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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 Il 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 Ill and 1V) 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 Il 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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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.®®> Although acute
symptoms of pain and swelling predominate, it is rotational
instability that prevents return to function.*®®” 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.?>%!
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Figure 1. Search strategy and results from PubMed. MeSH,
Medical Subject Headings.

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.*!®® 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 cited®?® 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.>® The findings of the MOON group have
been echoed in previous studies.*?? Furthermore, Brophy
et al’® 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
Oiestad et al®* 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%.5* 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

SReferences 12, 24, 27, 31, 38, 41, 42, 50, 70, 73, 74, 78.
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Figure 2. Search strategy and results from Medline,
EMBASE, and AMED using OvidSP.

osteoarthritis of the knee.!”?>3% This consists of 5 distinct
grades based on osteophyte formation and evidence of joint
space narrowing, where grades 0, I, II, ITI, 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.*®

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 Qiestad
et al®* 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
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Articles originally included by @iestad 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,”! 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),” 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 I%, 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.** 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 arms®®; this individual group of patients

IReferences 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.

IReferences 20, 21, 35, 41, 55-57, 68, 69, 75, 76, 79.
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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.3578

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 Mhe yemaining 131 (22.0%) patients
had the acute postinjury radiographs of their ACL-injured
knees used as controls.’®" 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 al®® 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 *+

#References 20, 35, 41, 56, 68, 69, 75, 76, 79.
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Figure 3. PRISMA flow diagram of the search strategy. ICRS, International Cartilage Repair Society; IKDC, International Knee

Documentation Committee; ORS, Osteoarthritis Research Society.

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 O or I radiologic changes
after a minimum 10-year follow-up.2>*1™ A further 3 studies
reported that 187 of the 296 knees (63.2%) that had
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TABLE 1

Summary of Included Studies®
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Mean Initial No. of
No. of Description of Additional Injuries and/or Follow-up, Treatment Return Radiologically Classifi- Radiologic
Authors Study Type Subjects Subjects Reinjury at Follow-up (Range), y of ACL to Sports Assessed cation Findings
Struewer Retrospective/ 73 Median age = 43 y (range, Excluded from study 13.5 Isolated ACL-R High-demand, 73 K/L Initial K/L = 100%
et al 20127 case series 24-63 y); 46 men, 27 using BTB graft pivoting grade 0;
women; isolated ACL within 2-3 wk activities 2-y K/L = 17.5% grade 0,
injury at presentation of injury allowed after 46.8% grade 1, 23.0%
without significant 6-9 mo grade II, 11.9% grade III,
articular surface damage, 0.8% grade IV;
meniscus lesions, 13.5-y = 4.1% grade 0,
osteoarthritic lesion (K/L 41.1% grade I, 32.9%
grade I or higher) or grade II, 16.4% grade III,
concomitant MCL repair 5.5% grade IV
Hoffelner Retrospective/ 28 Skiers: 6 males, 6 female; Excluded from study 9.6 (skiers); Isolated ACL-R All athletes 28 K/L Uninjured knee K/L =
et al 2012%° case series mean age = 21.9 £ 8.7y 10.15 (soccer using BTB graft returned to 14% grade I;
at surgery; players); or double-looped previous sports Injured knee K/L = 18%
Soccer players: 15 males, 10 (overall) single-bundle competitively grade I, 4% grade IT
1 female, mean age = 22.6 hamstring and after 8 mo
+ 9.0 y at surgery gracilis graft
Diestad Cross-sectional 210 90 females, 120 males; Isolated ACL injury in 82 13.7 = 44 ACL-R using BTB Allowed to 210 K/L Uninjured knee K/L =
et al 2011°¢ study mean age = 39.1 = 8.7y  patients, medial meniscus graft (n = 181) return to full 54% grade 0, 21% grade 1,
at follow-up; isolated ACL  injury in 39 patients, and hamstring sports 19% grade 11, 5% grade
or in combination with lateral meniscus injury in tendon autograft participation 111, 1% grade 1V;
meniscus injury and/or 19 patients, medial and (n = 29); 137 after 6 mo if Injured knee K/L = 9%
chrondral lesion and/or lateral meniscus injury in partial meniscal full range of grade 0, 20% grade 1, 47%
MCL injury, with 26 patients, meniscus and resections and movement, no grade II, 19% grade II1,
uninjured contralateral MCL in 5 patients, 13 meniscal effusion, and 5% grade IV
knee meniscus and MCL and sutures performed good knee
chondral lesion in 3 stability and
patients, meniscus and strength
chondral lesion in 29
patients, chondral lesion
only in 7 patients
Sutherland Retrospective/ 79 63 males, 16 females; N/A 10 (8-15) ACL-R using N/A 79 K/L Uninjured knee K/L =
et al 20107 case series mean age = 41y (22-77 y) BTB graft 73/79 grade 0 or I, 6/79
at review; unilateral grade II or III;
ACL-R in the absence any Injured knee K/L =
identifiable injury in the 43/79 grade 0 or I, 36
contralateral knee grade II or III
Mascarenhas Case-control 38 19 matched pairs Associated lateral 9.14 = 2.74 ACL-R using Unrestricted 34 K/L Autograft: 9/17 grade 1
et al 2010%® study previously participated in  meniscus injury = 7 (autograft); harvested patellar return to sport (17 autograft, side-to-side difference in
strenuous or very (autograft) and 11 10.34 * 2.64 autograft tendon or activities 17 allograft) >2 compartments or
strenuous sporting (allograft); Associated (allograft) with distal bone after 6 mo if grade IT in >1
activities 4-7 times per medial meniscus injury = plug (n = 19) full range of compartments, 8/17 grade
week; 36.8% female, 9 (autograft) and 12 and fresh-frozen movement, no 0 side-to-side difference in
63.2% male; mean age = (allograft); Associated patellar allograft effusion, and all compartments or
27.86 * 8.06 y (autograft), MCL injury = 1 tendon with distal muscle grade I side-to-side
28.11 + 9.13 y (allograft); (autograft) and bone plug (n = 19); strength of at difference in only 1
unilateral knee injury, 0 (allograft); chondral Concomitant least 90% compartment;
without prior ipsilateral injury = 6 (autograft) and procedures: n = 8 compared with Allograft: 9/17 grade T
stablization procedure or 10 (allograft) (autograft) and uninjured side side-to-side difference in
PCL insufficiency or 12 (allograft); >2 compartments or
grade IIT medial/lateral/ Subsequent surgery: grade IT in >1
posterolateral instability n =5 (autograft) compartments, 8/17 grade
or previous revision ACL and 3 (allograft) 0 side-to-side difference in
surgery all compartments or
grade I side-to-side
difference in only 1
compartment
Meuffels Case-control 50 19 male matched pairs, Operative (reconstructed) 10 Patients had Operative: 50 K/L Operative group: grade
et al 2009*" study 6 female matched pairs; group: 68% had minimum 3 mo return to sports 0 = 4%, grade I = 9, grade
mean age = 37.6 = 6.2y  menisectomy; of a physical after 6 mo; II =9, grade III = 3, grade
(operative) and 37.8 + Nonoperative group therapist-led nonoperative: IV=0;
6.8 y (nonoperative); ACL  (nonreconstructed): 80% rehabilitation nonpivoting Nonoperative group:
injury confirmed on MRI  had menisectomy program; patients activity- grade 0 = 8, grade I = 10,
or arthroscopically, with to decide on either lifestyle grade IT = 4, grade III = 3,
no previous intra- or nonpivoting modification grade IV=0
extra-articular knee activity lifestyle advised
ligament reconstruction (nonoperative) or
ACL-R (operative)
van der Hart Retrospective/ 28 17 males, 11 females; 13 medial meniscal 10.3 (10-11) Diagnostic Return to 28 K/L Uninjured knee K/L =
et al 20087 case series mean age at surgery = injury, 7 medial and arthroscopy *= competitive 71% grade 0, 26% grade I,
30.5 y (range, 16-42 y); lateral meniscal injury; meniscectomy or sport involving 3% grade II, 0% grade III,
instability secondary to chondral injury: grade IT meniscal suturing, Jjumping, 0% grade IV;

ACL rupture confirmed
by clinical examination;
exclusion: contralateral
knee li

=1, grade III = 1, grade
IV = 2; 3 lateral meniscal
suturing, 1 medial

surgery/
ipsilateral revision
surgery/PCL or PCL
injury/abnormal
radiography of knee
before reconstruction or
subsequent total knee
arthroplasty

1 suturing

followed by planned
ACL-R at 34 mo
(range, 14-186 mo)
from injury using
BTB autograft

pivoting, or
side stepping
after formal
clinical

evaluation at 6-

9 mo

Injured knee K/L = 10%
grade 0, 45% grade I, 29%
grade II, 10% grade III,
6% grade IV

(continued)
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TABLE 1
(continued)
Mean Initial No. of
No. of Description of Additional Injuries and/or Follow-up, Treatment Return Radiologically Classifi- Radiologic
Authors Study Type Subjects Subjects Reinjury at Follow-up (Range), y of ACL to Sports Assessed cation Findings
Seon Retrospective/ 58 55 males, 3 females; 20 medial meniscectomy, 11.2 (8.6-13.8)  Arthr ically Low-impact 58 K/L Injured knee K/L =
et al 2006%° case series mean age at surgery = 7 lateral meniscectomy, assisted ACL-R sports allowed (presurgical) 2/58 grade
30.4 y (range, 18-58 y); 6 medial and lateral using harvested at 3 mo IT; (final follow-up) 20/58
arthr ically i BTB autograft with grade II, 5/58 grade IIT
confirmed and or without
reconstructed ACL concomitant
ligament with/without meniscal or chondral
concomitant meniscal procedures, 31.1 mo
procedure, with (range, 0.5-180 mo)
subsequent ligamentous after injury
surgery in any form
Segawa Retrospective/ 70 28 males, 42 females; 38/65 medial meniscal 11.6 (5-27) Nonoperative Advised nature 70 K/L Injured knee K/L = 26/65
et al 2001%% case series mean age at injury = tear, 22/65 lateral treatment with of the injury, grade 0, 18/65 grade I,
22.8 y (range, meniscal tear, 5/65 modification of the need of 23/65 grade II, 3/65
12-50 y); isolated ACL medial and lateral athletic activity modification of grade IIT;
deficiency with >5y meniscal tear; 55/65 with athletic Uninjured knee K/L = 50/
history, diagnosed on arthroscopic partial activity, and 65 grade 0, 14/65 grade I,
arthroscopy, declined meniscectomy the importance 2/65 grade II, 4/65 grade
ACLR or age >40 y, and of lower- 1
without associated extremity

patellofemoral instability

exercise

“ACL, 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 111 v
Struewer et al 20127° 3 30 24 12 4

Hoffelner et al 2012%° 22 5 1 0 0

Qiestad et al 2011°%° 19 42 99 40 10
Sutherland et al 20107 43 36

Meuffels et al 2009*! 12 19 13 6 0

van der Hart et al 20087° 3 12 8 3 2

Seon et al 2006%° 33 20 5 0

Segawa et al 2001% 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

reconstruction surgery at a mean time of 24.8 to 34.0 months
after the index injury demonstrated grade II, III, or IV
changes.?>%%" 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 al®® reported the results of the differences
in Kellgren & Lawrence grades instead of the actual score.
Struewer et al”® and Seon et al®® 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 2041:56:68.76.79 They 4]l 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-
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ACL Injury Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
Hoffelner 2012 1 28 0 28 1.3% 3.00[0.13, 70.64]
Meuffels 2009 15 50 2 50 5.8%  7.50[1.81, 31.10]
Oiestad 2011 149 210 53 210 49.4% 2.81[2.19, 3.60] L
Segawa 2001 26 70 6 70  14.7% 4.33[1.90, 9.87] e
Sutherland 2010 36 79 6 79 15.2% 6.00[2.68, 13.43] —_—
van der Hart 2008 13 28 6 70 13.7% 5.42 [2.29, 12.83] —
Total (95% CI) 465 507 100.0% 3.89 [2.72, 5.57] <&
Total events 240 73

Heterogeneity: Tau® = 0.05; Chi? = 6.68, df = 5 (P = 0.25); 1> = 25%

Test for overall effect: Z = 7.43 (P < 0.00001)

0.01 0.1 ] 10 100
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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).
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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).

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 IIT 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
I? 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,*®® increased
quadriceps angle,”” increased posterior tibial slope,”® and
genetic predisposition.?%? 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.’ Janssen et al®® 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 al®® 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.
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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).

Despite this, our results demonstrate that after an ACL
injury, with or without associated meniscal injury, grade
IIT 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. 247576 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
Oiestad et al®* 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,'”2>%° 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.*® Other classification systems
include the International Knee Documentation Committee
(IKDC) radiologic assessment and the Ahlbéck 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.'®?%4° Conse-
quently, the IKDC system can result in overreporting of

the severity of osteoarthritis.* Furthermore, it has been
suggested that the Ahlbdck 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,'®® 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 (IZ = 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 al®® and Meuffels et al*! 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.?%35:6%757 Four
studies included within our meta-analysis reported that
patients were “allowed” to return to sports?®-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
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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,”! 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.®°

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°855 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
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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.
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