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Knee Osteoarthritis After Anterior
Cruciate Ligament Injury

A Systematic Review

Britt Elin @iestad,*" PT, MSc, Lars Engebretsen,* MD, PhD, Kijersti Storheim,” PT, PhD,
and May Arna Risberg,” PT, PhD

From the "Norwegian Research Center for Active Rehabilitation (NAR), Ullevaal University
Hospital, Oslo, Norway, and *Ullevaal University Hospital Faculty of Medicine, University
of Oslo, Oslo, Norway

Background: This is a systematic review of studies on the prevalence of osteoarthritis in the tibiofemoral joint more than 10 years
after an anterior cruciate ligament injury, the radiologic classification methods used, and risk factors for development of knee
osteoarthritis.

Methods: A systematic search was performed in PubMed, EMBASE, and AMED. Inclusion criteria were studies involving
patients with anterior cruciate ligament injury, either isolated or combined with medial collateral ligament or meniscal injury and
either surgically or nonsurgically treated, and a minimum 10-year follow-up with radiologic assessment. Methodological quality
was evaluated using a modified version of the Coleman methodology score.

Results: Seven prospective and 24 retrospective studies were included. The mean modified Coleman methodology score was
52 of 90. Reported prevalence of knee osteoarthritis for subjects with isolated anterior cruciate ligament injury was between 0%
and 13%. For subjects with anterior cruciate ligament and additional meniscal injury, the prevalence varied between 21% and
48%. Seven different radiologic classification systems were used in the studies. Only 3 studies reported reliability results for the
radiologic assessments. The most frequently reported risk factor for development of knee osteoarthritis was meniscal injury.

Conclusion: This systematic review suggests that the prevalence rates of knee osteoarthritis after anterior cruciate ligament recon-
struction reported by previous reviews have been too high. The highest rated studies reported low prevalence of knee osteoarthri-
tis for individuals with isolated anterior cruciate ligament injury (0%-13%) and a higher prevalence of knee osteoarthritis for subjects
with combined injuries (21%-48%). Overall, the modified Coleman methodology score was low for the included studies. No univer-
sal methodological radiologic classification method exists, making comparisons of the studies and stating firm conclusions on the
prevalence of knee osteoarthritis more than 10 years after anterior cruciate ligament injury difficult.

Keywords: anterior cruciate ligament injury; knee osteoarthritis; long-term follow-up

Anterior cruciate ligament (ACL) injuries occur primarily
in young individuals involved in pivoting sports such as
team handball, soccer, basketball, football, alpine skiing,
and tennis.'**®* An ACL injury is often associated with
functional impairments and disabilities due to knee joint
laxity, meniscal injuries, reduced quadriceps strength,
and changes in knee joint loading, with subsequent
development of knee osteoarthritis (OA).* Risk factors
for posttraumatic knee OA are multifactorial; however,
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the primary risk factors frequently reported are meniscal
injury at the time of reconstruction®®' and participation in
high-level sports activities involving cutting, pivoting, and
twisting.**® No previous studies have shown that an ACL
reconstruction prevents the development of knee OA.'%*
There are several studies evaluating the long-term conse-
quences of an ACL injury.§ Most of these studies involved
heterogeneous populations with regard to treatment, activ-
ity levels, and whether the ACL injury was isolated or com-
bined with meniscal injuries. Few long-term studies have
evaluated homogeneous populations such as soccer and
team handball players.47’57’9° Consequently, the existing
follow-up studies vary considerably concerning the reported

SReferences 1, 9, 10, 16-19, 23, 26, 27, 32, 39-41, 44, 59, 64, 65, 70,
73,74, 82.
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prevalence of knee OA, with a prevalence ranging between
10% and 90%.'%%*% Clearly, it is difficult to draw firm con-
clusions with respect to the development of knee OA after
an ACL injury, although it is commonly claimed that on
average 50% of patients with ACL injury will develop knee
OA in the long run.”® For subjects with a combined ACL
and meniscal injury, the prevalence of knee OA is claimed
to be as high as 70% at 15 to 20 years after the injury.?
However, to our knowledge, no systematic reviews on follow-
up studies of more than 10 years, including methodological
assessment score, have been published.

The purposes of this study were (1) to systematically
review the reported prevalence of knee OA in the tibiofem-
oral joint more than 10 years after ACL injury, (2) to evalu-
ate the radiologic classification methods used to verify
radiologic knee OA, and (3) to evaluate the reported risk
factors for knee OA in studies with a follow-up of more
than 10 years after ACL injury.

METHODS
Study Selection

The inclusion criteria for studies in this systematic review
were:

e Prospective or retrospective study designs

e Subjects with ACL injury treated surgically or
nonsurgically

e Isolated ACL injury or ACL injury combined with
meniscal and/or medial collateral ligament injury

e Radiologic assessment as one of the outcomes

e Follow-up time of a minimum 10 years after ACL
injury

e Studies reported in English and Scandinavian
languages

The exclusion criteria were:

e Studies not involving radiologic assessment
e Studies with a follow-up less than 10 years

Search Strategy

Systematic searches were carried out in August 2008 in 3
different databases: PubMed (from 1966), EMBASE (from
1980), and AMED (from 1985). The searches were per-
formed with assistance from librarians at the Medical
Library, Ullevaal University Hospital. The search strategy
for PubMed is shown in Table 1. The PubMed search strat-
egy was transferred into comparable search strategies in
EMBASE and AMED. In addition, supplementary searches
in PubMed, EMBASE, and AMED using “anterior cruciate
ligament and osteoarthritis” were performed to find all
available articles. The abstracts of the search results were
reviewed. In cases in which the abstracts did not give full
information about the inclusion criteria for this review,
the full-text versions of the studies were reviewed. In
addition, reference lists of relevant studies were reviewed
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TABLE 1
Specific Search Terms Used in PubMed"
Search Term No.
Anterior cruciate ligament (MeSH) (1991) 6100
Knee joint (MeSH) 31033
Ligaments, Articular (MeSH) 17458
Knee joint OR Ligament, Articular 17646
(limits 1965-1990)

Knee Injuries (MeSH) 11644
Osteoarthritis, Knee (MeSH) (1998) 4427
Osteoarthritis (MeSH) 32158
Epidemiologic studies (MeSH) (1998) 1048164
Epidemiology (limits 1967-1997) 5202

2 OR 7 (Knee OA before 1998) 34138
1 OR 4 OR 5 (ACL injury) 30024
6 OR 10 (Knee OA) 38484
8 OR 9 (Epidemiologic studies) 1053106
11 AND 12 AND 13 (Limits: Human, 1769

English, Danish, Norwegian, Swedish)

“MeSH, medical subject heading; OA, osteoarthritis. 2 OR 7:
Knee joint OR Osteoarthritis; 1 OR 4 OR 5: Anterior cruciate liga-
ment OR [Knee joint OR Ligament, Articular] OR Knee injuries; 6
OR 10: Osteoarthritis, Knee OR [Knee joint OR Osteoarthritis]; 8
OR 9: Epidemiologic studies OR Epidemiology; 11 AND 12 AND
13: [Anterior cruciate ligament OR [Knee joint OR Ligament,
Articular] OR Knee injuries] AND [Osteoarthritis, Knee OR [Knee
joint OR Osteoarthritis]] AND [Epidemiologic studies OR
Epidemiology].

to identify studies not found through the primary elec-
tronic searches.

Study Quality Assessment

A modified version of the Coleman methodology score
(CMS)" was used to assess the methodological quality of
the included studies. The CMS originally consisted of 10
criteria with a total score ranging from 0 to 100. A score of
100 indicated the most high-quality study with no con-
founding factors or other biases. The criteria were based on
the CONSORT statement for randomized controlled trials.”
The CMS was originally developed for surgical treatment of
tendinopathy, but modified versions of the CMS have been
used in other reviews.*®® In this systematic review, the
CMS was modified to be suitable for cohort studies. The
following criteria were altered for part A: (1) “Number of
follow-up years” (question 2) was altered from 2 to 10 years,
(2) “type of study” (question 3) was altered to give both
prospective cohort studies and randomized controlled tri-
als the highest score, (3) “description of treatment” (ques-
tion 6) was altered from the term surgical to treatment,
and (4) “description of postoperative treatment” (question
7) was removed. Part A gave a total score of 50. The follow-
ing modifications were included in part B: (1) “Outcome
criteria” (question 1) was altered; the original criterion con-
cerning sensitivity was removed, and the score was given
to studies that reported interrater or intrarater reliability
for the radiologic assessments. Part B gave a total score of
40. The maximum score of the modified CMS was there-
fore 90. The modified CMS is listed in Appendix 1 (avail-
able online at http:/ajs.sagepub.com/supplemental/). The
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methodological quality of the included studies was assessed
by 2 independent reviewers. Conflicting scores for the
various items were discussed until consensus was
reached.

Data Extraction

To evaluate the reported prevalence of knee OA, results
from the radiologic assessments were extracted from the
included studies. The data on knee OA were based on cut-
off values for the different radiologic classification systems
corresponding to Kellgren and Lawrence grade 2,* Inter-
national Knee Documentation Committee (IKDC)* grade C,
or Ahlbick grade 1.° No cutoff for the CMS has been
reported to define high or low methodological quality. It is
suggested in the literature that a score of more than 55%
of total score for other checklists is to be considered as high-
quality studies.® In this systematic review, the prospective
studies have been classified as high-quality studies.

RESULTS

Abstracts of 2199 studies were reviewed from the system-
atic searches. The systematic searches resulted in 1769
abstracts in PubMed and 85 abstracts in EMBASE.
A search using the search terms anterior cruciate ligament
injury and osteoarthritis identified 16 abstracts in AMED
and 329 abstracts in PubMed. Based on the inclusion criteria,
33 studies were included. Seven studies were assessed as
prospective, 14553606793 54 26 studies were assessed as
retrospective." Twenty-four studies were identified in
PubMed, 2 studies were included from EMBASE, and
7 were identified by manual searches of journals and refer-
ence lists in relevant studies. These 7 studies did not
appear in the systematic searches because of the missing
citation term osteoarthritis. Two of the studies®™® were
later excluded owing to use of the same study population
as that of later published studies.*™ No additional studies
were identified in AMED. Finally, 7 prospective studies
and 24 retrospective studies were included. Only 1 of the
prospective studies was a randomized study evaluating
long-term results after primary repair or nonsurgical
treatment of ACL injury.53

The characteristics of the studies are presented in
Appendix 2 (available online at http:/ajs.sagepub.com/
supplemental/). The total number of subjects included was
3069, with sample sizes ranging from 24 to 328 patients.
Twenty studies included radiologic assessment of 1114 sur-
gically treated subjects, and 5 studies included radiologic
assessment of 276 nonsurgically treated subjects. Three
studies evaluated 517 surgically and nonsurgically treated
subjects including radiologic assessment. Three studies
included radiologic assessment of 273 nonsurgically and
surgically treated separately. Hence, radiologic evaluation
was carried out on 2180 of the included subjects, resulting
in a radiologic follow-up rate of 71%. Eleven studies
reported radiologic results for the contralateral knee,

'"References 13, 22, 34, 36, 43, 47, 49-51, 54, 55, 58, 61-63, 68, 69,
75, 77-79, 83, 86, 88, 90, 94.
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involving 666 knees. Surgical procedures for the ACL injury
reported in the studies were primary repair with or without
augmentations, bone—patellar tendon—bone grafts, looped
semitendinosus tendon grafts, or fascia lata allografts. The
mean follow-up time in the included studies was 13.7 years,
with a variation from 10 to 27 years. Preinjury activity level
was reported in 11 studies with a mean Tegner score of 6.7,
with the lowest score of 5.7 and the highest score of 9.
Fifteen studies reported follow-up activity level with a
mean Tegner score of 5.1, with the lowest score of 3.7 and
the highest score of 6.4 (Appendix 2).

Methodological Quality

The results of the study quality assessments are presented
in Table 2. For part A, “type of study” and “number of treat-
ment procedures” gave the lowest scores. For part B, the
lowest scores were achieved for “outcome criteria” and
“description of subject selection process.” None of the stud-
ies fulfilled all the criteria (modified CMS of 90); however,
1 study revealed a modified CMS of 88.%° The mean modi-
fied CMS was 52 * 13, which corresponds to a CMS of 58
when transferred to a 0 to 100 score. The lowest score
achieved was 22, and the highest was 88 (Table 3). The
prospective studies achieved a mean modified CMS of 69,
with a highest score of 88 and a lowest score of 61. The
retrospective studies correspondingly achieved a mean
modified CMS of 47, with a highest score of 59 and a lowest
score of 22.

Prevalence of Knee OA

The overall prevalence of OA in the tibiofemoral joint var-
ied between 1% and 100%. The corresponding prevalence
in the contralateral knees revealed 0% to 38%. The pro-
spective studies reported prevalences of knee OA between
1% and 100%, and the retrospective studies reported
prevalences of knee OA between 13% and 100% (Table 3).
Studies that reported results for isolated and combined
ACL injuries separately reported knee OA between
0% and 39% and between 21% and 100%, respectively
(Table 3). Two nonrandomized studies, 1 of which revealed
the highest methodological score, reported a significant
difference in knee OA development between nonsurgi-
cally treated and surgically treated.*® No differences
were reported for the prevalence of knee OA between sur-
gically treated (29%-51%) and nonsurgically treated sub-
jects (24%-48%) for other included studies.”****" Studies
including subjects with a preinjury Tegner score of more
than 7 or studies that included only soccer players
reported a prevalence of knee OA between 8% and
100%.*74953.61.909 gtidies including subjects with lower
preinjury Tegner scores reported a prevalence between
11% and 66%.19’34’36’43’55’77’86’88

Radiologic Classification Methods

Seven different radiologic classification methods were
used in the 31 included studies. Five studies used the
Fairbank classification system® with a reported prevalence
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TABLE 2
Modified Coleman Methodology Score for Long-term
Follow-up Studies on Subjects With ACL Injury

Section Score (Maximum) Mean (SD)
Part A

Study size (10) 8.0

Mean duration follow-up (5) 5.0

No. of treatment procedures (10) 6.1

Type of study (15) 34

Diagnostic certainty (5) 4.7

Description of surgical procedure (5) 3.9

Part B

Outcome criteria (10) 4.9
Outcome measured clearly (4) 3.7
Reported interrater or intrarater 0.4

reliability (3)
Use of outcome criteria that has reported 0.8
good reliability (3)

Procedure for assessing outcomes (15) 9.2
Subjects recruited (5) 5.0
Investigator independent of surgeon/ 2.1

therapist (4)
Written assessment (3) 0.5
Completion of assessment by subjects 1.6
themselves with minimal investigator
assistance (3)

Description of subject selection process (15) 7.0
Selection criteria reported and unbiased (5) 2.7
Recruitment rate reported (>80% = 5; <80% = 3) 3.6
Eligible subjects not included in the study 0.7

accounted for (5)
Total part A (50) 31.1(9.6)
Total part B (40) 21.1 (6.9)
Total score (90) 52.2 (12.4)

of knee OA between 8% and 100%.">**%*%% Ty studies
used the Ahlbick classification system® with a reported
prevalence of knee OA between 11% and 44%."*** Two
studies reported a prevalence of knee OA between 16% and
50% using a combination of Fairbank classification system
and Ahlbéck classification sys‘cem.‘*g’53 The Kellgren and
Lawrence classification system® was used in 5
studies,”™**"""*® and the Osteoarthritis Society Research
International classification system® was used in 3
studies,”**® with a reported prevalence of knee OA of
24% to 48% and 16% to 48%, respectively. Ten studies used
the IKDC classification system.37 The reported prevalence
of knee OA in these studies was between 1% and 100%.1
Four studies did not specify radiologic classification sys-
tem but used a combination of joint space narrowing
(JSN) and osteophyte formation.’*®%%? These studies
reported a prevalence of knee OA between 21% and 77%
(Table 3). Most of the studies reported that the radio-
graphs were performed with the patients in the standing
position with full weightbearing (n = 30) and with a knee
flexion angle of 15° to 45° (n = 17).

Risk Factors for the Development of Knee OA

Identification of risk factors using regression analysis was
conducted in only 3 studies. Risk factors identified in

References 36, 45, 54, 55, 67, 68, 75, 78, 86, 94.
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these 3 studies were ACL surgery, age, body mass index,*
<90% on single-legged hop test compared with the unin-
jured side 1 year after surgery,67 loss of extension, and
1axity.75 In the remaining studies, risk factors were identi-
fied using group comparisons. Risk factors reported were
meniscectomy, patients older than 25 years at injury,
obesity, more than 6 months between injury and surgery,
high level of sports activity, OA of the contralateral knee,
chondral lesions, knee joint laxity, and duration of follow-up.
Meniscal injury and meniscectomy were the most fre-
quently reported risk factors (Table 3).

DISCUSSION

Thirty-one studies including a total of 3069 subjects with
ACL injury were included in this systematic review based
on the inclusion criteria. Seven of the studies were assessed
to have a prospective study design, and 24 studies were
assessed to have a retrospective study design. The studies
achieved a mean modified CMS of 52 of a total score of 90.
The prospective studies disclosed higher methodological
quality than did the retrospective studies, with a mean
modified CMS of 69 versus 47.

Prevalence of Knee OA

The reported prevalence of knee OA varied between 1% and
100% for the prospective studies and between 13% and
100% for the retrospective studies. Eight of the 31 included
studies reported results separately for subjects with iso-
lated ACL injury and subjects with combined ACL and
meniscal injury.®*4547860.189093 Bor subjects with isolated
ACL injury, the prevalence of knee OA varied between 0%
and 39%, with a modified CMS of 47 to 88. The 3 prospec-
tive studies with the highest modified CMS*****? revealed
a prevalence of knee OA of 0%, 8%, and 13%, respectively,
for subjects with isolated injuries, whereas the 5 retrospec-
tive studies with lower modified CMS revealed a preva-
lence of knee OA of 13%, 31%, 39%, 13%, and 26%,
respectively34’47’58’78’9° In addition, 2 of the other studies
with high modified CMS included mostly subjects with iso-
lated ACL injury. Pinczewski et al,”” with a modified CMS
of 67, reported a prevalence of knee OA of 1% to 3%. This
study excluded patients with excision of more than one
third of one meniscus at the time of the ACL reconstruction,
and only 20% of the included subjects had meniscal inju-
ries. Furthermore, the prospective study by Drogset et al,"
with a modified CMS of 64, reported a prevalence of only
11%. This study included 30% of subjects with additional
meniscal injuries. In summary, ACL injury with no addi-
tional meniscal injury seems to have low prevalence of
radiologic knee OA in the tibiofemoral joint more than 10
years after injury (0%-13%). A previous review article sug-
gested a prevalence of knee OA of 15% to 20% for isolated
ACL injuries 15 to 20 years after ACL injury.?® However,
this was not a systematic review and did not include meth-
odological assessment of the included studies.

For subjects with combined ACL and meniscal injuries,
the reported prevalence of knee OA (21%-100%) was
higher than were the results on subjects with isolated ACL
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TABLE 3
Modified CMS, Prevalence of Knee OA, and Reported Risk Factors for Each Included Study Listed by Highest Score”

Part A PartB Total
Study Knee OA Prevalence (Contralateral Knee),” % Reported Risk Factors for Knee OA (50) (40) Score (90)
Neuman et al® (2008) 16; isolated/combined: 0/37; surgically treated: = Meniscectomy 50 38 88
35; nonsurgically treated: 11
Meunier et al®® (2007) 30 (16); surgically treated: 29; nonsurgically Meniscectomy 38 34 72
treated: 31
Lebel et al*® (2008) 17.8; isolated/combined: 13.6/21.5 Body mass index at index surgery; age at 50 17 67
follow-up
Pinczewski et al®” (2007) Patellar/hamstrings tendon: 3/1 >90% difference in single-legged hop 1 40 27 67
year after surgery; additional surgery
Wu et al® (2002) Isolated/combined: 8/100 Meniscectomy 50 15 65
Drogset et al' (2006) 11 (4) 40 24 64
Hanypsiak et al®’ (2008) 32 joint space narrowing; 48 Kellgren Meniscal tear 35 26 61
and Lawrence grade 2 or more; 30 no
signs of OA
Salmon et al™ (2006) 21 Meniscectomy; loss of extension, laxity 35 24 59
van der Hart et al* (2008) 45 (3) 32 27 59
Hart et al** (2005) Isolated/combined: 13/44 (0) Meniscectomy 29 29 58
Kessler et al*® (2008) Surgically treated: 45; nonsurgically Age; body mass index 35 22 57
treated: 24
Cohen et al'® (2007) 40 Meniscectomy 35 21 56
Hertel et al*® (2005) 24 Meniscal surgery 35 20 55
Segawa et al (2001) 37 (8.6) Age, level of sports activity, meniscectomy, 35 18 53
obesity, OA of
contralateral knee
Seon et al”” (2006) 43 Meniscal injury at index; >6 months from 35 17 52
injury to reconstruction; age > 25 years
at reconstruction
Lohmander et al*’ (2004) 48 (8); isolated/combined: 39/69; surgically/ Meniscal surgery 33 18 51
nonsurgically treated: 51/42
Selmi et al™® (2006) 28 (7); isolated/combined: 13.5/37.2 Laxity; medial meniscectomy; chondral 35 16 51
lesions
von Porat et al™ (2004) 41; isolated/combined: 31/59 Meniscal tear 18 33 51
Reid et al* (1992) 53 Duration of follow-up; meniscectomy 29 19 48
Nakata et al®® (2008) 41; isolated/combined: 26/87 Meniscectomy 35 12 47
Yamaguchi et al®* (2006) 71 (16) Meniscectomy 32 15 47
Pritchard et al® (1995) 30 Meniscal surgery 29 15 44
Strand et al®® (2005) 15 (3) Advanced age at injury 25 19 44
Maletius and Messner*® 30 Meniscal tear 22 21 43
(1999)
Meystre et al** (1998) 20 Medial meniscectomy; chondral lesions 29 14 43
Fink et al* (2001) Surgically treated: 50; nonsurgically Meniscal resection; for nonsurgery: high- 25 17 42
treated: 48 risk pivoting sports
O’Brien® (1993) 100 Time since meniscectomy; obesity (>20% 18 24 42
increase over ideal body weight)
Neyret et al®' (1993) 77 (10) ACL injury; length of follow-up; amount of 27 14 41
tibial translation
Murray and Macnicol®® 66 (38) 25 15 40
(2004)
Noyes et al® (1983) 44 Time from injury; joint swelling for stren- 12 19 31
uous activities, for running activities,
for stair climbing; giving way during
walking
McDaniel and Dameron® 35.5 Overweight; meniscectomy; varus defor- 14 8 22

(1983)

mity

“CMS, Coleman methodology score; OA, osteoarthritis.
®Medial and/or lateral knee OA defined by cutoff values on the radiologic assessments corresponding to Kellgren and Lawrence grade 2,
Ahlbéck grade 1, or International Knee Documentation Committee grade C.

Downloaded from ajs.sagepub.com at UIO BIBLIOTEK FOR MEDISIN OG on July 8, 2009


http://ajs.sagepub.com/

Vol. 37, No. 7, 2009

injury. The studies with the highest modified CMS revealed
a prevalence of knee OA in subjects with combined injuries
between 21% and 48%.***%*%° The prospective study by
Wu et al”® reported a prevalence of knee OA of 100% for the
group with complete meniscectomy in addition to the ACL
injury. This study was not included in the data extraction
because only 9 subjects were included in the combined
group, and 4 of these 9 subjects had confirmed radiologic
changes in the tibiofemoral joint at the time of the ACL
reconstruction. Based on the other prospective high-qual-
ity studies not including subjects with radiologic changes
at inclusion, the reported prevalence of knee OA for sub-
jects with combined ACL and meniscal injuries was below
48% (Table 3). These results seem to be maintained when
including results from the highest rated retrospective
studies (Table 3).

Five of the included studies with a mean modified CMS
of 62 reported a prevalence of knee OA for surgically
treated and nonsurgically treated separately.**7*3 Ty
of the studies reported a significant difference in knee OA
between surgically and nonsurgically treated subjects43’60;
however, these studies were not randomized, and the surgi-
cally treated group in the highest rated study consisted of
only 17 subjects.”” No differences were reported for the
prevalence of knee OA between surgically treated (29%-51%)
and nonsurgically treated subjects with ACL injury
(31%-48%) for the other studies. In the study by Meunier et
al® (modified CMS of 72), one third of the subjects in the
nonsurgically treated group underwent later ACL recon-
struction due to instability problems. On the basis of these
5 studies, the studies that reported on subjects with non-
surgically treated ACL injury and those evaluating only
subjects undergoing surgical treatment, no difference in
the prevalence of knee OA between surgically and nonsur-
gically treated subjects can currently be shown. However,
the data extracted in this systematic review revealed a
tendency indicating that an ACL reconstruction as a single
factor will not prevent the development of knee OA.

Eleven studies included in the present systematic review
reported the prevalence of knee OA in the contralateral
knee, which varied between 0% and 38% (Table 3). However,
the study that reported a prevalence of 38% showed a
modified CMS of only 40,” and the studies that reported a
prevalence of 16%°>°* included contralateral knees with
both ACL ruptures and meniscectomies. The other 8 stud-
ies reported prevalence between 0% and 10%. Compared
with the 1% to 2% prevalence of knee OA reported in the
general age-matched population without ACL injuries, "
this variation could suggest altered joint loading in the
contralateral knee after ACL injury or that these patients
are more disposed to knee injuries in the contralateral knee
due to more participation in pivoting sports compared with
the general age-matched population.

The variation in the reported prevalence of knee OA for
the included studies is probably owing to several factors:
different study designs and weak methodological quality,
different surgical techniques or treatment procedures, as
well as different radiologic classification systems used
to evaluate knee OA.* The different study populations
(subjects with isolated vs combined knee joint injuries,
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reinjured or surgically revised during the follow-up period,
and subjects with different types and levels of sport activi-
ties) could probably also explain some of the variation and
makes it hard to compare the study results.

Radiologic Classification Systems

Seven different radiologic classification systems were used
in the 31 included studies. All the classification systems
included evaluation of osteophyte formation, JSN, or both.
However, the studies that reported joint space width did
not describe the procedures used to measure joint space.
The cutoff grade (grade 2) for defining knee OA for the
original Kellgren and Lawrence classification system
involved osteophyte formation and possible J SN.** This is
different from the IKDC classification system and from the
studies that use a combination of the Ahlb4ck and Fairbank
classification systems. These classification systems have
cutoff grades for defining knee OA that involve JSN up to
50% compared with the contralateral knee and “moderate
changes” as criteria. The Ahlbéck classification system
emphasizes only JSN and not osteophyte formation for
defining knee OA. Furthermore, at least 2 different ways of
classifying grade 2 for the Kellgren and Lawrence classifi-
cation system have been reported; the original Kellgren
and Lawrence used the criteria “definite osteophytes and
possible narrowing of joint space,” and the newer versions
have used “definite osteophyte, unimpaired joint space” and
“minimal osteophytes, possible narrowing, cysts, and sclero-
sis” as criteria for grade 2. Three of the 5 studies
included in this systematic review that used the Kellgren
and Lawrence classification system did not report which of
these criteria they used for the grade 2 level 214377

In this systematic review, we used the following cutoff
values for defining knee OA: Kellgren and Lawrence grade
2, IKDC grade C, and Ahlbick grade 1. However, these dif-
ferent classification systems cannot easily be compared.
One study compared the Kellgren and Lawrence system
grade 2 to 3 versus the Ahlbéck system grade 1, as well as
the Kellgren and Lawrence system grade 3 to 4 versus the
Ahlbéck system grade 1 to 2.%° This study reported accept-
able agreement between these 2 classification systems
(x of 0.76 and 0.78, respectively). Details on how to obtain
reproducible images in each study and how to evaluate
knee joint degeneration are insufficiently reported in the
included studies.* Ideally, the studies should include both
interrater and intrarater reliability data to enhance the
reliability of the results.” Only 3 of the included studies in
this systematic review reported reliability results for the
raters who examined the radiographs.®>™*° Salmon et al”
reported good agreement between the raters using the
IKDC radiologic classification system. Von Porat et al”
referred to high interrater-reliability results for the rater
in their study and a rater from another study. However,
it is unclear if the reliability results were for the Osteoar-
thritis Research Society International classification sys-
tem, which was used in the included study, or if they were
for another radiologic classification system. Neuman et al®
reported good interrater reliability for JSN (x = 0.78)
and poor for osteophyte (x = 0.52). Acceptable intrarater
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reliability and poor interrater reliability”® have been
reported for the IKDC radiologic classification system.*
For the Ahlbédck classification system, poor reliability
results have been reported,” and 2 problems using this
classification have been identified: first, whether a visible
joint space represents remaining cartilage and, second,
whether there is bone attrition.”"

One single, experienced examiner should rate the radio-
graphs to optimize the reliability using both the Ahlback
classification and the IKDC classification system. The
Kellgren and Lawrence classification system®” has shown
acceptable interrater and intrarater reliability, but it has
also been criticized for its emphasis on osteophytes and
that the system is relatively insensitive to assess changes
in OA over time.” Thus, a condition with JSN but without
osteophyte formation will not be defined as knee OA
according to the Kellgren and Lawrence classification sys-
tem, which is in contrast to the Ahlbéck classification sys-
tem. We have not been able to find reliability studies for
the Fairbank classification, which was originally used to
evaluate patients who had undergone meniscectomy.zo
The Fairbank classification system has been criticized for
overestimating the frequency of knee OA.* The variation
in the reported prevalence of knee OA for the 5 studies
using the Fairbank classification system (8%-100%) and
for the 8 studies using the IKDC classification system
(1%-100%) could partly be explained by poor reliability
results. An internationally accepted, reliable, and valid
radiologic classification system is clearly needed.

All studies included have defined knee OA exclusively
using radiologic assessment. No studies included the
American College of Rheumatology criteria clinical criteria
for defining knee OA.® There are weak correlations between
symptoms and radiologic changes for patients with knee
OA.” Future studies should therefore include both clinical
and radiologic criteria for defining knee OA after ACL
injury or reconstruction.

Reported Risk Factors for Development
of Knee OA After ACL Injury

Only 3 of the included studies used regression analyses to
identify risk factors for development of knee OA after ACL
injury. Pinczewski et al®” reported the performance on the
single-legged hop test 1 year after the injury as a signifi-
cant predictor for the development of knee OA 10 years
after injury. Kessler et al*® found ACL surgery, age, and
body mass index as significant risk factors for knee OA
development after ACL injury. Salmon et al” reported
that meniscectomy at the time of the ACL reconstruction,
loss of knee extension, and increased knee joint laxity
(Lachman test) were significant predictors for the develop-
ment of knee OA 13 years after ACL reconstruction.
Seon et al,”® using group comparisons, identified that
individuals older than 25 years at surgery, more than 6
months between injury and surgery, obesity, and additional
meniscal injury were significant risk factors for the devel-
opment of knee OA 11 years after ACL reconstruction.
Nearly all the included studies reported that meniscal
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injury seemed to be a significant risk factor for the devel-
opment of knee OA after ACL injury.

Previous studies have reported intra-articular injuries,
age, sex, genetics, obesity, joint deformity, sports participa-
tion, and muscle weakness as risk factors for knee OA
development.”' Neither quadriceps strength nor returning
to pivoting sports was examined as risk factors in the high-
est rated included studies.

On the basis of the studies included in this systematic
review, we conclude that meniscal injuries and meniscec-
tomy are well-documented risk factors for the develop-
ment of knee OA after ACL injury. Factors such as
ACL surgery, age, obesity, knee joint laxity, performance on
hop tests, and loss of knee extension should be further
documented to be considered as risk factors. To identify
risk factors, multivariate regression analysis should be
applied in future prospective cohorts with large numbers
of subjects.™

Methodological Quality

This systematic review revealed a mean modified CMS of
52 of a total of 90. This score corresponds to 58 points when
normalized to a 0 to 100 score. Other systematic reviews
including other study populations have reported a mean
CMS of 37 to 43."****" The highest rated studies recently
published confirmed the findings by Jakobsen et al,® who
reviewed cartilage repair studies and found a significant
correlation between CMS and publication year. The most
frequent questions in the modified CMS that resulted in
a low score were the following: “type of study,” “outcome
criteria,” and “procedure for assessing outcome,” which is
in accordance with other systematic reviews.*® Information
based on subject recall in retrospective studies can be
unreliable.™ On the other hand, a retrospective study often
requires only 1 follow-up, and larger sample sizes can be
included. In a prospective cohort study, all data are collected
with standardized methods, and this approach involves
measuring potential risk factors before the development of
knee OA.M

This systematic review suggests that previous reviews
have reported too high a prevalence of knee OA after ACL
reconstruction.?****™! Thijg study presents detailed data
on the prevalence of knee OA after ACL injury and sug-
gests that we should continue to report a low prevalence of
knee OA after isolated ACL injury (0%-13%) and higher
prevalence of knee OA in combined ACL and meniscal
injuries (21%-48%). Furthermore, similar cutoff levels and
criteria for radiologic knee OA should be used, Fairbank
classification should not be used, and IKDC shows poor
reliability results. In addition, clinical criteria based on the
American College of Rheumatology criteria should be
included for defining knee OA.

This systematic review has some limitations. The CMS
was originally developed for reporting surgical outcome
after patellar tendinopathy. This could limit the use for
assessing the methodological quality of cohort studies
involving both surgically and nonsurgically treated subjects
with ACL injury. The methodological quality assessment
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could have been done differently using another checklist.*
Specific checklists for cohort studies and randomized con-
trolled trials have been publishedzs’zg; however, these
checklists involve mainly the same questions as those
involved in the CMS: type of study, diagnostic certainty,
how to measure outcome, follow-up rate, dropout analysis,
and blinding. The strength of the CMS is the included
clinical questions in addition to a total score given for
methodological quality of each study. On the other hand,
the weighting of the criteria included in the CMS can be
questioned. For instance, in part B, concerning the ques-
tion about recruitment rate, the highest score for 80%
recruitment rate is 5, whereas it is 3 for studies with less
than 80% recruitment rate. This means that studies with
50% loss to follow-up only will score 2 points less than will
studies with 100% follow-up. The mean follow-up rate of
subjects going through radiologic assessment was 71%,
with a variation between 43% and 100%. More than 20%
lost to follow-up may pose threats to the validity.®*
However, in prospective long-term cohort studies, higher
dropout rates would be expected. Selection bias concerning
study participants is a significant criterion regarding
study quality. Those with the highest motivation for
returning to sport or those with knee OA symptoms could
be most willing to take part in the study.*® The subject
characteristics of the subsamples who went through radio-
logic assessment were usually poorly described concerning
age, sex, activity levels, and reinjuries.

Because of the heterogeneity of the included studies,
meta-analysis was not possible. Some of the studies did not
primarily evaluate knee OA but had other main purposes.
Publication bias could also be a problem, with respect to
publishing the most interesting results. Finally, this review
only included studies published in the English and
Scandinavian languages.

In summary, the highest rated studies reported low
prevalence of knee OA for individuals with isolated ACL
injury (0%-13%) and a prevalence of knee OA between
21% and 48% for subjects with combined injuries. The
highest rated study, by Neuman et al,*® found no knee OA
among the included subjects with nonsurgically treated
ACL injury more than 15 years after the ACL injury.
Meniscal injury at the time of ACL injury was most fre-
quently associated with knee OA in studies with high and
low modified CMS. On the basis of this systematic review
with thorough examination of the methodological quality
of the studies, we should discontinue reporting that sub-
jects with ACL injury have a prevalence of knee OA
between 50% and 100%. However, we need a common, reli-
able, and valid radiologic classification system to define
knee OA after ACL injury in the future.

Future studies on reported incidence of knee OA
should be prospective and evaluate subject characteris-
tics, reinjuries, revision surgery, type and level of activity,
quadriceps muscle strength, and other potential risk fac-
tors consecutively. We propose the following guidelines for
future studies on the basis of the findings in the present
systematic review:
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1. They should be prospective studies with clearly
defined aims and end points.

2. Clear inclusion and exclusion criteria: The recruit-
ment rate should be reported, and attempts should
be made to account for patients who are not included
and those who are lost to follow-up.

3. One common radiologic classification system should

be used and clearly reported. Reliability data should

be reported for an independent, blinded examiner.

The rehabilitation protocol should be reported.

5. Regression analysis should be used to evaluate risk
factors for knee OA after ACL injury or surgery on a
representative sample.

-~

REFERENCES

—_

. Aglietti P, Buzzi R, Giron F, Simeone AJ, Zaccherotti G. Arthroscopic-
assisted anterior cruciate ligament reconstruction with the central
third patellar tendon: a 5-8-year follow-up. Knee Surg Sports
Traumatol Arthrosc. 1997;5(3):138-144.

2. Aglietti P, Zaccherotti G, De Biase P, Taddei |I. A comparison between
medial meniscus repair, partial meniscectomy, and normal meniscus
in anterior cruciate ligament reconstructed knees. Clin Orthop Relat
Res. 1994;307:165-173.

3. Ahlbéck S. Osteoarthrosis of the knee: a radiographic investigation.
Acta Radiol Diagn (Stockh). 1968;suppl 277:7-72.

4. Allen CR, Livesay GA, Wong EK, Woo SL. Injury and reconstruction of
the anterior cruciate ligament and knee osteoarthritis. Osteoarthritis
Cartilage. 1999;7(1):110-121.

5. Altman DG, Schulz KF, Moher D, et al. The revised CONSORT state-
ment for reporting randomized trials: explanation and elaboration.
Ann Intern Med. 2001;134(8):663-694.

6. Altman R, Asch E, Bloch D, et al. Development of criteria for the
classification and reporting of osteoarthritis: classification of osteoar-
thritis of the knee. Diagnostic and Therapeutic Criteria Committee of
the American Rheumatism Association. Arthritis Rheum. 1986;29(8):
1039-1049.

7.Altman RD, Gold GE. Atlas of individual radiographic features in
osteoarthritis, revised. Osteoarthritis Cartilage. 2007;15(suppl A):1-56.

8. Altman RD, Hochberg M, Murphy WA Jr, Wolfe F, Lequesne M. Atlas
of individual radiographic features in osteoarthritis. Osteoarthritis
Cartilage. 1995;3(suppl A):3-70.

9. Anderson AF, Snyder RB, Lipscomb AB Sr. Anterior cruciate ligament

reconstruction using the semitendinosus and gracilis tendons aug-
mented by the Losee iliotibial band tenodesis: a long-term study. Am

J Sports Med. 1994;22(5):620-626.

10. Bach BR Jr, Tradonsky S, Bojchuk J, Levy ME, Bush-Joseph CA,

Khan NH. Arthroscopically assisted anterior cruciate ligament recon-
struction using patellar tendon autograft: five- to nine-year follow-up
evaluation. Am J Sports Med. 1998;26(1):20-29.

11.Bahr R, Holme I. Risk factors for sports injuries: a methodological

approach. Br J Sports Med. 2003;37(5):384-392.

12. Clatworthy M, Amendola A. The anterior cruciate ligament and arthri-

tis. Clin Sports Med. 1999;18(1):173-198, vii.

13. 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.

14. Coleman BD, Khan KM, Maffulli N, Cook JL, Wark JD. Studies of

surgical outcome after patellar tendinopathy: clinical significance of
methodological deficiencies and guidelines for future studies.
Victorian Institute of Sport Tendon Study Group. Scand J Med Sci
Sports. 2000;10(1):2-11.

15. Croft P. An introduction to the Atlas of Standard Radiographs of

Arthritis. Rheumatology (Oxford). 2005;44(suppl 4):iv-42.

Downloaded from ajs.sagepub.com at UIO BIBLIOTEK FOR MEDISIN OG on July 8, 2009


http://ajs.sagepub.com/

1442

16.

20.

21.

22.

23.

24,

25.

26.

27.

28

29.

30.

31.

32.

33.

34.

35.

36.

Oiestad et al

Daniel DM, Stone ML, Dobson BE, Fithian DC, Rossman DJ, Kaufman
KR. Fate of the ACL-injured patient: a prospective outcome study. Am
J Sports Med. 1994;22(5):632-644.

.Deehan DJ, Salmon LJ, Webb VJ, Davies A, Pinczewski LA.

Endoscopic reconstruction of the anterior cruciate ligament with an
ipsilateral patellar tendon autograft: a prospective longitudinal five-
year study. J Bone Joint Surg Br. 2000;82(7):984-991.

. Drogset JO, Grontvedt T. Anterior cruciate ligament reconstruction

with and without a ligament augmentation device: results at 8-year
follow-up. Am J Sports Med. 2002;30(6):851-856.

. Drogset JO, Grontvedt T, Robak OR, Molster A, Viset AT, Engebretsen

L. A sixteen-year follow-up of three operative techniques for the treat-
ment of acute ruptures of the anterior cruciate ligament. J Bone Joint
Surg Am. 2006;88(5):944-952.

Fairbank TJ. Knee joint changes after meniscectomy. J Bone Joint
Surg. 1948;30:664-670.

Felson DT, Lawrence RC, Dieppe PA, et al. Osteoarthritis: new
insights. Part 1: the disease and its risk factors. Ann Intern Med.
2000;133(8):635-646.

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.

Fithian DC, Paxton EW, Stone ML, et al. Prospective trial of a treat-
ment algorithm for the management of the anterior cruciate ligament—
injured knee. Am J Sports Med. 2005;33(3):335-346.

Galli M, De Santis V, Tafuro L. Reliability of the Ahlback classification
of knee osteoarthritis. Osteoarthritis Cartilage. 2003;11(8):580-584.
Gillquist J, Messner K. Anterior cruciate ligament reconstruction
and the long-term incidence of gonarthrosis. Sports Med. 1999;
27(3):143-156.

Giron F, Aglietti B, Cuomo P, Mondanelli N, Ciardullo A. Anterior cruci-
ate ligament reconstruction with double-looped semitendinosus and
gracilis tendon graft directly fixed to cortical bone: 5-year results.
Knee Surg Sports Traumatol Arthrosc. 2005;13(2):81-91.

Gobbi A, Diara A, Mahajan S, Zanazzo M, Tuy B. Patellar tendon
anterior cruciate ligament reconstruction with conical press-fit femo-
ral fixation: 5-year results in athletes population. Knee Surg Sports
Traumatol Arthrosc. 2002;10(2):73-79.

. Greenhalgh T. Assessing the methodological quality of published

papers. BMJ. 1997;315(7103):305-308.

Guyatt G, Rennie D, Evidence-Based Medicine Working Group.
Users’ Guides to the Medical Literature: A Manual for Evidence-
Based Clinical Practice. Chicago, lll: AMA Press; 2002.

Gwilym SE, Pollard TC, Carr AJ. Understanding pain in osteoarthritis.
J Bone Joint Surg Br. 2008;90(3):280-287.

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.

Harilainen A, Linko E, Sandelin J. Randomized prospective study of ACL
reconstruction with interference screw fixation in patellar tendon
autografts versus femoral metal plate suspension and tibial post fixation
in hamstring tendon autografts: 5-year clinical and radiological follow-up
results. Knee Surg Sports Traumatol Arthrosc. 2006;14(6):517-528.
Harniman E, Carette S, Kennedy C, Beaton D. Extracorporeal shock
wave therapy for calcific and noncalcific tendonitis of the rotator cuff:
a systematic review. J Hand Ther. 2004;17(2):132-151.

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.

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.

Hertel P, Behrend H, Cierpinski T, Musahl V, Widjaja G. ACL
reconstruction using bone-patellar tendon-bone press-fit fixation:

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

The American Journal of Sports Medicine

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

Irrgang JJ, Ho H, Harner CD, Fu FH. Use of the International Knee
Documentation Committee guidelines to assess outcome following
anterior cruciate ligament reconstruction. Knee Surg Sports Traumatol
Arthrosc. 1998;6(2):107-114.

Jakobsen RB, Engebretsen L, Slauterbeck JR. An analysis of the
quality of cartilage repair studies. J Bone Joint Surg Am. 2005;87(10):
2232-2239.

Jarvela T, Kannus P, Jarvinen M. Anterior cruciate ligament recon-
struction in patients with or without accompanying injuries: a re-ex-
amination of subjects 5 to 9 years after reconstruction. Arthroscopy.
2001;17(8):818-825.

Johnston DR, Baker A, Rose C, Scotland TR, Maffulli N. Long-
term outcome of Maclntosh reconstruction of chronic anterior cruci-
ate ligament insufficiency using fascia lata. J Orthop Sci. 2003;8(6):
789-795.

Jomha NM, Borton DC, Clingeleffer AJ, Pinczewski LA. Long-term
osteoarthritic changes in anterior cruciate ligament reconstructed
knees. Clin Orthop Relat Res. 1999;358:188-193.

Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthro-
sis. Ann Rheum Dis. 1957;16(4):494-502.

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.

Kullmer K, Letsch R, Turowski B. Which factors influence the progres-
sion of degenerative osteoarthritis after ACL surgery? Knee Surg
Sports Traumatol Arthrosc. 1994;2(2):80-84.

Lebel B, Hulet C, Galaud B, Burdin G, Locker B, Vielpeau C.
Arthroscopic 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.

Lohmander LS, Englund PM, Dahl LL, Roos EM. The long-term con-
sequence of anterior cruciate ligament and meniscus injuries:
osteoarthritis. Am J Sports Med. 2007;35(10):1756-1769.
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.

Lohmander LS, Roos H. Knee ligament injury, surgery and osteoar-
throsis: truth or consequences? Acta Orthop Scand. 1994;65(6):
605-609.

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.

McDaniel WJ Jr, Dameron TB Jr. The untreated anterior cruciate liga-
ment rupture. Clin Orthop Relat Res. 1983;172:158-163.

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.

Mehta VM, Paxton LW, Fornalski SX, Csintalan RP, Fithian DC.
Reliability of the International Knee Documentation Committee radio-
graphic grading system. Am J Sports Med. 2007;35(6):933-935.
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.

Meystre JL, Vallotton J, Benvenuti JF. Double semitendinosus anterior
cruciate ligament reconstruction: 10-year results. Knee Surg Sports
Traumatol Arthrosc. 1998;6(2):76-81.

Murray AW, Macnicol MF. 10-16 year results of Leeds-Keio anterior
cruciate ligament reconstruction. Knee. 2004;11(1):9-14.

Myklebust G, Bahr R. Return to play guidelines after anterior cruciate
ligament surgery. Br J Sports Med. 2005;39(3):127-131.

Myklebust G, Holm I, Maehlum S, Engebretsen L, Bahr R. Clinical,
functional, and radiologic outcome in team handball players 6 to 11

Downloaded from ajs.sagepub.com at UIO BIBLIOTEK FOR MEDISIN OG on July 8, 2009


http://ajs.sagepub.com/

Vol. 37, No. 7, 2009

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

years after anterior cruciate ligament injury: a follow-up study. Am J
Sports Med. 2003;31(6):981-989.

Nakata K, Shino K, Horibe S, et al. Arthroscopic anterior cruciate
ligament reconstruction using fresh-frozen bone plug—free allogeneic
tendons: 10-year follow-up. Arthroscopy. 2008;24(3):285-291.
Nebelung W, Wuschech H. Thirty-five years of follow-up of anterior
cruciate ligament-deficient knees in high-level athletes. Arthroscopy.
2005;21(6):696-702.

Neuman P, Englund M, Kostogiannis I, Friden T, Roos H, Dahlberg LE.
Prevalence of tibiofemoral osteoarthritis 15 years after nonoperative
treatment of anterior cruciate ligament injury: a prospective cohort
study. Am J Sports Med. 2008;36(9):1717-1725.

Neyret P, Donell ST, Dejour H. Results of partial meniscectomy related
to the state of the anterior cruciate ligament: review at 20 to 35 years.
J Bone Joint Surg Br. 1993;75(1):36-40.

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.

O’Brien W. Degenerative arthritis of the knee following anterior cruci-
ate ligament injury: role of the meniscus. Sports Med Arthrosc. 1993;
1:114-118.

Otto D, Pinczewski LA, Clingeleffer A, Odell R. Five-year results of
single-incision arthroscopic anterior cruciate ligament reconstruction
with patellar tendon autograft. Am J Sports Med. 1998;26(2):181-188.
Patel JV, Church JS, Hall AJ. Central third bone-patellar tendon-bone
anterior cruciate ligament reconstruction: a 5-year follow-up.
Arthroscopy. 2000;16(1):67-70.

Petersson IF, Boegard T, Saxne T, Silman AJ, Svensson B. Radiographic
osteoarthritis of the knee classified by the Ahlback and Kellgren &
Lawrence systems for the tibiofemoral joint in people aged 35-54
years with chronic knee pain. Ann Rheum Dis. 1997;56(8):493-496.
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, pro-
spective trial. Am J Sports Med. 2007;35(4):564-574.

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.

Reid JS, Hanks GA, Kalenak A, Kottmeier S, Aronoff V. The Ellison iliotibi-
al-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.

Roe J, Pinczewski LA, Russell VJ, Salmon LJ, Kawamata T, Chew M.
A 7-year follow-up of patellar tendon and hamstring tendon grafts for
arthroscopic anterior cruciate ligament reconstruction: differences
and similarities. Am J Sports Med. 2005;33(9):1337-1345.

Roos EM. Joint injury causes knee osteoarthritis in young adults. Curr
Opin Rheumatol. 2005;17(2):195-200.

Roos H, Lindberg H, Gardsell P, Lohmander LS, Wingstrand H. The
prevalence of gonarthrosis and its relation to meniscectomy in former
soccer players. Am J Sports Med. 1994;22(2):219-222.

Ruiz AL, Kelly M, Nutton RW. Arthroscopic ACL reconstruction: a 5-9
year follow-up. Knee. 2002;9(3):197-200.

Sajovic M, Vengust V, Komadina R, Tavcar R, Skaza K. A prospective,
randomized comparison of semitendinosus and gracilis tendon
versus patellar tendon autografts for anterior cruciate ligament
reconstruction: five-year follow-up. Am J Sports Med. 2006;34(12):
1933-1940.

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.

76.

77.

78.

79.

80.

81.

82

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Knee Osteoarthritis After ACL Injury 1443

Schiphof D, Boers M, Bierma-Zeinstra SM. Differences in descrip-
tions of Kellgren and Lawrence grades of knee osteoarthritis. Ann
Rheum Dis. 2008;67(7):1034-1036.

Segawa H, Omori G, Koga Y. Long-term results of non-operative
treatment of anterior cruciate ligament injury. Knee. 2001;8(1):5-11.
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.

Seon JK, Song EK, Park SJ. Osteoarthritis after anterior cruciate liga-
ment reconstruction using a patellar tendon autograft. Int Orthop.
2006;30(2):94-98.

Seon JK, Song EK, Park SJ. What are the risk factors in the develop-
ment of osteoarthritis following ACL reconstruction [author reply]. Int
Orthop. 2006;30(5):432.

Shelbourne KD, Gray T. Results of anterior cruciate ligament recon-
struction based on meniscus and articular cartilage status at the time
of surgery: five- to fifteen-year evaluations. Am J Sports Med. 2000;
28(4):446-452.

.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.

Sommerlath K, Lysholm J, Gillquist J. The long-term course after
treatment of acute anterior cruciate ligament ruptures: a 9 to 16 year
followup. Am J Sports Med. 1991;19(2):156-162.

Sprague S, Leece P, Bhandari M, Tornetta P Ill, Schemitsch E,
Swiontkowski MF. Limiting loss to follow-up in a multicenter rando-
mized trial in orthopedic surgery. Control Clin Trials. 2003;24(6):
719-725.

Stevens KJ, Dragoo JL. Anterior cruciate ligament tears and associ-
ated injuries. Top Magn Reson Imaging. 2006;17(5):347-362.

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.

Tallon C, Coleman BD, Khan KM, Maffulli N. Outcome of surgery for
chronic Achilles tendinopathy: a critical review. Am J Sports Med.
2001;29(3):315-320.

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. 2008;3:24.

van Tulder MW, Touray T, Furlan AD, Solway S, Bouter LM. Muscle
relaxants for nonspecific low back pain: a systematic review within
the framework of the Cochrane collaboration. Spine. 2003;28(17):
1978-1992.

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.

Weidow J, Cederlund CG, Ranstam J, Karrholm J. Ahlback grading of
osteoarthritis of the knee: poor reproducibility and validity based on
visual inspection of the joint. Acta Orthop. 2006;77(2):262-266.
World Health Organization. WHO statistical information system.
Available at: http://www3.who.int/whosis/menu. Accessed February
18, 2005.

Wu WH, Hackett T, Richmond JC. Effects of meniscal and articular
surface status on knee stability, function, and symptoms after anterior
cruciate ligament reconstruction: a long-term prospective study. Am
J Sports Med. 2002;30(6):845-850.

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

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

Downloaded from ajs.sagepub.com at UIO BIBLIOTEK FOR MEDISIN OG on July 8, 2009


http://ajs.sagepub.com/

