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Abstract

Background Double-bundle anterior cruciate ligament
(ACL) reconstruction has demonstrated improved biome-
chanical properties and moderately better objective
outcomes compared with single-bundle reconstructions.
This could make an impact on the rerupture rate and reduce
the risk of revisions in patients undergoing double-bundle
ACL reconstruction compared with patients reconstructed
with a traditional single-bundle technique. The National
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Knee Ligament Registers in Scandinavia provide infor-
mation that can be used to evaluate the revision outcome
after ACL reconstructions.

Questions/purposes The purposes of the study were (1) to
compare the risk of revision between double-bundle and
single-bundle reconstructions, reconstructed with autolo-
gous hamstring tendon grafts; (2) to compare the risk of
revision between double-bundle hamstring tendon and
single-bundle bone-patellar tendon-bone autografts; and (3)
to compare the hazard ratios for the same two research
questions after Cox regression analysis was performed.
Methods Data collection of primary ACL reconstructions
from the National Knee Ligament Registers in Denmark,
Norway, and Sweden from July 1, 2005, to December 31,
2014, was retrospectively analyzed. A total of 60,775
patients were included in the study; 994 patients were
reconstructed with double-bundle hamstring tendon grafts,
51,991 with single-bundle hamstring tendon grafts, and
7790 with single-bundle bone-patellar tendon-bone grafts.
The double-bundle ACL-reconstructed patients were
compared with the two other groups. The risk of revision
for each research question was detected by the risk ratio,
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hazard ratio, and the corresponding 95% confidence
intervals. Kaplan-Meier analysis was used to estimate
survival at 1, 2, and 5 years for the three different groups.
Furthermore, a Cox proportional hazard regression model
was applied and the hazard ratios were adjusted for coun-
try, age, sex, meniscal or chondral injury, and utilized
fixation devices on the femoral and tibial sides.

Results There were no differences in the crude risk of
revision between the patients undergoing the double-bun-
dle technique and the two other groups. A total of 3.7%
patients were revised in the double-bundle group (37 of
994 patients) versus 3.8% in the single-bundle hamstring
tendon group (1952 of 51,991; risk ratio, 1.01; 95% con-
fidence interval (CI), 0.73-1.39; p = 0.96), and 2.8% of
the patients were revised in the bone-patellar tendon-bone
group (219 of the 7790 bone-patellar tendon-bone patients;
risk ratio, 0.76; 95% CI, 0.54-1.06; p = 0.11). Cox
regression analysis with adjustment for country, age, sex,
menisci or cartilage injury, and utilized fixation device on
the femoral and tibial sides, did not reveal any further
difference in the risk of revision between the single-bundle
hamstring tendon and double-bundle hamstring tendon
groups (hazard ratio, 1.18; 95% CI, 0.85-1.62; p = 0.33),
but the adjusted hazard ratio showed a lower risk of revi-
sion in the single-bundle bone-patellar tendon-bone group
compared with the double-bundle group (hazard ratio,
0.62; 95% CI, 0.43-0.90; p = 0.01). Comparisons of the
graft revision rates reported separately for each country
revealed that double-bundle hamstring tendon reconstruc-
tions in Sweden had a lower hazard ratio compared with
the single-bundle hamstring tendon reconstructions (hazard
ratio, 1.00 versus 1.89; 95% CI, 1.09-3.29; p = 0.02).
Survival at 5 years after index surgery was 96.0% for the
double-bundle group, 95.4% for the single-bundle ham-
string tendon group, and 97.0% for the single-bundle bone-
patellar tendon-bone group.

Conclusions Based on the data from all three national
registers, the risk of revision was not influenced by the
reconstruction technique in terms of using single- or dou-
ble-bundle  hamstring tendons, although national
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differences in survival existed. Using bone-patellar tendon-
bone grafts lowered the risk of revision compared with
double-bundle hamstring tendon grafts. These findings
should be considered when deciding what reconstruction
technique to use in ACL-deficient knees. Future studies
identifying the reasons for graft rerupture in single- and
double-bundle reconstructions would be of interest to
understand the findings of the present study.

Level of Evidence Level 111, therapeutic study.

Introduction

The purpose of double-bundle reconstruction is to better
restore the anterior cruciate ligament (ACL) anatomy with
regard to its two bundles, the anteromedial and the pos-
terolateral bundles [9, 36]. It has been proposed that this
reconstruction technique achieves higher coverage of the
native ACL footprints and improves the rotational stability
of the knee compared with the single-bundle reconstruction
technique, although the technique is performed with higher
costs and technical demands [22, 25, 30, 34]. Additionally,
biomechanical studies have revealed higher ultimate failure
loads and lower elongation in double-bundle compared
with single-bundle grafts [18].

Several studies have published moderately better
objective knee stability after double-bundle ACL recon-
structions [10, 16, 29, 31]. Whether these improvements
could prevent rerupturing of the graft and subsequently
reduce the risk of revision is difficult to detect through a
randomized controlled study approach. Previous studies
looking at the rerupture rate of double-bundle compared
with single-bundle reconstructions are influenced by inac-
curate reporting, risk of bias, and small numbers from
which to make inferences [23]. One systematic review of
meta-analysis could not find any difference in graft
reruptures between the two techniques, although other
studies again have proclaimed that the double-bundle
technique was associated with a lower incidence of graft
reruptures and a lower risk of revision [20, 32, 33]. The
double-bundle procedure has been performed in less than
2% of all ACL reconstructions in Scandinavia [12], but
with the data from the three National Knee Ligament
Registers in Scandinavia, the outcome of almost 1000
double-bundle reconstructions can be evaluated.

The purposes of the study were (1) to compare the risk
of revision between double-bundle and single-bundle
reconstructions, reconstructed with autologous hamstring
tendon grafts; (2) to compare the risk of revision between
double-bundle hamstring tendon grafts and single-bundle
bone-patellar tendon-bone autografts; and (3) to compare
the hazard ratios for the same two research questions after
Cox regression analysis was performed.
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Patients and Methods

The study included primary ACL-reconstructed patients
registered in the National Knee Ligament Registers of
Norway, Denmark, and Sweden. The inclusion period was
from July 1, 2005, until December 31, 2014. The
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Statement was used as guidance
when reporting the results [17]. Patients were excluded if
they were reconstructed before or after the inclusion period
or if they were younger than 15 years or older than 59
years. Patients undergoing other techniques than single- or
double-bundle reconstruction were excluded. Also, patients
reconstructed with other graft types than autologous ham-
string and bone-patellar tendon-bone autografts were
excluded. If reconstruction of the posterior cruciate liga-
ment, lateral collateral ligament, medial collateral
ligament, or of the posterolateral corner was performed in
the same knee, the patients were excluded. Patients with
contralateral ACL reconstruction were not excluded
(Table 1). No censoring was done because of emigration or
death. The National Knee Ligament Registers in Norway,
Denmark, and Sweden are nationwide and cover more than
20 million people. Approximately 86% to 90% of the
primary ACL reconstruction procedures performed in these
three countries are recorded in those registers [1, 13, 28].
The registration form and data collection process have been
described in detail in previous publications [1, 14, 19]. Any
revision, defined as insertion of a new graft in a former
primary ACL-reconstructed knee, was regarded as the final
endpoint. This endpoint was followed continuously both
for patients undergoing the single-bundle technique and
those undergoing the double-bundle technique from index
operation until revision or December 31, 2014, whichever
came first. The revisions were reported to the register by
the revising surgeon. In Denmark and Sweden, the double-

Table 1. Inclusion and exclusion criteria

Inclusion criteria
Primary anterior cruciate ligament reconstruction
15-59 years
Single- or double-bundle technique
Autologous HT or BPTB graft
Index and contralateral knee
Exclusion criteria
Concomitant PCL, LCL, PLC, or MCL reconstructions
Allografts or quadriceps grafts
Direct sutures

HT = hamstring tendon; BPTB = bone-patellar tendon-bone;
PCL = posterior cruciate ligament; LCL = lateral collateral liga-
ment; PLC = posterolateral corner; MCL = medial collateral
ligament.

bundle procedure has been registered since 2005; in Nor-
way, the procedure has been registered since 2008. The
single-bundle reconstructed patients were further stratified
into two groups: autologous hamstring tendon and autolo-
gous bone-patellar tendon-bone groups. The reason for this
was because the primary aim of the study was to compare
the survival of two different reconstruction techniques, and
the different graft types could further bias the outcome
[12, 24, 27].

Possible confounding factors were selected considering
previous studies and data obtained from the registration
forms. The selected variables were sex, age, the presence
of meniscal or chondral injury at index operation, and the
utilized fixation devices on the femoral and tibial sides
[2, 3, 6]. Each fixation device was categorized into one of
four different categories: “metal screw,” “biodegradable
screw,”  “button fixation” (extracortical suspensory
device), and “other” fixation devices. The same categories
were used for both the femoral and tibial sides. The cate-
gories were defined after their fixation level (aperture or
extracortical) and material (biodegradable or metal)
because these properties have been correlated with differ-
ent biomechanical properties and also with a difference in
the risk of revisions [8, 11, 21]. Age was classified as a
categorical variable with four different age categories: 15
to 19 years, 20 to 24 years, 25 to 29 years, and 30 years and
older, because the incidence of revision is known to be
different in the younger age groups. Details about the
meniscal injuries and their treatment were not further dif-
ferentiated. Correspondingly, details about the reported
chondral injuries and treatment were also not taken into
account in the final analysis.

More than 98% of the primary ACL reconstructions
performed in Scandinavia are done with autologous ham-
string or bone-patellar tendon-bone grafts and the coverage
and completeness of the data collection are known to be
high [1, 12, 26, 35]. There are no competing national
registers from other healthcare systems in those countries,
both public and private health institutions deliver data to
the same register. Transfer bias resulting from loss to
follow-up, emigration, or death of the participants could
lead to both under- and overestimation of the revision risk.
Selection bias could also potentially affect the results
because only 1% to 2% of all patients were registered as
double-bundle-reconstructed patients. To diminish this sort
of bias, the most important confounders were detected and
implemented in multivariate regression analysis. The main
reason for revision surgery should be a nonfunctional graft,
but graft revisions in knees with a functional graft could
have been performed and would consequently bias the
results. Also, information bias from the reporting surgeon
could exist and lead to underestimating of the true revision
rate.
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Only 1% to 2% of all patients have received a double-
bundle reconstruction during the study period. Power cal-
culation was performed, and found in order to detect
a decrease in the revision rate from 0.06% to 0.04% with a
double-bundle reconstruction, 1000 double-bundle patients
and 52,000 control patients, would be needed to be able to
reject the null hypothesis with a power of 0.80 and a Type I
error probability of 0.05. An uncorrected chi square
statistic was used for this power calculation.

A total of 68,636 patients underwent a primary recon-
struction of their ACL during the study period, and 60,775 of
these patients met the inclusion criteria: 994 double-bundle
grafts, 51,991 single-bundles with hamstring tendon auto-
grafts, and 7790 single bundles with bone-patellar tendon-
bone autografts (Fig. 1). The three groups were differently
distributed within each country: Sweden had a higher inci-
dence of double-bundle reconstructions and Norway had a
higher incidence of bone-patellar tendon-bone graft recon-
structions than the other countries during the study period
(Fig. 2). Patient characteristics and baseline data were
compared within the three groups. The double-bundle
group consisted of a higher percentage of men (63.9%
compared with 58.2%; p < .001) and a higher proportion of
patients with reported chondral injuries compared with the
single-bundle hamstring tendon group (27.7% versus
21.6%;p < .001). Compared with the bone-patellar tendon-
bone group, the double-bundle group were younger, and had
a higher percentage of patients with reported chondral
injuries (27.7% versus 20.0%; p < .001) (Table 2).

In Denmark, Danish law assured that ACL-recon-
structed patients are registered without the need for

Fig. 1 A flowchart of all pri-
mary ACL reconstructions
recorded in the National Knee
Ligament Registers of Norway,
Denmark, and Sweden is shown.
PCL = posterior cruciate liga-
ment; LCL = lateral collateral
ligament; MCL = medial col-
lateral ligament; PLC = pos-
terolateral corner; HT = ham-
string tendon; BPTB = bone-
patellar tendon-bone.

additional consent forms. For participants in Norway and
Sweden, registration is voluntary. Approval for the uti-
lization of the register data was applied for through the
Regional Committees for Medical Research Ethics-South
East Norway (Norwegian RIB No. 2015/922). Also, the
respective boards of the Knee Ligament Registers in
Denmark, Norway, and Sweden were informed and
approved for the study to be done.

Statistical Analysis

A combined file of the data sets from all three countries
was obtained and processed into an SPSS Statistics (IBM®™
SPSS® Inc, New York, NY, USA) software program. The
risk of revision in the single-bundle hamstring and single-
bundle bone-patellar tendon-bone reconstructions were
compared with the double-bundle-reconstructed group. The
survival estimates at 1, 2, and 5 years and the cumulative
survival were detected in each group using a Kaplan-Meier
survival table. Cox regression analysis was performed and
the outcome was expressed with hazard ratios and their
95% confidence intervals and the respective p value with
adjustment for possible confounding. Furthermore, the
interaction term was introduced between country and graft
in the Cox regression model and comparisons of the revi-
sion rates of the grafts could be reported separately within
each country. Demographic and baseline data between the
groups were reported. The categorical data in each group
were calculated in counts and percentages and their pro-
portions compared by Pearson’s chi-square test. For

Total Primary ACL Reconstructions
2005-2014
(n=68,636)

Norway (n = 15,955)
Denmark (n = 23,251)
Sweden (n = 29,430)

Number of Patients Excluded
Due to:
\ Age <15 or>59 Years,
Additional Concomitant PCL,
LCL, MCL or PLC
Reconstructions or

Other Than HT or BPTB Grafts
(n=7858)

Eligible ACL Reconstructions
2005-2014
(n=60,778)

Norway (n = 14,648)

Denmark (n=19,831) 4>

Number of Patients Excluded

Sweden (n = 26,299) Due to:
\ Missing Value “Graft”
@0=3)

Total (n = 994)

Norway (n=153)
Denmark (n = 237)
Sweden (n = 604)

Double-bundle HT Patients

Single-bundle HT Patients
Total (n=51,991)

Single-bundle BPTB Patients
Total (n = 7790)

Norway (n = 10,423)
Denmark (n=17,271)
Sweden (n = 24,297)

Norway (n = 4069)
Denmark (n = 2323)
Sweden (n = 1398)
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Table 2. Baseline demographics and surgical characteristics of the study groups: double-bundle (DB) hamstring tendon (HT), single-bundle HT

(SBHT), and single-bundle bone-pateller tendon-bone (BPTB) group

Demographics and surgical ~ Double-bundle HT  Single-bundle HT p value (DB versus Single-bundle BPTB

p value (DB versus

characteristics (n = 994) (n = 51,991) SBHT) (n = 7790) SBPT)
Age (years), number (%)
15-19 232 (23.3) 12,751 (24.5) 1748 (22.4)
20-24 222 (22.3) 10,891 (20.9) 1532 (19.7)
25-29 154 (15.5) 7895(15.2) 1231 (15.8)
30+ 386 (38.8) 20,454 (39.3) 3279 (42.1)
Mean age (years) & SD 28.0 £ 9.59 282 + 10.07 0.45" 28.8 + 10.06 0.02"
Sex, number (% male) 635 (63.9) 30,257 (58.2) <0.001" 4866 (62.5) 0.38"
Side, number (% right) 519 (52.2) 26,628 (51.2) 0.54" 4019 (51.6) 071"
Meniscal injury, number (% 478 (48.1) 23,166 (44.6) 0.27" 3549 (45.6) 0.13"
yes)
Chondral injury, number (% 275 (27.7) 11,252 (21.6) <0.001" 1561 (20.0) <0.001"
yes)
Time from surgery to revision (months)
Mean + SD 31.75 £ 17.95 27.62 + 18.83 <0.001" 35.02 £+ 21.14 <0.0017
Median 27 22 30
Fixation femur, number (%) (n = 60,515, missing n = 263)
Metal screw (n = 9788) 220 (22.1) 3118 (6.0) 6450 (82.8)
Bioscrew (n = 766) 15 (1.5) 570 (1.1) 181 (2.3)
Button (n = 24,872) 357 (35.9) 24,306 (46.8) 209 (2.7)
Other (n = 25,089) 399 (40.1) 23,759 (45.7) 931 (12.0)
Fixation tibia, number (%) (n = 60,331, missing n = 447)
Metal screw (n = 17,564) 258 (26.0) 11,122 (21.4) 6184 (79.4)
Bioscrew (n = 10,859) 400 (40.2) 10,206 (19.6) 253 (3.2)
Button (n = 1035) 9 (0.9) 1025 (2.0) 1 (0.0)
Other (n = 30,873) 306 (30.8) 29,233 (56.2) 1334 (17.1)

Bold values indicate statistical significance (p < 0.05)
"Pearson’s chi-square test; " independent samples t-test; NS = nonsignificant.
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Table 3. Cox regression analysis with crude and adjusted hazard ratios of double-bundle (DB), single-bundle hamstring tendon (SBHT), and
single-bundle bone patellar tendon-bone (SB BPTB) grafts and other covariates

Covariate Number Revisions (%) HR (crude) CI p value HR (adjusted) CI p value
Graft
DB 994 37 (3.7) 1 1
SBHT 51,991 1952 (3.8) 1.18 0.85-1.62 0.33 1.24 0.89-1.72 0.20
SB BPTB 7790 219 (2.8) 0.77 0.55-1.10 0.15 0.62 0.43-0.90 0.01
Missing 3
Sex
Male 35,759 1223 (3.4) 1
Female 25,019 985 (3.9) 0.95 0.87-1.04 0.27
Age group (years)
14-19 14,733 985 (6.7) 1
20-24 12,645 568 (4.5) 0.69 0.62-0.77 <0.001
25-29 9280 252 (2.7) 0.39 0.34-0.45 <0.001
30-60 24,120 403 (1.7) 0.23 0.21-0.26 <0.001
Country
Norway 14,648 613 (4.2) 1
Denmark 19,831 727 (3.7) 0.94 0.84-1.06 0.32
Sweden 26,299 868 (3.3) 0.69 0.62-0.77 <0.001
Meniscal injury
No 33,584 1257 (3.7) 1
Yes 27,194 951 (3.5) 0.97 0.89-1.06 0.53
Cartilage injury
No 47,689 1866 (3.9) 1
Yes 13,089 342 (2.6) 0.94 0.83-1.06 0.29
Fixation femur
Metal screw 9788 357 (3.6) 1
Bioscrew 766 33 (4.3) 0.80 0.55-1.17 0.26
Button 24,872 906 (3.6) 0.81 0.68-0.96 0.01
Other 25,089 902 (3.6) 0.59 0.50-0.71 <0.001
Missing 263
Fixation tibia
Metal screw 17,564 609 (3.5) 1
Bioscrew 10,859 399 (3.7) 1.18 1.03-1.36 0.02
Button 1035 13 (1.3) 1.57 0.90-2.74 0.11
Other 30,873 1171 (3.8) 1.13 1.00-1.27 0.04
Missing 447

Bold values indicate statistical significance (p < 0.05)
HR = hazard ratio; CI = confidence interval.

continuous data, means = standard deviations (SD)
were presented and the independent samples t-test was
used for comparison of the groups. Probability values <
0.05 were considered significant.

Results

There were no difference in the crude risk of revision

between the double-bundle and single-bundle hamstring

@ Springer

tendon groups (3.7% of the patients in the double-bundle
group (37 of 994) versus 3.8% in the single-bundle ham-
string tendon group (1952 of 51,991); risk ratio, 1.01; 95%
confidence interval (CI), 0.73-1.39; p = 0.96). Multivari-
ate analyses adjusted for country, age, gender, menisci or
cartilage injury, and utilized fixation devices did not reveal
any further difference in risk of revision between the two
groups (hazard ratio, 1.18; 95% CI, 0.85-1.62; p = 0.33
unadjusted; hazard ratio, 1.24; 95% CI, 0.89-1.72;
p = 0.20 after adjustment) (Table 3; Fig. 3). Although
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Fig. 4A-C (A) The cumulative survival function at a mean ofp
covariates in Norway. (B) The cumulative survival function at a mean
of covariates in Denmark. (C) The cumulative survival function at a
mean of covariates in Sweden.

comparisons of the graft revision rates reported separately
for each country revealed that double-bundle hamstring
tendon reconstructions in Sweden had a lower hazard ratio
compared with the single-bundle hamstring tendon recon-
structions in Sweden (hazard ratio, 1.00 versus 1.89; 95%
CI, 1.09-3.29; p = 0.02) (Fig. 4A-C; Table 4).

A total of 3.7% patients were revised in the double-
bundle group (37 of 994) versus 2.8% of the patients in the
bone-patellar tendon-bone group (219 of 7790; risk ratio,
0.76; 95% CI, 0.54-1.06; p = 0.11). The applied Cox
regression analysis revealed a decreased risk of revision
between the bone-patellar tendon-bone group and the
double-bundle group (hazard ratio, 0.62; 95% CI, 0.43—
0.90; p = 0.01) (Table 3).

Survival at 5 years after index surgery was 96.0% for the
double-bundle group, 95.4% for the single-bundle ham-
string tendon group, and 97.0% for the single-bundle bone-
patellar tendon-bone group (Table 5).

Discussion
There has been debate whether the introduction of
the double-bundle ACL reconstruction technique, could

decrease the amount of patients needing revision surgery.
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Fig. 3 A Kaplan—Meier survival plot shows the cumulative risk of
revision for single- and double-bundle ACL reconstructions in
Scandinavia, 2005-2014.
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Table 4. Cox regression model reported separately for each country

Graft Norway Denmark Sweden
HR (adjusted CI p value  HR (adjusted CI p value  HR (adjusted CI p value
with interaction) with interaction) with interaction)
DB 1 1 1
SBHT 1.15 0.61-2.15  0.67 0.71 0.42-1.20 0.20 1.89 1.09-3.29  0.02
SBPT  0.42 0.21-0.81  0.01 0.42 0.24-0.76  0.004 1.33 0.72-2.46  0.37

Bold values indicate statistical significance (p < 0.05)

HR = hazard ratio; CI = confidence interval; DB = double-bundle hamstring tendon grafts; SBHT = single-bundle hamstring tendon graft;

SBPT = single-bundle bone-patellar tendon-bone graft.

Table 5. Graft survival 1, 2, and 5 years after index surgery for
double-bundle (DB), single-bundle hamstring tendon (SBHT), and
single-bundle bone-patellar tendon-bone (BPTB) graft reconstruction

Graft 1 year 2 years 5 years
DB 99.6% 98.4% 96.0%
SBHT 99.3% 97.7% 95.4%
SBPT 99.8% 99.0% 97.0%

The risk of revision within this subgroup has been difficult
to detect without large cohort studies. With this study the
authors were able to compare the risk for revision between
the single- and double-bundle reconstruction techniques in
a cohort of more than 60,000 patients. The most important
finding of this study was that the risk of revision was not
influenced by the reconstruction technique in terms of
using the single- or double-bundle technique, whereas the
use of the bone-patellar tendon-bone technique seemed to
decrease the risk in future revision surgery compared with
both hamstring tendon groups.

There are some limitations to consider when conducting
a study on register information. First, the double-bundle
cohort could potentially be affected by selection bias
because only 1% to 2% of all the recorded patients received
this operation. To perform regression analysis would help
to prevent such bias, but not all of the underlying factors
that were involved when selecting the patients are known.
If the surgeons use this method only for a selected group of
patients, this could further lead to a closer follow-up and
earlier detection of graft reruptures. On the contrary, a
higher threshold to recommend revision surgery in double-
bundle-reconstructed patients could exist because of the
extent of bone loss at both sides of the joint. Also, the
reported revision rate is the “best case scenario” and the
real incidence of graft rerupturing is thought to be higher
because not all patients with a nonfunctioning graft would
go further and do a revision procedure. Of the eligible
population, 86% to 90% were recorded in the national
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registers during the last years, although this coverage was
lower during the first years after initiation of the registers
[26]. This could potentially underestimate the revision rates
in both groups. Also, the fact that there was no censoring
for emigrated or dead participants could affect the results
and underestimate the true risk of revision in the target
population. Finally, not all variables that could influence
the outcome after ACL reconstruction are registered
through the Knee Ligament Registers. The preoperative
level of activity, quality of the postoperative physical
rehabilitation, psychologic aspects of the patients, and
clinical and radiographic findings are not detected, but are
still important factors concerning ACL outcome and graft
survival [4, 15]. Other factors known to affect the revision
outcome such as body mass index and the use of nicotine
were not included in the final analysis due to the high rate
of nonresponders for this outcome [2, 3, 12].

Previous research comparing the revision outcome of
single-bundle versus the double-bundle technique have
been inconclusive. Two systematic reviews proclaimed that
double-bundle reconstruction protected against repeated
graft rupture [7, 33]. On the contrary, one study found an
increased number of graft reruptures in double-bundle-re-
constructed knees detected by second-look arthroscopy and
a meta-analysis of 15 systematic review papers could not
find any difference in graft rerupture rates between the
anatomic single- and anatomic double-bundle reconstruc-
tions [5, 10]. The findings from this meta-analysis are
consistent with the results in this study. Further, a recent
study from the Swedish Knee Ligament Register revealed a
lower risk of revision in double-bundle-reconstructed knees
compared with other reconstruction techniques in Sweden
[32]. In this study the same national differences were
detected and the lower risk of revision in double-bundle
grafts in Sweden still existed after multivariate regression
analysis was performed. As this study design could only be
hypothesis-generating and not explanatory for this out-
come, the reasons for these geographic differences should
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be looked at in future studies. In the present study, patients
reconstructed with single-bundle bone-patellar tendon-
bone grafts revealed a decreased risk of revision compared
with patients in the hamstring tendon groups. Previous
research has proclaimed a similar tendency towards
improved survival in bone-patellar tendon-bone recon-
structions [12, 23, 24, 27].

In conclusion, based on the data from three national
registers, the risk of revision was not influenced by the
reconstruction technique in terms of using single- or dou-
ble-bundle  hamstring tendons, although national
differences existed. Using bone-patellar tendon-bone grafts
lowered the risk of revision compared with double-bundle
hamstring tendon grafts. These findings should be consid-
ered when deciding what reconstruction technique to use in
ACL-deficient knees. Future studies identifying the reasons
for graft rerupturing in single- and double-bundle recon-
structions would be of interest to understand the findings of
the present study.
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