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Delaying anterior cruciate ligament e

reconstruction for more than 3 or 6 months
results in lower risk of revision surgery

Helena Amstrup Jensen' ®, Torsten Granbech Nielsen'? and Martin Lind'

Abstract

Background The objective of this study is to investigate the risk of revision surgery when delaying anterior cruciate
ligament reconstruction (ACLR) past 3 months or 6 months after injury.

Materials and methods A total of 30,280 patients with isolated ACLR were identified in the Danish Knee Liga-
ment Reconstruction Registry and divided into four groups; ACLR <3 months, >3 months, <6 months, or >6 months
after injury. Primary outcome was revision surgery and secondary outcome were objective and subjective clinical
outcome. The 2 year relative risk, crude, and adjusted hazard ratio (HR) were calculated.

Results Comparing ACLR <3 months to ACLR> 3 months of injury the 2 year relative risk of revision surgery
was found to be 1.81 (95% Cl 1.46-2.23; P<0.001) with an adjusted hazard ratio (HR) of 1.27 (95% Cl 1.12-1.44;
P<0.001). Comparing ACLR <6 months to ACLR >6 months of injury the 2 year relative risk of revision surgery
was found to be 1.61 (95% Cl 1.34-1.92; P<0.001) with an adjusted HR of 1.27 (95% CI 1.15-1.40; P<0.001).

Conclusion The risk of revision ACLR surgery was found to be increased when ACLR was performed within 3 months
or 6 months of injury compared with later surgery. The 1 year postoperative objective knee laxity and the subjec-

tive patient-related outcome was found to be without a clinically significant difference; however, those with early
ACLR (< 3 months or <6 months) were found to have a higher activity level 1 year postoperatively. The information
about increased risk of revision when having early surgery should be informed to patients when deciding timing

of ACLR treatment.

Level of evidence: |l.

Keywords ACL, ACL reconstruction, Anterior cruciate ligament reconstruction, Timing, Time from injury to surgery,
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Introduction
The optimal timing of anterior cruciate ligament recon-
struction (ACLR) remains uncertain, and there is no con-
sensus on whether early or delayed surgery provides the
best outcome.
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Delayed surgery has been known to increase the risk of
cartilage and meniscus injury [7, 9, 14, 25, 34] and there-
fore advised against.

Furthermore, from a social health system perspective,
early ACLR is preferable, according to Mather et al. [32]
in a cost-effectiveness analysis.

Previous studies investigating the influence of timing
of ACLR on revision rates reported no significant dif-
ference between early and delayed ACLR [2, 8, 41, 48].
However, a number of more recent studies have reported
an increased risk of revision surgery when ACLR was
performed early [11, 13, 19, 35, 42], including Ding et al.
[13], who reported, based on data from the US integrated
healthcare system’s ACLR registry, a significantly higher
risk of revision surgery when ACLR was performed
within 3 weeks or 3 months of injury compared with
more than 9 months after injury. One issue with the com-
parison of results is the need for consensus on the defini-
tion of early and delayed ACLR.

In 2005, the Danish Knee Ligament Reconstruction
Register (DKRR) was established as a national clinical
database. It contains data from surgeons and patients
about all anterior cruciate ligament (ACL) procedures
performed in Denmark. This includes data on sagittal
and rotatory objective knee laxity, which are not present
in the Norwegian and the Swedish National Knee Liga-
ment Registries. Therefore, the DKRR provides an oppor-
tunity to investigate revision rates and clinical outcomes
for ACLR using a large dataset [28].

The aim of this study is to investigate the result of
delaying ACLR past 3 months or 6 months on revi-
sion rates and knee stability using data from the DKRR.
The tested hypothesis was that surgery within the first
3 months or 6 months of injury increases the risk of revi-
sion surgery.

Materials and methods
This study followed the design of a register-based retro-
spective comparative cohort study.

Data source
Data for the present study were extracted from the DKRR
as a project specific dataset including the necessary data
for the aim of the study. The project and the requested
data extraction were approved by the steering comity
of the DKRR. National clinical registry studies do not
require local ethical committee approval in Denmark.
Data were obtained from the web-based, nationwide,
clinical database DKRR [28]. The database includes data
from all departments performing ACL procedures in
Denmark (both public and private clinics); registration
has been compulsory since 2005. The operating surgeon
collects data prospectively before surgery, during surgery,
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and 1 year postoperatively. These data include social
security number [29], time of injury, date of surgery, pre-
and postsurgery instrumented sagittal knee laxity, and
rotatory laxity. Rolimeter or KT-1000 arthrometer tests
were used to measure the instrumented sagittal knee lax-
ity between the healthy and the operated knee—meas-
ured in mm [4]. In this study, the cohort was grouped
in<2 mm or>2 mm of side-to-side difference. The pivot
shift test was used to measure rotatory laxity of the ACL
using a 4-point Likert grading scale, with grade 0 being
normal, grade 1 being glide, grade 2 being clunk, and
grade 3 being gross [24]. These data were divided into
negative pivot shift test results correlating with grade 0 or
positive pivot shift test results correlating with grade > 1.

Furthermore, the database contains subjective informa-
tion from the patient regarding knee function before and
1 year after surgery. Patients independently report these
data via the internet using the validated self-assessment
scores of the Knee Injury and Osteoarthritis Outcome
Score (KOOS) [37] and Tegner activity score [43]. KOOS
is a knee-specific score with five subscales, where KOOS4
is a validated outcome using four subscales determining
symptoms, pain, sports and recreation, and quality of life,
as these are the most responsive subscales from KOOS
[18]. Each subscale is rated on a score from 0 to 100, with
zero representing extreme knee problems and 100 repre-
senting no knee problems [37]. The Tegner activity scale
is a knee-specific score from 0 to 10 indicating the high-
est level of activity that the patient is currently able to
perform, with 0 being on sick leave or a disability pension
and 10 being involved in competitive sports (soccer, foot-
ball, and rugby) at an elite national level [43].

Study population

During the period from 1 July 2005 to 31 December 2018,
the authors identified 30,949 patients who had isolated
ACLR. Of the 30,949 patients, 669 were excluded because
data on the time of injury were missing.

In total, 30,280 patients were included in this study,
and all had a minimum follow-up time of 2 years. Based
on the time from injury to ACLR, data were divided
into 4 groups: 4455 in the<3 months group, 25,825 in
the>3 months group, 12,518 in the<6 months group,
and 17,762 in the > 6 months group.

Outcomes
The primary outcome in the present study was ACLR
revision, defined as surgical replacement of the primary
ACLR graft. Follow-up started on the day of ACLR and
ended at the date of revision surgery, death, emigration,
or the date of data extraction (31 December 2020).
Secondary outcomes were objective knee laxity and
subjective knee function. The objective knee laxity was
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measured preoperatively and at 1 year follow-up using
Rolimeter or KT-1000 arthrometer tests and the pivot
shift score as measurements [28]. The patient-reported
subjective knee function were measured using KOOS
[37] and Tegner activity scores [43] collected preopera-
tively and at 1 year follow-up.

Statistics

The total incidence of revision surgery was calculated
for each group with a 95% confidence interval (95% CI).
Revision rates were estimated as 2 year relative risk (RR)
and full follow-up time hazard ratio (HR) with 95% CI
to compare those with ACLR <3 months or <6 months
within injury to those with ACLR>3 months
or >6 months after injury, respectively. HR was calcu-
lated both unadjusted and adjusted for the confounding
factors: age, sex (male/female), activity leading to injury
(pivoting sport/nonpivoting sport/activity of daily liv-
ing/traffic/work/unknown), meniscal damage (none/
medial/lateral/both), cartilage damage (1-2/3—4/none)
and graft choice (hamstring tendon (HT), bone—patella
tendon-bone (BTB), and quadriceps tendon-—bone
or quadriceps tendon (QTB/QT) or other) using Cox
regression analysis. Furthermore, the revision rates
were compared between study groups (<3 months ver-
sus >3 months and < 6 months versus > 6 months) using
the y test.

A Kaplan—Meier curve was calculated to illustrate
the probability of ACLR revision at different follow-up
times.

For instrumented sagittal knee laxity, the mean val-
ues of side-to-side difference were calculated in mil-
limeters and compared between groups (<3 months
versus >3 months and <6 months versus>6 months).
Furthermore, the proportion of<2 mm of side-to-
side difference was calculated for each group. For the
pivot shift test, the proportion of negative tests was
calculated for each group. For both pivot shift test
and instrumented sagittal knee laxity, proportions
were compared between groups (<3 months ver-
sus >3 months and < 6 months versus > 6 months) using
the y test.

For the KOOS4 score and Tegner activity score, mean
values were calculated and compared between groups
(<3 months versus>3 months and<6 months ver-
sus > 6 months) using the Student ¢-test.

P values of<0.05 were considered to be statistically
significant.

Statistical analyses were executed using the software
package STATA version v17.0 (StataCorp. 2021. Stata sta-
tistical software: Release 17. College Station, TX: Stata-
Corp LLC).

Page 3 of 9

Results

Demographic data for the total population are presented
in Table 1, and patient characteristics for the four groups
are presented in Table 2.

A significantly lower age, percentage of BTB-grafts,
lower percentage of cartilage damage, lower preopera-
tive KOOS4, and higher preinjury Tegner activity score
were found in those with ACLR <3 months or <6 months
of injury. Furthermore, a significantly lower percent-
age of males was found in those with ACLR <3 months
of injury, and a significantly lower percentage of menis-
cal damage was found in those with ACLR <6 months of
injury.

Risk of revision surgery

The total incidence of revision surgery for the group with
ACLR <3 months of injury was found to be 6.8% (95%
CI 6.0-7.5%; P<0.001), whereas the total incidence was
found to be 5.4% (95% CI 5.2-5.7%; P <0.001) for the
group with ACLR >3 months after injury. Comparing the
groups, a significantly increased risk of revision surgery
was found for the group with ACLR <3 months of injury,
with an HR of 1.27 (95% CI 1.12-1.44; P<0.001) and a
2 year relative risk of 1.81 (95% CI 1.46-2.23; P <0.001)
(Table 3).

The total incidence of revision surgery for the group
with ACLR <6 months of injury was 6.7% (95% CI 6.2—
7.1%; P<0.001), whereas the total incidence was found to
be 4.9% (95% CI 4.6-5.2%; P<0.001) for the group with
ACLR>6 months after injury. Comparing the groups,
the risk of revision surgery was significantly higher when
ACLR was performed < 6 months of injury, with an HR of

Table 1 Population demographics

Demographic data Alln=30,280
Age, mean + standard deviation (SD) 29+11
Sex, female/male % 40/60
Instrumented sagittal knee laxity <2 mm, n (%) 2617 (10.3)
Negative pivot shift test, n (%) 3240 (11.3)
Pivoting sport leading to injury, n (%) 17,675 (57.3)
Graft choice
Hamstring tendon, n (%) 25,127 (83.2)
Bone-patella tendon-bone, n (%) 2865 (9.5)
Quadriceps tendon—-bone or quadriceps tendon, n (%) 1410 (4.7)
Other, n (%) 785 (2.6)
Meniscal damage, n (%) 13,316 (43.9)
Cartilage damage, n (%) 4500 (17.5)
KOOS4, mean+SD 55+155
Tegner activity score, mean+SD 3119
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Table 2 Preoperative patient characteristics including data on objective knee laxity and subjective outcomes

Demographic data

<3 months n=4455 >3 monthsn=25,825 Pvalue <6 monthsn=12,518 >6 monthsn=17,762 P value

Age, mean+SD 27+11 29411 <0001 27+£10 30+ 11 <0.001
Sex, female/male % 43/57 40/60 <0.001 40/60 40/60 0.54
Instrumented sagittal knee 360 (9.8) 2257 (104) 0.31 1084 (10.3) 1533 (10.3) 0.98
laxity <2 mm, n (%)
Instrumented sagittal knee 49420 49+2.1 0.09 49+19 5+2.1 <0.001
laxity in mm, mean+SD
Negative pivot shift test, n (%) 380 (9.1) 2860 (11.6) <0.001 1239(10.5) 2001 (11.8) <0.001
Pivoting sport leading 2766 (62.1) 14,909 (57.7) <0.001 7954 (63.5) 9721 (54.7) <0.001
to injury, n (%)
Graft choice
Hamstring tendon, n (%) 3776 (84.9) 21,351(82.9) <0.001 10,510 (84.1) 14,617 (82.6) <0.001
Bone-patella tendon- 323(7.3) 2542 (9.9) <0.001 1015(8.1) 1850 (10.5) <0.001
bone, n (%)
Quadriceps tendon-bone 280 (6.3) 1130 (44) <0.001 713(5.7) 697 (3.9) <0.001
or quadriceps tendon,
n (%)
Other, n (%) 66 (1.5) 719 (2.8) <0.001 254 (2) 531(3) <.001
Meniscal damage, n (%) 2008 (45.1) 11,308 (43.8) (AN 5346 (42.7) 7970 (44.9) <0.001
Cartilage damage, n (%) 529(11.9) 3971 (15.4) <0.001 1556 (124) 2944 (16.6) <0.001
KOOS4, mean+SD 51+£153 56+154 <0.001 53+15.1 56+15.6 <0.001
Preoperative Tegner activ-  2.7£2.3 30£19 <0.001 28%21 30£19 <0.001
ity score, mean +SD
Preinjury Tegner activity 69+19 6.6£19 <0001 69+19 6519 <0.001
score, mean=+SD
Table 3 Risk of revision surgery as hazard ratio and 2 year on 45.7% of patients with ACLR<3 months,

relative risk
Risk of revision <3 months <6 months
versus >3 months  versus
>6 months
Hazard ratio (95% Cl) 134 (1.18-152) 147 (1.34-1.62)
Adjusted hazard ratio® (95% Cl) 127 (1.12-1.44) 1.27 (1.15-1.40)
2 Year relative risk (95% Cl) 1.81(1.46-2.23) 1.61(1.34-1.92)

@ Adjusted for age, sex, activity leading to injury, meniscal damage, cartilage
damage, and graft choice

1.27, (95% CI 1.15-1.40; P<0.001) and a 2 year relative
risk of 1.61 (95% CI 1.34—1.92; P<0.001) (Table 3).

Cumulated ACL graft failure leading to revision sur-
gery at 5 year follow-up is shown in a Kaplan—Meier
curve for both ACLR<3 months versus>3 months
(Fig. 1) and ACLR <6 months versus >6 months (Fig. 2).
They show a higher revision rate in the group with early
ACLR (<3 months or <6 months) after only 1 year.

Objective knee laxity

Data for instrumented sagittal knee laxity and
pivot shift test at 1 year follow-up are shown
in Table 4. Assessment of instrumented sagit-
tal knee laxity at 1 year follow-up was performed

50.2% of patients with ACLR>3 months, 50.0%
of patients with ACLR<6 months, and 49.2% of
patients with ACLR>6 months after injury. Pivot
shift test was at 1 year follow-up performed on
54.2% of patients with ACLR<3 months, 58.9% of
patients with ACLR>3 months, 58.4% of patients
with ACLR<6 months, and 58.1% of patients with
ACLR>6 months after injury. ACLR<3 or<6 months
of injury was found to be associated with a lower
objective knee laxity 1-year postoperatively; 86.1% of
patients with ACLR<3 months of injury were found
to have an instrumented sagittal knee laxity of <2 mm
in side-to-side difference compared with 82.3% of
patients with ACLR >3 months after injury (p<0.001),
and similar findings were applicable for those with
ACLR<6 months compared with>6 months after
injury. Mean values of side-to-side difference was
found to be 1.2 mm and 1.3 mm in those with ACLR<3
and < 6 months, respectively, compared with 1.4 mm in
those with ACLR > 3 or > 6 months. The difference com-
paring the groups (<3 versus>3 months and<6 ver-
sus >6 months) was found to be statistically significant
(p<0.001). Furthermore, a higher proportion of nega-
tive pivot shift test results were found for both the early
surgery (<3 months and < 6 months) groups.
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Fig. 1 Kaplan-Meier curves showing failure estimates for anterior cruciate ligament reconstruction < 3 months within injury and >3 months

after injury
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Fig. 2 Kaplan—-Meier curves showing failure estimates for anterior cruciate ligament reconstruction <6 months within injury and >6 months

after injury
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Table 4 One-year postoperative data on objective knee laxity and subjective outcomes

1 year postoperative <3 months n=2036 >3 monthsn=12,975 Pvalue <6 monthsn=6261 >6 monthsn=8750 P value
follow-up

Instrumented sagittal knee lax- 1752 (86.1) 10,670 (82.2) <0.001 5266 (84.1) 7156 (81.8) <0.001
ity<2 mm, n (%)

Instrumented sagittal knee lax-  1.2+1.3 14415 <0.001 13+14 14415 <0.001
ity in mm, mean+SD

1 year postoperative <3 monthsn=2416 >3 monthsn=15,212 Pvalue <6monthsn=7317 >6monthsn=10,311 Pvalue
follow-up

Negative pivot shift test score, 1979 (85.1) 11,925 (81.1) <.001  5839(827) 8065 (80.9) 0.003

n (%)

1 year postoperative <3 monthsn=1180 >3 monthsn=7995 Pvalue <6monthsn=3686 >6 monthsn=5489 P value
follow-up

KOOS4, mean+SD 69+17.2 70£174 0063  69+17.1 70+17.5 0.007
Tegner activity score, 54+2.1 49+19 <.001  53+£21 48+19 <0.001

mean+SD

Subjective outcomes

Data for 1-year postoperative KOOS4 score and
Tegner activity score are presented in Table 4.
Data regarding KOOS4 score and Tegner activ-
ity score were at 1 year follow-up reported by 26.5%
of patients with ACLR<3 months, 29.4% of patients
with ACLR<6 months, and 30.9% of patients with
ACLR>3 months or>6 months after injury. The mean
KOOS4 score was found to be 1 point lower for those
with ACLR<3 or<6 months of injury at 1 year follow-
up; however, it was significantly lower only for those
with ACLR<6 months of injury (p=0.007). A signifi-
cantly higher Tegner activity score was found for those
with ACLR <3 or <6 months of injury (»p<0.001) at 1 year
follow-up.

Discussion

The primary finding of this study was an increased risk of
revision surgery when ACLR was performed within 3 or
6 months of injury relative to ACLR performed later.

This study found the incidence of revision surgery to
be increased by 25.9%, from 5.4% when ACLR was per-
formed >3 months after injury to 6.8% when ACLR was
performed <3 months of injury and 36.7%, from 4.9%
when ACLR was performed>6 months after injury to
6.7% when ACLR was performed<6 months of injury.
These findings could be argued to be of clinical relevance.

Early ACLR is more often offered to younger patients,
and as young age is a known independent risk factor of
revision surgery [16, 22, 31, 46, 47] this could be a reason
for early ACLR having a higher risk of revision surgery.
In this study, the groups with early ACLR (<3 months
or<6 months) were found to be significantly younger
than those with ACLR performed later (>3 months

or >6 months); however, the risk of revision surgery was
still found to be significantly increased in those with
ACLR within 3 or 6 months of injury after adjusting for
age.

In the present study, HT autografts were found to be
the most widely used ACLR graft and used significantly
more often in those with ACLR <3 months or <6 months
of injury. More studies have reported that patients hav-
ing ACLR with HT autografts have a slightly greater risk
of revision surgery compared with patients treated with
BTB autograft [3, 39]. Furthermore, Runer et al. [38]
reported a higher risk of revision surgery in patients
treated with HT autograft compared with patients
treated with QT autograft; however, this was activity
dependent. These results give an indication that graft
choice may also contribute to the observed increased risk
of revision surgery when ACLR is performed <3 months
or <6 months of injury, although when adjusting for graft
choice, the revision risk was still found to be significantly
greater when ACLR was performed early (<3 months
or <6 months).

The objective knee laxity was found to be statisti-
cally greater in the groups with ACLR>3 months
or>6 months after injury. However, the difference in
mean values of side-to-side difference was found to be
no more than 0.2 mm comparing those with ACLR<3
and >3 months and no more than 0.1 mm comparing
those with ACLR<6 and >6 months. Magnussen et. al.
[30] reported an anterior laxity of up to 6 mm to be with-
out clinical relevance, and the findings of this study must
be considered to be without any clinical significance.
The observations of this study conflicts with recent
results in literature, as Vermeijden et al. [44], in a sys-
tematic review and meta-analysis, reported no difference
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in instrumented laxity when comparing ACLR within 3
or 6 weeks of injury with ACLR later than 3 or 6 weeks
after injury, respectively. However, other studies [1, 5]
have found similar results to the present study regarding
instrumented laxity. A possible reason for these conflict-
ing results could be the lack of consensus on the defini-
tion of early and delayed ACLR. This complicates the
comparison of the study results.

The KOOS4 score at 1 year follow-up was found to
be 1 point lower in the groups with ACLR <3 months
or<6 months of injury. These findings were found to
be significant for those with ACLR <6 months of injury.
However, as the minimal clinically important change in
the KOOS scores is considered to be 8—10 points [37],
the clinical significance of the findings of this study is
probably low.

This study found a significantly higher Tegner
activity score in those with early ACLR (<3 months
or<6 months), both at preinjury and at 1 year follow-
up. This represents a greater preinjury and postopera-
tive sport activity in this group, although the difference
was found to be no more than 0.5 levels. These findings
are comparable to previous study results [12, 17, 23],
including Ferguson et. al. [17], who in a systematic review
reported a higher Tegner activity score in those with
ACLR received early (<3 weeks). This could be another
reason for early ACLR being associated with an increased
risk of revision surgery, as Wiggins et al. [47] in a system-
atic review and meta-analysis reported a return to a high
level of activity as a risk factor of secondary ACL injury,
as well as Grindem et al. [20], who reported a return to a
preinjury (high) level of sports within 9 months of ACLR
leading to a higher risk of reinjury.

Patients with delayed ACLR might be better psycholog-
ically and physically adjusted to an injured knee [11, 42],
which might be another potential reason for increased
risk of revision surgery for those with early ACLR. In the
present study the preoperative KOOS4 scores and knee
laxity at 1 year follow-up were found to be greater in the
groups with ACLR >3 months or>6 months after injury.
This could indicate a better preoperative rehabilitation
level and better coping with the ACL injury in these
patients. Furthermore, this might result in a more real-
istic postoperative activity level, which is reflected by a
lower 1 year postoperative Tegner activity score in those
with delayed ACLR (>3 months or>6 months).

Perspective

The findings of the present study confirm the results
reported by other studies [11, 13, 19, 35, 42]. Though
good safety of early ACLR regarding range of motion
and knee stability have been documented [10, 21, 27], the
present study adds to body of evidence that early ACLR
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is associates with higher risk of later revision. This risk
should be informed to patients during the ACL injury
treatment decision process so they are informed about
this risk if choosing early surgery as possible treatment.

In Scandinavia young and active patients who want to
return to pivoting sports are recommended early ACLR.
This indicates the still lacking consensus on the optimal
timing of ACLR.

Strengths and weaknesses

This study included a large cohort (n=30,280), exclu-
sively with primary ACLRs and no multiligament pro-
cedures. Data were collected over a period of 13 years
throughout Denmark.

The risk of information bias is limited, as data are
collected prospectively and registration of ACLR is
independent of registration of a later revision surgery.
However, in many cases, the objective examination was
performed by the operating surgeon, which could lead to
some information bias regarding objective knee laxity.

A limitation of this study was the low completeness of
data regarding objective knee laxity and subjective out-
comes. Objective knee laxity at 1 year follow-up was
assessed in about 50% of all included patients. Approxi-
mately 30% of all included patients reported data on sub-
jective outcome using the self-assessment scores. This
is a known and expected challenge for all large registry
follow-up studies and could potentially lead to selection
bias. However, a previous study on the validity of data
from the DKRR found no difference in subjective out-
come scores between nonresponders and responders
[36].

The present study used revision surgery as the primary
outcome. This could underestimate the true incidence of
ACL graft failure, as patients with clinical ACL failure
who did not have revision surgery for various reasons
were not included.

Possible confounders (including sex, age, activity lead-
ing to injury, meniscal damage, cartilage damage, and
graft type) were included in the multivariate analysis;
however, there may be residual confounders as compli-
ance and quality of rehabilitation and 2 year postopera-
tive activity level.

Conclusions

The risk of revision ACLR surgery was found to be
increased when ACLR was performed within 3 months
or 6 months of injury compared with later surgery. The
1 year postoperative objective knee laxity and the sub-
jective patient-related outcome was found to be without
a clinically significant difference; however, those with
early ACLR (<3 months or<6 months) were found to
have a higher activity level 1 year postoperatively. The
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information about increased risk of revision when having
early surgery should be informed to patients when decid-
ing timing of ACLR treatment.
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ACLR  Anterior cruciate ligament reconstruction
ACL Anterior cruciate ligament

DKRR  Danish knee ligament reconstruction register
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QTB Quadriceps tendon—-bone

Qr Quadriceps tendon
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