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Is Delayed Anterior Cruciate Ligament
Reconstruction Associated With a Risk
of New Meniscal Tears? Reevaluating
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Background: Delayed anterior cruciate ligament (ACL) reconstruction has been associated with an increased risk of meniscal
tears. However, studies comparing early versus delayed ACL reconstruction have not clearly demonstrated that meniscal tears
diagnosed arthroscopically are new injuries as opposed to concomitant injuries sustained during ACL rupture.

Purpose: To determine whether and how delay of ACL reconstruction is associated with risk of ‘“‘new’’ meniscal tears (defined as
those visualized arthroscopically that had not been detected on magnetic resonance imaging [MRI]) in adult and pediatric
patients.

Study Design: Cohort study; Level of evidence, 3.

Methods: We retrospectively identified patients who underwent primary ACL reconstruction between 2013 and 2022 at our insti-
tution. To ensure that MRl reflected initial intra-articular pathology, we included only patients who had an MRI scan within 3 weeks
after injury (173 pediatric and 369 adult patients). Multivariate Poisson regression was performed to calculate the adjusted relative
risk (ARR) of new meniscal tears after delayed (>8 weeks from injury) operative treatment.

Results: The mean (*= SD) time from injury to MRI was 1.0 = 0.8 weeks for pediatric patients and 1.1 = 0.7 weeks for adults. Less
than half of the meniscal tears observed arthroscopically had been absent on initial MRI. New medial meniscal tears occurred in
15% of pediatric patients and 16% of adults. New lateral meniscal tears occurred in 48% of pediatric patients and 34% of adults.
Among pediatric patients, delayed ACL reconstruction was associated with higher risk of new medial tears (ARR, 3.9; 95% Cl,
1.5-10) but not lateral tears (ARR, 0.8; 95% ClI, 0.4-1.5). In contrast, adults had no significant increase in risk of meniscal tears
associated with operative delay.

Conclusion: Delayed ACL reconstruction may be acceptable in adults, who may be less active and less injury-prone than children
and adolescents.
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Anterior cruciate ligament (ACL) tear is one of the most
common sports injuries, with an estimated incidence of
69 tears per 100,000 person-years.3® Historically, operative
management of ACL injuries in pediatric patients has been
delayed to allow physeal maturation, with the understand-
ing that early operative intervention may cause angular
deformity or leg-length discrepancy secondary to physeal
disruption in skeletally immature patients.%253%38% How-
ever, delayed reconstruction of the ACL-deficient knee has
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been associated with a higher risk of meniscal pathology in
patients of all ages.>613:1923.2641L.42 Quecifically, transla-
tional stress exceeding physiologic ranges may be placed
on the medial meniscus due to loss of structural support
from the ACL, resulting in tears of the medial meniscus.?
Several studies have documented poor long-term out-
comes in patients who develop such meniscal injuries
after ACL tears, including a greater risk of knee osteoar-
thritis. 1011283137 Although recent advancements in
physeal-sparing techniques have reduced the need for
purposeful delay of ACL reconstruction, the issue of expe-
diting surgical treatment remains pertinent for patients
of all ages.
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Studies comparing early versus delayed reconstruction
of the ACL-deficient knee have not clearly demonstrated
that meniscal tears discovered arthroscopically are, in
fact, “new” injuries, as opposed to concomitant injuries sus-
tained at the time of ACL rupture. Many of these studies
have relied on intraoperative findings, without magnetic
resonance imaging (MRI) data, and analyzed the overall
incidence of meniscal pathology in relation to time to sur-
gery.t Several studies have attempted to differentiate
patients according to the presence of meniscal injuries on
initial MRI, although methodologic shortcomings (eg, exten-
sive or unspecified time between injury and MRI, focus on
variables other than operative delay, inclusion of patients
who never underwent surgery, and small sample size) limit
the generalizability of their findings.”'%2%2240 Moreover,
Anstey et al* found that 80% of meniscal tears discovered
arthroscopically occur within the first 2 months after ACL
injury, demonstrating that such tears may occur during
a much shorter time frame than previously recognized.

In the current study, we compared the incidence of
“new” meniscal tears associated with delayed ACL recon-
struction in adult versus pediatric patients, using early,
initial MRI findings to isolate these new meniscal tear-
s—that is, those not sustained with the initial injury. We
hypothesized that delayed surgery would be associated
with a significant risk of secondary meniscal injury in
both adult and pediatric patients and that the risk would
be greater in pediatric patients.

METHODS
Patient Selection and Data Extraction

Institutional review board approval was waived for this
retrospective cohort study. We searched electronic medical
records from our academic tertiary care center to identify
all patients who underwent primary ACL reconstruction
(Current Procedural Terminology code 29888) between
October 1, 2013, and January 31, 2022. We excluded
patients with a history of ipsilateral knee injury, degener-
ative meniscal tears, unknown date of injury, unknown
MRI date or findings, and/or concomitant knee injuries
(intra-articular fracture, patellar dislocation). Because
MRI findings were used as a surrogate for intra-articular
pathology at the time of initial injury, it was important
to include only MRI scans that were performed soon (ie,
<8 weeks) after the injury date. We also controlled for
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Patients who underwent primary ACL reconstruction
at a single institution, October 1, 2013-January 31,
2022

(n=1332)

Excluded (n = 790)

e Prior ipsilateral knee injury (n =311)

e Injury date not recorded (n = 222)

—>» * MRI performed >3 weeks after injury (n = 130)

e Incomplete MRl data (n = 61)

® Polytrauma or severe derangement (n = 51)

¢ Exceeded the threshold for extensive chronicity (n = 15)

v

Included (N =542)
¢ 173 pediatric (age <18 y); 369 adult (age 218'y)

Figure 1. Flowchart of patient enroliment. ACL, anterior cru-
ciate ligament; MRI, magnetic resonance imaging.

time from injury to MRI in a subsequent multivariate anal-
ysis. To limit the evaluation to ACL tears without exten-
sive chronicity, we excluded patients whose time from
MRI to surgery was >52 weeks, as done previously by
Kolin et al?* and Church and Keating.®

Of 1332 eligible patients, 790 patients were excluded,
leaving 542 patients in the final sample. These patients
were classified according to age at the time of surgery as
pediatric (<18 years; n = 173) or adult (>18 years; n =
369) (Figure 1).

Data Collection and Primary Outcome

For all patients, we extracted demographic and injury
characteristics including age, sex, body mass index
(BMI), and ACL injury laterality. Date of injury, date of
MRI, and date of index ACL surgery were also collected
for each patient. Radiologists’ interpretations of MRI scans
were reviewed to determine presence or absence of menis-
cal tears at the time of injury. Surgeons’ operative reports
were reviewed to determine presence or absence of menis-
cal tears visualized arthroscopically, as well as to deter-
mine whether meniscal repair or meniscectomy was
performed. We included all meniscal tears observed arthro-
scopically, regardless of type or severity.

The primary outcome was new meniscal tears, which we
defined as tears visualized arthroscopically that had not
been previously detected on MRI. Operative delay was
defined as ACL reconstruction performed >8 weeks after
injury. Patients in the pediatric and the adult groups
were separately assigned to an “early ACLR” subgroup if
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they underwent ACL reconstruction <8 weeks after injury
and a “delayed ACLR” subgroup if they underwent ACL
reconstruction >8 weeks after injury.

Statistical Analysis

Patient and injury characteristics were reported as means
and standard deviations for continuous data and as fre-
quencies and percentages for categorical data. The inci-
dence of medial and/or lateral meniscal tears was
compared between the early and delayed subgroups for
each study group at the time of initial MRI and at the
time of surgery. Comparison of intraoperative findings
was repeated after isolating only new meniscal tears. Nor-
mality analysis of continuous variables was conducted
using the Shapiro-Wilk test. Student ¢ tests and Mann-
Whitney U tests were used for univariate analysis of nor-
mally and nonparametrically distributed continuous varia-
bles, respectively. The Pearson chi-square test was
performed for univariate analysis of categorical variables.
Multivariate Poisson regression was performed to calcu-
late the adjusted relative risk (ARR) of new meniscal tears
after delayed operative treatment while controlling for age,
sex, BMI value, and time to MRI. Significance was deter-
mined at P < .05. Data analysis was performed using Stata
statistical software, release 17 (StataCorp LLC).

RESULTS
Patient and Injury Characteristics

The mean age at surgery was 15 = 1.8 years in the pediat-
ric group and 31 = 10 years in the adult group. The mean
time from injury to surgery overall was 9.2 = 7.2 weeks.
Patient characteristics according to group are shown in
Table 1. The mean time from injury to MRI was 1.0 =
0.8 weeks for pediatric patients and 1.1 *= 0.7 weeks for
adults, with adults significantly more likely to undergo
delayed ACL reconstruction (P < .0001). Most patients (n
= 359; 66%) had a meniscal tear that was observed arthro-
scopically, although less than one-third of these (n = 116;
32%) were new meniscal injuries. There were 36 new
medial meniscal tears and 97 new lateral meniscal tears,
including 17 patients who had developed both medial and
lateral tears by the time of surgery. Among patients who
did not have meniscal tears visible on initial MRI, the inci-
dence of new medial meniscal tears was 15% for pediatric
patients and 16% for adults, and the incidence of new lat-
eral meniscal tears was 48% for pediatric patients and 34%
for adults.

Secondary Meniscal Tears

Among pediatric patients, we found no difference in the
incidence of medial meniscal tears diagnosed on MRI (P
= .12) and diagnosed at surgery (P = .22) between those
undergoing early versus delayed ACL surgery (Table 2).
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TABLE 1
Patient and Injury Characteristics by Study Group®
Pediatric Adult
Patients Patients
Characteristic (n=173) (n = 369) p
Age at surgery, y 15 + 1.8 31 = 10 <.0001
Female sex 85 (49) 159 (43) .19
BMI category, kg/m? <.0001
<18.5 20 (12) 0 (0)
18.5-24.9 107 (62) 160 (43)
25.0-29.9 34 (20) 147 (40)
>30.0 11 (6) 62 (17)
ACL injury location .73
Right knee 87 (50) 191 (52)
Left knee 85 (49) 175 (47)
Time elapsed, wk
From injury to MRI 1.0 = 0.8 1.1 = 0.7 .13
From MRI to surgery 6.1 = 5.0 9.0 =738 <.0001
From injury to surgery 7.2+ 5.0 10 £ 79 <.0001
Operative delay <.0001
No 124 (72) 194 (53)
Yes 49 (28) 175 (47)

“Data are reported as mean *= SD or n (%). Boldface P values
indicate statistically significant difference between groups (P <
.05). ACL, anterior cruciate ligament; BMI, body mass index;
MRI, magnetic resonance imaging.

However, when isolating new meniscal tears, patients
who underwent delayed surgery had a higher incidence
of medial meniscal tears diagnosed intraoperatively (P =
.004) (Figure 2).

In contrast, we found no difference in the percentage of
patients with concomitant lateral meniscal tears at the
time of ACL injury as seen on MRI in the early group
(38%) versus the delayed group (29%) (P = .25); no differ-
ence in the incidence of lateral tears observed intraopera-
tively in the early group versus the delayed group (P =
.16); and no difference in new lateral tears in the early
group versus the delayed group (P = .44) (Table 2). On mul-
tivariate Poisson analysis, delayed ACL reconstruction
was associated with higher risk of new medial (ARR, 3.9;
95% CI, 1.5-10), but not new lateral (ARR, 0.8; 95% CI,
0.4-1.5), meniscal tears (Figure 3). The incidence of new
combined medial and lateral meniscal tears did not differ
significantly between the group with delayed operative
treatment (10%) versus early operative treatment (4%).

Among adults, a different pattern was observed.
Delayed ACL reconstruction was not associated with
a higher incidence of medial, lateral, or combined medial
and lateral meniscal tears at the time of initial MRI or at
the time of surgery (Table 3). This finding persisted even
when analyzing only new meniscal tears (Figure 2). On
multivariate regression, operative delay was still not asso-
ciated with greater risk of new medial (ARR, 1.1; 95% CI,
0.6-2.2), new lateral (ARR, 1.2; 95% CI, 0.8-1.9), or new
combined medial and lateral (ARR, 1.5; 95% CI, 0.5-4.8)
meniscal tears in adults (Table 4).
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TABLE 2
Patient and Injury Characteristics of the Pediatric Patients According to Timing of Surgery®
Characteristic Early Surgery (n = 124)  Delayed Surgery (n = 49) p
Age at surgery, y 16 = 1.7 15 + 2.0 11
Female sex 61 (49) 24 (49) .98
BMI category, kg/m? .54
<18.5 12 (10) 8 (16)
18.5-24.9 79 (64) 28 (57)
25.0-29.9 24 (19) 10 (20)
>30.0 9(7) 2 (4)
ACL injury location .92
Right knee 63 (51) 24 (49)
Left knee 61 (49) 24 (49)
Time elapsed, wk
From injury to MRI 1.0 £ 0.8 1.1 £ 0.8 .29
From MRI to surgery 40+ 1.6 11 + 6.4 <.0001
From injury to surgery 5.0 = 1.6 13 = 6.2 <.0001
Medial meniscal tears
MRI 12
No 84 (68) 39 (80)
Yes 40 (32) 10 (20)
Intraoperative .22
No 97 (78) 34 (69)
Yes 27 (22) 15 (31)
New intraoperative (of those with no medial meniscus tear on MRI) .004
No 77 (92)° 28 (72
Yes 7(8.3)° 11 (28)°
Lateral meniscal tears
MRI .25
No 77 (62) 35 (71)
Yes 47 (38) 14 (29)
Intraoperative .16
No 44 (36) 23 (47)
Yes 80 (65) 26 (53)
New intraoperative (of those with no lateral meniscus tear on MRI) 44
No 38 (49)° 20 (57)°
Yes 39 (51)* 15 (43)°
Medial and lateral meniscal tears
New intraoperative (of those with no meniscus tears on MRI) .20
No 55 (96) 26 (90
Yes 2 (3.5Y 3 (10¥
Meniscectomy/repair .58
No 57 (46) 25 (51)
Yes 66 (53) 24 (49)

“Data are reported as mean = SD or n (%). Boldface P values indicate statistically significant difference between groups (P < .05). ACL,
anterior cruciate ligament; BMI, body mass index; MRI, magnetic resonance imaging.

®Denominator is 84 patients.
‘Denominator is 39 patients.
9Denominator is 77 patients.
“Denominator is 35 patients
"Denominator is 57 patients.
#Denominator is 29 patients.

DISCUSSION

In this study, we analyzed the risk of meniscal tears after
delayed ACL reconstruction in pediatric and adult patients
by differentiating new meniscal tears (those discovered
arthroscopically) from those present on initial MRI. By
analyzing only patients who underwent MRI shortly after
ACL injury with no apparent meniscal tears, we identified

the incidence of new medial meniscal tears as 15% for pedi-
atric patients and 16% for adults, and the incidence of new
lateral meniscal tears as 48% for pediatric patients and
34% for adults. We also found that pediatric patients
undergoing delayed surgery had a higher risk of new
medial but not lateral meniscal tears. This did not hold
true for adults, who had no greater risk of new meniscal
tears associated with operative delay. Our findings suggest
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Figure 2. Incidence of new meniscal tears for (A) pediatric patients and (B) adult patients, by operative delay. *Statistically sig-

nificant difference between groups (P < .05).
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Figure 3. Adjusted relative risk of developing new meniscal
tears after delayed anterior cruciate ligament reconstruction
among pediatric and adult patients. Even when controlling
for covariates, operative delay was associated with a signifi-
cantly greater risk of new medial meniscal tears in pediatric,
but not adult, patients. Bars represent 95% Cls.

that delayed ACL reconstruction may be acceptable in the
less active and less injury-prone adult population, but not
in children and adolescents.

The risks we found for new medial versus lateral menis-
cal tears in pediatric patients agree with what is known
about the kinematics of the knee joint. The medial meniscus
serves as a secondary stabilizer in the ACL-deficient knee
and is susceptible to injury with chronic ACL deficiency.?%'6
Interestingly, new medial meniscal tears occurred at a much
higher rate in the operative delay group (28%) compared
with the early operative group (8.3%) among pediatric
patients (P = .004). This finding suggests an advantage of
early ACL reconstruction in pediatric patients. Many studies
that have associated delayed ACL reconstruction with menis-
cal tears have relied solely on intraoperative findings and
analyzed the overall incidence of meniscal tears in relation
to time to surgery.'' Other studies that did differentiate

IReferences 3, 12, 15, 17-19, 21, 24, 26, 27, 28, 29, 32, 34, 39, 43.

patients according to the presence of meniscal tears on initial
MRI were limited by methodologic shortcomings.”1420-22:40
Kolin et al>* reported that each week of delay from ACL
injury to surgical reconstruction was associated with a 3%
increase in the risk of intraoperative medial meniscal tears
among pediatric and adolescent male patients, although
they did not isolate patients with intact menisci on postinjury
MRI. Guenther et al?® did stratify patients according to the
presence of meniscal tears on MRI and found that a longer
interval between injury and surgery (>1 year) was associ-
ated with a greater likelihood of new or worsened medial,
but not lateral, meniscal tears in adolescents. However, the
mean time from injury to MRI was 77 days (range, 1-
377 days), so MRI findings could no longer be considered rep-
resentative of initial injury pattern.?’ To our knowledge,
Anstey et al* used the earliest cutoff time for MRI at <2
months after injury, yet they still found that 80% of meniscal
tears discovered arthroscopically were already detectable on
MRI, suggesting that even earlier imaging may be useful.

In contrast, despite the high overall incidence of new lat-
eral meniscal tears, we found no difference in risk of lateral
tears between pediatric patients who underwent early versus
delayed ACL reconstruction. Previous studies have demon-
strated that lateral meniscal tears are associated predomi-
nantly with acute ACL injury and, unlike medial meniscal
tears, are not associated with chronic instability.**° How-
ever, the exact timing of secondary lateral meniscal tears
has not been well described. Our data suggest that lateral
meniscal tears occur early during the acute post—-ACL injury
period. Specifically, most lateral tears in pediatric patients
may occur after 1 week (mean time to MRI) but before 7 to
8 weeks (mean time to surgery). Conversely, the medial
meniscus deteriorates in the setting of chronic instability,
and most tears likely developed after 8 weeks, which would
explain why few were seen arthroscopically in patients who
underwent surgery before this time point.

Among adults, we did not detect greater risk of new
medial or lateral meniscal tears after delayed ACL recon-
struction, despite the larger sample size. Stone et al?? simi-
larly reported that ACL reconstruction between 90 days and
1 year after injury in adults aged >40 years was not
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TABLE 3
Patient and Injury Characteristics of the Adult Patients According to Timing of Surgery®
Characteristic Early Surgery (n = 194) Delayed Surgery (n = 175) p
Age at surgery, y 30 = 9.9 32 + 10 .04
Female sex 85 (44) 74 (42) 77
BMI category, kg/m? .09
<18.5 0 (0) 0 (0)
18.5-24.9 91 (47) 69 (39)
25.0-29.9 78 (40) 69 (39)
>30.0 25 (13) 37 (21)
ACL injury location .56
Right knee 103 (53) 88 (50)
Left knee 89 (46) 86 (49)
Time elapsed, wk
From injury to MRI 1.0 = 0.7 1.3 0.8 .003
From MRI to surgery 43+ 1.5 14 + 8.6 <.0001
From injury to surgery 5316 16 = 8.5 <.0001
Medial meniscal tears
MRI 44
No 125 (64) 106 (61)
Yes 69 (36) 69 (39)
Intraoperative .54
No 130 (67) 112 (64)
Yes 64 (33) 63 (36)
New intraoperative (of those with no medial meniscus tear on MRI) 47
No 107 (86)° 87 (82)°
Yes 18 (14)° 19 (18)°
Lateral meniscal tears
MRI .45
No 127 (66) 108 (62)
Yes 67 (35) 67 (38)
Intraoperative 17
No 106 (55) 83 (47)
Yes 88 (45) 92 (53)
New intraoperative (of those with no lateral meniscus tear on MRI) .24
No 88 (69)¢ 67 (62)°
Yes 39 (31)¢ 41 (38
Medial and lateral meniscal tears
New intraoperative (of those with no meniscus tears on MRI) .49
No 81 (94) 75 (91F
Yes 5(5.8/ 7(8.5¥
Meniscectomy/repair .57
No 115 (59) 98 (56)
Yes 79 (41) 76 (43)

“Data are reported as mean = SD or n (%). Boldface P values indicate statistically significant difference between groups (P < .05). ACL,
anterior cruciate ligament; BMI, body mass index; MRI, magnetic resonance imaging.

®Denominator is 125 patients.
‘Denominator is 106 patients.
9Denominator is 127 patients.
°Denominator is 108 patients
"Denominator is 86 patients.
#Denominator is 82 patients.

associated with a higher rate of intraoperative meniscal
tears. This finding might reflect a greater degree of aware-
ness, caution, and responsibility in adults, who may be more
likely than children and adolescents to protect their defi-
cient knee from further injury. This explanation is consis-
tent with studies showing that protection of the ACL-
deficient knee decreases the risk and severity of meniscal
injury.>?* Our findings suggest that, when needed,

short-term delay in ACL reconstruction with appropriate
protection of the knee may be acceptable in adults without
increasing their risk of meniscal tears.

Limitations

This study has several limitations. First, selection bias is
likely present, as surgeons may be more likely to operate
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TABLE 4
Multivariate Risk of Developing New Meniscal Tears
after Delayed ACL Reconstruction in Pediatric
and Adult Patients®

Group ARR (95% CI) P

Pediatric patients

New medial tears 3.9 (1.5-10) .01

New lateral tears 0.8 (0.4-1.5) .49

New medial and lateral tears 2.7 (0.4-17) .28
Adult patients

New medial tears 1.1 (0.6-2.2) 71

New lateral tears 1.2 (0.8-1.9) 44

New medial and lateral tears 1.5 (0.5-4.8) .52

“Boldface P value indicates statistical significance (P < .05).
ACL, anterior cruciate ligament; ARR, adjusted relative risk.

soon after injury in patients with more severe knee inju-
ries. However, even if present, this bias would make it
less likely to observe a higher risk of meniscal tears in
the delayed treatment group because the delayed group
would be associated with less severe injury. Therefore,
this limitation should not undermine our findings of
greater risk of medial meniscal tears in the pediatric pop-
ulation with operative delay but may mask a greater risk
of meniscal tears with operative delay in adults. As such,
the absence of a higher rate of new meniscal tears in adults
should be considered in light of possible observational
biases. Nonetheless, the association between operative
delay and medial meniscal tears among pediatric patients
but not adults suggests that, at a minimum, the associa-
tion, if present, is much weaker in the adult population.
Second, because it is difficult to ascertain the use of
crutches, braces, and physical therapy from clinical notes,
we were unable to evaluate the association of such meas-
ures with the risk of new meniscal tears. Thus, it remains
unknown whether the use of nonoperative interventions
would modify our findings. Similarly, level of continued
activity after ACL injury is likely a major contributor to
the development of secondary intra-articular pathology,
although its contribution is challenging to quantify within
a retrospective study.

A third limitation is that MRI has imperfect sensitivity
(78%-89%) and specificity (88%-95%) for detection of
meniscal tears,?® and the quality of MRI interpretation
was subject to variability between examiners. Because we
relied primarily on radiologists’ and/or surgeons’ original
interpretations of MRI images, we were unable to control
for intra- or interobserver reliability. Meniscal tears that
were missed on initial MRI could have led us to overesti-
mate the incidence of new meniscal tears in some cases.
Fourth, we assumed that meniscal tears present on MRI
corresponded to tears present at initial injury; however,
some may have been new tears that developed between
the initial injury and the MRI scan. We adapted our selec-
tion criteria and analysis to control for this possibility by
including only patients who underwent MRI within 3
weeks after ACL injury and by controlling for time to
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MRI on multivariate analysis. (The mean time from injury
to MRI was approximately 1 week for both groups.) Still,
meniscal injuries occurring during this short period may
have led to underestimation of the incidence of new tears.
Finally, different definitions of operative delay are possi-
ble. Given that the mean time from injury to surgery in
our patients was 9.2 weeks, we chose a threshold of 8
weeks, and our findings may not be generalizable to longer
or shorter periods of operative delay.

CONCLUSION

We evaluated the risk of secondary meniscal tears after
delayed ACL reconstruction in pediatric and adult patients
by isolating new intraoperative meniscal tears that were
absent on early, initial post—-ACL injury MRI. Our findings
suggest that delaying ACL reconstruction may be accept-
able in adults, who may be less active and less injury-prone
than children and adolescents. We hope these findings
prompt future studies to assess the risk of new meniscal
tears with delayed ACL reconstruction by excluding inju-
ries present on postinjury MRI, rather than including all
tears present at the time of surgery.
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