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Background: The identification of surgical risk factors for early anterior cruciate ligament (ACL) revision is important
when appropriate treatment for patients undergoing primary ACL reconstruction is selected. The purposes of this study
were to determine the short-term ACL revision rate of patients undergoing primary ACL reconstruction and to identify
surgical risk factors for ACL revision within 2 years of primary ACL reconstruction.

Methods: This study was based on data collected prospectively from the Norwegian and Swedish National Knee Liga-
ment Registries. Patients who underwent primary ACL reconstruction from 2004 through 2014 were included. We
examined revisions through 2016. The relative risks (RRs) of revision ACL reconstruction dependent on graft fixation, the
time interval between injury and surgical procedure, andmeniscal and cartilage injury were estimated by using generalized
linear models with a binomial distribution and log-link function. The outcomewas set as revision ACL reconstruction during
the first 2 years.

Results: A total of 58,692 patients were assessed for eligibility; of these, 18,425 patients were included. The
overall 2-year revision rate was 2.1%. Patients treated with a metal interference screw had an increased risk of ACL
revision when compared with patients who were treated with other femoral fixations (RR, 1.78 [95% confidence
interval (CI), 1.38 to 2.29]; p < 0.001). The use of the RIGIDFIX Cross Pin System (DePuy Synthes) entailed a lower
risk of ACL revision compared with other femoral fixations (RR, 0.58 [95% CI, 0.42 to 0.82]; p = 0.0017). Patients
undergoing ACL reconstruction within 3 months of the injury had an increased risk of ACL revision (RR, 2.07 [95% CI,
1.64 to 2.61]; p < 0.001).

Conclusions: Patients undergoing ACL reconstruction within 3 months of an injury, as well as patients treated with a
metal interference screw in the femur, had a significantly higher risk of ACL revision, and patients treated with the RIGIDFIX
Cross Pin in the femur had a significantly lower risk of ACL revision.

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

T
he surgical reconstruction of the anterior cruciate liga-
ment (ACL) is a procedure that is performed to improve
knee stability and function. The surgical technique is

well established, although many aspects are still progressing
steadily1,2. Previous studies have shown that most reruptures
and ACL revisions occur within 2 years of the primary ACL
reconstruction3. The timing of ACL reconstruction is of inter-

est, with recent studies suggesting that patients should under-
take physical therapy for at least 3 months before a decision
could be made with regard to the best treatment4-6.

Factors that may influence the risk of graft failure include
technical errors, graft choice, preoperative and postoperative reha-
bilitation7-9, younger age10,11, and a higher activity level12,13. Fixation
methods may play a role in the risk of ACL revision, because
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compromised strength at the tibial or femoral fixation point may
lead to incomplete graft incorporation and predispose to early
failure14,15.

The optimization of tendon-to-bone or bone-to-bone
healing with appropriate graft fixation in a minimally invasive
way is an important aspect of treatment. Various combinations
of graft and fixation methods have been used in the past16. It is
important to evaluate currently used fixation methods at the
same time as new alternatives are introduced.

Another frequently discussed risk factor for ACL revision
is the timing of an ACL reconstruction17. Theoretically, early
stabilization of the knee joint may be beneficial for the early
restoration of knee kinematics and rehabilitation to minimize
the risk of further intra-articular injuries18,19, and patients with
swelling or elevated inflammatory markers are less likely to be
treated with early reconstruction. Previous studies have been
unable to identify differences in the risk of ACL revision20 when
comparing early ACL reconstruction with late reconstruction21,
although, from a social health perspective, it is possibly more
cost-effective to perform the ACL reconstruction early, depend-
ing on health-care infrastructure22. Previous registry studies23,24

have identified cartilage damage as a predictor of the risk of ACL

revision. Themenisci are important for knee stability, and residual
laxity caused by a meniscal injury after ACL reconstruction may
increase the risk that patients will require an ACL revision25.

The aims of this study were to determine the short-term
ACL revision rate of patients undergoing primary ACL re-
construction and to identify risk factors for early ACL revision.
We hypothesized that there would be no difference in the risk of
2-year revision dependent on surgical timing, fixation methods
used, or concomitant intra-articular injuries at the time of
primary ACL reconstruction.

Materials and Methods
Patients

Datawere requested and were acquired from the Norwegian
National Knee Ligament Registry (NKLR) and the Swedish

National Knee Ligament Registry (SNKLR). The data included
patients registered for primary ACL reconstruction from Norway
(starting in 2004) or Sweden (starting in 2005) until December 31,
2016. Eligible patients had undergone ACL reconstruction with
either hamstring tendon autografts or patellar tendon autografts
andwere between 13 and 59 years of age at the time of the primary
ACL reconstruction. Patients with an unknown graft diameter,

Fig. 1

Flowchart showing inclusion and exclusion criteria. HT = hamstring tendon, PT = patellar tendon, and ACLR = ACL reconstruction.
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TABLE I Baseline Demographic Data

Total (N = 18,425)
Patellar Tendon

Autograft (N = 1,329)
Hamstring Tendon

Autograft (N = 17,096)

Sex* (derived)

Male 10,532 (57.2%) 769 (57.9%) 9,763 (57.1%)

Female 7,893 (42.8%) 560 (42.1%) 7,333 (42.9%)

Age

At index ACL injury

No. of patients 13,471 273 13,198

Mean† (yr) 24.9 ± 9.3 25.0 ± 8.8 24.9 ± 9.3

Median‡ (yr) 22.1 (6.3 to 58.9) 22.7 (13.7 to 50.8) 22.1 (6.3 to 58.9)

Interquartile range (yr) 17.8, 29.8 17.9, 29.4 17.8, 29.8

At index ACL reconstruction

No. of patients 18,425 1,329 17,096

Mean† (yr) 26.8 ± 9.7 25.8 ± 8.8 24.9 ± 9.3

Median‡ (yr) 23.9 (13.0 to 59.9) 22.6 (13.5 to 59.3) 24.1 (13.0 to 59.9)

Interquartile range (yr) 19.0, 33.0 18.5, 30.7 19.0, 33.2

Adolescents§ 5,663 (30.7%) 474 (35.7%) 5,189 (30.4%)

Duration of surgery

No. of patients 14,378 304 14,074

Mean† (min) 74.4 ± 24.0 82.3 ± 27.5 74.2 ± 23.9

Median‡ (min) 70.0 (25.0 to 304.0) 75.0 (40.0 to 184.0) 70.0 (25.0 to 304.0)

Interquartile range (min) 57.0, 90.0 62.5, 95.5 56.0, 90.0

Time to surgical procedure

No. of patients 16,774 1,242 15,532

Mean† (mo) 16.4 ± 29.8 14.3 ± 25.8 16.6 ± 30.1

Median‡ (mo) 8.0 (0.0 to 468.0) 7.0 (0.0 to 367.0) 8.0 (0.0 to 468.0)

Interquartile range (mo) 5.0, 15.0 4.0, 13.0 5.0, 15.0

Meniscal injury* 8,656 (47.0%) 695 (52.3%) 7,961 (46.6%)

Cartilage injury* 4,532 (24.6%) 230 (17.3%) 4,302 (25.2%)

Femoral fixation* #

Cortical fixation 12,275 (66.9%) 169 (12.8%) 12,106 (71.0%)

RIGIDFIX Cross Pin 2,874 (15.7%) 51 (3.9%) 2,823 (16.6%)

Metal interference screw 2,913 (15.9%) 885 (67.0%) 2,028 (11.9%)

Bioabsorbable interference screw 217 (1.2%) 204 (15.5%) 13 (0.1%)

Not classified 81 (0.4%) 11 (0.8%) 70 (0.4%)

Missing 65 9 56

Tibial fixation* #

Cortical fixation 954 (5.2%) 14 (1.1%) 940 (5.5%)

Post fixation 1,253 (6.8%) 5 (0.4%) 1,248 (7.3%)

RIGIDFIX Cross Pin 309 (1.7%) 4 (0.3%) 305 (1.8%)

Metal interference screw 7,999 (43.4%) 1,035 (77.9%) 6,964 (40.7%)

Bioabsorbable interference screw 7,697 (41.8%) 249 (18.7%) 7,448 (43.6%)

Not classified 127 (0.7%) 18 (1.4%) 109 (0.6%)

Missing 86 4 82

Revision within 2 years**

Total 391 (2.1%) 35 (9.0%) 356 (91.0%)

Male 206 (1.1%) 20 (9.7%) 186 (90.3%)

Female 185 (1.0%) 15 (8.1%) 170 (91.9%)

*The values are given as the number of patients, with the percentage in parentheses.†The values are given as the mean and the standard deviation. ‡The
values are given as the median, with the range in parentheses. §Adolescents are 13 to 19 years of age. #The percentages in this section were based on the
number of patients with available data. **The values are given as the number of patients, with the row percentage in parentheses for the subgroups.
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those who underwent contralateral ACL reconstruction, and those
who had sustained a concomitant fracture or vascular or other
ligament damage were excluded.

The Norwegian and Swedish National Knee
Ligament Registries
The NKLR was initiated in 2004 and the SNKLR was initiated
in 2005 to provide feedback to surgeons and hospitals, to
identify surgical procedures with superior and inferior outcomes,
and to prospectively collect patient-reported outcomes26. Patient
demographic and surgical characteristics in the Scandinavian
registries are comparable with those in other settings27.

The estimated coverage of the registries for primary ACL
reconstruction is >90% in Sweden28 and 86% in Norway29 and
is in line with those in other comparable ACL registries27. Data
relating to the surgical procedures are documented by the
operating surgeons, and patient-reported outcome data are

provided by patients in both national registries. The databases
have been described in previous publications30-32.

Registration was performed on a voluntary basis in both
countries. No written consent is required for participation in
national registry databases in Sweden26. A written informed
consent is required from all patients in Norway, prior to
inclusion. Investigators only had access to unidentifiable patient
data. Data acquired from the NKLR were treated according to
Norwegian legislation30.

Variables
The following 5 variables were investigated: femoral graft fix-
ation, tibial graft fixation, the time interval between the injury
and the surgical procedure, and the presence of a meniscal
injury and a cartilage injury. Femoral fixation was classified
into cortical fixation (for example, ENDOBUTTON [Smith &
Nephew], TightRope [Arthrex], ToggleLoc [Zimmer Biomet]),

Fig. 2

Trends for femoral fixation during the study period.

TABLE II Femoral Graft Fixation: Incidence of Revision Surgical Procedures Within 2 Years After Primary Reconstruction

Femoral Graft Fixation Technique
Incidence Comparison with
All Other Techniques (%)

Unadjusted Adjusted*

RR† P Value RR† P Value

Cortical fixation 1.98 vs. 2.43 0.81 (0.67 to 1.00) 0.046 0.80 (0.64 to 1.00) 0.053

RIGIDFIX Cross Pin 1.53 vs. 2.24 0.68 (0.50 to 0.93) 0.015 0.66 (0.47 to 0.91) 0.0013

Metal interference screw 3.36 vs. 1.90 1.77 (1.42 to 2.22) <0.001 1.95 (1.53 to 2.50) <0.001

Bioabsorbable interference screw 1.38 vs. 2.14 0.65 (0.21 to 2.00) 0.44 0.50 (0.15 to 1.61) 0.24

*The techniques were adjusted for age, graft type, diameter, interaction of graft · diameter, tibial fixation, and concomitant meniscal injury. †The
values are given as the RR, with the 95% CI in parentheses.
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and RIGIDFIX Cross Pin System (DePuy Synthes), metal
interference screw, and bioabsorbable interference screw. Tibial
fixation was classified into cortical fixation, post fixation,
RIGIDFIXCross Pin,metal interference screw, and bioabsorbable
interference screw. The timing of the surgical procedure was
analyzed for all grafts and separately for hamstring tendon
autografts and patellar tendon autografts.

All registered injuries to cartilage or menisci were in-
vestigated, but no attempt was made to classify the severity or
location of the injuries.

Outcome Measurements
The primary outcome of this study was set as the 2-year cumu-
lative incidence of ACL revision surgical procedures, which were
defined as ipsilateral ACL reconstruction within 2 years of the
primary ACL reconstruction. The patients were followed for 2

years or until revision ACL was performed, whichever event
occurred first.

Statistics
The data sets from the SNKLR and NKLR were merged man-
ually, and statistical analyses were performed using the SAS
System for Windows, version 9 (SAS Institute).

For categorical variables, the number and percentage
are presented, and standard deviations are presented for
continuous variables. The impact of surgical variables on
early ACL revision surgical procedures is presented as rela-
tive risks (RRs) with 95% confidence intervals (CIs) and
p values estimated by using generalized linear models
with a binomial distribution and log-link function. Adjust-
ments for known confounders were made using multivari-
able analysis.

Fig. 3

Trends for tibial fixation during the study period.

TABLE III Tibial Graft Fixation: Incidence of Revision Surgical Procedures Within 2 Years After Primary Reconstruction

Tibial Fixation Technique
Incidence Comparison with
All Other Techniques (%)

Unadjusted Adjusted*

RR† P Value RR† P Value

Cortical fixation 1.78 vs. 2.15 0.83 (0.51 to 1.34) 0.44 0.90 (0.55 to 1.47) 0.68

Post fixation 2.00 vs. 2.14 0.93 (0.62 to 1.39) 0.73 0.92 (0.60 to 1.41) 0.70

RIGIDFIX Cross Pin 1.62 vs. 2.14 0.76 (0.32 to 1.81) 0.53 0.97 (0.39 to 2.42) 0.95

Metal interference screw 2.31 vs. 1.99 1.16 (0.95 to 1.41) 0.14 1.20 (0.98 to 1.46) 0.08

Bioabsorbable interference screw 2.04 vs. 2.20 0.93 (0.76 to 1.13) 0.46 0.97 (0.79 to 1.20) 0.78

*These values were adjusted for age, graft type, diameter, interaction of graft · diameter, femoral fixation, and concomitantmeniscal injury. †The
values are given as the RR, with the 95% CI in parentheses.
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All the tests were 2-sided and were conducted at the 5%
significance level. Significance was defined as a 95% CI for risk
estimates not including 1.00 and p < 0.05.

Results

Atotal of 58,692 unique patients underwent primary ACL
reconstruction and were registered in the SNKLR or

NKLR during the study period. After an assessment of eligi-
bility (Fig. 1), 18,425 patients (57% men) met the inclusion
criteria. During the 2-year follow-up period, 391 patients
(2.1%) underwent ACL revision. The number of men
undergoing ACL revision within 2 years of the index ACL was
206 (2.0% of male participants), including 186 with ham-
string tendon autografts and 20 with patellar tendon auto-
grafts, and 185 (2.3%) of the female participants (170 with
hamstring tendon autografts and 15 with patellar tendon
autografts) underwent ACL revision during the same time
period (Table I). A total of 17,096 patients (93%) were treated
with a hamstring tendon autograft, and 1,329 patients (7%)
were treated with a patellar tendon autograft.

Graft Fixation
Femoral Graft Fixation
During the period from 2004 to 2009, the RIGIDFIXCross Pin
was the most commonly used implant for femoral fixation, and

the use of cortical fixation increased during the latter half of
the study period, reaching its peak in 2013 with >80% usage
(Fig. 2).

The most commonly used fixations in the femur were
cortical fixation (n = 12,275), followed by a metal interference
screw (n = 2,913) and RIGIDFIXCross Pin (n = 2,874). These 3
methods accounted for a combined total of 98% of cases.
Patients treated with a metal interference screw had an
increased risk of 2-year ACL revision when compared with
patients treated with all other graft fixations in the femur (RR,
1.78 [95% CI, 1.38 to 2.29]; p < 0.001). Patients treated with
the RIGIDFIX Cross Pin had a lower risk of early ACL revision
when compared with patients treated with other fixations
in the femur (RR, 0.58 [95% CI, 0.42 to 0.82]; p = 0.0017)
(Table II).

Tibial Graft Fixation
The temporal trends for tibial graft fixation are presented
in Figure 3. From the beginning of the registration and
until 2010, a metal interference screw was the treatment
of choice for femoral fixation, while the use of a bio-
absorbable interference screw increased considerably after
2007.

During the study period, the most common choice of
graft fixation in the tibia was a metal interference screw (n =

TABLE IV Hamstring Tendon Autografts: Incidence of Revision Surgical Procedures Within 2 Years After Primary Reconstruction
and the Timing of Surgical Procedures

Surgical Procedure
Timing After Injury

Incidence Comparison
with All Other Times (%)

Unadjusted Adjusted*

RR† P Value RR† P Value

Hamstring tendon autografts

<1 vs. ‡1 mo 3.76 vs. 2.06 1.82 (0.92 to 3.62) 0.085 1.66 (0.84 to 3.29) 0.15

<3 vs. ‡3 mo 4.38 vs. 1.79 2.45 (1.93 to 3.11) <0.001 2.18 (1.71 to 2.77) <0.001

<6 vs. ‡6 mo 3.77 vs. 1.27 2.98 (2.42 to 3.67) <0.001 2.53 (2.04 to 3.13) <0.001

<1 vs. ‡1 yr 2.72 vs. 1.08 2.52 (1.95 to 3.26) <0.001 1.97 (1.52 to 2.56) <0.001

<2 vs. ‡2 yr 2.40 vs. 1.00 2.39 (1.72 to 3.32) <0.001 1.72 (1.23 to 2.40) 0.0016

Patellar tendon autografts

<1 vs. ‡1 mo 3.57 vs. 2.61 1.37 (0.19 to 9.63) 0.75 1.24 (0.18 to 8.75) 0.83

<3 vs. ‡3 mo 3.56 vs. 2.45 1.45 (0.67 to 3.16) 0.34 1.64 (0.74 to 3.62) 0.22

<6 vs. ‡6 mo 3.60 vs. 1.94 1.85 (0.96 to 3.59) 0.063 2.07 (1.05 to 4.09) 0.036

<1 vs. ‡1 yr 3.23 vs. 1.39 2.33 (0.97 to 5.56) 0.049 2.64 (1.09 to 6.41) 0.032

<2 vs. ‡2 yr 2.87 vs. 1.60 1.8 (0.64 to 5.04) 0.26 1.99 (0.70 to 5.67) 0.2

All autografts

<1 vs. ‡1 mo 3.73 vs. 2.18 1.71 (0.89 to 3.27) 0.1 1.58 (0.83 to 3.02) 0.16

<3 vs. ‡3 mo 4.29 vs. 1.90 2.26 (1.80 to 2.85) <0.001 2.07 (1.64 to 2.61) <0.001

<6 vs. ‡6 mo 3.75 vs. 1.31 2.86 (2.32 to 3.51) <0.001 2.49 (2.01 to 3.08) <0.001

<1 vs. ‡1 yr 2.76 vs. 1.05 2.64 (2.00 to 3.50) <0.001 2.13 (1.60 to 2.83) <0.001

<2 vs. ‡2 yr 2.43 vs. 0.89 2.74 (1.79 to 4.21) <0.001 1.98 (1.29 to 3.06) 0.0019

*Hamstring tendon autografts were adjusted for age, diameter, femoral fixation, tibial fixation, and concomitant meniscal injury. Patellar tendon
autografts were adjusted for age, diameter, femoral cortical fixation, tibial interference screw, and concomitant meniscal injury. All autografts were
adjusted for age, graft type, interaction of graft · diameter, femoral cortical fixation, and concomitantmeniscal injury. †The values are given as the
RR, with the 95% CI in parentheses.
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7,999), and a bioabsorbable interference screw (n = 7,697) and
post fixation (n = 1,253) were the other large groups of graft
fixation in the tibia. When the early risk of ACL revision for
tibial fixation was compared, there was no difference between
the tibial fixation categories (Table III).

Timing of the Surgical Procedures
Data with regard to the timing of ACL reconstruction were
available for 93.5% of patients treated with patellar tendon
autografts and 90.9% of patients treated with hamstring ten-
don autografts. Patients who were treated with hamstring tendon

TABLE V Concomitant Meniscal and Cartilage Injuries: Incidence of Revision Surgical Procedure Within 2 Years After
Primary Reconstruction

Injury at Reconstruction
Incidence Comparison

with All Other Injuries (%)

Unadjusted Adjusted*

RR† P Value RR† P Value

Hamstring tendon autograft

Meniscal injury 1.75 vs. 2.38 0.74 (0.60 to 0.91) 0.004 0.85 (0.68 to 1.06) 0.14

Cartilage injury 1.70 vs. 2.21 0.77 (0.59 to 0.99) 0.041 1.22 (0.93 to 1.60) 0.15

Meniscal and cartilage injury 1.72 vs. 2.30 0.75 (0.55 to 1.01) 0.059 1.15 (0.84 to 1.58) 0.38

Patellar tendon autograft

Meniscal injury 3.02 vs. 2.21 1.37 (0.70 to 2.67) 0.36 1.35 (0.69 to 2.64) 0.38

Cartilage injury 3.91 vs. 2.37 1.65 (0.79 to 3.48) 0.18 1.79 (0.84 to 3.81) 0.13

Meniscal and cartilage injury 4.37 vs. 2.39 1.83 (0.82 to 4.07) 0.14 1.86 (0.82 to 4.18) 0.14

All autografts

Meniscal injury 1.85 vs. 2.36 0.78 (0.64 to 0.95) 0.015 0.89 (0.72 to 1.09) 0.25

Cartilage injury 1.81 vs. 2.22 0.81 (0.64 to 1.04) 0.092 1.25 (0.97 to 1.61) 0.084

Meniscal and cartilage injury 1.90 vs. 2.30 0.83 (0.62 to 1.09) 0.18 1.22 (0.91 to 1.63) 0.19

*Hamstring tendon autografts were adjusted for age, diameter, femoral fixation, tibial fixation, and days to the surgical procedure. Patellar tendon
autografts were adjusted for age, diameter, femoral cortical fixation, tibial interference screw, and the days to the surgical procedure. All
autografts were adjusted for age, graft type, diameter, interaction of graft · diameter, femoral cortical fixation, and days to the surgical procedure.
†The values are given as the RR, with the 95% CI in parentheses.

Fig. 4

Graph showing the available data for the timing of the surgical procedure after the injury comparedwith the 2-year ACL revision rate. The numbers given in or

with the circles are the number of patients. HT = hamstring tendon and PT = patellar tendon.
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autografts (Table IV) had a significantly increased risk (p < 0.001)
of 2-year ACL revision when the operation took place within
3 months of the ACL injury compared with patients who were
treated later. The risk of 2-year ACL revision was also increased
for patients who were treated earlier than 6 months, 1 year, and
2 years after the ACL injury compared with patients who were
treated after the subsequent time intervals.

Patients who were treated with a patellar tendon auto-
graft and underwent an ACL reconstructionwithin 6months of
the injury had a significantly higher risk (p = 0.036) of an early
ACL revision surgical procedure compared with patients who
were treated at least 6 months after the primary injury.

When both autograft types were combined (Table IV,
Fig. 4), patients had a significantly higher risk (p < 0.001) of
early ACL revision when the operation took place within
3 months of the initial injury compared with those treated at
least 3 months after the injury. The risk of early ACL revision
was increased for all patients treated prior to the time inter-
vals in the study, compared with patients treated after the
subsequent time intervals.

Meniscal and Cartilage Injuries
At the time of the index ACL reconstruction, 8,656 patients
(47.0%) had a meniscal injury, 4,532 patients (24.6%) had a
cartilage injury, and 2,946 patients (16.0%) had both a me-
niscal injury and a cartilage injury. No difference in the risk of
early ACL revision was identified for patients with a meniscal
injury, a cartilage injury, or a combined cartilage and meniscal
injury (Table V).

Discussion

The key findings in this study were the increase in the risk
of early ACL revision for patients treated with a metal

interference screw as a femoral fixation compared with all other
femoral fixations, as well as a decreased risk of early ACL
revisions for patients treated with the RIGIDFIX Cross Pin. A
shorter time from ACL injury to reconstruction was consis-
tently associated with an increased risk of undergoing ACL
revision. The early ACL revision rate in this study was 2.1%,
and it is comparable with the rate in other registry studies with
similar patient epidemiology27,33.

Graft Fixation
Femoral Graft Fixation
In this study, patients who were treated with a metal interfer-
ence screw as femoral graft fixation had an increased risk of
early ACL revision, and patients who were treated with the
RIGIDFIXCross Pin had a significantly lower risk of early ACL
revision when compared with all other femoral graft fixations.
Previous studies have either been unable to give clear indications
of the optimal femoral graft fixation choice23,34,35 or have indicated
that, for hamstring tendon autografts, the transfemoral fixation of
the RIGIDFIX Cross Pin yields a lower risk of revision in com-
parison with cortical fixation (ENDOBUTTON)36,37.

The majority of the patients treated with the RIGIDFIX
Cross Pin underwent primary reconstruction early during the

study period, and surgeons might not have been as willing to
proceed to revision ACL reconstruction during this time frame
as they would later during the study period. A more plausible
explanation is that the cortical fixation was used when the
anteromedial hole drilling technique was introduced. In their
study, Eysturoy et al.38 drew the conclusion that patients treated
with the anteromedial technique during this period had a
higher risk of revision ACL compared with the older transtibial
drilling technique, because of a learning curve when a new,
complex technique is being introduced.

Tibial Graft Fixation
No independent tibial graft fixation was identified as a risk factor
for early ACL revision in the current study. This is in contrast to a
previous study in the SNKLR that found that a metal interference
screw reduced the risk of revision surgical procedures when used
in conjunction with a semitendinosus tendon autograft23. How-
ever, this was not found for the majority of patients in the
hamstring tendon group in their study who received a combi-
nation of semitendinosus and gracilis tendons (79%). The largest
categories in the current study are tibial fixations with either a
metal interference screw or a bioabsorbable interference screw,
accounting for a combined total of 86% of the patients. Recent
studies have been unable to identify any significant differences in
the risk of ACL revision between these treatment alternatives39,40.
It is noteworthy that differences in mechanical environment
between separate graft fixation methods have not been addressed
in the current study.

Timing of the Surgical Procedure
The timing of ACL reconstruction was a risk factor for early
ACL revision in the current study. These findings are in line
with the findings of Frobell et al.41, suggesting that patients
undergoing an ACL reconstruction within 3 months after the
injury do not have better patient-reported outcomes com-
pared with other patients. Previous studies have indicated
that, in the long term, it is beneficial to undergo ACL
reconstruction early after the injury to prevent further me-
niscal operations or to reduce the risk of degeneration in the
affected knee18,19,42.

One important factor that could explain the results of
the current study could be that patients with a high pre-
injury activity level often choose to undergo ACL recon-
struction early after an ACL injury in an effort to recover
their pre-injury level of activity17 as soon as possible43.
Patients who return to a high activity level have an increased
risk of reinjury and subsequent ACL revision. Another
explanation for the lower rerupture rate in patients who
undergo delayed ACL reconstruction could be that the period
prior to the surgical procedure allows time not only for
preoperative rehabilitation but also for psychologically pro-
cessing the impact of the injury and thereby adjusting the
activity level.

The current clinical trend in Scandinavia is to perform
ACL reconstruction early for active, young individuals44 in an
attempt to improve knee function and to avoid further injuries.
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Meniscal and Cartilage Injuries
Neither meniscal nor cartilage injury at the time of primary ACL
reconstruction was associated with a reduced risk of early ACL
revision compared with all other patients. In a recent systematic
review from the Scandinavian registries32, the included studies
have found that cartilage damage at the time of the ACL recon-
struction either reduced the risk of ACL revision or had a limited
impact on revision risk. However, meniscal injuries at the time of
ACL reconstruction were not found to be predictive of ACL
revision. Patients with a meniscal injury at the time of primary
ACL reconstruction are more likely to have sustained greater
trauma and have more severe soft-tissue injuries compared with
other patients45,46. Another explanation is that patients with intra-
articular damage to the knee do not return to their pre-injury
level, with the majority undergoing a partial meniscectomy47,
thereby accelerating degenerative joint changes. The results of the
current study are not in line with those of previous studies23 from
the Scandinavian registries that found that patients with a carti-
lage injury have a decreased risk of early ACL revision.

Limitations
Because the primary outcome of this study is ACL revision, a
limitation of this study was that the true incidence of graft
failure was therefore underestimated, given that many patients
did not undergo ACL revision in spite of clinical graft failure,
potentially accepting occasional instability or lower activity
level. In the registries, there was no information about the
activity level of patients. This information on activity level
would have helped us to analyze the risks of a new injury
associated with activity. Another limitation was that the
information on autograft positions was not available from
the registries. Although 58,692 patients were included in the
registries during the study period, only 18,425 patients were
included in the current study, largely because of missing data
on autograft diameter or a lack of follow-up.

One important strength of this study is the large cohort
of patients undergoing ACL reconstruction in Norway and
Sweden. All the data were registered prospectively, independent
of other studies.

Conclusions
The 2-year ACL revision rate in this study was 2.1%. Patients
undergoing ACL reconstruction within 3 months of the injury, as
well as patients treated with a metal interference screw in the
femur, had a significantly higher risk of ACL revision, and patients
treated with the RIGIDFIX Cross Pin in the femur had a sig-
nificantly lower risk of ACL revision. n
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