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Risk Factors and Predictors of
Subsequent ACL Injury in Either Knee
After ACL Reconstruction

Prospective Analysis of 2488 Primary
ACL Reconstructions From the MOON Cohort

Christopher C. Kaeding,*"* MD, Angela D. Pedroza,” MPH, Emily K. Reinke,® PhD,
Laura J. Huston,$ MS, MOON Consortium,¥ and Kurt P. Spindler,! MD
Investigation performed at the Ohio State University, Columbus, Ohio, USA,

and Vanderbilt University Medical Center, Nashville, Tennessee, USA

Background: Anterior cruciate ligament (ACL) reinjury results in worse outcomes and increases the risk of posttraumatic
osteoarthritis.

Purpose: To identify the risk factors for both ipsilateral and contralateral ACL tears after primary ACL reconstruction (ACLR).
Study Design: Cohort study; Level of evidence, 3.

Methods: Data from the Multicenter Orthopaedic Outcomes Network (MOON), a prospective longitudinal cohort, were used to
identify risk factors for ACL retear. Subjects with primary ACLR, no history of contralateral knee surgery, and a minimum of 2-
year follow-up data were included. Age, sex, Marx activity score, graft type, lateral meniscal tear, medial meniscal tear, sport
played at index injury, and surgical facility were evaluated to determine their contribution to both ipsilateral retear and contralat-
eral ACL tear.

Results: A total of 2683 subjects with average age of 27 = 11 years (1498 men; 56%) met all study inclusion/exclusion criteria.
Overall there were 4.4% ipsilateral graft tears and 3.5% contralateral ACL tears. The odds of ipsilateral ACL retear were 5.2 times
greater for an allograft (P < .01) compared with a bone—patellar tendon-bone (BTB) autograft; the odds of retear were not sig-
nificantly different between BTB autograft and hamstring autograft (P = .12). The odds of an ipsilateral ACL retear decreased
by 0.09 for every yearly increase in age (P < .01) and increased by 0.11 for every increased point on the Marx score (P <
.01). These odds were not significantly influenced by sex, smoking status, sport played, medial or lateral meniscal tear, or con-
sortium site (P > .05). The odds of a contralateral ACL tear decreased by 0.04 for every yearly increase in age (P = .04) and
increased by 0.12 for every increased point on the Marx score (P < .01); these odds were not significantly different between
sex, smoking status, sport played, graft type, medial meniscal tear, or lateral meniscal tear (P > .05).

Conclusion: Younger age, higher activity level, and allograft graft type were predictors of increased odds of ipsilateral graft fail-
ure. Higher activity and younger age were found to be risk factors in contralateral ACL tears.

Keywords: anterior cruciate ligament; ACL reconstruction; outcomes; autograft; allograft; failure; retear

Tears of the anterior cruciate ligament (ACL) are common reconstructions (ACLRs) are performed annually in the
in the active population. The ACL-deficient knee has sig- United States (US) alone.® Excellent results of ACLR, in
nificant risk of functional instability, future meniscal terms of restoring functional knee stability, have been
tears, and subsequent osteoarthritis.?® Reconstruction of widely reported in the literature.”*®%! During the 6- to
a torn ACL is often performed with the goal of restoring 12-month recovery from an ACLR, there is a significant
stability to the knee and decreasing risk of subsequent investment of time, discomfort, money, and effort by the
injury to the knee. It is estimated that 200,000 ACL patient. For the ACL graft to tear after a successful sur-

gery and rehabilitation is a devastating event for the
patient as well as the family, coach, and surgeon. Further,
The American Journal of Sports Medicine, Vol. XX, No. X lt, has been demonstratefl that. revision ACLgioh ﬁve infe-
DOI: 10.1177/0363546515578836 rior I‘eSultS Compared Wlth primary ACLRS T UnfOI'-
© 2015 The Author(s) tunately, it also is not uncommon to recover from an
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ACLR of one knee and then tear the native ACL of the con-
tralateral knee.®® This then places the contralateral knee
at increased risk of premature osteoarthritis as well.

Risk factors for tearing a native ACL have been studied,
and several have been identified. Female sex and partici-
pating in cutting sports have been widely reported as
risk factors for tearing a native ACL."%?2 Other reported
risk factors include posterior tibial slope, narrow notch
width, decreased ACL size, limb alignment, and multiple
neuromuscular factors.**%%>%0 However, the risk factors
for tearing the contralateral ACL after ACL reconstruction
on the opposite knee have not been widely evaluated.?

The risk for ACL graft tears has been defined, but the
risk factors for these tears are less well studied.” Recently
both the Swedish? and Norwegian® ACLR registries have
reported multivariable analyses controlling for factors
such as sex, age, and surgical characteristics, including
autograft type for ACLR graft injury. Unique features of
this US-based MOON cohort are collecting and controlling
for body mass index (BMI), activity level, and allograft use,
as well as historically obtaining high patient follow-up
(>80%) on both knees, which are not available in other
well-conducted ACLR registries. A previous analysis of
ACLR reinjury (defined as revision ACLR) at 2 years for
this cohort included only 2 enrollment years (n = 984
ACLR).%8 At the time, this was the first prospective cohort
study to demonstrate age as a major risk factor for retear
as well as allograft use in younger patients. But the previ-
ous study lacked power to report risk of a contralateral
ACL tear subsequent to ACLR. The field should continu-
ally strive to more comprehensively identify the risk fac-
tors, especially those that are modifiable, for both graft
retear and contralateral ACL injury for several reasons.
First, this information can better educate patients on the
expected outcomes of an ACLR. Second, patients can be
counseled on reducing the risks of reinjury. Third, this
information can be used to develop strategies to reduce
reinjury by altering the modifiable risk factors.!%16:23:2441
Thus, objectives for the current study were 2-fold: (1) to
identify the risk factors for subsequent ACL retears and
(2) to identify the risk factors for a tear of the contralateral
native ACL in a large prospective cohort who underwent
primary ACLR with minimum 2-year follow-up.

#References 13, 20, 27, 32, 34, 35, 48, 52, 60, 63.

The American Journal of Sports Medicine

METHODS
Subject Population

Data from this 2002-2008 cohort database were used to
identify risk factors for ACL retear. This study was
reviewed and approved by each participating site’s respec-
tive institutional review board, and all subjects provided
written informed consent before data collection. Subjects
were selected from an ongoing prospective cohort study,
enrolled between 2002 and 2008, which was designed to
identify risk factors for patient outcomes and risk of ACL
retear. Subjects who had a primary ACLR with no history
of contralateral knee surgery with 2-year follow-up data
were included in the cohort (Figure 1). Subjects who under-
went a multiligament reconstruction or had a hybrid auto-
graft + allograft ACLR were excluded from the analysis.
Patient age, sex, BMI, smoking status, Marx activity
score®” at time of index surgery, graft type (bone—patellar
tendon—bone [BTB] autograft, hamstring autograft, allo-
graft), sport played after ACLR, full-thickness lateral
meniscal tear at the time of ACLR, full-thickness medial
meniscal tear at the time of ACLR, and consortium site
were evaluated to determine their contribution to both
ipsilateral retear and contralateral ACL tear.

Patient Follow-up

At 2 years after surgery, patients were contacted by email,
telephone, and/or questionnaire and asked whether they
had undergone any subsequent surgery (on either knee)
after their index ACLR. If the patient indicated that he
or she had had a subsequent surgery, when available,
the operative report was reviewed for verification. The
study cohort is summarized in a flow chart (Figure 1).

Statistical Analyses

Multivariable logistic regression via the statistical soft-
ware package Stata 9.0 (StataCorp LP) was used to deter-
mine whether the chosen variables were associated with
the primary outcome, ACL graft tear. Odds ratios and con-
fidence intervals were reported for the variables associated
with outcome. A separate multivariable logistic regression
was performed to evaluate the variable’s effect on contra-
lateral ACL tear.
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3538 ACL reconstructions

—> 77 excluded
* enrollment failures

—> 778 excluded

* revision ACL reconstruction

* previous/concomitant contralateral
ACL reconstruction

* concomitant PCL/MCL/LCL surgery

* hybrid (autograft+allograft) graft

Y

’ 2683 primary unilateral ACL reconstructions ‘

4 deceased
22 refused follow-up
169 lost to follow-up

‘ 2488 (93%) followed up by phone or questionnaire ‘

105 subsequent ipsilateral reconstructions

* 12 unable to obtain operative report or
clinic note to confirm patient statement

84 subsequent contralateral reconstructions

* 10 unable to obtain operative report or
clinic note to confirm patient statement

4 subsequent ipsilateral and contralateral
reconstructions

Figure 1. Flow diagram showing inclusion/exclusion and
follow-up. ACL, anterior cruciate ligament; MCL, medial col-
lateral ligament; PCL, posterior cruciate ligament.

RESULTS

A total of 2683 subjects with a mean = SD age of 27 *= 11
years (1498 men; 56%) met all study inclusion criteria.
Two-year follow-up data were obtained on 2488 of the
2683 participants (92.7%). From the 2488 subjects, 109
(4.4%) ipsilateral graft retears and 88 (3.5%) contralateral
ACL tears were identified and confirmed by operative
report at the 2-year follow-up. The number of subjects
and percentage of ipsilateral graft retears are summarized
for the variables tested in Table 1.

Risk Factors of Ipsilateral ACL Graft Retear

Odds ratios for the tested variables are summarized in
Table 2. The odds of an ipsilateral retear were not signifi-
cantly different for hamstring autograft (odds ratio [OR],
1.60; 95% CI, 0.89-2.90; P = .12) but were 5.2 times greater
for an allograft (OR, 5.20; 95% CI, 2.60-10.44; P < .01) com-
pared with a BTB autograft (reference group). The odds of
an ipsilateral retear decreased by 0.09 for every yearly
increase in age (OR, 0.91; 95% CI, 0.87-0.94; P < .01) and
increased by 0.11 for every increased point on the Marx
activity score (OR, 1.11; 95% CI, 1.03-1.20; P < .01). The

Risk Factors for ACL Graft Care 3

TABLE 1
Patient Demographics®

Entire Cohort

n % Retear

Graft type

BTB autograft 1131 3.2

Hamstring autograft 891 4.6

Allograft 466 6.9
Sex

Male 1365 4.6

Female 1123 4.1
Smoking status

No 1962 5.1

Quit 254 1.2

Current 207 2.4
Sport played at ACLR

None 198 1.0

Football 269 8.9

Basketball 505 4.0

Soccer 365 7.1

Other 1151 3.2
Medial meniscus

No tear 1722 49

Tear 766 3.3
Lateral meniscus

No tear 1615 4.5

Tear 873 4.1

No Tear, Tear,
mean *= SD mean = SD

Age, y 274 + 11.4 19.6 = 6.6
BMI 25.5 + 4.8 23.8 + 4.0
Marx score 11.3 £ 5.3 144 + 3.6

“ACLR, anterior cruciate ligament reconstruction; BMI, body
mass index; BTB, bone—patellar tendon—bone.

odds of retear were not significantly different between sex,
smoking status, sport played, medial or lateral meniscal
tear status, or site (P > .05). Figure 2 shows the probability
of a graft tear by graft type as age increases.

The fit of the model was deemed adequate both graphi-
cally, by evaluating the area under the receiver operating
characteristic (ROC) curve (0.81) (see Appendix Figure Al,
available online at http:/ajsm.sagepub.com/supplemental),
and statistically, by the Hosmer-Lemeshow goodness-of-fit
test (P = .82).

Risk Factors of Contralateral ACL Tear

Odds ratios for the tested variables are summarized in
Table 3. Lower age and higher activity level were found to
be significant risk factors for tearing the contralateral
ACL. The odds of a contralateral ACL tear decreased by
0.04 for every yearly increase in age (OR, 0.96; 95% CI,
0.93-0.99; P = .04) and increased by 0.12 for every increased
point on the Marx activity score (OR, 1.12; 95% CI, 1.04-
1.22; P < .01). The odds of a contralateral ACL tear were
not significantly different as a function of sex, smoking
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TABLE 2 TABLE 3
Odds Ratios for Ipsilateral Graft Tear® Odds Ratios for Contralateral ACL Tear®
Odds Ratio Odds Ratio
(95% CI) SE P (95% CI) SE P

Graft type Graft type

BTB autograft Reference BTB autograft Reference

Hamstring autograft 1.60 (0.89-2.90) 0.48 12 Hamstring autograft 0.99 (0.50-1.97) 0.35 .98

Allograft 5.20 (2.60-10.44) 1.84 <.01 Allograft 0.53 (0.19-1.45) 0.27 .22
Age 0.91 (0.87-0.94) 0.02 <.01 Age 0.96 (0.93-0.99) 0.02 .04
Marx activity score (time zero) 1.11 (1.03-1.20) 0.04 <.01 Marx activity score (time zero) 1.12 (1.04-1.22) 0.05 <.01
Sport played Sport played

Did not return to sport Reference Did not return to sport Reference

Football 2.34 (0.28-19.37) 2.53 .43 Football 1.15 (0.22-5.96)  0.97 .87

Basketball 1.37 (0.17-11.11)  1.47 77 Basketball 1.19 (0.25-5.61) 0.94 .82

Soccer 2.29 (0.28-18.40) 2.43 44 Soccer 0.98 (0.20-4.72)  0.79 .98

Other 1.81 (0.23-14.13) 1.90 57 Other 0.68 (0.15-3.14) 0.53 .62
Sex Sex

Male Reference Male Reference

Female 0.79 (0.50-1.25) 0.18 .31 Female 1.52 (0.91-2.54) 0.40 11
Smoking status Smoking status

Never smoked Reference Never smoked Reference

Quit 0.55 (0.17-1.83) 0.34 .33 Quit 0.92 (0.32-2.67)  0.50 .88

Current smoker 1.25 (0.47-3.31) 0.62 .65 Current smoker 0.80 (0.24-2.67) 0.49 71
Meniscal tear status Meniscal tear status

No medial meniscal tear Reference No medial meniscal tear Reference

Medial meniscal tear 1.03 (0.64-1.67) 0.25 .89 Medial meniscal tear 1.14 (0.70-1.87) 0.29 0.60

No lateral meniscal tear Reference No lateral meniscal tear Reference

Lateral meniscal tear 0.74 (0.48-1.14) 0.16 17 Lateral meniscal tear 0.86 (0.54-1.37) 0.20 54

Consortium site
1 Reference

0.78 (0.40-1.50) 0.26 .45
1.00 (0.55-1.82) 0.31 .99
0.25 (0.03-1.93) 0.26 .19
0.50 (0.20-1.22) 0.23 .13
0.96 (0.37-2.53) 0.48 .94
1.10 (0.39-3.12) 0.59 .85

<N OOtk W

Consortium site
1 Reference

1.29 (0.67-2.50) 0.44 .45
1.45 (0.71-2.98) 0.53 31
0.40 (0.05-3.08) 0.42 .38
0.56 (0.22-1.40) 0.26 21
1.24 (0.44-3.49) 0.65 .69
0.42 (0.05-3.20)  0.43 .40

OOtk W

“Bolded values indicate statistical significance. ACL, anterior
cruciate ligament; BTB, bone—patellar tendon—bone.

14
> 9 BTB
3 8. Hamstring
8 2] Allograft
g .
o 6
3 5
2 4
©
“dj .3
S
Z )

0

0 20 ' 60 80

40
Age (yrs)

Figure 2. Probability of retear as age increases by graft type.

status, sport played, graft type, or medial or lateral menis-
cal tear status (P > .05).

The fit of the model was deemed adequate both graphi-
cally, by evaluating the area under the ROC curve (0.76)

“Bolded values indicate statistical significance. ACL, anterior
cruciate ligament; BTB, bone—patellar tendon—bone.

(see Appendix Figure A2, available online), and statistically,
by the Hosmer-Lemeshow goodness-of-fit test (P = .37).

DISCUSSION

Controlling for multiple patient and surgical-related factors,
this study found that the risk of tearing a primary ACLR
within 2 years was significantly influenced by younger
age, higher activity level, and allograft use. Similarly, youn-
ger age and high activity level were found to be significant
risk factors for tearing a contralateral native ACL within
2 years of surgically repairing the other one. A tear of an
otherwise successful ACLR not only is frustrating to all par-
ties involved but often necessitates a revision ACLR, which
subjects the patient to additional expense, surgical risk,
physical therapy, and time away from athletic activity. It
has also been demonstrated that the results of revision
ACLRs are inferior to the results of primary reconstruc-
tions.%4%64 Understanding the risk of reinjury is important
to appropriately counsel patients regarding expected long-
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term results as well as potential reduction of risk by modi-
fying one or more risk factors.'%'6

Ipsilateral ACL

Allograft Versus Autograft. In this study, 3.2% of BTB
autografts tore, 4.6% of hamstring autografts tore, and
6.9% of allografts tore. When other risk factors (ie, age,
sex, Marx activity) were controlled, allograft use (compared
with BTB autograft) was a significant predictor for ACL
graft tears within 2 years of follow-up. This was most clini-
cally relevant in the younger age group. A review of Figure
2 demonstrates that with increasing age, the clinical signif-
icance of allograft versus autograft tear risk decreases such
that by the mid-30s it appears there is no clinically signifi-
cant difference between the grafts. Allograft use in ACLR
has been reported to be a reasonable option.'*75462 Tt
has been reported by others that allograft ACLRs have
a high retear risk.** More recently, several studies have
reported that nonirradiated/non—chemically treated allo-
grafts can have results similar to those of autograft.22-
31,3839 Tpy this cohort, the use of allograft tissue (as well as
youth and high activity) was a predictor of graft tear in
the early time frame. Many of the grafts in this cohort
had low-dose irradiation with the goal of sterilizing surface
contaminants. The level of irradiation to achieve surface
sterilization is much lower than that required to sterilize
the entire graft of possible donor prion/viral infection. The
clinical significance of low-dose irradiation versus no irradi-
ation has not been well studied. Studies have demonstrated
in animal models that allografts biologically incorporate
into the joint less readily than autografts.*®>® The clinical
significance of this is unclear. Other studies have shown
that fresh-frozen, nonirradiated allografts have a retear
risk similar to that of autografts.?>2%:36:5859 However, these
studies did not have large numbers of young, highly active
patients in the allograft group. A limitation of our paper is
that we did not control for the allograft variables of donor
age, donor sex, anatomic location, irradiation status, pro-
cessing type, storage length, or storage method. Thus, our
results cannot be extrapolated to all allografts. Further
research into the influence of donor characteristics, process-
ing techniques, tissue type, and recipient characteristics on
allograft ACLR outcomes is needed.

Age and Activity. Younger age and higher activity at
index ACLR were highly significant predictors of graft tear.
The odds of retear decreased by 9% for each year increase
in age and increased by 11% for each increase of a point on
the Marx activity scale, which has a range of 0 to 16. We sus-
pect that return to activity is the driver of both these find-
ings. This study used the Marx activity level at the index
ACLR, which has been shown to be the most powerful predic-
tor of activity level at 2 years. These findings are consistent
with those reported by Kamien et al.2” These findings indi-
cate that any future analysis of predictors of graft tear should
control for the level of activity to which the subject
returned.®1® The Swedish? and Norwegian®® registries did

**References 8, 9, 11, 15, 26, 28, 44, 49, 55, 57.

Risk Factors for ACL Graft Care 5

control for age within their analyses, and the Norwegian reg-
istry likewise confirmed younger age as a major risk factor
for retear. Neither registry included activity level in its
model.

Sex. Although a strong predictor of native ACL injury,
female sex was not found to be a risk factor for tear of an
ACL graft in this cohort. This matches findings in other
reports, %2 including both Swedish and Norwegian regis-
tries.2® A potential confounder of this analysis is that if
return to activity is the strongest predictor of graft tear and
women return to a lower level of activity, this may mask an
inherent sex risk factor. Very few studies control for differen-
ces in return to activity levels between the sexes when evalu-
ating risk of retear after ACLR. In many studies, women have
an absolute higher risk of retear, but this typically does not
reach statistical significance.”'”%! In multivariable analysis,
activity level was controlled for and sex was not a risk factor
for reinjury of either knee. The findings of the current study,
along with the Swedish and Norwegian registries, have
shown through multivariable analysis in over 25,000 ACLR
patients that sex is not a risk factor for ACLR reinjury.

Sport Played. We attempted to identify whether the sport
played at index injury was a risk factor for graft retear. As
seen in Table 1, the percentage of retear in the no-sport
group was 1%, whereas patients who had played American
football, soccer, and basketball had retears of 8.9%, 7.1%,
and 4.0%, respectively. This corresponds well with reports
in the literature that players of cutting sports such as soccer,
basketball, and football have high rates of ACL injuries.>”
Type of sport was not analyzed in the Swedish and Norwe-
gian registry analyses.

Meniscal Tear Status. In our study we defined meniscal
tear as a complete tear and compared these subjects to the
partial/no tear group. With these definitions, we found that
meniscal status had no effect on the risk of graft retear. We
did not separate repaired versus partial meniscectomies
within the tear group. Further study into the influence of
repairing meniscal tears on the risk of retear would be of
interest.

Contralateral ACL Tears

To our knowledge, this is only the second multivariable
analysis of risk factors for the contralateral normal ACL
tear.® The finding that age and activity at index ACLR
were risk factors for contralateral ACL injury corresponds
well with reports in the literature for risk factors for first-
time ACL tears.>®5 Again, this likely indicates that return
to a high Marx activity level is a major risk factor that
drives these findings, as both age and activity level at
index ACLR likely correlate with returning to a high level
of activity after the reconstruction. Unfortunately the
study did not identify any modifiable risk factors for ath-
letes of cutting sports. However, further investigation of
anatomic and neuromuscular risk factors is required.

Comparison With Scandinavian Registries

There are many similarities between the current study and
studies based on the Scandinavian registries,>3'546

Downloaded from ajs.sagepub.com at HOSPITAL FOR SPECIAL SURGERY on June 19, 2015


http://ajs.sagepub.com/

6 Kaeding et al

including prospective data collection, overlapping time peri-
ods of enrollment, near-equivalent sex distribution, defini-
tion of reinjury as revision ACLR, and, most important,
the use of multivariable analysis to control for confounding
factors. Two results are consistent among all 3 studies: that
younger age is a primary risk factor for revision ACLR and
that sex is not a risk factor. Whether a hamstring autograft
has a higher risk of reinjury in the younger population is
discordant between the Swedish (no difference) versus Nor-
wegian (hamstring higher risk) registries. A recent study
showed a significantly lower risk of graft tear for BTB auto-
grafts; 4.2% of hamstring autografts were expected to need
a revision compared with 2.8% of BTB autografts.'® These
percentages were similar to those found in the present
study; however, similar to the Swedish registry, this study
failed to find a higher risk of reinjury using a hamstring
autograft (compared with a BTB autograft). A possible
explanation of differing results regarding hamstring retear
risk may be the size of the hamstring construct used. Two
recent studies have shown that size of the graft may be
a risk factor for retear.?>3® Further investigation into fac-
tors influencing retears of hamstring grafts is warranted.

There are also unique aspects of each study, as the risk
factors explored between studies were different. The Swed-
ish registry uniquely evaluated graft width (no difference),
single versus double bundle (no difference), femoral fixa-
tion (no difference), and time from initial injury to primary
ACLR (no difference). They found that tibial fixation and
articular cartilage injury significantly influenced the risk
of early revision ACLR. Both BMI and meniscal injury
were evaluated by both registries and shown not to be
a risk factor. Unique factors that were controlled for in
the current study included sport played, consortium site,
and smoking status. Activity level was measured and
accounted for in this study, while activity level was not
evaluated in the 2 other studies. In this study we found
that the higher the baseline activity level, the greater the
risk of revision ACLR.

CONCLUSION

Age and activity at index ACLR were predictors of graft
tear as well as contralateral native ACL injury. Allograft
use was a predictor of subsequent graft failure after
ACLR. This was most clinically significant in younger
patients. Female sex, sport played, and meniscal injury
were not risk factors for graft tear or contralateral ACL
tear. Future studies reporting ACLR failure must control
for age and, if possible, activity level, since 3 prospective
multicenter studies with over 25,000 ACLR all agree that
age is the major risk factor. Previous literature not control-
ling for age should be viewed cautiously.
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