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Abstract

Purpose (1) Report concomitant cartilage and meniscal injury at the time of anterior cruciate ligament reconstruction
(ACLR), (2) evaluate the risk of aseptic revision ACLR during follow-up, and (3) evaluate the risk of aseptic ipsilateral
reoperation during follow-up.

Methods Using a United States integrated healthcare system’s ACLR registry, patients who underwent primary isolated
ACLR were identified (2010-2018). Multivariable Cox proportional-hazards regression was used to evaluate the risk of
aseptic revision, with a secondary outcome evaluating ipsilateral aseptic reoperation. Outcomes were evaluated by time
from injury to ACLR: acute (<3 weeks), subacute (3 weeks—3 months), delayed (3—9 months), and chronic (> 9 months).
Results The final sample included 270 acute (<3 weeks), 5971 subacute (3 weeks—3 months), 5959 delayed (3—9 months),
and 3595 chronic (>9 months) ACLR. Medial meniscus [55.4% (1990/3595 chronic) vs 38.9% (105/270 acute)] and chondral
injuries [40.0% (1437/3595 chronic) vs 24.8% (67/270 acute)] at the time of ACLR were more common in the chronic versus
acute groups. The crude 6-year revision rate was 12.9% for acute ACLR, 7.0% for subacute, 5.1% for delayed, and 4.4% for
chronic ACLR; reoperation rates a 6-year follow-up was 15.0% for acute ACLR, 9.6% for subacute, 6.4% for delayed, and
8.1% for chronic ACLR. After adjustment for covariates, acute and subacute ACLR had higher risks for aseptic revision
(acute HR 1.70, 95% CI 1.07-2.72, p=0.026; subacute HR 1.25, 95% CI 1.01-1.55, p=0.040) and aseptic reoperation (acute
HR 2.04,95% CI 1.43-2.91, p <0.001; subacute HR 1.31,95% CI 1.11-1.54, p =0.002) when compared to chronic ACLR.
Conclusions In this cohort study, while more meniscal and chondral injuries were reported for ACLR performed >9 months
after the date of injury, a lower risk of revision and reoperation was observed following chronic ACLR relative to patients
undergoing surgery in acute or subacute fashions.
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Introduction

Anterior cruciate ligament (ACL) tears are common injuries
in the young, active population, most frequently occurring
in patients under the age of 30 [30]. In the United States
(US), the incidence of ACL tears in 2016 was estimated to
be 68 per 100,000 person-years [36]. ACL reconstruction
(ACLR) aims to restore the ligamentous integrity of the joint
to reach a pre-injury level of knee function, with well over
200,000 ACLR performed in the US annually [37]. In addi-
tion, surgical reconstruction prevents further knee instability
and damage to cartilage and other intra-articular structures
[40]. ACL tears are generally managed in one of two fash-
ions: (1) immediate ACLR or (2) functional rehabilitation
with optional delayed ACLR if instability persists.

The optimal timing of surgical reconstruction is debated.
Studies investigating the possible effect of early ACLR on
postoperative stiffness and range of motion (ROM) have
reported conflicting results and, as such, an optimal time
from injury to surgery has yet to be determined [5, 8, 13].
More recently, it is thought that restoring knee ROM pre-
operatively and reducing overall inflammation in the knee
should be achieved prior to surgical reconstruction rather
than a relying on a specific time from injury [2, 28]. Delayed
ACLR, with or without functional rehabilitation, has also
been associated with a higher incidence of meniscal tears,
particularly in the medial meniscus, and cartilage wear [10,
25,27, 31-33, 36, 41].

Several systematic reviews and meta-analyses have failed
to demonstrate differences in outcomes following ACLR
according to time of the procedure relative to the injury [7,
16, 20]. However, these studies are limited by significant
heterogeneity in the definitions of early and delayed surgery.
More research is needed to evaluate the impact of timing of
ACLR on outcomes, specifically on risks of revision and
reoperation where less information on the impact of surgical
timing is available [42].

Therefore, in a cohort of ACLR patients, this study aimed
to: (1) report concomitant cartilage and meniscal injury at
the time of ACLR according to timing of the ACLR proce-
dure, (2) evaluate the risk of aseptic revision ACLR dur-
ing follow-up, and (3) evaluate the risk of aseptic ipsilateral
reoperation during follow-up. Our hypothesis was the risk of
aseptic revision and aseptic reoperation would differ depend-
ing on timing of when the ACLR was performed, using
four mutually exclusive timing groups: acute (<3 weeks),
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subacute (3 weeks-3 months), delayed (3—9 months), and
chronic (=9 months). To our knowledge, this is the larg-
est study looking at timing from ACL injury to ACLR in a
heterogenous, community-based cohort. This can provide
clinicians important information in their discussion with
patients when considering timing of the ACLR.

Materials and methods
Ethics statement

This study was approved by Kaiser Permanente’s Institu-
tional Review Board (#5691) prior to commencement. No
outside funding was obtained.

Study design, setting, and data source

A retrospective cohort study was conducted using data from
Kaiser Permanente’s ACLR Registry. Kaiser Permanente is
an integrated healthcare system which covers over 12 mil-
lion people throughout 8 geographical regions in the US,
including Colorado, Georgia, Hawaii, the Mid-Atlantic,
Northern California, the Northwest, Southern California,
and Washington. Healthcare plan membership has previ-
ously been shown to be demographically representative of
the geographical areas in which it covers [17, 19].

A detailed summary of data collection procedures, cover-
age, and participation rates for the ACLR Registry has been
published previously [21, 29]. Briefly, patient, procedure,
implant, surgeon, and hospital information for all ACLR
procedures performed within our healthcare system is col-
lected into this surveillance tool using electronic intraop-
erative forms that are completed at the point-of-care by the
operating surgeon. Information is then supplemented using
data from the electronic health record (EHR), administra-
tive claims data, membership data, and mortality records.
Outcomes, such as revisions and reoperations, are prospec-
tively monitored using electronic screening algorithms and
validated by trained clinical content experts using the EHR.

Study sample

The study sample included patients who underwent a pri-
mary isolated ACLR between January 1, 2010 and Decem-
ber 31, 2018. Patients were excluded if they had a multi-liga-
ment injury (n=1494), underwent double bundle or bilateral
procedures (n=138), as well as the Georgia and Washington
regions due to incomplete data (n=666). Patients with a
missing injury date were excluded as timing of the ACLR
could not be determined (n=11,063).
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Exposure of interest

The reported time from injury to primary ACLR was
the exposure of interest and classified as follows: acute
(<3 weeks of injury), subacute (3 weeks to <3 months after
injury), delayed (3 months to <9 months after injury), and
chronic (=9 months after injury). The final study sample
included 270 acute, 5971 subacute, 5959 delayed, and 3595
chronic ACLR.

Outcomes of interest

Outcomes that required a subsequent surgical interven-
tion were evaluated. The primary outcome was first aseptic
revision surgery. Aseptic revision was defined as the asep-
tic failure of the primary ACLR graft where removal and
replacement of the original graft was required. The second-
ary outcome was first ipsilateral aseptic reoperation. Reop-
eration was defined as any procedure after the index ACLR,
not including a revision surgery. Revisions and reoperations
were reported by the operating physician on the registry data
collection form and validated by trained clinical research
associates. Patients are continuously monitored for revisions
and reoperations following the index ACLR until either
healthcare plan membership termination or death.

Covariates

Covariates included patient age (< 20, 20-29, 30-39, and
>40 years), gender (male vs female), body mass index
(BMI, <22, 22-24.9, 25-29.9, and > 30 kg/m?), race/eth-
nicity (Asian, Black, Hispanic, Native American/Multi,
and White), American Society of Anesthesiologists (ASA)
classification (< 3, >3, and missing/unknown), activity at
the time of injury (motor vehicle accident, sport, work, and
other), graft selection (allograft, autograft: BPTB, autograft:
hamstring, autograft: quad tendon/other, and hybrid graft),
femoral fixation device type (combination, crosspin, interfer-
ence, and suspensory), tibial fixation device type (combina-
tion, crosspin, interference, and suspensory), meniscal tears
at index surgery (lateral and medial), and cartilage injuries
at index surgery. Hybrid graft was defined as a graft using
both hamstring autograft and allograft. Combination fixa-
tion was defined as more than one fixation device used on
the same side.

Statistical analysis

Both revisions and reoperations were modelled as time-to-
events with no restrictions on minimum follow-up. Follow-
up time for those who experienced one of the outcomes of
interest was defined as the difference between the index
ACLR date and the date of the outcome. Patients who did

not experience an outcome of interest were censored at the
date of last surveillance (date lost to follow-up, death, or
study end date [December 31, 2018], whichever came first).
For the reoperation outcome, patients who experienced a
revision surgery before any reoperation were also censored
at the date of revision surgery as any reoperation after would
no longer be attributable to the original graft from the index
ACLR. Crude cumulative revision and reoperation probabil-
ities were calculated as one minus the Kaplan—Meier estima-
tor and cumulative incidence curves were shown up to the
time point at which there were still 50 ACLR at risk in the
smallest group to ensure a reliable estimate with sufficient
number of patients at risk (6-year follow-up for the entire
study cohort, 5-year follow-up for the age-stratified groups).

Multivariable Cox proportional-hazards regression was
used to evaluate the risk of aseptic revision and aseptic reop-
eration by exposure group. All models included the covari-
ates listed above and a surgeon-level cluster-robust variance
estimator to account for correlation of ACLR performed by
the same operating surgeon. Age-specific models within two
age groups, <22 years and >22 years, were also presented
for the evaluation of revision and reoperation risk as it was
observed to be an effect modifier in the association between
ACLR timing and risk of revision. Hazard ratios (HR), 95%
confidence intervals (CI), and P values are presented with
chronic ACLR as the reference group. The proportional-haz-
ards assumption for the exposure variable was checked by
testing time interaction terms and the assumption was met,
implying that the factors investigated have a constant impact
on the hazard over time. Uncategorised missing values were
not included in the models. Analyses were performed using
SAS Enterprise Guide 7.1. P<0.05 was the statistical sig-
nificance threshold used for this study and all tests were
two-sided.

Results

The final study sample included 15,795 ACLR procedures
performed by 281 surgeons at 47 healthcare centres (Fig. 1).
The median age for the total cohort was 25 years [interquar-
tile range (IQR)=18-36] and the median BMI was 25.8 kg/
m? (IQR =23.2-29.4). More ACLR patients in the sample
were male (60.4%), White (51.8%), with an ASA of 1-2
(77.7%). Most (77.8%) suffered ACL injury from sporting
activity. Hamstring autograft was more frequently utilised
during the primary procedure (36.2%) and more grafts were
fixed with a suspensory device on the femoral side (43.6%)
and an interference device on the tibial side (72.3%). Demo-
graphics, patient, and surgical characteristics by exposure
group are summarised in Table 1.
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Fig. 1 Study sample flowchart ACL Registry 2018
n = 49,204
Primary Isolated ACLR
n = 35,666

Exclusions (n=8,808)

* Double Bundles & Bilaterals (n=138)

* Exclude patients operated <2010 and in GA and
WA for most data completeness (n=8,670)

A4

Study Population

n = 26,858
Time from Injury to ACL Surgery
v l ¢ ¢
Acute Subacute Delayed Chronic Missing Injury Dates
(<3 weeks) (3 weeks - 3 months) (3-9 months) (>9 months) n = 11,063
n =270 n =5,971 n = 5,959 n = 3,595

| |

v

Analytic Population
n =15,795

Cartilage and meniscal injuries at the time of ACLR

A similar proportion of lateral meniscus tears were
reported at the time of acute (42.2%) and chronic (41.3%)
ACLR; however, a larger percentage of medial meniscus
tears were reported for chronic (55.4%) compared acute
ACLR (38.9%). Similarly, cartilage injury was more fre-
quently reported in chronic (40.0%) versus acute ACLR
(24.8%).

Timing of ACLR and revision risk

Figure 2 presents cumulative aseptic revision probabilities
during follow-up; the crude 6-year revision rate is presented
in Table 2. After adjustment for covariates, both acute and
subacute ACLR had higher risks for aseptic revision (acute
HR 1.70, 95% CI 1.07-2.72, p=0.026; subacute HR 1.25,
95% CI 1.01-1.55, p=0.040) when compared to chronic
ACLR patients.

Pairwise comparisons of the ACLR timing groups for
aseptic revision indicated higher risks in both the acute (HR
1.71,95% CI 1.07-2.73, p=0.026) and subacute groups (HR
1.26, 95% CI 1.06-1.48, p=0.007) compared with delayed
ACLR (Table 3).

Age at index surgery was identified as an effect modifier
for aseptic revision; age-stratified 5-year cumulative revi-
sion rates are included in Table 4. In the adjusted models,
acute surgery had a higher revision risk (HR 2.21, 95% CI
1.21-4.05, p=0.010), as did subacute surgery (HR 1.69,
95% CI 1.21-2.36, p=0.002) in younger ACLR patients.
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Timing of ACLR and reoperation risk

The cumulative aseptic reoperation probability is presented
in Fig. 3 and the 6-year cumulative reoperation incidence is
presented in Table 2. Similar to aseptic revision, both acute
and subacute ACLR had higher risks for aseptic reopera-
tion (acute HR 2.04, 95% CI 1.43-2.91, p<0.001; subacute
HR 1.31, 95% CI 1.11-1.54, p=0.002) when compared to
chronic ACLR patients.

Pairwise comparisons for aseptic reoperation identified
additional differences between the timing groups including
acute and subacute (HR 1.56,95% CI 1.12-2.19, p =0.009),
acute and delayed (HR 2.29, 95% CI 1.60-3.27, p <0.001),
and subacute and delayed (HR 1.46, 95% CI 1.28-1.67,
p<0.001) (Table 3).

Crude age-stratified aseptic reoperation 5-year inci-
dences are included in Table 4. After adjustment for covari-
ates, younger ACLR patients had a higher reoperation risk
in the acute group (HR 1.76, 95% CI 1.06-2.93, p=0.029)
compared with chronic ACLR (Table 4). Older patients
had a higher reoperation risk amongst acute (HR 2.31, 95%
CI 1.39-3.85, p=0.001) and subacute (HR 1.30, 95% CI
1.06-1.59, p=0.014) when compared with chronic ACLR
patients.

Discussion

The most important finding of the present study was the
lower risk of revision and reoperation following chronically
treated ACLR relative to patients undergoing surgery in
an acute or subacute fashion. In a large cohort of 15,795
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Table 1 Baseline data of included 15,795 primary isolated anterior cruciate ligament reconstruction (ACLR) patients (2010-2018)

Characteristic, n (%) unless specified

Acute (<3 weeks)

Subacute

(3 weeks—3 months)

Delayed (3-9 months)

Chronic (>9 months)

Total N
Patient characteristics
Age, in years, median (IQR)
<20
20-29
30-39
>40
Female
Race/ethnicity
Asian
Black
Hispanic
Other
White
ASA classification
12
>3
Missing
BMLI, in kg/mz, median (IQR)
<22
22-24.9
25-29.9
>30
Activity at injury
Motor vehicle accident
Sports
Work-related
Other
Procedure characteristics
Graft source
Allograft
Autograft: BPTB
Autograft: hamstring
Autograft: quad tendon/other
Hybrid
Femoral fixation
Combination
Crosspin
Interference
Suspensory
Tibial fixation
Combination
Interference
Suspensory
Meniscus and cartilage injuries
Lateral meniscus tear
Medial meniscus tear

Cartilage injury

270

21 (17-33)
121 (44.8)
64 (23.7)
46 (17.0)
39 (14.4)
117 (43.3)

34 (12.6)
24 (8.9)
43 (15.9)
6(2.2)
163 (60.4)

196 (72.6)
5(1.9)

69 (25.6)

24.5 (22.0-27.4)
66 (24.4)

85 (31.5)

86 (31.9)
33(12.2)

8(3.0)
211 (80.2)
3(1.1)

41 (15.6)

89 (33.0)
72 (26.7)
104 (38.5)
1(0.4)
4(1.5)

15 (6.1)
30 (12.1)
94 (38.1)
108 (43.7)

35(14.2)
203 (82.5)
8(3.3)

114 (42.2)
105 (38.9)
67 (24.8)

5971

22 (17-33)
2515 (42.1)
1515 (25.4)
1018 (17.1)
920 (15.4)

2676 (44.8)

708 (11.9)
494 (8.3)
1246 (20.9)
134 (2.3)
3368 (56.6)

4648 (77.8)
61 (1.0)

1262 (21.1)
25.0 (22.7-28.3)
1095 (18.4)
1823 (30.6)
2006 (33.7)
1028 (17.3)

144 (2.5)
4857 (82.7)
54 (0.9)
820 (14.0)

1753 (29.4)
1790 (30.0)
2227 (37.3)
24 (0.5)
177 3.0)

252 (4.4)
601 (10.5)

2247 (39.2)
2635 (45.9)

1149 (20.1)
4417 (77.1)
161 (2.8)

2516 (42.1)
1741 (29.2)
1379 (23.1)

5959

25 (18-36)
1936 (32.5)
1674 (28.1)
1193 (20.0)
1155 (19.4)
2292 (38.5)

743 (12.5)
453 (7.6)
1599 (27.0)
114 (1.9)
3023 (51.0)

4621 (77.5)
76 (1.3)

1262 (21.2)

26.1 (23.3-29.6)
869 (14.6)

1511 (25.4)
2185 (36.8)
1379 (23.2)

182 (3.1)
4600 (78.6)
73(1.2)
995 (17.0)

2017 (33.8)
1564 (26.2)
2153 (36.1)
29 (0.5)
196 (3.3)

287 (5.0)
616 (10.7)

2303 (40.1)
2539 (44.2)

1313 (22.9)
4231 (73.9)
184 (3.2)

2338 (39.2)
2059 (34.6)
1699 (28.5)

3595

29 (22-38)
614 (17.1)
1200 (33.4)
984 (27.4)
796 (22.1)
1167 (32.5)

516 (14.4)
250 (7.0)
1124 31.4)
67 (1.9)
1624 (45.4)

2804 (78.0)
75 (2.1)

716 (19.9)

27.0 (24.2-30.8)
354 (9.9)

778 (21.7)

1398 (39.0)
1059 (29.5)

158 (4.5)
2619 (75.4)
43(1.2)
655 (18.8)

1423 (39.6)
811 (22.6)
1237 (34.4)
13 (0.3)
111 3.1)

166 (4.8)
375 (10.8)

1334 (38.3)
1610 (46.2)

788 (22.7)
2565 (74.0)
114 3.3)

1484 (41.3)
1990 (55.4)
1437 (40.0)

Missing values: age=5 (0.0%), gender=3 (0.0%), race=62 (0.4%), ASA=3309 (20.9%), BMI=40 (0.3%), activity at injury =332 (2.1%), fem-
oral fixation =583 (3.7%), tibial fixation =627 (4.0%)

ASA American Society of Anesthesiologists, BMI body mass index, BPTB bone patellar tendon bone, /QR interquartile range
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Fig.2 Cumulative aseptic revision probability (solid line) and 95% confidence limits (shaded area) during follow-up. Number of patients at risk

(number of cumulative events) by each year of follow-up

Table2 Cumulative incidence and adjusted risk of aseptic revision
and reoperation by timing of the isolated primary anterior cruciate
ligament reconstruction (ACLR)

Table 3 Pairwise comparisons of adjusted risk of aseptic revision and
reoperation by timing of the isolated primary anterior cruciate liga-
ment reconstruction (ACLR)

Outcome Crude 6-year Adjusted® P
CIF* (95% CI)  HR (95% CI)

Aseptic revision

Acute 12.9 (8.3-18.5) 1.70 (1.07-2.72)  0.026

Subacute 7.0 (6.3-7.8) 1.25 (1.01-1.55)  0.040

Delayed 5.1(4.4-5.8) 1.00 (0.79-1.26) n.s.

Chronic 4.4 (3.6-5.4) Reference

Aseptic reoperation

Acute 15.0(9.2-22.1) 2.04(1.43-291) <0.001

Subacute 9.6 (8.6-10.7) 1.31(1.11-1.54)  0.002

Delayed 6.4(5.6-7.3) 0.89(0.77-1.03) ns.

Chronic 8.1 (6.9-9.5) Reference

CI confidence interval, CIF cumulative incidence function, HR haz-
ard ratio, n.s. not statistically significant

#Cumulative incidence function calculated as one minus the Kaplan—
Meier estimate. Cumulative incidence at 6-year follow-up is reported

®Adjusted for age, gender, race/ethnicity, American Society of Anes-
thesiologists classification, body mass index, activity at injury, lat-
eral meniscus tear, medial meniscus tear, cartilage injury, graft type,
femoral fixation, tibial fixation, and operating surgeon. Bold indicates
statistically significant result (p <0.05)
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Timing Aseptic revision Aseptic reoperation

Adjusted® Adjusted®

HR 95%CD)  p HR (95%CI)  p

Acute vs suba-  1.36 (0.86-2.17) n.s.  1.56 (1.12-2.19) 0.009

cute

Acute vs 1.71 (1.07-2.73) 0.026 2.29 (1.60-3.27) <0.001
delayed

Acute vs 1.70 (1.07-2.72) 0.026 2.04 (1.43-2.91) <0.001
chronic

Subacute vs 1.26 (1.06-1.48) 0.007 1.46 (1.28-1.67) <0.001
delayed

Subacute vs 1.25 (1.01-1.55) 0.040 1.31(1.11-1.54) 0.002
chronic

Delayed vs 1.00 (0.79-1.26) n.s. 0.89 (0.77-1.03) n.s.
chronic

CI confidence interval, HR hazard ratio, n.s. not statistically signifi-
cant

#Adjusted for age, gender, race/ethnicity, American Society of Anes-
thesiologists classification, body mass index, activity at injury, lat-
eral meniscus tear, medial meniscus tear, cartilage injury, graft type,
femoral fixation, tibial fixation and operating surgeon. Bold indicates
statistically significant result (p <0.05)
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Table 4 Age-stratified

e Aseptic revision Aseptic reoperation
cumulative incidence and
adjusted risk of aseptic revision Timing Crude Adjusted® P Crude Adjusted® )4
and aseptic reoperation by 5-year CIF* HR (95% CI) 5-year CIF* HR (95% CI)
timing of the isolated primary (95% CI) (95% CI)
anterior cruciate ligament
reconstruction (ACLR) <22 years old
Acute 16.4 (10.1-2.4) 221 (1.21-4.05) 0.010 7.1 (2.7-14.2) 1.76 (1.06-2.93) 0.029
Subacute 9.2 (8.1-10.4) 1.69(1.21-2.36) 0.002 7.8(6.7-9.1) 1.27(0.99-1.62) n.s.
Delayed 7.1(6.0-8.3) 1.38(0.99-1.92) n.s. 4.73.7-5.9) 0.87(0.67-1.12) n.s.
Chronic 6.0 (4.3-8.1)  Reference - 6.0 (4.2-8.2)  Reference -
> 22 years old
Acute 39(1.2-89) 1.39(0.61-3.21) ns. 8.2(3.8-14.9) 2.31(1.39-3.85) 0.001
Subacute 34(2.7-42) 094(0.67-1.31) ns. 5.5(4.5-6.6) 1.30(1.06-1.59) 0.014
Delayed 23 (1.7-29)  0.74(0.51-1.07) ns. 45@3.7-54) 090 (0.74-1.09) n.s.
Chronic 3.1 (2.3-3.9)  Reference - 5.7 (4.6-7.0)  Reference -
CI confidence interval, CIF cumulative incidence function, HR hazard ratio, n.s. not statistically significant
4Cumulative incidence function calculated as one minus the Kaplan—-Meier estimate. Cumulative incidence
at 5-year follow-up is reported
bAdjusted for age, gender, race/ethnicity, American Society of Anesthesiologists classification, body mass
index, activity at injury, lateral meniscus tear, medial meniscus tear, cartilage injury, graft type, femoral
fixation, tibial fixation, and operating surgeon. Bold indicates statistically significant result (p <0.05)
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Fig. 3 Cumulative aseptic reoperation probability (solid line) and 95% confidence limits (shaded area) during follow-up. Number of patients at
risk (number of cumulative events) by each year of follow-up

patients, more concomitant medial meniscus and cartilage  particular had a lower aseptic revision risk during follow-up
injuries were reported in chronic ACLR patients. However, = for ACLR performed > 9 months after injury.

chronic ACLR was also associated with a lower risk for both Since the posterior horn of the medial meniscus serves as
aseptic revision and reoperation during follow-up relative to  a secondary stabiliser to anteroposterior translation, when
the acute and subacute ACLR. Patients <22 years of agein ~ the ACL is torn, the medial meniscus is subject to higher
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forces and risk of injury with each instability event [40].
This corresponds to our findings of a higher frequency of
medial meniscus injures for patients with chronic ACLR, but
comparable frequencies in lateral meniscus injuries between
chronic and acute study groups. The results presented here
are similar to those of Chen et al. [4] who reported meniscal
injuries to be present in 53.7% of delayed ACLR (defined
as>1 year) and 29.1% of early ACLR (defined as < 1 year)
with no observed difference in lateral meniscus tears. Bram-
billa et al. [3] also found delaying surgery beyond 12 months
increased the risk of developing medial meniscus tear but
not lateral meniscus tear.

The greater frequency of cartilage lesions at the time of
chronic ACLR is consistent with previous studies. Studies
have reported a higher likelihood of cartilage injury and
high grade cartilage lesions for ACLR performed more
than 1 year after injury [18, 25, 26], with similar findings
in the paediatric population [1]. The Norwegian National
Knee Ligament Register suggested a higher odds of carti-
lage lesion by close to 1% with each month from the time
of injury and close to twice the odds if a meniscal lesion is
present [9].

Higher risks of revision following ACLR performed
within 3 months of injury were also reported in prior studies
from the Norwegian and Swedish registries [39]. Sutherland
et al. [42] also found a higher risk for revision in ACLR
performed within 1 year from injury. In our investigation
separating out acute and subacute groups, we also observed
a dose—response relationship as ACLR were performed
closer to the time of injury (i.e. HR 1.25 for subacute vs
chronic and HR 1.70 for acute vs chronic in overall analy-
sis; HR 1.69 for subacute vs chronic and HR 2.21 for acute
vs chronic in <22 years analysis). Future investigation is
needed to evaluate if those undergoing ACLR earlier have
higher Marx activity scores which may increase their revi-
sion risk [15], particularly in patients <22 years where the
observed association was the strongest.

Reoperations outside of revision may derive from sec-
ondary injuries. Evidence generally supports the theory that
nonoperative or delayed management of ACL tears increases
the risk of secondary meniscal and chondral injury [11, 32,
35, 38], though definitions for early and delayed are var-
ied. Hagmeijer et al. [11] reported lower rates of second-
ary meniscal tears with ACLR within 6 months (7%) com-
pared to after 6 months (33%) or nonoperative management
(19%). Other studies have observed similar findings when
using early/delayed cut-points at 6 months [25] and 1 year
[35]. In paediatric patients, a meta-analysis pooling results
from observational studies indicated a lower risk of medial
meniscal injury in those reconstructed early (26%) compared
to delayed (47%) [18]. Despite this theoretical higher risk
of secondary injuries, we observed a lower risk of aseptic
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reoperation for those with a chronic ACLR when compared
to acute and subacute ACLR.

Current literature is heterogenous in its definitions of
early/acute/subacute and delayed/chronic ACLR. Early
reconstruction has been defined as soon as 48 h and as
long as up to 2 years after injury [13, 20]. One of the long-
standing arguments against performing ACLR early after
injury is the risk of arthrofibrosis [2, 34]. However, a recent
randomised controlled trial evaluated patients undergoing
ACLR within 8 days after injury and found no increase in
stiffness relative to those undergoing surgery 6—-10 weeks
after injury [43]. Similar studies have also reported no dif-
ference with respect to surgical timing [6, 12, 43]. Two
meta-analyses failed to observe a difference in ROM, graft
rupture, or functional outcomes in those undergoing early
reconstruction within 3 weeks of injury relative to delayed,
defined as either at least 4 weeks or 10 weeks after injury
[5, 24]. Many of these studies, however, would have fallen
into the early reconstruction categories of the present study
[14, 22]. The benefit of incorporating a chronic group
with ACLR >9 months after injury is it allows more than
adequate time for patients to resume normal activities of
daily living and trial return to sports if desired. Despite the
varying definitions of ACLR timing in the literature, there
does appear to be a clear delineation between early (days to
weeks) versus chronic (>9 months).

Younger age is a known risk factor for revision surgery
[21, 23]. While higher revision risks have previously been
reported for ACLR performed early and in younger patients,
the relationship between both timing of surgery and age is
limited. When stratifying by age, the lower revision risk fol-
lowing chronic ACLR relative to acute and subacute ACLR
was within patients <22 years of age specifically; no asso-
ciations between surgical timing and subsequent aseptic
revision were observed in older patients. On the other hand,
acute or subacute ACLR had higher risks of surgical reop-
erations relative chronic ACLR in the older age group. This
may be of use to surgeons to discuss with their prospective
patients as a counselling to younger patients who are under-
going ACLR. For older patients undergoing ACLR, they
should also be counselled that they have a higher risk of
subsequent surgeries (outside of revision ACLR).

This study has several strengths. Our ACLR registry
captures information on all ACLR performed within the
integrated healthcare system and longitudinally monitors
healthcare plan members for outcomes. This is of value
since the rates of patients undergoing surgery with different
surgeons than their primary is not insignificant [42]. The
healthcare system includes 8 geographical regions and more
than 300 surgeons, so that our findings are likely representa-
tive of community-based practices in the US. Furthermore,
there is longitudinal follow-up for outcomes, allowing for
time-to-event analyses, and manual validation of identified
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outcomes. The large cohort size made it possible to account
for potential confounders, such as age, gender, BMI, race,
ASA classification, activity at injury, meniscus tear, carti-
lage injury, graft type, and graft fixation, in the regression
analysis.

Limitations of the present study align with those of other
observational studies in that causation cannot be inferred.
While we attempted to account for additional factors in our
multivariable analysis, residual influence due to unmeasured
covariates is possible. The registry does not capture data
on activity level, nor is there information on return to play.
While we included activity at the time of injury in our mul-
tivariable analysis, patients who choose to undergo surgery
earlier may have a higher activity level or returned to play at
an earlier timeframe postoperatively, which can also impact
the risk of revision. Still, these factors would occur after
ACLR exposure and be considered an intermediary step in
the causal pathway rather than a confounder. While surgeon
volume was also not included as a covariate in the regression
analysis, all models accounted for the individual surgeon
who performed the index ACLR. Furthermore, no informa-
tion on arthrofibrosis, patient-reported outcomes, or func-
tional outcomes were collected in the registry and, therefore,
could not be evaluated. Only outcomes requiring surgical
intervention were examined, which may underestimate the
true incidence of ACLR graft failure as patients who expe-
rienced clinical failure but chose not to undergo subsequent
revision or reoperation were not evaluated. Therefore, infer-
ences regarding the risk of graft re-tear and clinical failure
cannot be made. Loss to follow-up was high at 25.8%, and
there is potential for selection bias as 20% acute, 25% suba-
cute, 28% delayed, and 27% chronic ACLR patients termi-
nated healthcare membership during follow-up. However,
our statistical analysis accounted for this, including follow-
up time in the regression models and censoring at the date
lost to follow-up. Finally, a large proportion of patients in
the registry were excluded due to missing information on the
date of injury. However, when these patients were compared
to those included in the study sample, demographics and
patient and surgical characteristics were similar. Therefore,
we do not anticipate there to be selection bias in reporting
of injury date. Despite these limitations, the present study
contributes to literature on timing of ACLR after injury.

Conclusion

In this cohort study, while more meniscal and chondral inju-
ries were reported for ACLR performed > 9 months after the
date of injury, lower risks of revision and reoperation were
observed in the chronic group relative to patients undergo-
ing acute or subacute ACLR. The lower revision risk was

observed especially for chronic ACLR performed in patients
younger than 22 years old. Clinicians may use this informa-
tion in their discussion with patients when considering tim-
ing of the ACLR. Specifically, while more medial meniscus
and cartilage injuries were observed in the patients with a
chronic ACLR, these patients had lower aseptic revision
and reoperation risks when compared to acute and subacute
ACLR. This provides evidence for a patient that delaying
surgery to a more convenient time does not increase the risk
of revision ACLR.
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