while the RR of developing moderate to severe osteoarthritis (grade III and IV) was 3.84 (P \ .0004). Nonoperatively treated ACL-
injured knees had significantly higher RR (RR, 4.98; P \ .00001) of developing any grade of osteoarthritis compared with those
treated with reconstructive surgery (RR, 3.62; P \ .00001). Investigation of progression to moderate or severe osteoarthritis
(grade III or IV only) after 10 years showed that ACL-reconstructed knees had a significantly higher RR (RR, 4.71; P \ .00001)
compared with nonoperative management (RR, 2.41; P = .54). It was not possible to stratify for return to sports among the
patients undergoing ACL reconstruction.

Conclusion: Results support the proposition that ACL injury predisposes knees to osteoarthritis, while ACL reconstruction sur-
gery has a role in reducing the risk of developing degenerative changes at 10 years. However, returning to sports activities after
ligament reconstruction may exacerbate the development of arthritis.
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Anterior cruciate ligament (ACL) injury is the most common
complete ligament injury of the knee. An ACL injury fre-
quently occurs in fit and active patients, especially among
those who engage in sporting pursuits.6,33 Although acute
symptoms of pain and swelling predominate, it is rotational
instability that prevents return to function.46,67 It has been
proposed that ACL reconstruction (ACL-R) surgery prevents
excessive torsional loading of the menisci by restoring rota-
tional stability. Hence, ACL-R protects against subsequent
damage to the menisci and articular cartilage, in turn pre-
venting premature degenerative changes of the knee.53,81
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It is common for ACL-R patients to undergo surgery
with the explicit aim of returning to sports that involve
pivoting and cutting, while patients treated nonoperatively
would be advised regarding sports and activities modifica-
tion.41,68 There is not a large amount of published high-
quality evidence regarding the prevalence of successful
return to, and maintenance of, sporting activities after
ACL-R. The Multicenter Orthopaedic Outcomes Network
(MOON) group has published in this area. They have
reported that approximately 70% of athletes return to
high-level sports after ACL-R, with fear of reinjury and
risk of further damage commonly cited5,36 as reasons for
failure to do so. Maintenance of high-level sporting partic-
ipation is not as encouraging, with the rate of participation
dropping from approximately 70% to 30% by 5 to 4 years
after ACL-R.3,5 The findings of the MOON group have
been echoed in previous studies.14,29 Furthermore, Brophy
et al5 concluded from their multivariate analysis that
advancing age and female sex were significant predictors
of failure to return to sports.

Previous studies have attempted to assess the long-term
risk of knee osteoarthritis after ACL injury with or without
reconstruction surgery.§ A comprehensive review by
Øiestad et al54 in 2009 concluded that the prevalence of
osteoarthritis in knees after an isolated ACL injury was
0% to 13%. When associated with meniscal injuries, this
figure increased to 21% to 48%.54 The group also noted
that 2 different, noninterchangeable radiologic grading
systems were used by previous studies for the assessment
of post–ACL injury osteoarthritis. As such, they concluded
that results from some of these studies could not be com-
bined or compared directly.

The Kellgren & Lawrence classification is a well-
recognized radiologic grading system for assessing

osteoarthritis of the knee.17,25,30 This consists of 5 distinct
grades based on osteophyte formation and evidence of joint
space narrowing, where grades 0, I, II, III, and IV represent
‘‘normal,’’ ‘‘doubtful significance,’’ ‘‘minimal changes,’’ ‘‘mod-
erate changes,’’ and ‘‘severe changes,’’ respectively. A previ-
ous study has demonstrated a strong positive correlation
between Kellgren & Lawrence grading and knee pain.48

The purpose of this study is to conduct a systematic
review and meta-analysis of the published literature asso-
ciated with the radiologic presence or progression of osteo-
arthritis after ACL injury, using the Kellgren & Lawrence
classification system only. The radiologic appearances of
ACL-reconstructed knees are also compared against those
that are nonoperatively treated.

METHODS

A literature review was performed on the electronic data-
bases PubMed, Medline, EMBASE, and AMED from the
inception of the databases until September 31, 2012.
MeSH terms and Boolean operators were used for journal
articles related to ACL and osteoarthritis. This is a similar
method to that used by the systematic review of Øiestad
et al54 in 2009. Figures 1 and 2 demonstrate the search
terms and respective results using PubMed and OvidSP.

All returned articles were assessed against the follow-
ing inclusion criteria:

1. All prospective and retrospective study designs
2. Surgically and nonsurgically treated ACL injuries
3. An ACL injury in isolation or in combination with

meniscal and/or medial collateral ligament injury
4. Minimum mean 10-year follow-up
5. Radiologic assessment of ipsilateral knee after acute

injury or contralateral knee at final follow-up, using
Kellgren & Lawrence classification

6. Studies reported in English language

Search Terms Results
Anterior cruciate 
ligament [MeSH] 8894
Knee joint [MeSH] 39371
Ligaments, articular 
[MeSH] 22902
Knee joint OR 
Ligaments, articular 72587
Knee injuries [MeSH] 14679
Osteoarthritis, knee 
[MeSH] 8769
Osteoarthritis [MeSH] 39324 
Epidemiologic studies 
[MeSH] 1480187
Epidemiology 1537967
2 OR 7 72318
1 OR 4 OR 5 76770
6 OR 10 72318
8 OR 9 2548320
11 AND 12 AND 13 
(limits: humans, English) 8703

Search Number
1

2
3

4

5
6

7
8

9
10
11
12
13
14

Figure 1. Search strategy and results from PubMed. MeSH,
Medical Subject Headings.
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Figure 2. Search strategy and results from Medline,
EMBASE, and AMED using OvidSP.

§References 12, 24, 27, 31, 38, 41, 42, 50, 70, 73, 74, 78.
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Articles originally included by Øiestad et al were reviewed
and included in this systematic review where they met our
inclusion criteria.|| These articles represent available pub-
lications from the inception of the relevant databases until
August 2008.

All articles were screened and analyzed by 2 of the
authors independently (F.W. and C.S.). Disagreement
regarding inclusion and exclusion of any study was dis-
cussed between the 2 authors, and where required, a third
author (A.A.) made the final decision.

Data Extraction and Statistical Analysis

Relevant data were extracted from all included studies for
descriptive analysis, including patient demographics, asso-
ciated injury, treatment modality for ACL injury, time to
surgery, mean time to final follow-up, and rehabilitation
regimen.

Studies that reported Kellgren & Lawrence grades for
both ACL-injured knees and contralateral uninjured con-
trol knees were included for meta-analysis. The authors
considered that inclusion of nonrandomized controlled tri-
als for this meta-analysis would be appropriate due to the
scarcity of published randomized controlled trials using
a single appropriate radiologic classification system. A sim-
ilar view was expressed previously by Shrier et al,71 who
concluded that a meta-analysis using both observational
studies and randomized controlled trials could be
advantageous.

The meta-analysis was conducted using Review Man-
ager 5 (RevMan),7 a software package developed by The
Cochrane Collaboration. This package summarized data
to create appropriate forest plots for graphical presenta-
tion. A random effect model was used to reduce bias from
the potential systematic errors of the included studies,
and an inverse variance method was used for the weight-
ing of each study. Homogeneity across the studies was
assessed and represented by I2, with P \ .10 being statis-
tically significant.

RESULTS

Figure 3 demonstrates the results from the search strategy
and the application of the PRISMA flow diagram.44 A total
of 8841 studies were identified using the search strategy
from the inception of the databases until September
2012, of which 2703 studies were published between
August 2008 and September 2012 inclusive. Removing all
duplicates and application of our inclusion criteria resulted
in 12 studies that were eligible for analysis.{

Four studies used the same cohort of patients. There-
fore, only the article with the largest number of patients
was included. A further study with pair-matched subjects
reported the mean follow-up of less than 10 years in one
of the treatment arms35; this individual group of patients

was excluded from analysis. As a result, a total of 9 studies
were included in this systematic review,# and these articles
are summarized in Table 1.

Descriptive Analysis

Patient Demographics. A total of 615 subjects were
derived from 9 studies that fulfilled the inclusion crite-
ria. This represented 422 male and 222 female subjects
in total, with a range of mean ages from 22.3 to 41.0
years.

ACL and Associated Injuries. All 615 patients had their
ACL injury diagnosed clinically, radiologically, arthro-
scopically, or by a combination of these 3 methods. Two
hundred forty-eight patients were reported to have unin-
jured menisci, compared with 288 patients with injured
menisci. For 98 patients from 2 studies, the articles did
not have any comment on the status of the meniscus at
the time of injury or during subsequent follow-up.35,76

Treatment of ACL Rupture. A total of 520 ACL-Rs were
performed. The reported mean time from injury to recon-
struction ranged from 0.5 to 31.1 months. Four hundred
sixty-three (89.0%) ACL-Rs were performed using bone-
patellar tendon-bone (BTB) grafts, and 29 (5.6%) ACL-Rs
used hamstring (HS) tendon grafts. The remaining group
of 28 (5.4%) patients was a mixture of both BTB and HS
grafts, with the exact number being undisclosed by the
authors. Of these 463 cases of BTB grafts, 444 (95.9%)
used autograft, with the remaining 19 (4.1%) using allo-
graft. All HS grafts were autografts.

Of the 95 patients who did not receive ACL-R, 25 (26.3%)
received physiotherapy for HS- and quadriceps-strengthen-
ing exercises for a minimum period of 3 months. The
remaining 70 (73.7%) patients received instruction on activ-
ity modification as well as lower extremity–strengthening
exercises.

Radiologic Outcome. At the time of final follow-up, 613
of the 615 patients had radiologic assessment. The radio-
logic grades as described by the Kellgren & Lawrence clas-
sification system were available for 596 (97%) patients
(Table 2).

Four hundred sixty-five (78.0%) of these 596 patients
also underwent radiologic assessment of their contralat-
eral ACL intact uninjured knee for use as a con-
trol.20,41,55,68,76,79 The remaining 131 (22.0%) patients
had the acute postinjury radiographs of their ACL-injured
knees used as controls.69,75 This demonstrated develop-
ment and progression of osteoarthritis of the ipsilateral
knee between index injury and final follow-up. However,
as these controls did not take into account osteoarthritis
developing as a natural process over time, these 131 knees
were hence excluded from our statistical analysis.

Nineteen patients from one treatment arm in the study
by Mascarenhas et al35 fulfilled a mean follow-up period of
10 years and were included from this systematic review.
Seventeen of these patients had radiologic grades at the
final follow-up, with a mean follow-up period of 10.3 6|| References 2, 8, 9, 11, 15, 16, 19, 26, 28, 32, 34, 37, 42, 43, 45, 47,

49, 51-53, 60, 63, 64, 66, 68, 69, 73, 79, 82-84.

{References 20, 21, 35, 41, 55-57, 68, 69, 75, 76, 79. #References 20, 35, 41, 56, 68, 69, 75, 76, 79.
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2.7 years. However, results were reported as the difference
in Kellgren & Lawrence grades between the injured and
uninjured knee. The actual assigned radiologic grades for
each knee were not disclosed. This rendered it impossible
to evaluate the proportion of each radiologic grade, so these
19 knees were hence excluded from our statistical analysis.

At the time of final follow-up, 202 of 596 knees (33.9%)
with ACL injury demonstrated grade I radiologic changes,
and 188 of 596 knees (31.5%) showed grade II changes.
Only 14.3% of these knees were classified as grade 0, com-
pared with 52.5% in the ACL-intact contralateral control
group.

When grouped into minimal (grades 0, I, and II) versus
moderate and severe (grades III and IV) radiologic
changes, 475 of 596 knees (79.7%) with ACL injury had
minimal changes regardless of treatment. Four hundred
forty-two of 465 knees (95.1%) from the control group
showed similar minimal radiologic changes. Thus ‘‘moder-
ate’’ or ‘‘severe’’ radiologic changes account for 20.3% (121

knees) of the ACL injury group, compared with 4.9% (23
knees) of the control group. This represents a 4-fold
increased risk of developing radiologic changes of moderate
to severe osteoarthritis after ACL injury.

One hundred fifteen (115) of the 501 knees (23.0%) that
underwent reconstruction (with or without a simultaneous
meniscal procedure) had moderate or severe changes, com-
pared with the 23 knees (4.9%) in the control group. Six-
teen of the 101 (15.9%) ACL-reconstructed knees without
meniscal injury demonstrated moderate or severe radio-
logic changes. Although radiologic osteoarthritic progres-
sion is less prevalent than in the group including
meniscal injury, it is 3 times greater than the control group
(15.9% vs 4.9%).

Three studies reported that 73 of 151 knees (48.3%) that
received ACL-R within a mean time of 0.5 to 6.0 months
from the initial injury had grade 0 or I radiologic changes
after a minimum 10-year follow-up.20,41,75 A further 3 studies
reported that 187 of the 296 knees (63.2%) that had

Figure 3. PRISMA flow diagram of the search strategy. ICRS, International Cartilage Repair Society; IKDC, International Knee
Documentation Committee; ORS, Osteoarthritis Research Society.
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TABLE 1
Summary of Included Studiesa

Authors Study Type

No. of

Subjects

Description of

Subjects

Additional Injuries and/or

Reinjury at Follow-up

Mean

Follow-up,

(Range), y

Initial

Treatment

of ACL

Return

to Sports

No. of

Radiologically

Assessed

Classifi-

cation

Radiologic

Findings

Struewer

et al 201275

Retrospective/

case series

73 Median age = 43 y (range,

24-63 y); 46 men, 27

women; isolated ACL

injury at presentation

without significant

articular surface damage,

meniscus lesions,

osteoarthritic lesion (K/L

grade I or higher) or

concomitant MCL repair

Excluded from study 13.5 Isolated ACL-R

using BTB graft

within 2-3 wk

of injury

High-demand,

pivoting

activities

allowed after

6-9 mo

73 K/L Initial K/L = 100%

grade 0;

2-y K/L = 17.5% grade 0,

46.8% grade I, 23.0%

grade II, 11.9% grade III,

0.8% grade IV;

13.5-y = 4.1% grade 0,

41.1% grade I, 32.9%

grade II, 16.4% grade III,

5.5% grade IV

Hoffelner

et al 201220

Retrospective/

case series

28 Skiers: 6 males, 6 female;

mean age = 21.9 6 8.7 y

at surgery;

Soccer players: 15 males,

1 female, mean age = 22.6

6 9.0 y at surgery

Excluded from study 9.6 (skiers);

10.15 (soccer

players);

10 (overall)

Isolated ACL-R

using BTB graft

or double-looped

single-bundle

hamstring and

gracilis graft

All athletes

returned to

previous sports

competitively

after 8 mo

28 K/L Uninjured knee K/L =

14% grade I;

Injured knee K/L = 18%

grade I, 4% grade II

Øiestad

et al 201156

Cross-sectional

study

210 90 females, 120 males;

mean age = 39.1 6 8.7 y

at follow-up; isolated ACL

or in combination with

meniscus injury and/or

chrondral lesion and/or

MCL injury, with

uninjured contralateral

knee

Isolated ACL injury in 82

patients, medial meniscus

injury in 39 patients,

lateral meniscus injury in

19 patients, medial and

lateral meniscus injury in

26 patients, meniscus and

MCL in 5 patients,

meniscus and MCL and

chondral lesion in 3

patients, meniscus and

chondral lesion in 29

patients, chondral lesion

only in 7 patients

13.7 6 4.4 ACL-R using BTB

graft (n = 181)

and hamstring

tendon autograft

(n = 29); 137

partial meniscal

resections and

13 meniscal

sutures performed

Allowed to

return to full

sports

participation

after 6 mo if

full range of

movement, no

effusion, and

good knee

stability and

strength

210 K/L Uninjured knee K/L =

54% grade 0, 21% grade I,

19% grade II, 5% grade

III, 1% grade IV;

Injured knee K/L = 9%

grade 0, 20% grade I, 47%

grade II, 19% grade III,

5% grade IV

Sutherland

et al 201076

Retrospective/

case series

79 63 males, 16 females;

mean age = 41 y (22-77 y)

at review; unilateral

ACL-R in the absence any

identifiable injury in the

contralateral knee

N/A 10 (8-15) ACL-R using

BTB graft

N/A 79 K/L Uninjured knee K/L =

73/79 grade 0 or I, 6/79

grade II or III;

Injured knee K/L =

43/79 grade 0 or I, 36

grade II or III

Mascarenhas

et al 201035

Case-control

study

38 19 matched pairs

previously participated in

strenuous or very

strenuous sporting

activities 4-7 times per

week; 36.8% female,

63.2% male; mean age =

27.86 6 8.06 y (autograft),

28.11 6 9.13 y (allograft);

unilateral knee injury,

without prior ipsilateral

stablization procedure or

PCL insufficiency or

grade III medial/lateral/

posterolateral instability

or previous revision ACL

surgery

Associated lateral

meniscus injury = 7

(autograft) and 11

(allograft); Associated

medial meniscus injury =

9 (autograft) and 12

(allograft); Associated

MCL injury = 1

(autograft) and

0 (allograft); chondral

injury = 6 (autograft) and

10 (allograft)

9.14 6 2.74

(autograft);

10.34 6 2.64

(allograft)

ACL-R using

harvested patellar

autograft tendon

with distal bone

plug (n = 19)

and fresh-frozen

patellar allograft

tendon with distal

bone plug (n = 19);

Concomitant

procedures: n = 8

(autograft) and

12 (allograft);

Subsequent surgery:

n = 5 (autograft)

and 3 (allograft)

Unrestricted

return to sport

or activities

after 6 mo if

full range of

movement, no

effusion, and

muscle

strength of at

least 90%

compared with

uninjured side

34

(17 autograft,

17 allograft)

K/L Autograft: 9/17 grade I

side-to-side difference in

�2 compartments or

grade II in �1

compartments, 8/17 grade

0 side-to-side difference in

all compartments or

grade I side-to-side

difference in only 1

compartment;

Allograft: 9/17 grade I

side-to-side difference in

�2 compartments or

grade II in �1

compartments, 8/17 grade

0 side-to-side difference in

all compartments or

grade I side-to-side

difference in only 1

compartment

Meuffels

et al 200941

Case-control

study

50 19 male matched pairs,

6 female matched pairs;

mean age = 37.6 6 6.2 y

(operative) and 37.8 6

6.8 y (nonoperative); ACL

injury confirmed on MRI

or arthroscopically, with

no previous intra- or

extra-articular knee

ligament reconstruction

Operative (reconstructed)

group: 68% had

menisectomy;

Nonoperative group

(nonreconstructed): 80%

had menisectomy

10 Patients had

minimum 3 mo

of a physical

therapist–led

rehabilitation

program; patients

to decide on either

nonpivoting

activity lifestyle

(nonoperative) or

ACL-R (operative)

Operative:

return to sports

after 6 mo;

nonoperative:

nonpivoting

activity-

lifestyle

modification

advised

50 K/L Operative group: grade

0 = 4%, grade I = 9, grade

II = 9, grade III = 3, grade

IV = 0;

Nonoperative group:

grade 0 = 8, grade I = 10,

grade II = 4, grade III = 3,

grade IV = 0

van der Hart

et al 200879

Retrospective/

case series

28 17 males, 11 females;

mean age at surgery =

30.5 y (range, 16-42 y);

instability secondary to

ACL rupture confirmed

by clinical examination;

exclusion: contralateral

knee ligament surgery/

ipsilateral revision

surgery/PCL or PCL

injury/abnormal

radiography of knee

before reconstruction or

subsequent total knee

arthroplasty

13 medial meniscal

injury, 7 medial and

lateral meniscal injury;

chondral injury: grade II

= 1, grade III = 1, grade

IV = 2; 3 lateral meniscal

suturing, 1 medial

meniscal suturing

10.3 (10-11) Diagnostic

arthroscopy 6

meniscectomy or

meniscal suturing,

followed by planned

ACL-R at 34 mo

(range, 14-186 mo)

from injury using

BTB autograft

Return to

competitive

sport involving

jumping,

pivoting, or

side stepping

after formal

clinical

evaluation at 6-

9 mo

28 K/L Uninjured knee K/L =

71% grade 0, 26% grade I,

3% grade II, 0% grade III,

0% grade IV;

Injured knee K/L = 10%

grade 0, 45% grade I, 29%

grade II, 10% grade III,

6% grade IV

(continued)
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reconstruction surgery at a mean time of 24.8 to 34.0 months
after the index injury demonstrated grade II, III, or IV
changes.55,69,79 No studies reported a mean time to ACL-R
surgery between 6.0 to 24.8 months from the index injury.

Meta-analysis

Of the 9 studies identified for systematic review, 3
were excluded from our meta-analysis. The study by
Mascarenhas et al35 reported the results of the differences
in Kellgren & Lawrence grades instead of the actual score.
Struewer et al75 and Seon et al69 used index radiologic
appearance of the ACL-injured knee as a control and
were hence also excluded.

A total of 6 studies were therefore suitable for meta-
analysis.20,41,56,68,76,79 They all reported Kellgren & Lawrence
radiologic grades for knees after ACL injury using the

opposite ACL-intact uninjured knee as a control, with a mean
follow-up period of 10 years. Of these, 4 studies compared
knees that underwent ACL-R against those ACL-intact knees
without injury, 1 study looked at both ACL-R and nonopera-
tively treated ACL injury compared with the ACL-intact
uninjured knee, and 1 study reported only ACL injuries trea-
ted with nonoperative management. There were insufficient
data to perform a meta-analysis on ACL-R knees with con-
firmed uninjured menisci as a subgroup.

The relative risk (RR) of developing osteoarthritis (Kellg-
ren & Lawrence grade II or greater), after an ACL injury,
is 3.89 (range, 2.72-5.57; P \ .00001) when compared with
the contralateral uninjured control (Figure 4). This includes
all ACL injuries with or without meniscal injury, whether
treated by reconstructive surgery or nonoperatively.

After ACL-R in knees with or without meniscal injury,
the RR of developing osteoarthritis is 3.62 (range, 2.40-

TABLE 1
(continued)

Authors Study Type

No. of

Subjects

Description of

Subjects

Additional Injuries and/or

Reinjury at Follow-up

Mean

Follow-up,

(Range), y

Initial

Treatment

of ACL

Return

to Sports

No. of

Radiologically

Assessed

Classifi-

cation

Radiologic

Findings

Seon

et al 200669

Retrospective/

case series

58 55 males, 3 females;

mean age at surgery =

30.4 y (range, 18-58 y);

arthroscopically

confirmed and

reconstructed ACL

ligament with/without

concomitant meniscal

procedure, with

subsequent ligamentous

surgery in any form

20 medial meniscectomy,

7 lateral meniscectomy,

6 medial and lateral

meniscectomy

11.2 (8.6-13.8) Arthroscopically

assisted ACL-R

using harvested

BTB autograft with

or without

concomitant

meniscal or chondral

procedures, 31.1 mo

(range, 0.5-180 mo)

after injury

Low-impact

sports allowed

at 3 mo

58 K/L Injured knee K/L =

(presurgical) 2/58 grade

II; (final follow-up) 20/58

grade II, 5/58 grade III

Segawa

et al 200168

Retrospective/

case series

70 28 males, 42 females;

mean age at injury =

22.8 y (range,

12-50 y); isolated ACL

deficiency with .5 y

history, diagnosed on

arthroscopy, declined

ACLR or age .40 y, and

without associated

patellofemoral instability

38/65 medial meniscal

tear, 22/65 lateral

meniscal tear, 5/65

medial and lateral

meniscal tear; 55/65 with

arthroscopic partial

meniscectomy

11.6 (5-27) Nonoperative

treatment with

modification of

athletic activity

Advised nature

of the injury,

the need of

modification of

athletic

activity, and

the importance

of lower-

extremity

exercise

70 K/L Injured knee K/L = 26/65

grade 0, 18/65 grade I,

23/65 grade II, 3/65

grade III;

Uninjured knee K/L = 50/

65 grade 0, 14/65 grade I,

2/65 grade II, 4/65 grade

III

aACL, anterior cruciate ligament; ACL-R, ACL reconstruction; BTB, bone–patellar tendon–bone; K/L, Kellgren & Lawrence classification; MCL, medial cru-

ciate ligament; MRI, magnetic resonance imaging; OA, osteoarthritis; PCL, posterior cruciate ligament.

TABLE 2
Number and Percentage of Knees With Anterior Cruciate Ligament Injury

According to the Reported Kellgren & Lawrence Classification From the Included Studies

Kellgren & Lawrence Grade

Studies 0 I II III IV

Struewer et al 201275 3 30 24 12 4
Hoffelner et al 201220 22 5 1 0 0
Øiestad et al 201156 19 42 99 40 10
Sutherland et al 201076 43 36
Meuffels et al 200941 12 19 13 6 0
van der Hart et al 200879 3 12 8 3 2
Seon et al 200669 33 20 5 0
Segawa et al 200168 26 18 23 3 0

Number of knees 85 202 188 105 16
Percentage of knees 14.3 33.9 31.5 17.6 2.7
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5.47; P \ .00001) when compared with the uninjured con-
trol group at follow-up (Figure 5), whereas nonoperatively
managed knees have an RR of 4.98 (range, 2.45-10.15; P \
.00001; Figure 6).

With regard to the severity of osteoarthritis, the RR of
developing moderate or severe (Kellgren & Lawrence
grade III or IV) radiologic changes after an ACL injury is
3.84 (range, 1.84-8.01; P \ .0004) when compared with
the controls at a mean follow-up period of 10 years. The
RR of developing the same progression of radiologic changes
with ACL-R knees is 4.71 (range, 2.98-7.45; P \ .00001).
There is no significant difference in such risk between non-
operatively managed ACL-injured knees compared with the
control group, with an RR of 2.41 (0.15-39.29; P = .54). The
I2 index of homogeneity ranged from 0% to 44%, with
P . .10, in 5 of 6 meta-analyses, confirming that the outcomes
reported within the included studies were homogeneous.

DISCUSSION

The purpose of this study was to perform a systematic
review and meta-analysis of the published peer review lit-
erature assessing ACL injury and its association with the
onset of radiologically defined osteoarthritis after a mini-
mum mean follow-up of 10 years.

In our final data set consisting of 644 patients, there were
422 males and 222 females. An ACL rupture is more common
among female patients within the general population due to
several factors, including femoral structure,59,80 increased
quadriceps angle,77 increased posterior tibial slope,72 and
genetic predisposition.61,62 After searching the literature,
we found that most outcome studies on ACL-R have heavily
male-dominated sample groups. One of the largest studies
was based on data from the Swedish National Ligament
Register between 2005 and 2010. Examining almost
18,000 primary ACL reconstructions, this study showed
that 57.5% were performed on male patients and 42.5%
on female patients.1 Janssen et al23 also reported similar
findings from the data compiled by the Australian Insti-
tute of Health and Welfare. They suggested that while
females are at higher risk of sustaining ACL injuries com-
pared with males participating in the same sport, there is
a larger number of males who participate in high-risk
sports compared with females, leading to participation
bias. The study by Segawa et al68 was the only one
included in our work that had more females than males
(42 vs 28) and examined nonoperatively treated ACL rup-
tures (this trend was not generally found in the literature,
however). The fact that the samples of the included stud-
ies are not representative of the population may be con-
sidered a limitation of this study.

Figure 4. Forest plot of anterior cruciate ligament–injured knees versus contralateral knees (control) in developing osteoarthritis.
Relative risk = 3.89 (P \ .00001), with heterogeneity of 25% (P = .25).

Figure 5. Forest plot of anterior cruciate ligament–reconstructed knees versus contralateral knees (control) in developing oste-
oarthritis. Relative risk = 3.62 (P \ .00001), with heterogeneity of 17% (P = .31).
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Despite this, our results demonstrate that after an ACL
injury, with or without associated meniscal injury, grade
III or IV radiologic changes are nearly 5 times more likely
than in the contralateral knees without history of an ACL
injury. After ACL injury, regardless of the mode of man-
agement, our meta-analysis demonstrates an RR of 3.89
for developing any osteoarthritis and an RR of 3.84 for
developing moderate or severe (grade III or IV) radiologic
changes at a mean of 10 years of follow-up. After ACL-R,
the RR was 3.62 for developing any osteoarthritis and
4.71 for moderate or severe (grade III or IV) radiologic
changes, implying that if any osteoarthritic changes occur
after ACL-R, they are likely to be moderate or severe as
opposed to mild. Nonoperatively treated ACL-injured
knees have a higher RR of developing grade II or greater
radiologic changes (RR = 4.98) by 10 years, indicating
that ACL-R surgery has a role in reducing the risk of devel-
oping osteoarthritis after ACL-R.

Previous studies and review articles have demonstrated
the relationships between ACL injury and osteoarthri-
tis.24,75,76 However, no previous meta-analyses or system-
atic reviews have attempted to quantify the severity of
radiologic changes in knees with ACL injury, owing to
the wide range of established classification systems used
by various authors. This fact was also acknowledged by
Øiestad et al54 in their comprehensive review article in
2009. Our decision to include only studies reporting results
using the Kellgren & Lawrence grading system, a recog-
nized and validated radiologic classification system for
osteoarthritis,17,25,30 has allowed for the first meta-
analysis as well as a descriptive analysis.

The Kellgren & Lawrence classification was chosen
because of its well-documented validity in assessing plain
radiographs of the joint for the diagnosis of osteoarthritis
and related symptoms.48 Other classification systems
include the International Knee Documentation Committee
(IKDC) radiologic assessment and the Ahlbäck classifica-
tion, used by 18 and 12 studies, respectively (as identified
by our literature review strategy).

However, the radiologic grading of the IKDC system is
defined as the lowest grade (A to D, representing changes
from none, mild, moderate, to severe, respectively)
observed from a total of 5 components on plain radio-
graphs: anterior, posterior, medial, and lateral joint
spaces, as well as the patellofermoral joint.18,22,40 Conse-
quently, the IKDC system can result in overreporting of

the severity of osteoarthritis.4 Furthermore, it has been
suggested that the Ahlbäck classification system has
a poor inter- and intraobserver agreement.13

Our results support the proposition that ACL-R has
a role to play in preventing the development of post–ACL
injury osteoarthritis. The principle of ACL-R is to restrain
anterior tibial translation and restore rotational stability
as would be expected for a functional ACL,10,85 thus pre-
venting excessive torsional force acting on the menisci
and articular cartilages. The ACL-deficient knees that
were nonoperatively treated were therefore expected to
develop osteoarthritis more rapidly. It is therefore surpris-
ing to find that ACL-reconstructed knees tended toward
a higher proportion of moderate and severe osteoarthritic
changes (grades III and IV; RR = 4.71, P \ .00001) when
compared with ACL-injured knees managed nonopera-
tively (RR = 2.41, P = .54).

One explanation for this was that the heterogeneity of
the included studies for nonoperative treatment was statis-
tically significant (I2 = 67%, P = .08). An alternative expla-
nation is differing patient expectations and activity
modification between the ACL-R and nonoperatively trea-
ted groups. For ACL injuries that were managed nonoper-
atively, Segawa et al68 and Meuffels et al41 advised their
patients on the importance of activity modification. Con-
versely, ACL-R patients would frequently undergo surgery
with the explicit aim of returning to sport, which often
would include pivoting and cutting. Although some of these
patients would invariably report at their final follow-up
that they had failed to return to sport or had to adopt activ-
ity modification after ACL-R, most patients remained very
active after postoperative rehabilitation.20,35,69,75,79 Four
studies included within our meta-analysis reported that
patients were ‘‘allowed’’ to return to sports20,41,56,68,76,79;
however, they do not report the numbers of patients actu-
ally achieving this goal, and as such, it is not possible to
ascertain whether return to sport accelerates or protects
against osteoarthritis progression within the ACL-R group.
The increased relative risks in the ACL-R group for devel-
oping grade III or IV changes may be explained by this
group’s return to sports and further secondary injury to
the joint or may be a consequence of their reconstructive
surgery and nonnative ACL biomechanics.

As such, the observed difference in relative risks would
suggest the importance of patient- and injury-specific reha-
bilitation regimens and expectation management after

Figure 6. Forest plot of nonoperatively managed anterior cruciate ligament–injured knees versus contralateral knees (control) in
developing osteoarthritis. Relative risk = 4.98 (P \ .00001), with heterogeneity of 0% (P = .61).

8 Ajuied et al The American Journal of Sports Medicine



ACL injury and that there is still a role for nonoperative
treatment.

We acknowledged there are limitations in this systematic
review and meta-analysis. There were variations in surgical
technique, tunnel placement, and rehabilitation across the
patient groups assessed. Limiting inclusion to those studies
using a single radiologic classification system would have
excluded high-quality published literature that adopted
other forms of radiologic assessment. However, as the aim
of this study has been to perform a meta-analysis on the
progression and the severity of osteoarthritis, we believe
that the methodology of using a single, validated, and
well-recognized radiologic grading system provides the
best means of addressing the research question. In addition,
the rationale to include non–randomized controlled trials
for the meta-analysis was previously presented by other
researchers,71 and although the authors acknowledge there
would be potential systematic error and contributing bias,
there are great potential benefits to this approach.

We note also the preponderance of BTB graft use within
the studies, which may not be representative of current
contemporary practice. Overtightening of the BTB graft
has been implicated in the premature onset of knee osteo-
arthritis after ACL-R and as such represents a possible
confounder.60

We were unable to ascertain the number of patients who
were able to return to sporting activities after ACL-R. The
origins of post–ACL-R knee osteoarthritis remain unclear;
however, participation in cutting and twisting sports, with
repeated secondary injury, may play a role.

It is likely that other intra-articular injury, such as
meniscal tears or chondral damage, will have acted as con-
founders. Previous studies have suggested that intact
menisci are critical in the protection of the articular carti-
lage.39,58,65 Based on the available literature, it is not pos-
sible to stratify for these differing groups within our study.

We believe that the adoption of soft-tissue sports inju-
ries databases, for the prospective collection of data, will
allow future researchers to stratify patients based on the
degree and location of intra-articular derangement and
limb alignment. This will allow for the correlation of differ-
ent patterns of joint derangement (meniscal injury, chon-
dral injury, etc) with patient outcomes and prognosis.

CONCLUSION

After an ACL injury, the RR for developing any osteoar-
thritis (Kellgren & Lawrence grades II, III, and IV) at
a mean of 10 years is 3.89, while the RR for developing
moderate or severe (grades III and IV) radiologic changes
is 3.84.

Returning to pivoting and cutting sports after ACL-R
may lead to an increased risk of developing moderate or
severe radiologic changes, with a relative risk of 4.71,
when compared with nonoperatively managed knees for
which patients were advised activity modification. There
is also an argument that returning to sport signifies good
surgical outcome, and patients who do not achieve this
goal after ACL-R have a poorer outcome and may be given

an increased risk of osteoarthritis progression due to
abnormal biomechanical forces. There are no data at pres-
ent to link returning to sports after ACL-R and the devel-
opment of osteoarthritis.

The wide adoption of the soft-tissue knee databases
with prospective data collection will facilitate future stud-
ies and allow stratification of patients based on the pres-
ence of internal joint derangement (meniscal deficit,
chondral injury, etc) and limb alignment. This would
remove this significant confounder and allow for separate
analysis of these arthritic high-risk groups.

There should also be an emphasis on the use of a single
validated radiologic grading system when assessing evi-
dence of osteoarthritis at follow-up.

REFERENCES

1. Ahlden M, Samuelsson K, Sernert N, Forssblad M, Karlsson J, Kartus

J. The Swedish National Anterior Cruciate Ligament Register: a report

on baseline variables and outcomes of surgery for almost 18,000

patients. Am J Sports Med. 2012;40(10):2230-2235.

2. Ait Si Selmi T, Fithian D, Neyret P. The evolution of osteoarthritis in

103 patients with ACL reconstruction at 17 years follow-up. Knee.

2006;13(5):353-358.

3. Ardern CL, Webster KE, Taylor NF, Feller JA. Return to the preinjury

level of competitive sport after anterior cruciate ligament reconstruc-

tion surgery: two-thirds of patients have not returned by 12 months

after surgery. Am J Sports Med. 2011;39(3):538-543.

4. Beard DJ, Knezevic K, Al-Ali S, Dawson J, Price AJ. The use of out-

come measures relating to the knee. Orthop Trauma. 2010;24(4):309-

316.

5. Brophy RH, Schmitz L, Wright RW, et al. Return to play and future

ACL injury risk after ACL reconstruction in soccer athletes from the

Multicenter Orthopaedic Outcomes Network (MOON) group. Am J

Sports Med. 2012;40(11):2517-2522.

6. Clayton RA, Court-Brown CM. The epidemiology of musculoskeletal

tendinous and ligamentous injuries. Injury. 2008;39(12):1338-1344.

7. Cochrane Collaboration. Review Manager (RevMan) [computer pro-

gram]. Version 5.2. Copenhagen: The Cochrane Collaboration; 2012.

8. Cohen M, Amaro JT, Ejnisman B, et al. Anterior cruciate ligament

reconstruction after 10 to 15 years: association between meniscec-

tomy and osteoarthrosis. Arthroscopy. 2007;23(6):629-634.

9. Drogset JO, Grontvedt T, Robak OR, Molster A, Viset AT, Engebret-

sen L. A sixteen-year follow-up of three operative techniques for the

treatment of acute ruptures of the anterior cruciate ligament. J Bone

Joint Surg Am. 2006;88(5):944-952.

10. Duthon VB, Barea C, Abrassart S, Fasel JH, Fritschy D, Menetrey J.

Anatomy of the anterior cruciate ligament. Knee Surg Sports Trauma-

tol Arthrosc. 2006;14(3):204-213.

11. Fink C, Hoser C, Hackl W, Navarro RA, Benedetto KP. Long-term

outcome of operative or nonoperative treatment of anterior cruciate

ligament rupture: is sports activity a determining variable? Int J

Sports Med. 2001;22(4):304-309.

12. Frobell RB, Roos EM, Roos HP, Ranstam J, Lohmander LS. A ran-

domized trial of treatment for acute anterior cruciate ligament tears.

N Engl J Med. 2010;363(4):331-342.

13. Galli M, De Santis V, Tafuro L. Reliability of the Ahlback classification

of knee osteoarthritis. Osteoarthritis Cartilage. 2003;11(8):580-584.

14. Gobbi A, Francisco R. Factors affecting return to sports after anterior

cruciate ligament reconstruction with patellar tendon and hamstring

graft: a prospective clinical investigation. Knee Surg Sports Trauma-

tol Arthrosc. 2006;14(10):1021-1028.

15. Hanypsiak BT, Spindler KP, Rothrock CR, et al. Twelve-year follow-

up on anterior cruciate ligament reconstruction: long-term outcomes

of prospectively studied osseous and articular injuries. Am J Sports

Med. 2008;36(4):671-677.

Vol. XX, No. X, XXXX ACL Injury and Knee Osteoarthritis 9



16. Hart AJ, Buscombe J, Malone A, Dowd GS. Assessment of osteoar-

thritis after reconstruction of the anterior cruciate ligament: a study

using single-photon emission computed tomography at ten years.

J Bone Joint Surg Br. 2005;87(11):1483-1487.

17. Hart DJ, Spector TD. The classification and assessment of osteoar-

thritis. Baillière’s Clin Rheumatol. 1995;9(2):407-432.

18. Hefti F, Muller W, Jakob RP, Staubli HU. Evaluation of knee ligament

injuries with the IKDC form. Knee Surg Sports Traumatol Arthrosc.

1993;1(3-4):226-234.

19. Hertel P, Behrend H, Cierpinski T, Musahl V, Widjaja G. ACL reconstruc-

tion using bone-patellar tendon-bone press-fit fixation: 10-year clinical

results. Knee Surg Sports Traumatol Arthrosc. 2005;13(4):248-255.

20. Hoffelner T, Resch H, Moroder P, et al. No increased occurrence of

osteoarthritis after anterior cruciate ligament reconstruction after iso-

lated anterior cruciate ligament injury in athletes. Arthroscopy.

2012;28(4):517-525.

21. Holm I, Øiestad BE, Risberg MA, Aune AK. No difference in knee

function or prevalence of osteoarthritis after reconstruction of the

anterior cruciate ligament with 4-strand hamstring autograft versus

patellar tendon-bone autograft: a randomized study with 10-year fol-

low-up. Am J Sports Med. 2010;38(3):448-454.

22. 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.

23. Janssen KW, Orchard JW, Driscoll TR, van Mechelen W. High inci-

dence and costs for anterior cruciate ligament reconstructions per-

formed in Australia from 2003-2004 to 2007-2008: time for an

anterior cruciate ligament register by Scandinavian model? Scand

J Med Sci Sports. 2012;22(4):495-501.

24. Keays SL, Newcombe PA, Bullock-Saxton JE, Bullock MI, Keays

AC. Factors involved in the development of osteoarthritis after ante-

rior cruciate ligament surgery. Am J Sports Med. 2010;38(3):455-

463.

25. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthro-

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

26. Kessler MA, Behrend H, Henz S, Stutz G, Rukavina A, Kuster MS.

Function, osteoarthritis and activity after ACL-rupture: 11 years fol-

low-up results of conservative versus reconstructive treatment.

Knee Surg Sports Traumatol Arthrosc. 2008;16(5):442-448.

27. Kullmer K, Letsch R, Turowski B. Which factors influence the pro-

gression of degenerative osteoarthritis after ACL surgery? Knee

Surg Sports Traumatol Arthrosc. 1994;2(2):80-84.

28. Lebel B, Hulet C, Galaud B, Burdin G, Locker B, Vielpeau C. Arthro-

scopic reconstruction of the anterior cruciate ligament using bone-

patellar tendon-bone autograft: a minimum 10-year follow-up. Am J

Sports Med. 2008;36(7):1275-1282.

29. Lee DY, Karim SA, Chang HC. Return to sports after anterior cruciate

ligament reconstruction: a review of patients with minimum 5-year

follow-up. Ann Acad Med Singapore. 2008;37(4):273-278.

30. Lethbridge-Cxejku M, Scott WW, Reichle R, et al. Association of radio-

graphic features of osteoarthritis of the knee with knee pain: data

from the Baltimore longitudinal study of aging. Arthritis Rheum.

1995;8(3):182-188.

31. Lohmander LS, Englund PM, Dahl LL, Roos EM. The long-term con-

sequence of anterior cruciate ligament and meniscus injuries: osteo-

arthritis. Am J Sports Med. 2007;35(10):1756-1769.

32. Lohmander LS, Ostenberg A, Englund M, Roos H. High prevalence of

knee osteoarthritis, pain, and functional limitations in female soccer

players twelve years after anterior cruciate ligament injury. Arthritis

Rheum. 2004;50(10):3145-3152.

33. Majewski M, Susanne H, Klaus S. Epidemiology of athletic knee inju-

ries: a 10-year study. Knee. 2006;13(3):184-188.

34. Maletius W, Messner K. Eighteen- to twenty-four-year follow-up after

complete rupture of the anterior cruciate ligament. Am J Sports Med.

1999;27(6):711-717.

35. Mascarenhas R, Tranovich M, Karpie JC, Irrgang JJ, Fu FH, Harner

CD. Patellar tendon anterior cruciate ligament reconstruction in the

high-demand patient: evaluation of autograft versus allograft recon-

struction. Arthroscopy. 2010;26(9 suppl):S58-S66.

36. McCullough KA, Phelps KD, Spindler KP, et al. Return to high school-

and college-level football after anterior cruciate ligament reconstruc-

tion: a Multicenter Orthopaedic Outcomes Network (MOON) cohort

study. Am J Sports Med. 2012;40(11):2523-2529.

37. McDaniel WJ Jr, Dameron TB Jr. The untreated anterior cruciate lig-

ament rupture. Clin Orthop Relat Res. 1983;172:158-163.

38. McDaniel WJ Jr, Dameron TB Jr. Untreated ruptures of the anterior

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

1980;62(5):696-705.

39. McNicholas MJ, Pengas IP, Assiotis A, Nash W, Hatcher J, Banks J.

Total meniscectomy in adolescents: a 40-year follow-up. J Bone

Joint Surg Br. 2012;94(12):1649-1654.

40. Mehta VM, Paxton LW, Fornalski SX, Csintalan RP, Fithian DC. Reli-

ability of the International Knee Documentation Committee radio-

graphic grading system. Am J Sports Med. 2007;35(6):933-935.

41. Meuffels DE, Favejee MM, Vissers MM, Heijboer MP, Reijman M,

Verhaar JA. Ten year follow-up study comparing conservative versus

operative treatment of anterior cruciate ligament ruptures:

a matched-pair analysis of high level athletes. Br J Sports Med.

2009;43(5):347-351.

42. Meunier A, Odensten M, Good L. Long-term results after primary

repair or non-surgical treatment of anterior cruciate ligament rupture:

a randomized study with a 15-year follow-up. Scand J Med Sci

Sports. 2007;17(3):230-237.

43. Meystre JL, Vallotton J, Benvenuti JF. Double semitendinosus ante-

rior cruciate ligament reconstruction: 10-year results. Knee Surg

Sports Traumatol Arthrosc. 1998;6(2):76-81.

44. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items

for systematic reviews and meta-analyses: the PRISMA statement.

BMJ. 2009;339:b2700.

45. Murray AW, Macnicol MF. 10-16 year results of Leeds-Keio anterior

cruciate ligament reconstruction. Knee. 2004;11(1):9-14.

46. Nakamura S, Kobayashi M, Asano T, Arai R, Nakagawa Y, Nakamura

T. Image-matching technique can detect rotational and AP instabil-

ities in chronic ACL-deficient knees. Knee Surg Sports Traumatol

Arthrosc. 2011;19(suppl 1):S69-S76.

47. Nakata K, Shino K, Horibe S, et al. Arthroscopic anterior cruciate lig-

ament reconstruction using fresh-frozen bone plug-free allogeneic

tendons: 10-year follow-up. Arthroscopy. 2008;24(3):285-291.

48. Neogi T, Felson D, Niu J, et al. Association between radiographic fea-

tures of knee osteoarthritis and pain: results from two cohort studies.

BMJ. 2009;339:b2844.

49. Neuman P, Englund M, Kostogiannis I, Friden T, Roos H, Dahlberg

LE. Prevalence of tibiofemoral osteoarthritis 15 years after nonoper-

ative treatment of anterior cruciate ligament injury: a prospective

cohort study. Am J Sports Med. 2008;36(9):1717-1725.

50. Neuman P, Kostogiannis I, Friden T, Roos H, Dahlberg LE, Englund

M. Patellofemoral osteoarthritis 15 years after anterior cruciate liga-

ment injury: a prospective cohort study. Osteoarthritis Cartilage.

2009;17(3):284-290.

51. Neyret P, Donell ST, DeJour D, DeJour H. Partial meniscectomy and

anterior cruciate ligament rupture in soccer players: a study with

a minimum 20-year followup. Am J Sports Med. 1993;21(3):455-460.

52. Noyes FR, Matthews DS, Mooar PA, Grood ES. The symptomatic

anterior cruciate-deficient knee. Part II: the results of rehabilitation,

activity modification, and counseling on functional disability.

J Bone Joint Surg Am. 1983;65(2):163-174.

53. O’Brien WR. Degenerative arthritis of the knee following anterior cru-

ciate ligament injury: role of the meniscus. Sports Med Arthrosc Rev.

1993;1(2):114-118.

54. 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.

55. Øiestad BE, Holm I, Aune AK, et al. Knee function and prevalence of

knee osteoarthritis after anterior cruciate ligament reconstruction:

a prospective study with 10 to 15 years of follow-up. Am J Sports

Med. 2010;38(11):2201-2210.

56. Øiestad BE, Holm I, Engebretsen L, Risberg MA. The association

between radiographic knee osteoarthritis and knee symptoms,

10 Ajuied et al The American Journal of Sports Medicine



function and quality of life 10-15 years after anterior cruciate ligament

reconstruction. Br J Sports Med. 2011;45(7):583-588.

57. Øiestad BE, Holm I, Gunderson R, Myklebust G, Risberg MA. Quad-

riceps muscle weakness after anterior cruciate ligament reconstruc-

tion: a risk factor for knee osteoarthritis? Arthritis Care Res

(Hoboken). 2010;62(12):1706-1714.

58. Papalia R, Del Buono A, Osti L, Denaro V, Maffulli N. Meniscectomy

as a risk factor for knee osteoarthritis: a systematic review. Br Med

Bull. 2011;99:89-106.

59. Park JS, Nam DC, Kim DH, Kim HK, Hwang SC. Measurement of

knee morphometrics using MRI: a comparative study between

ACL-injured and non-injured knees. Knee Surg Relat Res.

2012;24(3):180-185.

60. Pinczewski LA, Lyman J, Salmon LJ, Russell VJ, Roe J, Linklater J. A

10-year comparison of anterior cruciate ligament reconstructions

with hamstring tendon and patellar tendon autograft: a controlled,

prospective trial. Am J Sports Med. 2007;35(4):564-574.

61. Posthumus M, Collins M, van der Merwe L, et al. Matrix metallopro-

teinase genes on chromosome 11q22 and the risk of anterior cruci-

ate ligament (ACL) rupture. Scand J Med Sci Sports. 2012;22(4):

523-533.

62. Posthumus M, September AV, O’Cuinneagain D, van der Merwe W,

Schwellnus MP, Collins M. The COL5A1 gene is associated with

increased risk of anterior cruciate ligament ruptures in female partic-

ipants. Am J Sports Med. 2009;37(11):2234-2240.

63. Pritchard JC, Drez D Jr, Moss M, Heck S. Long-term followup of

anterior cruciate ligament reconstruction using freeze-dried fascia

lata allografts. Am J Sports Med. 1995;23(5):593-596.

64. Reid JS, Hanks GA, Kalenak A, Kottmeier S, Aronoff V. The Ellison

iliotibial-band transfer for a torn anterior cruciate ligament of the

knee: long-term follow-up. J Bone Joint Surg Am. 1992;74(9):1392-

1402.

65. Roos EM, Ostenberg A, Roos H, Ekdahl C, Lohmander LS. Long-

term outcome of meniscectomy: symptoms, function, and perfor-

mance tests in patients with or without radiographic osteoarthritis

compared to matched controls. Osteoarthritis Cartilage.

2001;9(4):316-324.

66. Salmon LJ, Russell VJ, Refshauge K, et al. Long-term outcome of

endoscopic anterior cruciate ligament reconstruction with patellar

tendon autograft: minimum 13-year review. Am J Sports Med.

2006;34(5):721-732.

67. Scanlan SF, Chaudhari AM, Dyrby CO, Andriacchi TP. Differences in

tibial rotation during walking in ACL reconstructed and healthy con-

tralateral knees. J Biomech. 2010;43(9):1817-1822.

68. Segawa H, Omori G, Koga Y. Long-term results of non-operative

treatment of anterior cruciate ligament injury. Knee. 2001;8(1):5-11.

69. Seon JK, Song EK, Park SJ. Osteoarthritis after anterior cruciate lig-

ament reconstruction using a patellar tendon autograft. Int Orthop.

2006;30(2):94-98.

70. Sherman MF, Warren RF, Marshall JL, Savatsky GJ. A clinical and

radiographical analysis of 127 anterior cruciate insufficient knees.

Clin Orthop Relat Res. 1988;227:229-237.

71. Shrier I, Boivin JF, Steele RJ, et al. Should meta-analyses of interven-

tions include observational studies in addition to randomized

controlled trials? A critical examination of underlying principles. Am

J Epidemiol. 2007;166(10):1203-1209.

72. Sonnery-Cottet B, Archbold P, Cucurulo T, et al. The influence of the tib-

ial slope and the size of the intercondylar notch on rupture of the ante-

rior cruciate ligament. J Bone Joint Surg Br. 2011;93(11):1475-1478.

73. Strand T, Molster A, Hordvik M, Krukhaug Y. Long-term follow-up

after primary repair of the anterior cruciate ligament: clinical and

radiological evaluation 15-23 years postoperatively. Arch Orthop

Trauma Surg. 2005;125(4):217-221.

74. Streich NA, Zimmermann D, Bode G, Schmitt H. Reconstructive ver-

sus non-reconstructive treatment of anterior cruciate ligament insuf-

ficiency: a retrospective matched-pair long-term follow-up. Int

Orthop. 2011;35(4):607-613.

75. Struewer J, Frangen TM, Ishaque B, et al. Knee function and preva-

lence of osteoarthritis after isolated anterior cruciate ligament recon-

struction using bone-patellar tendon-bone graft: long-term follow-up.

Int Orthop. 2012;36(1):171-177.

76. Sutherland AG, Cooper K, Alexander LA, Nicol M, Smith FW, Scot-

land TR. The long-term functional and radiological outcome after

open reconstruction of the anterior cruciate ligament. J Bone Joint

Surg Br. 2010;92(8):1096-1099.

77. Sutton KM, Bullock JM. Anterior cruciate ligament rupture: differen-

ces between males and females. J Am Acad Orthop Surg.

2013;21(1):41-50.

78. Taylor DC, Posner M, Curl WW, Feagin JA. Isolated tears of the

anterior cruciate ligament: over 30-year follow-up of patients trea-

ted with arthrotomy and primary repair. Am J Sports Med.

2009;37(1):65-71.

79. van der Hart CP, van den Bekerom MP, Patt TW. The occurrence of

osteoarthritis at a minimum of ten years after reconstruction of the

anterior cruciate ligament. J Orthop Surg Res. 2008;3:24.

80. van Diek FM, Wolf MR, Murawski CD, van Eck CF, Fu FH. Knee mor-

phology and risk factors for developing an anterior cruciate ligament

rupture: an MRI comparison between ACL-ruptured and non-injured

knees. Knee Surg Sports Traumatol Arthrosc. 2013. doi: 10.1007/

s00167-013-2588-7

81. Vasara AI, Jurvelin JS, Peterson L, Kiviranta I. Arthroscopic cartilage

indentation and cartilage lesions of anterior cruciate ligament-defi-

cient knees. Am J Sports Med. 2005;33(3):408-414.

82. von Porat A, Roos EM, Roos H. High prevalence of osteoarthritis 14

years after an anterior cruciate ligament tear in male soccer players:

a study of radiographic and patient relevant outcomes. Ann Rheum

Dis. 2004;63(3):269-273.

83. Wu WH, Hackett T, Richmond JC. Effects of meniscal and articular

surface status on knee stability, function, and symptoms after ante-

rior cruciate ligament reconstruction: a long-term prospective study.

Am J Sports Med. 2002;30(6):845-850.

84. Yamaguchi S, Sasho T, Tsuchiya A, Wada Y, Moriya H. Long term

results of anterior cruciate ligament reconstruction with iliotibial tract:

6-, 13-, and 24-year longitudinal follow-up. Knee Surg Sports Trau-

matol Arthrosc. 2006;14(11):1094-1100.

85. Zantop T, Petersen W, Sekiya JK, Musahl V, Fu FH. Anterior cruciate

ligament anatomy and function relating to anatomical reconstruction.

Knee Surg Sports Traumatol Arthrosc. 2006;14(10):982-992.

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

Vol. XX, No. X, XXXX ACL Injury and Knee Osteoarthritis 11



<<
  /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


