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Ipsilateral Graft and Contralateral
ACL Rupture at Five Years or More
Following ACL Reconstruction
A Systematic Review
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Background: Injury to the ipsilateral graft used for reconstruction of the anterior cruciate ligament (ACL) or a new injury to
the contralateral ACL is a devastating outcome following successful ACL reconstruction, rehabilitation, and return to sport.
Little evidence exists regarding the intermediate to long-term risk of these events.

Methods: The present study is a systematic review of Level-l and Il prospective studies that evaluated the rate of
rupture of the ACL graft and the ACL in the contralateral knee following a primary ACL reconstruction with use of
a mini-open or arthroscopic bone-tendon-bone or hamstring autograft after a minimum duration of follow-up of five
years.

Results: Six studies met the inclusion and exclusion criteria. The ipsilateral ACL graft rupture rate ranged from 1.8% to
10.4%, with a pooled percentage of 5.8%. The contralateral injury rate ranged from 8.2% to 16.0%, with a pooled percentage
of 11.8%.

Conclusions: This systematic review demonstrates that the risk of ACL tear in the contralateral knee (11.8%) is double
the risk of ACL graft rupture in the ipsilateral knee (5.8%). Additional studies must be performed to determine predictors
for these injuries and to improve our ability to avoid this devastating outcome.

Level of Evidence: Prognostic Level Il. See Instructions to Authors for a complete description of levels of evidence.

reconstruction typically have good short-term results.

Following postoperative rehabilitation and return to
activity, one of the most devastating outcomes for the patient
who has had an ACL reconstruction is a tear of the ACL graft
in the ipsilateral knee or a tear of the ACL in the contralateral
knee. This issue has been most extensively studied in terms of
the graft in the ipsilateral knee. Multiple studies have demon-
strated a rate of graft rerupture in the range of 2% to 6% after less
than five years of follow-up'?. The rate of ipsilateral ACL re-
rupture and contralateral ACL rupture is similar after short-term
follow-up, with a risk of approximately 3%™".

P atients undergoing anterior cruciate ligament (ACL)

Increased knowledge regarding the risk of additional
ACL injuries after longer-term follow-up would assist in
counseling patients with regard to the expected outcome
of ACL reconstruction. This patient group is typically young,
with expectations of resuming and maintaining their activities.
While two-year results are important, patients really want to
know how long the knee can maintain the activity level that they
desire. Thus, results after five years or more are pertinent. The
primary aim of the present systematic review was to compare the
overall ipsilateral ACL rerupture rate with the contralateral ACL
rupture rate on the basis of published prospective studies with a
minimum duration of follow-up of five years. Our hypotheses
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TABLE | Data on the Studies ) o

Author Journal* Year Initial Cohort (no. of patients) Aget (yr) Percentage Male
Deehan et al.’ JBJS-Br 2000 20 25 (13 to 42) 53%
Drogset and Grantvedt® AJSM 2002 100 26 (16 to 48) 45%
Keays et al.*® AJSM 2007 62 27 (18 to 38) 71%
Roe et al.”® AJSM 2005 180 24 (13 to 52) 53%
Sajovic et al.*® AJSM 2006 64 25 (14 to 46) 50%
Shelbourne and Gray19 AJSM 2009 1545 23 (11 to 53) 2%
*JBJS-Br = The Journal of Bone and Joint Surgery (British Volume), and AJSM = The American Journal of Sports Medicine. tThe values are given as
the mean, with the range in parentheses. $¥BTB = bone-tendon-bone.

are that the contralateral knee remains at equal or higher risk
with longer-term follow-up and that both knees have increased
failure rates in longer-term as compared with shorter-term
studies.

Materials and Methods

Literature Review

MEDLINE literature search was performed to identify all studies pub-

lished from January 1, 1966, through May 1, 2009, in which the long-
term outcomes of ACL reconstruction were evaluated. A search for articles
containing the terms “reconstruction,” “follow-up,” and either “anterior
cruciate” or “ACL” yielded 1381 results. The title, abstract, and full text were
reviewed when the title or abstract suggested appropriateness of these
publications. Studies that failed to meet the inclusion and exclusion criteria
(see Appendix) were excluded. Both retrospective and prospective series were
initially reviewed. The full-text versions of the resulting forty-two articles were
obtained. Subsequent review led to the exclusion of twenty-two studies that
were retrospective in nature, two that were repeat publications, and one that
included patients who were represented at longer follow-up in another in-
cluded study. The literature search is summarized in Figure 1.

A search of the Embase database was then performed with use of the
same search strategy. The title and abstracts of the resulting 974 studies
were reviewed, and 933 papers were excluded in the same manner as in the
MEDLINE search. Thirty-six of the remaining forty-one articles had previously
been identified in the MEDLINE search. The full text of the remaining five
articles was obtained, and four of those studies were excluded because they
were retrospective. A Cochrane search did not demonstrate previous reviews
of this topic.

The bibliographies of the remaining eighteen studies®* were re-
viewed, and no additional manuscripts meeting the criteria were identified.
Twelve papers were excluded as they did not mention ipsilateral and con-
tralateral failure rates. The remaining six papers constituted the data used in
the following analysiss’ﬁ’m’m’m’w. All papers included prospective (Level-I or
II) data and had a minimum duration of follow-up of five years. The study
by Drogset and Grontvedt® included two groups: one with and one without a
ligament-augmentation device. For the purpose of the present study, both
groups were used to determine the contralateral rupture rate. Only the group
without a ligament-augmentation device was utilized to determine the ipsi-
lateral rerupture rate.

Data Extraction

A templated evidence-based medicine literature-review form was utilized to
assist in data collection. Extracted data included demographic characteristics
(age, sex, and body-mass index), graft choice, surgical technique, rehabilitation
details, duration of follow-up, and ACL graft and contralateral ACL failure
rates. Data were extracted by two authors (R.A.M., W.R.D.) independently, and
discrepancies were resolved by consensus™>*

Statistics

Heterogeneity was assessed qualitatively by comparing the populations and
designs of individual studies as well as quantitatively with use of a chi-square
test. In order to account for between-study variation (heterogeneity), a random-
effects model was developed in Review Manager version 5 (The Nordic Cochrane
Centre, The Cochrane Collaboration, Copenhagen, Denmark), which uses the
method of DerSimonian and Laird to calculate an overall pooled estimate of
effect. This method uses an inverse-variance approach to adjust the study weights
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TABLE | (continued)

Chronicity Method of Reconstruction¥

Graft¥ Other Exclusion Criteria

74% reconstructed within
3 months after injury

All-arthroscopic, femoral
tunnel drilled through
medial portal

Mean time from injury to
reconstruction, 3.5 yrs

Arthroscopic-assisted,
2-incision

Mean time from injury to
reconstruction, 3 yrs

All-arthroscopic for hamstring,
mini-arthrotomy for BTB. Femoral
tunnel drilled through tibia

62% reconstructed within
12 weeks after injury

All-arthroscopic with femoral
tunnel drilled through
anteromedial

portal

Mean time from injury to
reconstruction, 2.0 yrs

All-arthroscopic

Mean time from injury to
reconstruction, 1.5 yrs

2-incision mini-arthrotomy

BTB autograft Multiligamentous injuries, chondral
or meniscal pathology, Workers’
Compensation, abnormal radiographs

at reconstruction

BTB autograft Multiligamentous injuries

BTB or hamstring
autograft

Multiligamentous injuries,
age >40 yrs, acute injuries,
evidence of osteoarthritis
at reconstruction

BTB or hamstring
autograft

Multiligamentous injuries,
chondral injuries, meniscal
pathology involving >2/3 of
meniscus, contralateral
knee injury, abnormal
radiographs

BTB or hamstring
autograft

Multiligamentous injuries,
abnormal radiographs,
previous meniscal surgery,
subsequent

contralateral rupture

BTB autograft Bilateral injuries, subsequent
contralateral ruptures,

revision procedures

according to the extent of heterogeneity present among the varying effects re-
ported in the individual studies””.

Source of Funding

One or more authors received salary support from the following sources: the
Kenneth D. Schermerhorn Endowment, the Vanderbilt Sports Medicine
Research Fund, an NIH grant (#5 K23 AR052392-04), and an AOSSM-MTF
Career Development Award Supplement.

Results

he six studies that were identified during the literature

review included one randomized controlled trial"® and
two prospective cohort studies'”'® comparing the outcomes
of ACL reconstruction with bone-patellar tendon-bone au-
tografts with those of reconstruction with hamstring ten-
don autografts, one randomized controlled trial comparing
the outcomes of ACL reconstruction with and without the
use of a ligament-augmentation device’, and two prospective
reports describing the outcomes of ACL reconstruction at
a minimum of five years postoperatively™". The study in-
volving the augmentation device only included the group
without the device for determination of the ipsilateral failure
rates.

Demographic Characteristics

The mean age at the time of reconstruction for the 2026 included
patients was 23.4 years, with the mean age in the six studies
ranging from twenty-three to twenty-seven years. Overall,

67% of the patients were male, with the percentage in the six
studies ranging from 45% to 72%. The time from injury to ACL
reconstruction varied considerably between the studies. In all
studies, ACL reconstruction was performed with use of auto-
graft and all-arthroscopic, arthroscopic-assisted, or two-incision
mini-arthrotomy techniques. The exclusion criteria varied
among the studies, but all studies excluded knees with multiple
ligamentous injuries other than low-grade medial collateral
ligament injuries. Demographic information is detailed in
Table I.

Rehabilitation

All reports included details on the rehabilitation protocol. Im-
mediate full weight-bearing was allowed in all studies. Postop-
erative extension bracing was utilized in two studies for time
periods ranging from one to three weeks. A table in the Ap-
pendix details the protocols for each study.

Follow-up

All studies had a minimum of five years of follow-up after ACL
reconstruction. The mean duration of follow-up ranged from
five to fourteen years.

Ipsilateral Rerupture Versus Contralateral Rupture

The ipsilateral ACL graft rupture rate ranged from 1.8% to
10.4%, with a pooled percentage of 5.8%. The contralateral
ACL injury rate ranged from 8.2% to 16.0%, with a pooled
percentage of 11.8%. An annualized rate of injury was 0.73
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TABLE Il Ipsilateral Graft Versus Contralateral ACL Tears ) o

Initial Cohort No. of Patients Duration of Clinical
Author Year (no. of patients) Included in Follow-up Follow-up* (yr)

Deehan et al.’ 2000 90 90 (100%) 5

Drogset and Gr¢ntvedt61' 2002 100 94 (94%) 8

Keays et al.™® 2007 62 56 (90%) 6

Roe et al.*® 2005 180 180 (100%) 7

Sajovic et al.*® 2006 64 61 (95%) 5

Shelbourne and Gray™® 2009 1545 1545 (100%) 14 (10 to 24)

All 2041 2026 (99%)
*The values are given as the mean, with or without the range in parentheses. 1Study included patients with and without a ligament-augmentation
device. All ninety-four patients were considered when determining contralateral rupture rate. Only the forty-eight patients without a ligament-
augmentation device were considered when calculating the ipsilateral rerupture rate.

for ipsilateral tears and 1.69 for contralateral tears (Table IT). A
sensitivity analysis was performed to determine if the large
sample size of the study by Shelbourne and Gray' was overly
influential, and the pooled estimates were similar with and
without this study included in the model. The results of the
individual studies are listed in Figure 2, along with a forest

plot that graphically displays the point estimates on a common
scale surrounded by the 95% confidence interval.

Discussion
A n ACL graft rupture or a new ACL rupture on the contralateral
side remain among the most devastating complications

25 studies excluded:

- Repeat publication: 2

- Study including previously
published patients: 1

- Retrospective: 22

Full text reviewed

18 Articles

MEDLINE Search Terms: Embase
“Anterior cruciate” OR
“ACL”
AND
- RecoRsNtBJcllon ¥
“Follow-up”
1381 Abstracts P 974 Abstracts
. 933 studies excluded:

1339 studies exc'“_dEd Titles and Unrelated to ACL reconstruction: 290
Unrelated to ACL reconstruction: 526 Follow-up < 5 years: 420

Follow-up < 5 years: 471 i Utilized old techi . a7
Utilized old technique: 121 = abstracts reviewed » .I,:\zr:ﬁc?m h::n:;:l:s; 34

- Artificial ligaments: 55 R 7| - Multi-igament knees: 23

- Mqul-lwgsment knees: 4_7 - Skeletally immature patients: 32

- Skeletally immature patients: 39 - Reviews without new data: 23

- Reviews without new data; 34 - Revision ACL reconstruction: 29

- Revision ACL reconstruction: 33 v - Not Human: 3

- :n: :urrrla:: : - Not English: 19

- Not English: - 2

- Allograft: 1 v e i

4 - Previously identified in MEDLINE
search: 36
42 Articles 5 Articles

4 studies excluded:
Retrospective: 4

12 studies excluded:

Do not compare ipsilateral and contralateral failure rates: 12 ‘

1—»

6 Prospective Studies
Included In the Review

Fig. 1
Flow diagram depicting the literature search.
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TABLE Il (continued)

No. of Ipsilateral Ipsilateral No. of Contralateral Contralateral
Ruptures Annualized Rate Ruptures Annualized Rate
3/90 (3.3%) 0.66 10/90 (11.1%) 2.22
5/48 (10.4%) 1.3 15/94 (16.0%) 2
1/56 (1.8%) 0.3 5/56 (8.9%) 1.48

13/180 (7.2%) 1.03 25/180 (13.9%) 1.97
2/61 (3.3%) 0.66 5/61 (8.2%) 1.64
90/1545 (5.8%) 0.41 179/1545 (11.6%) 0.83
114/1980 (5.8%) 0.73 239/2026 (11.8%) 1.69

following primary ACL reconstruction. Patients are greatly
dismayed to face repeat surgery and the long process of reha-
bilitation after having previously successfully completed this
process. Educating patients with regard to the risk of these
complications is important following the treatment of an ACL
injury.

We hypothesized that the rate of ACL graft rupture is
greater than historical rates that have been reported after
shorter follow-up and that the contralateral ACL is also at
equal or greater risk after a minimum of five years of follow-
up. Our hypothesis was supported by this systematic review of
Level-I and II studies with a minimum duration of follow-up
of five years. In our review of the literature, we identified only
six Level-I and II studies that evaluated ipsilateral and con-
tralateral injury rates after a minimum of five years of follow-
up, but the findings of the six studies were consistent. The
contralateral knee is at greater risk than the ipsilateral knee is
with continued follow-up. Our findings demonstrated that,
after a minimum of five years of follow-up, the risk of an ACL
tear in the contralateral knee (11.8%) is approximately twice
as high as the risk of an ACL graft rupture in the ipsilateral
knee (5.8%).

A study of this type has a variety of strengths and limi-
tations. One limitation was the difficulty of ensuring that all
ipsilateral and contralateral injuries were identified. If some

injuries were missed, this would only increase the already
worrisome rates of injury for these knees at a minimum of five
years postoperatively. Another limitation exists because of the
lack of data regarding age, sex, and activity level at the time of
reinjury. Future studies involving a validated activity level
(i.e., the Marx activity score*®) will be able to provide this
information to advise patients and clinicians. The strengths of
the present study include the high level of evidence and the
novelty of the data collected. This information will make
counseling patients on the true long-term risk of reinjury more
appropriate.

Previous studies have identified a risk for ACL graft rup-
ture in the 2% to 5% range at two years of follow-up'**. The
contralateral ACL tear rate has rarely been described, but, at
shorter (two-year) follow-up, it has been identified as remain-
ing closer to the ipsilateral ACL graft rupture rate’. Pinczewski
et al. described a contralateral ACL tear rate of 12% (similar to
the rate in our study) at five years of follow-up® in a group of
patients whom he had initially followed for two years after
primary ACL reconstruction®.

The etiology of the increased risk for the contralateral
knee as compared with the initially-injured knee following
primary ACL reconstruction is unknown. Risk factors for
bilateral ACL tear have been hypothesized to include notch
width, sex, knee alignment, and/or genetic predisposition®'.

Index Contralateral Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Deehan 3 90 10 90 3.1% 0.28 [0.07, 1.04] 2000 1
Drogset 5 48 15 94 4.7% 0.61(0.21, 1.80] 2002 —
Roe 13 180 25 180 11.0% 0.48 (0.24, 0.98] 2005 ]
Sajovic 2 61 5 61 1.9% 0.38 [0.07, 2.04] 2006 e S
Keays 1 56 5 56 1.1% 0.19 [0.02, 1.64] 2007 =
Shelbourne 90 1545 179 1545 78.2% 0.47 (0.36, 0.61] 2009 H
Total (95% CI) 1980 2026 100.0% 0.46 [0.37, 0.59] &
Total events 114 239

i 3 - i _ - (0 ; l. I Il |
Heterogeneity: Tau® = 0.00; Chi* = 1.61, df = 5 (P = 0.90); I = 0% o5 o2 3 )

Test for overall effect: Z = 6.45 (P < 0.00001)
Fig. 2

Ipsilateral Graft Contralateral ACL

Results of individual studies along with a Forest plot that graphically displays the point estimates on a common scale surrounded by the 95% confidence
interval (indicated by the horizontal lines). M-H = Mantel-Haenszel, Cl = confidence interval, df = degrees of freedom.
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None of these factors explain the increased risk for the con-
tralateral knee. Clinicians hypothesize, without evidence, that
the contralateral knee may represent some form of protection
for the ipsilateral reconstructed knee. While this may be true,
it does not explain why the ipsilateral knee and the contralat-
eral knee have equal injury rates at the time of the two-year
follow-up whereas the contralateral knee has double the risk at
more than five years of follow-up. This increased risk for the
contralateral knee could result from a lack of rehabilitation of
the contralateral knee that was deconditioned during the
recovery from the ipsilateral knee surgery. The increased con-
tralateral risk may be multifactorial, and it is difficult to de-
termine predictors that could be modified to prevent these
injuries. Long-term prospective longitudinal studies will need
to be performed to identify predictors for these contralateral
injuries. An analysis of this type is not possible in a systematic
review such as ours. The overarching goal is to be able to identify
strategies that will decrease the risk of injury in both knees.
This may include activity modification, rehabilitation protocol
modification, return to sports training modification that em-
phasizes training the contralateral knee, or other yet uniden-
tified approaches.

This systematic review of Level-1 and II studies with a
minimum of five years of follow-up that identify ipsilateral and
contralateral injury rates after primary ipsilateral ACL recon-
struction demonstrates a contralateral ACL tear rate that is
double (11.8%) that of the risk of ACL graft rupture in the
ipsilateral knee (5.8%). This risk increases with time compared

IPSILATERAL GRAFT AND CONTRALATERAL ACL RUPTURE AT
FIVE YEARS OR MORE FOLLOWING ACL RECONSTRUCTION

with two-year follow-up studies. Additional studies with a high
level of evidence must be performed to determine predictors
(age, sex, activity level, type of sport) for these injuries and im-
prove our ability to avoid this devastating outcome.

Appendix

@ Tables showing inclusion and exclusion criteria and re-
habilitation milestones are available with the online ver-

sion of this article at jbjs.org. ®
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